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Background: To assess the current myopia prevalence rate and evaluate the effect of
sunshine duration on myopia among primary school students in the north and south of China.
Methods: This prospective cross-sectional study pooled data from 9171 primary school
students (grades from 1 to 6) from four cities in the north and south of China. National
Geomatics Center of China (NGCC) and China Meteorological Administration provided data
about altitude, latitude, longitude, average annual temperature, and average annual sunshine
duration. Non-cycloplegic refraction was recorded, and prevalence rates in primary school
students and factors associated with myopia were analyzed. Univariate and multivariate
logistic regression models were used to determine the independent association of risk factors
of myopia.

Results: The overall myopia prevalence was 28.0%, from 7.5% to 50.6% for first and sixth
grades, respectively. Low, moderate and high myopia significantly increased with school
grades from 7.30% to 35.0%, 0.3% to 13.60% and 0.00% to 1.9%, respectively. Multiple
regression analysis revealed that longer average cumulative daylight hours were connected to
lower myopia prevalence in primary school students (OR, 0.721; 95% CI, [0.593-0.877];
P=0.001), whereas girls and higher grade was independently associated with higher myopia
prevalence (girls: B=0.189; OR, 1.208; 95% CI, [1.052—1.387]; P=0.007; higher grade:
B=0.502; OR, 1.652; 95% CI, [1.580-1.726]; P<0.001).

Conclusion: This study demonstrated that myopia was highly prevalent in southern Chinese
cities over northern ones, linked to shorter light exposure, higher education level, and female
gender. Such findings reinforced the beneficial impact of daylight exposure with a protective
role against myopia development.

Keywords: myopia, epidemiology, sunshine duration, China

Introduction

Myopia has already been the most prevalent eye disease worldwide with vision
impairment, with the anticipated number of patients growing from the current
2620 million to approximately 4758 million in 2050, affecting approximately
50% of the global population." The World Health Organization (WHO) reported
that myopia is more prevalent in China, influencing almost 600 million people.” In
addition, the incidence of myopia among Chinese students aged 7—18 years is
among the highest in the world, which may be related to the development of
China’s education system.” It is mainly manifested in the heavy burden of school-
work and numerous after-school classes. Epidemiological studies showed that 67%
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of students spent less than 2 hours in outdoor activities
a day, 29% of students spent less than 1 hour, and 73% of
students did not sleep up to the standard.* High myopia is
strongly linked to other co-existing eye complications,
such as myopic maculopathy, choroidal neovasculariza-
tion, cataract, retinal detachment and glaucoma.”>® Given
the growing number of cases globally, myopia is on the
rise as a major public health problem (WHO 2015).>
Despite the unclear myopia cause in children, major
known risk factors comprising age, female sex, time spent
outdoors, urbanization, educational attainment, prenatal
factors and high-risk genes appear to be of crucial
importance.”'' However, unfortunately, some of these
factors cannot be altered to decrease myopia risk.
Therefore, research efforts are increasingly devoted to
behavior or environment-related factors that affect myopia.
Population-based studies have shown that time spent play-
ing sports outdoors was linked to myopia. However,

Guggenheim et al'?

concluded that the time spent outdoors
could predict myopia incidence regardless of the physical
activity level, which may be attributed to light exposure.
Subsequently, several successive studies were conducted
and focused on the short-term impact of sunshine duration
on myopia among different seasons.'* !>

Due to a lack of robust epidemiological data, the rela-
tionship between long-term sunshine duration and myopia
incidence remains uncertain. Furthermore, myopia preva-
lence varies significantly according to ethnicity.'® China
possesses a vast territory, with large latitude difference
between northern and southern cities, providing conveni-
ent conditions to study the influence of different sunshine
durations on myopia. Herein, we explored myopia preva-
lence among Chinese primary school students from coastal
cities in different latitudes, followed by estimating the

sunshine duration impact on myopia.

Materials and Methods
Sample Selection and Review Board
Approval

In this work, we conducted a school-based cross-sectional
investigation of myopia prevalence in selected four urban
coastal Chinese cities from October to November 2019.
The four coastal cities include Shenyang City (Liaoning
Province), Qingdao City (Shandong Province), Qingyuan
City (Guangdong Province) and Fangchenggang City
(Guangxi Province). With the Tropic of Cancer as the
cities are divided into northern

boundary, these

(Shenyang and Qingdao) and southern (Qingyuan and
Fangchenggang) ones. All participants aged 6 to 12 years
were elementary school students from grades 1 to 6.
Sample size was estimated on the basis of incidence of
myopia reported in previous literature, which showed the
prevalence of myopia was approximately 30% among
primary school students,'”'® with a 5% SE, assuming
a 2-sided a of 0.05 and participation rate of 90%.'” The
calculation results showed that the number of students in
each region should be more than 359.

The study sample was school-based and used a stratified
random cluster design. For a complete representation,
a selection was made of randomly chosen schools from
four cities. All students from grades 1 to 6 among the
selected schools were offered participation in the study
unless they refused to join. All parents in each region were
requested to sign an informed consent form after being
informed of the study’s purpose and procedures. The study
received approval from the Institutional Review Board of
Shandong Eye Institute and complied with the tenets of
World Medical Association Declaration of Helsinki.

Data Collection

Each selected school provided demographic data of all sub-
jects, including grade, gender and school location. The infor-
mation of the last 10 years on latitude, longitude, altitude,
average annual temperature, average annual sunshine duration
of four coastal cities was obtained from National Geomatics
Center of China (NGCC) and China Meteorological
Administration. All study data were entered into the Juvenile
myopia prevention and control screening system, and input
data accuracy was confirmed by importing data into system
using two data entry operators that verified it separately.

Definitions

Spherical equivalent (SE) was calculated according to the
standard formula “SE = sphere + 4cylinder”. To make the
results comparable, myopia was defined as SE<-0.50
D. Myopia was categorized into low (—3.00 D<SE<-0.50
D), moderate (—6.00 D<SE<-3.00 D) and high myopia
(SE<-6.00 D).*° This was also consistent with the
Refractive Error Study in Children (RESC) protocol.?!
Meanwhile, emmetropia was defined as SE of greater
than —0.5 D and less than 0.5 D.*"*

Ophthalmic Assessment
Ocular examinations were conducted by the trained eye-care
professionals, comprising optometrists and ophthalmologists,
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who underwent training on RESC protocol, mastered the basic
knowledge of myopia epidemiology, measurement methods,
equipment usage and data-collection forms. Subsequently, all
students underwent a comprehensive ophthalmological exam-
ination. Basic eye examinations included visual acuity (VA)
measurements, non-cycloplegic refractometry and subjective
refraction. VA of each eye was examined by skilled doctors
using a retroilluminated Early Treatment Diabetic Retinopathy
Study chart with tumbling-E optotypes. Before conducting VA
testing, we asked all participants whether they wore glasses,
contact lens or orthokeratology contact lens. If the students did
not wear glasses, their uncorrected visual acuity (UCVA) of
each eye was tested by optometrists. For children wearing
frame glasses, VA was measured both with glasses as present-
ing VA and without glasses as UCVA, excluding those with
contact lens or orthokeratology contact lens.

In this work, non-cycloplegic refraction was deployed
to assess myopia prevalence. Autorefractors (RM-9600,
Nidek Corp., Tokyo, Japan) were used to test refractive
error of each eye at least three times. When one measure-
ment differed from the other two (>0.50 D), measurements
were repeated followed by determining the average of
three reliable measurements.?***

Experienced ophthalmologists utilized slit lamps and
indirect ophthalmoscopes to examine the eyelids, conjunc-
tiva, cornea, iris, pupil, lens, vitreous and fundus.
Exclusion criteria included ocular diseases (corneal degen-
eration, keratoconus, cataract, glaucoma, strabismus, and
amblyopia et.al), eye surgery and injuries.

Statistical Analyses

The data were exported in Excel format from the Juvenile
myopia prevention and control screening system, followed
by data analysis using SPSS software (version 19.0,
IBMSPSS, Chicago, IL, USA). Data were described as
mean =+ standard deviation. The myopia prevalence in differ-
ent groups was statistically described, expressed as cases or
percentages. Pearson Chi-squared tests evaluated prevalence
of myopia differences between grades, genders, latitude,
average annual temperature, and average annual sunshine
duration. Univariate and multivariate logistic regression
models were utilized to assess the independent association
of each risk factor with myopia prevalence. A two-tailed P <
0.05 was considered to be statistically significant. Through
Pearson correlation analysis, a high degree of correlation of
eye examination values is found between right and left eyes
(P < 0.05). Accordingly, this study only involved statistical
analysis of the right eye data.

Results

A total of 9367 students from four coastal Chinese cities
were requested to participate in the current study, with 41
individuals being excluded from the study due to ocular
diseases. Of the 9326 eligible participants, 114 declined to
join (Figure 1). Consequently, data from 9171 children
(4911 boys, 53.6%) were analyzed and mean age of stu-
dents was 8.83+1.48 years. The distribution of subjects
enrolled in each city was as follows: Shenyang City
(2278 subjects), Qingdao City (2262 subjects), Qingyuan
City (2300 subjects) and Fangchenggang City (2331 sub-
jects). The details of demographic data in various grades
of students from four cities are shown in Table 1.

The overall myopia prevalence in primary school stu-
dents was 28.0%. The four coastal cities demonstrate
different myopia prevalence: Shenyang City (24.5%),
Qingdao City (26.4%), Qingyuan City (28.1%) and
Fangchenggang City (31.3%). The northern and southern
schools showed no intergroup differences in the value of
UCVA (0.11 £ 0.23 vs 0.14 + 0.22, P = 0.08) and present-
ing VA (0.10 £ 0.01 vs 0.13 £ 0.15, P = 0.56). The average
annual sunshine duration, average annual temperature,
altitude, latitude,
among participants of these four cities are displayed
Table 2.

Figure 2 represents the prevalence rates of myopia in

longitude and myopia prevalence

each grade range between northern and southern schools.
The total myopia prevalence gradually augmented from
first grade to sixth grade in primary school as of 7.50%,
13.20%, 21.4%, 31.40%, 44.60%, 50.60%, respectively.

12 schools from 4 regions agreed to
participate
(3 schools in each region)

l

9367 students invited

41 had ocular problems other than
refractive error

9326 eligible students

114 refused to participate

9171 completed the examination

Figure | Flowchart showing the process of screening participants.
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Table | Characteristics of Demography in Different Grades of Students from 4 Cities

Shenyang Qingdao Qingyuan Fangchenggang
Number 2278 2262 2300 2331
Grade | (%) 375 (16.5) 376 (16.6) 377 (16.4) 382 (16.4)
Grade 2 (%) 399 (17.5) 373 (16.5) 402 (17.5) 375 (16.0)
Grade 3 (%) 399 (17.1) 396 (17.5) 400 (17.4) 414 (16.5)
Grade 4 (%) 377 (16.5) 373 (l16.4) 375 (16.3) 373 (17.8)
Grade 5 (%) 362 (15.9) 370 (16.4) 354 (15.4) 376 (l16.1)
Grade 6 (%) 376 (16.5) 374 (16.5) 392 (17.0) 411 (17.7)
Male (%) 1191 (52.3) 1202 (53.1) 1242 (54.0) 1276 (54.7)
Table 2 Sample Characteristics and Myopia Prevalence Among Schoolchildren in Different Regions
Shenyang Qingdao Qingyuan Fangchenggang
Annual Sunshine duration (h) 2495 2075 1632 1896
Annual Temperature (°C) 9 14 21.1 284
Altitude (m) 50 77 32 15
Latitude (degree) 41°48' N 36°06' N 24°49' N 21°45' N
Longitude (degree) 123°23' E 120°19' E 112°29" E 108°21" E
Myopia prevalence (%) 245 26.4 28.1 313

The myopia prevalence from first to sixth grade in the
northern group was lower than that in the southern
group, except for the third grade (22.10% in the northern
group and 21.40% in the southern group).

As presented in Figure 3, the continuous relationship
between educational attainment and SE is stratified
according to different participants’ regions. A significant
negative correlation was noticeable between school grades
and SE. The total SE varied with school grades: from
mean SE of +0.37 D in the first grade to —1.22 D in the
sixth grade, highlighting the SE shift towards myopia as
the grade increased. Mean SE values from grades 1 to 6
were +0.64 D, +0.29 D, —0.04D, —0.32 D, —0.63 D and
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Figure 2 Distribution of myopia between north and south school children by
Grades.

—1.15 D for northern school students, respectively, and
+0.11 D, —=0.07 D, -0.33 D, —0.51 D, —1.13 D and —1.29
D for southern school students. Students from southern
primary schools had a lower mean SE with increasing
grades than those from northern schools. These differences
were statistically significant (P < 0.001 for grade 1 and 2,
P =0.001 for grade 3, P = 0.037 for grade 4, P < 0.001 for
grade 5), except for grade 6 (P = 0.327).

Risk factors for the myopia are demonstrated in
Table 3. The total myopia prevalence in boys was 26.5%
(95% CI, [24.7-28.3%]) and that of girls was 29.8% (95%
CI, [27.8-31.8%]). The prevalence rates of myopia in girls
was higher than that in boys (* = 6.2, P=0.013, Table 3).
The level of education was highly associated with the
myopia prevalence (y°= 559.8, P < 0.001, Table 3). The
total myopia prevalence increased from 7.5% (95% CI,
[5.8-9.7%]) in grade 1 to 50.6% (95% CI, [47.0-54.2%)])
in grade 6. As the school grade increased, the prevalence
of low, moderate and high myopia also increased respec-
tively from 7.30% (95% CI, [5.5-9.4%]) to 35.0% (95%
CL [31.7-38.5%]), from 0.3% (95% CI, [0.0-1.0%]) to
13.60% (95% ClI, [11.3-16.3%]) and from 0.00% (95%
CIL, [0.0-0.5%]) to 1.9% (95% CI, [1.1-3.2%]). Areas with
long average annual sunshine duration showed less myo-
pia incidence. (y*= 8.0, P = 0.018). Average annual tem-
perature also appears to be related to myopia incidence
(= 9.7, P = 0.008).
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Figure 3 Distribution of spherical equivalent refractive error in different regions by grades. Error bars show SDs.

Univariate and multiple regression analysis were per-
formed to estimate the risk factors for the myopia among
participants (Table 4). In a univariate model, myopia was
linked to girls (B = 0.163; OR, 1.178; 95% CI, [1.035—
1.340]; P = 0.013), higher grade (B = 0.5; OR, 1.649;
95% CI, [1.578-1.724]; P < 0.001) and higher tempera-
ture (B = 0.247; OR, 1.28; 95% CI, [1.096-1.495]; P =
0.002). Nevertheless, longer average annual sunshine
duration (B = —0.227; OR, 0.797; 95% CI, [0.679—
0.937]; P = 0.006) was negatively correlated with myo-
pia. In multivariate logistic regression analysis, myopia
was only significantly associated with girls (B = 0.189;
OR, 1.208; 95% CI, [1.052-1.387]; P = 0.007), higher
grade (B = 0.502; OR, 1.652; 95% CI, [1.580-1.726];
P < 0.001) and longer average annual sunshine duration
(B = —0.327; OR, 0.721; 95% CI, [0.593-0.877]; P =
0.001).

Discussion

In this large-scale observational study, we evaluated the
prevalence of myopia in Chinese coastal areas. We stated
that the overall myopia prevalence was 28.0% among
primary school students, and myopia prevalence rate

increased from 7.50% in grade 1 to 50.60% in grade 6.
This trend of myopia is consistent with many other studies,
showing that the prevalence of myopia increases univer-
sally with years of education.”” >° For instance, In Korea,
the prevalence of myopia in children aged 5 to 18 years
was 64.6%.%> In Nepal, prevalence in the urban was
10.9%, 16.5%, and 27.3% in 10-, 12-, and 15- year olds,
respectively.® In Guangzhou, China, prevalence of myo-
pia was 12.0% in grade 1 students and increased to 67.4%
in grade 6 students.”® In Feicheng, China, due to the
COVID-19 home confinement, students were confined to
their homes from January to May, and online courses were
offered. The prevalence of myopia increased dramatically,
from 21.5% in the first grade to 59.5% in the sixth grade.*
Although it is challenging to compare the prevalence of
myopia across studies due to variations in research design,
measurement methods of refractive errors, study popula-
tions, and inconsistent definitions,’' we utilized the same
definition to compare myopia among primary school stu-
dents in various Chinese regions. Different prevalence
rates of myopia between northern and southern regions
exemplified myopia distribution in China, and this phe-
nomenon cannot be explained by urbanization or
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Table 3 Myopia Severity Category by Gender, Grades, Average Annual Sunshine Duration, and Temperature

Risk Factors Low Myopia Moderate Myopia High Myopia All
Prevalence, 95% CI Prevalence, 95% CI Prevalence, 95% CI Prevalence, 95% CI
% % % %
Gender
Boys 21.0 19.4-22.6 5.0 42-59 0.5 0.3-0.9 26.5 24.7-28.3 =62,
Girls 237 21.9-25.6 5.6 4.6-6.6 0.5 0.2-0.9 29.8 27.8-31.8 P=0.013
Grades
| 7.30 5.5-9.4 0.30 0.0-1.0 0.0 0.0-0.5 7.5 58-9.7 c? = 559.5,
2 12.10 9.9-14.7 0.90 04-1.9 0.1 0.0-0.7 13.2 10.9-15.8 P < 0.001
3 19.00 16.3-21.9 2.30 1.3-3.5 0.1 0.0-0.7 21.4 18.6-24.4
4 26.60 23.5-29.9 4.80 3.4-6.6 0.0 0.0-0.5 314 28.1-34.9
5 33.90 30.5-37.5 10.00 7.9-12.4 0.7 0.2-1.6 44.6 41.0-48.3
6 35.00 31.7-385 13.60 11.3-16.3 1.9 1.1-3.2 50.6 47.0-54.2
Annual sunshine
duration (hours)
1500-1900 24.00 22.3-25.8 5.10 4.2-6.0 0.6 0.4-1.1 29.7 27.9-31.6 c? =80,
1900-2300 21.40 19.1-23.9 5.40 42-6.9 0.4 0.1-1.0 27.3 24.7-30.0 P=0.018
2300 19.50 17.2-21.9 5.60 4.3-7.1 0.2 0.0-0.6 25.2 22.7-27.8
Annual temperature
(0)
5-15 20.40 18.8-22.2 5.50 4.6-6.5 0.3 0.1-0.6 26.3 24.5-28.1 =97,
15-25 24.30 21.8-26.8 3.20 2344 0.6 0.2-1.3 28.1 25.5-30.8 P =0.008
25 23.80 21.3-26.3 6.90 5.5-8.5 0.7 0.3-1.3 31.3 28.6-34.1

Note: P value was calculated using the Pearson Chi-squared tests, comparing the total prevalence among groups.

educational attainment. A preceding study manifested that
refractive error prevalence was higher in urban (51.2%)
than rural group (21.7%), with a significant difference.*?
Considering this difference between urban and rural areas,
all schools chosen in this study were located in the urban
regions. In this work, the factors found to be indepen-
dently and significantly associated with myopia included
sex, grade, and annual sunshine duration. The distribution
may help us develop intervention strategies to slow down
the progression of myopia in areas with high incidence.
Epidemiological studies have revealed that outdoor
time was the strongest environmental factor that can
delay myopia onset. For instance, compared with East-
Asians and some other Europeans, myopia onset was sig-
nificantly delayed in Norwegians.>> > Besides, Cui et al
conducted a six-month cross-sectional survey on sunshine
duration impact on myopia in Denmark.'® They reported
that by increasing daylight hours, myopia progression
decreased in children. Nevertheless, no long-term relevant
research has been conducted in the same country and race
that focused on relationship between sunshine duration

and myopia. With its vast territory, China strides across

latitude 3°51'~53°33’ N from south to north, confirming its
suitability for this research. Among these four Chinese
cities, the annual average daylight length varies much
more from 1632 hours to 2495 hours. We found that
myopia prevalence was associated with sunshine duration,
and southern cities demonstrated higher myopia preva-
lence than northern cities in all primary grades.

Our findings proposed that long average sunshine dura-
tion was a protective factor against myopia. Previous
studies demonstrated that outdoor time had no relation to
maintaining a higher level of physical exercise or spending
less time reading, but to exposure to higher intensity light
outdoors.>**” A study from Guangdong of China showed
that the myopia progression rate is lower in summer than
in winter."* However, it is unclear whether this phenom-
enon is ascribed to various close work activity levels
during winter and summer periods or attributed to differ-
ences in day length. Since the distribution of school holi-
days in China is similar, myopia progression difference
between south and north may not be caused by close work
activity. Some researchers used conjunctival ultraviolet

autofluorescence (UVAF) as a biomarker to assess the
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Table 4 Logistic Regression Analysis for Myopia, with Gender, Grade, Annual Sunshine Duration and Temperature as Risk Factors

Risk Factors Univariate Analysis Multiple Analysis
B OR 95% CI P value B OR 95% CI P value
Gender
Boys | |
Girls 0.163 1.178 1.035-1.340 0.013 0.189 1.208 1.052-1.387 0.007
Grade 0.5 1.649 1.578-1.724 <0.001 0.502 1.652 1.580-1.726 <0.001
|
2
3
4
5
6
Annual sunshine
duration (hours)
1500—-1900 | |
1900-2300 —0.118 0.889 0.759-1.041 0.143 —0.202 0.817 0.674-0.991 0.04
2300 —0.227 0.797 0.679-0.937 0.006 —-0.327 0.721 0.593-0.877 0.001
Annual temperature
‘9
5-I5 | |
15-25 0.093 1.097 0.936—1.286 0.254 —0.157 0.854 0.706—1.035 0.107
25 0.247 1.28 1.096-1.495 0.002

Note: Significance P value < 0.05.
Abbreviations: Cl, confidence interval; OR, odds ratio.

association between myopia and outdoor light exposure.*®
They indicated that UVAF area was negatively correlated
with myopia, meaning a lower UVAF level with more
severe myopia.’”** Experimentally, studies revealed that
bright light outdoors held a protective function in devel-
oping myopia by regulating dopamine (DA) release*'**
and animal models also showed the protective effects of
bright light against myopia, possibly via dopamine
signaling.***** Although we did not collect each student’s
actual amount of outdoor light exposure, students might
spend more time outdoors in regions with longer sunshine
duration to a certain extent.

Herein, myopia prevalence rate was as high as 50.6%
in sixth grade. The correlation with myopia by age or
grade could not be analyzed alone. It is implicit that
some of the differences in age could be the result of
improved education.* It has been speculated that higher
education exposes successive cohorts of children to
increased duration and intensity of near-work activity,
which contribute to the development of myopia.*®
Compared with people with lower education levels, those

with higher education levels who had received more read-
ing and other near work had a higher prevalence and
severity of myopia.*’ Considering the above reasons, we
chose the grade factor to analyze the relevance of myopia.
With the increasing education burden, myopia’s rate and
degree were getting worse, implying a potential additive
impact of years of education.”*****° The increased educa-
tional activities require potentially less time spent out-
doors, greater near work activities and increased use of
computers.'*>°

Girls had a higher prevalence and degree of myopia than
boys, and several other studies demonstrated similar findings
that myopia was negatively associated with male gender.**"
While the cause for this discrepancy is currently unclear, one
potential reason may be gender differences in patterns of
activity as boys spend significantly more time outdoors, but
girls are more engaged on near work.*’ In China, girls are
generally more diligent and studious than boys. However,
there may be other reasons for this difference between boys
and girls, such as genetic inheritance and puberty time,'’

which requires additional investigation.
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Although the ambient temperature varies between the
south and the north, it showed no myopia associations
once other factors were considered, as evidenced by our
findings. No relationship between ambient temperature
and myopia occurrence has been reported before.

This study’s strengths comprised a same race, a same
country, a large sample size, and standardized refraction.
Some limitations should be addressed. First, we did not use
cycloplegics in the current study, and the results might over-
estimate the prevalence of myopia among primary school
students. However, in the COMET longitudinal study, little
difference was found between both cycloplegic and non-
cycloplegic refractive errors,” and this may also not affect
the difference in myopia prevalence rate between the north and
the south in China. Secondly, the risk factors evaluated were
limited. We did not evaluate the exact time spent for outdoor
activities. The annual average sunshine duration in different
cities only represented the potential daylight exposure.
Wearable monitors such as light meters should be further
used to evaluate the actual amount and duration of exposure
to sunlight.

In conclusion, this study demonstrated that southern
Chinese cities showed higher myopia prevalence than
northern ones, and myopia was associated with shorter
sunshine duration, higher education level and female gen-
der. These findings confirmed that daylight exposure con-
tributed to a protective role against myopia development.
As a result, children should be encouraged to engage in
various outdoor activities during the day.
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