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Hospital, Liaoning Provincial Key Laboratory of Cornea and Ocular Surface Diseases, Liaoning
Provincial Optometry Technology Engineering Research Center, Dalian, Liaoning, China,
2Department of Ophthalmology, The Fourth Affiliated Hospital of China Medical University, Shenyang,
China

Background: This study aims to investigate the independent causal relation
between height, screen time, physical activity, sleep and myopia.

Methods: Instrumental variables (IVs) for exposures and outcome were
obtained from the largest publicly available genome-wide association studies
(GWAS) databases. First, we performed a bidirectional univariate MR analysis
using primarily the inverse variance weighted method (IVW) with height, screen
time, physical activity and sleep as the exposure and myopia as the outcome to
investigate the causal relationship between exposures and myopia. Sensitivity
analysis was used to demonstrate its robustness. Then the multivariable MR
(MVMR) and MR-based mediation approach was further used to estimate the
mediating effect of potential confounders (education and time outdoors) on
causality.

Results: The results of univariate MR analysis showed that taller height
(OR=1.009, 95% CI=1.005-1.012, p=3.71x107), longer time on computer
(OR=1.048, 95% CI=1.029-1.047, p=3.87%x1077) and less moderate physical
activity (OR=0.976, 95% Cl=0.96-0.991 p =2.37x107®) had a total effect on
the increased risk of developing myopia. Meanwhile our results did not have
sufficient evidence to support the causal relationship between chronotype
(p = 0.637), sleep duration (p = 0.952) and myopia. After adjusting for education,
only taller height remains an independent risk factor for myopia. After adjusting
for education, the causal relationship between height, screen and myopia still
had statistical significance. A reverse causal relationship was not found in our
study. Most of the sensitivity analyses showed consistent results with those of
the IVW method.

Conclusion: Our MR study revealed that genetically predicted taller height,
longer time on computer, less moderate physical activity increased the
risk of myopia. After full adjustment for confounders, only height remained
independently associated with myopia. As a complement to observational
studies, the results of our analysis provide strong evidence for the improvement
of myopia risk factors and provide a theoretical basis for future measures to
prevent and control myopia in adolescents.
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Introduction

Myopia has become a growing public health concern worldwide,
especially in some East and Southeast Asian regions with increasing
incidence in recent decades (1). It is estimated that more than half of the
world’s population will be affected by myopia by 2050 (2). High myopia
(over —6.0 D) can even lead to pathological complications, such as
cataracts, open-angle glaucoma and retinal detachment (3). Data from
Asian populations show that myopia increases rapidly in childhood,
affecting 80-90% of high school students, of whom 10-20% are high
myopia (4). Myopia is a multifactorial disease related to genetic and
environmental factors (5). We currently have strong evidence for a
causal link between education and time outdoors and myopia (6).
However, evidence remains weak and inconsistent on whether some
highly concerned modifiable risk factors, such as height (7-10), screen
time (11, 12), physical activity (13-16) and sleep (17-21), affect the
development of myopia. Therefore, it is very important to further
investigate the risk factors for myopia in order to propose feasible
measures that can reduce the incidence of myopia and slow down the
progression of myopia. Because the results of observational studies are
inevitably affected by potential confounding factors and reverse
causality. Randomized controlled trials (RCT) are also difficult to
conduct due to the limitations of human and financial resources and
ethics. In recent years, the genetics of myopia has flourished, with
genome-wide association studies (GWAS) in particular successfully
identifying many common genetic variants associated with myopia and
refractive error (22). Genetic variation accounts for at least 12%, and
possibly as much as 30% or more, of the variance in mean spherical
equivalent refraction in populations of European ancestry at present (6).
Under the circumstances, a well-designed mediation analysis and
Mendelian randomization analysis would be particularly useful.

Mendelian randomization (MR) analysis employs genetic variations
to evaluate the causality between exposures and outcomes and has the
advantage of minimizing bias due to confounding factors and reverse
causality (23). The study design is similar to randomized controlled trial
(RCT) since genes are transferred from parents to offspring randomly
(24). In this study, we conducted a MR analysis to thoroughly investigate
about the causal effects of some highly discussed, clinically instructive and
changeable personal factors, including height, screen time, physical
activity, sleep on myopia using univariate MR and multivariate MR
methods. Furthermore, we used MR-based mediation analysis to
investigate whether education and time outdoors mediate the effects
of exposures.

Materials and methods
Study design and MR assumptions
In this study, we selected instrumental variables for the MR analysis

using height, screen time, physical activity and sleep as ‘exposures’ and
myopia as ‘outcome’ Then, we conducted a two-sample bidirectional
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univariable MR analysis to evaluate the bidirectional causal relationships
between exposures and myopia. Meanwhile sensitivity analysis was used
to demonstrate its robustness. Next, we performed a multivariate MR
analysis to assess whether the causal effect of exposures on myopia was
mediated by education and time outdoors. Finally, a mediation analysis
was calculated to assess the proportion of exposures’ effect on myopia
mediated by education and time outdoors. Three assumptions must
be satisfied in this MR analysis: (1) the genetic variant used in MR is
associated with exposures (relevance assumption); (2) associations of the
genetic variant with exposures and myopia must not be confounded
(independence assumption); and (3) the genetic variants must have an
association with myopia only through the effect associated with exposures
(exclusion restriction assumption) (Figure 1A).

Data source

The MR study was performed using publicly published studies or
shared datasets. No additional ethics statement or consent was
needed. Genetic instruments of height (standing height, N=336,474),
screen time (time spent using computer, N =261,987) and physical
activity (number of days/week of moderate physical activity 10+
minutes, N =321,309) were derived from the Neale Lab consortium’s
summary data from the UK Biobank. Genome-wide association
study (GWAS) of chronotype (N=413,343) and sleep duration
(N=460,099) extracted from the UK Biobank, a large cohort study
with deep genetic and phenotypic data collected on more than
500,000 individuals from across the United Kingdom (25).
Chronotype refers to an individual’s tendency for earlier or later sleep
times, also known as circadian rhythm preference.

For the first assumption, the instrumental variables (IVs) for MR
analyses were selected at a threshold of genome-wide significance
(p<5%107®). Furthermore, the IVs for MR analyses were selected based
on the following criteria: (1) To meet the MR assumptions, we performed
a linkage disequilibrium (LD) analysis (R*<0.001, clumping
distance=10,000kb) based on European-based 1,000 Genome Projects
and removed the SNPs that did not meet the requirements. (2)
Palindromic SNPs with intermediate allele frequencies were removed
when harmonizing exposure and outcome data. (3) Proxy SNPs with
>0.9 according to LDlink' were used when the original SNPs were not
available for the outcome. At the same time, we estimated the F-statistics
to evaluate the instrument strength. F<10 indicates weak instrument
strength (26).

Myopia data integrated by the MRC IEU (“Phenotype: Reason for
glasses/contact lenses: For short-sightedness, ie., only or mainly for
distance viewing such as driving, cinema etc., [called ‘myopia’]”) were
used as an outcome, including 37,362 cases of myopia and 423,174 cases
of population controls.

1 https://ldlink.nci.nih.gov/

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1383449
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://ldlink.nci.nih.gov/

Liu et al. 10.3389/fpubh.2024.1383449
A MR Confounders
assumptions
Exposure
Sllzl/;S Assum tior;/ 1 Sciﬂg:tme OUtcome
P . Physical activity c Myopia
Relevance assumption Sleep
Assumption 3
Exclusion assumption
N
B
Mediation analysis Education
/ Time outdoors \
Height
Screen time I\/Iyop|a
Physical activity ¢’
Sleep

FIGURE 1

Overall design of Mendelian randomization analyses in the present study. (A) Schematic diagram of the three major assumptions of Mendelian
randomization. (B) Mediation analysis diagram applied in this study.

MR analysis and sensitivity analysis

The principal method of two-sample MR conducted in this
study was inverse variance weighted (IVW) (27), followed by
MR-Egger and weighted median (WM) (28). If the assumption that
all included SNPs can be used as valid IVs is met, the [IVW method
provides an accurate estimate (29). MR Egger’s results remained
valid if SNPs with pleiotropy exceed 50%, but the estimation
accuracy produced by this method is very low (30). WM analysis
calculates the median of an empirical distribution of MR association
estimates weighted for their accuracy, providing consistent
estimates when more than half of the instruments are valid (28).
Then, we performed reverse MR analysis with myopia as exposure.
We adopted methods and settings that were consistent with the
forward MR. Next, to investigate the direct effects of exposures on
myopia, we performed multivariable MR (MVMR) analysis by
multivariate random-effects IVW method, which is an extension of
univariable MR that allows detecting causal effects of multiple risk
factors jointly (31). Finally, we calculated the proportional effect of
exposures on outcomes mediated by potential confounders
(educations and time outdoors). A graphical summary of the
analyses is given in Figure 1. First, we performed univariable
two-sample MR to estimate the total effect of each exposure on
myopia (¢ in Figure 1A) and the effect of each exposure on
education and time outdoors (a in Figure 1B). We then used MVMR
to estimate the effect of education and time outdoors on myopia (b
in Figure 1B), adjusting for each exposure. Therefore, the indirect
effect of each exposure on myopia, through education and time
outdoors, was obtained by multiplying the effect of each exposure
on each mediator and the effect of each mediator on myopia (axb
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in Figure 1B). MR effect was considered significant at a Bonferroni-
corrected p value of 0.05/5=0.01 (five exposure and one outcome).
A p valuebetween 0.01-0.05 was considered a suggestive
association. The results were presented in odds ratios (OR) and 95%
confidence intervals (CI).

Given that the traditional IVW MR method is susceptible to
unbalanced horizontal pleiotropy (32). To assess comprehensive
sensitivity, the heterogeneity estimated by Cochran’s Q test was used
to appraise whether any single IV was driving the results and to
check for consistency of the analyses with MR assumptions. The
MR-Egger regression test intercept evaluates the evidence for
directional pleiotropy, where intercepts that are significantly
different from zero suggest directional pleiotropy (30) (p <0.05). If
the MR-PRESSO analysis indicated that significant outliers exist,
we would remove the outlier variants and conduct the MR analysis
again. Finally, we used leave-one-out plots for IVW estimates to
confirm that the effects were not unduly influenced by outliers
potentially representing pleiotropic pathways. All analyses are
performed using the TwoSampleMR v0.5.7 package in the R
software (Version 4.2.1), except for the MR-PRESSO model, which
is performed using the MRPRESSO package v1.0.

Results

Univariable and bidirectional Mendelian
randomization

After removing palindromic sequences, the number of SNPs
included as IVs for exposures in MR analysis is shown in Figure 2.

03 frontiersin.org
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The detailed information for each SNP selected as IVs were shown
in Supplementary Table 1. F-statistic for all exposures ranges from
15 to 667, indicating the absence of weak instrumental variables.
The main IVW method shows that the taller height (OR=1.009,
95%CI=1.005-1.012, p =3.71 x 1077) and time spent on computer
(OR=1.048, 95%CI =1.029-1.047, p =3.87 x 1077) may increase
the risk of the onset of myopia and more physical activity is a
protective factor against myopia (OR=0.976, 95%CI =0.96-0.991,
p =2.37%x107%). No significant causal relationships were found
between sleep duration (OR=1.006, 95%CI=0.981-1.031,
p =0.652), chronotype (OR=1, 95%CI=0.99-1.009, p =0.927)
and myopia. More detailed results are shown in Figure 2. These
associations are consistent across WM and MR-Egger methods,
with similar causal estimates in direction and magnitude.
Although the Cochran’s Q test on height, screen time, sleep
duration and chronotype showed heterogeneity (p <0.05), because
we used random-effects IVW as the primary method,
heterogeneity was acceptable and would not invalidate the
estimate (33) (Supplementary Table 2). Meanwhile the causal
relationship between exposures and myopia remained after
excluding outliers using MR-PRESSO (Figure 2). The p-values of
the intercepts were>0.05 with the MR Egger pleiotropy test,
indicating that there is no pleiotropic bias in the assessment of

10.3389/fpubh.2024.1383449

causal relationships with the IVW method. Leave-one-out analysis
shows that all SNPs are evenly distributed on the same side of 0
and the causality is not driven by any single SNP. In the reverse
MR analysis, we found no reverse causality between myopia
and exposures.

Multivariable Mendelian randomization and
mediation analysis

Since the causal relationship between exposures and myopia
might be partially mediated by education and time outdoors,
we used MVMR analysis to assess the direct effect of exposure on
myopia. According to the results of MVMR analysis, height can
be considered an independent risk factor, because it still has a
significant causal relationship with myopia after adjusting for
education and outdoor time. Whereas physical activity does not
appear to have a direct effect on myopia, as the significance
disappears after adjustment. Meanwhile the causal relationship
between screen time and myopia is largely mediated by education.
Detailed data are shown in Table 1.

Finally, we further calculated the proportional effect of height,
screen time and physical activity on myopia mediated by education

Exposures nSNPs Methods p.value OR(95%Cl) pleiotropy
Standing height 589 VW 3.71x10-7 e 1.009(1.005 to 1.012) 0.203
MR EGGER 0.251 e 1.005(0.997 to 1.012)
WM 7.43x10-3 e 1.006(1.002 to 1.010)
MR PRESSO 6.80x10-6 it 1.007(1.004 to 1.011)
Time on computers 36 VW 3.87x10-7 I e 1.048(1.029 to 1.067) 0.759
MR EGGER 0.244 —————— 1.065(0.960 to 1.181)
WM 1.26x10-4 i = 1.044(1.021 to 1.068)
Physical activity 7 VW 2.37x10-3 —— 0.976(0.960 to 0.991) 0.853
MR EGGER 0.826 0.987(0.880 to 1.106)
WM 8.91x10-4 — 0.976(0.953 to 0.989)
Sleep duration 53 VW 0.652 o — 1.006(0.981 to 1.031) 0.952
MR EGGER 0.858 : 1.008(0.920 to 1.106)
WM 0.933 —_—— 1.001(0.976 to 1.072)
MR PRESSO 0.503 — 1.003(0.977 to 1.012)
Chronotype 131 VW 0.927 - 1.000(0.990 to 1.009) 0.637
MR EGGER 0.634 — 0.993(0.965 to 1.022)
WM 0.55 ot 1.003(0.992 to 1.015)
, MR PRESSO 0.308 e 1.004(0.996 to 1.012)
P<0.01 was considered statistically significant 0‘9 1\ ] I1
FIGURE 2
Mendelian randomization estimated effects of exposures on myopia.
TABLE 1 The results of MVMR analysis and the proportion of mediation effects.
Exposure Multivariate model OR (95%Cl) p value Mediation effect (%)
Height MVMR adjusted for education 1.006 (1.003-1.01) 7.64x 1075 31.4%
MVMR adjusted for time outdoors 1.007 (1.004-1.011) 5.14x 107> 18.8%
Time on computers MVMR adjusted for education 1.005 (0.983-1.028) 0.648 64.5%
MVMR adjusted for time outdoors 1.031 (1.012-1.05) 1.44x 1073 46.5%
Physical activity MVMR adjusted for education 0.993 (0.983-1.003) 0.185 15.8%
MVMR adjusted for time outdoors 0.989 (0.974-1.004) 0.145 39.8%

*p<0.01 is considered to be statistically significant.
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and time outdoors by mediation analysis. The results shown in Table 1
indicate that the effects of these exposures on myopia were all
mediated to varying degrees by education and time spent outdoors.

Discussion

Numerous observational studies have reported that height,
screen time, physical activity and sleep may be risk factors for
myopia, but these causal relationships have been inconsistent.
Because it is difficult in observational studies to rule out the effects
of known mediators and to avoid reverse causation. MR is a method
of exploring the causal relationship between phenotypes and
diseases at the genetic level using publicly available summary-level
data, which overcomes the above shortcomings while simulating
RCT. To our knowledge, we are the first to use MR to provide
stronger evidence for the genetic association of these exposures
with myopia. According to this MR study, taller height, longer time
on computer and less moderate physical activity had a total effect
on the increased risk of developing myopia. After adjusting for
education, only taller height remains an independent risk factor for
myopia. After adjusting for education, the causal relationship
between height, screen and myopia still had statistical significance.

Many observational studies have reported a positive correlation
between children’s height and axial length (AL) (7-10). In a cross-
sectional observational study in Malaysia, Mohd-Ali et al. reported
that for every centimeter increase in height, the longitudinal axial
length of the eye increased by 0.056 mm (7). Tao et al. gave similar
conclusions that there is a significant correlation between eye axis
growth and height growth during the growth of preschool children
in a 5-year cohort study (8). A recent longitudinal changes and
cross-sectional analysis study came to the same conclusion in the
post-COVID-19 era (34). Although it is well known that AL plays
a crucial role in myopia, it does not mean that the lengthening of
AL will necessarily increase the risk of the onset of myopia. In
addition, Stickler syndrome is an autosomal recessive disease
characterized by cleft palate, high myopia and increased height due
to heterozygous pathogenic variants in the collagen genes COL2A1
and COL11A1, which to some extent suggests that there may be a
potential genetic relationship between height and myopia (35). In
contrary, some studies have suggested that adult height is
independently related to ocular dimensions, but does not appear to
have an effect on refraction (36). During the period of coordinated
eye growth in children, the crystalline lens thins, which may also
compensate for some myopia related to AL growth (37). In our MR
study, similar to the results of most previous studies, we found that
height had a genetic causal association with myopia (OR=1.009,
95%CI=1.005-1.012, p=3.71x1077). The results as shown in
Figure 2 gave us sufficient confidence that height may increase the
risk for short-sightedness. The statistical results are significant,
although the OR value is not high. Some scholars believe that
greater height and myopia are independent consequences of better
socioeconomic status; therefore, there may be no causal relationship
between height and myopia (38). At the same time, education, as an
established risk factor for myopia (6), has an undeniable causal
relationship with socioeconomic status. We therefore performed
MVMR and mediation analysis to explore the direct causal
relationship between height and myopia after adjusting for
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education. The results showed that the causal relationship between
height and myopia remained after adjusting for education
(OR=1.006, 95%CI=1.003-1.01, p=7.64x 107%, 31.4%). Therefore,
we can draw a conclusion that height has both total and direct
genetic effect on myopia, with part of the effect mediated by
education. The underlying biological mechanism for this causal
relationship is unknown and some studies have reported that some
systemic hormones may be regulators of longitudinal bone growth
factors in childhood, which are also involved in the development of
myopia (39).

Over the past decade, electronic devices such as computers and
smartphones have taken up an increasing amount of children’s
leisure and entertainment time with the rapid development of
electronic information technology. It is reported that children are
getting younger and younger to use smartphones (22% of children
start at or under 3 years old), and 1/3 of children (1-6 years old) use
smartphones for between 1 and 2h a day (40, 41). Compared to
traditional reading materials, smart devices can be watched for
longer and closer distances, placing greater demand on
accommodation and vergence (42). Therefore, whether screen use
time, as a potential changeable risk factor, will increase the
prevalence of myopia has become an urgent problem for parents
and ophthalmologists. A recent systematic review and meta-
analysis suggested that exposure to smart devices may be associated
with an increase in the risk of myopia (11). Another systematic
review involving 15 studies found insufficient evidence to show that
there is a significant association between screen time and myopia
prevalence, incidence or progression (12). Apparently, conclusions
are inconsistent regarding the causal relationship between screen
time and myopia. Long before the popularity of smart devices,
myopia was widespread in East Asia. In recent years, as smartphones
have become more integrated into every aspect of life, some recent
observational studies have tended to confirm this link (12).
However, it is difficult for observational studies to strictly control
the mediating role of confounding factors such as education and
outdoor activities in investigating the causal relationship between
screen use time and myopia. According to the results of MR,
we have reason to believe that the incidence of myopia will increase
with the increase of time spent on computers (OR=1.048,
95%CI=1.029-1.047, p=3.87x1077). MVMR analysis results
showed that after adjusting the outdoor time, the causality between
them was still statistically significant (OR=1.031, 95%CI=1.012—
1.05, p=1.44%x107°, 46.5%). However, this causal relationship
disappeared after adjusting for education (OR=1.005,
95%CI=0.983-1.028, p=0.648), and 64.5% of the effect of computer
use time on myopia was mediated by education. This result shown
in Table 1 suggests that screen time has an overall effect on myopia,
but it is largely mediated by education and has no direct effect.
However, as screen time has continued to increase in recent years,
this cannot be considered a final result. Recently, a large-scale
intervention study from China showed that students’ online time
was significantly positively associated with increased myopia
incidence (43). Thus, the impact of screen time on myopia needs to
be further evaluated.

Physical activity (PA) has a beneficial effect on the physical
and cognitive health of school children, but the evidence is
inconclusive as to whether it delays the onset and progression of
myopia (44). Many well-designed observational studies have
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investigated the causal relationship between PA and myopia, but
have not reached consistent conclusions (13-16). Liu et al. used a
Bayesian model average to investigate the risk factors for myopia
in adolescents, and the results showed that frequent participation
in moderate sports activities was a powerful factor influencing the
eyesight of middle school students (14). In contrast, seven-year
longitudinal objective data on PA showed no significant
association between PA and myopia during childhood (16). This
discrepancy in results is not surprising since most studies do not
exclude the regulation of outdoor time. However, what we want to
investigate is whether indoor physical activity can be used as an
intervention to prevent myopia, but this is difficult to design for
observational studies. A previous detailed investigation concluded
that among 12-year-old students, higher levels of outdoor activity
were associated with lower prevalence of myopia while time spent
in indoor sports had no effect (45). This conclusion is highly
consistent with the results of our MR analysis. The MR analysis
showed that the risk of myopia decreased with more frequent
moderate physical activity of more than 10min (OR=0.976,
95%CI=0.96-0.991, p=2.37x107°). However, this association
became insignificant after adjusting for outdoor time (OR =0.989,
95%CI=0.974-1.004, p =0.145) with a mediation effect of 39.8%.
This means that even though physical activity has a total effect on
the development of myopia, it is largely mediated by time outdoors
and has no direct effect. A recent report provided a new
perspective that physical activity may affect the onset and
progression of myopia by improving children’s balance control
(15). This means that increasing time outdoors may not be the
only way for physical activity to reduce the risk of myopia, and
further studies should be conducted to fully assess the complex
relationship between them.

In recent years, many studies have been devoted to investigating
the causal relationship between sleep and myopia, however the
evidence provided is equivocal (17-21). Whether sleep duration
and chronotype are modifiable risk factors for the development of
myopia has also aroused the interest of many researchers. A recently
published systematic review including a total of 31 studies with
205,907 participants showed that sufficient sleep duration was
associated with a lower risk of myopia (46) (OR=0.63,
95%CI=0.51-0.78). In addition, a population-based cross-sectional
study in Shanghai reported that not only was shorter sleep duration
associated with myopia, but evening and intermediate chronotypes
were positively correlated (47). The underlying mechanism for this
causation may be related to the inactivity of the ciliary muscle, the
self-regulation of the eye during sleep and the interaction of
dopaminergic function with melatonin (48, 49). Evidence from
animal studies also supports the notion that there are circadian or
diurnal rhythms in parameters, such as axial length and choroidal
thickness (48). Instead, the results of a cohort study design over a
4-year follow-up period showed that there was no significant
association between sleep duration and myopia progression and
axial elongation in primary school children (20). Consistently,
according to our MR results, there is no sufficient evidence to
suggest that there is a causal relationship between sleep duration,
chronotype and myopia. The speculation about the difference in
these consequences is that high educational intensity may make
children spend more time on nearwork indoors, sacrificing the time
spent exercising outdoor and sleeping, and mental activities before
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going to bed may also affect sleep duration and quality to
some extent.

However, there are also several limitations in our MR research.
First, the samples involved in our study are limited to the European
population and may not apply to the Asian population with a higher
incidence. Therefore, large-scale genetic data from more races are
needed to help provide fully applicable conclusions on the causality.
Second, as the outcome of this study, myopia is a binary variable
and we can only explore whether there is a causal relationship
between exposures and the onset of myopia but not the progression
of myopia. Finally, we selected the GWAS data for exposures and
outcome from publicly available summary data, however, it is
impossible to determine whether overlapping subjects were
included in our MR analysis.

In summary, this MR study revealed that genetically predicted
taller height, longer time on computer and less moderate physical
activity increased the risk of myopia. There is insufficient evidence
for a genetic association between chronotype, sleep duration, and
myopia. After full adjustment for known risk factors for myopia
(education and time outdoors), only height remained independently
associated with myopia. However, 64.5% of the effect of screen time
on increased myopia risk was mediated by education. Physical
activity does not appear to have a direct effect on the onset of
myopia. As a complement to observational studies, the results of
our analysis provide strong evidence for the improvement of
myopia risk factors and provide a theoretical basis for future feasible
measures to prevent and control myopia in adolescents.
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