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Abstract
Background

The Canadian 24-hour movement behavior (24-HMB) guidelines recommend an adequate level of
physical activity (PA), a limited amount of screen time (ST), and su�cient sleep duration (SLP) to
promote the healthy development of children. Although the positive effects of adhering to the 24-HMB
guidelines have been established for several health parameters, less is known about how adherence to
the 24-HMB guidelines relates myopia risk (i.e., inability to see distant objects properly). This study
investigated associations between meeting 24-HMB guidelines and myopia risk in school-aged children.

Method

Using a questionnaire survey, this cross-sectional study was conducted among parents of school-aged
children (5–13 years) in China from September 15 to October 15, 2022, with a total of 1,423 respondents
with complete data for analysis. Parents reported their child’s time spent in moderate-to-vigorous physical
activity (MVPA), SLP and ST. Multiple logistic regression analyses were performed to examine the
associations between measures of PA, ST, and SLP alone and in combination, and myopia.

Results

A relatively low percentage of the children (4.92%) met all 24-HMB guidelines, while 32.46% had myopia.
Girls had a signi�cantly higher risk of myopia compared to boys (OR = 1.3, 1.002 to 1.68, p = 0.049).
Children of parents without myopia had a lower risk of myopia (OR = 0.45, 0.34–0.59, p < 0.001). Children
who lived in cities (OR = 1.83, 95% CI 1.33 to 2.52, p < 0.001) or towns (OR = 1.60, 1.03 to 2.47, p = 0.04)
had a signi�cantly higher risk of myopia compared to those living in villiages. Meeting SLP guidelines
(OR = 0.50, 95% CI 0.31 to 0.82, p < 0.01), meeting ST + SLP guidelines (OR = 0.47, 95% CI 0.32–0.69, < 
0.001), and meeting all three guidelines were associated with signi�cantly decreased risk of myopia (OR 
= 0. 40, 95% CI 0.20–0.82, p = 0.01). Meeting more 24-HMB guidelines was associated with reduced risk
of myopia.

Conclusions

Adhering to SLP guideline, ST + SLP guideines, and ST + SLP + PA may be a preventive approach to the
onset and progression of myopia. Future research investigating dose-response associations, and
potential mechanisms, is necessary to achieve a more nuanced understanding of the observed
associations.

1. Introduction
Myopia is one of the most common vision disorders [1, 2] with a global prevalence of approximately 23%
in 2000. It is forecasted that myopia prevalence will reach about 50% of the world population in 2050 [1],
and children are more likely to suffer from myopia [3]. Recent studies have reported a myopia prevalence
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of 60% in Asia and 40% in Europe [4]. Statistical data shows that China has the highest myopia rates
worldwide among children, with an estimated prevalence of 52.7% in 2020 [5]. Of note, an increasing
number of studies have shown that children with myopia had poorer academic performance and poorer
quality of life [6, 7]. Moreover, myopia in children is associated with a greater likelihood of myopia in
adulthood, and can lead to permanent vision damage [1, 8–10]. Thus, myopia has become a
considerable global public health problem [11] requiring special attention from the scienti�c community
to better understand the causes and consequences of this condition.

The etiology of myopia remains debated, but previous studies have shown that genetic factors play an
important role in the development of myopia [12–15]. Speci�cally, parents with myopia reported a greater
chance of having a child with myopia than non-myopic parents [16, 17] [18–20]. In addition, an unhealthy
lifestyle (e.g., characterized by the excessive use of electronic devices (refering to screening time: ST),
insu�cient amount of sleep (SLP), and lack of physical activity (PA) may contribute to the onset and
progression of myopia [21–27]. First, ST has been assumed to play a central role in the development of
myopia [28, 29], with many studies showing a positive association between ST and the occurrence of
myopia in adolescents [26, 29–33]. Second, inadequate SLP was associated with a greater odds of
reporting visual impairments and myopia progression [34–37]. In particular, going to bed late in school-
aged children was observed as a risk factor for myopia development [38]. Third, studies have also shown
that beng physically active is bene�cial in reducing the incidence of myopia [22, 39]. Furthermore,
different kinds of PA (e.g., basketball, volleyball, and badminton) can effectively reduce the risk of
developing myopia [40–44]. In this context, the �ndings of several studies suggest that engagement in
outdoor PA can signi�cantly reduce myopic progressions by slowing down the growth of the optic axis
[45–50]. Previous studies, as cited above, have investigated the association(s) between isolated or
independent lifestyle factors and myopia. To the best of our knowledge, there have been no studies that
evaluated the synergistic effects of different movement behaviors and the risk of developing myopia in
children. An integrative and holistic approach to deepen understanding of associations between
movement behaviors combinations (PA, ST, and SLP) and myopia is necessary so that early interventions
can be implemented to effectively reduce myopia development or progression.

Recently, the 24-hour movement behavior guidelines (24-HMB) have drawn increased attention in public
health research and practice. 24-HMBs include PA, sedentary behavior [51], and SLP [52, 53]. There is
evidence that meeting the recommendations of 24-HMB guidelines has a positive in�uence on health-
related outcomes, including psychosocial health, motor development, cognitive development, and
cardiometabolic health of children [54–61]. In general, a higher level of PA, a lower amount of ST, and a
su�cient SLP have been shown to be bene�cial alone and in combination to promote the healthy
development of children [61–63]. However, to the best of our knowledge, the relationship between 24-
HMB guideline adherence and myopia in school-aged children has not been examined yet. A better
understanding of whether meeting the 24-HMB guidelines is associated with lower myopia rates is crucial
to promoting evidence-informed interventions aiming to prevent and control the onset and progression of
myopia. Accordingly, we aimed to investigate the associations between meeting 24-HMB guidelines and
myopia in school-aged children. Based on the evidence showing that adherence to the 24-HMB is
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associated with better overall health, we hypothesized that meeting 24-HMB guidelines would be
associated with lower risk of myopia after controlling for demographic, socioeconomic, and other factors.

2. Methods

2.1. Study design and participants
A cross-sectional survey was conducted from September 15 to October 15, 2022 in China. To obtain a
representative sample, simple random sampling was employed in which parent(s) of children were
randomly selected from a sample pool while 31 provinces were pre-determined. A total of 1,790 parents
of school-aged children (5–13 years) agreed to participate in this study and then complete the e-survey.
After removing the data of those participants who did not provide complete data, 1,423 participants were
included in the �nal data analysis. This study was approved by the ethical committee of Shenzhen
University (PN-2021-014). All legal guardians of the participating children provided written informed
consent.

2.2. Measures
All participating parents completed a questionnaire survey that was used to assess age, sex, living
location, ST, SLP, PA level, myopia, and family myopia history. Myopia was de�ned as a spherical
equivalent (SE) of − 0.5 diopter (D) or less, and emmetropia was an SE between − 0.50 and 0.50 D. Further
classi�cations included mild, moderate, and high myopia as an SE of − 0.5 to − 3.0 D, − 3.0 to − 6.0 D, and
<-6.0 D, respectively [64]. Parent(s) were asked to report their child’s latest vision test results conducted by
an optometrist. Myopia was assessed with the following question:“is your child myopic?” The response
categories were “yes” and “no”. If they answered “Yes”, follow-up questions on refractive range were
asked to allow caterogization into pre-myopia and low-myopia according to the China CDC.

The 24-HMBs include three components - PA, ST, and SLP- that were assessed using speci�c questions
as described below. Parent(s) of participating children was asked to answer three different questions. The
�rst question was “Over the past 7 days, how many days did your child engage in at least 60-min
moderate-to-vigorous PA (MVPA referring to sweating slightly and breathing faster with di�culty in
talking to others - including physical education lessons, sports training, brisk walking, hiking)”, with
response options from 1 day to 7 days. Second, ST was measured with the question, “On most weekdays,
how much time did your child spend in front of a TV, computer, cell phone, or other electronic device
watching programs, playing games, accessing the internet, or using social media? (do not include time
spent doing schoolwork.)”, with response options 1 = less than 1 h, 2 = 1 h, 3 = 2 h, 4 = 3 h, and 5 = 4 h or
more. SLP was quanti�ed with the question, “During the past week, how many hours of sleep did your
child get on most weeknights?”, with response options 1 = less than 6 hours, 2 = 6 hours, 3 = 7 hours, 4 = 8
hours, 5 = 9 hours, 6 = 10 hours, and 7 = 11 hours or more. For children aged 5 to 13 years, responses 5 to
7 (9 h or above) were considered to meet the guideline. The participants who met or did not meet the 24-
HMB guidelines were coded as 1 or 0, respectively [65]. Adherence to 24-HMB guidelines (≥ 60 min/day
MVPA, ≤ 120 min/day ST and 9–11 h SLP per day) were handled in terms of continuous (0 vs. 1 vs. 2 vs.
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3) and categorical variables (the combinations of guidelines met). More speci�cally, the results of 24-
HMB guidelines as categorical variables were reported as (a) meeting 1 of 3 (PA or ST, or SLP), (b)
meeting 2 of 3 (PA + ST or PA + Sleep or ST + Sleep), (c) meeting all guidelines, and (d) not meeting any
guidelines.

2.3. Statistical analysis
Descriptive statistics were conducted for all assessed variables. The mean (M) and standard deviation
(SD) of all variables were calculated. Differences emerging from age and other demographic variables
(e.g., sex, place of residence, family income, only-child, education background, and parents have myopia
or not) on outcomes of interest were determined through t-tests and analysis of variance. Partial
correlation analyses were used to examine the associations among MVPA and other questions after
controlling for the above-presented demographic variables. Multivariable logistic regressions were used
to estimate adherence to 24-HMB guidelines and risk of myopia by using odds ratios (OR) with a 95%
con�dence interval (CI). Multiple logistic regression analyses were performed to examine the association
between independent factors (demographic data, PA, ST, and/or SLP) and myopia. All statistical analyses
were conducted using the SPSS version 24.0. The signi�cance level was set at 0.05.

3. Results

3.1. Sample Characteristics
A total of 1,423 parents of children aged 5 to 13 years participated. Table 1 presents the descriptive
characteristics of our sample. The mean (± SD) age of the children was 8.69 ± 1.86 years, and 62.9% were
females. The proportion living in villages, towns, and cities was 39.99%, 10.75%, 49.26%, respectively.
Prevalence of myopia was 32.46% (Pre-myopia n = 18 and low-myopia n = 444). The number of children,
house income level, highest education level of parents, and parent myopia are presented in Table 1.

The prevalence of meeting the 24-HMB guideline(s) is presented in Table 1. The prevalence of meeting
PA, ST, and SLP guidelines was 0.84%, 26.7%, and 11.17%, respectively. In addition, 42.66% met ST + SLP
guideline, 1.69% met ST + PA guideline, and 0.49% met SLP + PA guideline. Additionally, 11.52% met none
of the 24-HMB guidelines, and only 4.92% met all three 24HMB guidelines.
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Table 1
Participants characteristics

(n = 1423)

Characteristics Value1

Age (years) 8.69(1.86)

Sex  

Male 528(37.10)

Female 895(62.90)

House income level

≤3000 89(6.25)

3001–6000 338(23.75)

6001–10000 477(33.52)

10001–20000 419(29.44)

> 20000 100(7.03)

Highest education level of the parents

Less than high school 103(7.24)

High school 168(11.81)

College or associated degree 1035 (72.73)

Master degree or higher 117(8.22)

Living

Village 569(39.99)

Town 153(10.75)

City 701(49.26)

Number of Children in respective households

1 805(56.57)

2 564(39.63)

≥ 3 54(3.79)

History of myopia in parents

Note: Values# are mean (SD) or n (%).
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(n = 1423)

Yes 960 (67.46)

No 463(32.54)

Adherence to the 24-hour movement guidelines

None 164(11.52)

Screen time 380(26.70)

Sleep 159(11.17)

Physical activity 12(0.84)

Screen time + Sleep 607(42.66)

Screen time + Physical activity 24(1.69)

Sleep + Physical activity 7(0.49)

All 70(4.92)

Myopia  

No 961(67.53)

Yes 462(32.46)

Pre-myopia 18(1.26)

Low-myopia 444(31.20)

Note: Values# are mean (SD) or n (%).

3.2 Associations between meeting 24-HMB guidelines and
myopia.
Table 2 shows associations between all covariates, meeting 24-HMB guidelines, and myopia.
Participating girls were associated with a signi�cantly higher risk of myopia compared to boys (OR = 1.3,
1.002 to 1.68, p = 0.049). children of parents who was not myopic had a lower risk of myopia (OR = 0.45,
0.34–0.59, p < 0.001). Concerning living location, children who lived in city (OR = 1.83, 95% CI 1.33 to 2.52,
p < 0.001) and town (OR = 1.60, 1.03 to 2.47, p = 0.04) had a signi�cantly higher risk of myopia compared
to those living in villiage.

Results showed that meeting SLP guidelines was associated with a lower risk of myopia (OR = 0.50, 95%
CI 0.31 to 0.82, p < 0.01), meeting ST + SLP guidelines was associated with a lower risk of myopia (OR = 
0.47, 95% CI 0.32–0.69, < 0.001), and meeting all three guidelines is signi�cantly linked to decreased risk
of myopia (OR = 0. 40, 95% CI 0.20–0.82, p = 0.01. In addition, the number of meeting 24-HMB guideline
was negatively associated with reduced risk of myopia as follow (see Table 2).
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Table 2
Associations between all covariates, meeting 24-HMB and myopia.
Myopia

  Odds ratio (95% CI) p

Intercept 0.02(0.01–0.06) < 0.001

Age

Sex

Male (reference) 1 (reference)  

Female 1.30 (1.002–1.68) 0.049

Income

<3000 (reference) 1 (reference)  

3000–6000 1.28 (0.70–2.35) 0.43

6000–10000 1.54 (0.83–2.87) 0.17

10000–20000 1.59 (0.83–3.02) 0.16

> 20000 1.92 (0.91–4.06) 0.09

Highest education level among reported adults

Less than high school (reference) 1 (reference)  

High school 1.04 (0.56–1.92) 0.91

College or associated degree 0.91 (0.51–1.59 0.73

Master degree or higher 0.50 (0.24–1.04) 0.07

Living

Village (reference) 1 (reference)  

Town 1.60 (1.03–2.47) 0.04

City 1.83 (1.33–2.52) < 0.001

Number of Children

1 (reference) 1 (reference)  

2 1.00 (0.76–1.31) 0.99

3 1.22 (0.63–2.37) 0.56

Parents’ myopia    

Yes (reference) 1 (reference)  
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Myopia

No 0.45(0.34–0.59) < 0.001

24-HMB guidelines met (categorical)

None (reference) 1 (reference)  

Screen time only 0.72 (0.48–1.08) 0.11

Sleep only 0.50 (0.31–0.82) < 0.01

Physical activity only 1.51 (0.44–5.20) 0.51

Screen time + Sleep 0.47 (0.32–0.69) < 0.001

Screen time + Physical activity 0.41 (0.14–1.16) 0.09

Sleep + Physical activity 0.28 (0.03–2.82) 0.28

All three 0.40 (0.20–0.82) 0.01

General combinations    

None (reference) 1 (reference)  

One 0.66 (0.45–0.97) 0.03

Two 0.46 (0.31–0.68) < 0.001

Three 0.40 (0.20–0.81) 0.01

4. Discussion
To the best of our knowledge, the current study is the �rst study investigating the associations between
24-HMB guideline adherence and myopia among 5–13 year-old children. Results suggest that only 4.92%
of the children in our sample met all three 24-HMB recommendations, which is comparable to the
observations of previous studies [66, 67]. This low prevalence of meeting 24-HMB in Chinese children is a
call for further actions for different stakeholders (e.g., policymakers) to design measures to promote
adherence to the 24-HMB in order to foster the healthy development of children.

With respect to living location, children who lived in urban areas (city and town) demonstrated higher risk
of myopia compared to those living in rural areas. Such �ndings are in line with previous studies,
suggesting that children living in urban areas were more likely to suffer from myopia [68–71]. This
�nding might be a consequence of urbanization (e.g., increasing burden of education) and modernity
(e.g., availability of more digital screens) that limit the opportunities for outdoor activities, especially
outdoor PA with distance viewing, and increase the chances for ST-based sedentary behaviors among
children in China. Another potential reason for more myopia in urban environments might be the lack of
the same opportunity (as in rural areas) to change your focus from near to distant objects. Conversely,
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engaging in outdoor PA is likely to be preserved in rural areas where the children have less access to
screens, less pollution and more healthy opportunities to play in outdoor spaces. Such behaviors may
promote higher amounts of MVPA and lower amount time spent on ST-based sedentary behaviors.
Participating girls were associated with a higher risk of myopia compared to boys, which may be
attributed to habitual reading in girls. Finally,

children of parents who was not myopic had a lower risk of myopia, which is supported by previous
studies indicating the role of genetical factor in the development of myopia (Guggenheim & Williams,
2015; Li et al., 2022; Morgan & Rose, 2005; Wojciechowski, 2011).

Results indicated associations of myopia with meeting 24-HMB guidelines, speci�cally SLP guideline and
ST + SLP guidelines. Such �ndings are in line with previous studies. For instance, Liu et al. [72] observed
that meeting only the SLP was linked myopia in children. Other studies also reported that inadequate SLP
was linked to a greater possibility of reporting visual impairments and myopia progression [21, 73–75].
Likewise, children who adhered to SLP + ST guideline were linked to reduced risk of myopia. Taken
together, such results on SLP guideline adherence may be explained by circadian rhythm as it plays an
essential role in the development of visual health (Stone et al., 2013). The disruption of circadian rhythms
due to inadequate SLP and poor sleep quality may interfere with regulatory mechanisms controlling optic
axis growth that underlie the emmetropization process, leading to refractive errors (Chakraborty et al.,
2018; Morgan et al., 2013; Nickla, 2013). Interestingly, myopia was not associated with ST, but ST + SLP
in the present study. Such �ndings are particially supported by a recent meta-analysis reporting no
signi�cant association between myopia and ST among children aged 3–19 years old[26]. Such �ndings
may be due to social expectation bias or recall bias. Thus, more high-quality studies should be further
conducted on this topic. Finally, the number of meeting 24-HMB guidelines were negatively associated
with reduced risk of myopia. Taken together, action should be taken to encourage school-aged children to
meet a maximum of guideline, to promote healthy growth and development generally, but also to mitigate
the risk of myopia.

Of note, the number of children adhering to PA guideline was only 12, which may not have enough power
to generate signi�cant �ndings in terms of PA alone and its combination (ST + PA and SLP + PA). Another
possible explanation on PA guideline alone and its combination may be attributed to PA (indoors vs.
outdoors). Previous studies on association between indoor PA and myopia are inconsistent. For example,
some studies reported an association between increased level of PA and myopia [76–79], and others did
not observe such a link [80, 81]. Conversely, studies investigating outdoor PA and myopia provide more
consistent evidence [82, 83]. For instance, results from clinical trials indicated that outdoor PA effectively
alleviated myopic progressions by slowing down the growth of the optic axis amd keeping ocular
distance muscle strong [45–47]. Additional possible explanation may be attributed to that outdoor PA on
myopia effectively elevated blood �ow and thickness of the choroid [84]. In particular, when children
participated in outdoor PA, they were exposed to strong environmental light, which leads to a constricted
pupil size and consequently to an increase in depth of �eld, a decrease in a blur, or an increased
dopamine level to antagonize myopic shift [85].
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Strength and limitations of study

The major strength of this study is that we are among the �rst that utilized the holistic approach to
investigate the associations between 24-HMB movement behaviors and myopia risk in school-aged
children. From a clinical perspective, strategies are needed to promote and support adherence to the 24-
HMB guidelines, particularly the ST + SLP guideline and all three guidelines, given their potential
importance to reducing the myopia risk in Chinese children being shown by the data of our study.
However, as our cross-sectional study does not allow assumptions to be made concerning the causality
of the observations, longitudinal studies and intervention trials are needed to investigate whether
positively in�uencing the 24-HMB reduces myopia prevalence among Chinese children. In this context, it
seems important, based on the available evidence, to investigate whether the setting of the PA
intervention (e.g., indoor vs. outdoor) in�uences the possible effects. Of note, several limitations should
be considered when interpreting the �ndings of the current study. First, due to the cross-sectional design
of this study, we are not able to track the consistency of the different movement behavior and whether
they change over time (e.g., due to seasonal rhythms), precluding any causal inferences. Second, we used
parental-report questionnaires and thus our data might be in�uenced by awareness of the child’s
behaviors, recall and social desirability biases. Third, the small sample size of some groups in the current
study may limit the power to detect associations, which is also an important reason why we have
conducted a limited number of subgroup analyses. Therefore, future studies may consider using a larger
sample size to con�rm or rebut our �ndings.

5. Conclusion
In conclusion, the present study provides some evidence that the risk of myopia in school-aged Chinese
children is lower when they met the SLP guideline, SLP + ST, and ST + SLP + PA compared to those
children that did not meet any of the 24-HMB guideline. Thus, our study extends the literature related to
the 24-HMB framework as it broadens the current knowledge regarding the important role of movement
behaviors to promote vision health – namely to lower the risk of myopia among Chinese school-aged
children.
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