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PARENTAL PERSPECTIVES ON MYOPIA IN AN URBAN CHINESE POPULATION
Wendy F. Li, Juan Bu, Joshua L. Warren, Christopher C. Teng.
Department of Ophthalmology and Visual Science, Yale University School of

Medicine, New Haven, CT.

In this study, we aimed to understand how Chinese parents view myopia, including
causes, progression, and treatment. We performed a cross-sectional study from July 2016
to August 2016 at Peking University 3™ Hospital in Beijing, China. Parents of myopic
children completed a questionnaire including sociodemographics and Likert-style
questions assessing perspectives on myopia. We employed logistic regression models to
analyze relationships between responses and demographic data/degree of myopia. 109
parents completed the survey. Of these, 97 responses were included in the analysis.
Almost all parents surveyed (97.9%) found their child’s myopia concerning and believe
myopia is dangerous to their child’s vision. Lifestyle modifications rather than medical
treatments were thought to be most effective for preventing and slowing progression of
myopia. 93 (95.9%) parents reported restricting electronic screen use and 64 (61.0%)
reported restricting studying/reading. All respondents were willing to use at least one
treatment listed on the survey to treat their child’s myopia. Of the 97 children, only 27 were
currently using any of the treatment methods. Parents were more likely to agree to a
greater number of treatments if the child was a boy (OR=2.33, p<0.05). Parental
age/sex/education level did not affect number of methods chosen.

Almost all Chinese parents in this study found their children’s myopia concerning
and hoped to prevent myopia progression. However, only 27 of the 97 children were
currently using methods in attempt to slow progression. Having a male child increased
willingness to use treatment methods. An understanding of parental perspectives on

myopia may help guide future research and patient care.
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INTRODUCTION

BACKGROUND

Myopia, or nearsightedness, results when the eye is too long for light to
properly focus on the retina. Light focuses in front of the retina rather than on it,
which leads to blurry images when viewing objects from far away, though patients
can see clearly up close.

Worldwide, myopia has become an increasingly common ophthalmic
disease. A recent systematic review and meta-analysis estimates that the
percentage of the world’s population with myopia will increase from 22.9% in 2000
to 49.8% in 2050." Additionally, by 2050, almost 1 billion people, or 9.8% of the
world’s population, will have high myopia.1 Despite the increasing rates of myopia,
it is rarely viewed as a serious problem in Western societies. Instead, myopia is
viewed as an inconvenience that can be easily corrected with glasses, contact
lenses, or surgery.? Most patients with myopia are seen by optometrists rather than
ophthalmologists. However, a recent study estimates that the lifetime risk of
developing visual impairment from myopia and high myopia is 4% and 39%,
respectively.® These data suggest that myopia is a serious medical and public
health problem.

Myopia is already a disease of epidemic proportions in many East Asian
countries such as China. Rates of myopia in urban Chinese teenagers and young
adults have been estimated to be on the order of 80% to 90%.%® These rates are
higher than those in other ethnic groups, even when comparing Chinese children

to children of other ethnic groups growing up in the same geographic area.*”®
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Among myopic children in China, about 24% are categorized as high myopes by
adulthood, placing them at higher risk for blindness and visual impairment due to
diseases such myopic maculopathy, myopic choroidal neovascularization, and
retinal detachment.® These complications result from mechanical stress placed on
the retina due to the eye being too long. Myopic maculopathy has already become
a leading cause of untreatable visual impairment in the Chinese population,
causing 7.7-12.5% of blindness in studies of people over the age of 40, second
only to cataract.”®'" Thus, significant time has been dedicated to preventing and

slowing the progression of myopia in China.

CAUSES

Many large-scale studies in the last two decades have examined risk factors
such as time spent on near work, time spent on outdoor activities, high population
density, and urban residence as possible causes of myopia.'>* Below is a
summary of the current literature on risk factors for myopia.
Near-work habits

The association between near-work habits and development of myopia is
of great interest to researchers. Near-work habits include amount of time spent on
near-work activities (i.e. studying, reading, and playing videogames) and working
distance.

A longitudinal questionnaire-based study of eighth graders in Orinda,
California found that participants with myopia spent significantly more time reading
and studying than participants without myopia.13 Another questionnaire-based

study of over 16,000 second-graders in Taipei, Taiwan found that students with a



Page 3 of 52

shorter working distance for near-work activities were at higher risk for myopia. In
this study, participants with working distance of <30 cm were considered to have
short working distance.™ In a longitudinal, questionnaire-based study in Beijing,
China of about 5,000 elementary school students, the authors stratified
participants based on whether there was significant progression of myopia
between enrollment and follow-up one year later. They then compared baseline
characteristics of participants with progression to those without progression and
found that students with a shorter working distance (< 33 cm) were at higher risker
for developing myopia.’

It has long been hypothesized that accommodation from near-work
activities and the accompanying change in lens shape increases vitreous chamber
pressure, leading to axial elongation. During accommodation, the ciliary muscle
tightens around the lens to increase the thickness of the lens. At the same time,
the tightening of the ciliary muscle increases tension on the choroid. Because the
eye is filled with non-compressible vitreous fluid, the increased tension on the
choroid results in increased vitreous chamber pressure. It is thought that chronic
elevations in vitreous chamber pressure from accommodation lead to axial
elongation and myopia.?*

Although increased amount of time spent on near-work and shorter working
distance have both been associated with myopia development, it is difficult to
ascertain if this is a causal relationship. It is possible that children who are
predisposed to development of myopia are more likely to rely on shorter working

distances. Similarly, it is possible that children predisposed to development of



Page 4 of 52

myopia more greatly enjoy activities that utilize close vision such as reading and
studying.
Time spent on outdoor activities

One of the most well-studied modifiable risk factors for prevention of myopia
is increased time spent outdoors. In a study by Rose et al., prevalence and risk
factors for myopia in 6- and 7- year old children of Chinese ethnicity in Sydney and
Singapore were compared. The authors found that the children in Sydney had a
lower prevalence of myopia, which was associated with increased time spent on
outdoors activities (13.75 hours per week vs. 3.05 hours per week).'?

A 15-year longitudinal study of children born between April 1991 and
December 1992 in England assessed time spent outdoors by the children between
eight and nine years of age. Children who reported three or more hours spent
outside per day were significantly less likely to become myopic, even after
correcting for confounders such as myopic parents, time spent reading, and sex."®
Of note, this study found that time spent outdoors was a predictor of myopia
incidence independently of physical activity, suggesting that time spent outdoors
rather than physical activity is the modifiable factor linked to prevention of myopia.

The mechanism by which time spent outdoors prevents development of
myopia is unclear, but a few hypotheses exist. The first hypothesis stems from the
idea that increased near-work and accommodation can cause myopia. Thus, it is
thought that spending time outdoors, where children can look into the distance,

t.17

can prevent myopia development.’’ However, the paradigm has recently shifted to

also examine the potential effects of ambient light in preventing myopia
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development. Studies in animal models suggest that visible light could stimulate
dopamine release by the retina. Dopamine is thought to inhibit axial elongation of
the eye.®™
Population density/urban residence

The effects of population density and urban residence on myopia
development have recently become of greater interest. A study by Zhang et al.
examined 2480 students in secondary schools in Liangying Township, Guandong,
China."® Liangying Township is composed of a mix of rural and urban
neighborhoods, and the authors calculated population density of 32 villages and
urban zones in this township. The authors then correlated population density with
prevalence of myopia and found that students with refractive error less than or
equal to -2.0 D lived in significantly more densely populated areas than students
with refractive error greater than -2.0 D."® Additional studies comparing prevalence
of myopia in urban vs. rural residents found significantly higher rates of myopia in
urban populations. While rates of myopia in urban Chinese teenagers are about
80%, rates of myopia in rural Chinese teenagers are about 55%.*°

Residence in densely populated areas and urban residence are
hypothesized to be associated with myopia because these places provide children
with less opportunity for outdoor play. Additionally, even if children spend time
outside in highly populated areas, their line of sight may be limited by tall buildings
and lack of open space.” Urban areas also likely offer more educational
opportunities and pressure for students to succeed from an early age, resulting in

greater time spent on near-work activities.'?
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In summary, most myopia studies to date have found that increased time
spent on near work increases risk for myopia, while increased time outdoors
decreases risk for myopia.'?"%'822 |nitial studies have also suggested a positive
correlation between urban residence and high population density with risk for
developing myopia.'®?® Higher educational levels and parental history of myopia
have also been linked to increased risk of developing myopia.*

Despite the results of these studies, it can be difficult to discern which
factors are independently associated with myopia given the multifactorial nature of
the disease and presence of confounding variables. For example, residents of
urban areas may have higher educational levels than residents of rural areas, as
people with higher education tend to cluster in urbanized areas where greater job
opportunities are available. People with higher education are likely to have spent
greater time studying or reading during their developmental years, which may then
explain higher rates of myopia in urban populations. Although some of the
previously mentioned studies correct for confounding variables, it is also difficult to
correct for any genetic contributions that may result from highly educated parents
clustering in urbanized areas. Additionally, most studies that assess time spent
outdoors and time spent on near work activities rely on parental reporting of these
values, which could lead to significant recall bias. To address concerns about
confounding variables and recall bias, more randomized controlled trials to study

myopia risk factors are needed.



Page 7 of 52

TREATMENTS

Several treatments exist to prevent progression of myopia. This section will
not cover devices or methods that merely correct the refractive error from myopia
such as glasses, contact lenses, or refractive surgery. Methods that serve to
correct refractive error do not prevent the eyeball from growing in length. Thus, the
retina is still subject to increased mechanical stress and subsequent eye
elongation. This section will focus on discussing current methods available to
prevent eyeball growth and myopia progression.

A 2016 network meta-analysis included thirty randomized controlled trials
(RCTs) that studied interventions to control myopia progression.® The
interventions studied in the RCTs included multifocal spectacle lenses, rigid
contact lenses, and pharmaceutical agents. The effectiveness of each intervention
for preventing myopia progression was categorized as strong, moderate, or weak
based on diopters change per year and axial length change per year compared to
single vision spectacle lenses/placebo.

Bifocal and multifocal spectacle and contact lenses

Bifocal and multifocal lenses include bifocal lenses, progressive addition
lenses (also known as no-line bifocals), prismatic bifocal lenses, and peripheral
defocusing multifocal lenses. Bifocal and multifocal lenses have been
hypothesized to decrease the rate of myopia progression by decreasing the
accommodative effort for near work.?® The 2016 network meta-analysis by Huang
et al. found that each of the bifocal and multifocal lenses studied in RCTs had weak

or moderate effects on preventing myopia progression.25 However, only peripheral
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defocus modifying contact lenses and progressive addition spectacle lenses had
a statistically significant effect on preventing myopia progression.?
Rigid contact lenses

Rigid contact lenses include rigid gas permeable lenses and
orthokeratology, a type of rigid contact lens worn overnight that corrects myopia
by reshaping the cornea. Rigid contact lenses are thought to prevent myopia
progression by flattening the central cornea and steepening the midperipheral
cornea, which reduces relative peripheral hyperopia and may slow elongation of
the eyeball.?® The 2016 network meta-analysis found that rigid gas permeable
lenses have no effect on preventing myopia progression.?® However, the analysis
also showed that orthokeratology had moderate effectiveness in preventing
myopia progression.”> Despite evidence that orthokeratology is moderately
effective for preventing myopia progression, the major disadvantages are cost,
discomfort from overnight wear, difficulty educating children on proper usage, and
infection risk.?®
Pharmaceutical agents

Pharmaceutical agents that have been found to be effective in preventing
myopia progression include antimuscarinic agents such as atropine and
pirenzapine. It is unknown exactly how these agents prevent myopia progression.
Initially, it was thought that atropine prevents myopia progression because it
prevents accommodation. However, it has been found that atropine prevents
myopia progression even in animals that cannot accommodate. It is now thought

that atropine exerts its effects on biochemical pathways in the retina or sclera by
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binding muscarinic receptors. Additional theories hypothesize that pupillary dilation
following atropine administration increases exposure to ultraviolet A, limiting axial
elongation, or that atropine downregulates chronic inflammation that may be
present at baseline in myopic eyes.?’

The most notable studies examining the effectiveness of pharmaceutical
agents are the Atropine for the Treatment of Childhood Myopia (ATOM) studies.
In the original ATOM study, a parallel-group, placebo-controlled, randomized,
double-masked study, the authors found that eyes treated with 1% atropine over
2 years had significantly less myopia progression and axial elongation compared
to eyes treated with placebo drops.?® In a 5-year follow-up study (ATOM2), the
authors compared the efficacy and safety of high-dose (1% and 0.5%), moderate-
dose (0.1%), and low-dose (0.01%) atropine. They found no clinically significant
difference between the effectiveness of each dose for preventing myopia
progression or axial elongation.?® However, the low-dose atropine was found to
have the least side effects, with negligible effects on pupil size, accommodation,
and near visual acuity.?® Huang et al. found in their meta-analysis that all three
doses of atropine were strongly effective in preventing myopia progression.?
Pirenzapine had moderate effects in preventing progression.25 Given that all three
atropine doses are effective for myopia progression, low-dose atropine is clinically
preferred as it does not have the side effects associated with high-dose atropine
use such as increased photophobia and glare.

In summary, the most effective method currently available to prevent

myopia progression is atropine. Orthokeratology is also thought to be effective, but
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has the major disadvantages of cost, infection risk, and adherence difficulties in

children.

SOCIETAL IMPACT

In the United States, the direct cost of correcting vision impairment due to
myopia is between 3.9 billion and 7.2 billion USD per year.* Another study
estimated that the annual cost to treat myopia in the urban Asian population is
328 billion USD, costing more than other chronic medical problems such as
Parkinson’s disease and chronic obstructive pulmonary disease.*® Beyond the
economic impacts of myopia, it has been documented that many patients with
myopia suffer from compromised quality of life due to psychological, cosmetic,
functional, and financial factors.®'?

An article published in 2001 about myopia in Singapore raised concerns
about the health, social, and economic repercussions of increasing rates of
myopia and high myopia.>® For example, concerns have been raised about the
use of eyeglasses in the military as they cause interface problems with
equipment such as binoculars, protective masks, and head-mounted instruments.
Almost 20% of pilot applicants to the Republic of Singapore Air Force are
rejected due to refractive status.®* As myopia becomes increasingly more
prevalent, its effects on career choice, productivity, and economies will likely
become more apparent.

Of particular concern are the increasing rates of myopia in school-age

children. One study of Taiwanese school children found that the prevalence of

myopia in 7-year-olds increased from 5.8% in 1983 to 21% in 2000. The
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prevalence of myopia in 12-year-olds increased from 36.7% in 1983 to 61% in
2000.%* Another review of myopia prevalence in the United States found that the
prevalence of myopia in children aged 12 to 17-years-old increased from 12.0%
to 31.2% between 1971 and 2004.% Increased use and reliance on electronic
devices that use near-vision such as computers, tablets, cell phones, and
televisions are thought to play a major role in the increasing prevalence of
myopia in school-age children.'?* The increasing rates of myopia in school-age
children is concerning as studies indicate that myopia progresses significantly
faster in children who develop myopia at a younger age.®"*® With the rates of
high myopia also increasing, greater ocular complications leading to irreversible

visual impairment, handicap, and socioeconomic burden are expected to follow.'*
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PURPOSE

Despite the significant number of articles about myopia prevalence, causes,
treatments, and societal impact, few studies have sought to understand parental
perceptions and perspectives on the causes, treatment methods, and lifestyle
impact of myopia. As ophthalmologists, optometrists, public health experts, and
public policy officials move towards interventions to decrease rates of myopia and
myopia progression, ultimately patient and parental preference will be pivotal in
determining outcomes and effectiveness of interventions. We thus sought to
understand how Chinese parents view myopia, including causes, progression, and
treatment. A greater understanding of parental perspectives on myopia may help

provide effective treatment and guide future research and patient care.
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METHODS

STUDY PARTICIPANTS

The author of this thesis approached participants in the waiting area of the
Peking University 3" Hospital pediatric ophthalmology/optometry clinic.
Participants verbally gave informed consent to participate. Parents of children with
concurrent diagnoses such as strabismus or amblyopia were excluded. Of 126
people approached, 109 agreed to participate and completed the survey (86.5%
participation rate). Four participants were excluded, as they were neither the father
nor mother of the patients (i.e. were the aunt or grandmother). Three participants
resided in a rural area and were excluded. An additional five participants were
excluded as their children were greater than or equal to 18 years in age. This study
was reviewed and deemed exempt by the Yale University Institutional Review
Board and was conducted in accordance with the tenets of the Declaration of
Helsinki. Additional approval was granted by Peking University 3™ Hospital. All

data were de-identified.

QUESTIONNAIRE DESIGN

In this study, a two-part questionnaire was administered. The questionnaire
was first developed in English by Wendy F. Li with assistance from Juan Bu and
Christopher C. Teng. The questionnaire was then translated into Chinese by
Wendy F. Li with assistance from Juan Bu. Part 1 of the questionnaire contained
questions assessing demographics of the parents and their children. Part 2 of the
questionnaire contained 24 Likert-style questions assessing parents’ views on

myopia and its causes, progression, and treatment. We utilized a 4-point Likert
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scale as previous studies demonstrated greater construct validity with a 4-point

scale in Chinese populations.*®

OUTCOMES

Likert-style questions were divided into four categories (A through D below).
Wendy F. Li tabulated parental responses to the Likert-style questions. She then
performed data analyses with assistance and guidance from Joshua L. Warren.
We first reported data from each category as descriptive data. We then determined
association between parental age/sex/education level and child’s age/sex/degree
of myopia with responses to each category.

Categories based on questions assessing:

A. Perspectives on causes of myopia and myopia progression

We asked parents how strongly they agreed or disagreed with statements
citing specific causes of myopia and myopia progression. These possible causes
included: electronic screen use, studying or reading, eye fatigue, heredity, eating

sweets, and wearing glasses.

B. Methods to prevent myopia progression

We asked parents about how effective they thought specific lifestyle
modifications and treatment methods are for preventing myopia progression (on a
scale from not effective to very effective). Lifestyle modifications included:
restricting electronic screen use, increasing outdoor activity, and restricting time
spent studying or reading. Treatment methods included: acupuncture, periocular
massage at acupoints (such as on the nasal or brow ridge), ocular exercises,

orthokeratology, and traditional Chinese medicine.
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C. Willingness to use treatment methods and currently used treatment
methods

We queried parents on willingness to use each of five treatments
(acupuncture, periocular massage at acupoints, ocular exercises, orthokeratology,
and traditional Chinese medicine) to prevent myopia progression in their children.
A score from 0 to 5 was assigned to each respondent based on number of methods
they were willing to use.

Of the five methods in this category, respondents could also indicate if their
child was already using each method. A score from 0 to 5 was assigned to each
respondent based on number of methods already currently used by their child.

D. Currently used lifestyle modifications

The final category of questions contained two questions that asked parents

to quantify how much they restrict their child’s electronic screen use and

studying/reading (on a scale from no restriction to always restricted).
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Questionnaire (English):
This questionnaire asks you about your views on nearsightedness. There are
no right or wrong answers. The information you provide will be kept strictly

confidential.
Instructions:

1. Please try to answer every question. If a question does not apply to you or your

child, mark the “not applicable” choice.

2. Please ask the staff if you have any questions.

A. What is your relationship to the child?

Mother Father Other:

B. What is your current age?

C. What does each parent do for work?

Mother:

Father:

D. How many total years of school has each parent completed?

Mother: <12 years 12-16 years >16 years

Father: <12 years 12-16 years >16 years

E. How far is your home from this hospital (km)?

F. Do you live in an urban or rural environment? Urban Rural
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Questionnaire (English) cont.

G. Is your child nearsighted? Yes No
If Yes:
How old was your child when he/she was diagnosed?
How severe is your child’s nearsightedness?
Mild Moderate Severe Don’t know
H. Which people at home are nearsighted?
Child’s mom Child’'s dad  Child’s grandparent(s) Child’s sibling(s)
I. Do you believe that nearsightedness is associated with heredity? Yes No

The questions below ask you to describe your feelings. While you may not find

an answer that exactly states your feelings, please mark the answer that

comes closest to describing how you feel. Your first reaction to each question

should be your answer.

1. My child being nearsighted Not at all Alittle  Moderately Very much

worries me.

2. There are effective Strongly Disagree Agree Strongly
Disagree Agree

methods to prevent
nearsightedness or

prevent progression of

nearsightedness.
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outside can cause

nearsightedness.

. Too much TV, computer, Strongly Disagree Strongly
Disagree Agree
or cell phone use can
cause nearsightedness.
. How effective is limiting Not Mildly Moderately Very
Effective  Effective Effective
TV, computer, or cell
phone use in preventing
progression of
nearsightedness?
. How effective is Not Mildly Moderately Very
Effective  Effective Effective
acupuncture in preventing
progression of
nearsightedness?
. Wearing glasses has Strongly Disagree Strongly
Disagree Agree
made my child’s
nearsightedness progress.
. Spending too much time Strongly Disagree Strongly
Disagree Agree
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8. How effective is time spent Not Mildly Moderately Very
Effective  Effective Effective Effective
outdoors in preventing
progression of
nearsightedness?
9. How effective are Not Mildly Moderately Very
Effective  Effective Effective Effective
periocular massages in
preventing progression of
nearsightedness?
10. Studying or reading too Strongly Disagree Agree Strongly
Disagree Agree
much can cause
nearsightedness.
11. How effective is limiting Not Mildly Moderately Very
Effective  Effective Effective Effective
studying or reading in
preventing progression of
nearsightedness?
12. Children with nearsighted Strongly Disagree Agree Strongly
Disagree Agree

parents are more likely to

be nearsighted.
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13. How effective are ocular Not Mildly Moderately Very
Effective  Effective Effective Effective
exercises in preventing
progression of
nearsightedness?
14. Eating too many sweets Strongly Disagree Agree Strongly
Disagree Agree
can cause
nearsightedness or make
nearsightedness worse.
15. How effective is Ortho-K Not Mildly Moderately Very
Effective  Effective Effective Effective
in preventing progression
of nearsightedness?
16. Eye fatigue can lead to Strongly Disagree Agree Strongly
Disagree Agree
development of
nearsightedness.
17. Nearsightedness is Strongly Disagree Agree Strongly
Disagree Agree

dangerous to my child’s

vision.




Page 21 of 52

18. | restrict my child’s TV, No Mild Moderate  Always
Restriction Restriction Restriction Restricted
computer, or cell phone
use to prevent progression
of nearsightedness.
19. | restrict my child’s No Mild Moderate  Always
Restriction Restriction Restriction Restricted
studying and reading to
prevent progression of
nearsightedness.
20. | would use acupuncture Strongly Disagree Agree Strongly
Disagree Agree
on my child to prevent
progression of Already Using
nearsightedness.
21. I would use periocular Strongly Disagree Agree Strongly
Disagree Agree
massages on my child to
prevent progression of Already Using
nearsightedness.
22. | would use ocular Strongly Disagree Agree Strongly
Disagree Agree

exercises on my child to
prevent progression of

nearsightedness.

Already Using
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23. | would use ortho-K on my | Strongly Disagree Agree Strongly
Disagree Agree
child to prevent
progression of Already Using
nearsightedness.
24. | would use Traditional Strongly Disagree Agree Strongly
Disagree Agree

Chinese Medicine on my
child to prevent
progression of

nearsightedness.

Already Using
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STATISTICAL ANALYSIS

Continuous variables are expressed as median (range), categorical ones
as numbers (percent). Small cell sample sizes in the extreme categories (i.e.
strongly disagree, strongly agree) led us to collapse the Likert-scale responses to
binary values (i.e. agree vs. disagree) for question categories A, B, and D
(Supplemental Material, Table 5). Following collapse of the responses, Wendy F.
Li employed logistic regression to calculate the odds ratio (OR) and 95%
confidence interval (Cl) for association of demographic data with responses to
questions from categories A, B, and D. She employed ordinal logistic regression
to calculate OR and 95% CI for association of demographic data with scores from
category C.

For responses to questions about causes of myopia and effectiveness of
lifestyle modifications/treatment methods, the demographic data of interest
included respondents’ age, sex, and education level. For responses to questions
assessing willingness to use treatment methods and currently used treatment
methods/lifestyle modifications, the demographic data of interest included
respondents’ age, sex, and education level and children’'s sex and degree of
myopia. Because of small sample sizes, each demographic was converted to a
categorical variable. Median ages were used to divide parents and children into
two groups (age < 40 and = 40 for parents and age <13 and = 13 for children).
Parents with a graduate education were compared to all others and children with
high myopia (< -6.0 D) were compared to all others. Respondent’s sex, child’s sex,

and child’s degree of myopia were also used to control for covariates. RStudio
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statistical software (version 0.99.903; RStudio, Inc., Boston, Massachusetts) was
used to complete analysis with the following packages: foreign, MASS, Hmisc,

reshape2.
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RESULTS

97 respondents of median age 42 years (range 31 to 58 years, 85 female
and 12 male) completed the survey. Median age of the respondents’ children was
12 years (range 5-25 years). The respondents’ children consisted of 43 males and
54 females. Median age of diagnosis with myopia was nine years (range two to 16
years) and median time since diagnosis with myopia was three years (range zero
to 12 years). Eight out of 97 children (8.25%) in our study had high myopia (<-6.0
D in at least one eye). Distance residing from the hospital was up to 1500
kilometers. Additional demographic data of the 97 respondents is shown in Table
1 and demographic and clinical data of the respondents’ children is shown in Table
2. Of the 97 participants, 95 (97.9%) find their child’s myopia concerning. 45
(46.4%) find their child’s myopia very concerning. Additionally, 84 (88.4%) believe

myopia is dangerous to their child’s vision.
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Table 1: Respondent Demographics
N 97

Age (years)
Median 42

Range | 31-58

Sex/Relationship to child
Male (father) 12

Female (mother) 85

Education (years)

<10 1

10-12 11

13-16 46

> 16 38
Unanswered 1

Distance from Hospital (km)

<5 28
6-10 28
11-20 19
21-30 8
31-50 4
200-800 4
21000 1

Unanswered 5
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Table 2: Demographics of Respondents’ Children
N 97

Age (years)

Median 12
Range 5-17
Sex
Male 43
Female 54

Refractive error
Mean diopters spherical | -3.13 OD, -2.95 OS

Number of high myopes” (%) 8 (8.25%)

Age of diagnosis (years)

Median 9
Range 2-16
Years since diagnosis
Median 3
Range 0-12

ADefined as patients with myopia of -6.0 D or greater in at least one eye
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A. Perspectives on causes of myopia and myopia progression

Among causes of myopia (Table 3), electronic screens, eye fatigue, and
heredity were most commonly believed to cause myopia, with over 90% of
respondents agreeing with each cause. Logistic regression was not performed on
these three causes as such a large majority agreed with each cause.

Logistic regression suggested no statistically significant association
between parental sex/age and the remainder causes (Supplemental Material,
Table 6). Odds of parents greater than or equal to 40 years of age agreeing that
studying/reading cause myopia was 2.67 times larger than parents less than 40
years of age (95% CI, 1.03-6.90; p=0.04). Odds of parents with a graduate degree
agreeing that studying/reading cause myopia was 4.23 times larger than parents
without a graduate degree (95% Cl, 1.31-13.6; p=0.02). This association persisted
after controlling for the previously mentioned covariates (OR 3.04; 95% CI, 1.09-
8.54; p=0.03 and OR 4.09; 95% ClI, 1.23-13.5; p=0.02 respectively).

Table 3: Percentage of respondents agreeing with each suggested cause of
myopia and myopia progression

Cause of myopia # of respondents agreeing (%)
Electronic screen use 96/97 (99.0)
Eye fatigue 91/94 (96.8)
Heredity 80/95 (84.2)
Studying or reading 71/95 (74.7)
Eating sweets 57/91 (62.6)
Wearing glasses 26/85 (30.6)
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B. Perspectives on methods to prevent myopia progression

Lifestyle modifications rather than medical treatments were thought to be
most effective for preventing and slowing progression of myopia (Table 4). For
example, restricting electronic screen use and outdoor activity were thought to be
moderately or very effective for preventing myopia progression by 79.4% and
71.1% of respondents, respectively. Orthokeratology and ocular exercises were
the treatments with the highest percentages of respondents choosing moderately
or very effective (64.9% and 54.8% respectively). Acupuncture was thought to be
the least effective, with only 27.3% of respondents choosing moderately or very
effective.

Logistic regression demonstrated no statistically significant association
between parental age/sex/education and views on methods to prevent myopia

progression (Supplemental Material, Table 6).
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Table 4: Perspectives on effectiveness of and willingness to use methods
to treat myopia

Method # choosing # willing to # already
moderately or | use method using
very effective (%) method

(%) (%)
Ocular exercises 51/93 83/93 4/93
(54.8) (89.2) (4.30)
Periocular massage 48/95 78/93 10/93
at acupoints (50.5) (83.9) (7.63)
‘g OrthoK" 50/77 37/84 20/84
‘% (64.9) (44.0) (23.8)
- Acupuncture 24/88 47/92 2/92
(27.3) (51.1) (2.17)
Traditional Chinese --- 33/90 0
Medicine (TCM) (36.7)
Restrict electronic 77/97 -- 93/97
@ screen use (79.4) (95.9)
% Outdoor activity 69/97 -- --
:"g (71.1)
% Restrict time spent 49/97 -- 60/97
,.g studying or reading (50.5) (61.9)

AOrthoK = orthokeratology
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C. Willingness to use treatment methods and currently used treatment
methods

All respondents were willing to use at least one of the treatments listed on
the survey to treat their child’s myopia, but each treatment had 20 or fewer current
users (Figure 1). Additionally, 70/97 (72.2%) were not using any treatment
methods at all.

Parents were more likely to agree to a greater number of treatments if the
child was a boy (OR 2.33; 95% CI, 1.15-4.79; p<0.05). This association persisted
after controlling for covariates (OR 2.24; 95% CI, 1.09-4.68; p<0.05). Parental
age/sex/education level and the child’s degree of myopia were not associated with
the number of methods chosen.

The most common currently used treatment method was orthokeratology,
with a total of 20 current users. Analysis of willingness to use each specific
method was performed. No logistic regression was performed on willingness to
use periocular massage or ocular exercises since the percentage agreeing to
use both these methods was close to 90%. A difference in willingness to use
orthokeratology was noted based on education level and age of the respondent.
Respondents with a graduate education were less likely to agree to using
orthokeratology (OR 0.28; 95% ClI, 0.10-0.79; p=0.02). Respondents 240 years
of age were also less likely to agree to using orthokeratology (OR 0.36; 95% ClI,
0.13-0.98; p=0.05). Both associations persisted after controlling for covariates
(OR 0.22; 95% Cl, 0.07-0.67; p=0.008 and OR 0.31; 95% ClI, 0.05-0.83; p=0.03

respectively).
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Figure 1: Number of parents willing to use and number currently using
each treatment method

E. Currently used lifestyle modifications

93 (95.9%) parents reported restricting electronic screen use and 67 (69.1%)
reported restricting studying/reading. Logistic regression demonstrated no
statistically significant association between parental age/sex/education or child’s

sex/degree of myopia with amount of restriction (Supplemental Material, Table 6).
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DISCUSSION

Myopia is a serious medical and public health problem, with studies
indicating that almost 50% of the world’s population will be myopic by 2050."
Additionally, almost 10% of the world’s population will have high myopia by 2050,
which significantly increases risk for visual impairment and blindness.! China has
one of the highest burdens of myopia in children and young adults, with rates
approaching 90% in urban populations. Studies also demonstrate that over half of
rural teenagers in China have myopia.* Among those diagnosed with myopia in
childhood, almost one-fourth become high myopes as adults, and myopic
degeneration and myopic optic neuropathy are already leading causes of
irreversible visual impairment and blindness in China.®"’

Eastern health professionals are very concerned about outcomes from
myopia. The Chinese government has established a special branch within the
Ministry of Education to handle refractive error.*® Children in primary and junior
schools across China are required to perform periocular massages during breaks
between classes once or twice a day.*' Prevention of myopia has also been
defined as a key task for China’s schools. However, parents, teachers, and
educational administrators often oppose efforts that are meant to prevent myopia,
such as limitation of homework loads. Though researchers argue that increasing
time spent outdoors by school-age children in Asia is of immediate priority, only
Taiwan has formally adopted this policy.*?. Studies also indicate that significant
strides can be made in screening children for ophthalmic problems and in

educating parents on the importance of early screening.*?
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Most parents in our study believe myopia is dangerous to their child’s vision
(88.4%) and find myopia concerning (97.9%). Furthermore, despite the strong
cultural emphasis on studying in China, 61.9% of parents in this study report
restricting their child’s studying and reading in attempts to slow myopia
progression. Parents in our study were often eager to express their thoughts on
reasons for the high prevalence of myopia in China, echoing sentiments commonly
expressed by the Chinese public. These included concerns about increased use
of electronic devices by China’s youth, as well as concerns that the high pressure
of preparing for the college entrance exam, or “gaokao”, leads China’s high school
students to study too much and place strain on their eyes.**

Despite the great concerns about myopia in Eastern societies, most
treatment methods included in our survey have not been studied in randomized
clinical trials, which may explain why 72.2% of patients in this study are not
currently using any methods to prevent myopia progression. For example,
traditional Chinese methods such as ocular exercises and periocular massage at
acupoints have been employed for many decades, but studies examining their
effectiveness are inconclusive.>**'*°4®  Orthokeratology and other corneal
reshaping lenses have only been studied in small case-control studies, with most
showing modest effect in preventing axial length elongation.*”*® The significant
concern demonstrated by parents in this study, in addition to a general willingness
to make lifestyle modifications to prevent myopia progression, suggest that greater

research into treatments to control myopia progression would be well-received.
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Of note, parents in this study were more likely to be willing to use a greater
number of treatment methods if their child has high myopia or the child is a boy.
This finding may have important implications for future application of treatment
methods. One study demonstrated that spending on health and education for girls
is significantly less than for boys in a poor Chinese province; however, this
association was not present in a wealthier Chinese province.* Additionally, lower
parental education has been shown to increase son preference.” Our association
persisted even after correcting for parental education, suggesting that other factors
not measured such as family income may explain the difference in willingness to
use treatment methods on boys vs. girls. Although there have been improvements
to mitigate previously known son preference in China, the persistence of son
preference even in the age of modernization and economic growth may be due to
traditional Chinese values that emphasize a son’s lifelong economic assets,
particularly future support of elderly parents.®’

Our study also found that parents with a graduate education were more
likely to agree that studying/reading can cause myopia and less likely to agree to
using orthokeratology, suggesting that education may impact parental views and
treatment decisions. In speaking to parents who were unwilling to utilize
orthokeratology, the main concerns cited were regarding adverse effects such as
corneal ulcers or perforation. These concerns may account for the large difference
in percentage of parents willing to use periocular massage versus orthokeratology,
despite similar percentages of parents regarding these methods as moderately to

very effective in controlling myopia.
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Our study population was limited to children and parents visiting one
ophthalmology/optometry clinic in Beijing and thus may not be generalizable to the
Chinese population. The opinions of parents in this study may not reflect those of
the Chinese population since parents and children seeking care may have greater
concerns about vision than those who do not obtain ophthalmic care. The large
majority of participants were urban residents. Additionally, although we attempted
to approach all parents in the clinic waiting room, there may have been some
parents who were missed given crowding in the clinic. Furthermore, we did not
survey parents on other treatment methods that have previously been studied such
as atropine, pirenzapine, multifocal lenses, and peripheral defocusing modifying
contact lenses.? However, this study was conducted at a large tertiary hospital,
had a large patient catchment area from near and far, and was conducted over
several weeks, making the sample more representative. About 10% of participants
were from cities outside of Beijing, but it is likely families with the means to travel
far distances to Beijing to receive healthcare are significantly different from families
who decide to receive care closer to home.

Almost all parents in this study find their children’s myopia concerning and
hope to prevent myopia progression. Despite a strong cultural emphasis on
studying, parents in our study are concerned enough about myopia to limit
studying. However, the majority of parents and children do not currently use
methods beyond lifestyle modifications to slow progression. This may be due to
difficulties with adherence, perceived low efficacy, or concerns about safety.

Having a male child or a child with high myopia increased willingness to use
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treatment methods among the parents surveyed. Parents with a graduate
education were less like to agree to using orthokeratology and more likely to agree
that studying/reading causes myopia.

In conclusion, myopia is a serious public health and medical issue that will
continue to worsen in the coming decades. Although many Asian countries have
begun to invest more to research causes of and treatments for myopia, most other
countries have not reached the same level of dedication. Our study demonstrates
how widespread concerns about myopia have become in urban Chinese
populations. Greater research on practical and safe treatments for myopia would

help provide effective treatment and guide future research and patient care.
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Table 5: Counts of responses to questions from categories A, B, and D. Shading
indicates how responses were collapsed into binary values.

Causes of Strongly Disagree Agree Strongly
myopia disagree Agree
(category A)

Screens cause

myopia”

Wearing glasses

worsens myopia

Studying/reading

Heredity”

Sweets

Eye fatigue”

Effectiveness Not Mildly Moderately Very
of methods effective effective effective effective

(category B)

Screen

restriction

Acupuncture

Outdoor activity

Periocular

massage
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Restricting

studying/reading

Ocular exercises

Orthokeratology

Amount of No Mild Moderate Always
restriction restriction restriction restriction restricted

(category D)

Screens

Studying/reading

"No logistic regression was performed due to small sample size even after collapse
to binary value
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Table 6: Results of logistic regression and ordinal logistic regression analysis for children under 18; each cell presented

as p-value, odds ratio estimate (95% confidence interval).

Independent variables (each independent variable fit one at a time)

Respondent Respondent Respondent Child sex Child degree
Age Sex education of myopia
(<40 vs. >=40) (graduate (<-6.0 D vs. >
education -6.0 D)
VS. no
graduate
education)
Views on Studying or P=0.04, 2.67 P=0.18, 4.23 P=0.02, 4.23
causes of reading (1.03-6.90)® (0.52-34.5) (1.31-13.6)®
myopia Wearing glasses | P=0.74, 0.85 P=0.32, 0.44 P=0.16, 0.50
(0.32-2.24) (0.09-2.20) (0.19-1.32)
Eating sweets P=0.29, 0.60 P=0.65, 0.75 P=0.36, 1.52
(0.24-1.54) (0.21-2.64) (0.62-3.70)
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Views on
effectiveness of
lifestyle
modifications
and treatment

methods

Acupuncture P=0.91, 0.95 P-0.11, 2.61 P=0.26, 1.60
(0.42-2.16) (0.80-8.83) (0.70-3.69)

Screen P=0.92, 0.95 P=0.28, 0.49 P=0.94, 1.04
restriction 0.32,2.76 (0.13-1.80) (0.38-2.80)
Outdoor activity | P=0.28, 0.56 P=0.38, 2.03 P=0.28, 1.69
(0.20-1.59) (0.42-9.91) (0.65-4.40)

Periocular P=0.31, 1.57 P=0.45, 0.63 P=0.64, 1.22
Massage (0.66-3.74) (0.18-2.11) (0.53-2.77)
Restricting P=0.98, 1.98 P=0.52, 1.46 P=0.05, 2.20
studying/reading (0.89-4.49) (0.46-4.72) (1.02-4.83)
Ocular exercises | P=0.83, 1.10 P=0.25, 1.91 P=0.48, 1.33
(0.48-2.51) (0.63-5.90) (0.61-2.94)

OrthoK" P=0.68,1.17 | P=0.93,1.05 | P=0.18, 0.60
(0.55-2.52) (0.36-3.04) (0.29-1.25)
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Lifestyle Amount of P=0.90,0.95 | P=0.53,0.69 | P=0.53,1.27 | P=0.70,1.15 | P=0.68, 0.27
modifications screen (0.43-2.10) (0.21-2.17) (0.60-2.70) | (0.56-2.37) (0.06-1.04)
restriction
Amount of P=0.70, 1.17 P-0.86,0.91 | P=0.67,0.85 | P=0.21,1.61 | P=0.68,0.76
studying (0.53-2.63) (0.29-2.79) (0.39-1.83) | (0.77-3.60) (0.20-2.75)
restriction
Willingness to Would use P=0.68,0.84 | P=0.18,2.62 | P=0.43,1.41 | P=0.55,1.28 | P=0.05, 8.26
use treatment acupuncture (0.37-1.91) (0.64-10.8) (0.60-3.31) (0.57-2.86) (0.97-70.0)
methods Would use P=0.05,0.36 | P=0.43,2.00 | P=0.02,0.28 | P=0.13, 2.11 **C
OrthoK” (0.13-0.98)® (0.36-11.1) (0.10-0.79)® | (0.80-5.56)
Would Use P=0.94,1.03 | P=0.79,1.20 | P=0.88,0.94 | P=0.008, 3.22 | P=0.23,0.27
Chinese Meds (0.43-2.45) (0.32-4.60) (0.39-2.27) | (1.36-7.66)° | (0.03-2.35)

~OrthoK = orthokeratology
BAssociations that remain significant after controlling for covariates (respondent sex, child’s sex, and child’s degree of

myopia)

CAll respondents with children with high myopia (n=7 for this question) were willing to use orthoK
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