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Abstract
Background and objectives: Observational studies have shown that educational attainment is associated with the risk of 
myopia, but the causality of this relationship is unclear. The aim of the present study was to investigate the causal association 
between educational attainment and myopia.

Methods: Using publicly available data from genome-wide association studies, single nucleotide polymorphisms associated 
with educational attainment (college/university completion and years of education) were selected as instrumental variables. 
Causal associations with myopia risk were examined using two-sample Mendelian randomization (MR) analyses. Sensitivity 
analyses were conducted to assess the robustness of the results in terms of violations of MR assumptions.

Results: The inverse variance–weighted analysis revealed potential causal associations of college/university completion (odds 
ratio (OR) = 1.102; 95% confidence interval (CI): 1.085–1.119; P < 0.001) and years of education (OR = 1.009; 95% CI: 
1.007–1.010; P < 0.001) with myopia risk. MR-Egger and weighted median methods yielded similar results for both educational 
attainment measures.

Conclusions: MR evidence supports a potential causal association between educational attainment and myopia. This evidence 
highlights the need for careful management of myopia risk in individuals with higher educational attainment.

Introduction

In recent years, the social determinants of health have gained 
increasing attention and significance among scholars in various 
fields, including social medicine, public health, and clinical 
medicine.1-3 Myopia has become a highly prevalent global public 
health issue, particularly in East and Southeast Asian populations.4 
The development of myopia is attributed to the combined effects 
of genetic (single nucleotide polymorphisms (SNPs), DNA 
methylation, and non-coding RNA) and environmental factors 
(e.g., near work, outdoor activities, education, classroom 
environments, and population density).5 Because the gene pool 

changes minimally across generations, whereas natural and social 
environments evolve rapidly, identifying the key environmental 
exposures driving the rapid increase in the prevalence of myopia is 
imperative. Identifying modifiable environmental risk factors can 
provide crucial insights for the development of preventive 
interventions.6

Educational attainment (EA), a crucial indicator of 
socioeconomic status, has garnered significant attention from 
clinicians, epidemiologists, and other medical researchers in recent 
years. Studies have revealed a close association between EA and 
individuals’ lifelong health status, as well as strong correlations 
with various health behaviors and disease outcomes.7

The recent introduction of Mendelian randomization (MR) 
methods has provided new approaches for conducting reliable 
causal inference studies based on observational data and for 
avoiding confounding and reverse causation problems in 
traditional observational epidemiological studies.8,9 In MR 
analyses, genetic variations robustly associated with exposure 
factors (most commonly SNPs) serve as instrumental variables 
(IVs) for inferring the causal effects of those factors on disease 
outcomes.8-10 Individuals are grouped based on these genetic 
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variations, and the groups are compared in a manner similar to 
randomized controlled trials. This allocation method helps reduce 
confounding biases arising from individual characteristics and 
behaviors, enabling more reliable inference of causal 
relationships.11-13 Two-sample MR analysis leverages summary 
statistics from genome-wide association studies (GWASs), 
avoiding the need to directly analyze individual-level data. It 
enables the assessment of causal relationships between 
socioeconomic exposures and disease risk in large-scale 
populations, thereby providing more representative and reliable 
research results.

Despite recent advances in MR research, the causal pathways 
linking EA and myopia remain incompletely understood. 
Emerging evidence suggests that EA is embedded within a more 
complex causal framework involving both upstream determinants 
and downstream behavioral mediators. For example, obesity-
related traits may influence myopia partly through EA, and time 
spent outdoors may partially mediate the effect of education on 
myopia. These findings highlight the need for further investigation 
using robust causal inference approaches.14,15 Thus, the aim of the 
present study was to investigate the causal association of EA with 
myopia, independent of potential confounding and reverse 
causality, using a two-sample MR design.

Materials and methods

Study design

This analysis was conducted using summary-level data from 
published GWASs, and all studies included in the GWASs were 
approved by the relevant review boards and conducted with 
participants’ informed consent. The present MR analyses were 
conducted in accordance with the STROBE-MR guidelines.16 The 
study was conducted in accordance with the three fundamental 
assumptions underlying MR analysis: (1) strong association of IVs 
(EA-related SNPs) with the exposure (EA); (2) independence of 
confounding factors from the exposure–outcome (myopia) 
relationship; and (3) influence of genetic variants on the outcome 
only through the exposure, not through other pathways. The 
overall study design is illustrated in Figure 1. Figure 2 presents a 
standardized flowchart detailing participant inclusion, SNP 
screening, harmonization, quality control, and statistical analysis 
procedures, constructed in full compliance with the STROBE-MR 
reporting guidelines.

Data sources

Summary-level data for educational attainment (EA) were 
obtained from the Social Science Genetic Association Consortium 
(SSGAC) 2018 genome-wide association study (OpenGWAS IDs: 
ebi-a-GCST90029012 for college/university completion and ebi-a-
GCST90029013 for years of schooling; total N ≈ 1,131,881 
individuals of European ancestry). These GWAS summary 
statistics were derived from a large multi-cohort meta-analysis that 
included UK Biobank participants as one of several contributing 
cohorts (Table 1: N = 470,941 for college completion; N = 
461,457 for years of education; https://gwas.mrcieu.ac.uk/datasets/
ebi-a-GCST90029012/; https://gwas.mrcieu.ac.uk/datasets/ebi-a-
GCST90029013/).

Summary-level data for myopia were obtained from the 

Medical Research Council Integrative Epidemiology Unit (MRC 
IEU) OpenGWAS database (OpenGWAS ID: ukb-b-6353; N = 
460 ,536  ind iv idua l s  o f  European  ances t ry ;  https://
gwas.mrcieu.ac.uk/datasets/ukb-b-6353/), which were derived 
exclusively from UK Biobank participants.

Inclusion and exclusion criteria

The following inclusion criteria were applied: (1) GWAS 
conducted in populations of European ancestry; (2) large sample 
size with publicly available complete summary statistics; (3) clear 
and standardized phenotype definitions for EA (college/university 
completion or years of education) and myopia; and (4) study 
approval by an ethics committee and provision of informed 
consent by all participants. Datasets with low genotyping quality 
or incomplete summary statistics (lacking SNP IDs, effect alleles, 
β values, standard errors, or P-values) were excluded.

IV selection

To explore the causal relationship between EA and myopia, SNPs 
associated with EA were selected as IVs. To ensure IV 
independence and relevance, eligible SNPs were associated with 
EA at a significance threshold of P < 5 × 10⁻⁸, with linkage 
disequilibrium removed (r² < 0.001, kb = 10,000). SNP harmoniz-
ation and quality control were performed by aligning effect alleles 
between exposure and outcome datasets, removing palindromic 
SNPs or correcting them according to allele frequencies, and 
excluding SNPs with missing data in the outcome GWAS.

MR analysis

The inverse variance–weighted (IVW), MR-Egger, and weighted 
median methods were used in the analysis. With the IVW method, 
commonly used in meta-analyses, Wald estimates for individual 
SNPs were combined to assess the overall effect of EA on 
myopia.17 The results were used as the primary outcome measure. 
The MR-Egger and weighted median methods were used to 
complement the IVW results, providing a more robust and 
comprehensive evaluation. The MR-Egger method allows for 
pleiotropy in genetic IVs but requires that pleiotropic effects are 
independent of the variant–exposure association. The weighted 
median method permits the use of invalid IVs in an MR analysis 
under the assumption that at least half of the instruments are valid. 
In cases of inconsistency in results across methods, a stricter 
significance threshold for the P-value was applied. We used the 
MR-Egger intercept test, funnel plots, and leave-one-out analysis 
to assess horizontal pleiotropy, and Cochran’s Q test to detect 
heterogeneity. To account for possible horizontal pleiotropy, we 
supplemented the primary IVW analysis with Simple Mode and 
Weighted Mode estimations. The F-statistic was used to evaluate 
IV strength. The mean F values were 32.64 for college/university 
completion and 35.17 for years of education, both well above 10, 
indicating no evidence of weak instrument bias. All analyses were 
conducted using the TwoSampleMR package (version 0.5.5) in R 
(version 4.0.3; https://www.r-project.org/). To account for 
potential confounding effects, we also conducted a multivariable 
MR analysis adjusting for time spent outdoors, near-work 
intensity, and obesity-related anthropometric traits using the 
MVMR package in R.
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Fig. 1. Overview of the study design according to the three key Mendelian randomization (MR) assumptions: (1) strong association between 
instrumental variables and exposure factors, (2) no confounding factors affecting the association between exposure and outcome (i.e., no genetic 
pleiotropy), and (3) effects of instrumental variables on the outcome only through exposure. EA, educational attainment; SNP, single nucleotide 
polymorphism.

Fig. 2. Flowchart of study design, SNP selection, and analytical procedures following the STROBE-MR guidelines. CC, college completion; EA, educational 
attainment; GWAS, genome-wide association studies; IV, instrumental variable; LD, linkage disequilibrium; MR, Mendelian randomization; SNP, single 
nucleotide polymorphism; YE, years of education.

Results

MR estimates

For the EA phenotypes of college/university completion and years 

of education, 205 and 211 SNPs, respectively, were included in 
the analysis. The SNP data for the most significantly associated 
EA phenotypes are detailed in Supplementary Table. 1. The 
characteristics of the selected EA phenotype-associated SNPs are 
also presented there. IVW analysis demonstrated that college/
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Table 1. Details of the GWAS summary statistics used in this study

Variable 
type

Trait Sample 
size

No. of 
variants

Population Data type GWAS ID Year of 
publication

College/university 
completion

470,941 11,972,619 European Binary ebi-a-
GCST90029012

2018Exposure

Years of education 461,457 11,972,619 European Continuous ebi-a-
GCST90029013

2018

Outcome Myopia 460,536 9,851,867 European Binary ukb-b-6353 2018

GWAS, genome-wide association studies.

Table 2. Associations of educational attainment with myopia risk

Exposure Method No. of SNPs β SE OR 95% CI P

MR Egger 205 0.100 0.032 1.105 1.038-1.178 0.002

Weighted median 205 0.102 0.010 1.107 1.084-1.130 <0.001

IVW 205 0.097 0.008 1.102 1.085-1.119 <0.001

Simple mode 205 0.106 0.031 1.114 1.045-1.188 0.001

College/university completion

Weighted mode 205 0.105 0.027 1.110 1.055-1.169 0.0001

MR Egger 211 0.008 0.003 1.008 1.001–1.014 0.029

Weighted median 211 0.008 0.001 1.008 1.006-1.010 <0.001

IVW 211 0.009 0.001 1.009 1.007-1.010 <0.001

Simple mode 211 0.008 0.002 1.008 1.003-1.014 0.005

Years of education

Weighted mode 211 0.008 0.002 1.008 1.004-1.013 0.001

CI, confidence interval; IVW, inverse variance–weighted; MR, Mendelian randomization; OR, odds ratio; SE, standard error; SNP, single nucleotide 
polymorphism.

        
         
        

          
        

            
        

           
         

            
        

          
         

           
         
          

        
       

         
          
         

          

to assess the robustness of the results (Table 3). The Cochran’s Q 
test revealed heterogeneity for the college/university completion 
measure (P < 0.05), but this heterogeneity was deemed acceptable 
under the random-effects IVW model (Table 3). The P-values 
from the MR-Egger intercept tests were all >0.05, indicating the 

university completion increased the risk of developing myopia
(odds ratio (OR) = 1.102; 95% confidence interval (CI): 1.085–
1.119; P < 0.001) (Table 2). College/university completion was
associated with a 10.2% increased risk of myopia compared with
no tertiary education. Comparable causal estimates were obtained
from the WM analysis (OR = 1.107; 95% CI: 1.085–1.130; P <
0.001). The MR-Egger analysis also indicated a consistent
directional result (OR = 1.105; 95% CI: 1.038–1.178; P = 0.002)
(Fig. 3a). The IVW method also revealed a consistent association
between years of education and an increased risk of myopia (OR =
1.009; 95% CI: 1.007–1.010; P < 0.001). A one-standard-
deviation increase in years of education was associated with a
0.9% increase in myopia risk. Meanwhile, WM analysis yielded
comparable risk estimates (OR = 1.008; 95% CI: 1.007–1.010; P <
0.001). MR-Egger also showed similar causal estimates (OR =
1.008; 95% CI: 1.001–1.014; P < 0.05) (Fig. 3b). The causal
associations remained significant in the multivariable MR analysis
(college/university completion: OR = 1.094, 95% CI: 1.028–
1.163, P = 0.005; per-standard-deviation increase in years of
education: OR = 1.007, 95% CI: 1.001–1.014, P = 0.032),
suggesting an independent causal effect of EA on myopia
development.

Sensitivity analyses

Cochran’s Q test and the MR-Egger intercept test were performed

absence of horizontal pleiotropy.
        

        
          

      
          

 

Discussion

This MR study provides compelling evidence for a causal 
relationship between EA and the risk of myopia development. 
College/university completion and years of education were 
significantly associated with increased susceptibility to myopia. 
These results were consistently supported across IVW, weighted 

The MR estimates from the random-effects IVW method  

remained valid. Additionally, the MR-Egger intercept test found 

no evidence of pleiotropy, suggesting that the MR estimates were 

unbiased despite the heterogeneity (Fig. 3; Supplementary Fig. 1).
In support of this result, the leave-one-out analysis and funnel 

plots suggested that the results were not driven by individual SNPs 

(Supplementary Fig. 2 and 3).

median, and MR-Egger analyses.
This study builds upon and extends previous research on the 

association between EA and myopia risk. Although cross-sectional 
and longitudinal studies have consistently shown this association, 
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Fig. 3. Forest plots of causal effects of (a) college/university completion and (b) years of education (exposures) on myopia risk (outcome). CI, confidence 
interval; MR, Mendelian randomization; OR, odds ratio.

they have been limited by potential confounding factors such as 
socioeconomic status and parental EA. The use of MR analysis in 
our study helped mitigate these limitations by leveraging genetic 
variants as IVs, providing stronger evidence for a causal 
relationship.18 Although some studies have suggested that years of 
education or increases in grade level increase the risk of myopia, 
others have found no significant association between EA and 
myopia risk.19 The findings of our study align with those of 
Mountjoy et al.,20 who used MR analysis to demonstrate that more 
years of education contribute to the rising prevalence of myopia. 
However, we examined not only years of education but also 
college/university completion as an EA measure. This 

comprehensive approach provides a more nuanced understanding 
of the relationship between education and myopia risk.

This MR study revealed associations between two EA measures 
(college/university completion and years of education) and the risk 
of myopia development. Myopia has been associated with higher 
education.21 Several mechanisms have been proposed to explain 
this association. Primarily, increased engagement in near-work 
activities (e.g., intensive reading) associated with higher 
educational levels, as well as increased screen time and prolonged 
near-work duration, are thought to contribute significantly to 
myopia development.20-25 These activities may lead to sustained 
accommodation and peripheral hyperopic defocus, which are 

https://doi.org/10.14218/ERHM.2026.00007
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Table 3. Heterogeneity and horizontal pleiotropy of EA-associated SNPs

Heterogeneity Horizontal pleiotropyExposure Outcome

IVW Cochran 
Q

IVW P MR Egger 
Cochran Q

MR Egger 
P

Egger regression 
intercept

SE Intercept 
P

College/university 
completion

Myopia 329.5 <0.001 329.5 <0.001 <0.001 <0.001 0.915

Years of education Myopia 391.3 <0.001 391.1 <0.001 <0.001 <0.001 0.773

EA, educational attainment; IVW, inverse variance–weighted; MR, Mendelian randomization; SE, standard error; SNP, single nucleotide polymorphism.

hypothesized to stimulate axial elongation of the eye. 
Additionally, the indoor learning environments typically 
associated with higher education may reduce exposure to natural 
light, which is believed to protect against myopia progression. 
Recent MR evidence further supports this behavioral pathway. For 
example, Clark et al.15 demonstrated that time spent outdoors may 
partially mediate the effect of EA on myopia, accounting for a 
substantial proportion of the total causal effect. In one study, each 
additional year of education was associated with a refractive error 
change of –0.18 diopters,20 highlighting the cumulative effect of 
prolonged academic pursuits on ocular health. Findings from 
population-based and intervention studies suggest that a key 
strategy to reduce the development of myopia is to encourage 
children to spend more time engaged in outdoor activities.26-28 
Reducing study burden, especially after class, has been found to 
effectively prevent myopia.25

Gene–environment and gene–gene interaction effects are also 
recognized as contributors to myopia,29 and the genetic factors 
involved in refractive error development may also influence EA.30 
In a cohort of unrelated UK Biobank participants of European 
ancestry, five genetic variants located near GJD2, RBFOX1, 
LAMA2, KCNQ5, and LRRC4C showed evidence of genotype–
education interaction; the effects of variants involved in axon 
guidance, synapse formation, and neural circuit development were 
enhanced with additional years of education.31 However, some 
scholars believe that increased near work, rather than genetic 
factors, is the primary factor driving the relationship between 
education and myopia.32 These findings underscore the complex 
interplay between genetic predisposition and environmental 
factors in the etiology of myopia, highlighting its multifactorial 
nature and the need for comprehensive approaches to prevention 
and management. Furthermore, EA may also act as an 
intermediate factor within a broader causal framework. Obesity-
related anthropometric traits have been found to influence myopia 
partly through EA,14 suggesting that biological and socioeconomic 
factors may be integrated within the causal pathway.

The causal relationship between EA and myopia has been 
further supported by studies in which genetic risk scores for 
education served as IVs. Cuellar-Partida et al.12 demonstrated that 
education significantly affects myopia, with a –0.35-diopter 
change per standard deviation increase in the genetic risk score. 
Mountjoy et al.20 observed an even stronger causal effect, with a –
0.27-diopter change per year of education (P = 4 × 10⁻⁸).

Our study provides valuable insights, but it is not without 
limitations. Recent methodological studies have highlighted 
potential limitations of MR analyses of myopia, demonstrating 

that causal estimates may vary substantially depending on the 
choice of GWAS summary statistics, with some datasets 
producing inconsistent or even contradictory findings. Thus, our 
findings should be interpreted with caution, particularly given the 
reliance on a single set of GWAS data sources.33 Moreover, 
although the escalating prevalence of myopia in East and 
Southeast Asia needs to be addressed, most currently available 
data—including those used in the present study—are from 
European populations. A comprehensive analysis of the 
applicability of the current findings to Asian populations is needed 
before definitive conclusions can be drawn and robust 
recommendations for the Asian context can be made. Furthermore, 
genetic pleiotropy, whereby factors beyond EA (e.g., ethnic 
background and birthplace) may influence the likelihood of 
myopia development, is a pertinent issue. Identifying such factors 
is essential for a comprehensive understanding of the multifaceted 
etiology of myopia and for tailoring interventions and preventive 
strategies accordingly. Several avenues for future research emerge 
from our findings. Longitudinal studies combining genetic data 
with detailed information on educational experience and 
environmental factors could provide deeper insights into the 
mechanisms underlying the relationship between education and 
myopia. Additionally, investigating the potential protective effects 
of outdoor activities, as suggested by population-based and 
intervention studies, could lead to the development of practical 
strategies for myopia prevention in educational settings.34

Future directions

In future studies, the generalizability of the present findings 
should be validated in non-European populations, particularly East 
and Southeast Asian populations, where myopia is highly 
prevalent. Well-designed longitudinal studies using individual-
level data are needed to further clarify the biological and 
behavioral mechanisms underlying the causal relationship between 
EA and myopia. Further research is also warranted to explore 
potential mediating factors, including time spent outdoors, near-
work intensity, learning environments, and light exposure, which 
may help identify actionable targets for myopia prevention. In 
addition, large-scale cohort studies and randomized controlled 
trials focusing on eye health interventions in educational settings 
are needed to support the development of evidence-based 
strategies for myopia control among students and individuals with 
higher EA.

Conclusions
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Our data suggest that EA is causally associated with myopia. 
These findings have important implications for public health 
strategies and educational policies. Although education is 
undoubtedly beneficial, our results suggest that measures to 
mitigate the associated myopia risk should be considered. 
Incorporating more outdoor activities into educational programs, 
optimizing learning environments to reduce eye strain, and 
implementing regular vision screening in schools may be 
beneficial. By addressing these factors, it may be possible to 
balance the benefits of education with the preservation of ocular 
health.

Supporting information

Supplementary material for this article is available at https://
doi.org/10.14218/ERHM.2026.00007.

Acknowledgments

We would like to thank the IEU Open GWAS Project (https://
gwas.mrcieu.ac.uk/) for providing valuable data for free use in 
scientific research. We thank Medjaden Inc. for its assistance in 
the preparation of this manuscript.

Funding

The authors declare that no funds, grants, or other support were 
received during the preparation of this manuscript.

Conflict of interest

The authors have no conflict of interest related to this publication.

Author contributions

Conceptualization, data curation, formal analysis, investigation, 
methodology, project administration, resources, software, 
visualization (RW), writing - original draft (RW, ZW), 
supervision, validation, writing - review & editing (ZW). Both 
authors have made significant contributions to this study and have 
approved the final manuscript.

Ethical statement

This analysis was conducted using summary-level data from 
published GWASs, and all studies included in the GWASs were 
approved by the relevant review boards and conducted with 
participants’ informed consent. Because no individual-level data 
were used and no new human participants were recruited, 
additional ethical approval and informed consent were not 
required for the present study. The study was conducted in 
accordance with the Declaration of Helsinki (as revised in 2024).

Data sharing statement

The exposure and outcome data were obtained from the UK 
Biobank (https://www.ukbiobank.ac.uk/). Data on educational 
attainment (measured by years of education and college/university 
completion) were obtained from the Social Science Genetic 
Association Consortium database (https://gwas.mrcieu.ac.uk/

datasets/ebi-a-GCST90029012/; https://gwas.mrcieu.ac.uk/
datasets/ebi-a-GCST90029013/), which was published in 2018 
and contains data on 470,941 individuals of European ancestry 
(Table 1). D a t a  o n  m y o p i a  ( u k b - b - 6 3 5 3 ,  https://
gwas.mrcieu.ac.uk/datasets/ukb-b-6353/) were sourced from the 
Medical Research Council Integrative Epidemiology Unit Open 
GWAS database, published in 2018, which contains data on 
460,536 individuals of European ancestry.

References
Teshale AB, Htun HL, Owen A, Gasevic D, Phyo AZZ, Fancourt D, et al. 

         
        

 

[1]   

          
House; 2017.
Naimi AI, Kaufman JS. Counterfactual theory in social epidemiology: 
reconciling analysis and action for the social determinants of health. 
Curr Epidemiol Rep 2015;2:52–60. DOI: 10.1007/s40471-014-0030-4.

The Role of Social Determinants of Health in Cardiovascular
Diseases: An Umbrella Review. J Am Heart Assoc 2023;12(13):
e029765. DOI: 10.1161/JAHA.123.029765, PMID: 37345825.

[2]   Li L. Social medicine. 5th ed. Beijing: People's Health Publishing

[3]   

Jonas JB, Ang M, Cho P, Guggenheim JA, He MG, Jong M, et al. IMI 
Prevention of Myopia and Its Progression. Invest Ophthalmol Vis Sci 
2021;62(5):6. DOI: 10.1167/iovs.62.5.6, PMID: 33909032.

[4]   

Hao J, Yang Z, Zhang R, Ma Z, Liu J, Bi H, et al. Crosstalk between 
heredity and environment in myopia: An overview. Heliyon 2024;
10(8):e29715. DOI: 10.1016/j.heliyon.2024.e29715, PMID: 
38660258.

[5]   

International Institute of myopia, Liu K, Gao JH, Chen Z. IMI risk 
factors for myopia (in Chinese). Chin J Exp Ophthalmol 2022;40(6):
562–573. DOI: 10.3760/cma.j.cn115989-20210611-00355.

[6]   

Lövdén M, Fratiglioni L, Glymour MM, Lindenberger U, Tucker-Drob 
EM. Education and Cognitive Functioning Across the Life Span. 
Psychol Sci Public Interest 2020;21(1):6–41. DOI: 10.1177/
1529100620920576, PMID: 32772803.

[7]   

Wang YZ, Shen HB. Challenges and factors that influencing causal 
inference and interpretation, based on Mendelian randomization 
studies (in Chinese). Zhonghua Liu Xing Bing Xue Za Zhi 2020;41(8):
1231–1236. DOI: 10.3760/cma.j.cn112338-20200521-00749, PMID: 
32867428.

[8]   

Shang WR, Ke LX, Wang ZY, Wang ZF, Yang KH, Lu CC. Causal 
          

       
      

[9]   

       
randomization: A review. Res Synth Methods 2019;10(4):486–496. 
DOI: 10.1002/jrsm.1346, PMID: 30861319.
Nguyen TT, Tchetgen Tchetgen EJ, Kawachi I, Gilman SE, Walter S, 
Liu SY, et al. Instrumental variable approaches to identifying the 
causal effect of educational attainment on dementia risk. Ann 
Epidemiol 2016;26(1):71–6.e1. DOI: 10.1016/j.annepidem.2015.10.
006, PMID: 26633592.

relationship of milk and coffee intake with nonalcoholic fatty liver
disease: a two-sample Mendelian randomization study (in Chinese).
Chin J Evid-Based Med 2023;23(12):1373–1377. DOI: 10.7507/1672-
2531.202307162.

[10]   Bowden J, Holmes MV. Meta-analys is and Mendel ian

[11]   

Cuellar-Partida G, Lu Y, Kho PF, Hewitt AW, Wichmann HE, Yazar S, 
et al. Assessing the Genetic Predisposition of Education on Myopia: 
A Mendelian Randomization Study. Genet Epidemiol 2016;40(1):
66–72. DOI: 10.1002/gepi.21936, PMID: 26497973.

[12]   

Tillmann T, Vaucher J, Okbay A, Pikhart H, Peasey A, Kubinova R, et 
al. Education and coronary heart disease: mendelian randomisation 
study. BMJ 2017;358:j3542. DOI: 10.1136/bmj.j3542, PMID: 

[13]   

https://doi.org/10.14218/ERHM.2026.00007
https://doi.org/10.14218/ERHM.2026.00007
https://doi.org/10.14218/ERHM.2026.00007
https://doi.org/10.14218/ERHM.2026.00007
https://doi.org/10.14218/ERHM.2026.00007
https://gwas.mrcieu.ac.uk/
https://gwas.mrcieu.ac.uk/
https://gwas.mrcieu.ac.uk/
https://gwas.mrcieu.ac.uk/
https://gwas.mrcieu.ac.uk/
https://www.ukbiobank.ac.uk/
https://www.ukbiobank.ac.uk/
https://www.ukbiobank.ac.uk/
https://www.ukbiobank.ac.uk/
https://www.ukbiobank.ac.uk/
https://gwas.mrcieu.ac.uk/datasets/ebi-a-GCST90029012/
https://gwas.mrcieu.ac.uk/datasets/ebi-a-GCST90029012/
https://gwas.mrcieu.ac.uk/datasets/ebi-a-GCST90029012/
https://gwas.mrcieu.ac.uk/datasets/ebi-a-GCST90029012/
https://gwas.mrcieu.ac.uk/datasets/ebi-a-GCST90029012/
https://gwas.mrcieu.ac.uk/datasets/ebi-a-GCST90029013/
https://gwas.mrcieu.ac.uk/datasets/ebi-a-GCST90029013/
https://gwas.mrcieu.ac.uk/datasets/ebi-a-GCST90029013/
https://gwas.mrcieu.ac.uk/datasets/ebi-a-GCST90029013/
https://gwas.mrcieu.ac.uk/datasets/ebi-a-GCST90029013/
https://gwas.mrcieu.ac.uk/datasets/ukb-b-6353/
https://gwas.mrcieu.ac.uk/datasets/ukb-b-6353/
https://gwas.mrcieu.ac.uk/datasets/ukb-b-6353/
https://gwas.mrcieu.ac.uk/datasets/ukb-b-6353/
https://dx.doi.org/10.1161/JAHA.123.029765
http://www.ncbi.nlm.nih.gov/pubmed/37345825
https://dx.doi.org/10.1007/s40471-014-0030-4
https://dx.doi.org/10.1167/iovs.62.5.6
http://www.ncbi.nlm.nih.gov/pubmed/33909032
https://dx.doi.org/10.1016/j.heliyon.2024.e29715
http://www.ncbi.nlm.nih.gov/pubmed/38660258
https://dx.doi.org/10.3760/cma.j.cn115989-20210611-00355
https://dx.doi.org/10.1177/1529100620920576
https://dx.doi.org/10.1177/1529100620920576
http://www.ncbi.nlm.nih.gov/pubmed/32772803
https://dx.doi.org/10.3760/cma.j.cn112338-20200521-00749
http://www.ncbi.nlm.nih.gov/pubmed/32867428
https://dx.doi.org/10.7507/1672-2531.202307162
https://dx.doi.org/10.7507/1672-2531.202307162
https://dx.doi.org/10.1002/jrsm.1346
http://www.ncbi.nlm.nih.gov/pubmed/30861319
https://dx.doi.org/10.1016/j.annepidem.2015.10.006
https://dx.doi.org/10.1016/j.annepidem.2015.10.006
http://www.ncbi.nlm.nih.gov/pubmed/26633592
https://dx.doi.org/10.1002/gepi.21936
http://www.ncbi.nlm.nih.gov/pubmed/26497973
https://dx.doi.org/10.1136/bmj.j3542


Explor Res Hypothesis Med Wang R. and Wang Z.: Effect of education on myopia

8 DOI: 10.14218/ERHM.2026.00007  |  Volume 11 Issue 3, July 2026

28855160.
Lu Y, Zhang CC, Ma RT, Li YJ, Li WP, Hu DW, et al. Causal association 
of obesity-related anthropometric traits with myopia and the 
mediating role of educational attainment: a Mendelian 
randomization study. Int J Ophthalmol 2024;17(11):2082–2092. DOI: 
10.18240/ijo.2024.11.15, PMID: 39559310.

[14]   

Clark R, Kneepkens SCM, Plotnikov D, Shah RL, Huang Y, Tideman 
JWL, et al. Time Spent Outdoors Partly Accounts for the Effect of 
Education on Myopia. Invest Ophthalmol Vis Sci 2023;64(14):38. 
DOI: 10.1167/iovs.64.14.38, PMID: 38010695.

[15]   

Skrivankova VW, Richmond RC, Woolf BAR, Yarmolinsky J, Davies 
NM, Swanson SA, et al. Strengthening the Reporting of Observa-
tional Studies in Epidemiology Using Mendelian Randomization: The 
STROBE-MR Statement. JAMA 2021;326(16):1614–1621. DOI: 10.
1001/jama.2021.18236, PMID: 34698778.

[16]   

Burgess S, Davey Smith G, Davies NM, Dudbridge F, Gill D, Glymour 
MM, et al. Guidelines for performing Mendelian randomization 
investigations: update for summer 2023. Wellcome Open Res 2019;
4:186. DOI: 10.12688/wellcomeopenres.15555.3, PMID: 32760811.

[17]   

Morgan IG, Ohno-Matsui K, Saw SM. Myopia. Lancet 2012;
379(9827):1739–1748. DOI: 10.1016/S0140-6736(12)60272-4, 
PMID: 22559900.

[18]   

Ding X, Morgan IG, Hu Y, Tang X, Zhang J, Guo L, et al. The Causal 
Effect of Education on Myopia: Evidence That More Exposure to 
Schooling, Rather Than Increased Age, Causes the Onset of Myopia. 
Invest Ophthalmol Vis Sci 2023;64(4):25. DOI: 10.1167/iovs.64.4.25, 
PMID: 37083951.

[19]   

Mountjoy E, Davies NM, Plotnikov D, Smith GD, Rodriguez S, 
Williams CE, et al. Education and myopia: assessing the direction of 
causality by mendelian randomisation. BMJ 2018;361:k2022. DOI: 
10.1136/bmj.k2022, PMID: 29875094.

[20]   

Nickels S, Hopf S, Pfeiffer N, Schuster AK. Myopia is associated with 
education: Results from NHANES 1999-2008. PLoS One 2019;14(1):
e0211196. DOI: 10.1371/journal.pone.0211196, PMID: 30695049.

[21]   

He X, Sankaridurg P, Wang J, Chen J, Naduvilath T, He M, et al. Time 
Outdoors in Reducing Myopia: A School-Based Cluster Randomized 
Trial with Objective Monitoring of Outdoor Time and Light Intensity. 
Ophthalmology 2022;129(11):1245–1254. DOI: 10.1016/j.ophtha.
2022.06.024, PMID: 35779695.

[22]   

Bez D, Megreli J, Bez M, Avramovich E, Barak A, Levine H. 
Association Between Type of Educational System and Prevalence 
and Severity of Myopia Among Male Adolescents in Israel. JAMA 
Ophthalmol 2019;137(8):887–893. DOI: 10.1001/jamaophthalmol.
2019.1415, PMID: 31145422.

[23]   

Güemes-Villahoz N, Gómez de Liano R, Porras Ángel P, Talavero 
             

       

[24]   

             
         

        

              
        

               
         

     

               
          

    

           
       

      
        

            
         
      

          
         

         
         

    

               
           

     

        
         

      

                 
          

        
 

González P, Bella Gala R, Martín García B, et al. Lifestyle Factors in
Myopic Spanish Children. Children (Basel) 2024;11(2):139. DOI: 10.
3390/children11020139, PMID: 38397251.

[25]   Peng W, Zhang Z, Wang F, Sun S, Sun Y. Association of educational
environment with the prevalence of myopia: a cross-sectional study
in central China. Front Public Health 2023;11:1188198. DOI: 10.
3389/fpubh.2023.1188198, PMID: 37397761.

[26]   Baird PN, Saw SM, Lanca C, Guggenheim JA, Smith Iii EL, Zhou X, et

Prevention and Outdoor Light Intensity in a School-Based Cluster 

Randomized Trial. Ophthalmology 2018;125(8):1239–1250. DOI: 10.
1016/j.ophtha.2017.12.011, PMID: 29371008.

al. Myopia. Nat Rev Dis Primers 2020;6(1):99. DOI: 10.1038/s41572-
020-00231-4, PMID: 33328468.

[27]   Wu PC, Chen CT, Lin KK, Sun CC, Kuo CN, Huang HM, et al. Myopia

[28]   Morgan IG, French AN, Ashby RS, Guo X, Ding X, He M, et al. The
epidemics of myopia: Aetiology and prevention. Prog Retin Eye Res
2018;62:134–149. DOI: 10.1016/j.preteyeres.2017.09.004, PMID:
28951126.

[29]   Pozarickij A, Williams C, Hysi PG, Guggenheim JA; UK Biobank Eye
and Vision Consortium. Quantile regression analysis reveals
widespread evidence for gene-environment or gene-gene
interactions in myopia development. Commun Biol 2019;2:167. DOI:
10.1038/s42003-019-0387-5, PMID: 31069276.

[30]   Dirani M, Shekar SN, Baird PN. The role of educational attainment in
refraction: the Genes in Myopia (GEM) twin study. Invest
Ophthalmol Vis Sci 2008;49(2):534–538. DOI: 10.1167/iovs.07-1123,
PMID: 18234996.

[31]   Clark R, Pozarickij A, Hysi PG, Ohno-Matsui K, Williams C,
Guggenheim JA; UK Biobank Eye and Vision Consortium. Education
interacts with genetic variants near GJD2, RBFOX1, LAMA2, KCNQ5
and LRRC4C to confer susceptibility to myopia. PLoS Genet 2022;
18(11):e1010478. DOI: 10.1371/journal.pgen.1010478, PMID:
36395078.

[32]   Biswas S, El Kareh A, Qureshi M, Lee DMX, Sun CH, Lam JSH, et al.
The influence of the environment and lifestyle on myopia. J Physiol
Anthropol 2024;43(1):7. DOI: 10.1186/s40101-024-00354-7, PMID:
38297353.

[33]   Nguyen TN, Terry L, Guggenheim JA. Mendelian Randomization

Spent Outdoors at School on the Development of Myopia Among 

Children in China: A Randomized Clinical Trial. JAMA 2015;314(11):
1142–1148. DOI: 10.1001/jama.2015.10803, PMID: 26372583.

Studies of Myopia: Choosing the Right Summary Statistics. Invest
Ophthalmol Vis Sci 2025;66(13):57. DOI: 10.1167/iovs.66.13.57,
PMID: 41171040.

[34]   He M, Xiang F, Zeng Y, Mai J, Chen Q, Zhang J, et al. Effect of Time

https://doi.org/10.14218/ERHM.2026.00007
http://www.ncbi.nlm.nih.gov/pubmed/28855160
https://dx.doi.org/10.18240/ijo.2024.11.15
http://www.ncbi.nlm.nih.gov/pubmed/39559310
https://dx.doi.org/10.1167/iovs.64.14.38
http://www.ncbi.nlm.nih.gov/pubmed/38010695
https://dx.doi.org/10.1001/jama.2021.18236
https://dx.doi.org/10.1001/jama.2021.18236
http://www.ncbi.nlm.nih.gov/pubmed/34698778
https://dx.doi.org/10.12688/wellcomeopenres.15555.3
http://www.ncbi.nlm.nih.gov/pubmed/32760811
https://dx.doi.org/10.1016/S0140-6736(12)60272-4
http://www.ncbi.nlm.nih.gov/pubmed/22559900
https://dx.doi.org/10.1167/iovs.64.4.25
http://www.ncbi.nlm.nih.gov/pubmed/37083951
https://dx.doi.org/10.1136/bmj.k2022
http://www.ncbi.nlm.nih.gov/pubmed/29875094
https://dx.doi.org/10.1371/journal.pone.0211196
http://www.ncbi.nlm.nih.gov/pubmed/30695049
https://dx.doi.org/10.1016/j.ophtha.2022.06.024
https://dx.doi.org/10.1016/j.ophtha.2022.06.024
http://www.ncbi.nlm.nih.gov/pubmed/35779695
https://dx.doi.org/10.1001/jamaophthalmol.2019.1415
https://dx.doi.org/10.1001/jamaophthalmol.2019.1415
http://www.ncbi.nlm.nih.gov/pubmed/31145422
https://dx.doi.org/10.3390/children11020139
https://dx.doi.org/10.3390/children11020139
http://www.ncbi.nlm.nih.gov/pubmed/38397251
https://dx.doi.org/10.3389/fpubh.2023.1188198
https://dx.doi.org/10.3389/fpubh.2023.1188198
http://www.ncbi.nlm.nih.gov/pubmed/37397761
https://dx.doi.org/10.1038/s41572-020-00231-4
https://dx.doi.org/10.1038/s41572-020-00231-4
http://www.ncbi.nlm.nih.gov/pubmed/33328468
https://dx.doi.org/10.1016/j.ophtha.2017.12.011
https://dx.doi.org/10.1016/j.ophtha.2017.12.011
http://www.ncbi.nlm.nih.gov/pubmed/29371008
https://dx.doi.org/10.1016/j.preteyeres.2017.09.004
http://www.ncbi.nlm.nih.gov/pubmed/28951126
https://dx.doi.org/10.1038/s42003-019-0387-5
http://www.ncbi.nlm.nih.gov/pubmed/31069276
https://dx.doi.org/10.1167/iovs.07-1123
http://www.ncbi.nlm.nih.gov/pubmed/18234996
https://dx.doi.org/10.1371/journal.pgen.1010478
http://www.ncbi.nlm.nih.gov/pubmed/36395078
https://dx.doi.org/10.1186/s40101-024-00354-7
http://www.ncbi.nlm.nih.gov/pubmed/38297353
https://dx.doi.org/10.1167/iovs.66.13.57
http://www.ncbi.nlm.nih.gov/pubmed/41171040
https://dx.doi.org/10.1001/jama.2015.10803
http://www.ncbi.nlm.nih.gov/pubmed/26372583

	Abstract
	Introduction 
	Materials and methods 
	Study design  
	Data sources  
	Inclusion and exclusion criteria  
	IV selection  
	MR analysis  

	Results 
	MR estimates  
	Sensitivity analyses  

	Discussion 
	Future directions 
	Conclusions 
	Supporting information 
	Acknowledgments 
	Funding 
	Conflict of interest 
	Author contributions 
	Ethical statement 
	Data sharing statement 
	References

