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Abstract

Obijectives: The myopic population is continually increasing worldwide. The purpose of this paper was to
examine the risk factors for myopic occurrence. Moreover, from a public health perspective, this paper also
proposed a framework and description of measures for the prevention of myopia.Methods: This article is a
literature review that analyses vital factors affecting the development of myopia. It was conducted using
“MEDLINE, CINAHL Plus with Full Text, academic search complete” on the EBSCO database for the
period of 1990 to June 2014. Subsequently, we used Pub Med and Google Scholar to search for literature in
relation to vision and lifestyle patterns and continued with the work of consolidating the gathered literature.
Results: In this study, vital factors, including viewing distance, varying influences unique to an individual,
family, education, and the social scene of the nation, were found to affect the occurrence of myopia. Other
than proposing a framework of multiple factors that influence vision-related lifestyle, this study adopts a
preventive and public health point of view to investigate methods currently being used to assess children’s
visual health and vision-related lifestyle in order to organize and summarize scenarios related to visual tasks,
and to assess visual aid resources in children.
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Introduction

Health, including healthy eyesight, is an important and priceless asset. For children, the most of learning relies
on the function of vision.At present; 285 million people worldwide are diagnosed with visual impairment. Globally,
80% of all visual impairment is preventable or curable. The condition of refractive errors accounts for the majority of
visual impairment cases, and children represent the largest myopic group (World Health Organization, 2014). A
nearsighted person can clearly see near objects but not faraway objects. Symptoms of myopia include blurred distance
vision, eye rubbing, and squinting (Saw, Katz, Schein, Chew, & Chan, 1996). Myopia has become a global public
health issue. The prevalence of myopia varies due to national, regional, and ethnic differences. The rates of myopia are
especially high amongst urban dwellers and Chinese descendent (Wen et al., 2013; Xiang et al., 2013).
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In Taiwan, the prevalence of myopia for persons ages 12-19, 20-39, 4064, and > 65 years was 70.3%,
65.4%, 30.4%, and 5.6%, respectively (Guo, Lin, Lin, & Cheng, 2012).

According to a census of people over age 40 by the National Eye Institute in the United States, the myopia
rate in the year 2010 was 23.9%(Prevent Blindness America, 2012).Compared with the total of 30,357,202 myopic
adults over age 40 in the year 2000, the total of 34,119,279 myopic adults over age 40 in the year 2010 was a huge
increase (National Eye Institute, n. d.).Using meta-analysis to analyse the European myopic population in different
historical periods, researchers found the trend of an increasing myopic population in more-recent generations. Some
22% of people born between 1930 and 1939 are myopic; 25.4% of people born between 1940 and 1949 are myopic;
33.0% of people born between 1950 and 1959 are myopic (Williams & Hammond, 2014).The phenomenon of
prevalent myopia has gradually spread to other countries.

Taking a preventive perspective from community health nursing, the paper’s authors gathered relevant factors
that cause children’s myopia and proposed attaching great importance to the role of children’s lifestyle in the
development of myopia. In addition, this paper organized assessment and measurement methods in order to provide a
base for myopia prevention and studies of children’s vision care in the future.

Methods

This study gathered and reviewed literature about risk factors in relation to the myopia prevention. We
searched for “MEDLINE, CINAHL Plus with Full Text, academic search complete” on the EBSCO database.
Keywords were “eye or myopic or myopia”, “measure or assess” and “AB children”. The searches were conducted for
the period of January 1990 to June 2014. Further, words and phrases with no direct correlation to the prevention of
myopia were excluded. For example, abstract naming surgery, laser, gene, atropine, injuries, blindness, sleep, and
alcohol were excluded. Subsequently, we used PubMed and Google Scholar to search for literature pertaining to vision
and lifestyle patterns and continued with the work of consolidating the gathered literature.

Results
1. Dangerous factors

The eye-to-object distance has an important influence on children. Near-work tasks are particularly dangerous
to vision (Ciuffreda & Vasudevan, 2008; Ong & Ciuffreda, 1995). An investigation of 1,108 kindergarten children ages
5-7 during the years 2009-2010 in Taiwan found a strong correlation between the occurrence of myopia and the time
children spent on near-work tasks; children were spending an average of 3.6 hours on near-work tasks each day (Peng,
2011). Children in Asian countries were also found to be spending increasing amounts of time on near work as they
grew older (Guo et al., 2013; Liu & Chen, 2006).

All near-work activities, which included reading/studying, computer use, near work with hobbies and playing
Game Boy, took up one-fourth of students’ after-school time(Rah, Walline, Mitchell, &Zadnik, 2006).The top near-
work activity of children’s daily after-school routine was watching television(Peng, 2011).Also, according to a 2011—
2012 survey in the Greater Beijing area, the hours that students spent playing with electronic gadgets in the years 2011
and 2012 showed a triple increase in eye-use time(Guo et al., 2013).An American study of 212 students ages 5-18 in
grades 1-12 found that students spent an average of 3.3 hours on computers and related products on Saturdays(Burke
&Peper, 2002).

In contrast to near-work activities, outdoor scenarios involving eyes focused on a distant object were also
discussed in a number of important studies in recent years. Conducting a study on students in grades 4-8, researchers
found that the average distance between children’s eyes and a focused object was 438.5 cm in outdoor sports
participation (Rah et al., 2006). Researchers found a correlation between decreasing hours of outdoor activities and
incidents of myopia (Guggenheim et al., 2012; Guo et al., 2014).
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After adjusting factors including the distance between an object and human eyes, parental myopia, and
ethnicities, the study found that the time spent engaged in outdoor activities had a stronger correlation with the
development of myopia than did the type of activity(Rose et al., 2008).Conducting a daily light exposure study of 101
children ages 10-15, Australian researchers found a significant difference in the amount of time spent exposed to light
(>1000 Ix) each day between myopic children and emmetropic children(Read, Collins, & Vincent, 2014).

Therefore, according to the literature listed in the foregoing paragraphs, life and activity scenarios, eye-to-
object distance, and duration of eye use are all important factors in the prevention of myopia. In particular, attention
should be paid to indoor near-work tasks and outdoor distant objects, which are respectively dangerous and beneficial
to eye health. On the other hand, our literature review revealed that other risk factors affecting the occurrence of
myopia in children fall within the four categories of the individual, family, education, nation and society.

1.1 Personal factors

Age can affect the risk of myopia development (You et al., 2012). After conducting a three-month experiment
involving kittens monocularly deprived of vision, Hubel and Wiesel found that the effect on the kittens’ visual
deprivation did not affect them as adult cats (Daw, 2009).

Gender factor: Examining the patterns of myopigenic activity such as a large amount of time spent on near
work and a small amount of time spent outdoors in children growing up in Sydney, Australia, researchers found that
girls engaged in more myopigenic activity than boys did (French, Morgan,Mitchell, &Rose, 2013).As revealed by a
follow-up investigation of 543 myopic children ages 7-9 in Singapore, children’s gender was related to children’s
ocular axial length (Saw et al., 2005). According to a 2009—2010 survey of 1,108 Taiwanese kindergarten children ages
5-7, gender did not cause statistical differences, yet more girls had myopia (Peng, 2011).

1.2 Familial factors

Parental myopia: Some research revealed a higher rate of myopia among children with myopic parents(Peng,
2011).A follow-up investigation of 543 children ages 7-9 in Singapore revealed that parents’ myopic history was
related to the statistics of children’s ocular axial length(Saw et al., 2005).However, parents’ myopic history only
affected children ages 5-6 and did not affect children ages 12-17 as far as showing a statistical difference(French,
Morgan, Mitchell, & Rose, 2013).

In addition, the prevalence of myopia varies across populations of different ethnicities. Researchers who
examined patterns of myopigenic activity in Sydney, Australia, found that children of East Asian ethnicity had more
lifestyle patterns related to the incidence of myopia in children when compared with descendants of white people.
Such lifestyle patterns include high levels of near work and low levels of outdoor activities(French et al., 2013).
According to Australian researchers’ investigation of Sydney junior high school students aged 12.7 years on average,
the rate of myopia was higher among Asian students (Ip et al., 2008).

Other than parental myopia and ethnicity-related genetic factors, factors such as parental behaviour guidance
or emulation and the environment where children grow up all need further investigation for clarification. Relevant
literature also support and acknowledge the great influence that parents and siblings have on children in a family
(Furman &Buhrmester, 1985).According to a Singaporean study, it was clearly evident that familial siblings contribute
to the changes in refractive errors and vitreous chamber depths(Guggenheim, Pong-Wong, Haley, Gazzard, & Saw,
2007).

1.3 Educational Factors:

School factors: Adopting meta-analysis to analyze the European myopic population in different generations,
British researchers detected a significantly strong correlation between educational attainment and prevalence of
myopia. Some 16% of primary school graduates were diagnosed with myopia, and 35% of people with a higher-
education degree were diagnosed with myopia(Williams & Hammond, 2014).



Chiu et al. 49

Also, researchers found a significant difference in refractive status among students in grades 3-5 at different
schools(Williams & Hammond, 2014).Also, researchers found a significant difference in refractive status among
students in grades 3-5 at different schools(Shih, Lin, Ko, & Hung, 1989). A survey of 12.7-year-old junior high school
students in Sydney, Australia, revealed a larger number of myopic students in public schools than in private schools(Ip
et al., 2008).According to a large-scale survey in the Greater Beijing area, myopia-related factors included school types
and reading in dim light(You et al., 2012).

Study-related factors: The “being forced to study” factor could meaningfully predict the degree of Taiwan
children’s myopia(Liu & Chen, 2006).A large-scale survey in the Greater Beijing area suggested that myopia-related
factors include daily long-hour and continuous study without rest over a long period of time(You et al., 2012).

According to a 2011-2012 survey of 643 grade 2 and grade 5 students in the Greater Beijing area, children’s
ocular axial length was apparently related to longer hours of school study (Guo et al., 2013).Academic performance:
The academic performance of grade 7 students without vision problems and students with vision impairment
exhibited a significant difference. The numerical mark of students’ academic performance was 67.1 for students with
normal vision and 73.8 for students with poor vision (Yang & Shyoug, 2000). In addition, a study comparing the
academic performance of American grade 8 students in the myopia group and the emmetropia group found that
students in the myopia group did better than students in the emmetropia group on the lowa Tests of Basic Skills with
respect to the reading score and the overall language score (Mutti, Mitchell, Moeschberger, Jones, &Zadnik, 2002).

Therefore, the correlation between myopia and education factors is undeniable. Schools are still the most
important establishments to lead in myopia prevention. Given that the education climate might vary from nation to
nation, work toward myopia prevention should consider the culture of education in different areas.

1.4 Society and nation-related factors

The Asian population’s competitive society in recent years has been affected by myopia-related factors(Seet et
al., 2001).According to a 2003—2005 study of 2,367 grade 7 students all residing in Sydney, Australia, the myopia rate
was 6.9% in the outer suburban region and 17.8% in the inner-city region, indicating that urban and rural differences
also affected the myopia rate even in the same city(lp, Rose, Morgan, Burlutsky, & Mitchell, 2008).After variables
including near-work distance and outdoor activities were adjusted, a study found that apartment dwelling was related
to myopia(lp et al., 2008).

Subsequent to a no-schooling policy in China during the Cultural Revolution Decade (1966-1976),
educational supervision resumed after 1976. Statistically, the number of myopic adults born between 1950 and 1955
was less than the number of myopic people born between 1940 and 1945(Wang, Xu, & Jonas, 2013).Therefore,
national, social, and cultural factors must be taken into account. Using appropriate methods to carefully assess local
myopia-related factors could help to design suitable plans pertaining to the prevention of myopia.

Summary: Regardless of a near or far eye-to-object distance being involved, outdoor activities are a direct and
important factor in the development of myopia. In terms of the prevention of myopia, an individual is still subject to
the influence of the individual himself, the family, education, the society, and the nation. Parents, teachers, society’s
culture, and national policies might also affect children’s behaviour. Values which parents hold true when giving
instructions are also subject to the influence of social culture and public opinions. All of these factors might affect
children’s lifestyle and are highly related to the lifestyle of people in different countries.

2. The Concept of visual Lifestyle
Focusing on children’s visual life experiences, this study proposed the concept of visual lifestyle. As

mentioned in the Medical Subject Headings (MeSH) terms, lifestyle refers to a typical way of life or manner of living
characteristic of an individual or group (National Center for Biotechnology Information, n.d.).
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A healthy lifestyle usually contributes to better health. However, lifestyle might be shaped in a person’s
childhood and become impossible to improve.

Researchers who investigated behaviour of problematic children through qualitative research learned that
lifestyle is an important issue (Turnbull & Ruef, 1997).Some researchers also mentioned the influence of life problems
on lifestyle(Jensen, 2007).Researchers mentioned that the five dimensions of lifestyle research are activity and
behaviour, value and attitude, individual and group, group interaction, and coordinating identification and
selection(Veal, 1993).1t can be inferred that a person’s lifestyle is interweaved with daily regular activities. Children’s
lifestyle depends more on patterns of family interactions, education style, and patterns of interaction with other
groups particular to the society’s culture.

As children’s lifestyle changes along with changes and trends brought about by the passage of time, visual
lifestyle does too. Although factors resulting from personal traits are difficult to focus on and to change in prevention
work, the eye-to-object distance and duration of children’s eye use are subject to the influence of parents, child-care
providers, family upbringing, and particularly years of crucial development in vision. After children start their
schooling, they might be subject to the influence of school and education factors while at the same time the education
system itself is subject to national policies and social culture. Depending on the particular society, the visual lifestyle of
children in the preschool stage might be under the influence of family education and preschool education. From the
elementary school stage to the senior high school stage, children under the influence of family factors might gradually
shift to being under the influence of education factors along with social and cultural impact.

In Asian countries, for example, grades 1 and 2 are an important phase during which students learn to write
Chinese characters. The course of children’s activities and behaviour, parental expectations of children’s good
academic performance, school assignments, as well as the school education system are all dimensions evaluated by a
local community. Therefore, the assessment of visual lifestyle could be used as a framework for myopia prevention
and assessments as well as for relevant programs and monitoring of health risks in the future (Figure 1).

Researchers proposed the idea of “levels of prevention” from the perspective of public health (Clark, 1954;
Leavell & Clark, 1965).Understanding possible causes of myopia in the local community is the only way to avoid a
Type I error suggested by Howard Raiffa and subsequent decision-making mistakes (Dunn, 2001; Hammond,
Keeney, & Raiffa, 1998).Assessing and monitoring children’s visual lifestyle is the first step in primary myopia
prevention. Important elements of assessing local children’s visual lifestyle include dimensions of scenarios, duration
of eye use, and the way in which vision is used. Additionally, there are assessments of visual aid resources.

2.1 Scenarios that involve the use of vision: Assessing the type of visual life scenario involves depicting the
location and type of indoor and outdoor scenarios based on local children’s visual experience. For example, doing
practice tests in a school classroom designates the school as the scenario setting, the classroom as the particular setting
of an indoor activity, and doing practice tests as the scenario type. Another example is that riding a bike in a park
makes the park the scenario setting for that outdoor activity and makes riding a bike the scenario type.

2.2 Duration of eye use: the duration of eye use in individual scenarios is calculated in minutes and hours.
The duration is calculated by recording the time of activity between start and end. Daytime and night-time are
separated based on the time of sunrise and sunset. Activities on weekdays and weekends are recorded according to the
life cycle of a week. Taking the performance of practice tests in a school classroom at 10:00~10:50 a.m. on Tuesday,
May 13, 2014, as an example, Tuesday is a normal weekday, 10:00~10:50 a.m. is a time period, and the activity lasts
for 50 minutes.

2.3 The manner of eye use: This involves measuring the eye-to-object distance, angle, eye blink, and eye
movement. 2.3.1 The eye-to-object distance is an important factor for calculating the risk of developing myopia.
Common distance-measurement tools include a cloth tape measure, a steel tape measure, an angle-measuring
instrument, an image-based measurement system, and a laser distance measuring machine. The unit for measuring the
eye-to-object distance is centimetre and metre, and the unit for measuring the eye-to-object angle is degree. For
example, the centimetre is used to measure the distance between the book and the eyes of the book’s reader.
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Another example is that degree is used to measure the angle formed by the computer monitor and the video-
watching computer user.

2.3.2 Measuring eye blink: Blink rate, calculated based on the number of eye blinks per minute, can be used
for the measurement of fatigue(Lambooij, Fortuin, Heynderickx, & IJsselsteijn, 2009).However, researchers also
cautioned that many factors might affect the blink rate(Stern, Boyer, & Schroeder, 1994).For example, the blink rate
might be subject to the influence of different tasks, and the influence of conversation, rest and reading might form a
descending order (Bentivoglio et al., 1997). In terms of the influence of computer use on the eye blink rate,
contemporary researchers have begun to notice how electronic gadgets affect children. In particular, some studies
have looked into the impact of computers and mobile phones on adult users’ eye conditions such as computer vision
syndrome or dry eye syndrome (Rosenfield, 2011; Thomson, 1998).

2.3.3 Measures of eye movements usually track eye-movement trajectories. Researchers used an eye-tracking
system to track the eye movement of healthy children ages 2-9, which followed an object’s movement from the
upper-right corner to the bottom left corner of a computer monitor. After measuring the saccadic reaction time and
the reaction time to fixation on the cartoon and gaze fixation atea, the Intraclass Correlation Coefficient was used to
find that the test-retest reliability was 0.51-0.84(Pel, Manders, & van der Steen, 2010).

2.4 Visual auxiliary resources: Intrinsic aspects are those such as nutritional intake. Extrinsic aspects are
such things as eye glasses, cycloplegic drugs, and auxiliary desk lamps. Some examples include the intensity of
illumination when one is doing homework at home, the use of a desk lamp or not, the existence of glare or not, and
the light reflection rate of a book or table. A Singaporean study on the comparison between the outdoor time
recorded on a diary and a portable light meter revealed that the correlation between the light meter and diary writing
was poor to fair (Dharani et al., 2012).

2.5 Visual acuity (VA) is one of the most important ophthalmological parameters in clinical studies. Other
than screening and diagnosing myopia, the VA test can also reveal dynamic changes in the emmetropization process
that children experience. Comparing 2,103 myopic and non-myopic children ages 5-6 and 12-17 in Sydney, Australia,
revealed that a lower degree of hyperopia can forecast the occurrence of myopia in the future(French et al., 2013).The
most effective myopia-related eye test is the refraction test, which can be classified into subjective and objective
methods of refraction. Researchers believed that good refractive examinations should include both subjective and
objective examinations (Wang, 2004, p. 97).

Discussion

The mechanism of causes of children’s myopia is quite complex. Clinical observation has found that the
progress of high myopia is an irreversible process (Verhoeven et al., 2014). For that reason, initial prevention would
be the key to eliminating myopia.

Adopting the concept of epidemiology to identify factors related both to the risk of developing myopia and
to protecting against it, this paper put forward a framework for children’s visual lifestyle as well as organized and
systemized scenarios, duration of eye use, and ways in which vision is used in daily life from a public health and initial
prevention perspective. In addition, this paper addressed measurements of auxiliary resources to work on myopia
prevention. The authors expect that future researchers can now focus on the lifestyle and social culture of local
community groups as well as employ the concept of visual lifestyle in the initial work of preventing myopia in
children.

This paper was based on a literature review. Even though the authors included many articles and expanded
the years covered for their literature review, there still might appear to be a selection bias. In addition, articles from
the electronic database were mainly in English. Although Chinese papers were included, we still were short on articles
in other languages.
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Most people agree that children are the future masters of a nation. The health of children is the foundation of
a nation’s health. Children’s visual health is more likely to affect a country’s future competitiveness. Children have the
right to normal development. People should protect children’s vision and ensure its healthy development.
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Figure 1: Framework of visual lifestyle for myopia prevention. Vision development is a dynamic process. The process
will continue to change when children are growing up. For myopia prevention, it depended on the ratio of indoor and
outdoor time daily. The factors of personal, familial, society and national-related could affect the ratio.



