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Abstract: Orthokeratology (OK) lens wear is an effective modality to inhibit axial elongation in
myopic children. Willingness for commitment from both parents and children contributes to the
success of OK treatment. We aimed to develop and assess the usability of a mobile application on OK
lens wear by quantitatively and qualitatively evaluating parents with myopic children and eye care
professionals (ECPs). Moreover, the preliminary outcome was also evaluated in this study. The app
was developed and tested using a co-design approach involving key stakeholders. Two prototype
tests were conducted during the feasibility and utility assessment. The app features include self-
reported compliance documentation, analytics, and personalized and generalized messages for
compliance behaviors of OK lenses. After the trial period, the full usage of app functions ranged from
40% to 60% among the enrolled parents. After app implementation, the compliance with follow-up
visits substantially improved. Qualitative data show that the high-satisfaction app functions reported
by parents were the app’s reminder and axial length recording, although it was recommended that
the number of compliance questions should be reduced to minimize the survey completion time.
Additionally, who should complete the recording of the axial length data as well as the management
and reminder for the follow-up visit remained controversial. This is the first app developed to
improve parents of myopic children’s compliance with OK lens wear and to assist ECPs and parents
in collaboratively monitoring and managing the use and care of OK lenses among myopic children.
This study highlights the importance of interdisciplinary collaboration in the design, development,
and validation of such an app.

Keywords: orthokeratology lens (OK); compliance; myopic children; parents; mobile application

1. Introduction

Myopia is an underappreciated but profound public health problem that affects almost
30% of the world’s population. Of the ever-growing global myopic population, 312 million
people are under the age of 19 years [1]. Excessive axial elongation is associated with
myopia, and this leads to structural changes in the posterior segment of the eye (including
posterior staphyloma, myopic maculopathy, and high myopia-associated optic neuropathy)
that may culminate in loss of best-corrected visual acuity in adulthood [2]. In addition,
aging and the high utilization of touchscreen technology might increase the risk of eye
diseases [3]. Therefore, countries with a high myopia prevalence would face significant
medical costs and compromised population productivity [3,4]. A systemic review indicated
that a young age of onset and a fast progression rate during childhood are important risk
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factors of high myopia [4], prompting the World Health Organization (WHO) to call for
attention on controlling myopia among school children [1].

The World Report on Vision [1] has suggested that it is important to continuously
monitor and manage myopia in children and adolescents, and that aggressive strategies are
needed to slow the progression of high myopia, thereby minimizing the damage caused
by the disease [5]. Orthokeratology (OK) is the process of deliberately reshaping the
anterior cornea by utilizing specialty contact lenses to temporarily and reversibly reduce
refractive error after lens removal [6]. A systemic review suggested that the use of OK
lenses is the only method that can simultaneously decrease the progression of myopia
and provide clear, unaided vision during the day [7]. In addition, OK lenses are more
effective at controlling axial length growth in children aged 8-12 years than in adolescents
and adults [8]. Studies have revealed that not only are OK lenses 40-60% more effective
than other optical correction methods in reducing axial length growth [8] but they are also
being increasingly accepted by these children and their parents, especially in East Asian
countries [9]. Therefore, the popularity of OK lenses with ophthalmologists, patients, and
parents has been steadily increasing [10].

The aftercare schedule for OK lens patients is more intensive than that for conventional
lens wear patients, especially during the first year [11], and it is essential that patients,
particularly children, return for the scheduled aftercare to minimize complications and
to enhance OK lens compliance [6]. Moreover, treatment success and the decrease in
the chances of complications due to non-compliance are management indicators for OK
lenses [12,13]. Regular monitoring of OK lenses during follow-up visits could aid in
monitoring the growth of the axial length as well as reducing the risk of infection [14].
However, the risk of non-compliance among young children in wearing OK lenses is
considerably higher than that of other age groups [15], which can affect the achievement
of visual acuity among children [16]. Furthermore, non-compliance with the lens wear
schedule may have a detrimental effect on the control of myopia progression. Indeed,
a higher compliance with the lens wear schedule has been reported to result in greater
myopia control efficacy [17]. Poor compliance with lens hygiene and inadequate follow-up
were risk factors for infection [18]. Parents are primary gatekeepers of their children’s
health behaviors [19]; however, reaching and engaging parents in compliance behaviors
can be challenging.

The use of mobile apps helps increase treatment adherence, and such apps are an
appropriate method for managing medication at home [20]. Previous studies revealed the
effectiveness of mobile apps in school children’s vision health care in 2010 [21]; mobile
applications have been shown to improve adherence to referral for children with eye
problems [22], enhance their compliance with wearing glasses to achieve the expected cor-
rected vision [23], provide follow-up reminders as well as health education, and integrate
professionals from different fields to supply health services [24]. Medication adherence
was improved in glaucoma patients who used a smartphone medication reminder appli-
cation [25]. However, a previous survey of mobile apps used in eye care indicated that
mHealth mostly focused on eye diseases for elderly, and only 107 (22.53%) applications
mentioned eye care professional involvement in application design or development [26].
Overall, the process of optimizing the clinical management of myopia would benefit from
an alignment of best practice patterns with a tailored approach that can be achieved with
close collaboration amongst eye care professionals (ECPs).

2. Methods
2.1. Study Goal

In this study, we aimed to develop and assess the usability of smartphone app-
delivered OK lens care to increase compliance in parents with 7-12-year-old children wear-
ing OK lenses and adherence to follow-up visits by providing individualized health educa-
tion, feedback of tracking records, and reminder broadcasts through the app. Preliminary
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outcomes including compliance, ocular symptoms, and change in axial length were ana-
lyzed in this study.

2.2. Study Design

This mixed methods study included needs assessment, design sessions, and feasibility
and utility assessment. The institutional review board at Chang Gung Memorial Hospital
approved all study procedures (no 201902199B0A3), and written consent was obtained
from all study participants.

Phase I: Needs Assessment

The research team reviewed the articles and guidelines of OK compliance and adopted
a multifaceted approach to collect the management needs. The four steps of needs as-
sessment included the following (Table 1): 1. interviewing 20 parents with children aged
6-13 years wearing OK lenses; 2. analyzing the social media posts of parents with children
wearing OK lenses; 3. surveying 253 parents with myopic children on their compliance
with wearing OK lenses; and 4. collecting the experience in managing OK treatment of
ECPs by email (see Appendix A for interview guidelines). We outline the design of the four
steps in Table 1. The detailed study protocol and findings of steps 1 and 2 were presented
in previous studies [27,28]. We integrated these results and then developed a workflow
of OK compliance management (Figure 1). Subsequently, after a draft paper-and-pencil
prototype was established jointly by the principal investigator and the development team,
feasibility and utility assessment was carried out.

Phase II: Design Sessions and App Development

For effective myopia control, children are required to wear OK lenses until they are
teenagers or even older; thus, ensuring willingness for commitment from both parents
and children, establishing a good rapport, and gaining the trust of patients/parents are
very important. Based on this premise, the contents of the app were developed based
on the results of the needs assessment from parents and were discussed in 2019-2020
with a multi-professional group comprising optometrists, ophthalmologists, nurses, and
an information technology (IT) engineer. The app was named “EYE is OK” (since the
English word “eye” and the Chinese character “love” have the same pronunciation), and
the framework was based on the mHealth framework [21] including tracking records,
individualized education, and reminders and required mutual engagement by parents
(users), case managers (optometrists/caregivers), and ophthalmologists.

Table 1. The detailed study design for the four steps in the needs assessment.

Steps Step 1 Step 2 Step 3 Step 4
Time 2019.8-2019.12 2020.3-2020.6 2020.3-2020.7 2021.8-2021.12
Method Qualitative Qualitative Quantitative Qualitative
One of the parents Eye care
Parent who is mainly e A dosed social who takes the practitioners who
responsible for complying media (Facebook) responsibility of have experience in
S li to OK lens care for their » caring for OK lenses caring or prescribing
ampling group (“Ortho-K let
myopic child aged me vision OK”) of their child with OK for myopic
6-13 years. myopia below children for at least
12 years old. three years.
To 1.llgstrate the . To collect the To analyze the To collgct ,
decision-making process, . . professionals
. concerns, questions, compliance of L.
the experience of wear and and care experience arents with OK opinions of OK
Purpose care for myopic children p p compliance of

and the compliance with
OK lenses.

of OK lenses for
myopic children.

care for their young
children.

myopic children
aged 7-12 years.

Note: OK—orthokeratology.
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Figure 1. The workflow of orthokeratology compliance management. Note: ECPs—eye care professionals.

Wireframes were developed by an information technology (IT) engineer based on the
prototype and the draft images of app characters and scenarios. We implemented the app
build in a series of design sprints over a 5-month period. Once the user interfaces were
determined, the research team then designed the administrator interface and the cloud
computing algorithm. The administrator interface, accessed in webpages, included patients’
personal data and medical records, broadcasts, and individualized health educational data.
Design sprints are time-constrained, phased periods in which specific programming work
is completed, reviewed, and revised [29]. The final review was conducted by the entire
advisory group of investigators in the last sprint with feedback and revisions. The end
product of this phase was a beta version of the app ready for usability testing.

Phase III: Feasibility and Usability assessment

Usability testing of the app was conducted with 35 key stakeholders by conventional
sampling of 30 parents, 2 optometrists, 2 ophthalmologists, and 1 nurse from three ophthal-
mology clinics. They received a download link of the software as well as a standard usage
tutorial in video form in the invitation email. The purpose of this test was to discover any
problems in the app and collect users’ feedback on various sections of the app as well as
its management workflow. We adopted the System Usability Scale (SUS) to measure the
usability consisting of 10 items [30]. Moreover, we also used a qualitative usability testing
approach with 2 cycles of parents’ feedback and modifications. A research assistant intro-
duced the app to the test participants who were asked to comment on words, to interpret
phrases in the questionnaire, and to suggest improvements to the interface. A software
engineer modified the app according to the feedback. The app prototype was modified
until no further changes were suggested.

2.3. Participants

In phase III, an ophthalmology clinic in northern Taiwan was selected as the pilot
site. The inclusion criteria for parents were the following: (1) being one of the parents
who takes the responsibility of caring for the OK lenses of their child below 12 years
of age with myopia (spherical equivalent (mydriatic) between —5.00 and —0.50 D (both
eyes); (2) astigmatism (mydriatic) no greater than —1.50 D (both eyes); anisometropia of
both eyes no greater than —1.50 D; (3) best-corrected visual acuity >0.00 log MAR units
(Snellen equivalent to 20/20); (4) no diagnosis with any developmental diseases of the eye
or the optic nerve system; (5) living in Taiwan with myopic children; (6) being able to read
Chinese. Beside including the parents, five ECPs participating in phase I were also invited
for feasibility and usability assessment.
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Parents along with their myopic children wearing OK lenses who visited the ophthal-
mology clinic were invited to install the beta version of the app to their own Android or
IOS smartphones for usability testing. After 2 weeks, they received an email that reminded
them to use the app and asked them whether they had experienced any technical problems.
Subsequently, the 3-month usage data were collected for analysis, and parents were invited
to complete the SUS survey during the first and last months of the trial.

2.4. Measurement
2.4.1. Feasibility and Usability Assessment

1. System Usability Scale (SUS): We adopted the SUS to measure the usability consist-
ing of 10 items [30]. Participants ranked each question from 1 to 5 based on how much
they agree with the statement they are reading: 5 meant they agree completely; 1 meant
they disagree vehemently. The participants’ scores for each question were converted to
a new number, added together, and then multiplied by 2.5 to convert the original scores
of 0—40 to 0-100. Higher scores reflect higher usability. An SUS score of at least 62.7 was
considered acceptable, and 68 or above was regarded as above average in terms of usability
quality [31]. The content validity index (CVI) and the internal consistency of the SUS were
0.95 and 0.90, respectively.

2. App satisfaction: We evaluated the app system satisfaction with the quality of the
information and interface for parents and ECPs. All app functions and protocols were
listed as items with scoring on a 5-point Likert scale from 1 (strongly satisfied) to 7 (strongly
dissatisfied). High scores indicate high app satisfaction.

2.4.2. Primary Outcome

1. Chinese Version of Orthokeratology Compliance for Myopic Children, OCMC:
This measure of OK compliance behaviors had been used in a previous study conducted
by the same research team [28] with acceptable reliability and validity. Moreover, the
measurements of Jiang et al. [17] were integrated into the present study by including seven
items for wear and care, and one item for compliance on the follow-up visit. The compliance
rate was calculated by adding the number of days that each behavior is observed and
then dividing it by the number of days the behavior should be performed according to
the guidelines.

2. Ocular symptoms: Symptoms during OK lens wear at night, which were initially
used by Yang et al. [9], were measured in this study. Six symptoms, i.e., inability to fall
asleep, itchy eyes, redness, foreign body sensation, dryness, and pain, were included.
Parents were required to fill in the number of days any of the above symptoms occurred
per week.

2.4.3. Secondary Outcome

1. Axial length: The axial length of the eye was measured by a non-contact optical
biometer (Tomey oa—2000) during the follow-up visit.

2. Follow-up visit: According to the clinic’s follow-up records, follow-up visits with
an interval of less than fourteen days were categorized as regular follow-ups, those with an
interval between fourteen days and three months were categorized as irregular follow-ups,
and those with an interval of more than three months were categorized as no follow-up.

2.5. Statistical Analysis

Records of the compliance and the eye symptoms completed by the user were first
downloaded from the app. Analyses were conducted using SPSS Statistics Version 22
(IBM Corp) for Windows (Microsoft Corp). The McNemar chi-square test and Wilcoxon
signed rank test were used for comparison of outcome variables between baseline data
and the 3-month assessment findings. Interview data were transferred into verbatim
transcriptions and then categorized according to sentences and paragraphs. The results
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were then verified by the co-authors, and any inconsistencies were resolved by discussion
and re-categorization if necessary.

3. Results

3.1. Development of the Compliance App

Based on the literature and OK practice guidelines [13], we developed the app frame-
work containing four domains (Table 2), which were as follows: 1. clean and care ability;
2. ocular symptom observation and recording; 3. follow-up reminder; and 4. control in-
dicator recording and monitoring. Furthermore, we integrated the results of the needs
assessment to establish the app features and content (Table 2). The detailed results of
steps 1 and 3 were presented in previous studies [27,28]. We illustrate the results of

steps 2 and 4 here.

Table 2. Needs assessment results and app functions.

Steps 1 2 3 4
2 optometrists, 2
Participants 16 mothers/3 fathers 827 posts from 2018 to 253 parents ophthalmologists, and 1

2021 had been analyzed

nurse

Main themes

Wear and Care

Unfamiliar with the
steps

Worried about
breaking the lenses
Losing the lenses

Problems with
assisting wearing
process for children
(28.5%)

Choosing solution
(14.4%)

68.6% for wear and
care behaviors

Worried about
breaking the lenses
Losing the lenses

25.6% of posts
) Forgetting or discussed 25.0% adhere to the Tenorine the st
Intensive Care ignoring the steps non-compliance procedure SNOTMg the steps
with intensive care
. 60.5% of parents Parents need to be
Red or allergic eyes Red or allergic eyes observed ocular aware of eye
Ocular Symptom gieey (16.9%) symptoms of their
symptoms .
children
Unaware of control Carine about VA 18.2% did not know Parents and ECPs need
. effect d lg C that the axial length to acknowledge the
Control Indicator Can see clearly a}r: ; car VISIT; 110} changes as an effect importance of
VA is normal the daytime (12.6%) of myopia control monitoring AL length
Follow-up visits
significantly
increased with Technological

Follow-Up Visit

Regular wearing in
the first year
Reminder needed

provision of axial
length information
and knowledge of
axial length changes
as an effect of
myopia control

assistance to remind
parents and their
children to adhere to
the follow-up visit

Application Design

Health education
contents
Management
process

Health education
contents

Reminder
mechanism
Feedback on medical
records
Management
process

Health education
contents
Management process

Note: VA—visual acuity; AL—axial length; ECPs—eye care professionals.
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Step 2 employed thematic content analysis to investigate peer exchanging discourse
conveyed in a closed social media (Facebook) group (“Ortho-K let me vision OK”) for chil-
dren wearing OK lenses from October 2018 to March 2021. After excluding unrelated posts
on children wearing OK lenses, 827 posts were analyzed by inductive thematic analysis
to explore the comment threads to gain an in-depth understanding of considerations on
children wearing OK lenses. The top-ranked themes categorized from posts were problems
with assisting the wearing process for children (28.5%), non-compliance of intensive care
(25.6%), and red or allergic eyes (16.9%).

In step 4, we collected the experience and suggestions of providing care of OK lenses
from ECPs. Beside the similar findings to steps 1 and 2, two ophthalmologists mentioned
the importance of monitoring the axial length and the need for technological assistance to
remind parents and their children to adhere to the follow-up visit.

These results were subsequently implemented into the app, the detailed functions of
which are shown below.

3.1.1. End-User

The primary users of this app are the parents of myopic children, who are required to
download the app, register, and complete the following steps sequentially.

1. Fill in personal and child’s basic information.

2. Compliance record: Record child’s wear and care status as well as the incidence of
any eye symptoms prior to the follow-up visit. This record is entered once per follow-up.
Parents can review their past compliance records as needed.

3. Record: Data visualization and analysis of several trends, including compliance,
record of follow-up, and axial length control zone, are available to users.

4. Health education information: Individualized personal hygiene education informa-
tion is provided based on the input information, including wear and compliance status,
eye symptoms, and axial length changes. In addition, users can track the axial length
information in the app at any time and adjust the child’s vision behavior accordingly.

3.1.2. Managers

The administrator interface, built on a webpage, includes sections such as medical
information, personal information, questions and answers, point redemption, broadcasts,
charts, and health education information.

1. Medical information: This is where the administrator enters the axial data of the
current visit as well as the date for the next visit.

2. Personal information: Only certain children’s and parents’ information is completed
by the parent. Other information such as the date of lens replacement and the diagnosed
degree of myopia is entered by the administrator.

3. Questions and answers: Any system or care questions raised by the user will be
sent to and answered by the administrator via emails.

4. Incentive record: In order to improve app engagement, participants are rewarded
with convenience store coupons with a value of TWD 50 whenever they complete surveys,
read health education information, or attend a follow-up visit.

5. Broadcasts: This system includes pre-defined and manually pushed notifications.
According to pre-defined time points, the system automatically transmits former noti-
fications, including broadcasts prior to the follow-up visit, the release of new health
education information, and health education messages unread for over a month. Manually
pushed notifications are individualized health education information individualized for
specific users.

6. Visual charts: Various data including basic information, wear and wash, care,
comorbidities, and axial length records can be exported into Excel files in this section.
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3.2. Developer and Cloud Computing

1. Reminder and alert: Reminders of follow-up visits are sent out automatically
by the system a week before the visit, three days before the visit, and a week after an
unattended visit.

2. Control computing: According to the literature, axial length growth is defined
as the axial length of the current visit minus that of the last visit divided by the number
of months between the two visits, which is then used to estimate annual axial length
growth. Annual axial length growth (increase of <0.20 mm/year) [32] larger than the
normal physiological annual growth is categorized as the “red zone”. Alternatively, annual
axial length growth larger than zero but smaller than the normal physiological annual
growth is categorized as the “yellow zone”. Last, axial length that remains even or is
even reduced is categorized as the “green zone”. In addition, patients are divided into
“Poor compliance”, “Moderate compliance”, and “Complete compliance” groups and
categorized into the “red zone” (0-50%), “yellow zone” (51-99%), and “green zone” (100%),
respectively, according to their degree of compliance with the medical instructions.

3.3. End-User Testing, Usability, and Feedback

A total of three months of trial data were collected from 30 parents and their children.
The results show that most users were mothers (N = 27, 90%) and had an education
degree of college or higher. Of these parents, 93.3% had myopia, and 14.2% had high
myopia (SE < —5.00 D). Alternatively, the demographic data of children wearing OK
lenses indicated that most children were diagnosed with myopia when they were below
10 years of age (N = 21, 70%). In addition, the mean age of myopic children was 11.0 years
(SD =1.33), and most children had been wearing OK lenses for a period of 6-12 months
(N =16, 53.3%). The most common degree of myopia was —3.00~4.00 D (N = 18, 60.0%)
(Tables 3 and 4).

Table 3. Demographic information of parents.

Variable N %
Parents
Fathers 3 10.0
Mothers 27 90.0
Educational level
College 4 13.3
University and above 26 86.7
Myopia
No 2 6.7
Yes 28 93.3

Spherical equivalent refraction (SE) of right eye
(diopters, D) (range, —0.50 to —16.00 D)
<-5.00 4 14.2
>—5.00 24 85.8
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Table 4. Demographic information of myopic children.

Variable N %
Child age (range, 6 to 13 years) Mean = 11.1 SD=1.33
<10 years old 3 10.0
>10 years old 27 90.0
Onset age (range, 6 to 12 years) Mean = 8.35 SD =1.50
<10 years old 21 70
>10 years old 9 30
Spherical equivalent refraction (SER) of right eye _ _
(diopters, D) (range, 0 to —7.50 D) Mean = —2.39 SD=-1.32
>—2.00D 1 3.3
—2.00 to —3.00 9 30.0
—3.00 to —4.00 18 60.0
—4.00 to —5.00 2 6.7
Period of wear (months) Median =9
>1~6 6 20.0
>6~12 16 53.3
>12 8 26.7

3.3.1. System Usability Scale (SUS) Scores

To provide context for the SUS score, the adjective rating scale proposed by Bangor
et al. [31] was used, where a score of 39.17 to 52.00 is considered “poor”, 52.01 to 72.74
is considered “OK”, 72.75 to 85.57 is considered “good”, and 85.58 to 100.00 is consid-
ered “excellent”. As shown in Table 5, the SUS scores of the 30 parents and the 5 ECPs
were 73.4 (SD = 9.3) and 73.5 (SD = 11.2), respectively, falling into the “good” category.
More specifically, ECPs scored poorly in “I'd imagine most people will quickly learn how
to use the system” out of all the questions. In contrast, parents scored uniformly across
different questions, with an average score of over 3.8 in all questions. After three months of
app engagement, the SUS scores of the 30 parents and the 5 ECPs were 82.5 (SD =7.2) and
83.6 (SD = 6.3), respectively, both showing significant improvements. Parents and ECPs
clearly identified the features, benefits, and risks of an app for compliance with OK lenses
and incorporation into clinical care.

Table 5. System Usability Scale (SUS) scores.

ECPs Parents
Domain
Mean SD Mean SD
Total SUS score
First month 73.5 11.2 734 9.3
Third month 83.6 6.3 82.5 7.2
Wilcoxon signed 384 % 384 %

rank test

Note: ECPs—eye care professionals; * p < 0.05 (two-tailed).

3.3.2. Qualitative Feedback and Satisfaction with the App

Qualitative feedback on three domains with 16 functions was collected from ECPs, and
only feedback on the user interface of the app was collected from parents. The results show
that the features of the reminder and axial length record gained the highest satisfaction
scores by parents and ECPs. ECPs were highly satisfied with the date for the next follow-
up visit of the administrator interface and the cloud computing for axial length change.
Qualitative feedback on the app is listed in Table 6 below. All suggestions provided by the
parents and ECPs were modified through testing to form the final version.
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Table 6. Feedback of features and functions of the EYE is OK app.

Domain Functions/Features Suggestions Satisfaction
User Interface Login/Register

E: Fill in the time for next lens
.. . replacement Mean = 3.98 (P)
1. Basic information input P: Cannot remember the Mean = 4.00 (E)

degree of myopia

2 Reminder P: The icon is too small and Mean = 4.10 (P)
’ unclear Mean = 4.80 (E)

E: Should indicate the solution
. . required for each step Mean = 3.76 (P)
3. Compliance—care and wear P: Too many items in the Mean = 4.00 (E)

questionnaire

4 Compliance—intensive care P: Some tasks are completed Mean = 3.76 (P)
- -omp by the child Mean = 4.00 (E)

Mean = 4.00 (P)

5. Ocular symptom record P: Need to record the date Mean = 4.00 (E)
. . . . Mean = 4.27 (P)
6. Axial length record E: Add multi-period query Mean = 4.8 (E)
. . Mean = 4.00 (P)
7. Health Education Nil Mean = 4.27 (E)
. . Mean = 3.76 (P)
8. Questions and Answers Nil Mean = 4.00 (E)
. . Mean = 3.90 (P)
9. Incentive system Nil Mean = 3.80 (E)
Administrator Interface 10. Date for the next follow-up visit Mean = 4.8 (E)
11. Axial length reclorded in the Nil Mean = 3.80 (E)
current visit
12. Health education information Nil Mean = 4.00 (E)
13. Broadcasts E: Add 1?1(.:11V1.duahzed Mean = 4.00 (E)
notifications
Cloud Computing 14. Axial length change P: Serves as a reminder Mean = 4.8 (E)
15. Degree of compliance behaviors P: Not very helpful Mean = 4.0 (E)
16. Broadcasts—follow-ups/health Nil Mean = 4.0 (E)

education

Note: P—parents; E—eye care professionals.

3.4. Preliminary Outcomes

Compared with the baseline, three months after app engagement, the average number
of days the 16 children performed wear and wash per week increased from 6.12 days to
7 days as recorded by the parents; the percentage of care completion increased from 88%
to 92%. Itchy eyes, redness, and foreign body sensation were the three top symptoms
observed by parents, and there were no significant changes in the 3-month testing (Table 7).
Axial length changed from 24.21 to 24.25 mm (with an average increase of 0.03 mm), and
the 3-month follow-up rate was 100% (Table 6).
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Table 7. McNemar test and Wilcoxon signed rank test of outcome variables.

Variable Baseline 3-Month X3lz
Full compliance 82% 85% 1.62
Wear and wash 90% 92% 1.17
Intensive care 72% 88% 1.92
Regular follow-up visits 78% 100% 4.25%
Ocular symptom—itchy eyes 3 2 0.08
Ocular symptom—redness 2 1 0.06
Ocular symptom—foreign body sensation 2 1 0.06
Axial length growth 24.21 24.25 0.76
*p <0.05.
4. Discussion
Principal Findings

To our knowledge, the app developed in the study is the first app for long-term
management of myopia treatment in children. Mobile-based management that permits
real-time data collection, education, and sharing is becoming increasingly commonplace,
enabling ECPs to monitor axial length growth for myopia control and to provide useful
suggestions for parents. The “EYE is OK” app is the first smartphone app with interac-
tive online management for myopia control. Although many of the small-scale studies
published thus far provide promising evidence supporting the potential of mobile apps
to positively impact adherence and treatment outcomes among children and young peo-
ple [20], most existing ophthalmology-related apps are limited to diagnosis, screening [24]
or reminding [33], and data collection for dry eye [34]. Our app includes functions such as
recording, reminding, and education, and it requires trained ECPs to review the patient’s
compliance behavior before a follow-up, record the axial length during the current visit as
well as the date for the next visit, and provide the patient with tailored health education
information, thereby improving the patient’s compliance behavior, reducing the risk of
comorbidities, and minimizing axial length growth. In addition, the management pro-
cess and the content of the app were established based on needs assessment of OK care
that was collected both subjectively and objectively, allowing an interactive management
model between users and administrators. Although users’ feedback on the app was good,
qualitative feedback from users and administrators indicated that there is still room for
improvement. More specifically, whether the axial length and the date of the next follow-up
visit should be entered by the user or the administrator remained controversial. Due to the
high prevalence of myopia in Taiwan, ophthalmology clinics have been overloaded with
the diagnosis referred by school screening and treatment of myopic children. Even when
the rate of OK lens wear is 10%, it remains a heavy burden on the human effort of these
clinics. As innovative management models, smartphone apps are a global, convenient,
cheap, and interactive strategy for myopia management. In addition, apps of individual-
ized professional management have been proven more effective in changing the patient’s
behavior than those relying on the user’s independent management [25]. The success
of an app also relies on the balance between management effectiveness and user conve-
nience. Therefore, the app developed in this study can be further improved to help users
achieve their purposes and avoid being one of the many apps that have an extremely low
download rate. Furthermore, self-managing apps cannot achieve the desired result among
patients with poor self-control, in which case an interactive model with professionals is
required [26]. Therefore, another way to improve the current app is to develop multiple
versions. For example, a parental version and a professional version can be developed, of
which the former would be managed by parents, whereas the latter would be managed by
professionals, thereby distinguishing between different users.

The compliance records were self-reported by participants. In this study, this method
was adopted to record children’s care and wear behaviors. Although, theoretically, this
record should be entered daily, previous research often collected data on a weekly basis. In
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this study, the frequency of data collection was initially set monthly but was later changed
to a certain week during the month before the follow-up, as users complained about
too many items and frequent entries. Through broadcast reminders, the rate of regular
follow-up was 80%. Correct completion of compliance records is compulsory for individu-
alization of health education to achieve care goals. Previous research has also found that
non-compliance behaviors vary with different wearing times [15,28]. In addition, the OK
lens wearing process is the most frequently asked question by parents in the Facebook
community. Therefore, a total of 25 items were initially included in the compliance be-
haviors in this study. The number of items was first changed to 27 according to experts’
recommendations but was then reduced to 24 in the final version, as parents complained
that there were too many items. This reveals an issue of the interactive design mode, i.e.,
that both tracking effectiveness and user convenience must be taken into consideration
when designing the app.

5. Conclusions

In conclusion, the “EYE is OK” app is an important platform that helps manage the
use of OK lenses in myopic school children. It not only improves parents’ ability to assist
children in wearing OK lenses but also promotes regular follow-up visits. In addition,
by using cloud computing algorithms to divide patients into different risk categories
according to their axial length growth, the app can provide users with tailored health
education and consequently help them comply with medical instructions. Through such
designs, the app received positive feedback from both the users and the ECPs. However,
as this app is an interactive management app that requires a dedicated ECP as the app
administrator, a key component of its success is appropriate human effort deployment in
the ophthalmology clinic.

6. Limitations and Future Directions

The EYE is OK app plays an important role in helping parents and ECPs manage
the compliance with OK lenses for parents with myopic children. In addition to the
improvements proposed by the users, there are limitations of this study that should
be overcome in future research. For example, this study was conducted in one clinical
setting, making it infeasible to understand the applicability of the app in different settings.
Therefore, recruiting participants from multiple centers should be included in future
research to enhance the usability of the app. Furthermore, in the future, the app should be
separated into a parental version and a professional management version. In addition, the
sample size of random trial research can be adopted to demonstrate the effectiveness of
different versions of the app.
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Abbreviations

OK Orthokeratology

SUS  System Usability Scale

ECPs Eye care professionals

SER  Spherical equivalent refraction
D Diopter

AL Axial length

VA Visual acuity

CVI  Content validity index

Appendix A
The interview guideline consists of 3 questions:

1. How do you manage children wearing orthokeratology lenses?

2. What are the factors that make young children to adhere to care orthokeratology
lenses successfully?

3. What kind of knowledge and assistance should parents who care for children with
orthokeratology lenses provided by ECPs?

References

1.

SRS

10.

11.

12.

13.

14.

15.

16.

Holden, B.A; Fricke, T.R.; Wilson, D.A; Jong, M.; Naidoo, K.S.; Sankaridurg, P.; Wong, T.Y.; Naduvilath, T.; Resnikoff, S. Global
Prevalence of Myopia and High Myopia and Temporal Trends from 2000 through 2050. Ophthalmology 2016, 123, 1036-1042.
[CrossRef]

Bullimore, M.A.; Ritchey, E.R.; Shah, S.; Leveziel, N.; Bourne, R.R.; Flitcroft, D.I. The Risks and Benefits of Myopia Control.
Ophthalmology 2021, 4. Epub ahead of print. [CrossRef]

Wang, J.; Ying, G.-S.; Fu, X.; Zhang, R.; Meng, ].; Gu, F;; Li, ]. Prevalence of myopia and vision impairment in school students in
Eastern China. BMC Ophthalmol. 2020, 20, 2. [CrossRef] [PubMed]

Naidoo, K.S.; Fricke, T.R.; Frick, K.D.; Jong, M.; Naduvilath, T.J.; Resnikoff, S.; Sankaridurg, P. Potential Lost Productivity
Resulting from the Global Burden of Myopia. Ophthalmology 2019, 126, 338-346. [CrossRef] [PubMed]

Bullimore, M.A.; Brennan, N.A. Myopia Control: Why Each Diopter Matters. Optom. Vis. Sci. 2019, 96, 463-465. [CrossRef]
Cho, P; Tan, Q. Myopia and orthokeratology for myopia control. Clin. Exp. Optom. 2019, 102, 364-377. [CrossRef] [PubMed]
Walline, ].J.; Lindsley, K.B.; Vedula, S.S.; Cotter, S.; Mutti, D.; Ng, S.M.; Twelker, ].D. Interventions to slow progression of myopia
in children. Cochrane Database Syst. Rev. 2020, 2020, CD004916. [CrossRef] [PubMed]

Efron, N.; Morgan, P.; Woods, C.; Santodomingo-Rubido, J.; Nichols, J.J. International survey of contact lens fitting for myopia
control in children. Contact Lens Anterior Eye 2020, 43, 4-8. [CrossRef] [PubMed]

Guan, M.; Zhao, W.; Geng, Y.; Zhang, Y.; Ma, J.; Chen, Z.; Peng, M.; Li, Y. Changes in axial length after orthokeratology lens
treatment for myopia: A meta-analysis. Int. Ophthalmol. 2020, 40, 255-265. [CrossRef] [PubMed]

Wang, X.; Yang, B.; Liu, L.; Cho, P. Analysis of parental decisions to use orthokeratology for myopia control in successful wearers.
Ophthalmic Physiol. Opt. 2021, 41, 3-12. [CrossRef]

Wen, D.; Huang, J.; Chen, H.; Bao, F; Savini, G.; Calossi, A.; Chen, H.; Li, X.; Wang, Q. Efficacy and Acceptability of Orthokeratol-
ogy for Slowing Myopic Progression in Children: A Systematic Review and Meta-Analysis. . Ophthalmol. 2015, 2015, 360806.
[CrossRef]

Liu, YM.; Xie, P. The Safety of Orthokeratology—A Systematic Review. Eye Contact Lens Sci. Clin. Pract. 2016, 42, 35-42.
[CrossRef]

Cho, P; Cheung, S.W.; Mountford, J.; White, P. Good clinical practice in orthokeratology. Contact Lens Anterior Eye 2008, 31, 17-28.
[CrossRef]

Hiraoka, T.; Sekine, Y.; Okamoto, F.; Mihashi, T.; Oshika, T. Safety and efficacy following 10-years of overnight orthokeratology
for myopia control. Ophthalmic Physiol. Opt. 2018, 38, 281-289. [CrossRef]

Jun, ].; Zhiwen, B.; Feifu, W,; Lili, L.; Fan, L. Level of Compliance in Orthokeratology. Eye Contact Lens Sci. Clin. Pract. 2018, 44,
330-334. [CrossRef] [PubMed]

Chang, L.-C.; Liao, L.-L. Vision Improvement and Compliance With the Use of Orthokeratology Lenses in School Children:
A Sample From Five Primary Schools in Northern Taiwan. Eye Contact Lens Sci. Clin. Pract. 2018, 44, 299-303. [CrossRef]
[PubMed]


http://doi.org/10.1016/j.ophtha.2016.01.006
http://doi.org/10.1016/j.ophtha.2021.04.032
http://doi.org/10.1186/s12886-019-1281-0
http://www.ncbi.nlm.nih.gov/pubmed/31898504
http://doi.org/10.1016/j.ophtha.2018.10.029
http://www.ncbi.nlm.nih.gov/pubmed/30342076
http://doi.org/10.1097/OPX.0000000000001367
http://doi.org/10.1111/cxo.12839
http://www.ncbi.nlm.nih.gov/pubmed/30380591
http://doi.org/10.1002/14651858.CD004916.pub4
http://www.ncbi.nlm.nih.gov/pubmed/31930781
http://doi.org/10.1016/j.clae.2019.06.008
http://www.ncbi.nlm.nih.gov/pubmed/31279577
http://doi.org/10.1007/s10792-019-01167-9
http://www.ncbi.nlm.nih.gov/pubmed/31916062
http://doi.org/10.1111/opo.12744
http://doi.org/10.1155/2015/360806
http://doi.org/10.1097/ICL.0000000000000219
http://doi.org/10.1016/j.clae.2007.07.003
http://doi.org/10.1111/opo.12460
http://doi.org/10.1097/ICL.0000000000000516
http://www.ncbi.nlm.nih.gov/pubmed/30142103
http://doi.org/10.1097/ICL.0000000000000518
http://www.ncbi.nlm.nih.gov/pubmed/29944501

Int. J. Environ. Res. Public Health 2021, 18, 10316 14 of 14

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Weng, R.; Naduvilath, T.; Philip, K.; Chen, X.; Sankaridurg, P. Exploring non-adherence to contact lens wear schedule:
Subjective assessments and patient related factors in children wearing single vision and myopia control contact lenses.
Contact Lens Anterior Eye 2021, 44, 94-101. [CrossRef] [PubMed]

Vincent, S.J.; Cho, P.; Chan, K.Y,; Fadel, D.; Ghorbani-Mojarrad, N.; Gonzalez-Méijome, ].M.; Johnson, L.; Kang, P.; Michaud, L.;
Simard, P.; et al. CLEAR—Orthokeratology. Contact Lens Anterior Eye 2021, 44, 240-269. [CrossRef]

Zarnowiecki, D.; Mauch, C.; Middleton, G.; Matwiejczyk, L.; Watson, W.L.; Dibbs, J.; Dessaix, A.; Golley, R. A systematic
evaluation of digital nutrition promotion websites and apps for supporting parents to influence children’s nutrition. Int. ]. Behav.
Nutr. Phys. Act. 2020, 17, 17-19. [CrossRef]

Pérez-Jover, V.; Sala-Gonzalez, M.; Guilabert, M.; Mira, J.J. Mobile Apps for Increasing Treatment Adherence: Systematic Review.
J. Med. Internet Res. 2019, 21, e12505. [CrossRef]

Ahmed, I.; Ahmad, N.S.; Ali, S.; Ali, S.; George, A.; Danish, H.S.; Uppal, E.; Soo, ]J.; Mobasheri, M.H.; King, D.; et al. Medication
Adherence Apps: Review and Content Analysis. JMIR mHealth uHealth 2018, 6, e62. [CrossRef]

Rono, H.; Bastawrous, A.; Macleod, D.; Wanjala, E.; Gichuhi, S.; Burton, M. Peek Community Eye Health—mHealth system to
increase access and efficiency of eye health services in Trans Nzoia County, Kenya: Study protocol for a cluster randomised
controlled trial. Trials 2019, 20, 1-12. [CrossRef] [PubMed]

Morjaria, P.; McCormick, I.; Gilbert, C. Compliance and Predictors of Spectacle Wear in Schoolchildren and Reasons for Non-Wear:
A Review of the Literature. Ophthalmic Epidemiol. 2019, 26, 367-377. [CrossRef] [PubMed]

Andersen, T.; Jeremiah, M.; Thamane, K.; Littman-Quinn, R.; Dikai, Z.; Kovarik, C.; Ndlovu, K. Implementing a School Vision
Screening Program in Botswana Using Smartphone Technology. Telemed. e-Health 2020, 26, 255-258. [CrossRef] [PubMed]
Osahon, PT.; Mote, L.A.; Ntaji, V.I. Assessment of the impact of medPlan®, a medication reminder mobile application, in
glaucoma patients in Benin City, Nigeria. Trop. |. Pharm. Res. 2021, 19, 2677-2682. [CrossRef]

Theruvedhi, N.; Karthikeyan, S.K.; Thangarajan, R.; Srinivasan, K. Android mobile applications in eye care. Oman ]. Ophthalmol.
2019, 12, 73-77. [CrossRef]

Chang, L.C.; Li, FJ.; Sun, C.C,; Liao, L.L. Trajectories of myopia control and orthokeratology compliance among parents with
myopic children. Contact Lens Anterior Eye 2020, 44, 101360. [CrossRef]

Chang, L.-C.; Sun, C.-C,; Liao, L.-L. Compliance with orthokeratology care among parents of young children in Taiwan.
Contact Lens Anterior Eye 2021, 44, 101427. [CrossRef]

Morse, R.M.; Myburgh, H.; Reubi, D.; Archey, A.; Busakwe, L.; Garcia-Prats, A.J.; Hesseling, A.C.; Jacobs, S.; Mbaba, S.;
Meyerson, K,; et al. Opportunities for Mobile App-Based Adherence Support for Children With Tuberculosis in South Africa.
JMIR mHealth uHealth 2020, 8, €19154. [CrossRef]

Bangor, A. SUS: A 'Quick and Dirty’ Usability Scale. In Usability Evaluation Inindustry; Jordan, PW., Thomas, B., Weerdmeester,
B.A., McClelland, A.L., Eds.; Taylor and Francis: London, UK, 1996; pp. 189-194.

Bangor, A.; Kortum, P.T.; Miller, J.T. Determining what individual SUS scores mean: Adding an adjective rating scale. J. Usability
Stud. Arch. 2009, 4, 114-123.

Cheung, S.-W.; Boost, M.V.; Cho, P. Pre-treatment observation of axial elongation for evidence-based selection of children in Hong
Kong for myopia control. Contact Lens Anterior Eye 2019, 42, 392-398. [CrossRef]

Leshno, A.; Gaton, D.; Singer, R.; Eliasi, E.; Vorobichik-Berar, O.; Madgar, S.; Stern, O.; Jaber, W.; Kapelushnik, N.; Skaat, A.
A novel EyePhone© App for improving adherence to glaucoma therapy. Graefe’s Arch. Clin. Exp. Ophthalmol. 2021, 259, 1253-1262.
[CrossRef]

Inomata, T.; Nakamura, M.; Iwagami, M.; Midorikawa-Inomata, A.; Sung, J.; Fujimoto, K.; Okumura, Y.; Eguchi, A.; Iwata, N.;
Miura, M.; et al. Stratification of Individual Symptoms of Contact Lens-Associated Dry Eye Using the iPhone App DryEyeRhythm:
Crowdsourced Cross-Sectional Study. J. Med. Internet Res. 2020, 22, €18996. [CrossRef] [PubMed]


http://doi.org/10.1016/j.clae.2020.11.015
http://www.ncbi.nlm.nih.gov/pubmed/33288408
http://doi.org/10.1016/j.clae.2021.02.003
http://doi.org/10.1186/s12966-020-0915-1
http://doi.org/10.2196/12505
http://doi.org/10.2196/mhealth.6432
http://doi.org/10.1186/s13063-019-3615-x
http://www.ncbi.nlm.nih.gov/pubmed/31412937
http://doi.org/10.1080/09286586.2019.1628282
http://www.ncbi.nlm.nih.gov/pubmed/31181970
http://doi.org/10.1089/tmj.2018.0213
http://www.ncbi.nlm.nih.gov/pubmed/30794053
http://doi.org/10.4314/tjpr.v19i12.28
http://doi.org/10.4103/ojo.OJO_226_2018
http://doi.org/10.1016/j.clae.2020.08.004
http://doi.org/10.1016/j.clae.2021.02.013
http://doi.org/10.2196/19154
http://doi.org/10.1016/j.clae.2018.10.006
http://doi.org/10.1007/s00417-021-05091-6
http://doi.org/10.2196/18996
http://www.ncbi.nlm.nih.gov/pubmed/32589162

	Introduction 
	Methods 
	Study Goal 
	Study Design 
	Participants 
	Measurement 
	Feasibility and Usability Assessment 
	Primary Outcome 
	Secondary Outcome 

	Statistical Analysis 

	Results 
	Development of the Compliance App 
	End-User 
	Managers 

	Developer and Cloud Computing 
	End-User Testing, Usability, and Feedback 
	System Usability Scale (SUS) Scores 
	Qualitative Feedback and Satisfaction with the App 

	Preliminary Outcomes 

	Discussion 
	Conclusions 
	Limitations and Future Directions 
	
	References

