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Motivation

• Educated people are on average healthier, wealthier, and have higher life 

expectancy.

• Are these differences caused by education? Or merely correlated?

• Two potential instruments

1. Raising of the school leaving age (“the ROSLA”) in the UK in 1972

2. Genetic variants associated with education (Mendelian randomization - MR)

• The ROSLA widely accepted as valid instrument for education

• What about Mendelian randomization?

• Nguyen et al. (2016). Effect of education on cognitive impairment.

• Hagenaars et al (2017). Effect of education on cognition and other traits later in life.



Background: The causal effects of education

• Instruments: Changes to compulsory 
education laws in the US
• Outcome: 1% random sample of census 

data
• 10 year mortality aged 50 to 60

• Education: NHANES + NHEFS
• Partial F-stats: 4.69 to 14.93
• WLS estimate:

• 1.7 (95%CI: 2.4 to 4.8) percentage point (pp) 
drop in mortality per year of education

• IV estimate:
• 3.6 (95%CI: 0.9 to 2.5) pp reduction in 

mortality per year of education.



Background: The causal effects of education

• Instruments: Changes to compulsory education laws in 
the UK in 1947 & 1972

• Outcome: full sample of census data
• For 1972 reform 5 year mortality individuals aged 40 to 44

• Education: Health Survey for England and General 
Household Survey. 

• Partial F-stats: Not provided
• IV estimate:

• Assuming mortality risk of 0.79%
• 0.12 (95%CI: 0.01 to 0.24) pp reduction in mortality per year 

of education.





Potential instrumental variable 1

• Raising of the school leaving age

• Minimum school leaving age increased from 15 to 16 in September 1972
• Forced some students to remain in school for an additional year
• The students affected were lower ability on average
• Had few detectable affects on other educational choices (e.g. getting a 

degree, or remaining in school till 18.
• Widely used in the literature (e.g. Harmon and Walker 1995, Clark and Royer 

2013, Dickson 2013).



Potential instrumental variable 2

• Mendelian randomization
• Okbay et al. (2016) 74 SNPs associated with educational attainment at 

genome-wide significance levels in the discovery sample
• No overlap with the UK Biobank
• Constructed weighted allele scores for educational attainment
• Harmonized the alleles 
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Sources of bias in Mendelian randomization

• Weak instrument
• Pleiotropy
• Residual population stratification
• Assortative mating
• Dynastic effects
• Sample selection



Methods: the UK Biobank

The UK Biobank
• Sent 9.2 million invitations
• Sampled 503,325 individuals
• Detailed phenotypic measurements
• Long term follow-up via record linkage
• Genome wide data

Figure 1: Raw birth location
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Exposure: Educational attainment
• For the ROSLA: remained in school after at age 15. 

• Derived from question “what age did you leave full time education?”
• Participants with college degrees assumed to leave after age 15.

• For Mendelian randomization
• Derived from question “what qualifications do you have?”
• Mapped to International Standard Classification for Education (ISCED)
• Four levels mapped to:

• Left age 15 
• Left age 16 (GCSE)
• Left age 18 (A-levels)
• Left age 20 (Post secondary vocational training)
• Left age 21 (college degree)



25 Outcomes

• Not a “PheWAS”, but chosen a priori
• Morbidity

• Self reported hypertension, diabetes, stroke, depressive episodes
• Registry linked cancer diagnosis

• Mortality
• NHS linked mortality records (7.75 years of follow-up)

• Health behaviors
• Smoking (current and ever)
• Alcohol consumption
• Exercise (weekly vigorous or moderate)
• Hours watching TV per day



25 Outcomes (continued)

• Income
• Household, 4 item scale

• Indicators of aging
• Grip strength 
• Arterial stiffness

• Blood pressure
• Systolic and diastolic

• Neurocognitive
• Intelligence
• Happiness



Methods: Statistical analysis 1

• Evaluate the IV assumptions
1. Relevance (strength of association of IV and educational attainment)
2. Independence assumption (no confounders of IV and educational attainment 

association).
3. Exclusion restriction (IVs only affect outcome via their effect on educational 

attainment)
• Assumption 1 evaluated using partial F-statistics
• Assumption 2 evaluated using covariate balance tests

• Jackson and Swanson 2016, and Pischke and Schwandt 2016.
• These assume a linear model and constant effects of the exposure
• Account for the relative strength of the instruments
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Figure 2: Effect of the raising of the school leaving age on educational 
attainment.

Davies et al. (2018) Nature Human Behaviour. 2 (2), 117-125.



Methods: Statistical analysis 2

• Estimate effect of education
• 2SLS for continuous outcomes 
• Additive structural mean models for binary outcomes Clarke and Windmeijer (2012)

• Baseline results include gender and month of birth, and the 10 genetic 
principal components as covariates
• Standard errors clustered by month of birth
• Less educated much less likely to take part 

• Census indicates that ~30% of the population left school at age 15.
• In UK Biobank only 17.5% say they left school at age 15.

• This is accounted for by using inverse probability weights





Results – association of the instruments and 
educational attainment
• Participants affected by the ROSLA were 23.0 (95% confidence 

interval (95%CI): 21.7 to 24.4) more likely to remain in school.

• Each unit increase in the Okbay score was associated with a 1.36 
(95%CI) 1.29 to 1.44 additional years of education.
• Minimum partial F-statistic= 288, maximum=1118
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y = 0,9955x + 0,0061
R² = 0,754
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Results: validating the instruments



Bias assessment

• Phenotypic
• Little information about pre-conception or family background
• Place of birth, breast fed, mother smoked in pregnancy

• Genotypic
• Constructed weighted allele scores 45 traits (p<5e-5) – liberal threshold
• Excluded variants within 500kb of the 74 Okbay SNPs
• LD pruned r2>0.001
• Harmonized alleles to UKBB
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Results: The effects of education
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Figure 6a: Univariate 
MR effects of 
education and 
cognition on outcomes



Figure 6b: Bivariate 
MR effects of 
education and 
cognition on outcomes



Figure 7a: 
Univariate MR
effect of 
education and 
cognition on 
outcomes



Figure 7b: 
Bivariate MR
effect of 
education and 
cognition on 
outcomes



Potential sources of bias

• Assortative mating
• Dynastic effects (genetic nurture)
• Pleiotropy
• Horizontal (a problem)
• Vertical (not a problem)

• Population stratification



Sensitivity analyses

• No time, but presented in the paper
• Pleiotropy robust
• MR-Egger, weighted median, and mode 

• Weighted vs. unweighted
• Not adjusted, partially adjusted, vs. fully adjusted
• Reduced form

• All consistent with these results, no major changes



Future research:

• Cross country natural experiments
• Long term follow-up
• Bivariate Mendelian randomization
• Effect heterogeneity
• Randomized controlled trials
Questions:
• What are the confounders of education-health associations?
• How to model non-linear or clinical thresholds?



Conclusions

• Strength and balance of confounders similar for MR as ROSLA
• Limitations of MR
• Horizontal pleiotropy
• Assortative mating
• Dynastic effects

• Limitations of both
• Sample selection

• Can either explain the results?
• Results remarkably consistent for MR and ROSLA
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