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Abstract:

Background: Educational level has been associated with dental health outcomes in
multiple studies but evidence of a causal role of education in impacting dental health
is scarce owing to the difficulty of controlling adequately for multiple potentially
confounding environmental variables that may mediate this association as educational
attainment is a complex trait. A deeper understanding of whether education plays a
causal role in affecting dental health outcomes can enable the development of
interventions to aid improvement in dental health. The present study aimed to
leverage genome-wide association study (GWAS) outcome data with Mendelian
randomization (MR) analysis to analyze the causality and direction of association
between educational attainment and dental health outcomes. Methods: A two-sample
MR analysis was performed using UK biobank GWAS summary statistics for years of
education as an exposure dataset and self-reported denture use as a proxy for self-
reported tooth loss as an outcome dataset. MR analysis was implemented using the
inverse variance weighted method as a primary method. Heterogeneity and directional
pleiotropy were assessed, and a leave-one-out analysis was performed to assess the
robustness of results. Results: MR results using 211 genetic variants as instrumental
variables showed a significant protective effect of educational attainment against self-
reported tooth loss as indicated by denture use (Inverse variance weighted method
(OR= 0.981, 95% CI=0.983-0.979, p<0.0001). No significant heterogeneity or
directional pleiotropy was noted. MR Steiger’s test of directionality verified the
causal direction of the exposure leading to the outcome. Leave-one-out analysis
showed no disproportionate effect of any single genetic variants. Conclusion: By
leveraging population-scale GWAS data, MR analysis presented robust evidence that
the genetic liability for educational attainment independently plays a causal protective
role against self-reported tooth loss as indicated by denture wear.
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1. Introduction

Oral diseases, like other diseases, are equally important for individual quality of life
[1]. Impaired or lost chewing function caused by oral diseases and consequent tooth
loss compromises dietary and nutritional status, leading to adverse health outcomes.
Tooth loss also negatively impacts appearance and can adversely affect the
psychological health and interpersonal relationships of an individual. Poor oral health
conditions, such as dental caries and periodontal disease, also have negative effects on
cognition and physical functioning [2].

Socioeconomic status (SES) correlates with health status and an increase in SES is
accompanied by a corresponding increase in health status [3]. The relationship
between socioeconomic status and health has been explained as higher socioeconomic
status improving access to various resources, enabling individuals to protect
themselves from disease and preventable death [4,5]. To reduce disparities in oral
health and provide greater dental care services for socially disadvantaged groups, it is
necessary to understand the specific characteristics and influence of multiple factors
on health-related behaviors and outcomes. Identifying factors associated with the
occurrence of oral diseases can help healthcare managers and professionals intervene
effectively and equitably [6]. Educational level and income are commonly used
indicators to measure current socioeconomic status. Each indicator may reflect the
common influence of rank ordering of social class and the specific effects of the
indicator [7]. Among these, educational attainment is often the first to be obtained in
the life course, representing the acquisition of knowledge, and skills to manage the
social system to achieve desired goals, and being closely related to lifestyle and
behavior [3]. Furthermore, education provides formal qualifications that promote
socioeconomic status through occupations and income [7]. Early life conditions
including parents' education or occupational status, may be associated with
periodontal health (8). Educational level, as a relatively stable and important indicator
of socioeconomic status, is easily measured in self-administered questionnaires.
However, whether the effects of education on health outcomes are direct or indirect
has been a subject of significant debate [9,10]. The indirect effects of education on
health may be mediated by income, occupational, and social status among others [11].
In addition, epidemiological models demonstrating the causal effects of education on
health outcomes are subject to several inherent biases despite adjusting for
confounders [12].

Mendelian randomization (MR) studies offer a means for causality assessment
between a modifiable exposure and a clinical outcome in situations where randomized
clinical trials cannot be conducted [13,14]. In brief, MR assesses causality by using
genetic variants associated with an exposure of interest as proxies for the exposure
which averts the issue of confounding by environmental and other modifiable factors
[13,14]. The recent accumulation of large publicly available genome-wide association
study (GWAS) datasets provides a large number of robust gene-phenotype
associations (15) that can be leveraged for MR studies. Multiple GWAS studies have
documented genetic variants associated with educational attainment [16,17,18].
Dental caries and periodontal disease are the major causes of tooth loss in humans and
are complex, multifactorial diseases also associated with specific genetic variants
[19,20,21]. In the present study, we hypothesized that education as an exposure has a
causal effect on tooth loss and aimed to conduct a two-sample MR analysis to address
the causal role of education on self-reported tooth loss using publicly available large
GWAS datasets.
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2. Materials and Methods

2.1. Data Sources

Full GWAS summary datasets for exposure and outcome were sought from the
MRC IEU Open GWAS project [22]. For the exposure, educational attainment (years
of education) the UK Biobank GWAS dataset ID: ebi-a-GCST90029013 from the Loh
consortium with a sample size of 461457, and 11,972,619 SNPs [23] was utilized.
The outcome GWAS summary dataset ID was ukb-b-12930, from the MRC IEU
consortium, with a sample size of 461,113 with 77,732 cases of dentures, considered
indicative of self-reported edentulousness or tooth loss, and included 9,851,867 SNPs
[24].

2.2. Selection of Instrumental Variables and MR Analysis Methods

The MR analysis was conducted using ‘TwoSampleMR’ R package and the
‘MRBase’ Web App [25]. Genetic variants were selected as instrumental variables
with a genome-wide significance threshold of 5e-8 for association with the exposure
variable. SNPs significantly associated with educational attainment in the exposure
dataset were selected as instrumental variables for extraction from the outcome
dataset. A minimum linkage disequilibrium R squared value of 0.8 was applied for
linkage disequilibrium proxies. Allele harmonization with pruning of palindromic
SNPs was performed. A minor allele frequency threshold up to 0.3 SNPs was allowed
for palindromic SNPs. For allele harmonization, alignment was attempted and
palindromic SNPs with minor allele frequencies around 0.5 were removed. Significant
MR analysis methods included Inverse variance weighted as the primary method as it
has been recommended for use with summarized data [26] and MR Egger, Weighted
median, and Weighted mode methods were included as additional methods. Odds
ratios (OR) and 95% confidence intervals were determined. Heterogeneity was
assessed using Cochrane’s Q test with Inverse variance weighted and MR Egger
methods. Directional horizontal pleiotropy was assessed using Egger’s regression test
intercept and was considered insignificant if p>0.05 [27]. The MR Steiger test of
directionality was applied to test the assumption that exposure causes outcome [28].
To identify SNPs that could impact the causal association between educational
attainment and tooth loss, leave-one-out analysis was applied by systematically
removing individual SNPs and repeating the analysis.

3. Results

A total of 217 SNPs were identified as instrumental variables in the exposure
dataset from which 211 instrumental variables were used for MR analysis after
harmonization (Supplementary data). The results of the MR analysis are presented in
Table 1. Significantly lower OR of self-reported tooth loss for a unit increase in
educational attainment was evident (Inverse variance weighted method OR= 0.981
95% CI=0.983-0.979, p<0.0001) and the results were consistent using all the applied
methods. A comparison of the results using different methods is depicted in Figure 1
as a scatter plot showing causal estimates for different methods for the associations of
211 genetic variants with educational attainment (exposure) and self-reported tooth
loss/denture (outcome).
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Table 1. Results of MR analysis for Educational attainment (vears of education) as exposure and
self-reported tooth-loss as outcome.

95 %
Standard Odds ratio | Confidence
Method Beta error of Beta (OR) Interval of P value
OR

Exposure: Educational Attainment (years of education); Outcome: Self-reported tooth loss
(dentures); Instrumental variables=211

Inverse variance 0.983-
weighted -0.019 0.001 0.981 0.979 <0.0000001
MR Egger -0.022 0.005 0.979 (())998689_ 0.0000125
Weighted median | -0.018 0.001 0.982 %998759' <0.0000001

. 0.990-
Weighted mode -0.018 0.004 0.982 0.975 0.0000126

MR Test
Inverse variance weighted Weighted median

/ MR Egger / Weighted mode

-0.010-

SNP effect on Mouth/teeth dental problems: Dentures || id:ukb—b—-12930

01 0.2
SNP effect on Educational attainment (years of education) || id:ebi-a-GCST90029013
Figure 1. A comparison of MR results using different methods using a scatter plot. Scatterplot of

associations of 211 genetic variants selected as instrumental variable with educational attainment
(exposure) and self-reported tooth loss/denture (outcome).
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Heterogeneity tests showed non-significant results suggesting a lack of significant
heterogeneity (MR Egger method: Q=418.27, p=<0.000001; Inverse variance
weighted method: Q=418.9246, p=<0.000001). Horizontal pleiotropy was assessed
using MR Egger’s regression test and showed the absence of significant pleiotropy
(Egger’s intercept= 0.00021, SE= 0.00037, p=0.57). A funnel plot depicted in Figure
2 showed a symmetrical pattern consistent with the absence of significant directional
pleiotropy and the robustness of the results.
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Figure 2. Funnel plot depicts the estimate for each genetic variant instrumental variable against
the precision using Inverse variance weighted and MR Egger methods and shows symmetry. SE:
standard error; IV: instrumental variable; f5: Estimate.

MR Steiger test results showed causality in the selected direction (R squared for
exposure= 0.0211; R squared for outcome=0.0022; p value= <0.000001). The 211
instrumental variable genetic variants accounted for ~ 2 % variance in educational
attainment and ~ 0.2 % in the outcome. Leave-one-out sensitivity analysis shown in
Figure 3 was employed and showed no marked difference in causality estimates
indicative of no single SNPs playing a disproportionate role in mediating the effect.
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Figure 3. A: Leave-one-out sensitivity analysis. B: Forest plot showing causal estimates using
individual SNPs along with that using all the SNPs with MR-Egger and I[VW. Error bars show
95% CI.
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4. Discussion

In the present study, we identified the causal association of educational attainment
with self-reported tooth loss using large population-based cohorts of European
ancestry sourced from the UK Biobank and IEU OpenGWAS project. Large GWAS
studies have identified several genetic variants associated with educational attainment
and owing to allele segregation this association is independent of environmental
modifiable influences [29]. Applying two-sample MR analysis we found a protective
effect of genetically predicted educational attainment in terms of years of education
against self-reported tooth loss as indicated by reported denture use. This study
corroborates prior evidence reporting the association of educational status with tooth
loss and supports a direct impact of education on protection from tooth loss [30].

Several behavioral factors may account for the causal protective effect of
educational attainment against tooth loss. Dental attendance rates have been found
positively correlated with educational levels [31], where individuals with lower
education levels were found less likely to seek restorative treatments for dental caries
[32]. Higher education was also found significantly associated with greater
toothbrushing frequency and better oral hygiene habits [33]. Individuals with lower
education levels reportedly consume more sugar [34] and have more frequent
exposure to active or passive smoking [35]. Additionally, individuals with lower
education levels have been found more likely to opt for tooth extraction rather than
conservative treatment [36]. This evidence also corroborates broader emerging
evidence from MR studies of other health outcomes which demonstrate that genetic
liability to educational attainment is causally linked to better health outcomes such as
coronary health, certain cancer types, depression, and Type 2 diabetes [37,38,39,40].

At the same time, the analysis is subject to limitations. Previous research has noted
that educational attainment is a complex genetic trait subject to large indirect genetic
effects and MR analysis from unrelated individuals may be biased owing to this and
other effects such as population stratification and geographical variation [41,42]. In
addition, while educational attainment as an exposure has been quantified in terms of
years of education, the effects of education at different levels are documented as non-
uniform [43,44]. For example, tertiary education has shown a greater impact in
improving multiple health outcomes [45]. This aspect begets a consideration of
functional form in the contextualization of educational attainment as an exposure
linked to dental health outcomes. The present MR analysis did not perform
multivariable analysis to analyze the influence of factors such as intelligence and
cognition which are genetically associated with educational attainment [46,47].
However, the findings of the present study have implications for dental public health
policy for dental health promotion by dissecting the role of education as a variable in
the genetic and sociodemographic context of tooth loss.

5. Conclusions

In sum, the present study employed MR analysis to show that self-reported tooth
loss as indicated by denture use was causally affected by educational attainment or its
genetic liability independent of environmental socio-demographic variables, and
education has a causal protective effect against tooth loss.

Submitted to Health Research, page 49-54 www.itspoa.com/journal/hr



Volume 9, Issue 3, 2025 ISSN: 2617-457X Irl-‘S
DOT: https://doi.org/10.31058/j.hr.2025.93005

Conflicts of Interest

The authors declare that there is no conflict of interest regarding the publication of
this article.

Author Contributions

BL and SL performed the literature search, performed the data analysis, and drafted
the manuscript. JD and LJ reviewed and edited the manuscript. SH administered and
supervised the whole research project.

Funding

The work was supported by Clinical Research Startup Program of Southern Medical
University by High-level University Construction Funding of Guangdong Provincial
Department of Education (Grant No.: LC2017PY001).

Availability of Data and Materials

The GWAS summary datasets analyzed during the current study are available in the
IEU Open GWAS repository at and https://gwas.mrcieu.ac.uk/datasets/ebi-a-
GCST90029013/ and  https://gwas.mrcieu.ac.uk/datasets/ukb-b-12930/.  Data
generated during this study are included in the supplementary information files.

References
[1] Reisine, S.T. Dental disease and work loss. J Dent Res. 1984, 63(9), 1158-61.

[2] Everaars, B.; Jerkovi¢-Cosi¢, K.; Bleijenberg, N.; De Wit NJ.; Van Der Heijden
G. Exploring associations between oral health and frailty in community-dwelling
older people. J Frailty Aging. 2021, 10, 56-62.

[3] Backlund, E.; Sorlie, P.D.; Johnson, N.J. A comparison of the relationships of
education and income with mortality: The National Longitudinal Mortality Study.
Soc Sci Med. 1999, 49(10), 137-84.

[4] Phelan, J.C.; Link, B.G.; Tehranifar P. Social conditions as fundamental causes of
health inequalities: theory, evidence, and policy implications. J Health Soc Behav.
2010, 51(1_suppl), S28-40.

[5] Ben-Shlomo, Y.; Kuh, D. A life course approach to chronic disease epidemiology:
conceptual models, empirical challenges and interdisciplinary perspectives. Vol.
31, International journal of epidemiology. Oxford University Press; 2002. p. 285—
93.

[6] de Lucena E.H.G.; da Silva R.O.; Barbosa, M.L.; de Araujo E.C.F.; Pereira, A.C.;
Cavalcanti, Y.W. Influence of socioeconomic status on oral disease burden: a
population-based study. BMC Oral Health. 2021, 21, 1-8.

[7] Lahelma, E.; Martikainen, P.; Laaksonen, M.; Aittomiki, A. Pathways between
socioeconomic determinants of health. J Epidemiol Community Health. 2004,
58(4), 327-32.

[8] Schuch, H.S.; Peres, K.G.; Singh, A.; Peres, M.A.; Do, L.G. Socioeconomic
position during life and periodontitis in adulthood: a systematic review.
Community Dent Oral Epidemiol. 2017, 45(3), 201-8.

Submitted to Health Research, page 50-54 www.itspoa.com/journal/hr



Volume 9, Issue 3, 2025 ISSN: 2617-457X Irl-‘S
DOT: https://doi.org/10.31058/j.hr.2025.93005

[9] Cutler, D.; Lleras-Muney, A. Education and Health: Evaluating Theories and
Evidence. National Bureau of Economic Research; 2006.

[10]Albarran, P.; Hidalgo-Hidalgo, M.; Iturbe-Ormaetxe, 1. Education and adult
health: Is there a causal effect? Social Science & Medicine, 2020, 249, 112830.

[11]Sheikh, M.A.; Abelsen, B.; Olsen, J.A. Education and health and well-being:
direct and indirect effects with multiple mediators and interactions with multiple
imputed data in Stata. J Epidemiol Community Health. 2017, 71(11), 1037-1045.
DOI: 10.1136/jech-2016-208671.

[12]Deary, 1.J.; Johnson, W. Intelligence and education: causal perceptions drive
analytic processes and therefore conclusions. Int J Epidemiol. 2010, 39, 1362-
1369.

[13]Sanderson, E.; Glymour, M.M.; Holmes, M.V.; Kang, H.; Morrison, J.; Munafo,
M.R.; Palmer, T.; Schooling, C.M.; Wallace, C.; Zhao, Q.; Smith, G.D.
Mendelian randomization. Nat Rev Methods Primers. 2022, 2, 6. DOI:
10.1038/s43586-021-00092-5.

[14] Teumer, A. Common Methods for Performing Mendelian Randomization. Front
Cardiovasc Med. 2018, 5, 51. DOI: 10.3389/fcvm.2018.00051.

[15]Sollis, E.; Mosaku, A.; Abid, A.; Buniello, A.; Cerezo, M.; Gil, L.; Groza, T. et al.
The NHGRI-EBI GWAS Catalog: knowledgebase and deposition resource.
Nucleic Acids Res. 2023, 51(D1), D977-D985. DOI: 10.1093/nar/gkac1010.

[16]Rietveld, C.A.; Medland, S.E.; Derringer, J.; Yang, J.; Esko, T.; Martin, N.W. et
al. GWAS of 126,559 individuals identifies genetic variants associated with
educational  attainment.  Science. 2013, 340(6139), 1467-71. DOL:
10.1126/science.1235488.

[17]Okbay, A.; Wu, Y.; Wang, N.; Jayashankar, H.; Bennett, M.; Nehzati, S.M. et al.,
Polygenic prediction of educational attainment within and between families from
genome-wide association analyses in 3 million individuals. Nat Genet. 2022,
54(4), 437-449. DOI: 10.1038/s41588-022-01016-z.

[18]Okbay, A.; Beauchamp, J.P.; Fontana, M.A.; Lee, J.J.; Pers, T.H.; Rietveld, C.A.
Genome-wide association study identifies 74 loci associated with educational
attainment. Nature. 2016, 533(7604), 539-42. DOI: 10.1038/nature17671.

[19]Alotaibi, R.N.; Howe, B.J.; Chernus, J.M.; Mukhopadhyay, N.; Sanchez, C,
Deleyiannis, F.W.B. Genome-Wide Association Study (GWAS) of dental caries
in diverse populations. BMC Oral Health. 2021, 21(1), 377. DOI:
10.1186/512903-021-01670-5.

[20]Meng, Y.; Wu, T.; Billings, R.; Kopycka-Kedzierawski, D.T.; Xiao, J. Human
genes influence the interaction between Streptococcus mutans and host caries

susceptibility: a genome-wide association study in children with primary
dentition. Int J Oral Sci. 2019, 11(2), 19. DOI: 10.1038/s41368-019-0051-4.

[21]Shungin, D.; Haworth, S.; Divaris, K.; Agler, C.S.; Kamatani, Y.; Keun, Lee M,
et al. Genome-wide analysis of dental caries and periodontitis combining clinical
and self-reported data. Nat Commun. 2019, 10(1), . DOI: 10.1038/s41467-019-
10630-1.

Submitted to Health Research, page 51-54 www.itspoa.com/journal/hr



Volume 9, Issue 3, 2025 ISSN: 2617-457X Irl-‘S
DOT: https://doi.org/10.31058/j.hr.2025.93005

[22]Ben, E.; Matthew, L.; Tessa A.; Yi L.; Peter M.; Jon H.; Phil B.; Tom P.; Valeriia
H.; George D.S.; Zheng, J.; Philip H.; Tom R.G.; Gibran, H. The MRC IEU
OpenGWAS data infrastructure. BioRxiv, 2020, 08, 10.244293v1. DOI:
10.1101/2020.08.10.244293.

[23]Loh, P.R.; Kichaev, G.; Gazal, S.; Schoech, A.P.; Price, A.L. Mixed-model
association for biobank-scale datasets. Nat Genet. 2018, 50(7), 906-908. DOI:
10.1038/s41588-018-0144-6.

[24]Elsworth, B.L.; Mitchell, R.; Raistrick, C.A. MRC IEU UK Biobank GWAS
pipeline. 2019, 2. DOI: 10.5523/bris.pnoat8cxo0u52p6ynfackeigi.

[25]Hemani, G.; Zheng, J.; Elsworth, B.; Wade, K.H.; Haberland, V.; Baird, D. et al.
The MR-Base platform supports systematic causal inference across the human
phenome. Elife. 2018, 7, €34408. DOI: 10.7554/eLife.34408.

[26]Burgess, S.; Davey, S.G.; Davies, N.M.; Dudbridge, F.; Gill, D.; Glymour, M.M.;
Hartwig, F.P.; Kutalik, Z.; Holmes, M.V.; Minelli, C.; Morrison, J.V.; Pan, W_;
Relton, C.L.; Theodoratou E. Guidelines for performing Mendelian
randomization investigations: update for summer 2023. Wellcome Open Res.

2023, 4, 186. DOI: 10.12688/wellcomeopenres.15555.3.

[27]Bowden, J.; Davey, S.G.; Burgess S. Mendelian randomization with invalid
instruments: effect estimation and bias detection through Egger regression. Int J
Epidemiol. 2015, 44(2), 512-25.

[28]Hemani, G.; Tilling K.; Davey Smith G. Orienting the causal relationship
between imprecisely measured traits using GWAS summary data. PLoS Genet.
2017, 13(11), e1007081. DOI: 10.1371/journal.pgen.1007081.

[29]Domingue, B.W.; Belsky, D.; Conley, D.; Harris, K.M.; Boardman, J.D.
Polygenic Influence on Educational Attainment: New evidence from The
National Longitudinal Study of Adolescent to Adult Health. AER4 Open. 2015,
1(3), 1-13. DOI: 10.1177/2332858415599972.

[30]Aniasadi, K.; Armoon, B.; Higgs, P.; Bayat, A.H.; Mohammadi, Gharehghani
MA.; Hemmat, M.; Fakhri, Y.; Mohammadi, R.; Fattah Moghaddam, L.; Schroth,
R.J. The Association of Oral Health Status and socio-economic determinants with
Oral Health-Related Quality of Life among the elderly: A systematic review and
meta-analysis. Int J Dent Hyg. 2021, 19(2), 153-165. DOI: 10.1111/idh.12489.

[31]§iljak, S.; Jankovi¢, J.; Marinkovié, J.; Eri¢, M.; Janevic, T.; Jankovi¢, S. Dental
service utilisation among adults in a European developing country: findings from
a national health survey. Int Dent J. 2019, 69(3), 200-6.

[32]Nyamuryekung’e, K.K.; Lahti, S.M.; Tuominen, RJ. Attitudes towards tooth
fillings in Tanzanian adults and its association with previous filling experience.
BMC Oral Health. 2018, 18(1), 12.

[33]Vano, M.; Gennai, S.; Karapetsa, D.; Miceli, M.; Giuca, M.; Gabriele, M. et al.
The influence of educational level and oral hygiene behaviours on DMFT index

and CPITN index in an adult Italian population: an epidemiological study. Int J
Dent Hyg. 2015, 13(2), 151-7.

[34] Thompson, F.E.; McNeel, T.S.; Dowling, E.C.; Midthune, D.; Morrissette, M.;
Zeruto, C.A. Interrelationships of Added Sugars Intake, Socioeconomic Status,

Submitted to Health Research, page 52-54 www.itspoa.com/journal/hr



Volume 9, Issue 3, 2025 ISSN: 2617-457X Irl-‘S
DOT: https://doi.org/10.31058/j.hr.2025.93005

and Race/Ethnicity in Adults in the United States: National Health Interview
Survey, 2005. J Am Diet Assoc. 2009, 109(8), 1376-83.

[35]Gilman, S.E.; Martin, L.T.; Abrams, D.B.; Kawachi ,I.; Kubzansky, L.; Loucks,
E.B. et al. Educational attainment and cigarette smoking: a causal association? Int
J Epidemiol. 2008, 37(3), 615-24.

[36]Siukosaari, P.; Ainamo, A.; Nirhi, T.O. Level of education and incidence of
caries in the elderly: a 5-year follow-up study. Gerodontology. 2005, 22(3), 130-6.

[37]Yuan, S.; Xiong, Y.; Michaélsson, M.; Michaélsson, K.; Larsson, S.C.
Genetically predicted education attainment in relation to somatic and mental
health. Sci Rep. 2021, 11(1), 4296. DOI: 10.1038/s41598-021-83801-0.

[38]Kiuchi, S.; Aida, J.; Cooray, U.; Osaka, K.; Chan, A.; Malhotra, R.; Peres, M.A.
Education-related inequalities in oral health among older adults: Comparing
Singapore and Japan. Community Dent Oral Epidemiol. 2023, 51(4), 671-679.
DOI: 10.1111/cdoe.12846.

[39]Cao, M.; Cui, B. Association of Educational Attainment With Adiposity, Type 2
Diabetes, and Coronary Artery Diseases: A Mendelian Randomization Study.
Front Public Health. 2020, 8, 112. DOI: 10.3389/fpubh.2020.00112.

[40]Zhang, J.; Chen, Z.; Pirna, K.; van Zon S.K.R.; Snieder, H.; Thio, C.H.L.
Mediators of the association between educational attainment and type 2 diabetes

mellitus: a two-step multivariable Mendelian randomisation study. Diabetologia.
2022, 65(8), 1364-1374. DOI: 10.1007/s00125-022-05705-6.

[41]Brumpton, B.; Sanderson, E.; Heilbron, K. et al. Avoiding dynastic, assortative
mating, and population stratification biases in Mendelian randomization through
within-family  analyses. =~ Nat  Commun, 2020, 11, 3519. DOLI:
https://doi.org/10.1038/s41467-020-17117-4.

[42]0kbay, A.; Wu, Y.; Wang, N. et al. ; Social Science Genetic Association
Consortium. Polygenic prediction of educational attainment within and between

families from genome-wide association analyses in 3 million individuals. Nat
Genet, 2022, 54, 437-49.

[43]Hayward, M.D.; Hummer, R.A.; Sasson, I. Trends and group differences in the
association between educational attainment and US adult mortality: Implications
for understanding education’s causal influence. Social Science & Medicine. 2015,
127, 8-18.

[44]Zajacova, A.; Lawrence, E.M. The Relationship Between Education and Health:

Reducing Disparities Through a Contextual Approach. Annu Rev Public Health.
2018, 39, 273-289. DOI: 10.1146/annurev-publhealth-031816-044628.

[45]Raghupathi, V.; Raghupathi, W. The influence of education on health: an
empirical assessment of OECD countries for the period 1995-2015. Arch Public
Health. 2020, 78, 20. DOI: 10.1186/s13690-020-00402-5.

[46]Davies, N.M.; Hill, W.D.; Anderson, E.L.; Sanderson, E.; Deary, [.J.; Davey, S.G.
Multivariable two-sample Mendelian randomization estimates of the effects of
intelligence and education on health. Elife. 2019, 8, e43990. DOLI:
10.7554/eLife.43990.

Submitted to Health Research, page 53-54 www.itspoa.com/journal/hr



Volume 9, Issue 3, 2025 ISSN: 2617-457X IrlﬁS
DOT: https://doi.org/10.31058/j.hr.2025.93005

[47]Cesarini, D.; Visscher, P.M. Genetics and educational attainment. NP.J Sci Learn.
2017, 2, 4. DOI: 10.1038/s41539-017-0005-6.

© 2025 by the author(s); licensee International Technology and
'@ @ ' Science Publications (ITS), this work for open access publication is

under the Creative Commons Attribution International License (CC
BY 4.0). (http://creativecommons.org/licenses/by/4.0/)

Submitted to Health Research, page 54-54 www.itspoa.com/journal/hr



