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Objectives: To investigate the changes of vision, including the prevalence of myopia, hyperopia, poor vision, and the spherical equivalent refraction (SER), in school-aged children before and after the pandemic of Coronavirus Disease 2019 (COVID-19).
Methods: A school-based vision screening study was performed on children in 133 primary schools in Wuhan. This study was conducted in 4 consecutive years (2018–2021).
Results: A total of 468,094 children (936,188 eyes) were recruited, 255,863 (54.7%) were boys. The SER decreased in 2020 compared to other years after the age of 10. A positive myopia shift was found in younger children aged 6 (0.1 D), 7 (0.05D), and 8 (0.03 D) in 2020 compared to 2019. The progression of vision has improved slightly in 2021. Among the students included in the study, 33.7% were myopia.
Conclusion: The vision of older children decreased significantly during the COVID-19. After the pandemic, there is still a high risk for them. In the future, the focus on vision prevention and control should move forward to preschool children.
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HIGHLIGHTS

• This school-based study examined the changes of vision, including the prevalence of myopia, hyperopia, poor vision, and the spherical equivalent refraction (SER), in children (468,094) aged 6–15 years before and after the COVID-19 pandemic.
• In this study, we found that the vision of older children decreased significantly during the COVID-19. After the pandemic, there is still a high risk for them.
• For younger children, they will have more opportunities to control and improve vision. In the future, the focus on vision prevention and control should move forward to preschool children.
INTRODUCTION
Good vision development is essential for teenagers. As we all know, myopia is a major global public health issue around the world, which is the leading cause of severe vision impairment. It is estimated that 1.4 billion people were myopic in 2000, and it is predicted to reach 4.8 billion by 2050 [1]. One study shows that the prevalence of myopia is increasing year by year [2]. Besides myopia, hyperopia, and poor vision should also be concerned.
Evidence suggests that school-age students are a particularly vulnerable group, as refractive errors and myopia are prevalent among school-age students [3]. A study from a hospital in Nepal (South Asia) reported that the prevalence of myopia in children was 47.16% [4]. The results of other literature suggested that the myopia was prevalent in 36.4% children of 8 years old in Taiwan, China in 2016, while the prevalence of myopia was only 2.4% in the Netherlands among 6 years old children in 2018 [5, 6]. The prevalence of poor vision among school-age students is also high [7]. And poor vision has detrimental effects on students’ academic performance, motor skills, physical and mental health [8].
In December 2019, the COVID-19 rapidly spread in China and around the world. In response to the epidemic, the Chinese government began closing schools nationwide school closure at the end of January 2020 as an emergency measure to prevent the spread of infection [9]. According to the UNESCO, as of early September, 820 million children and youth had been affected by school closures. And schools in forty-six countries have closed nationwide [10]. Several studies have demonstrated that being forced to study at home due to school closures may have a negative impact on children’s physical and mental health [11]. These effects may be detrimental to the development of children’s vision. One study showed that children were at higher risk of myopia progression during COVID-19, which was related to long-term online learning and digital screen reading [12]. The results of a population-based study showed that the outdoor time of school-age children in Hong Kong significantly reduced, the screening time increased, and the incidence of myopia may potentially increase. And childhood myopia, as a result of COVID-19, is a potential public health crisis [13].
Wuhan, once the hardest-hit area of COVID-19, may have a greater impact on primary school children’s vision. Therefore, the present study used longitudinal data from the Wuhan Center for Adolescent Poor Vision Prevention and Control to investigate the changes of vision in school-aged children in China during the COVID-19. SER change, myopia and hyperopia incidence, and poor vision were calculated and compared between September 2018 to June 2021.
METHODS
Study Design
The study was completed under the management of the Education Bureau, based on the vision health management work in Wuhan. Wuhan’s vision health management was implemented in 2007 and became the “National Youth vision health management demonstration area” in 2018. Wuhan Center for Adolescent Poor Vision Prevention and Control is devoted to regularly monitor students’ vision every year. The Center will also carry out comprehensive vision interventions for students, including interventions on healthy behaviors, visual environment, and eye physiology. Furthermore, the center cooperates with schools to propagate knowledge of vision health and advocate eye protection. And it is committed to making schools, families, and students pay attention to and solve the vision problem of teenagers.
A stratified cluster approach is adopted to complete the study. In total, data were collected from 133 schools in 14 districts of Wuhan. The information about age and gender of each student is included in the dataset, as well as their eyes’ ocular parameters, like uncorrected visual acuity (UCVA), poor vision, spherical equivalent refraction (SER), and hyperopia.
This school-based study was approved by the ethics board of the School of Medicine, Wuhan University, China.
The study started only after parents of all the participants had given their written consent.
Procedures
From September 2018 to June 2021. With the cooperation of school teachers, the Wuhan Center for Adolescent Poor Vision Prevention and Control organized professional personnel to investigate primary school students in Wuhan.
The uncorrected visual acuity information is carried out using a standard logarithmic visual acuity E chart under the supervision of an ophthalmologist. The testing distance between our subjects and the test chart is 5 m. Line 0 log MAR is the start of the test. Once the correctly identified of the visual acuity chart has been done by subjects, the ophthalmologist will point to the next smaller line. On the contrary, the bigger line will be pointed to by the doctor. All students should respond within 3 s and are supposed to keep their eyes relaxed. After that, 5% of the participants are randomly selected for re-examined their uncorrected vision. Auto-refractor (TOPCON ACP-8) is used to measure the Non-cycloplegic refraction. And the ametropia is tested in each naked eye by the DK-10 phoropter.
Exclusion criteria are as follows: wearing contact lenses or; suffering from eye disease; and having a history of ocular surgery. Before the test, the children will be questioned about the exclusion criteria. And the data were excluded from the analysis If any of the above situations are encountered.
Definitions
The spherical equivalent refraction (SER) is calculated as the dioptric powers of the sphere and half of the cylinder (sphere +0.5 × cylinder). Myopia was defined as SER of less than −0.5D [14]. And subjects wearing orthokeratology lenses are identified as myopic. Hyperopia was defined as greater than +0.5D. And poor vision is defined as the visual acuity below 5.0 by using the standard logarithmic visual acuity chart.
Statistical Analysis
Annual vision screening data are presented as mean values of SER. The analysis was performed using R and Rstudio software. The figures were prepared using Origin 2021. Chi-square test was used in different groups when appropriate. p < 0.05 (two-sides) was considered as significant at statistics.
RESULTS
Study Participants
A total of 468,094 test results (936,188 eyes) were analyzed in this study, 255,863 (54.7%) subjects were boys. The age range was 6–15 years old with a mean age of 8.9 ± 1.68 years. Among the students included in the study, 33.7% were myopic, 11.0% were hyperopia, and 45.7% were poor vision. The mean uncorrected visual acuity of the right and left eyes was 4.92 ± 0.26, and 4.93 ± 0.25 respectively.
The Spherical Equivalent Refraction
We reported the mean SER of the 4 screening years in Table 1. We found that the mean SER findings were relatively stable in school-aged children aged 6–9 from 2018 to 2021. And students in this age group were not affected by the epidemic in 2020. The results showed that there had a substantially decreased of SER in 2020 compared to other years after the age of 10, especially for children aged 12 (−1.75 D) and 13–15 (−1.84 D) years. What’s worse, the vision continued to decline in 2021 among children aged 12–15. In addition, there were 601 children with at least 1 eye refraction out of range (<−8.00D); of these, 346 children had both eye refractions out of range.
TABLE 1 | Spherical equivalent refraction values during each year in students (Wuhan, China, 2021).
[image: Table 1]After analyzing both eyes and gender among students of the data, we found that girls were more likely to suffer from myopia than boys, and the right eye was more myopic than the left (Figure 1).
[image: Figure 1]FIGURE 1 | Mean spherical equivalent refraction for primary school students aged 6–13 years during the 4 years of screenings (Wuhan, China, 2021).
The Prevalence of Myopia and Hyperopia
The prevalence of myopia and hyperopia from 2018 to 2021 is reported in Table 2 and Figure 2. In the present study, we can observe that the older age groups (9–13 years) had a substantial increase in the prevalence of myopia. The prevalence of myopia in 2020 was 65.2% at 12 years and 70.3% at 13–15 years. These results were significantly higher than the rate of myopia in 2019: 55.3% at 12 years and 51.3% at 13–15 years. From 2018 to 2021, the rate of myopia among the first graders decreased year by year, while the rate of third to sixth-grade students gradually increased, with the highest myopia rate in 2021.
TABLE 2 | Progression of vision for each year in school-aged children (Wuhan, China, 2021).
[image: Table 2][image: Figure 2]FIGURE 2 | Progression of vision of primary school students aged 6–15 years during the 4 years of screenings (Wuhan, China, 2021).
The hyperopia rate of primary school students was relatively stable, reaching the highest every year in 2021. Moreover, the prevalence of hyperopia decreased with the increase in grade. From grade 1 to grade 6, the prevalence of myopia and hyperopia were statistically significant between the different years.
The Prevalence Rate of Poor Vision
The prevalence rate of poor vision tended to increase significantly with the increase of age. Among different age groups, the rate was the highest in 2020 and decreased in 2021. In addition, we found that the prevalence of poor vision findings was relatively stable among children aged 9 to 15 from 2018 to 2021 (Figure 2).
Vision screening results showed that elementary school pupils had the highest rate of poor vision loss in 2020 compared to other years, especially among children in grades 5 and 6. The prevalence of poor vision tended to increase significantly with the increase in grade. However, the first graders were a special case, with a higher rate of poor vision than the second graders. In 2021, the prevalence of poor vision among children in grades 1 and 2 decreased by about 10 percent. From grade 1 to grade 6, the prevalence of myopia and hyperopia were statistically significant between the different years, shown in Table 2.
DISCUSSION
This vision screening project was launched in Wuhan in 2007 to monitor and prevent myopia in young people. And it was refined in 2018. The COVID-19 pandemic in 2020 has caused the vision decline of students in many cities, and the myopia rate has significantly increased [15]. Nevertheless, elementary school students in Wuhan, the epicenter of the outbreak, may be more affected. Wuhan Center for Adolescent Poor Vision Prevention and Control continuously monitored and controlled the myopia of children. As a result, their vision will be different in 2021 from that of the past.
The study shows that the SER distribution among students has a different trend around the age of 10 from 2015 to 2019. In 2020, a substantial myopic shift (approximately -0.25D) was found in students aged 12–15 years, and approximately 0.08D for children aged 6–7 years. The myopic shift increased with age at 10–15 years. However, among students aged 6–9, myopic shift showed the opposite trend. School-age children confined to home from January to May due to COVID-19 in 2020, and online courses were offered. Evidence from the literature showed that the pandemic has led to less outdoor activity time and more online classes for teenagers. Short-term outdoor activities and near work are risk factors for myopia. And the rate of myopia among the students has increased significantly [16, 17]. While for children aged 6–9, their learning tasks are not heavy, online courses are not long [18]. Simultaneously, the Center united schools to promote the knowledge of vision health and raise parents’ awareness of eye care. Therefore, parents will control screen time and increase the time for outdoor activities to protect their children’s eyes. A recent randomized controlled trial showed that outdoor activity can inhibit disease progression by 30% within 1 year in myopic children aged 6–7 years. We also observed that boys had better vision than girls, and the vision in the left eye was better than the right eye. This finding was consistent with prior studies [19]. The current research has not found that there is a genetic relationship between myopia and gender, and the gender difference in myopia may be related to eye development and behavioral habits [20]. In the other studies, the visual difference between right and left eyes may be related to ocular structural variations or ocular dominance [21, 22]. A study has reported that the nondominant eye may have a lower degree of myopia than the dominant eye among individuals with anisometric myopia [23]. In previous reports, approximately one-third of the population was left ocular dominant and two-thirds were right ocular dominant [24]. However, the specific reasons still require further investigation, especially the research on primary school students.
The myopic shift of SER may coincide with the change in the prevalence of myopia in student aged 6–7 declined in 2020, while the myopia rate of pupils in higher grades increased year by year. Maybe higher graders were more stressed, spending more time reading and writing at home, and are more likely to take extra classes. So, they have less outdoor time and more digital screen time [13]. Besides, sleep duration can also affect the progression of myopia. Someone found that short sleep is an independent risk factor for myopia. Children who slept 7 h or less, or around 8 h were at a higher risk compared to children who slept 9 h or more daily [25]. Admittedly, students in grades 5 and 6 spend more time studying than sleeping, so they have a higher rate of myopia. Myopia usually occurs between the ages of 6–8, with a faster rate of progression and axial length elongation in this age group [26]. The plasticity of myopia is high and myopia control may be easier within this age window. While the plasticity of myopia is low and myopia control is harder beyond this age window [27]. Therefore, monitoring and managing vision in young children is of great significance.
In this study, the one-year prevalence of myopia was around 15% among grade 1 students, which is lower than the research in the southwest part of China (33.6%) [28]. However, considering that a small number of students are short-sighted when entering school, the focus on vision prevention and control should be moved forward to preschool children. A 3-year cohort report suggested that there were 142 myopic (63.7%) students from Beijing Myopia Progression Study. Their myopia rate was higher than that of grades 5–6 in our study [29]. Nevertheless, some countries have low prevalence rates, such as Brazil of3.14% and Saudi Arabia of 0.7% [30, 31]. The prevalence of hyperopia in Wuhan was higher than in other areas, such as India, Iran, and Shanghai, while lower than in Qinghai [32–35]. In addition, because the prevalence of hyperopia is relatively low and children are sensitive to environmental factors, they are prone to myopia and experience rapid myopia progression. As a result, the older primary students had a lower hyperopia rate [35].
Consistent with a previous study, the prevalence of poor vision increased dramatically with grades. This showed that the trend of poor vision was related to the increasing age of young people [36]. In this study, the prevalence rate of poor vision among children was higher in 2020 than in other years. Epidemiological results have indicated a high prevalence of low vision among school-age students due to long-term visually demanding academic tasks and long-term indoor sedentary lifestyles [37]. In addition to the learning burden, age, sleeping or TV time, and the time spent on homework were also positively associated with poor vision in students aged 9–18 [38]. Therefore, the eyesight of children had declined after COVID-19 home confinement. And the prevalence of poor vision is higher than in a study of 170,000 students [7]. It is noteworthy that the rate of poor vision of students has decreased by 2021. And the younger the age, the more the percentage of decline. This may benefit from the vision health management in Wuhan: public policies to control myopia are closely integrated with the education system. They strengthened parents’ education on the incidence and development of myopia, instructed students on good eye habits during the pandemic lockdown and beyond, and incorporated outdoor activities into school time, and more [39]. These measures are similar to some countries in East Asia, such as Taiwan and Singapore [40].
This was a large-scale school-based study providing the current status of myopia prevalence in different age groups among primary school children. Furthermore, this was a long-term survey, which showed the progression of vision for 4 years before and after COVID-19. Even so, it has some limitations. First, our study did not use cycloplegia, and it is known that cycloplegic refraction yields is better than non-cycloplegic autorefraction. However, due to a large number of students and limited resources, cycloplegic refraction was difficult to apply to each student. Second, the relatively small sample size of grade 6 may introduce bias to the vision results. Third, this study did not have data on ocular biometric parameters, such as lens thickness, anterior chamber depth, or corneal curvature. Fourth, the population tested varies from year to year due to graduating and newly admitted students each year, and so these differences reflect population averages. Fifth, some other factors that affect the state of vision of students may not be considered.
Conclusion
We showed the acceleration of development and progression of vision among older (10–13 years) schoolchildren in Wuhan during the COVID-19. While for younger individuals (6–8 years), they are in an important period for the progression of myopia. And they may have more chance of having their vision corrected than older children. Moreover, preschool children should also be one of the key groups for vision prevention and control. After the pandemic, there was a slight improvement in vision. It is suggested that the COVID-19 pandemic may remain a threat to the development of myopia in students. Further studies are needed to assess the generalizability of these findings and the long-term follow-up of these children.
DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from the corresponding author upon reasonable request.
ETHICS STATEMENT
The studies involving human participants were reviewed and approved by the Research Ethics Committees of Wuhan University. All participants provided informed consent. Written informed consent to participate in this study was provided by the participants’ legal guardian/next of kin.
AUTHOR CONTRIBUTIONS
WW and SP, designed the survey, collected and analyzed data; WW and FZ, wrote the manuscript; BZ and LZ contributed to critical revision of the manuscript; XT, edited the manuscript. All authors have read and agreed to the published version of the manuscript.
ACKNOWLEDGMENTS
The authors thank the help from experts of the Wuhan Center for Adolescent Poor Vision Prevention and Control, and the teammates who completed the survey.
REFERENCES
 1. Holden, BA, Fricke, TR, Wilson, DA, Jong, M, Naidoo, KS, Sankaridurg, P, et al. Global Prevalence of Myopia and High Myopia and Temporal Trends from 2000 through 2050. Ophthalmology (2016) 123(5):1036–42. doi:10.1016/j.ophtha.2016.01.006
 2. Chen, M, Wu, AM, Zhang, LN, Wang, W, Chen, XY, Yu, XN, et al. The Increasing Prevalence of Myopia and High Myopia Among High School Students in Fenghua City, Eastern China: a 15-year Population-Based Survey. BMC Ophthalmol (2018) 18:159. doi:10.1186/s12886-018-0829-8
 3. Xiao, O, Morgan, IG, Ellwein, LB, and He, MG. Prevalence of Amblyopia in School-Aged Children and Variations by Age, Gender, and Ethnicity in a Multi-Country Refractive Error Study.Ophthalmology (2015) 122(9):1924–31. doi:10.1016/j.ophtha.2015.05.034
 4. Dahal, HN, Kaiti, R, Pradhan, A, and Shrestha, P. Pattern and Prevalence of Refractive Error and Secondary Visual Impairment in Patients Attending a Tertiary Hospital in Dhulikhel. Kathmandu Univ Med J (Kumj) (2020) 16:114–9. 
 5. Tideman, JWL, Polling, JR, Hofman, A, Jaddoe, VWV, Mackenbach, JP, and Klaver, CCW. Environmental Factors Explain Socioeconomic Prevalence Differences in Myopia in 6-Year-Old Children. Br J Ophthalmol (2018) 102(2):243–7. doi:10.1136/bjophthalmol-2017-310292
 6. Hsu, CC, Huang, N, Lin, PY, Tsai, DC, Tsai, CY, Woung, LC, et al. Prevalence and Risk Factors for Myopia in Second-Grade Primary School Children in Taipei: A Population-Based Study. J Chin Med Assoc (2016) 79(11):625–32. doi:10.1016/j.jcma.2016.02.011
 7. Wang, SJ, Hao, XJ, Ma, X, Yu, Y, Wu, LL, Wang, Y, et al. Associations between Poor Vision, Vision-Related Behaviors and Mathematics Achievement in Chinese Students from the CNAEQ-PEH 2015. Int J Environ Res Public Health (2020) 17(22):E8561. doi:10.3390/ijerph17228561
 8. Yi, HM, Zhang, LX, Ma, XC, Congdon, N, Shi, YJ, Pang, XP, et al. Poor Vision Among China's Rural Primary School Students: Prevalence, Correlates and Consequences. China Econ Rev (2015) 33:247–62. doi:10.1016/j.chieco.2015.01.004
 9. Wang, GH, Zhang, YT, Zhao, J, Zhang, J, and Jiang, F. Mitigate the Effects of home Confinement on Children during the COVID-19 Outbreak. Lancet (2020) 395(10228):945–7. doi:10.1016/s0140-6736(20)30547-x
 10.United Nations Educational SaCO. COVID-19 Impact on Education 2021. [cited 2021 Jan] (2021). Available from: https://zh.unesco.org/covid19/educationresponse.
 11. Alvarez-Peregrina, C, Martinez-Perez, C, Villa-Collar, C, Andreu-Vazquez, C, Ruiz-Pomeda, A, and Sanchez-Tena, MA. Impact of COVID-19 Home Confinement in Children's Refractive Errors. Int J Environ Res Public Health (2021) 18(10):5347. doi:10.3390/ijerph18105347
 12. Ma, DD, Wei, SF, Li, SM, Yang, XH, Cao, K, Hu, JP, et al. Progression of Myopia in a Natural Cohort of Chinese Children during COVID-19 Pandemic. Graefes Arch Clin Exp Ophthalmol (2021) 259(9):2813–20. doi:10.1007/s00417-021-05305-x
 13. Zhang, XJ, Cheung, SSL, Chan, HN, Zhang, YZ, Wang, YM, Yip, BH, et al. Myopia Incidence and Lifestyle Changes Among School Children during the COVID-19 Pandemic: a Population-Based Prospective Study. Br J Ophthalmol (2021) 2021:319307. doi:10.1136/bjophthalmol-2021-319307
 14. Atchison, DA, Li, SM, Li, H, Li, SY, Liu, LR, Kang, MT, et al. Relative Peripheral Hyperopia Does Not Predict Development and Progression of Myopia in Children. Invest Ophthalmol Vis Sci (2015) 56(10):6162–70. doi:10.1167/iovs.15-17200
 15. Hu, Y, Zhao, F, Ding, XH, Zhang, S, Li, ZY, Guo, YF, et al. Rates of Myopia Development in Young Chinese Schoolchildren during the Outbreak of COVID-19. JAMA Ophthalmol (2021) 139(10):1115–21. doi:10.1001/jamaophthalmol.2021.3563
 16. Hu, Y, Ding, XH, Guo, XX, Chen, YX, Zhang, J, and He, MG. Association of Age at Myopia Onset with Risk of High Myopia in Adulthood in a 12-Year Follow-Up of a Chinese Cohort. JAMA Ophthalmol (2020) 138(11):1129–34. doi:10.1001/jamaophthalmol.2020.3451
 17. Grzybowski, A, Kanclerz, P, Tsubota, K, Lanca, C, and Saw, SM. A Review on the Epidemiology of Myopia in School Children Worldwide. BMC Ophthalmol (2020) 20(1):27. doi:10.1186/s12886-019-1220-0
 18. Wang, JX, Li, Y, Musch, DC, Wei, N, Qi, XL, Ding, G, et al. Progression of Myopia in School-Aged Children after COVID-19 Home Confinement. JAMA Ophthalmol (2021) 139(3):293–300. doi:10.1001/jamaophthalmol.2020.6239
 19. Jones-Jordan, LA, Sinnott, LT, Chu, RH, Cotter, SA, Kleinstein, RN, Manny, RE, et al. Myopia Progression as a Function of Sex, Age, and Ethnicity. Invest Ophthalmol Vis Sci (2021) 62(10):36. doi:10.1167/iovs.62.10.36
 20. Cheng, TY, Deng, JJ, Xu, X, Zhang, B, Wang, JJ, Xiong, SY, et al. Prevalence of Fundus Tessellation and its Associated Factors in Chinese Children and Adolescents with High Myopia. Acta Ophthalmol (Copenh) (2021) 99(8):E1524–e1533. doi:10.1111/aos.14826
 21. Zhou, D, Ni, N, Ni, AP, Chen, QJ, Hu, DN, and Zhou, JB. Association of Visual Acuity with Ocular Dominance in 2045 Myopic Patients. Curr Eye Res (2017) 42(8):1155–9. doi:10.1080/02713683.2017.1297464
 22. Zhu, XJ, He, WW, Du, Y, Zhang, KK, and Lu, Y. Interocular Symmetry of Fixation, Optic Disc, and Corneal Astigmatism in Bilateral High Myopia: The Shanghai High Myopia Study. Translational Vis Sci Technology (2019) 8(1):22. doi:10.1167/tvst.8.1.22
 23. Jiang, F, Chen, ZY, Bi, H, Ekure, E, Su, BB, Wu, HR, et al. Association between Ocular Sensory Dominance and Refractive Error Asymmetry. PLoS One (2015) 10(8):e0136222. doi:10.1371/journal.pone.0136222
 24. Momeni-Moghaddam, H, McAlinden, C, Azimi, A, Sobhani, M, and Skiadaresi, E. Comparing Accommodative Function between the Dominant and Non-dominant Eye. Graefes Arch Clin Exp Ophthalmol (2014) 252(3):509–14. doi:10.1007/s00417-013-2480-7
 25. Gong, Y, Zhang, X, Tian, D, Wang, D, and Xiao, G. Parental Myopia, Near Work, Hours of Sleep and Myopia in Chinese Children. Health (2014) 6(1):64–70. doi:10.4236/health.2014.61010
 26. Hyman, L, Gwiazda, J, Hussein, M, Norton, TT, Wang, Y, Marsh-Tootle, W, et al. Relationship of Age, Sex, and Ethnicity with Myopia Progression and Axial Elongation in the Correction of Myopia Evaluation Trial. Arch Ophthalmol (2005) 123(7):977–87. doi:10.1001/archopht.123.7.977
 27. VanderVeen, DK, Kraker, RT, Pineles, SL, Hutchinson, AK, Wilson, LB, Galvin, JA, et al. Use of Orthokeratology for the Prevention of Myopic Progression in Children A Report by the American Academy of Ophthalmology. Ophthalmology (2019) 126(4):623–36. doi:10.1016/j.ophtha.2018.11.026
 28. Li, L, Zhong, H, Li, J, Li, CR, and Pan, CW. Incidence of Myopia and Biometric Characteristics of Premyopic Eyes Among Chinese Children and Adolescents. BMC Ophthalmol (2018) 18:178. doi:10.1186/s12886-018-0836-9
 29. Lin, Z, Vasudevan, B, Liang, YB, Zhou, HJ, and Ciuffreda, KJ. The Association between Nearwork-Induced Transient Myopia and Progression of Refractive Error: A 3-year Cohort Report from Beijing Myopia Progression Study. J Optom (2021) 14(1):44–9. doi:10.1016/j.optom.2020.05.004
 30. Lira, RPC, Arleta, CEL, Passos, THM, Maziero, D, Astur, GLD, Santo, IFD, et al. Distribution of Ocular Component Measures and Refraction in Brazilian School Children. Ophthalmic Epidemiol (2017) 24(1):29–35. doi:10.1080/09286586.2016.1254249
 31. Alrahili, NHR, Jadidy, ES, Alahmadi, BSH, Abdula'al, MF, Jadidy, AS, Alhusaini, AA, et al. Prevalence of Uncorrected Refractive Errors Among Children Aged 3-10 Years in Western Saudi Arabia. Saudi Med J (2017) 38(8):804–10. doi:10.15537/smj.2017.8.20412
 32. Wu, QX, Tian, QM, Zhang, XY, Xu, J, Tang, GD, Li, RK, et al. Prevalence of Refractive Error and Visual Acuity Among School Children in the Plateau Region of Qinghai, China. Int J Gen Med (2021) 14:5795–805. doi:10.2147/ijgm.S326046
 33. Tajbakhsh, Z, Talebnejad, MR, Khalili, MR, Masoumpour, MS, Mahdaviazad, H, Mohammadi, E, et al. The Prevalence of Refractive Error in Schoolchildren. Clin Exp Optom (2022) 2022:1–5. doi:10.1080/08164622.2021.2003687
 34. Sheeladevi, S, Seelam, B, Nukella, PB, Modi, A, Ali, R, and Keay, L. Prevalence of Refractive Errors in Children in India: a Systematic Review. Clin Exp Optom (2018) 101(4):495–503. doi:10.1111/cxo.12689
 35. Li, T, Zhou, XD, Chen, XF, Qi, HH, and Gao, QL. Refractive Error in Chinese Preschool Children: The Shanghai Study. Eye Contact Lens (2019) 45(3):182–7. doi:10.1097/icl.0000000000000555
 36. Ma, YY, Qu, XM, Zhu, XF, Xu, X, Zhu, JF, Sankaridurg, P, et al. Age-Specific Prevalence of Visual Impairment and Refractive Error in Children Aged 3-10 Years in Shanghai, China. Invest Ophthalmol Vis Sci (2016) 57(14):6188–96. doi:10.1167/iovs.16-20243
 37. Narayanasamy, S, Vincent, SJ, Sampson, GP, and Wood, JM. Visual Demands in Modern Australian Primary School Classrooms. Clin Exp Optom (2016) 99(3):233–40. doi:10.1111/cxo.12365
 38. Yang, YJ, Chang, LT, and Hui, L. Epidemic Status and Influencing Factors for the Poor Vision of the Students in Yunnan. Chin J Sch Health (2015). 
 39. Ll Xiaowei, LJ, Wang, H, Sun, R, Xu, T, QUFangfang, , , Tang, J, et al. The Wuhan Model of Visual Health Management for Students: a Referential Framework for the Public-School Health System. Chin J Sch Health (2021) 42(01):142–5. doi:10.16835/j.cnki.1000-9817.2021.01.035
 40. Ang, M, Flanagan, JL, Wong, CW, Muller, A, Davis, A, Keys, D, et al. Review: Myopia Control Strategies Recommendations from the 2018 WHO/IAPB/BHVI Meeting on Myopia. Br J Ophthalmol (2020) 104(11):1482–7. doi:10.1136/bjophthalmol-2019-315575
Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2022 Wang, Peng, Zhang, Zhu, Zhang and Tan. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/ijph-67-1605028-t001.jpg
Age, Y

13-156

No.

23,685
97,506
91,742
85,730
71,342
63,226
30,991
3,971

SER, mean (SEM)

2018

-0.13 (0.80)
-0.18 (0.84)
-0.33 (0.94)
053 (1.08)
-0.80 (1.27)
-1.16 (1.57)
~1.46 (1.74)
~1.10 (1.49)

SER, spherical equivalent refraction.

2019

-0.19 (0.76)
-0.23 (0.82)
-0.45 (0.96)
-0.70 (1.12)
-1.01 (1.31)
133 (1.50)
~1.53 (1.63)
~1.56 (1.60)

2020

-0.09 (0.77)
-0.18 (0.85)
-0.42 (0.98)
~0.68 (1.14)
-1.04 (1.37)
~1.41 (1.59)
-1.75 (1.70)
—1.84 (1.92)

2021

0.1 (0.66)
-0.15 (0.91)
-0.38 (1.07
0,69 (123
-1.03 (1.44)
-1.41 (1.62)
~1.76 (182
~1.93 (1.8





OPS/images/ijph-67-1605028-t002.jpg
Grade No.

99,736
94,806
87,852
71,315
66,018
48,316

o B

Prevalence per year, % p Value
2018 2019 2020 2021
M H PV M H PV M H PV M H PV M H PV
2117 204 325 183 189 402 16.8 18.4 438" 138 20.5% 33.4 <0.001 <0.001 <0.001
226 136 209 20.0 129 351 2447 12.4 438 225 14.9% 36.0 <0.001 <0.001 <0.001
288 95 342 279 8.7 40.7 324 9.4 462°  339° 10.5% 44.1 <0.001 <0.001 <0.001
383 66 424 379 61 470 438 68 541° 442° 88 522 <0001 <0001  <0.001
46.1 6.0 629 47.8 49 545 53.6 55 61.1* 637 6.9° 60.3 <0.001 <0.001 <0.001
582 46 63.8 56.9 39 62.0 64.0 42 69.7 66.0° 5.8 71.0a <0.001 <0.001 <0.001

“Highest prevalence within the age group during the 2018-2021 screening.

M, myopia: H, hyperopia: PV, poor vision.





OPS/xhtml/nav.xhtml
Contents

		Cover

		Progression of Vision in Chinese School-Aged Children Before and After COVID-19		Highlights

		Introduction

		Methods		Study Design

		Procedures

		Definitions

		Statistical Analysis





		Results		Study Participants

		The Spherical Equivalent Refraction

		The Prevalence of Myopia and Hyperopia

		The Prevalence Rate of Poor Vision





		Discussion		Conclusion





		Data Availability Statement

		Ethics Statement

		Author Contributions

		Acknowledgments

		References









OPS/images/cover.jpg
) 1UPH

&
SSPH “i‘l.‘???:i'}'i:f‘






OPS/images/ijph-67-1605028-g001.gif
fiigiiiii: g7






OPS/images/ijph-67-1605028-g002.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
€ IJPH

S S P H 5 SEHOOL o





