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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?

e 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

The Relationship Between
Education and Adult Mortality in the
United States
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Prior research has uncovered a large and positive correlation between education and health. This
paper examines whether education has a causal impact on health. 1 follow synthetic cohorts using
successive U.S. censuses to estimate the impact of educational attainment on mortality rates. I use
compulsory education laws from 1915 to 1939 as instruments for education. The results suggest that
education has a causal impact on mortality, and that this effect is perhaps larger than has been previously
estimated in the literature.

1. INTRODUCTION

Access to healthcare insurance' and expenditures on healthcare,” have been shown to have
little effect on health. On the other hand, there is a large and positive correlation between
education and health (Grossman and Kaestner, 1997). This correlation is strong and significant
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Instruments: Changes to compulsory
education laws in the US

Outcome: 1% random sample of census
data

e 10 year mortality aged 50 to 60
Education: NHANES + NHEFS

Partial F-stats: 4.69 to 14.93

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

* 3.6 (95%Cl: 0.9 to 2.5) pp reduction in
mortality per year of education.



Background: The causal effects of education

American Economic Review 2013, 103(6): 2087-2120
http://dx.doi.org/10.1257/aer.103.6.2087

The Effect of Education on Adult Mortality and Health:
Evidence from Britain’

By DAMON CLARK AND HEATHER ROYER*

There is a strong, positive, and well-documented correlation
between education and health outcomes. In this paper, we attempt to
understand to what extent this relationship is causal. Our approach
exploits two changes to British compulsory schooling laws that
generated sharp across-cohort differences in educational attainment.
Using regression discontinuity methods, we find the reforms did not
affect health although the reforms impacted educational attainment
and wages. Our results suggest caution as to the likely health returns
to educational interventions focused on increasing educational
attainment among those at risk of dropping out of high school, a
target of recent health policy efforts. (JEL H52, 112, 121, 128)

The causal effect of education on health is a key parameter. It is central to models
of the demand for health capital (Grossman 1972) and models of the influence of
childhood development on adult outcomes (Heckman 2007; Conti, Heckman, and

Urzua 2010). It is also relevant to macroeconomic growth models that incorporate
martality and hiiman canital acenmulation ( Acemanoln and Tahnean 20007 Cervellati
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FIGURE 1. YEARS OF FULL-TIME EDUCATION BY QUARTER OF BIRTH

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%Cl: 0.01 to 0.24) pp reduction in mortality per year
of education.
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Abstract

Educated people are generally healthier, have fewer comorbidities and

live longer than people with less education?3, Much of the evidence



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

e 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



Structure of DNA and chromosomes
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How do we measure genetics?




Sources of bias in Mendelian randomization

* Weak instrument

* Pleiotropy

* Residual population stratification
* Assortative mating

* Dynastic effects

e Sample selection



Methods: the UK Biobank

Figure 1: Raw birth location

The UK Biobank %
e Sent 9.2 million invitations

* Sampled 503,325 individuals H
* Detailed phenotypic measurements e
* Long term follow-up via record linkage §O
* Genome wide data §§

T T T T
0 200000 400000 600000
Place of birth in UK - east co-ordinate

Improving the health of future generations




Mendelian Randomized

randomization controlled
trial
Mendelian randomisation Randomised controlled trial
Random segregation of alleles Randomisation method

Y Y Y Y

Exposed: one allelle Control: other allelle = Exposed: intervention  Control: no intervention

Confounders equal Confounders equal
between groups between groups

Outcomes compared between groups Outcomes compared between groups



Natural Exposure Outcomes
experiments

(instrumental Confounding

variables) variables
Mortality
Policy reform »  Years of . Income
education Blood pressure
etc.....
Genetic

variation



Exposure: Educational attainment

* For the ROSLA: remained in school after at age 15.
e 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)
e Alcohol consumption
* Exercise (weekly vigorous or moderate)
* Hours watching TV per day



25 Outcomes (continued)

* lncome
 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
e 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




Figure 2: Effect of the raising of the school leaving age on educational
attainment.
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Methods: Statistical analysis 2

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

e Baseline results include gender and month of birth, and the 10 genetic
principal components as covariates

e Standard errors clustered by month of birth

* Less educated much less likely to take part

e 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
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Abstract

Participants in epidemiological and genetic studies are rarely truly
random samples of the populations they are intended to represent, and

both known and unknown factors can influence participation in a study



Results — association of the instruments and

educational attainment

* Participants affected by the ROSLA were 23.0 (95% confidence
interval (95%Cl): 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%Cl) 1.29 to 1.44 additional years of education.
* Minimum partial F-statistic= 288, maximum=1118



0,0800

o o o
(0 (@))] ~
o o o
o o o

o
o

S freguenc®
o o
o o

o
[N
o
o

Effecgof SNB in fucg UK Bipbank beta gnd efgect allele
S
S

-0,0100

-0,0200

0,00

Comparison of SSGAC discovery and UK Biobank for ISCED SSGAC definition

y =1,0603x + 0,0002
R?=0,3254

=
— -

+ =
P

" L
t @ i
0,01 0,02 10,03 0,04 0,05

Effect of SNP in SSGAC discovery sample beta and 95% confidence interval

0,06



Effect of each SNP reported by SSGAC UK Biobank replication and UK Biobank for ISCED SSGAC

definition
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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

e Constructed weighted allele scores 45 traits (p<5e-5) — liberal threshold
* Excluded variants within 500kb of the 74 Okbay SNPs

* LD pruned r%>0.001

* Harmonized alleles to UKBB



Birth location
Easting
Northing
Index of Multiple Deprivation 7
Urban vs. rural 7
Distance from London

Current location
Easting
Northing 7

Early life
Birthweight 7
Breastfed
Mother smoked in pregnancy 7
Comparative body size age 10
Comparative height age 10

Family characteristics
Father alive T

Mother alive T

Number of brothers -

Phenotypic evidence of bias

Number of sisters T

® Actual years of education

" Policy reform

A Genetic variation
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Anthropometry
Height

Body mass index
Body fat percentage

Substance misuse
Cigarettes smoked per day
Ever vs never smoked

Age of smoking initiation
Alcohol dependence

Birth weight

Childhood phenotypes
Birth length

Infant head circumference
Age at menarche

Neuropsychatric conditions
Depressive symptoms
Major depressive disorder
Autism

Schizophrenia

Bipolar disorder

Migraine in bipolar disorder
PGC cross-disorder traits
Alzheimer's disease
Father’s age at death
Mother’s age at death

—

Genotypic evidence of bias

Socioeconomic characteristics

Agreeableness =
Conscientiousness =
Extraversion =

Openness to experience =
Neuroticism =
Internalizing problems =
Subjective well being =
Chronotype =

Sleep duration =

Cognition

G speed factor =

Symbol search =

Digit symbol =

Inspection time =
2-choice reaction time =
8-choice reaction time =
Simple reaction time =
Childhood intelligence =
Cognition Sniekers et al. =
Cognition Trampush p<5E-07 =
High 1Q Zabaneh =

Nutrition

Omega-3 fatty acids =

Omega-6 fatty acids =

Omega-9 and saturated fatty acids =
Other PUFA =

Linoleic acid (LA) =
Mono-unsaturated fatty acids =

Zinc =

-25

.25

® Actal years of education

Policy reform

A Genetic variation




Results: The effects of education



Morbidity
Hypertension

Diabetes -
Stroke -
Heart attack
Depression -
Cancer -

Mortality
Died -

Health behaviours
Ever smoked -

Currently smoke -

Income
Income over £18k -

Income over £31k -
Income over £52k -

Income over £100k -

The effect of one additional year of school

-

-20

-15 -10 -5 0 5 10 15
Risk difference*100

® Actual years of education " Policy reform 4 Genetic variation

20



Indicators of agin
Gripstrength ﬁ(fg% -

Arterial stiffness —

Anthropometr
Height (cm) -
BMI (kg/m2) -

~ Blood pressure
Diastolic (mmHg)

Systolic (mmHg) -

~ Neurocognitive
Intelligence (0 to 13)

Happiness (0 to 5 Likert) -

. Health behaviours
Alcohol consumption (0 low to 5 high)

Hours watching television per day -
Moderate exercise (days/week) -

Vigorous exercise (days/week) -

The effect of one additional year of school

-2 -1

0

Mean difference

® Actual years of education

® Policy reform

A Genetic variation




Figure 6a: Univariate Morbidity
Hypertension — =
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Figure 6b: Bivariate

MR effects of

education and
cognition on outcomes

Morbidity

Hypertension —
Diabetes —
Stroke —

Heart attack —
Depression —

Cancer —

Mortality
Died —
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Ever smoked —
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Income
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Income over £31k —

Income over £52k —

Income over £100k —
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Education
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Figure 7a:
Univariate MR

effect of
education and
cognition on
outcomes

Indicators of aging
Gripstrength (kg) —

Anthropometry
Height (cm) —
BMI (kg/m2) —

Blood pressure

Diastolic (mmHg) —

Systolic (mmHg) —

Health behaviours

Alcohol consumption (0 low to 5 high) —
Hours watching television per day —

Vigorous exercise (days/week) —

Moderate exercise (days/week) —

-1

0

Mean difference

Cognition

Education




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

Indicators of aging
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Blood pressure
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Potential sources of bias
SCICNCE tome vews soumats Topics carers

* Assortative mating

* Dynastic effects (genetic nurture)

RESEARCH ARTICLE

The nature of nurture: Effects of parental

* Pleiotropy

* Horizontal (a problem) genotypes
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* Population stratification o e ot
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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:

e 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?
e Results remarkably consistent for MR and ROSLA
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Thanks for listening! Thoughts comments?
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