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Objective: The model uncertainty may result in inconsistency about the environmental factors of myopia among students, and the Bayesian model average (BMA) is an effective way to eliminate it. We aimed to explore the influencing factors of myopia in primary and middle school students by BMA.

Methods: The data came from the 2021 National Surveillance of Common Diseases and Health Influencing Factors of students. By stratified random cluster sampling, the physical and mental health status of students in Tianjin and the factors affecting their physical health, such as diet, exercise, mental stress, school bullying, sleep time, and internet use, were investigated. The sample consisted of 8,457 primary school students, 8,191 junior middle school students, and 5,901 senior middle school students. Besides the physical examination, we used computer optometry (non-ciliary paralysis) to screen myopia. And we used BMA to select the risk factors through the BMS package in R.

Results: The exercise was the only factor that affected the eyesight of junior and senior middle schoolers by BMA, with the posterior probability of 0.9736 and 0.9762, but not for the primary students. And we failed to select variables that affected eyesight in grades 4–6 of primary school.

Conclusion: The exercise was a strong influencing factor for the eyesight of students in Tianjin's junior and senior middle schools.
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Introduction

Refractive error is the significant cause of visual impairment and one of the key tasks of the global blindness prevention program (1, 2). According to the World Health Organization, refractive error is the most common cause of vision damage worldwide (3). Myopia is one of the most common refractive errors. In recent years, the prevalence of myopia has increased (4). Especially in Southeast Asia, some areas show that the prevalence rate of myopia in children is close to or even more than 50% (5–7). The rising incidence of myopia among students in Asia has become a major public health challenge (8). In China, the prevalence rate of myopia among junior middle school students increased from 55.95% in 2005 to 65.48% in 2015 (9). The prevalence of myopia among middle school students rose from 79.5% in 2001 to 87.7% in 2015 (10). The increasing prevalence of myopia in students affects their health, and increases the risk of eye complications (11, 12).

In recent years, many researchers have conducted a series of studies on the risk factors of myopia, especially the environmental factors, but the results remain inconsistent. For example, a cohort study in Singapore found that a higher intake of saturated fat and cholesterol was positively related to Axial length (13). However, another birth cohort study in Singapore showed that the total dietary fat intake at 6, 9, and 12 months was not related to myopia at the age of three (14). Another example is the role of outdoor activities. Some studies believe that outdoor activities are protective factors for eyesight. For example, a randomized clinical trial conducted in Guangzhou shows that increasing outdoor activities in schools could reduce the incidence of myopia in the next 3 years (15). However, another study in the same field found that outdoor activities were not the influencing factor of myopia (16). The inconsistency may result from methodological heterogeneity, such as participants, study design, and model uncertainty. As Raftery once pointed “the standard method of selecting a single model and reasoning based on it underestimates uncertainty of the quantities of interest because it ignores uncertainty of the model form” (17). The uncertainty of the model means that the unspecified model will lead to the deviation of the parameters, while the over-specified model will lead to a poor prediction effect of future samples. That is, there is a problem in the trade-off between dispersion and variance of the model (18). Undoubtedly, the uncertainty of the model will also affect the validation of myopia prevention factors. Therefore, scholars try to solve these problems through model combination or model averaging (19). The earlier developed method is Bayesian model averaging (BMA), which can judge whether it has a steady impact on the results by the posterior probability of parameters, and can screen and determine the key influencing factors of the results according to the posterior probability of different parameters (17). Many studies on ensemble prediction using the BMA method have shown that the prediction result of the BMA method is more reliable than that of a single model, and it has been widely used (20–23).

In addition, students of different learning periods may have varied burdens due to distinct academic requirements. Higher grades and school workload may contribute to the higher incidence of myopia. A study in East China found that the prevalence of myopia has been increasing from primary school to middle school, with the nonlinear increase in grades, the prevalence of myopia among senior middle school students has reached an alarming height, with 12% in kindergarten, 32% in grade two, 69% in grade five, and ~90% by grade 10 (the 1st year of senior middle school) or above (24). In addition, pubertal development probably plays a role in the progression of myopia. For example, one study once argued that puberty may play a role in the relationship between outdoor time and refractive development among Chinese children and adolescents (25). According to a study in Zhengzhou, most Chinese junior middle school students have entered puberty (26). Therefore, it is more reasonable to establish pupil-specific, junior-high-school-student-specific, and senior-high-school-student-specific prediction models to verify the influencing factors of myopia in each stage. Therefore, considering the uncertainty of the model and the influence of puberty on outdoor time, we aim to use the BMA method to select the influencing factors of Chinese students' refractive development in different school stages. In this way, we can take more targeted measures and provide a more scientific and accurate basis for preventing and controlling students' myopia.



Methods


Participants

Our data came from the National Surveillance of Common Diseases and Health Influencing Factors of Students in 2021 (Tianjin section). By stratified random cluster sampling, we investigated several common diseases (such as myopia, trachoma, conjunctivitis, dental caries, malnutrition, obesity, allergic asthma, iron deficiency anemia, parasitic diseases, mental disorders, abnormal curvature of the spine, etc.) and their health influencing factors every year. Our survey sample covered all administrative districts (seven urban and nine rural) in Tianjin, with two primary schools and two junior high schools in each administrative district (except high schools, two in each urban area but one in each rural area). We selected at least two classes (100 students) in each grade of every sample school (not including Grade 1 to Grade 3 in all primary schools). A total of 8,549 primary school students, 8,324 junior middle school students and 5,977 senior middle school students were included in the analysis. Students who had completed the vision test and questionnaire were eligible, and those who had organic ophthalmopathy and failed to fill out the questionnaire were excluded (see Figure 1). All the students involved in the survey signed the informed consent form.


[image: Figure 1]
FIGURE 1
 Flow chart of inclusion and exclusion.




Myopia screening and refractive examination

Children's myopia screening mainly included refractive and hyperopia examination, and the criteria were the Guidelines for Prevention and Control of Myopia of Children and Adolescents (27). The visual acuity chart conformed to the national standard (GB 11533). According to this standard, we used the standard 5-meter logarithmic visual acuity chart to test the students' binocular vision, with the illuminance of 300 ~ 500 lx. The data on eyesight was based on the right eye vision. The refraction test used a desktop automatic computer optometry instrument that met the standard (ISO 10342 Ophthalmology Instrument -Optometry), and we used Topcon RM8000 (Japan) optometry in this survey. According to “Technical standard for physical examination for students (GB/T26343-2010)” and “Workbook of National Survey on Student Physical Fitness and Health in 2014”, students' eyesight was recorded by the numerical value of standard logarithmic eyesight. Also, the values of “spherical lens”, “cylindrical lens” and “axial position” in the automatic optometry results were also recorded. In the current study, we used the logarithmic vision as the outcome variable. All data preprocessing and analyses were conducted in R (version 3.6.2; R Development Core Team) within the RStudio (version 1.1.456) platform.



Influencing factors

We mainly obtained the risk factors of myopia from the recent literature (28–31), such as the intake of nutrition and food supplements, which are often related to the progression of myopia. Also, daily activities, such as the time spent exercising, sleeping and surfing the internet with electronic devices, may affect children's eyesight. In addition, mental stress was once considered as the consequence and cause of vision loss (32). Meanwhile, we also investigated mental stress and school bullying, which were usually accompanied by mental stress (33). See the following:

1. Dietary factors: How many sugary drinks, fried foods, sweets, fresh fruits, and vegetables you had eaten in the past seven days, whether you have breakfast every day, etc.

2. Weekly exercise: How many days in the past week did you have at least 60 min of moderate-intensity activities, such as running, swimming, basketball, football, and so on?

3. Duration of Internet use: mainly included the average daily online time in the past week, the main content of surfing the Internet, the impact of surfing the Internet on study and life, and the desire to surf the Internet.

4. School bullying: what degree of bullying had students experienced in or around the school in the past 30 days?

5. Mental stress: center for Epidemiologic Studies Depression Scale (CES-D) (34) was adopted to evaluate the mental stress of participants (except the pupils).

6. Sleep duration: how many hours did students sleep every night on average?



Investigation

With the assistance of the class teacher, we delivered the informed consent to the students and their parents in the early stage. All the investigators are trained in a unified way, taking the class as a unit, and answering questions anonymously in a collective and unified way. Participants completed it independently, and all questionnaires were collected on-site.



Model settings and methods

In a linear model structure:
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Among them, “y” represents the visual acuity of the right eye of school students, “βγ” is the coefficient vector to be estimated, “Xγ” represents the factor affecting the visual acuity, “αγ” is a constant, and “ε” represents the independent and identically distributed random error term.

Suppose “y” is a quantity we are interested in, and data D is our survey data such as: diet score, exercise status. Let M= {M1, M2, …MK} represent a series of considered models, when there are “s” independent variables, which means that there are “K = 2s” models in total, the posterior distribution of “y” is obtained according to the Bayesian model averaging theory as

[image: image]

where P(y|Mk,D) is the posterior distribution of “y” given in the model “MK”, and P(Mk|D) is the probability that “MK” is the optimal model. That is, the posterior distribution of “y” is actually the posterior probability as the weight, and the value obtained by weighting the posterior distribution of all models. In equation (2), assuming that “MK” is the optimal model, the probability distribution is:
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β=(β0,β1,β2…βn), is the regression coefficient vector of the model “MK”, the model posterior probability P(Mk|D) generated by Bayes' theorem is

[image: image]

Among them, P(Mk) is the prior probability that the model “MK” is the optimal model (generally average, no information prior); P(y|Mk, X) is the marginal likelihood value of the model “MK”, which is defined as
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Among them, P(y|β, Mk, x) is the likelihood function corresponding to the model “MK”, and P(β|Mk, X) is the prior probability distribution of the parameter vector “β” in the model “MK”. Taking the posterior probability of the model as a weight, the posterior probability, mean and variance of the parameter vector “βs” can be calculated by using the weighted average
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According to the posterior probability inference rule of BMA (35, 36):

P(β| y,X) < 0.5 means that there is no evidence to prove that the variable x is an influencing factor of visual acuity; 0.5 < P(β| y, X) < 0.75 means that there is weak evidence to prove that variable “x” is an influencing factor of visual acuity; 0.75 < P(β| y,X) < 0.95 indicates that there is strong evidence to prove that variable “x” is an influencing factor of vision; P(β| y, X) ≥ 0.95 indicates that there is strong evidence that the variable “x” is an influencing factor of visual acuity.




Results


Demographics

The final sample consisted of 8,457 primary school students, 8,191 junior middle school students, and 5,901 senior middle school students. As far as elementary school was concerned, we only included the children in grades 4–6, with an average age of 10.70 ± 0.91 years old. However, as to junior middle school and senior middle school, we covered all three grades with an average age of 13.69 ± 0.91 and 16.65 ± 0.96 years. As far as the gender composition was concerned, there were 4,424 boys and 4,033 girls in the primary school, 4,306 boys and 3,885 girls in the junior middle school sample, and 3,073 boys and 2,828 girls in the senior middle school part. See Tables 1, 2 showed the average values of relevant variables in each segment.


TABLE 1 The demographic and visual acuity of the final sample.
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TABLE 2 Average value of relevant variables.
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Estimation results
 
Posterior model distribution

Figure 2A showed the mean distribution of the posterior model for grades 4–6 in elementary school. The posterior probability in most models was < 0.75, and no variables were included. Figure 2B showed the mean distribution of the regular distribution of the posterior model in junior middle schools. The prior probability distribution was uniform, and the posterior probability of the model achieved a maximum value at the abscissa of 1, which meant the model only contains one explanatory variable. Similarly, Figure 2C showed the mean distribution of the regular distribution of the posterior model in senior middle school. The prior probability distribution was uniform, and the posterior probability of the model reached a maximum value at the abscissa of 1, again, weekly exercise was the only explanatory variable.


[image: Figure 2]
FIGURE 2
 The mean value of the regular distribution of the posterior model for students. (A) The posterior model size distribution for primary school students. (B) The posterior model size distribution for junior high school students. (C) The posterior model size distribution for senior high school students.




Estimation results of explanatory variables

Table 3 showed the BMA estimation results of explanatory variables for each grade. The posterior probability represents the explanatory power of the influencing factors. PIP represents posterior inclusion probabilities–i.e., the sum of PMPs for all models wherein a covariate was included. The agreement of the posterior mean represents the direction of action of the influencing factors. Post Mean displays the coefficients averaged over all models. The coincidence rate indicates that among all the model regression results of an explanatory variable, the coefficient of this variable is consistent with the same possibility as the posterior mean, which means the robustness of the variable. In Table 3, we can see that the five variables included in primary school, include physical activity in 1 week, diet score, injury score, sleep duration, and eye use in school. In the included model, the posterior probability values are all < 0.1, which means that these variables have no high explanatory power relative to visual acuity results, and there is no statistically significant. It indicated that these variables are not the main factors affecting primary school students' vision. For junior and senior middle school students, only weekly exercise was significant among the five variables including weekly exercise, diet score, injury score, psychological score, and Internet usage. The posterior probability of weekly exercise for junior middle school students was 0.9736, and the post mean is 0.017, which indicated that exercise can greatly prevent the further development of vision.


TABLE 3 BMA estimation results of explanatory variables for each grade.
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For senior high school students, we came to the same conclusion. The posterior probability of weekly exercise was 0.9762, and the post mean was 0.019, which also meant that exercise can prevent the further development of vision for senior middle school students.

For primary school students, weekly exercise was not included. None of the five variables was chosen in the best model (model 1), with a post-probability of 0.8947 (see Table 4). The best model for junior high school students only contains one variable (weekly exercise), and the posterior probability of the model was 0.7847. When we tried to include the second factor (injury), the posterior probability of the model became 0.1496. Similarly, among senior middle school students, the best model still included only one variable (weekly exercise). Figures 3A–C also showed the variables included in the rankings of the model in each stage. Blue represents a positive correlation, while orange represents a negative correlation. In addition, weekly exercise is the most included variable among the 32 junior and senior middle school models, while the five variables in the primary school model were not selected.


TABLE 4 Model post probabilities for each grade.
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FIGURE 3
 Variables inclusion in the 32 models of different stages. Violence refers to “school bullying”; psy refers to “mental stress”. (A) Cumulative model probabilities of primary school students. (B) Cumulative model probabilities of junior high school students. (C) Cumulative model probabilities of high school students.






Discussion

On the basis of considering the model uncertainty, we used the Bayesian model averaging method to analyze the factors that affect the eyesight of primary school students, junior middle school students and senior middle school students. We found that exercise is the robust influencing factor that affects the eyesight of (junior and senior) middle school students, which has been consistent with previous studies (4, 37–40). However, few studies have identified the school stages (primary, junior or senior middle school) in the association between physical activities and myopia. Our results showed that in the progression of myopia, it is middle school students, not primary school students, who were mainly influenced by exercise. And this has deepened our understanding of the role of exercise in preventing myopia in distinct school stages. Our research results indirectly confirmed the prevention and control strategy of “Sunshine exercises for One Hour” for juvenile myopia in China (41), but it brought a new question: Are the factors that affect the progression of eyesight equally for students at different developmental stages and academic burdens?

Usually, the academic burden of junior high school students is much heavier than that of primary school students, which means that the duration of using eyes is longer and the exercise time is less. Meanwhile, middle-school students, compared to elementary-school students, show significant changes in almost all dimensions (academic, social, family, and physical) of self-conception (42), which leads to tremendous psychological and behavioral changes in individuals. And these changes possibly affect the effect of exercises on myopia. In addition, puberty also plays a role in the refractive development and its interaction with outdoor time, for example, one study once reported that puberty may play a regulating role in the relationship between outdoor time and refractive development among Chinese children and adolescents (25). Thus, we should consider the influential factors of intervention for juvenile myopia, such as academic burden, physical growth, psychological changes, and the external environment. It is necessary to conduct more trials aimed at the effect and possible mechanism of exercises on myopia by adopting a randomized controlled intervention experimental design in primary and middle schools.

Meanwhile, some critical questions remained unsolved about the correlation between exercise and myopia: Is there any distinction between physical activity and outdoor exposure? One systematic review showed that outdoor time was the most significant factor for myopia, but physical activity was not an independent risk factor for myopia (4). Similarly, an overview of systematic reviews and meta-analyses also reported that physical activity presented no effect on myopia, but increased outdoor time was protective against myopia development among non-myopes (40). Therefore, we inferred that physical activity and outdoor exposure may represent different mechanisms. However, Lingham et al. once reviewed the evidence of outdoor time on myopia and concluded that physical activity was one facet of spending time outdoors that may protect against myopia (38). The inconsistency of physical activity on myopia possibly originated from the lack of standard and objective measurements of physical activity apart from high heterogeneity of the type of studies, population sizes, ethnicity, or the age of study subjects. In the current study, we defined “exercise” as “at least 60 min of moderate-intensity activities, such as running, swimming, basketball and so on”, and we further quantified the “exercise” by how many days in 1 week. We failed to define “weekly exercise” as outdoor activity explicitly, but it is easy to deduce that, due to our specific purpose of investigating the efficacy of “Sunshine exercise for 1 h” in China and the fact that most sports listed in our definition are outdoor sports. Our definition of “exercise” seemed more accurate than before in terms of duration (at least 60 min), intensity (moderate-intensity), and frequency (how many days in 1 week), which made our results more instructive on the prevention and control of myopia among students.

Our results emphasize that middle school students should exercise for more than 60 min every week on the days of moderate and high intensity. The possible mechanism of a 1 h sunshine exercise to prevent myopia included that outdoor sunshine during exercise could promote dopamine secretion, slow down eyeball elongation and reduce myopia rate (43), which have been confirmed by animal experiments, and the protective effects of bright light on myopia development has been replicated in laboratory conditions (44).

Interestingly, our results only included exercise as the influencing factor of the vision among junior and senior middle school students, that did not mean that the rest variables had no effect. In fact, BMA model is regarded as superior at the variable selection (45, 46). For example, Wang et al. once compared the BMA approach with the stepwise procedures for selection of predictor variables in logistic regression using simulated data sets and the Framingham Heart Study data, and found that in most cases BMA selected the correct model and out-performed stepwise approaches (47). Therefore, our results can only prove that in primary school, the role of Sunshine exercise for 1 h is not more prominent than other factors; or some other important factors have been ignored. So, we need to further investigate the risk factors of myopia among primary school students, and make further analysis after including the students in grades 1–3, so as to find out the dominant influencing factors at this stage. However, in junior and senior high school, the role of exercise became more robust than other factors. Our findings provided a basis for accurate prevention and treatment of myopia among junior and senior high school students, and are expected to help improve their eyesight. To our best knowledge, BMA has not been introduced into the field of prevention and treatment of myopia in Chinese children yet. We strongly suggest that BMA should be used as a formal method for precise prevention and control of myopia.

There were several limitations in the current study. Firstly, we didn't include the students of grades 1–3 in the sample of primary school students, which may affect the research on myopia risk factors of primary school students. Secondly, the conclusion is limited among primary school students because paralytic mydriasis is not used. We will collect the data after mydriasis in future work, and then use the BMA model to select the influencing factors. Therefore, we should be careful when drawing conclusions among primary school students. Thirdly, we did not focus on a certain type of exercise that affected myopia progression, because we only wanted to learn the effect of “sunshine exercise for 1 h”, not a specific exercise. Finally, our definition of exercise intensity was self-rated and lacked objective data. In future research, we can subdivide the specific exercise type and availability of sports places, with some physiological data (such as blood pressure, heart rate, or pulse), to further explore the protective effect of exercise against myopia.



Conclusion

Our results showed that “Sunshine exercises for 1 h” was the dominant factor provide a more scientific that affected the eyesight of students in junior and senior middle school in Tianjin, China. As far as the pupils are concerned, “Sunshine exercises for 1 h” has not shown any advantages over other interventions, at least among primary school students in grades 4–6.
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