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Abstract

Background: Childhood myopia has become an increasingly serious public health problem worldwide.

Objective: This study aims to explore the prevalence of myopia, axial length changes, and their influencing factors among
children and adolescents aged 4 to 18 years in Beijing. The findings are expected to provide a scientific basis for taking effective
measures to prevent and control myopia for government decision-making.

Methods: This cross-sectional survey involved 2595 children from 9 randomly selected educational institutions (1 kindergarten
and 8 schools) in northern China. The survey included a questionnaire, visual acuity examination, refractive screening, and axial
length measurement.

Results: The prevalence of myopia among the tested students was 56.53%, and 50.98% of students had an axial length (AL) of
>23.5 mm. The AL is elongated with age, and the right was longer than the left (P<0.05). Excluding preschool children, the AL
was significantly different between students with and without myopia (P<0.05). The univariate analysis showed significant
differences in the myopia rates by age, reading distance, close learning time, lighting environment, and myopia in parents
(P<0.05). The multivariate logistic analysis showed that older children and myopiain parents were risk factors for myopia and a
longer AL, with girls being more likely to develop myopia than boys (odds ratio, 1.35; 95% confidence interval, 1.133-1.597).

Conclusions: The prevalence of myopia and the proportion of excessive increase of AL were high in children and adolescents
aged 4 to 18 years. Therefore, it is possible to predict the occurrence and development of myopia in children by measuring the
AL and to prevent and control myopia in children and adolescents by reducing the short-distance reading time and maintaining
an adequate reading distance.
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Prevalence and Influencing Factors of Myopia and Axial Length

in Children and Adolescents Aged 4 to 18 Years in Northern China

Abstract

Objective: This study aims to explore the prevalence of myopia, axial length changes, and their
influencing factors among children and adolescents aged 4 to 18 years in Beijing. The findings are
expected to provide a scientific basis for taking effective measures to prevent and control myopia for
government decision-making.

Methods: This cross-sectional survey involved 2595 children from 9 randomly selected educational
institutions (1 kindergarten and 8 schools) in northern China. The survey included a questionnaire,
visual acuity examination, refractive screening, and axial length measurement.

Results: The prevalence of myopia among the tested students was 56.53%, and 50.98% of students
had an axial length (AL) of >23.5 mm. The AL is elongated with age, and the right was longer than
the left (P<0.05). Excluding preschool children, the AL was significantly different between students
with and without myopia (P<0.05). The univariate analysis showed significant differences in the
myopia rates by age, reading distance, close learning time, lighting environment, and myopia in
parents (P<0.05). The multivariate logistic analysis showed that older children and myopia in parents
were risk factors for myopia and a longer AL, with girls being more likely to develop myopia than
boys (odds ratio, 1.35; 95% confidence interval, 1.133—1.597).

Conclusions: The prevalence of myopia and the proportion of excessive increase of AL were high in
children and adolescents aged 4 to 18 years. Therefore, it is possible to predict the occurrence and
development of myopia in children by measuring the AL and to prevent and control myopia in
children and adolescents by reducing the short-distance reading time and maintaining an adequate
reading distance.
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Introduction

Myopia is a type of refractive error in which the refractive system of the eye causes parallel
light to focus in front of the retina instead of directly on it in the relaxed state™?. Childhood myopia
has become an increasingly serious public health problem worldwide. According to the latest report
by the World Health Organization(WHO), more than 3.36 billion people worldwide are projected to
have myopia by 2030, with an increase by 72.3% from the figure in 2010"". The WHO also reported
that the highest overall prevalence of myopia worldwide is in high-income countries in the Asia
Pacific region (53.4%), followed by East Asian countries (51.6%)"!. Thus, the prevalence of myopia
in children will also increase'®. The prevalence of myopia in children and adolescents in Korea
ranges from 50% in children aged 5-11years to 78.8% in children aged 12—18 years".

In recent years, the rate of myopia among children and adolescents in China has been
increasing, and myopia has become a significant public health concern in China. According to a
survey conducted by the National Health Commission, the overall rate of myopia among children
and adolescents was 52.7% in 2020, an increase of 2.5% compared with 2019. Among these children
and adolescents, the rate of myopia was 14.3%, 35.6%, 71.1%, and 80.5% in 6-year-old children,
primary school students, middle school students, and high school students, respectively ®. The
blurred vision and dry eyes caused by myopia can impact children’s learning, daily life, and physical
and mental health. Myopia can also increase the risk of retinopathy, which cannot be reversed after
onset. If not controlled, the condition may progress to high myopia and even result in irreversible
vision damage or other eye diseases.

Multiple studies have reported the prevalence and risk factors associated with myopia in China.
Few surveys in China have included evaluation of axial myopia in children and further exploration is
needed to investigate the factors related to myopia. The increase in axial length inevitably leads to
stretching and thinning of the sclera, which increases the risk of high myopia, pathological myopia,

and lesions of the sclera and macula, leading to more serious eye diseases'”’. Research has shown that
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excessive AL increases the risk of myopia, which is of great significance for the occurrence and
development of myopia'®. Therefore, analysis of axial data is necessary.

Childhood is an important stage for the occurrence and development of myopia, and the
effectiveness of preventing myopia during this stage is clinically significant. This study was
performed to explore the prevalence of myopia, AL changes, and their influencing factors in children
and adolescents aged 4 to 18 years in Beijing. The overall aim was to provide a reference for
effective myopia prevention and control and thus reduce the occurrence and development of myopia

in children.
Methods

Participants

In 2022, we conducted a vision survey in which all students from 9 educational institutions in
Beijing (186 students from 1 kindergarten, 1452 students from 5 primary schools, 1394 students
from 2 middle schools, and 664 students from 1 high school) eligible for the inclusion criteria were
selected as survey subjects. The inclusion criteria were (1) an age of 4 to 18 years and permanent
resident of Beijing; (2) no history of eye diseases, eye injuries, or surgeries except for refractive
errors; (3) good physical and mental health with no congenital developmental abnormalities or
related diseases that affect vision and refractive examination; (4) no wearing of corneal shaping
lenses within 1 month; and (5) willingness to cooperate by both children and their parents. In total,
2742 children aged 4 to 18 years were selected for screening of nonciliary muscle paralysis refractive
errors, binocular naked eye vision examination, AL measurement, eye position and eye movement
examination, and color vision examination. A questionnaire survey was simultaneously conducted
(that for kindergarten children was filled out by their parents, and that for children in primary school
and above was jointly answered by themselves and their parents). After making logical corrections
and eliminating unreasonable records, 2595 children’s information was ultimately obtained (effective

questionnaire response rate: 94.6%). The detailed selection process was presented in FIGURE1. The
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children were divided into four groups according to age (4—6, 7-9, 10-12, and 13-18 years), with
207 children (414 eyes), 371 children (742 eyes), 702 children (1404 eyes), and 1315 children (2630
eyes) in each group, respectively [total of 2595 children (5190 eyes)]. This study was approved by
the Medical Ethics Committee of the Capital Institute of Pediatrics (SHERLL2022043). The children
and their parents provided informed consent and were willing to participate, and the investigation
was approved by the local education bureau and school.

Measurements

The visual acuity chart used in the study is from GB/T 11533-2011 Standard for logarithmic
visual acuity charts, which is a 5-mark record. A desktop automatic computer refractometer (KR-
800; Topcon Corporation, Tokyo, Japan) that met the ISO 10342 ophthalmic instrument
refractometer standard was used to detect the refractive status of nonciliary muscle paralysis. The AL
was measured using a biometer (IOL Master; ZEISS Group, Oberkochen, Germany). All instruments
and equipment were tested and approved by relevant departments. Both the computer refractometers
and biometric instruments underwent simulated human eye calibration before use'®. The myopia
screenings were performed according to the Guidelines for Appropriate Techniques for Myopia
Prevention and Control in Children and Adolescents (Updated Version) issued by the National
Health Commission?’.
Questionnaire survey

The questionnaire was developed by the Capital Institute of Pediatrics and and students or their
parents filled out questionnaires. It took approximately 15-20 min to complete the questionnaire.
Before completing the questionnaire, the survey or explained the significance of the survey,
emphasized the confidentiality of the questionnaire, and any questions that were not understood
would be explained by the investigator until the students could understand the questions correctly in
order to guarantee the credibility of the results. The survey content was mainly included several

aspects such as sex, age, parents’ myopia, environment and habits of using eyes, electronic screen
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use, reading posture and time, etc.
Judgment criteria

Previous studies have shown that both computerized optometry and AL measurement under
nonciliary muscle paralysis are safe and reliable options for myopia screening in children and
adolescents™",
Screening myopia determination
Myopia screening in children aged O to 6 years: According to the recommended standards of the

Guidelines for Eye Health and Vision Examination Services for Children aged 0 to 6 years™, and
the Guidelines for Pediatric Eye Evaluations Preferred Practice Pattern (Updated Version) issued by
the American Academy of Ophthalmology ¥, the criteria for determining myopia were that children
aged 4 years with a spherical lens power of <—3.00 dioptres(D) and children aged 5 to <7 years with
a spherical lens power of <-1.50 D are considered to have myopia (detected using a computer

refractometer in a nonciliary muscle paralysis state)*!.

Myopia screening in children aged >7 years: According to the criteria for determining myopia, the
standard logarithmic visual acuity of the naked eye was below 5.0 and the spherical equivalent by
computerized optometry was below —0.50D under non-ciliary muscle paralysis. Anyone who was
determined to be myopic in one eye or confirmed to be wearing an orthokeratology lens would
be counted in the total number of myopia"°..

Determination of excessive increase of AL

Referring to the expert consensus on the reference range of AL for school-age children in
20221 an AL of >23.5 mm is considered an abnormal value for excessive axial growth. In this
study, an AL of >23.5 mm and naked eye vision of <5.0 were considered to indicate
excessive increase of AL. Anyone who was determined to be excessive increase of AL in one eye

would be counted in the total number of excessive increase of AL.
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Quality control
The on-site investigation was conducted by trained and qualified medical personnel using
unified vision examination methods and survey questionnaires. The original data were collected and
organized by the school as a unit, and the data were verified and entered by a dedicated person.
Health records were created for follow-up and notification of the examination results. The light box
and method of visual inspection complied with national standards, and the testing environment and
distance also met relevant requirements. In a semi-dark room, refractive testing of children in the
natural state (nonciliary muscle paralysis) was performed to ensure that the system error was within a
reasonable range. The environment was fixed and the lighting was suitable. The child’s seat was
fixed within a radius of 50 cm, the head was kept upright, and the eyes were level with the
instrument. The interocular distance between the right and left eyes was 35 cm. The average value of
at least three consecutive readings from a computer optometer was used for analysis, and the average
value of at least five consecutive readings from an axial biometric instrument was used for analysis.
Statistical analysis
The data were entered into an Excel 2007 spreadsheet. All statistical analyses were performed

with Stata 10.0 software (StataCorp, College Station, TX, USA). Descriptive data are presented as
frequency and percentage or mean with Wald 95% confidence interval (CI). Categorical variables are
presented as frequency and percentage, and continuous variables are expressed as mean with
standard deviation. These associations were tested using chi-square analyses or the correlation index,
depending on the type of variables involved. Relevant outcomes are presented as odds ratio (OR)

with 95% CI. Statistical significance was defined as P<0.05.

Results

Basic situation of myopia in children
In total, 2595 children (5190 eyes) were surveyed. The myopia detection rate was 56.53%

(1467/2595) (52.71% in boys, 60.23% in girls). The children’s mean age was 12.55+3.17 years, and
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the myopia rate was 7.73% in children aged 4 to 6 years, 36.12% in those aged 7 to 9 years, 58.26%
in those aged 10 to 12 years, and 69.05% in those aged 13 to 18 years. The number of tested eyes
was 5190, and the total myopia rate was 47.94% (2488/5190) (left eye, 45.74%; right eye, 50.13%).
There was a statistically significant difference in the incidence of myopia among the different age
groups (x*=537.578, P=0.00). The rate of myopia in boys was 44.90% (1145/2550) and that in girls
was 50.87% (1343/2640), with a statistically significant difference (y*=18.519, P=0.00) (Table 1).
Basic information of children’s AL

The mean binocular AL among all children was 24.14+1.29 mm (right eye, 24.19+1.28 mm; left
eye, 24.11£1.29 mm). The difference in the binocular AL was statistically significant (t=2.221,
P=0.026), especially in children aged 13 to 18 years. There was also a statistically significant
difference in left and right AL (t=2.271, P=0.023), with the right AL being longer than the left. The
1275 boys (49.13%) had an AL of 24.39+1.27 mm, whereas the 1320 girls (50.87%) had an AL of
23.90+1.25 mm. There was a statistically significant difference in AL between the two sexes of
children with myopia (P<0.001). The AL increased with age as follows: 22.58+0.71 mm in children
aged 4 to 7 years, 23.36+£0.96 mm in children aged 7 to 10 years, 24.05£1.08 mm in children aged 10
to 13 years, and 24.66+1.22 mm in children aged 13 to 18 years. The mean AL of myopic eyes was
24.72+1.14 mm, whereas that of non-myopic eyes was 23.63+1.19 mm. The AL of myopic eyes was
longer than that of non-myopic eyes (t=23.856, P=0.000). Excluding the 4- to 7-year-old children,
the differences in AL between myopic and non-myopic children in the other age groups were
statistically significant (P<0.001). Details are shown in Table 2 and Figures 2 to 4.

Single-factor analysis of myopia and excessive increase of AL in children

The analysis of the influencing factors of myopia and excessive increase of AL in children showed
statistically significant differences in children’s age, reading distance, long-distance reading time on
electronics, close-distance learning time, children’s knowledge of the Rule of 20, learning lighting,

and myopia in parents (P<0.05). However, the time spent on close-range electronic products, daily
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reading posture, and study table placement were not significant influencing factors for myopia or a
longer AL in this population (P>0.05). Girls were significantly more prone to develop myopia than
boys (x°=14.93, P<0.001), whereas the difference in AL was not statistically significant (x*=0.15,
P=0.696). Myopia and excessive increase of AL showed a strong correlation with age (x*=330.91,
P<0.001 and x*=353.04, P<0.001, respectively). Details are shown in Table 3.

Multivariate regression analysis of myopia in children

We applied multivariable logistic regression models to identify the effects of the investigated
factors on Myopia and excessive increase of AL. A total of nine variables with a P-value<0.5 (Table
2) in the analysis were entered into the multivariable logistic regression model for Myopia. A total of
eight variables with P<0.5 (Table 2) in the analysis were entered into the multivariable logistic
regression analysis for excessive increase of AL. In the adjusted multivariable model, girl, older age
and parental myopia were significantly associated with myopia. The survey shows that older age and
parental myopia were significantly associated with excessive increase of AL. According to this
analysis, 1 additional year of age was associated with a 1.27-fold higher risk for myopia (95% CI,
1.229-1.304; P<0.001), 1 additional year of age was associated with a 1.31-fold higher risk for
myopia (95% CI, 1.269-1.350; P<0.001).

Children who were girls were more likely to be myopic children (boy is the reference group for
the exposure, adjusted OR=1.35, 95% CI, 1.133-1.597; P=0.001). Additionally, children with
myopic father were more likely to have great risk for myopia and have excessive increase
of AL(children without myopic father is the reference group for the exposure, adjusted OR=0.76,
95% CI, 0.625-0.923; P=0.006; adjusted OR=0.68, 95% CI, 0.556-0.822; P<0.001). Children with
myopic mother were more likely to have great risk for myopia and have excessive increase
of AL(children without myopic mother is the reference group for the exposure, adjusted OR=0.67,

95% ClI, 0.555-0.802; P<0.001; adjusted OR=0.64, 95% CI, 0.528-0.764; P<0.001). (Table 4).

Discussion
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Myopia can be defined as a mismatch between the optical power and ocular axial dimensions.
The intersection of light rays falls in front of the photoreceptor retinal layer, producing a blurred
image. Some studies have confirmed that the AL is an important factor in the development of
refractive error, especially in myopia. Compared with other ocular structures, such as the cornea and
crystalline lens, an increased AL is the principal morphological factor related to myopia
progression™”!. Therefore, it is important to evaluate the structural changes associated with myopia
and develop strategies to prevent the progression of myopia and its complications. The ability to
predict which eyes are at risk of developing an extreme AL would be clinically useful.

Our study found a high prevalence of myopia and excessive increase of AL among children and
adolescents aged 4 to 18 years in Beijing city, located in the north of China, at 56.53% and 50.98%,
respectively. The rate of myopia was higher than that the national average "®and Other cities in
China "**and even above the highest overall prevalence of myopia worldwide®'. The rate of myopia
was lower than that Shenyang and Weifang cities in china '*??, The multivariate analysis revealed
that excessive increase of AL was significantly associated with older age and parental myopia. The
myopic spherical equivalent was significantly associated with older age, female sex, and parental
myopia.

Prevalence and influencing factors of myopia in children and adolescents

The rate of myopia in children increased with age, and it increased particularly rapidly after 7
years of age. The greatest increase in myopia was seen in children aged 7 to 10 years (from 7.73% to
36.12% in preschool), followed by children aged 10 to 12 years. These findings are consistent with
the survey results on myopia in primary and secondary school students by Hongbin®'and Li et al. 14,
First, myopia is usually difficult to reverse, and the number of people with myopia is increasing;
thus, the rate of myopia in older individuals is higher. Second, children generally enter school from
about 7 years of age, and as their academic burden increases, they generally spend less time outdoors

and more time engaged in close reading '*. This prolonged close-up work can strain the ciliary
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muscles, increasing the risk of myopia. Consequently, the incidence of myopia naturally increases
with age. The results of this survey are basically similar to those reported by Li et al.”*” and Huibin
5] on myopia in children and adolescents in Chengdu. They found that the rate of myopia increased

with age starting from 7 years old. Therefore, it is necessary to begin prevention and control of

myopia in children at the preschool stage.
In this survey, we also found that the rate of myopia in girls was higher than that in boys, which
is similar to the findings reported by Zhen **'regarding myopia in seven provinces in China. Previous

studies have suggested that outdoor activities are a protective factor for myopia !

, perhaps because
many boys prefer outdoor sports whereas many girls prefer quieter activities. Thus, the occurrence of
myopia differs based on the learning and living habits of male and female students, leading to the
higher rate of myopia in female than male students. Some studies have also suggested that myopia is
related to the hormone fluctuation that occurs during female development . Further research is
needed on this topic.

Myopia is caused by a variety of complex factors, including genetics, eye structure and visual
development, lifestyle, and eye habits **, Previous studies have suggested that myopia in children is

(291" which is consistent with the results of the present survey. The

related to myopia in their parents
occurrence of myopia depends on interactions between genetic and environmental factors.
Congenital factors are difficult to change, whereas environmental factors and behavioral habits are
particularly important in the occurrence and development of myopia. Therefore, prevention and
control of myopia should be focused on the cultivation of individual behavioral habits, such as eye
use habits, lifestyle, and outdoor sports. Detrimental eye habits include reading and writing at a close
distance for a long time, maintaining incorrect reading and writing postures, using electronic video
products, and reading in bed or in a shaking car; all of these habits may increase the risk of myopia

[30]

Whether the use of electronic products can increase the risk of myopia has been controversial, and
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the results of a meta-analysis showed no significant correlation between the use of electronic
products and the ccurrence of myopia ®". The present survey showed no significant correlation
between the electronic products use time at close distance and the development of myopia. Previous
studies have suggested that children are in a critical period of growth and development characterized
by incomplete nervous system development and poor self-control ability, and they are easily
stimulated by mobile phones, tablets, and other electronic products; this combination of factors may

321 The present study also showed a correlation between the long-

result in decreased vision ability
distance electronic device use time and myopia, but children who used long-distance electronic
devices for more than 1 hour had a lower rate of myopia. A possible reason for this is that the longer
children watch television and other long-distance electronic products, the less autonomous learning
behavior they engage in both inside and outside the classroom and the shorter the close-eye learning
time, to a certain extent ¥, Additionally, long-distance electronic products can reduce close-eye use
and avoid high tension of the ciliary muscles and excessive lens flexion to a certain degree. These
factors may reduce the risk of myopia. In addition, many parents of children with myopia require that
the use of electronic products by children does not exceed 1 hour a day. In the past, it was believed
that correct reading and writing posture should be maintained to achieve “one punch, one foot, and
one inch”®. Different reading postures may affect reading comfort, but the main factor affecting the
occurrence of myopia is reading distance ¥, The present study showed that a short-distance learning
time of >60 minutes and a distance of <33 cm between the eyes and the book during reading are
associated with myopia.

Interestingly, we found that using both a fluorescent desk lamp and roof light was associated
with myopic refraction and axial length. It is Inconsistent with those of Shi-Ming Li et al.
Reported®!. In our study, most families were still using a traditional fluorescent lamp with low

frequency of flicker and desk LED lamp, but fluorescent lamp with low frequency of flicker has been

reported to be capable of inducing myopia in mice . In addition, low light levels ®*” and the narrow
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light spectrum of fluorescent lamps could also contribute. Whether this association attributes to the
lamp characteristic remains unclear. Second, placement of the study desk facing the window did not
have an impact on myopia (P>0.05). The study desk may receive more natural light from the
window, and exposure to sunlight has a protective effect on children’s eyes. However, harsh, uneven,
and reflective sunlight exposure can damage the eyes. As a benefit, however, the presence of a
window may cause children to occasionally look outside during learning, distracting their gaze and
relieving eye pressure ®*®, In summary, many indirect factors are involved in the association between
the placement of a desk facing the window and the development of myopia, making it difficult to
determine whether a direct correlation exists.

The AL of myopic eyes was significantly longer than that of non-myopic eyes

Studying the development of the eye is essential to better understand complex pathophysiologic
processes that affect vision. Many factors affect the differentiation and maturation of the eye, and the
most important are genetic factors. One of the earliest signs of pathology in the eye is an alteration of
normal AL P, Genetic, environmental, and aging factors are the main controllers of AL™". Previous
studies have shown that children whose parents had myopia had longer ALs than children whose
parents did not have myopia “"!. Another study showed that the refractive error and ALs of parents
and children were positively correlated™ “*, One of the earliest signs of pathology in the eye is an
alteration of normal AL . When the refractive power and AL are both within the normal range and
match each other, emmetropia can occur. We found that the AL of myopic eyes was significantly
longer than that of non-myopic eyes. Previous studies have found that children with longer ALs are
more prone to develop myopia, the occurrence of which usually peaks by the age of 10 years . The
younger the age at which myopia occurs, the higher the degree of myopia in adulthood.
Prevalence and influencing factors of excessive increase of AL in children and adolescents

The present survey showed that the AL increases with age, similar to previous research results;

specifically, the AL tends to grow faster in the front and slower in the back of the eye as age
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increases. Children aged 9 to 11 years old have faster AL growth, which significantly slows with age.
Overall, the AL tends to initially grow rapidly and then more slowly as age increases **¥, In some
children, however, myopia progresses rapidly during the school age years. Furthermore, sex-related
differences in the ocular structures have been found ", which is consistent with the results of the
present study.

This study also showed that the right AL was longer than the left AL. A statistically significant
difference in the AL was found between the left and right eyes of children aged 13 to 18 years
(P<0.05), while there was no such difference in children aged 4 to 12 years. Li et al **. found a
difference in the right AL among children aged 5 to 18 years. Yihui et al®. found that the right AL
was longer than the left AL in children aged 10 to 18 years, whereas the difference between the left
and right eyes of children aged 4 to 9 years was not statistically significant; this finding is consistent
with the results of the present study. After the age of 12 years, eyeball development basically stops in
most individuals, and effects due to developmental inconsistencies can therefore be ruled out. The
development and self-regulation of the left and right eyes may be influenced by genetic and
environmental factors that are not completely symmetrical ", resulting in differences in the AL. In
addition, in daily life, there may be situations of preferential or advantageous use of both eyes, and
overuse of a certain eye can result in a significant difference in the AL between the two eyes.
Notably, research has shown that myopia is more pronounced in both eyes of myopic individuals.
Additionally, in nearsighted individuals, the degree of nearsightedness is more pronounced in their
dominant eye. Furthermore, in patients with myopic anisometropia, the dominant eye typically
exhibits a deeper degree of myopia and longer AL than the non-dominant eye'*®. Research has also
shown that in patients with myopic anisometropia, the dominant eye is often the right eye, which
exhibits a higher degree of myopia and longer AL, thus increasing the risk of myopia .

The present study suggests that the right eye is more prone to myopia than the left and that

protecting the dominant eye is also one of the key points for myopia prevention. Excluding preschool
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children aged 4 to 7 years, who are still young and have less severe myopia, we found no statistically
significant difference in the AL between eyes with and without myopia. In age groups beyond this,
however, the AL of myopic eyes was significantly longer than that of non-myopic eyes, which is
consistent with previous research results . Therefore, by monitoring the AL, we can predict the
development trend and evaluate the severity of myopia. This study suggests that the prevention and
treatment of myopia should start at the age of 7 years at the latest. Surveys of the refractive status
and AL in children of all ages can provide a reference for developing personalized intervention
measures.

This study has two major strengths. First, we investigated the visual status of children and
adolescents aged 4 to 18 years in a specific district of Beijing, covering a wide age range and
providing intervention measures for myopia prevention and control in children of different age
groups. Second, most previous studies used the equivalent spherical diopter to determine myopia; the
present study adds axial data to provide a more comprehensive and in-depth study of myopia. The
main limitation of the study is that a questionnaire survey was used to understand the influencing
factors, and recall bias may be present as a result. Another limitation is that because this was a cross-
sectional study, myopia and its influencing factors cannot be considered as having a causal
relationship. Further case—control or cohort studies are needed. In addition, our study was conducted

in the capital city of China and its generalizability is limited for other settings.
Conclusion

In summary, the rate of myopia among children and adolescents in a specific district of Beijing
was 56.53%. More extensive measures are needed to prevent and control myopia. After enrollment at
the age of 7 years, the refractive state gradually shifted toward myopia. As children grow, those who
simultaneously experience long periods of close learning and too-close reading are more likely
develop myopia. To reduce the occurrence and development of myopia, it is recommended to move

the threshold for preventing myopia to before the age of 7 years, provide targeted health education
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and guidance to children of different age groups, and cultivate good eye hygiene and lifestyle habits
in children from an early age.
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TABLE 1. Characteristics of children with myopia
Number of
EZ:Zr?f Children with Nuren;)eesr of left eye Right eye Number of non-
osied myopia examined myopia myopia myopia eyes neares;gilted
%] N[1%l[] N[1%[] N[%[] N[%[ N[%[] N[1%[]
R

07(7.98) 16(7.73) 414(7.98) 14(6.76) 16(7.73) 30(7.25)  384(92.75)
1(14.30) 134(36.12) 742(14.30)  104(28.03)  105(28.30) 209(28.17)  533(71.83)
)2(27.05) 409(58.26) 1404(27.05)  321(45.73) 357(50.85) 678(48.29) 726(51.71)
15(50.67) 908(69.05)  2630(50.67)  748(56.88)  823(62.59) 1571(59.73)  1059(40.27)
75(49.13) 672(52.71)  2550(49.13)  555(43.53)  590(46.27) 1145(44.90)  1405(55.10)
0(50.87) 795(60.23)  2640(50.87)  632(47.88)  711(53.86) 1343(50.87)  1297(49.13)
(100.00)  1467(56.53)  5190(100.00) 1187(45.74)  1301(50.13) 2488(47.94)  2702(52.06)

"P<0.05, "P<0.001
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| TABLE 2. Characteristics of axial length by age and sex[]ii s[]
Ot fean axal Lengthof N ic axial
1dren edn axia . ength o Oon-myopic axia
sted length of the eLinag):i ?rf#frf]t) ]e“egit;;zfnr]lﬂl)t t P nearsighted eye length L

eye(mm) y y axis (mm) (mm)

1%[]
14(7.98) 22.58+0.71 22.57+0.70 22.59+0.73 0.328 0.743 22.64+1.05 22.57+0.68 (
2(14.30) 23.36+0.96 23.33+£0.95 23.39+0.98 0.790 0.430 23.89+0.99 23.15+0.87 1
1(27.05) 24.05+1.08 24.02+1.08 24.07+1.08 0.962 0.336 24.45+0.96 23.67+1.05 1
)(50.67) 24.66+1.22 24.60+1.23 24.7141.19 2.271 0.023* 24.97+1.12 24.19+1.21 1
)(49.13) 24.49+1.27 24.45+1.36 24.51+1.37 1.300 0.194 25.00+1.11 23.89+1.18 2
)(50.87) 23.90+1.25 23.85+1.26 23.95+1.24 1.899 0.058 24.46+1.10 23.3241.12 2
(100.00) 24.14+1.29 24.11+1.29 24.19+1.28 2221  0.026* 24.72+1.14 23.63+1.19 2

"P<0.05, "P<0.001
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TABLE 3. Single-factor analysis of myopia and axial length in children
Number of . .
. Myopia rate The rate of excessive increase of AL
Variables children
N[O %[ NO%[ X P N[O %[ Ve P
Age (years) 34824  []0.001%* 36079 [J0.001**
Linear Linear
4~ 207(7.98) 16(7.73) correlation  [10.001%* 11(5.31) correlation 00.001%*
e 371(14.30)  134(36.12) 330.91 99(26.68) 353.04
10~ 702(27.05)  409(58.26) 361(51.42)
13~18 1315(50.67) 908(69.05) 852(64.79)
Sex 14.93 []0.001** 0.15 0.696
boy 1275(49.13)  672(52.71) 655(51.37)
girl 1320(50.87)  795(60.23) 668(50.61)
Long distance
reading time on 6.85 0.009* 11.84 []0.001**
electrics
<60 minutes 655(25.24)  399(60.92) 372(56.79)
260 minutes 1940(74.76)  1068(55.05) 951(49.02)
Close distance
reading time on 1.41 0.235 2.93 0.087
electrics
<60 minutes 300(11.56)  160(53.33) 139(46.33)
>60 minutes 2295(88.44)  1307(56.95) 1184(51.59)
Close distance 11.86  0.001%* 11.73 0.001%*
learning time
<60 minutes 143(5.51)  61(42.66) 53(37.06)
=60 minutes 2452(94.49)  1406(57.34) 1270(51.79)
Reading
. 5.42 0.020* 4.74 0.029*
distance>33cm
yes 1330(51.25)  716(53.83) 642(48.27)
no 1114(42.93)  652(58.53) 587(52.69)
deficiency 151(5.82)
Children know the
7.22 0.007** 5.93 0.015*
20 rules
yes 1120(43.16)  660(58.93) 594(53.04)
no 1292(49.79)  691(53.48) 621(48.07)
deficiency 183(7.05)
Daily reading
3.92 0.141 1.87 0.393
posture
Sit up 1727(66.55)  964(55.82) 862(49.91)
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Lie prostrate 428(16.49) 231(53.97) 220(51.40)
Lie supine 313(12.06) 191(61.02) 169(53.99)
deficiency 127(4.89)
Learning lighting 8.21 0.016* 9.92 0.007*
Table lamp 320(12.33) 169(52.81) 149(46.56)
Roof light 697(26.86) 367(52.65) 327(46.92)
Desk lamp - Roof
] 1477(56.92) 864(58.50) 786(53.22)
light
deficiency 101(3.89)
Desk arrangement 1.1 0.295 2.46 0.117
Facing the window  724(27.90)  417(57.60) 384(53.04)
Away from the
) 1675(64.55) 926(55.28) 830(49.55)
window
deficiency 196(7.55)
Father with
i 12.56  [10.001%* 21.71  [J0.001%**
myopia
yes 708(27.28) 435(61.44) 409(57.77)
no 1739(67.01) 932(53.59) 824(47.38)
deficiency 148(5.70)
Mother with
. 7.89 0.005* 10.55 0.001**
myopia
yes 939(36.18) 557(59.32) 510(54.31)
no 1528(58.88) 818(53.53) 727(47.58)
deficiency 128(4.93)
Total 2595(100)  1467(56.53) 1323(50.98)
"P<0.05, "P<0.001
Note:

1. Long-distance reading time on electronics refers to the average total time that children spend
watching m a edium- e nd png-distance a p dectronia t roducts uch
screens each day, excluding the class time required by the school.

2. Close-distance reading time on electronics refers to the average total time that children spend

watching mobile phones, tablets, and other near-distance electronic products each day, excluding

the class time required by the school.

3. Learning time at a close distance refers to the total eye-use time for children to read and do

homework at home every day, excluding class time.
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TABLE 4. Multivariable logistic regression analysis of factors affecting myopia and
axial length among children

Variables OR SE zZ P 95% CI

Children with myopia

Child sex 1.35 0.12 3.39 0.001** 1.133[1.597

Child age group 1.27 0.02 15.62 [10.001** 1.229[]1.304

father with myopia 0.76 0.08 -2.76 0.006* 0.625[]0.923

mother with myopia 0.67 0.06 -4.32 []0.001 ** 0.555[]0.802

Children with

excessive increase

of AL

Child sex 0.92 0.08 -0.89 0.372 0.778[11.099

Child age 1.31 0.02 16.96 [10.001** 1.269[]1.350

father with myopia 0.68 0.07 -3.93 [10.001** 0.556[]0.822

mother with myopia 0.64 0.06 -4.82 [10.0071** 0.528[10.764

*P<0.05, **P<0.001

Note:
Child sex ( 1=mal, Childmgtegyoup (1=4t < yo o7 2=%ars< y Ild,o 3= 0 10
10t <o y 13 0 dear$ yld, o f w3—1éh (ears 2 ldp withem ith yopia
(1=yes, 2=no)
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measurement during the study period

‘ Children attending axial length ‘
(n=2742)

Children were lost to follow-up
(n=4)

¥

Children attending visual acuity
examination during the study period

(n=2738)
v
Excluded(n=90)
= children were too young to
! \__ cooperate with the examination )
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FIGUREL. Flow chart of the selection of participants
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FIGURE2. Comparison of axial length between

myopic and non-myopic eyes at different ages

(P<0.05)

FIGURE3. Comparison of axial length in boys and girls

for other age

FIGUREA4. (
right eyes
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Comparison of axial length between myopic and non-myopic eyes at different ages.
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Comparison of axial length in boys and girls.
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Comparison of axial length of left and right eyes.

Axzal bengeh (mm !
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Note: P=0.05 for 4- to 1.2-year age group, P<0.03
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