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Purpose: The present study was performed to detect the prevalence of myopia

among primary-school students in Xi’an, north-western of China.

Methods: The present study was a school-based study with students aged

from 6 to 13 years old. All the individuals underwent ophthalmological

examination and spherical equivalent (SE) of refractive error were measured

with non-cycloplegic refraction. Myopia was defined as a SE of ≤-0.5 diopters

(D), and further divided into three stratified groups based on SE: low myopia

(≤-0.5 to >-3.0 D), moderate myopia (≤-3.0 to >-6.0 D), and high myopia

(≤-6.0 D). Relative risk factors, including age, sex, grade and ethnicity were

investigated using questionnaire.

Results: A total of 4,680 individuals were eligible for this survey and 4,654

(99.4% participation rate) were finally included (51.2% boys). The mean age

of participants was 8.756 ± 1.727 years. The whole city-level prevalence of

total myopia was 57.1% (95% CI: 55.7–58.6%). Additionally, the prevalence of

low, moderate, and high myopia was 45.0% (95% CI: 43.5–46.4%), 11.1% (95%

CI: 10.2–12.0%), and 1.0% (95% CI: 0.7–1.3%), respectively. Moreover, grade

(education level) instead of age, sex and ethnicity was the most essential risk

factor for prevalence of overall myopia (OR = 1.844, 95% CI: 1.605–2.119),

and an increase of prevalence by 84.4% per grade was seen. Furthermore,

similar associations of gradewere significantwith lowmyopia (OR= 1.613, 95%

CI: 1.385–1.877) and moderate myopia (OR = 2.186, 95% CI: 1.693–2.823),

meanwhile, prevalence of lowmyopia and moderate myopia demonstrated an

increase of prevalence by 61.3 and 118.6% per grade, respectively. None of the

factors included in the present study was significant risk factor for highmyopia.

Conclusions: The present study investigated a non-negligible high prevalence

of myopia among primary-school students in Xi’an, north-western of China,

and a gradual increasing in proportion with education level.
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Introduction

Myopia (“near sightedness”) is reported as a major global

health problem of twenty-first century (1), and is projected

to affect approximate half of the world population by 2050

(2). Myopia is associated with various ocular diseases and

contributes to a significant cause of vision loss (3). Myopia

is also treated as an increasingly common refractive error

among school-aged children worldwide (4), particularly in east

Asia where around 80% of students completing middle school

myopic (5–7).

In China, myopia prevention is an important public health

priority, since the prevalence of myopia in Chinese school-aged

students is one of the highest around the world (3, 8). Compared

to western countries, this dramatic high prevalence of myopia

may be attributable to Chinese specific cultures including early

educational achievements, rigorous schooling system, frequent

passing exams, and the long hours children spend studying,

and the less time children spend outdoors (9, 10). Considering

that children usually develop myopia at the age of 6 (2),

prevention of myopia is needed in younger children, especially

in primary-school students. Recently, the prevalence of myopia

in primary-school students was reported in some large cities in

south-eastern China (11–14), however, the prevalence of myopia

among primary-school students in north-western China was

scarcely reported.

Xi’an, which is the largest city in the north-western China,

has more than 10 million population accounting for nearly

one-third of the total population of Shaanxi Province (15).

Compared with coastal and south-eastern regions of China,

Xi’an has distinct geographic characteristics, cultural behaviors,

and lifestyles, which have potential to affect the prevalence of

myopia. Given this background, in order to detect the prevalence

of myopia in Xi’an and to fill an important gap in prevalence of

myopia around China, we performed this cross-sectional study

to investigate the prevalence of myopia among primary-school

students in Xi’an and to explore the potentially contributing

factors to myopia.

Materials and methods

Study design and population

In 2021, the present study was performed to reveal the

prevalence of myopia and its relative risk factors in primary-

school students (from grades 1–6) in Xi’an, north-western of

China. The sample size was calculated with a prevalence rate

of 33.9% for myopia reported in previous studies (16) with a

2% error rate and a 95% confidence interval. Considering the

non-response rate and the clustering design effect, which were

assumed as 10 and 3%, respectively, the final ideal sample size

was 956. All the students in this primary schools were eligible

to participate in the study. Parent of each student was informed

to sign a written consent forms before the ophthalmological

examinations. This study followed the tenets of Declaration of

Helsinki and was approved by the Institutional Medical Ethics

Committee of Xi’an Jiaotong University.

Ophthalmological examination and
questionnaire

On the school premises, ophthalmological examinations

were performed using the non-cycloplegic auto-refractometry

(auto-refractor KR-800; Topcon Co., Tokyo, Japan). To assure

data quality, the mean of three readings were taken. Spherical

equivalent (SE) of the refractive error was calculated as the

spherical refractive error plus half of the minus cylindrical

refractive error. Based on the previous study (17), myopia was

defined as a SE of ≤-0.5 diopters (D) in the worse eye which

had lower value of SE. Myopia was further divided into three

categories: lowmyopia (SE:≤-0.5 to>-3.0 D), moderate myopia

(SE: ≤-3.0 to >-6.0 D), and high myopia (SE: ≤-6.0 D) (8). The

questionnaire items addressed potential risk factors including

age, sex grade, and ethnicity.

Statistical analysis

Continuous variables were presented as the mean ±

standard deviation (SD), and categorical variables were

presented as frequencies of the total. The prevalence of myopia

was presented as a value and a 95% confidence interval (CI).

Independent t-test was used to investigate differences between

the two groups, and R by C chi-square test was used to analyze

the differences of distribution from different groups. Spearman

analysis was performed to investigate the association of SEs with

age and grade.

Univariate logistic regression analyses were performed

to examine potential associations between the prevalence of

myopia with “myopia/non-myopia” as dependent variable and

“relative risk factors including age, sex, grade, and ethnicity” as

independent variable. Thereafter, multivariate logistic regression

analyses with step-wise backward method were conducted to

assess potential factors which were statistically significant in

univariate analysis. Odds ratios (OR) and 95% confidence

intervals (CIs) were presented in logistic regression analyses.

Stratified analyses were applied to determine whether

various categories of myopia undertook different prevalence.

Additionally, stratified univariate and multivariate logistic

regression analyses were conducted to determine whether

various categories of myopia undertook different risk factors

for the development of myopia, using “low-myopia/non-

low-myopia,” “moderate-myopia/non-moderate-myopia,”

and “high-myopia/non-high-myopia” as dependent variable,
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TABLE 1 Demographic factors associated with myopia in children.

Variables Total Myopia Non-myopia P-value

Total, n (%) 4,654 2,659 (57.1) 1,995 (42.9)

Age (year, mean± SD) 8.756± 1.727 9.351± 1.569 7.961± 1.598 <0.001

Sex, n (%)

Boys 2,385 1,348 (56.5) 1,037 (43.5) 0.386

Girls 2,269 1,311 (57.8) 958 (42.2)

Grade, n (%)

1 811 162 (20.0) 649 (80.0) <0.001

2 799 325 (40.7) 474 (59.3)

3 806 493 (61.2) 313 (38.8)

4 790 522 (66.1) 268 (33.9)

5 763 608 (79.7) 155 (20.3)

6 685 549 (80.1) 136 (19.9)

Ethnicity, n (%)

Han 4,601 2,627 (57.1) 1,974 (42.9) 0.631

Other ethnic groups 53 32 (60.4) 21 (39.6)

independently. Furthermore, sensitivity analysis was performed

to access the stability of our model.

All P-values were two-sided and P < 0.05 was considered to

be statistically significant.

Results

Demographic characteristics

Four thousand six hundred and eighty children from public

primary-school in south Xi’an were recruit in this study.

Twenty-six individuals failed to finish the ophthalmological

examination, 22 of which were absent on the examination day,

one of which could not finish the examination due to the

ocular trauma, and three of which rejected to perform the

examination. Finally, 4,654 children were included in the present

study with a mean age of 8.756 ± 1.727 years. Boys accounted

for 51.2% (2,385/4,654) and Han ethnicity accounted for the

majority (4,601/4,654, 98.9%). Among the included children,

17.4% students were in Grade 1, 17.2% students were in Grade

2, 17.3% students were in Grade 3, 17.0% students were in Grade

4, 16.4% students were in Grade 5, and 14.7% students were in

Grade 6. The details of demographic data were shown in Table 1.

Spherical equivalent of refractive errors
among ages, sex, grades, and ethnicity

Mean SE for the left and right eyes were −1.070 ± 1.664

D and −1.138 ± 1.680 D. In right eye, no difference of SE was

observed between girls and boys (girls: −1.125 ± 1.667 D, boys:

−1.151 ± 1.693 D; P = 0.597; Figure 1A), as well as between

Han and non-Han children (Han ethnicity: −1.135 ± 1.678 D,

non-Han ethnicity:−1.459± 1.821 D; P = 0.163; Figure 1B). In

addition, SE was negatively associated with age (r for Pearson

= −0.409, P < 0.001; Figure 2B) and grade (r for Pearson =

−0.431, P < 0.001; Figure 2D).

Similar results were seen in left eye (Figures 1, 2).

Prevalence of myopia

Overall analysis

The overall prevalence ofmyopia in primary-school students

in Xi’an was 57.1% (95% CI: 55.7–58.6%; Table 2). The

prevalence of myopia increased signifcantly with grades (P <

0.001, Table 1). It was 20.0% (95% CI: 17.2–22.7%), 40.1% (95%

CI: 37.3–44.1%), 61.2% (95% CI: 57.8–64.5%), 66.1% (95% CI:

62.8–69.4%), 79.7% (95% CI: 76.8–82.5%), and 80.1% (95% CI:

77.2–83.1%) in Grade 1, 2, 3, 4, 5, and 6, respectively (Tables 1, 2;

Figure 3). No statistically significant difference in prevalence of

myopia was seen between boys and girls (P = 0.159, Table 1), as

well as between Han and non-Han ethnicity (P= 0.631, Table 1).

Stratified analyses

When stratified according to myopia categories, low myopia

showed the highest prevalence (45.0%, 95% CI: 43.5–46.4%),

followed by moderate (11.1%, 95% CI: 10.2–12.0%), and

high myopia (1.0%, 95% CI: 0.7–1.3%, Table 2). Additionally,

children with low myopia had significant lower age compared

with individuals with moderate (P < 0.001, Table 2) and high

myopia (P < 0.001, Table 2). Moreover, grades could alter

distributions of prevalence in different myopia categories (χ2

= 141.708; P < 0.001). Low myopia prevalence significantly

increased with increasing grade, ranging from 19.1% in grade

1–54.6% in grade 6 with a slope of 6.714 (P = 0.031, Figure 4).

Likewise, similar increasing prevalence with more gentle slopes

were showed in moderate and high myopia (Table 2; Figure 4).

Furthermore, sex (χ2 = 3.678; P = 0.159) and ethnicity (χ2 =

1.011; P = 0.603) could not alter the distributions of prevalence

in different myopia categories (Table 2).

Risk factors for the development of
myopia

Overall analysis

Univariate logistic regression analyses were employed to

assess the association between myopia and relevant factors

including age, sex grade, and ethnicity. In the present study,

higher prevalence of myopia was associated with older age (OR

= 1.696, 95% CI: 1.629–1.766; P < 0.001; Table 3) and higher

grade (OR = 1.762, 95% CI: 1.690–1.837; P < 0.001; Table 3).
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FIGURE 1

The bilateral spherical equivalent in di�erent age or grade in primary-school students in Xi’an. (A) The bilateral spherical equivalent in di�erent

age; (B) the bilateral spherical equivalent in di�erent grade. SE, spherical equivalent.

A
B

C
D

FIGURE 2

The associations of bilateral spherical equivalent with age and grade in primary-school students in Xi’an. (A) The associations of left spherical

equivalent with age; (B) the associations of right spherical equivalent with age; (C) the associations of left spherical equivalent with grade; (D)

the associations of right spherical equivalent with grade. SE, spherical equivalent.
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TABLE 2 Prevalence rate and categories of myopia stratified by age, sex, grade, and ethnicity.

Variables Myopia (SE:

≤-0.5 D)

Myopia categories

Low (SE: ≤-0.5 to >-3.0 D) Moderate (SE: ≤-3.0 to >-6.0 D) High (SE: ≤-6.0 D)

n (%) 95% CI n (%) 95% CI n (%) 95% CI n (%) 95% CI

Total 2,659 (57.1) 55.7–58.6 2,093 (45.0) 43.5–46.4 518 (11.1) 10.2–12.0 48 (1.0) 0.7–1.3

Sex

Boys 1,348 (56.5) 54.5–58.5 1,043 (43.7) 41.7–45.7 282 (11.8) 10.5–13.1 23 (1.0) 0.6–1.4 χ
2 = 3.678; P

= 0.159

Girls 1,311 (57.8) 55.7–59.8 1,050 (46.3) 44.2–48.3 236 (10.4) 9.1–11.7 25 (1.1) 0.7–1.5

Grade

1 162 (20.0) 17.2–22.7 155 (19.1) 16.4–21.8 5 (0.6) 0.1–1.2 2 (0.2) −0.1 to 0.6 χ
2 = 141.708;

P < 0.001

2 325 (40.1) 37.3–44.1 292 (36.6) 33.2–39.9 32 (4.0) 2.6–5.4 1 (0.1) −0.1 to 0.4

3 493 (61.2) 57.8–64.5 431 (53.5) 50.0–56.9 60 (7.4) 5.6–9.3 2 (0.5) −0.1 to 0.6

4 522 (66.1) 62.8–69.4 412 (52.2) 48.7–55.6 104 (13.2) 10.8–15.5 6 (0.8) 0.2–1.4

5 608 (79.7) 76.8–82.5 429 (56.2) 52.7–59.7 161 (21.1) 18.2–24.0 18 (2.4) 1.3–3.4

6 549 (80.1) 77.2–83.1 374 (54.6) 50.9–58.3 156 (22.8) 19.6–25.9 19 (2.8) 1.5–4.0

Ethnicity

Han 2,627 (57.1) 55.7–58.5 2,070 (45.0) 43.6–46.4 510 (11.1) 10.2–12.0 47 (1.0) 0.7–1.3 χ
2 = 1.011;

P = 0.603

Non-han 32 (60.4) 47.2–73.5 23 (43.4) 30.1–56.7 8 (15.1) 5.5–24.7 1 (1.9) −1.8 to 5.5

Age (mean± SD) 9.351± 1.569 9.179± 1.587*,# 9.958± 1.320 10.333± 1.277

*Compared with moderate myopia.
#Compared with high myopia.

SE, spherical equivalent; d, diopters.

However, no significant associations of the risk of myopia was

observed with sex (OR= 0.950, 95% CI: 0.846–1.067; P= 0.386;

Table 3) and ethnicity (OR = 0.873, 95% CI: 0.502–1.519; P =

0.632; Table 3).

Moreover, in order to further analyze the factors

contributing to the prevalence of myopia, multivariate

logistic regression analysis was performed on age and grade,

all of which had demonstrated a notable association with

the prevalence of myopia in the univariate logistic regression

analysis. Consequently, we found that only the higher grade (OR

= 1.844, 95% CI: 1.605–2.119; P < 0.001; Table 3) continued

to show a significant association with higher prevalence of

myopia. Specifically, an increase in grade showed significant

association with a 84.4% increase in the relative risk of myopia.

In that model, prevalence of myopia was no longer significantly

associated with age (OR = 0.955, 95% CI: 0.834–1.092; P =

0.500; Table 3).

Stratified analyses

When stratified according to myopia categories, univariate

logistic regression analysis indicated that high prevalence of low

FIGURE 3

The distribution of spherical equivalent in various levels of grade.

SE, spherical equivalent.

myopia remained significantly associated with older age (OR =

1.563, 95% CI: 1.495–1.7633; P < 0.001; Table 4) and higher

grade (OR = 1.612, 95% CI: 1.540–1.687; P < 0.001; Table 4).
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TABLE 3 Associations between the prevalence of myopia and associated factors.

Variables Univariate logistic regression analysis Multivariate logistic regression analysis

OR 95% CI P-value OR 95% CI P-value

Age (year) 1.696 1.629–1.766 <0.001 0.955 0.834–1.092 0.5

Sex (boys vs. girls) 0.950 0.846–1.067 0.386

Grade 1.762 1.690–1.837 <0.001 1.844 1.605–2.119 <0.001

Ethnicity (han vs. non-han) 0.873 0.502–1.519 0.632

OR, odds ratio; CI, confidence interval.

2 4 6

-20

0

20

40

60

80

Grade

P
re
v
a
le
n
c
e
o
f
m
y
o
p
ia

Low

Moderate

High

FIGURE 4

Grade specific incidence of in di�erent categories of myopia.

And multivariate logistic regression analysis demonstrated that

only the higher grade (OR = 1.613, 95% CI: 1.385–1.877; P <

0.001; Table 4) continued to show a significant association with

higher prevalence of low myopia. Specifically, an increase in

grade showed significant association with a 61.3% increase in the

relative risk of low myopia.

Similarity, in moderate myopia group, univariate logistic

regression analysis showed significant association of the high

prevalence with older age (OR = 2.137, 95% CI: 1.980–2.307; P

< 0.001; Table 4) and higher grade (OR= 2.246, 95% CI: 2.074–

2.432; P < 0.001; Table 4). And multivariate logistic regression

analysis confirmed the statistic association only with higher

grade (OR = 2.186, 95% CI: 1.693–2.823; P < 0.001; Table 4).

Specifically, an increase in grade showed significant association

with a 118.6% increase in the relative risk of moderate myopia.

However, in high myopia group, although age (OR = 2.353,

95%CI: 1.915–2.892; P< 0.001; Table 4) and grade (OR= 2.513,

95% CI: 2.001–3.157; P < 0.001; Table 4) indicated positive

associations with prevalence of myopia in univariate logistic

regression analysis, the two factors failed to be verified as

significant relative risk factors for myopia in multivariate logistic

regression analysis (age: OR = 1.358, 95% CI: 0.741–2.488; P

= 0.322; grade: OR = 1.856, 95% CI: 0.978–3.520; P = 0.058;

Table 4).

Sensitivity analyses

Associations between prevalence of myopia and relative risk

factors in girls, in boys, and in Han individuals were generally

similar to those in the overall group, respectively (Table 5).

Discussion

Our findings

To our knowledge, the present study is the first school-

based study to assess the prevalence ofmyopia in primary-school

students in Xi’an, north-western of China. The present study

indicated four key findings: (1) the total prevalence of myopia

in students from public primary-school in Xi’an, north-western

China was 57.1%; (2) the prevalence of low, moderate, and high

myopia was 45.0, 11.1, and 1.0%, respectively; (3) grade instead

of age, sex, and ethnicity was the most essential risk factor for

prevalence of myopia, specifically an increase in grade indicated

significant association with a 84.4% increase in the relative risk

of myopia; (4) similar associations of grade were seen with low

and moderate myopia, and prevalence of low and moderate

myopia demonstrated a increase by 61.3 and 118.6% per grade,

respectively; however, none of the factors included in the present

study was significant risk factor for high myopia.

Compared to previous studies

Several previous researches reported the prevalence of

myopia among Chinese children and adolescent strongly

suggesting a non-negligible health issue in ophthalmology,

and triggered studies into the reason for the high prevalence,

aiming for prevention. As shown in Table 6 and Figure 5,

Dong et al. (18) summarized 19 population-based studies

selecting data from 1998 to 2016 around the whole China

and indicted that the pooled prevalence of myopia was

37.7% in children with 3–19 years old. This lower prevalence

might result from the highly increased prevalence (2) and

the different cycloplegia refraction (23–25). In addition, Pan

et al. (19) and Shi et al. (20) reported that the prevalence
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TABLE 4 Associations between the prevalence of di�erent categories of myopia and associated factors.

Variables Univariate analysis Multivariate analysis

OR 95% CI P-value OR 95% CI P-value

Low#1 (SE: ≤-0.5 to >-3.0 D)

Age (year) 1.563 1.495–1.633 <0.001 1.001 0.863–1.158 0.996

Sex (boys vs. girls) 0.886 0.778–1.009 0.069

Grade 1.612 1.540–1.687 <0.001 1.613 1.385–1.877 <0.001

Ethnicity (han vs. non-han) 1.029 0.553–1.913 0.929

Moderate#2 (SE: ≤-3.0 to >-6.0 D)

Age (year) 2.137 1.980–2.307 <0.001 1.028 0.803–1.314 0.828

Sex (boys vs. girls) 1.066 0.874–1.300 0.53

Grade 2.246 2.074–2.432 <0.001 2.186 1.693–2.823 <0.001

Ethnicity (han vs. non-han) 0.729 0.315–1.686 0.459

High#3 (SE: ≤-6.0 D)

Age (year) 2.353 1.915–2.892 <0.001 1.358 0.741–2.488 0.322

Sex (boys vs. girls) 0.821 0.462–1.458 0.5

Grade 2.513 2.001–3.157 <0.001 1.856 0.978–3.520 0.058

Ethnicity (han vs. non-han) 0.537 0.070–4.108 0.549

OR, odds ratio; CI, confidence interval; SE, spherical equivalent; D, diopters.

#1: this model was performed with “low-myopia (SE: ≤-0.5 to >-3.0 D)” and “non-low-myopia (SE: >-0.5 and ≤-3.0 D)” as dependent variable.

#2: this model was performed with “moderate-myopia (SE: ≤-3.0 to >-6.0 D)” and “non-moderate-myopia (SE: >-3.0 and ≤-6.0 D)” as dependent variable.

#3: this model was performed with “high-myopia (SE: ≤-6.0 D)” and “non-high-myopia (SE: >-6.0 D)” as dependent variable.

TABLE 5 Detail of sensitivity analyses of logistic regression models in all samples.

Variables OR 95% CI P-value

Sex Girls Age (year) 1.7 1.604–1.802 <0.001

Grade 1.775 1.671–1.885 <0.001

Ethnicity (han vs. non-han) 0.722 0.320–1.626 0.432

Boys Age (year) 1.698 1.606–1.796 <0.001

Grade 1.755 1.657–1.859 <0.001

Ethnicity (han vs. non-han) 1.04 0.485–2.232 0.919

Excluded non-Han children Age (year) 1.696 1.629–1.767 <0.001

Sex (boys vs. girls) 0.954 0.849–1.072 0.427

Grade 1.765 1.692–1.840 <0.001

OR, odds ratio; CI, confidence interval.

of myopia was 29.5% and 47.5 in south-western China and

western China, respectively. Western and south-western China

have more ethnic diversity and less study burden which

were confirmed to be relative factors for the development

of myopia (26, 27). This might be essential reasons for

the differences between the studies of Pan et al./Shi et al.

and ours.

As for primary-school students, Liu et al. (21) revealed

a prevalence of 59.2% among children in Tianjin, which was

in accord with our findings. Yam et al. (12) analyzed data

from children with 6–8 years old and found the prevalence

was 25.0%. The lower prevalence might due to the younger

age and less study burden (27). Thorn et al. (13) and Xu

et al. (22) claimed that the prevalence of myopia was 49.5 and

38.1% in south-eastern China, respectively, which was lower

than that in our study. The standard in the two studies was

defined myopia as SE ≤ −1.0 D, which was stricter than

ours. This was one of the reasons for these differences. Some

other underlying reasons might be contributed to geographic

differences implying variations of ethnicity (26), socio-economic

status (28), life/study style (29–31), air condition (1), educational

pressures (32), and genetic background (33).
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TABLE 6 The prevalence of myopia around China by published studies.

References Year of data

collection

City Country

STUDY design

Sample size

(N)

Age(grade) Cycloplegic

refraction

Myopia

definition

Prevalence (%)

The present study 2021 Xi’an North-western 4,654 6–13 (1–6) Non-cycloplegic

refraction

≤-0.5 D 57.1

Dong et al. (18) 1998–2016 Muti-city Around China 192,569 3–19 Cycloplegic

refraction

≤-0.5 D 37.7

Pan et al. (19) 2016 Mo Jiang South-western 2,346 13–14 Cycloplegic

refraction

≤-0.5 D 29.5

Shi et al. (20) 2019 Urumqi North-western 6,883 7–20 – ≤-0.5 D 47.5

Liu et al. (21) 2016 Tian Jin North-eastern 566 6–14 Cycloplegic

refraction

≤-0.5 D 59.2

Yam et al. (12) – Hong Kang South-eastern 4,257 6–8 Non-cycloplegic

refraction

≤-0.5 D 25.0

Thorn et al. (13) – Wen Zhou South-eastern 13,220 (1–6) Non-cycloplegic

refraction

≤-1.0 D 49.5

Xu et al. (22) 2019 Wen Zhou South-eastern 580,609 (1–6) Non-cycloplegic

refraction

≤-1.0 D 38.2

D, diopters.

FIGURE 5

Characteristics and mean prevalence of myopia for the recent decade (1998–2021) by province in the current study, Dong et al. (18), Pan et al.

(19), Shi et al. (20), Liu et al. (21), Yam et al. (12), Thorn et al. (13), and Xu et al. (22).
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The possible factors influencing
development of myopia

Apart from age, ethnicity, educational pressures, socio-

economic status, study style, air condition, and genetic

background mentioned upon, sex and grade (education level)

were some other most well-known factors affecting development

of myopia.

The correlation between sex and the prevalence of myopia

remained confused. Majority studies revealed that girls had

higher prevalence of myopia when compared with boys (13,

27, 34–36), however, our findings show little difference of the

prevalence of myopia between girls and boys. The discrepancy

might be result from the different distribution of age and the

different definition of myopia.

A cross-sectional study enrolled 812,979 youths across five

surveys in China by Zhang et al. (37) demonstrated that grade or

education level was associated with a decrease in mean spherical

equivalent which was equal to an increase in the prevalence

of myopia, which was consistent with our conclusion. Similar

results were demonstrated by other researches in Europe and

the U.S. (38–40). Preparing for examinations, pressure and

competition, and longer digital screen time stemming from

higher grade will enhance spherical equivalent and increase the

prevalence of myopia. Noteworthily, popularization of digital

screen has been cited as a potential modifiable environmental

risk factor that can increase myopia risk (41, 42). More

smartphones, pads and telescreens used in children’s daily life

and study could partly explain the increasing prevalence and the

younger-age trend of myopia.

Myopia categories

As it wildly known, high myopia had potential to

cause vision-threatening complications, including choroid

neovascularization, rhegmatogenous retinal detachment, and

macular hemorrhage, which harms public visual health (43,

44). Thus, preventing occurrence and progression of high

myopia is an essential public health issue. Our findings

indicated that low and moderate myopia showed shaper

trends of increase in prevalence with grade, however, high

myopia showed an extremely gentle increase in prevalence

with grade. Likewise, grade was confirmed to be a risk

factor for low and moderate myopia, but not for high

myopia. Additionally, age, sex, and ethnicity were also failed

to be verified as relative factors for high myopia. This was

different from previous studies, which revealed a significant

association between high myopia and age (45, 46). One

of the possible explanations was the various distribution of

grade. Previous studies recruited students covering primary-

school, middle-school, and high-school, however, our study

only included students from primary-school. Compared with

individuals in primary and middle school, high school

students particularly exhibited prominent higher prevalence

of high myopia (27). The small sample size might bias our

analyses. Another possible explanation was that, since myopia

might be a result of gene-environment interactions, younger

children with low and moderate myopia was more inclined to

attributing to environment factor, however, younger children

with high myopia was more inclined to attributing to genetic

background (47).

Limitations

This study has several limitations. First, considering that

this was a retrospective study, the possibility of observation

and inclusion biases could not be rules out. Although we

have conducted sensitivity analyses to confirm our statistical

models were stable and robust, further studies with larger

sample sizes were expected to relieve this bias. Second, non-

cycloplegia refraction was conducted attribute to the large-scale

investigation, which would overestimate the myopia prevalence

of children. However, this might not pose serious measurement

errors for the present study since it was the annual shift

that was of interest instead of absolute values. Thirdly, we

mainly assessed the associations between prevalence of myopia

and some potential risk factors including age, sex grade,

and ethnicity. Considering the limited understanding ability

of primary-school students, we simplified the questionnaire.

Hence, some certain other related factors, such as daily eye

habits, daily study habits, and lifestyle habits were not collected

in the present study. More comprehensive myopia-related

factors collected with the help of parents are expectant to be

applied in further studies.

Conclusions

In summary, the present study was the first study

to reveal a non-negligible high prevalence of myopia

in primary-school students in Xi’an, north-western of

China. Higher prevalence of myopia was significantly

associated with an increasing level of education (grade).

Our findings indicated serious reproductive health warnings

and appealed to more attention to preventing the progression

of myopia.
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