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Abstract:

Objectives: To determine whether educational attainment is a causal risk factor in the

development of coronary heart disease.

Design: Mendelian randomization study, where genetic data are used as proxies for
education, in order to minimize confounding. A two-sample design was applied, where

summary level genetic data was analysed from two publically available consortia.

Setting: In the main analysis, we analysed genetic data from two large consortia
(CARDIoGRAM and SSGAC), comprising of 112 cohorts from predominantly high-income
countries. In addition, we also analysed genetic data from 7 additional large consortia, in

order to identify putative causal mediators.

Participants: The main analysis was of 589 377 men and women, predominantly of

European origin.

Exposure: A one standard deviation increase in the genetic predisposition towards higher
education (i.e. 3.6 years of additional schooling). This was measured by 162 genetic variants

that have been previously associated with education.
Main outcome: Combined fatal and nonfatal coronary heart disease (63 746 events).

Results: 3.6 years of additional education lowered the risk of coronary heart disease by a
third (odds ratio = 0.67, 95% confidence interval [CI], 0.59 to 0.77, p=0.01). Equivalent
increases in education were also causally associated with reductions in smoking, BMI and

improvements in blood lipid profiles.

Conclusions: More time spent in education is causally associated with a large reduction in
the risk of coronary heart disease. This may be partly explained by changes to smoking, BMI
and a blood lipids. These findings offer support for policy interventions that increase

education, in order to also reduce the burden of cardiovascular disease.

Keywords: Socioeconomic Factors, Educational status, Cardiovascular disease, Myocardial
ischemia, Coronary artery disease, Myocardial infarction, Prospective studies, Mendelian

randomizaion
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What this paper adds

What is already known on this subject: Numerous observational studies have found that
people with longer educational attainment develop less coronary heart disease. However it
is not clear whether this association is causal, partly since randomised controlled trials are
not feasible in this area. No prior studies have applied the Mendelian randomization
method to investigate how exposure to socioeconomic risk factors might causally change

the risk of disease occurrence.

What this study adds: Our study suggests that if young people were to increase the number
of years they spend in the educational system, then this is likely to substantially lower their
risk of subsequently developing coronary heart disease. Our study should stimulate further
policy discussion about increasing educational attainment in the general population, in

order to improve population health.
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INTRODUCTION

Coronary heart disease (CHD) is the leading cause of death globally. While the causal effects
of risk factors like smoking, blood pressure and LDL-cholesterol are generally accepted and
reflected in disease prevention strategies, substantial uncertainty still surrounds other
potential factors. Decades of observational studies have consistently associated
socioeconomic factors such as higher education with decreased risk of CHD.* However,
given the implausibility and consequent absence of randomized controlled trials in this field,
it is possible that this association does not stem from an underlying causal effect, but arises
due to the methodological flaws of observational research.’® Clarifying whether the
association between education and CHD is causal or not has widespread implications for our
understanding of the aetiology of CHD, and the development of novel population-based

approaches to its prevention.

Mendelian randomization analysis relies on genetic variants that are associated with a risk
factor (e.g. education), to make causal inferences about how environmental changes to the
same risk factor would alter the risk of disease (e.g. CHD).” Genetic variants associated with
a risk factor are independent from confounders that may otherwise cause bias, as genetic
variants are randomly allocated before birth.? This, as well as the non-modifiable nature of
the genetic variants, provides an analogy to trials, where exposure is allocated by random
and is non-modifiable by disease.® By comparing the risk of disease across the genotype
groups, this allows causal effects to be determined with substantially less bias than that
from observational epidemiology. Recent methodological developments, including Egger
Mendelian randomization (MR-Egger), weighted median MR and multivariable MR, can be
employed as sensitivity analyses to additionally investigate any pleiotropic effects of the

genetic variants (i.e., when genetic variants associate with one or more pathways than with
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the risk factor under analysis, which can distort the causal effect estimate) (Figure $1).°*!

Here, we first updated observational estimates of the association between education and
incidence of coronary heart disease from several large studies (Table S1). A recent genome-
wide association study (GWAS) from the Social Science Genetic Association Consortium
identified a large number of independent genetic variants (i.e., single-nucleotide
polymorphisms [SNPs]) associated with educational attainment.” Thus, we used two sets of
SNPs associated with education attainment and retrieved the same CHD-associated SNPs
from the CARDIoGRAMplusC4D Consortium to perform Mendelian randomization analyses,
investigating whether individuals with a genetic predisposition towards higher education
have a lower risk of CHD."® We checked the robustness of our findings across a range of
sensitivity analyses. We finally investigated whether genetic liability for CHD is associated

with educational outcomes.

METHODS
Observational association between education and CHD

Throughout all analyses, CHD was defined as a composite of myocardial infarction, acute
coronary syndrome, chronic stable angina or coronary stenosis of >50%, or coronary death.
In observational analysis, we used a combination of cross-sectional and prospective data,
collected between 1983-2014 (Table S1). For prevalent CHD cases, we analysed 43,611
participants (1,933 cases) from the National Health and Nutrition Examination Surveys
(NHANES) (Tables 1 and S1, Figure S2) (http://www.cdc.gov/nchs/nhanes).** For incident

cases, we analysed 23,511 participants (632 CHD cases) from the Health, Alcohol and
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Psychosocial factors In Eastern Europe (HAPIEE) study®® and combined this with published
estimates from 97,048 participants (6,522 cases) of the MOnica Risk, Genetics, Archiving
and Monograph (MORGAM) study in Europe (see Table S1 for case definitions, and Figures

$3-54).1°
Genetic variants associated with education

SNPs associated with educational attainment were retrieved from a recent genome-wide
association study, involving 405,072 individuals of European ancestry (Table 1)."* For our
main analysis, we used 162 independent SNPs (linkage disequilibrium, r’<0.1) associated
with education across the discovery and replication cohorts at a combined GWAS
significance threshold (P<5.10°®) (Supplementary Methods, Table $2-53 and Figure $5-56).
For our secondary analysis, we used another set of 72 independent SNPs (linkage
disequilibrium, r2<0.1) that were associated with education in the discovery cohort (293,723
participants; P<5.10°®) and directionally consistent in the replication cohort (Supplementary

Methods, Table $3-S4, and Figure S5 and S7).
Genetic variants associated with CHD

For each education-associated SNP, we retrieved summary-level data from the Coronary
ARtery DIsease Genome wide Replication and Meta-analysis plus The Coronary Artery
Disease Genetics Consortium (CARDIoGRAMplusC4D) comprising 63,746 CHD cases and

130,681 controls (Supplementary Methods, Table 1, and Figures $8-59)."
Statistical analyses

Cox proportional hazards and logistic regressions were used to calculate observational

estimates for incident and prevalent cases, respectively. Conventional Mendelian
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randomization analyses were performed by regressing the SNP-education associations with
the SNP-CHD associations (outcome), where each SNP was one data point (Supplementary

Methods).’

Sensitivity analyses (MR-Egger and weighted median MR) were used to investigate to what

degree pleiotropic effects might bias the Mendelian randomization causal estimates.’ ™ |

n
addition, we also applied Mendelian randomization to investigate whether genetic
predisposition to higher education could lead to improvements in the established
cardiovascular risk factors (Supplementary Methods and Table S5). Once such associations
were identified, we further adjusted for their causal effects using multivariate MR.™ Finally,
to check for whether genetic risk for coronary events might be a causal factor for

educational attainment, we performed Mendelian randomization in the opposite direction

(Supplementary Methods and Table S6).

Patient involvement

Patients were not involved in the design or implementation of this study. There are no
specific plans to disseminate the research findings to participants, but findings will be

returned back to the original consortia, so that they can consider disseminating further.

RESULTS
Observational analyses

Based on NHANES data, each additional 3.6 years of education (1-SD) was associated with

27% lower odds of CHD (odds ratio, 0.73; 95% confidence interval [CI], 0.68 to 0.78) (Figure
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2). In prospective analyses, 3.6 years of additional education was associated with a 20%
lower risk of CHD in the HAPIEE and MORGAM studies, with a pooled hazard ratio of 0.80
(95% Cl, 0.76 to 0.83) (Figure $10)." '® These observational estimates were robust to
sensitivity analyses accounting for different case definitions, different age at first event, and

confounding by other measures of socioeconomic position (Table S7).
Causal association of education on CHD

When examining SNPs across the entire genome (Supplementary Methods), there was
strong evidence for a negative genetic correlation between education and CHD (rg=-0.324;

p-value=2.1x 10™)."

Conventional Mendelian randomization analysis using 162 SNPs found that a 1-SD increase
in education was associated with a 33% reduction in the risk of CHD (odds ratio, 0.67; 95%
Cl, 0.59 to 0.77) (Figure 1 and S11). Sensitivity analyses using MR-Egger and weighted
median Mendelian randomization yielded similar results in terms of direction and
magnitude (Figures 1 and $12-S13 and Table S8), suggesting that our findings were not
biased from presence of pleiotropic effects. The secondary analysis using a set of 72 SNPs
yielded consistent results in terms of direction and magnitude (Figures 1 and S14-S16, Table

s8).18
Causal association of education on cardiovascular risk factors

To identify potential risk factors that could mediate or confound the association between
education and CHD, we investigated whether a genetic predisposition towards higher
education was associated with established cardiovascular risk factors (Table 2 and S5). A 1-

SD increase in education was causally associated with a 35% reduction in odds of smoking, a
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0.17 kg/m? reduction in BMI, a 0.14 mmol/I reduction in triglycerides and a 0.15 mmol/!
increase in HDL-cholesterol (Table 2). In exploratory analyses, inclusion of genetic
associations with smoking, BMI, triglycerides and HDL-cholesterol did not change the

primary association between education and CHD (Tables 3 and S9).
Causal association of CHD on education

The reverse investigation, of whether genetic liabilities for risk of CHD are associated with

educational outcomes, showed an absence of association (Figures 2 and $17-519).

DISCUSSION

In this Mendelian randomization study, we found evidence that higher education is causally
related to substantial reductions in the risk of CHD, consistent with observational estimates.
More specifically, 3.6 years of increased education (similar to an undergraduate university

degree) translates to about a one-third reduction in the risk of CHD.

Previous studies have attempted to clarify the causality of the relationship between
education and CHD using approaches that overcome some of the limitations of
observational epidemiology. These have primarily investigated the association between
education and all-cause mortality. Few have investigated cardiovascular outcomes, and
none have used a genetic approach using Mendelian randomization analysis. First,
ecological instrumental variable approaches have compared mortality before and after
changes to compulsory schooling laws. For example, by looking at mortality rates in
countries before and after the introduction of national legislation that increased minimum

education. In the UK, this increase in minimum education by one year was not associated
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with a change in mortality, but a similar increase in the Netherlands was associated with
reduced mortality.”>*® Analyses of inter-state differences within USA initially suggested a
large effect on mortality, but this effect disappeared when state-specific baseline trends

were adjusted for.°?!

In Sweden, an intervention to extend compulsory schooling
throughout a 13-year transition period was not associated with lower mortality for all age
groups combined, but was associated with lower mortality in the younger age groups.”
Second, studies on twins have found differences between siblings in terms of development
of chronic diseases when accounting for education, suggesting that confounding from
environmental factors is unlikely to explain the observational associations.?**® Third, studies
including individual-level data from millions of siblings observed an association between
education and mortality.®*® Fourth, a recent study has reported a link between parental

longevity and genetic markers for education in their offspring.”’ However, causation and its

direction were not tested.

The mechanisms that might mediate the association between education and CHD remain
relatively unknown. Observational associations have found that the primary association
attenuates by around 30-45% after statistical adjustment for health behaviours and
conventional cardiovascular risk factors (including smoking, blood pressure and cholesterol).
This suggests that these factors could account for around half of the association between

education and CHD.??®

In this study, we observed that education is causally related to
smoking, BMI and blood lipids. Clarifying how much they mediate the causal association
between education and CHD requires further investigation, e.g. by applying two-step

. R . . .. 2930
Mendelian randomization to individual-level data.

Nonetheless, accounting for these
factors in our multivariable Mendelian randomization analysis did not influence the primary

association between education and risk of CHD, suggesting that conventional risk factors

10
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that we assessed may not completely account for the mechanism. Additional hypotheses for
investigation could include education leading to improved use of healthcare services (from
better health knowledge or fewer financial barriers in accessing care), better job prospects,
income, material conditions, social ranking and/or diet - all factors associated education and
CHD.*

Our study has important strengths. We investigated the causality of the association
between an easily measured socioeconomic factor (i.e. education) and a common disease
(i.e. coronary heart disease), using a genetic design to substantially reduce bias. Summary-
level data from over half a million individuals gave our study the precision required to derive
robust causal effect estimates, and to perform multiple sensitivity analyses. The consistency
of findings across two sets of genetic instruments strengthens the confidence in our
findings. We used recent state-of-the-art methodological developments to thoroughly
explore pleiotropy our genetic variants, for which we found no evidence. However, our
study also has some limitations. First, it is possible that the genetic variants associated with
education may instead mark more generic biological pathways (such as vascular supply or
mitochondrial function), which could simultaneously lead to increased educational

2231 |1 this scenario, interventions in education may not

attainment and reduced risk of CHD.
translate into lower disease occurrence. However, such a scenario is less likely to lead to the
consistent set of results we found across all the sensitivity analyses. Second, it is possible
that some of the genetic markers used were invalid. Nonetheless, even if all SNPs included
in the analysis have pleiotropic effects, MR-Egger analyses should still give valid causal
estimates, as long as the pleiotropic effects do not correlate with the effects on education.

Third, we assumed the absence of dynastic effects, an assumption that is broken when

parental genes associate with parental behaviours that directly cause a health outcome in

11
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the child.*® For example, parents with a genetic predisposition towards higher education
may choose to feed their children a better diet. Fourth, our observational and genetic data
originate predominantly from European origin samples in high-income countries. We are
thus unable to generalize these estimates to other populations, particularly to low-income
countries where cardiovascular diseases are less common. Fifth, we do not know whether
increasing education for those of least education will be as cardioprotective as increasing
education for those with above-average education. Nonetheless, the linear relationship in
the observational data supports interventions framed within Rose’s prevention paradox:
that more disease could be prevented by slight increases in education across its entire
distribution, as opposed to targeting interventions only at high-risk subgroups.*® Sixth, we
assumed that genetic predisposition towards a higher educational attainment causes the
same behavioural and physiological consequences as environmentally-acquired changes to
educational attainment. Although our study did not allow us to directly test the non-genetic
component of education, these genetic findings are generally consistent with the various
studies observing differences in mortality following policy change to schooling laws (as
described above), as well as with observational estimates that measure the combined
genetic and acquired components of education. Moreover, genetic predispositions to e.g.
LDL-cholesterol and systolic blood pressure levels have recapitulated the direction of
causality seen in environmentally-acquired changes to these risk factors from randomized
controlled trials of pharmacological therapies, supporting the overall validity of the MR

approach.’*

In conclusion, this study suggests that a causal relationship exists between more time spent
in education and a reduced risk of CHD. This relationship is only partly explained by

traditional cardiovascular risk factors. Our findings add to the growing evidence base that

12
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increasing education is likely to lead to not only important societal benefits, but also

substantial health benefits.
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TABLES

Table 1 Details of the studies and datasets included in the analysis

Analysis/study Risk factor/Outcome  No. of Web source (if publicly available)
participants
(CHD cases)

Observational analysis

Years of 43 611
NHANES education/nonfatal a ’933) http://www.cdc.gov/nchs/nhanes
CHD !
Years of
HAPIEE *° education/fatal and 23,511 (632) -
nonfatal CHD
Years of 97,048
MORGAM *® education/fatal and ’
(6,522)
nonfatal CHD
Mendelian randomization analysis
SSGAC *? Years of education 349,306 (-)  http://www.thessgac.org/#!data/kuzq8
1 194,427 _
CARDIoGRAMplusC4D nonfatal CHD (63,746) http://www.cardiogramplusc4d.org

CHD, coronary heart disease. NHANES, The National Health and Nutrition Examination Survey. HAPIEE, Health,
Alcohol and Psychosocial factors In Eastern Europe. MORGAM, MOnica Risk, Genetics, Archiving and
Monograph. SSGAC, Social Science Genetic Association Consortium. CARDIoGRAMplusC4D, Coronary ARtery
Disease Genome wide Replication and Meta-analysis (CARDIOGRAM) plus The Coronary Artery Disease (C4D)

Genetics) consortium
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Table 2 Causal effects of a 1-SD increase in education on selected cardiovascular risk factors

Estimate (95% Cl) per
Outcome 1-SD increase in P-value

education (~3.6 years)

Binary traits (estimate is Odds Ratio)
Smoking status 0.65 (0.54; 0.79) 0.001
Diabetes mellitus, type 2 0.75 (0.56; 1.01) 0.057
Continuous traits (units) (estimate is beta)
Systolic Blood Pressure (mm Hg) -1.36 (-2.85; 0.12) 0.075
Diastolic Blood Pressure (mm Hg) -0.23 (-1.22; 0.76) 0.645
LDL-cholesterol (mmol/L) -0.03 (-0.10; 0.05) 0.513
HDL-cholesterol (mmol/L) 0.15 (0.07; 0.23) 0.001
Triglycerides (mmol/L) -0.14 (-0.22; -0.06) 0.001
Glucose (mmol/L) -0.02 (-0.08; 0.03) 0.441
Body Mass Index (kg/m?) -0.17 (-0.26; -0.08) 0.001
Height (cm) 0.06 (-0.03; 0.16) 0.208

All analyses are based on a common set of 102 single nucleotide polymorphisms associated with education,
measured in various international consortia (See Supplementary Methods and Table S5). Bold font denotes
causal effect estimates with strong statistical evidence (p<0.001). Estimates are expressed per 1-standard
deviation increase in years of education (equivalent to 3.6 years) as absolute values for continuous risk factors,
and as odds ratios for binary traits. Cl, confidence interval. LDL, low density lipoprotein; HDL, high density

lipoprotein.
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Table 3 Multivariable Mendelian randomization analyses showing the causal effect of 1-SD
increase in education on the risk of CHD

0Odds Ratio of CHD
(95% Cl) per 1-SD

Risk factor adjusted for increase in P-value Attenuation

education (~3.6

years)

Nil (unadjusted) 0.79 (0.66; 0.94) 0.010 reference
Tobacco (ever vs. never users) 0.80 (0.66; 0.97) 0.023 5%
Body Mass Index 0.81 (0.67; 0.98) 0.035 11%
Triglycerides 0.76 (0.63; 0.92) 0.006 -16%
HDL-cholesterol 0.81(0.67; 0.98) 0.033 11%
All 4 risk factors 0.80 (0.65; 0.99) 0.039 5%

All analyses are based on a common set of 102 single nucleotide polymorphisms associated with education,
measured in 63 746 CHD cases and 130 681 controls, in the CARDIOGRAMplusC4D Consortium (See
Supplementary Methods and Table S5). SD, standard deviation. CHD, coronary heart disease. Cl, confidence
interval HDL, high density lipoprotein.
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FIGURES

Figure 1 Comparison of observational (blue) and causal (red) estimates for risk of coronary

heart disease, per 3.6 years of educational attainment

Risk
coefficient
Observational Cases Controls (95% ClI)
Prevalence (NHANES) 1,933 41,678 —-— 0.73 (0.68:0.78)
Incidence (HAPIEE+MORGAM) 4,690 99,033 - 0.80 (0.76:0.83)
Causal
162 SNPs
Conventional MR (IVW) 63,746 130,681 —e— 0.67 (0.59:0.77)
MR-Egger 63,746 130,681 = 0.54 (0.31:0.93)
Weighted median MR 63,746 130,681 —_—s 0.70 (0.58:0.85)
72 SNPs
Conventional MR (IVW) 63,746 130,681 — 0.60 (0.49;0.74)
MR-Egger 63,746 130,681 a 0.54 (0.26:1.11)
Weighted median MR 63,746 130,681 —s 0.71(0.54;0.93)
I I I |

02 04 06 OI_S 10 12
RC (95% CI)

Two observational estimates (in blue) are provided according to incident or prevalent CHD cases. The
incidence risk coefficient (RC) was derived by meta-analysis of hazard ratios from the HAPIEE and MORGAM
studies. The observational estimates are contrasted with the different Mendelian randomization (MR) causal
effect estimates (in red) (see Supplementary Methods for a full description of each MR approach). The RCs for
the observational prevalence estimate and the causal estimates are odds ratios. CHD, coronary heart disease.
Cl, Confidence Interval. NHANES, The National Health and Nutrition Examination Survey. HAPIEE, Health,
Alcohol and Psychosocial factors In Eastern Europe. MORGAM, MOnica Risk, Genetics, Archiving and

Monograph. IVW, Inverse-variance weighted approach.
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Figure 2 Association of genetic liabilities for risk of CHD and educational outcomes

SD difference in

Analysis Participants education (95% Cl)
Conventional MR (IVW) 328,917 —P— 0.002 (-0.013, 0.0186)
MR-Egger 328,917 ' 0.005 (-0.029, 0.039)
Weighted median MR 328,917 -0.001 (-0.017, 0.016)
I I I I I
-0.04 -0.02 0 0.02 0.04

5D difference in education (95% CI)

Causal estimates are expressed as SD difference in education, per 1-log unit increase in risk of coronary heart
disease (CHD). Each Mendelian randomization (MR} analysis is fully described in the Supplementary Methods.

Cl, confidence interval. IVW, inverse variance weighted approach.
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