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02-Mar-2017 

 

Dear Dr. Tillmann 

 

Manuscript ID BMJ.2017.037504 entitled "Education and coronary heart disease: a Mendelian randomization 

study" 

 

 

Thank you for sending us your paper. We sent it for external peer review and discussed it at our manuscript 

committee meeting. We recognise its potential importance and relevance to general medical readers, but I am 

afraid that we have not yet been able to reach a final decision on it because several important aspects of the 

work still need clarifying. 

 

We hope very much that you will be willing and able to revise your paper as explained below in the report 

from the manuscript meeting, so that we will be in a better position to understand your study and decide 

whether the BMJ is the right journal for it. We are looking forward to reading the revised version and, we 

hope, reaching a decision. 

 

 

dr. Wim Weber 

European editor, The BMJ 

wweber@bmj.com 

 

*** PLEASE NOTE: This is a two-step process. After clicking on the link, you will be directed to a webpage to 

confirm. ***  

 

https://mc.manuscriptcentral.com/bmj?URL_MASK=7dac6f7736d44c8cbf3c5a1878b94a6e 
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**Report from The BMJ’s manuscript committee meeting** 

 

These comments are an attempt to summarise the discussions at the manuscript meeting. They are not an 

exact transcript. Members of the committee were: Wim Weber (Chair), Rafael Perera (Statistics advisor), 

Sophie Cook, John Fletcher, José Merino,  Rubin Minhas, Georg Roeggla, Amy Price, Tiago Villanueva, Daoxin 

Yin. 

Decision: Put points 

Detailed comments from the meeting: We thought your study addresses an important and interesting 

research question.  We had the following concerns:  

 

1. We agree with the reviewers that your suggestion that spending more years in the education system will 

decrease CVD risk is rather far-fetched. They suggest alternative explanations that need acknowledging. 

 

Thank you for emphasizing this important point. We agree entirely, that our initial submission made 

considerable confusion between what conclusions are substantiated by our data, and what conclusions could 

be drawn from the wider body of literature. Revisions to this theme have formed the centrepiece to the 

amendments made in this version. We have now taken the following steps: 

 

1. Under “Discussion - limitations”, we have expanded our discussion of the assumptions that need to 

hold, in order for policy changes to decrease CVD risk. Briefly, this would be untrue if: 

a. Our sensitivity analyses were invalid, thereby masking bias from widespread pleiotropic 

effects, AND 

b. If these pleiotropic effects coincided with the range of findings from other study designs, 

many of which test non-genetic associations between education and heart disease (incl. 

policy effects inferred from natural experiments, and environmental effects inferred from 

twin studies). 

To our minds, the probability of both (a) and (b) being true are small, meaning that we are 

confident that gross pleiotropy is unlikely to undermine our findings. 

 

2. Differentiated the following distinction throughout the manuscript:  

a. Our study does not provide direct evidence that spending more years in the education 

system will decrease CVD risk. We have now made this more explicit in the abstract, results 

and discussion. 

b. However, we still consider that the most likely explanation that accounts for the wider body 

of literature (including our study) is to conclude that spending more years in the education 

system will probably decrease CVD risk. 

 

3. Added a new paragraph “Discussion - Implications for researchers”, which discusses alternative 

explanations for our findings and their implications for pharmacological research. This mirrors the 

recommendation from reviewer 2: “Irrespective of potential violations of MR assumptions, I think the 

current results are of substantial interest. If non-causal (or some portion non-causal), it raises very 

interesting questions regarding mechanisms.” 
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2. We worried about what it is meant by education even though we suspect you mean academic education. 

But how about vocational or technical education? Not everyone is destined to pursue academic education. 

 

Some classifications systems of education (such as International Standard Classification of Education [ISCED] 

2011) indeed conceptualize academic education to be somewhat ‘superior’ to vocational education. 

Thankfully, the education GWAS
1
 we build on used the ISCED 1997 system instead, which recognizes parallel 

and quantitatively equivalent streams. For example, levels 5A and 5B denote academic and vocational, 

respectively, with both contributing a similar number of “years of education” (the exposure definition used in 

our study). We have added to the Methods: 

 

“Throughout all analyses, education was defined in the same way as was done in the original GWAS analysis, 

where data from 65 studies were harmonized against the International Standard Classification of Education 

1997 classification system (see supplementary table 1.3 of the original GWAS study). Following harmonization, 

self-reported educational attainment was modelled linearly, expressed as one standard deviation (i.e. 3.6 

years) of additional schooling. In this form, one year of vocational education was equivalent to one year of 

academic education, and we did not assume any qualitative differences in the type of education.” 

 

 

 

 

3. NHANES, HAPIEE and MORGAM appear to be classified as observational studies.  Did you do more than 

summarise the results of these studies or did you have access to SNP data and did new genetic association 

analysis on these datasets?  We thought it was the former, but the abstract says "In addition, we also analysed 

genetic data from 7 additional large consortia, in order to identify putative causal mediators." S10 reveals that 

these 7 consortia make up MORGAM.  

 

Thank you for explaining that this was unclear. We did not conduct any genetic analyses on any of these three 

observational datasets. One of these three was the MORGAM consortium, which itself was composed of ten 

observational cohort studies (described in Supplementary figure 9). 

 

We have now added: 

 

1) In the abstract, a distinction between analyses of observational and additional genetic data: 

 

Setting: In the main analysis, we analysed genetic data from two large consortia 

(CARDIoGRAMplusC4D and SSGAC), comprising of 112 studies from predominantly high-income 

countries. Second, findings from Mendelian randomization analyses were compared against results 

from traditional observational studies (using 164 170 individuals). Third, genetic data were analysed 

from 6 additional consortia to investigate whether longer education can causally alter the common 

cardiovascular risk factors. 

 

2) Clarified a subheading in the Supplementary Methods, which now reads as “Causal relationships from 

education to 10 cardiovascular risk factors, from 6 GWAS consortia” 

a. To explain, these 6 GWAS consortia were not involved in our observational analyses. 

b. Our initial submission made a mistake: we extracted GWAS data from 6 consortia, not 7 as 

we initially wrote. 

 

3) Details of these 6 GWAS cohorts used for our multivariable MR analyses have now been added to 

Table 1. 

 

4) A new summative flowchart, which describes the design, data sources, and interpretation of our study 

(Supplementary Figure 2). 

 

                                                                 
1
 Okbay A, Beauchamp JP, Fontana MA, Lee JJ, Pers TH, Rietveld CA, et al. Genome-wide association study identifies 74 loci associated with 

educational attainment. Nature. 2016;533(7604):539-42. 
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4. Are there any patients in this analysis?  That is, did you classify, count and compare?  Classify patients 

(according to genetic educational propensity), count (CHD outcomes) and compare (events in each 

group)?  The methods state "randomization analyses were performed by regressing the SNP-education 

associations with the SNP-CHD associations (outcome), where each SNP was one data point".  Are you using 

CHD outcomes or SNPs known to be associated with CHD outcomes?  

 

Thank you for noting that our methods could be explained more clearly and with more detail. We have now 

added the following new text (in bold) to the introduction section: 

 

“Up until relatively recently, Mendelian randomization (MR) analyses have been conducted on 

single datasets where data on genotype, risk factor and outcome were measured for all participants 

(known as “one-sample Mendelian randomization”). However, performing advanced analyses on 

pleiotropy requires larger sample sizes in order to maintain statistical power. This would require 

data pooling across dozens of studies, which is administratively difficult to organize. As an 

alternative, summary-level data from large genome-wide associations study (GWAS) consortia have 

become increasingly available in the public domain. It is possible to use such data to conduct 

Mendelian randomization analyses, whereby gene-exposure measures are taken from one GWAS 

and gene-outcome measures are taken from another GWAS (altogether known as “two-sample 

Mendelian randomization”). (9) 

 

[…] 

 

Second, we applied two-sample Mendelian randomization analyses to investigate whether 

individuals with a genetic predisposition towards higher education have a lower risk of CHD. A 

recent GWAS from the Social Science Genetic Association Consortium identified a large number of 

independent genetic variants (single-nucleotide polymorphisms [SNPs]) associated with educational 

attainment. (16) We used 162 such SNPs to mimic the process of randomly allocating some 

participants to more, and other participants to less education. To then compare the CHD risk of 

participants randomized in such a manner, we used data from the CARDIoGRAMplusC4D 

Consortium, to see if participants with genetic variants for longer education had an altered risk of 

CHD, as compared to participants with genetic variants for shorter education. (17) 

 

 

 

  



5 

 

5. How complete are their datasets?  How much missing information is there on smoking, diet, height, weight, 

illnesses, blood test?  You do not mention this for the genetic datasets, but there is a lot missing in NHANES 

(Table S7 suggests complete data on about 45% of the cohort). 

 

 

Thank you for highlighting how we had not described data completeness of our genetic and observational 

analyses. If indeed most of the data is missing, this could lead to considerable bias. 

 

Observational analyses  

 

We consider data completeness in the main observational analyses to be excellent: 

 

Data source Variables assessed for missingness Percentage of participants 

with no missing data 

NHANES Age, sex, education, prevalent CHD 99.6 % 

HAPIEE Age, sex, education, prevalent CHD, incident CHD, country 85.8 % 

MORGAM Age, sex, education, prevalent CHD, incident CHD, country 97.8 % 

 

The editors rightly point out to a much large degree of missingness in table S7 (which is now called 

Supplementary Table 3 in this iteration). This pertains to a sensitivity analyses conducted with the NHANES 

dataset (which we are unable to conduct on the other datasets), where we have additionally adjusted our 

observational estimate of the association between education and CHD with an additional seven variables that 

might theoretically confound this association (namely ethnicity, citizenship, country of birth, military service, 

marital status, household size, and the family income: poverty threshold ratio). For these seven putative 

confounders, the degree of missingness was indeed extremely high, as it was only measured completely in 

26% of participants, i.e. 74% of participants had some missing data on one of these 7 confounders. 

Nonetheless, despite this large degree of missingness, the point estimate of the unadjusted estimates (from 

education to CHD risk) in this smaller sample was surprisingly similar (OR=0.75 in smaller vs. 0.73 in the full 

sample). Next, our sensitivity analyses within this subsample suggested that additional adjustment for seven 

SES-related factors led to no substantial change in the education-CHD point estimate (OR=0.73 in adjusted vs. 

0.75 in the unadjusted estimate, both measured in smaller subsample that had complete data). Although this 

additional sensitivity check is indeed performed on a very small subsample, we included it in the table, since 

we thought it might provide some additional confidence that our observational estimate is unlikely to be 

biased by confounding from other measures of SES. It is worth pointing out that our entire body of 

observational analyses were provided mainly to orientate the findings from the MR analyses, as the MR 

analyses provide more appropriate methods to avoid confounding. 

 

Therefore overall, we feel quite confident that the possibility for missing data to influence the results of our 

observational or causal analyses is probably quite small. 

 

 

Genetic analyses  

These were performed at the level of the SNP (whereby each SNP can be thought of as a mini-trial), hence we 

structure our discussion at the level of the SNP.  

 

For SNP-exposure associations, GWAS results on educational attainment were available for 162 SNPs. SNPs 

were either directly genotyped, or imputed via direct genotyping data being available from other SNPs in high 

linkage disequilibrium. The original GWAS
2
 meta-analysed data from 60 cohorts, each using different 

genotyping arrays. All cohorts imputed their genotyped data with reference to the 1000 Genomes project. 

Association analyses were performed within each cohort on all genotyped and imputed SNPs and summary 

statistics were meta-analysed by Okbay et al
1
. Prior to meta-analysis, a set of quality control filters were 

applied to cohort-level association results to make sure they were statistically reliable. SNPs with low 

imputation accuracy were filtered out as part of QC. The actual imputation accuracy thresholds used to filter 

                                                                 
2
 Okbay A, Beauchamp JP, Fontana MA, Lee JJ, Pers TH, Rietveld CA, Turley P, Chen GB, Emilsson V, Meddens SF, Oskarsson S. Genome-

wide association study identifies 74 loci associated with educational attainment. Nature. 2016; 533(7604):539-42. 
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out badly imputed SNPs differed by the type of imputation software used by the underlying cohort: 0.6 for 

MaCH, 0.7 for IMPUTE2, and 0.8 for PLINK.   

      

As a result of differences in genotyping chips and imputation reference panels (different versions of the 1000 

Genomes reference panel, or in a handful of cohorts, other sequence data comprising a similar set of SNPs) 

used by cohorts, and the quality control filters applied to cohort-level results, a slightly different set of SNPs 

from each cohort entered the meta-analysis. Hence, some SNP-exposure estimates were derived from larger 

samples while other SNP-exposure estimates were derived from smaller samples (max 349,306 participants, in 

the sample which did not overlap with our outcome dataset. Median SNP=347,477 participants. Least available 

SNP= 220,565 participants). In case that GWAS results were available for the full sample (349,306 participants), 

we report this below as “100% available / complete”. For the vast majority of SNPs (141 out of 162 SNPs, i.e. 

87% of SNPs), data were non-missing for ≥90% of participants. Excluding these 21 SNPs from the analysis did 

not change the results from conventional Mendelian randomization analysis: 

 

OR= 0.70 (95% CI = 0.60 to 0.80, P = 1.3 x 10
-6

) from analysis of 141 SNPs Vs.  

OR= 0.67 (95% CI = 0.59 to 0.77, P = 2.9 x 10
-8

) from analysis of 162 SNPs, currently presented as main findings. 

This analysis has now been added to Supplementary Table 4. 

 

For an average SNP, GWAS results were missing for just 3.5% of participants. The distribution of missing data 

across SNPs ranked by their degree of missingness is shown below: 

 

 

 
 

Overall, we think that data completeness in SNP-exposure associations was very good. 

Additional details of this are now visible in the file “Supplementary Datasets.xls, sheet 1, columns K-M”.  

 

For SNP-disease associations, out of 162 SNPs: 

a) 103 SNPs (64%) had directly genotyped data available from the CARDIoGRAMplusC4D consortium, i.e. 

no imputation. 13% of SNPs had missing data on at least 10% of participants. On average across all 

103 SNPs, data were complete for 91% of participants. Their distribution is shown below: 
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b) The remaining 59 SNPs were not genotyped, but imputed against the 1000 Genomes reference panel. 

For these SNPs, we were not able to identify the imputation accuracy filters previously applied by the 

CARDIoGRAMplusC4D team.
3
  

 

 

 

 

 

 

 

 

 

  

                                                                 
3
 CARDIoGRAMplusC4D Consortium. A comprehensive 1000 Genomes-based genome-wide association meta-analysis of coronary artery 

disease. Nature genetics. 2015. 



8 

 

6. Are the results significant after adjusting for confounders?  The main results and discussion suggest yes, but 

the fully adjusted results in table S9 are non-significant, p=0.089  

 

It is true that statistical adjustment for measured confounders is an important step in the analysis of 

observational data. Based on existing knowledge, we theorized that conventional cardiovascular risk factors 

(e.g. smoking, blood pressure, lipids) are best thought of as mediators of the causal association between 

education and CHD, as opposed to being thought of as confounders of this association. If our primary research 

question would have been “Is there a causal association between education and CHD, which is not mediated 

via conventional cardiovascular risk factors?” then our main analysis would have reported results from 

Multivariable Mendelian randomization analyses. In our initial submission, this was reported in Table S9 

(where p=0.089). However, as per suggestions from Reviewer 3, we have now omitted the Multivariable 

Mendelian randomization analyses (since measurement error here can give misleading results about 

mediation). 

  

Instead our primary research question was “Is there a causal association from education to CHD, and if there is, 

are there causal associations from education to the conventional cardiovascular risk factors that could 

potentially mediate it?” (We have now added a similar sentence to the introduction). Our results show strong 

evidence of causality from education to CHD (p=3 x 10
-8

).  

 

We have also clarified in the “Results” section: 

“To identify potential risk factors that could mediate or confound the association between education 

and CHD” 

 

 

Secondly, we emphasize the correspondence of MR methods to randomized controlled trials (RCT). In the 

analysis of RCTs, statistically adjusting for measured confounders does little to eliminate bias from 

confounders, as all such confounders should be randomized equally between the two trial arms. Along similar 

lines, the Mendelian randomization method should randomize most confounders between the high-exposure 

and low-exposure “arms”. As such, Mendelian randomization analyses typically mirror RCTs insofar as both MR 

and RCTs routinely present estimates from simpler unadjusted statistical models which are not additionally 

adjusted for measured confounders.  

 

 

7. It would have been useful if evidence of linear association with educational attainment and CVD risk was 

shown (quartiles?). 

 

For the genetic analysis, a dose response relationship is difficult to conduct using summary-level data. 

However, Supplementary figure 12 does show how those SNPs with a stronger association with education tend 

to be associated with a lower risk of CHD. This can be thought of as some evidence for dose response.  

 

For our traditional observational analyses, we had not previously noticed that we did not comment on our 

dose-response analysis which was in fact presented in our Supplement. We have added this sentence to 

“Results – Observational analyses”: 

 

“We also saw evidence for a dose-response relationship between the amount of education and risk of 

CHD (Supplementary Figures 10 & 11)”  

 

[whereby supplementary figure 10 contains approximately 3x more statistical power than figure 11]. 

 

First, please revise your paper to respond to all of the comments by the reviewers. Their reports are available 

at the end of this letter, below. 

 

In your response please provide, point by point, your replies to the comments made by the reviewers and the 

editors, explaining how you have dealt with them in the paper. 

Comments from Reviewers 
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Reviewer: 1 

 

Recommendation:  

 

Comments: 

Tillmann et al Education and CHD: an MR Study 

 

The authors have done a two-sample MR of SSGAC on CARIoGRAM. They used 162 SNPs on a combined 

outcome of fatal and nonfatal CHD (63k events). They found an OR of 0.67 for 3.6 years of education. They also 

studied observational outcomes in three cohorts, which had a much smaller number of cases. The mechanism 

for this effect may be mediated by smoking and/or diabetes, lipids and BMI. There was important 

attenuation of signal using multivariable MR using the above determinants, such that the 95% CI ranged from 

0.62-0.99 using all 4 risk factors. Signals generally persisted in IVW, MR Egger and Weighted Median MR. 

 

This is a thorough MR study that avoids many of the hazards that can occur in two-sample MR. It is also very 

clearly written and presented. The authors’ thorough approach and careful study design are exemplary and 

furthermore employ cutting edge MR methods. Despite this, I have several suggestions to improve the 

manuscript.  

 

Major 

 

 

1) The main difficulty with this paper is its interpretation. I am particularly concerned by statements such as 

the following, “These findings offer support for policy interventions that increase education, in order to also 

reduce the burden of cardiovascular disease.” I feel that statements such as these are not necessarily 

compatible with the data. This is because the SNPs are clearly associated with educational achievement and 

this may be through biological pathways related to intelligence, education, drive or other factors, but this does 

not necessarily mean that policy interventions to increase education will reduce CHD. Let me offer a potential 

reason for this. The SNPs affecting education achievement are likely influencing biologic pathways that in turn 

influence characteristics such as intelligence, motivation, reward-systems and other unknown behaviours. 

These same factors, in turn, may influence CHD outcomes, by modifying behaviours.  

 

A directive from a Ministry of Education to increase schooling in everyone for several years may not 

necessarily have the same effect on these behaviours as the biologic effects of the SNPs. For example, one 

could easily imagine a proportion of the population that would detest an extra imposed year of school, 

become beleaguered and drop out of school, thus increasing their social deprivation and causing CHD.  

 

Further, if imposed extra years of schooling does have such a profound effect on CHD, why were effects on 

mortality not consistently seen in ecological instrumental variable studies? For example, the cited Swedish 

study showed effects on all-cause mortality of less than 5% in 1.2M individuals. 

 

The authors have underscored this limitation in the following sentence: “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.” However, I feel that this 

limitation means that the interpretation of the study should be altered, since this assumption is not tested in 

the paper.  

 

Thank you for emphasizing this important point, which overlaps with comment #1 from reviewer #2, and 

comment #1 from the Editors. We agree entirely, that our initial submission made considerable confusion 

between what conclusions are substantiated by our data, and what conclusions could be drawn from the 

wider body of literature. Revisions to this theme have formed the centrepiece to the amendments made in this 

version. Ultimately, sound policy advice will need to integrate and triangulate evidence from multiple sources, 

which we hope our novel findings from the MR method can assist in informing. The question of how to strike 

the right balance in interpreting of our findings, in light of the wider literature, is indeed a challenging task and 
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we are extremely grateful to the reviewers for their continued assistance in this regard. In this version of the 

manuscript, we have tried to better delineate the three-step logic that is required to hold, for educational 

policies to prevent heart disease (our sensitivity analyses on pleiotropy are valid; mechanisms from policy 

change to CHD mirrors mechanisms from genetic change to CHD; policy change has minimal unwarranted 

effects). We have now taken the following steps: 

1. Removed this sentence from the abstract: “These findings offer support for policy interventions that 

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

 

2. Differentiated the following distinction throughout the manuscript:  

c. Our study does not provide direct evidence that spending more years in the education 

system will decrease CVD risk. We have now made this more explicit in the abstract, results 

and discussion. 

d. However, we still feel that the most likely explanation to account for the wider body of 

literature (including our study) is to conclude that spending more years in the education 

system will probably decrease CVD risk. 

 

As one example, we have now added a new subheading to the discussion (as recommended in the 

BMJ instructions to authors), called “What our study adds”, to addresses this distinction: 

“[…] The solution [to causal inference in a situation where RCTs are unfeasible] is to 

triangulate evidence from multiple study designs, each with their own strengths and 

weaknesses. The limited studies to date have suggested that a causal effect is more likely 

than not to exist, between socioeconomic exposures and all-cause mortality. Our study adds 

to this evidence by using an entirely new technique, which also suggests that a causal effect is 

more likely than not to exist between education and CHD.”  

 

Another example might be the newly added Supplementary Figure 2, where findings from our study 

(yellow boxes) are visually separated from inferences drawn from the wider literature (red boxes). 

  

 

3. The debate about residual confounding from pleiotropy (via pathways such as motivation or drive) is 

indeed critical. We have now elaborated our reasoning in more detail in the manuscript. We agree 

that one cannot make very strong inferences about pleiotropy from the analyses we performed. 

Despite this, we think that triangulating the question of pleiotropy from our analysis, alongside 

evidence from other studies, might shed additional light on the plausibility that our results are 

confounded by massive pleiotropy. We have now added to “Discussion - Comparison with previous 

studies”: 

“Studies on monozygotic twins have found how the twin with longer education tends to self-

report less chronic disease later in life. This suggests that shared environmental factors (such 

as parenting) are unlikely to cause substantial confounding. It also suggests that confounding 

from genetic factors (such as genetic differences in drive, motivation, personality or innate 

intellect; all of which may predispose towards longer education) may not account for the 

observational associations between education and disease.” 

 

4. Thank you for pointing how interventions such as “A directive from the Ministry” may have 

unforeseen policy consequences. We have now added a new subheading to the discussion (as 

recommended in the BMJ instructions to authors), called “Implications for clinicians and 

policymakers”: 

“There has been little discussion about how to raise education in a manner that is practical, 

acceptable, affordable and sustainable. While our data makes no claims on this, we note that 

interventions should be accompanied by careful monitoring for unforeseen side effects, 

especially of those individuals who may not thrive when forced into extended educational 

settings, which may otherwise aggravate health inequalities.” 

 

5. We have added more formal logical reasoning to the Discussion. A policy that raises education may 

not prevent heart disease in the hypothetical scenario where: 

a. All of our sensitivity analyses are invalid, thereby masking a state of large pleiotropy; AND 



11 

 

b. These pleiotropic effects coincided with the range of findings from other study designs, 

which test the non-genetic associations between education and heart disease; AND 

c. These pleiotropic effects remained undetected in analyses where our top SNPs were 

biologically annotated (using enrichment analysis, epigenomic data, genomic-relatedness-

matrix, LD Score Regression, and DEPICT Prioritization of genes), all of which suggested 

strong expression for neurological development and no expression for cardiac 

development.
4
 

 

[this is the second limitation we now discuss in detail] 

 

OR 

 

d. A policy intervention raises mean levels of education, but the mechanistic effects of these 

are different to the mechanistic effects of genetic increases to education. While these 

mechanisms remain poorly understood, our finding that genetic predisposition to education 

has a causal effect on risk factors such as BMI and smoking is generally consistent with 

findings from policy interventions.
5
 
6
 Secondly, studies of socioeconomic exposures would 

be the first to contradict a general pattern, where genetic effects (as measured by MR) have 

otherwise to date mirrored environmental effects (measured by RCT).  

 

[this is the third limitation we now discuss in detail] 

 

 Our own assessment of the literature (and our study within it) suggests that, despite substantial 

uncertainty, a policy that raises average levels of education is more likely than not to prevent heart disease. 

We completely recognize that others may disagree with us. Consequently, we have removed such an assertion 

from our original abstract and have also been more explicit and cautious in our conclusion. However, given the 

potential magnitude of benefits that this might bring, we thought it worthwhile to at least offer our 

interpretation of the wider body of evidence in the text of the discussion, so that others too can consider our 

reasoning and if possible, build upon it.  

 

6. Although we believe our sensitivity analyses to be more likely valid, we have been more explicit in 

this iteration about the implications if we are wrong. We have added a new paragraph “Discussion - 

Implications for researchers”, which discusses alternative explanations and their relevance for 

advancing our understanding of the aetiology of CHD with potential implications for 

pharmacotherapy. This also reflects the recommendation from reviewer #2: “Irrespective of potential 

violations of MR assumptions, I think the current results are of substantial interest. If non-causal (or 

some portion non-causal), it raises very interesting questions regarding mechanisms.” 

 

7. Thank you for pointing out that some of the headline conclusions from other studies have reported 

substantially smaller causal estimates. Concerning this study from Sweden
7
, it primarily evaluated all-

cause mortality (which itself tends to show weaker associations with education, when compared to 

CHD incidence). The Swedish study did briefly explore effects on cause-specific mortality, such as 

                                                                 
4
 Okbay A, Beauchamp JP, Fontana MA, et al. Genome-wide association study identifies 74 loci associated with educational attainment.  

Nature 2016;533:539-42.  Excerpts include: “SNPs in regions that are DNase I hypersensitive in the fetal brain are more likely to be 

associated with EduYears by a factor of ~5. Moreover, the 15% of SNPs residing in regions associated with histones marked in the central 

nervous system explain 44% of the heritable variation. This enrichment factor of ~3 for CNS is greater than that of any of the other nine 

tissue categories in this analysis. Given that our findings disproportionately implicate SNPs in regions regulating brain-specific gene 

expression, we examined whether genes located near EduYears-associated SNPs show elevated expression in neural tissue. Remarkably, 

the 13 GTEx tissues that are components of the CNS—and only those 13 tissues—show significantly elevated expression levels of genes. […] 

The resulting 34 [gene] clusters paint a coherent picture, with many corresponding to stages of neural development: the proliferation of 

neural progenitor cells and their specialization, the migration of new neurons to the different layers of the cortex (forebrain development, 

abnormal cerebral cortex morphology), the projection of axons from neurons to their signalling targets (axonogenesis), the sprouting of 

dendrites, and neuronal signalling and synaptic plasticity throughout the lifespan (voltage-gated calcium channel complex).” 
5
 Davies NM, Dickson M, Davey Smith G, van den Berg G, Windmeijer F. The Causal Effects of Education on Health, Mortality, Cognition, 

Well-being, and Income in the UK Biobank. bioRxiv. 2016. 
6
 de Walque D. Does education affect smoking behaviors? Evidence using the Vietnam draft as an instrument for college education. 

Journal of health economics. 2007;26(5):877-95. 
7
 Lager AC, Torssander J. Causal effect of education on mortality in a quasi-experiment on 1.2 million Swedes. Proceedings of the National 

Academy of Sciences of the United States of America. 2012;109(22):8461-6. 
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CHD, but this was likely underpowered. For example, they had 7x fewer CHD events than our study, 

which would be further diluted by the reduced power of a stepped-wedge design. To the best of our 

knowledge, our study may be the largest one we know of for making causal inferences between 

education and cardiac outcomes.  

 

The Swedish study expressed its all-cause mortality estimate per 1-year of additional education. 

Converting this into an equivalent exposure as in our analysis, 3.6 years of additional education, 

would have resulted in a HR=0.86 (0.77-0.96) in this Swedish study. This is about half as large as the 

effect that we find in our paper. Additional explanations for the difference with our study might 

include exposure misclassification and/or spillover between the exposed/unexposed arms in Sweden 

(mentioned by the authors in their paper). By contrast, MR studies with strong instruments tend to be 

less susceptible to regression dilution bias. Alternatively, there may also be genuine effect 

modification, on account of higher mean levels of social protection seen in Scandinavian societies.  

 

8. We have also introduced more caution in our summative statements throughout, such as (new 

changes in bold): 

 

a. Conclusion:   …it is difficult to completely rule out possible pleiotropic effects…  

 

b. Abstract conclusions: In conjunction with the results from other study designs,  

increasing education appears to result in substantial health 

benefits.  

 

 

 

 

2) I would argue that the main MR analysis should be the 72 SNPs. This is because these are the SNPs that 

were replicated (in a sense that they were directionally consistent in the replication set of 111k individuals). 

The analysis of 162 SNPs includes 90 SNPs that were directionally inconsistent in UKBB from SSGAC. Of course, 

the most power would be achieved if the instrumental variables were derived from a GWAS of SSGAC + UKBB 

meta-analysis, but in the absence of this data, the 72 SNP analyses would be most prudent in my opinion. The 

causal estimates are similar between the 162 and 72 SNP analyses. The wider confidence intervals of the MR-

Egger result in the 72 SNPs analysis are likely due to reduced power. The calculated power in Table S3 for both 

of these analyses is similar, however, obviously the R2 explained in education is lower with the 72 SNPs. These 

things considered, I feel it would be more prudent to use the 72 SNPs. 

 

We agree that switching to the 72 SNPs brings some additional advantages (particularly if we had analysed the 

data in the manner which the reviewer may have imagined). However, this would also bring disadvantages, 

such as reduced statistical power.  

 

We disagree that “in the absence of data…[on]…a GWAS of SSGAC + UKBB meta-analysis” – Instead, such data 

were available to us. This information is summarized in Supplementary Figure 4, which we have now updated.  

 

We have also clarified the section “Methods - Genetic variants associated with education”, which now reads:  

“For our secondary analysis, we used another set of 72 independent SNPs (at r
2
<0.1) that were 

associated with education in the discovery dataset (SSGAC) alone (293,723 participants; P<5.10
-8

) and 

which subsequently tested to be directionally consistent in an independent replication dataset (UK 

Biobank; see Supplementary Figure 4 for a summary of how SNPs were selected). We decided to use 

the larger set of instruments (with 162 SNPs) in our main analysis instead of the smaller set of 

instruments (with 72 SNPs) in order to maintain sufficient statistical power for our sensitivity analyses 

(incl. MR-Egger and causal effects on CVD risk factors).” 
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3) Pleiotropy: If we assume that the SNPs do not act directly upon educational achievement, but first upon 

intelligence and behaviours related to educational achievement, and these characteristics also act upon CHD 

risk, then there could be important violation of the InSIDE assumption of MR Egger. The authors again have 

been cautious in pointing this out, but the readership of the BMJ would likely not understand this potential 

issue and its implications. This needs to be more transparently discussed. 

 

Thank you for delineating this important point, which also overlaps with comments #2-3 from reviewer #2. We 

entirely agree that our initial discussion was too brief with regards to what we thought about the likelihood of 

violations to InSIDE, as well as the consequences of this. Our response here overlaps partly with our response 

to your point #1, and we ask you to refer again in our answer there to our subpoints #3, #5 and #6 [pages 10-

11 above]).  

 

To help clarify things further for our generalist readers, we have also expanded on: 

 

1. the concept of pleiotropy in the introduction by adding (in bold): 

“…any pleiotropic effects of the genetic variants (i.e., when genetic variants for education 

exert their influence on heart disease through a pathway that bypasses the education 

phenotype, see Supplementary Figure 1 for details).”
 

 

2. the rationale behind our sensitivity analyses in the methods: 

“These [sensitivity] methods allow some of the MR assumptions to be relaxed; convergence 

of results across all methods is more consistent with a limited effect from pleiotropy, while 

divergent results may indicate that genetic pleiotropy is biasing the results.” 

 

3. Strengths and limitations: 

“We used recent state-of-the-art methodological developments to thoroughly explore the 

possibility of pleiotropy in our genetic variants, for which we found no little evidence.” 

 

4. Implications for researchers: 

“More molecular research is needed to delineate the mechanism, pleiotropic or not, 

through which these 162 education SNPs associate with cardiac outcomes.” 

 

5. Conclusions: 

“it is difficult to completely rule out possible pleiotropic effects…” 

 

 

 

 

4) There is important attenuation of signal when several risk factors are included. This becomes quite apparent 

when the five traditional risk factors are included, (-21% attenuation, Table S9). I suggest that it would be 

important for the casual reader to understand this from the abstract. 

 

Thank you for this suggestion. This partly overlaps with question #6 from the editors, about whether the 

results from our Table S9 pertain to adjustment for confounders or adjustment for mediators. Most 

importantly, Reviewer #3 suggested that we “did not do a thorough mediation analyses, so this is an 

overstatement of the findings. I would recommend either omitting the mediation analyses which are just very 

suggestive or describing the results to be more cautious of what the authors found for mediation.”  

 

On balance, we have decided to drop our multivariable MR analysis in this iteration. We initially included it not 

because we hoped it would result in less biased estimates, but because we hoped to infer approximate 

mediation. In hindsight, the amount of measurement error in the mediators probably does not lend itself well 

to this sort of analysis given the current GWAS sample sizes, so we have omitted it to prevent disseminating 

imprecise findings.  
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Minor: 

 

Figure 2 should be re-labelled to make it clear that this is the effect of CHD on educational attainment. 

 

Thank you, we have amended this label to:  

“Causal estimates from CHD genetic liabilities, in causing educational outcomes.” 

 

(We also consider a simpler label, such as 

“Causal estimates from CHD to education.” 

But were less comfortable with this simplification. CHD rarely presents before the age of 30, by which point 

most educational outcomes have already occurred. 

 

 

We also updated the final sentence of our introduction: 

 

“We … additionally conducted a test for reverse causation by checking if those SNPs that best predict 

CHD also associate with educational outcomes.” 

 

 

 

The introduction should point out that MR limits confounding, rather than stating that it allows assessment 

independent of confounders. I do not believe this to be strictly true, since ancestry may confound an MR 

estimate. 

Thank you, we have now changed the bold words: 

 

“This enables the causal effect of a risk factor to be approximated [determined] with substantially less 

bias than that in a traditional observational analysis. Genetic markers of a risk factor are largely 

independent from confounders that may otherwise cause bias, as genetic variants are randomly 

allocated before birth.” 

 

We hope that our current manuscript no longer leaves the impression that MR methods eliminate 

confounding entirely. 

 

 

Table S2 should give the pvalues of the SNPs for education. It is unclear if the SNPs remained GW Sig after 

removal of overlapping CHD cohorts. 

We have now added these p-values to the supplementary dataset 1 (column Q). It is true that many SNPs were 

no longer GW significant after removal of the overlapping CHD cohorts. However, this is probably unlikely to 

bias our overall method and results, as we followed two distinct steps in sequence: 

• First, using only GWAS significant hits to identify our instruments (162 SNPs).  

• Second, once the instruments were identified, we used the smaller dataset in order to derive 

more appropriate beta coefficients between the SNP and education (thereby reducing bias 

which would have arisen from sample overlap with CHD). 

 

As a sensitivity check, we now illustrate those SNPs which remained GW significant in both smaller and larger 

datasets using red dots in Supplementary Figure 5. It appears that these are spread uniformly across the wide 

range of exposure, and scattered evenly across the original regression line. This means that if we restrict our 

main analysis to these red dots only (which would unduly restrict power), then we would probably see no 

change to the magnitude of association between our genetic instrument and the underlying education 

phenotype. 
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Proxies: Sensitivity analyses should be done without the proxies.  

 

Thank you for this suggestion. While it is common practice in Mendelian randomization analyses to perform 

analyses using proxy variants,
8
 we have now performed an additional sensitivity analysis using 115 SNPs 

without proxy data: 

 

OR = 0.62 (95% CI = 0.52 to 0.73. P-value = 1.3 x 10
-7

).  

 

This was essentially unchanged from the main analysis with proxy data: 

OR = 0.67 (95% CI = 0.59 to 0.77, P-value = 2.9 x 10
-8

).  

This analysis has now been added to Supplementary Table 4. 

 

 

I suggest to explain LDSR. Writing rg in a clinical journal will only cause confusion. Also, wouldn’t it make more 

sense to cite the LDSR paper, rather than the MR base paper? 

 

Thank you, we have now added this bold font text to the Results section: 

 

“Genetic association between education and CHD 

After integrating two GWAS datasets and examining millions of SNPs across the entire genome, there 

was strong evidence for a negative genetic correlation between education and CHD (rg=-0.324; 

rg
2
=0.104; P-value=2.1 x 10-12, further details in Supplementary Methods 2). To interpret this, 

educational outcomes can vary due to genetic and non-genetic variance. Within the domain of 

genetic variance, approximately 10% of it appears to be shared with the genetic variance of CHD, 

whereby this correlation is negative. This correlation can arise for various reasons, so we next 

conducted multiple Mendelian randomization analyses to investigate the presence and direction of 

any causal effects.” 

 

We have also switched the citations, as helpfully suggested.  

 

 

The variance explained in the educational phenotype should be stated in the main manuscript. It is rather low 

at 0.018 for the 162 SNPs, but admittedly, even this small variance explained provides excellent power. 

 

Thank you, we have now added to the “Methods”: 

“Altogether, these 162 SNPs explained 1.8% of the variance in education. This is sufficient to generate 

a strong genetic instrument with which to derive precise causal estimates (see Supplementary Table 2 

for power calculations).” 

 

 

I’m not sure if BMJ allows this, but the Supplemental tables would be much more helpful to the community if 

they were in excel format. 

 

Thank you. As our study was grateful to XLS & CSV data from the underlying GWAS studies, we would naturally 

like to reciprocate the ethos of sharing back to the research community. We have now checked, and thankfully 

the BMJ is one of the medical journals which does permit XLS supplements.  

 

We have now moved two tables, which previously spanned multiple pages out of the DOC appendix, into an 

XLS appendix (called “Supplementary Datasets.xls”). We have also enhanced this with key data from the 

CARDIoGRAMplusC4D study, as well as details of missing data. 

 

 

 

 

                                                                 
8
 Burgess et al. Using published data in Mendelian randomization: a blueprint for efficient identification of causal risk factors. Eur J 

Epidemiol 2015; 30:543-552 
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Perhaps I am confused, but Table S8 gives a pvalue for conventional MR of 2.9E-8 for the 162 SNPs. However, 

the abstract gives a pvalue of 0.01. Why is this? 

 

Thank you for spotting our mistake in the abstract. The main result we would like to present here is the MR on 

162 SNPs, which resulted in p = of 2.9E-8.  

 

(The multivariable MR, performed on only 102 SNPs and with reduced power, reported a smaller p value of 

0.01. This analysis has now been omitted in this iteration.) 

 

We have also clarified the reasons why the number of SNPs drops from 162 to 102 in the methods: 

 

“In this analysis, we discarded 60 SNPs with missing data on one of the cardiovascular risk factors, and 

thus used a smaller set of 102 SNPs (details in Supplementary Methods 3.3).” 

 

I may have missed this, but it would be helpful if the MR Egger intercept 95% CIs were described. 

 

Thank you, we have now added to the section “Results - Causal association of education on CHD”: 

 

“There was little evidence of a non-zero intercept from the MR-Egger test (intercept beta = 0.004         

[-0.056 to 0.013]; P-value=0.417), consistent with the hypothesis that pleiotropy is not driving the 

result.” 

 

Similar details have additionally been added to Supplementary Table 4, as well as Supplementary figure 19 (for 

reverse-direction MR). 

 

 

Reviewed By: Brent Richards 
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Reviewer: 2 
 

Recommendation:  

 

Comments: 

Tillmann et al. use data from 589,777 individuals to conduct a mendelian randomization study of the 

association between education and CHD. The problem of causality in the area of education and health is one of 

the most challenging because of strong confounding - that many of the determinants of educational 

attainment are themselves strong risk factors for health outcomes over the life course ranging from health-

related behaviors, mental health, chronic disease, and mortality. For that reason, many studies using other 

quasi-experimental approaches such as propensity score analyses or sibling comparisons find that early life 

factors account for a non-trivial portion of the observational association between education and health 

(including CHD). Therefore, applying an MR approach to address the problem is novel. 

 

1. The manuscript’s conclusion, that “education is causally associated with a large reduction in the risk of 

coronary heart disease,” overstates the inference that can be sustained by this study. It effectively discounts 

any possibility of remaining bias resulting from a violation of the MR assumptions - which the manuscript 

itself provides a very good review of. 

 

Thank you for emphasizing this central point, which reflects comments #1 and #3 from reviewer #1. We could 

not agree more, and this issue forms the majority of revisions in this version. Please see our detailed response 

on pages 9-12 of this response letter. To summarize, we have now: 

1. Extended our discussion on the probability of pleiotropic bias in our study (e.g. from violations to the 

InSIDE assumption).  

2. Carefully differentiated inferences from our study versus inferences from the literature. 

3. Used substantially more caution throughout. 

4. Explicitly elaborated on the known unknowns now facing researcher and policymakers, from this 

body of evidence. 

  

 

2. Irrespective of potential violations of MR assumptions, I think the current results are of substantial interest. 

If taken as causal, then the results have considerable policy implications, as the manuscript suggests. If non-

causal (or some portion non-causal), it raises very interesting questions regarding mechanisms. It would be 

useful if the Discussion might address this in more depth - in the presence of unobserved pleiotropic effects, 

what are the implications of this study’s results? 

 

We are very grateful for emphasizing this. Indeed, this interesting application is an area we had previously 

overlooked. We have added a new section to the Discussion (partly informed by the BMJ instructions for 

authors): 

 

Implications for researchers  

The main question for future research is “What mechanisms account for the strong association seen 

between genetic predisposition towards longer education, and substantially lower risk of CHD?” […] 

More molecular research is needed to delineate the mechanism, pleiotropic or not, through which 

these 162 education SNPs associate with cardiac outcomes. This could elucidate new aetiological 

mechanisms for CHD which, in turn, could lead to insights for drug discovery. 

 

We also have altered the introduction, to reflect that “understanding of the aetiology of CHD” can happen 

simultaneously and in parallel to (as opposed to being a prerequisite for) “the development of novel 

population-based approaches to its prevention”. This underscores that pharmacological & policy-related 

developments need not be mutually exclusive. 
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3. The possibility of pleiotropic effects, which I think is the most important source of bias here and is a key 

assumption of all MR analyses, seems to even more challenging when multigenic scores are used as 

instruments. We must assume that all variants (and potentially variants in LD with those variants) in the risk 

score effect CHD only through education. The study’s use of advanced methods to conduct sensitivity analyses 

around this issue is a strength. Consider this assumption in light of studies noted above (based on sibling 

comparisons or propensity scores) that suggest early life factors such as IQ or parental socioeconomic status 

explain some portion of the education-CHD relationship. If the variants analyzed here also predict factors such 

as childhood IQ and personality (which are highly heritable and which have strong associations with CHD), 

pleiotropy is not a violation that should so easily be dismissed.  

 

Thank you for acknowledging how our application of advanced sensitivity analyses is a strength of our study. 

We had previously not discussed the probability that these may have been invalidated by gross pleiotropy. We 

have now restructured our “limitations” section, and added new considerations in bold: 

 

“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 enhance systemic fitness, thereby leading to parallel increases in 

cognitive and cardiac function. In this scenario, policy interventions to raise education may not 

translate into lower heart disease incidence. However, such a scenario is less likely to lead to the 

consistent set of results we found across our two sensitivity analyses, as this would require two 

different assumptions to be simultaneously violated. Namely, if most of the weights coming from 

the 162 SNPs also had pleiotropic effects on CHD, and furthermore if these additionally correlated 

with the SNP-education effect size. At current, there are no definitive tests with which to verify such 

assumptions, meaning that triangulating data from other sources and subjective judgement are 

needed to evaluate the plausibility of gross pleiotropic bias. We believe presence of such pleiotropy 

to be this less likely for four reasons. First, the effects from genetic pleiotropy would have to 

coincide with the non-genetic associations observed in studies of monozygotic twins, and second 

they would also have to coincide with the non-genetic associations observed in natural 

experiments. Third, if education and CHD share some of their underlying genome-wide genetic 

architecture (as seen in our LD score regression), and if most of the top hits for education are 

strongly pleiotropic for CHD, then one might imagine the top hits for CHD to also pick up some of 

these pleiotropic traits. However, our reverse-direction Mendelian randomization found a null 

estimate in the opposite direction. Fourth, despite gaps in our understanding of the biological 

mechanisms through which these 162 SNPs influence education, they are disproportionately found 

in genomic regions that regulate brain development, they are enriched for biological pathways 

involved in neural development, and they are preferentially expressed in neural tissue. A situation 

where most of these 162 SNPs have large pleiotropic effects would be more compatible with at least 

some cardiac manifestations in such analyses, which to date have not been detected. Therefore on 

balance, we feel that this scenario is less consistent with the broader body of evidence, in 

comparison to the scenario where our sensitivity analyses are valid.” 

 

This withstanding, we completely agree that the possibility of bias from gross pleiotropic effects cannot be 

ruled out. This is something we had given insufficient attention in our initial submission, and it also reflects 

question #3 from reviewer #1. Please see our response on page 13 of this response letter. In summary, we 

have explained to readers in more detail the importance and meaning of pleiotropy, and generally used more 

cautious language throughout the manuscript. 

 

 

We agree that it is useful to discuss not just the theoretical issue of pleiotropic confounders, but also specific 

examples of these, so we can consider their plausibility on an individual basis. We felt that there was 

insufficient space to do so in the manuscript, so we discuss them here. With reference to the specific 

pleiotropic confounders suggested: 

a) Childhood IQ and cognitive ability: It is true that cognitive ability is closely related to education, 

probably in a bidirectional self-reinforcing manner. Indeed, the original GWAS discovery
9
 paper found 

                                                                 
9
 Okbay A, Beauchamp JP, Fontana MA, Lee JJ, Pers TH, Rietveld CA, et al. Genome-wide association study identifies 74 loci associated with 

educational attainment. Nature. 2016;533(7604):539-42. 
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the biological mechanisms behind education to overlap substantially with the biological mechanisms 

for cognitive function. There are two main interpretations for this body of evidence: 

a. SNPs for cognitive function are the root cause, which 

leads to less CHD and incidentally longer education 

(illustrated on the right). Policies that raise educational 

attainment would not prevent CHD. This model would be 

supported by the following observations: 

i. Most of these 162 SNPs are implicated with 

some cardiac biological annotation; 

ii. A sufficiently large GWAS for CHD should pick 

up some SNPS associated with 

education/cognitive function; 

iii. Policies that increase education should not 

increase cognitive ability [as this would causally 

prevent CHD].  

 

 

 

However, while plausible, we know little evidence to support the above three statements. 

Instead: 

i. The original GWAS discovery paper for education found enrichment for neurological 

traits, but no enrichment for cardiac traits (see footnote #3 on page 11 of the 

present response letter); 

ii. Our test for Reverse-MR was definitively null; and  

iii. Policies that increase education probably increase cognitive ability
10

.  

 

Thus on balance, we find this proposed model less 

compatible with the wider body of evidence, in 

comparison with our existing model (redrawn on the 

right), where policies that increase education probably 

increase cognitive function. This could have cardiac 

consequences which mirror the effects we see from 

SNPs that raise cognitive function.  

 

 

 

b) Parental SES: Indeed, given the strong intergenerational correlation of education (or other measures 

of socioeconomic status [SES]), we completely agree that parental SES is a highly plausible 

confounder. We discuss the problem of dynastic effects as the fourth limitation in our manuscript. It 

is plausible that after increasing a child’s education, this would increase their later-life SES, which in 

turn would increase their SES when they become parents to the next generation. In this scenario, an 

intervention to extend children’s education (approximately at ages 15-25) could modify parental SES 

about 10 years later, when this cohort of children becomes parents (approximately at ages 25-35). It 

is difficult to separate the causal factor from the confounder in such a closely linked temporal chain of 

mediation. In the absence of clarity, perhaps it is more pragmatic to focus any attempt of breaking 

the cycle of intergenerational socioeconomic deprivation at those policy points most amenable to 

intervention. Intervening at the level of children’s educational attainment appears to be more feasible 

to us, when compared to interventions that strive to change parental SES.  

   

  

                                                                 
10

 Hansen KT, Heckman JJ, Mullen KJ. The effect of schooling and ability on achievement test scores. Journal of econometrics. 2004 Aug 

31;121(1):39-98. 
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c) Personality: This indeed looks like a plausible candidate confounder at first glance. However, a closer 

inspection of the orthogonal sub-facets of personality make this less likely, in our opinion. The 

empirical data does suggest that neuroticism and conscientiousness are consistently associated with 

CHD
11

 (In the study by Jokela et al
6
, the association between Openness to experience and CHD was 

HR=1.01 [0.89-1.13].)  

 

The next question is whether the same personality facets (neuroticism/conscientiousness) also 

associate with education.  

 

The original education GWAS performed a full mediation analysis between top education SNPs, facets 

of personality, and the education phenotype. Although they found very weak associations between 

the genetic score for education, the education phenotype and the personality trait Openness to 

Experience, they found no associations with neuroticism or conscientiousness
12

. Thus any pleiotropic 

confounding from neurotic/conscientious personality is most likely to be too small to result in the 

large causal estimates observed in our study. 
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Reviewer: 3 
 

Recommendation:  

 

Comments: 

The paper has the potential to contribute to the field. The authors have put in a lot of work in conducting the 

analyses. I appreciated that the authors investigated assumptions of MR models and ran a series of sensitivity 

analyses to examine potential biases. It is true that that there are few Mendelian randomization studies 

looking at socioeconomic risk factors like education and health. This is important because, as the authors point 

out, the bulk of the literature in this area are observational studies and rely on assumptions like no 

unmeasured confounding. 

 

However, there needs to be major work done for the Introduction, Methods, and Results. For the Methods 

and Results, more details need to be added to fully explain the analysis and the results.  

 

Introduction:  

The introduction severely lacks background on what work has been done using instrumental variables 

including genetic data as instruments when looking at education and health.  

 

In the “what is already known on this subject”, the authors write “No prior studies have applied the Mendelian 

randomization method to investigate how exposure to socioeconomic risk factors might causally change risk 

of disease occurrence.” However, there is at least one by Nguyen et al. using a genetic risk score as an 

instrument to look at education and dementia risk. There may be other studies. Other relevant work would be 

by Glymour et al using compulsory schooling laws (CSLs) as an instrument to look at education and memory 

and mental status. The authors include some of the background literature on CSLs in the discussion that can be 

moved to the Intro. 

 

1. Thank you for bringing to our attention this Mendelian randomization study about dementia, which 

we have now referenced in the introduction. (Just to explain, our search strategy did not identify this 

important study, as we unfortunately did not consider synonyms for the “Mendelian randomization” 

keyword.) We have consequently adjusted these three sections: 

 

What is already known on this subject  

“No prior studies have applied the comprehensive Mendelian randomization method 

(including sensitivity analyses of effects from genetic pleiotropy) in order to investigate how 

exposure to socioeconomic risk factors might causally change the risk of disease occurrence.” 

 

Introduction  

“The Mendelian randomization method has successfully been applied to a range of biological 

and behavioural exposures.(12, 13) We are aware of just two studies that have applied it to 

investigate a socioeconomic exposure: a polygenic score for education has previously been 

associated with the development of myopia and dementia.(14, 15) However, these studies 

did not investigate the possibility of genetic pleiotropy.” 

 

Discussion, Comparison with previous studies  

“Others have used conventional Mendelian randomization and found genetic variants for 

education to predict myopia and dementia.
13

 However, these studies did not investigate 

pleiotropy of their genetic instruments. No Mendelian randomization studies of 

socioeconomic exposures have investigated any other disease outcome, such as 

cardiovascular diseases.” 

 

2. The compulsory schooling law (CSL) work done by Glymour is indeed interesting. However, we felt 

that the choice of outcomes in these studies (such as memory, cognitive ability and dementia) were 

too dissimilar to the outcome in our study (coronary heart disease). We have accordingly focused our 

discussion of CSL literature at those studies with more similar outcomes, such as all-cause mortality. 
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3. Thank you for the suggestion to move parts our discussion (of the existing instrumental variable [IV] 

literature) into the introduction. Indeed, readers already familiar with IV methods may prefer to see 

such details earlier on in the paper. On the other hand, the BMJ instructs authors that the 

introduction “Should cover no more than three paragraphs, focusing on the research question and 

your reasons for asking it now”. Since our typical reader is a busy generalist clinician, and since the 

editors additionally requested that we better clarify the design of two-sample Mendelian 

randomization, we thought it best to dedicate the introduction to explaining the Mendelian 

randomization concept in slightly more detail in this version. Furthermore, we have also elaborated 

our discussion of pleiotropy in the discussion (as requested by reviewers #1 and #2), which includes 

new triangulation of inferences from the IV literature. We thought that our reader could follow these 

inferences better, if all relevant details are kept in the “Discussion” section only. We hope that our 

preference is somewhat echoed by reviewer 1, who found our initial manuscript to be “very clearly 

written and presented”. 

 

 

 

Methods: 

In the methods on pg. 8, the authors state they used MR to estimate the causal association between education 

and cardiovascular risk factors. Then when associations were identified, they adjusted for their causal effects 

using multivariable MR. This is an overly simplistic approach to looking at mediation. The authors write on pg. 

10 that “Clarifying how much they [CVD risk factors] mediate the causal association between education and 

CHD requires further investigation, e.g. by applying two-step Mendelian randomization to individual data. 

Nonetheless, accounting for these factors in our multivariable Mendelian randomization analyses did not 

influence the primary association between education and risk of CHD.” The authors did not do a thorough 

mediation analyses, so that is an overstatement of the findings. I would recommend either omitting the 

mediation analyses which are just very suggestive or describing the results to be more cautious of what the 

authors found for mediation. 

 

Thank you for emphasizing this point, with which we fully agree with.  

We have now omitted the multivariable MR analysis.  
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Results: 

Major work also needs to be done for the Results section. Often in the results, the authors would write one 

sentence describing a main result and then citing three Tables/figures with that one sentence. More 

explanation needs to be given to describing the main findings. 

 

The authors can describe the main findings and tables separately from the supplementary materials. Currently 

the authors mix main findings and supplemental materials in the same sentence and in the same results 

section. Separate paragraph(s) can describe the supplemental findings or to briefly describe the supplemental 

findings and refer readers to that section if they would like more details. Example:  "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% CI, 0.59 to 0.77) (Figure 1 and S11)." Figure 1 has the 

estimates mentioned, but S11 is a scatterplot of the 162 SNPS and the risk of CHD. S11-19 are similar scatter 

plots/funnel plots. These can all be described separately in a paragraph. 

 

The authors then go on to state, “Sensitivity analyses using MR-Egger and weighted median Mendelian 

randomization yielded similar results in terms of direction and magnitude (Figures 1 and S12-S13 and Table 

S8). Again the most relevant result is from Figure 1 that includes MR-Egger and weighted MR estimates. S12-13 

is a scatter plot and funnel plot of individual SNPS and Table S8 includes MR-Egger and weighted MR estimates 

adjusted for SIMEX. 

 

I found that the main tables and figures were adequate to describe the main results. It was distracting to read 

one sentence and have to flip to three different tables and figures. The authors also seem to just state in one 

sentence the finding from the main table or figure and not describe specifically what the supplementary 

table/figure was showing. 

 

Thank you for bringing to our attention this important issue of clarity. In hindsight, our initial submission asked 

the reader to scatter their attention needlessly. We have now revised the entire results section with the 

following principles: 

1. Each sentence refers to only one table or figure (including tables or figures from the supplement). We 

make an exception on two occasions, if a group of figures are essentially multiple panes of the same 

underlying concept (i.e. Supplementary Figures 10-11; and Supplementary Figures 18-20). 

2. Whenever referring to a table or figure (including tables or figures from the supplement), we briefly 

mention the content of that table of figure. 

3. We direct readers chronologically: first, from the main manuscript to the Supplementary Methods 

(which are now signposted with numerical chapter headings). Next, once reading the Supplement, 

readers may find additional direction towards relevant Supplementary tables and figures, which are 

now less frequently mentioned in the manuscript. 

4. As the number of supplementary figures is quite large (20) we have ordered these with subheadings 

that mirror the sequence of the paper (overview; methods; observational results; causal results). 

 

 

 

 

The authors do not explain what is SIMEX is in the main part of the paper.  

 

Thank you for bringing this to our attention. We have now added to the results: 

 

“An additional sensitivity analysis, which can account for some measurement error in our genetic 

instruments for exposure (so-called MR-Egger + SIMEX), gave similar findings (Supplementary Table 4). 

(22)” 
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Similarly, for the sentence, “the secondary analysis using a set of 72 SNPs yielded consistent results in terms of 

direction and magnitude (Figures 1 and S14-S16, TableS8), the authors can mention one of the estimates and 

95% CI from Figure 1 using the 72 SNPS and not cite Supplemental tables in the same sentence.  

 

Thank you. We have now removed the reference to the Supplemental tables and figures as suggested, to 

maintain focus on Figure 1.  

 

We agree that many readers will be interested in the actual quantities of what we found in our sensitivity 

analyses. On the other hand, many in our target audience will be less familiar with this study design and the 

range of methods we applied. We would prefer not to overload them with too many quantitative details while 

they read our manuscript. As such, we have prioritized space in the text for explaining concepts, main 

quantitative findings, and their interpretation (incl. the possibility that certain assumptions were violated). The 

numerical values of our main sensitivity analyses are found in figure 1 (as opposed to being less accessible in 

the supplement), which hopefully is easily accessible to those readers interested in such quantities. 

 

 

For the sentence on pg. 9, “The reverse investigation, of whether genetic liabilities for risk of CHD are 

associated with educational outcomes, showed an absence of association (Figures 2 and S17-S19),” the authors 

should include a numerical result from Figure 2.  

 

Thank you, we have now added:  

“Namely, 1-log greater genetic risk of CHD was associated with 0.2 (-1.3 to 1.6) days of longer 

educational attainment.” 

 

 

For the sentence on page 10, “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).” S9 is a flow chart. It doesn’t seem relevant for that statement.  

 

We are sorry if there was confusion, but we were referring to “Table S9” not “Figure S9” (which is indeed a 

flow chart). We have now separated these two sentences, which may help avoid such mistakes. (The previous 

table S9 has now been deleted from this iteration, as per your suggestion to omit the multivariable MR 

analysis). 

 

In addition, to avoid similar confusion elsewhere, we have replaced the following: 

  Old style: “Table Sn”   � New style: “Supplementary Tablen” 

  Old style: “Figure Sn” � New style: “Supplementary Figuren” 

 

This new version appears to reflect established BMJ practice. 

 

 

Minor comments for Results: 

 

Minor comment: on pg. 8, the authors should note which estimates are referring to prevalent and which to 

incident CHD. “Based on NHANES data, each additional 3.6 years of edu (1-SD) was associated with 27% lower 

odds of CHD.” Add “prevalent” CHD to be more clear.  

Thank you, we have now added the words “prevalent” and “incident” into this section. 

We have additionally added similarly signposted results to the abstract. 

 

Minor comment on pg. 9. There’s a typo. For the sentence “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% CI, 0.76 to 0.83) (Figure S10), I think the authors are referring to Figure 1 not Figure 

S10.   

Thank you, we have now corrected this. 

 

 

 



25 

 

Discussion: 

I appreciated the background literature in the discussion. However, since more details need to be added to the 

Intro, Methods, and Results, the authors can consider shortening the discussion to make room for these 

needed information.  

 

Thank you for this suggestion. This makes perfect sense in light of other suggestions around moving content to 

the introduction. However, there were some suggestions that were pulling us in the opposite direction, 

namely to extend the discussion, such as: 

• Please see our responses to your first comment (on page 22), about moving content from the 

discussion to the introduction. 

• The BMJ instructions ask us to specify six areas for the discussion, including: 

o iii) strengths and weaknesses in relation to other studies, discussing important differences in 

results 

o iv) what your study adds (whenever possible please discuss your study in the light of relevant 

systematic reviews and meta-analyses);  

o v) meaning of the study, including possible explanations and implications for clinicians and 

policymakers and other researchers;  

o vi) unanswered questions and future research 

• The editors, reviewer #1, and reviewer #2 asked us to further expand upon: 

o Details of our assumptions on pleiotropic effects, and the probability that these were 

violated. 

o Implications, if our assumptions of pleiotropy were violated. 

o Interpretations of our data, and the wider evidence (incl. consideration of whether this can 

be extrapolated into policy advice). 

• The word count from our initial submission (2433) was substantially shorter than the BMJ guideline 

(4400), which is closer to our current submission (4554).  

 

 

 

 

 

Comments on discussion 

 

Need citations for the statement on pg. 10  

“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.” (cite) These have primarily 

investigated the association between education and all-cause mortality (cite). Few have investigated 

cardiovascular outcomes, and none have used a genetic approach using Mendelian randomization analysis.  

 

We originally meant for these sentences to be a summative introduction to the subsequent chapter, where 

detailed references are later given. We have now deleted these introductory sentences, and instead begin 

with details of the studies with full references given. At the end of the “Comparison with previous studies” 

section, we have now summarized what we feel are two gaps in the existing literature, which our study tries to 

complement: 

 

“No Mendelian randomization studies of socioeconomic exposures have investigated any other 

disease outcome, such as cardiovascular diseases. Most of the other designs listed above (including 

natural experiments, twin and sibling designs) have reported outcomes for all-cause mortality. Few 

have reported cardiovascular mortality and virtually none have reported fatal/nonfatal CHD, as we 

did.”  

 

We appreciate that summarizing an entire body of literature is a subjective endeavour, and would be happy to 

further refine this if so suggested. 
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First, ecological instrumental variable approaches have compared mortality before and after changes to 

compulsory schooling laws (cite). 

 

This sentence was intended to introduce the broader domain of natural experiments (which might be divided 

into two halves: laws as the exposure over time; and instrumental variable approaches which additionally 

exploit area-level comparisons). Initially, we inappropriately labelled this introduction as “Instrumental 

variable” approaches (as opposed to the broader category of natural experiments), so thank you for pointing 

this out.  

 

As regards for referencing, we feel it is better to do this when we actually refer to the detailed findings of 

studies, while leaving this new introductory sentence unreferenced. The now reads; 

 

“The existing studies come from three domains. First, analyses of natural experiments have compared 

mortality before and after changes to compulsory schooling laws. For example, by looking at [study 1 

with citation given]…” 

 

 

On pg 9-10, the authors describe studies that use compulsory schooling laws to look at mortality as an 

outcome. It was not clear which studies use compulsory schooling laws as instruments for education and 

which were just looking at these laws as the exposure. 

 

Thank you. We have tried to now structure this into two halves: 

 

1) [studies looking at these laws as the exposure]: “…mortality rates in countries before and after the 

introduction of national legislation that increased minimum education. In the Netherlands…”  

 

2) [studies using compulsory schooling laws as instruments]: “An extension of this design is to compare 

geographical areas, such as the various states within the USA. These studies initially suggested a large 

effect on mortality, but this effect disappeared when state-specific baseline trends were taken into 

account. (26, 27) In Sweden, an intervention to extend compulsory schooling throughout a 13-year 

transition period in a stepped-wedge design across multiple municipalities reported…” 

  

In the event that we have misunderstood the original suggestion, then we would be happy to make additional 

modifications if specified. 

 

 

On pg. 12, the authors mention the Rose prevention paradox. It doesn’t seem directly relevant to the 

discussion in that section about how the current analyses do not tell us whether increasing education for those 

with lower levels of education will be as cardioprotective as increasing education for those with higher 

education.   

 

Thank you, we have now deleted this reference to the Rose prevention paradox.  

 
 

Additional Questions: 
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**Information for submitting a revision** 

 

Deadline: Your revised manuscript should be returned within one month. 

 

How to submit your revised article: Log into http://mc.manuscriptcentral.com/bmj and enter your Author Center, where you will find your 

manuscript title listed under "Manuscripts with Decisions." Under "Actions," click on "Create a Revision." Your manuscript number has 

been appended to denote a revision. 

 

You will be unable to make your revisions on the originally submitted version of the manuscript. Instead, revise your manuscript using a 

word processing program and save it on your computer. Once the revised manuscript is prepared, you can upload it and submit it through 

your Author Center. When submitting your revised manuscript, you will be able to respond to the comments made by the reviewer(s) and 

Committee in the space provided. You can use this space to document any changes you make to the original manuscript and to explain 

your responses. In order to expedite the processing of the revised manuscript, please be as specific as possible in your response to the 

reviewer(s). As well as submitting your revised manuscript, we also require a copy of the manuscript with changes highlighted. Please 

upload this as a supplemental file with file designation ‘Revised Manuscript Marked copy’. Your original files are available to you when 

you upload your revised manuscript. Please delete any redundant files before completing the submission. 

 

When you revise and return your manuscript, please take note of all the following points about revising your article. Even if an item, such 

as a competing interests statement, was present and correct in the original draft of your paper, please check that it has not slipped out 

during revision. Please include these items in the revised manuscript to comply with BMJ style (see: http://www.bmj.com/about-

bmj/resources-authors/article-submission/article-requirements and 

http://www.bmj.com/about-bmj/resources-authors/forms-policies-and-checklists). 

 

Items to include with your revision (see http://www.bmj.com/about-bmj/resources-authors/article-types/research): 

 

1.      What this paper adds/what is already known box (as described at http://resources.bmj.com/bmj/authors/types-of-article/research) 

DONE 

 

2.      Name of the ethics committee or IRB, ID# of the approval, and a statement that participants gave informed consent before taking 

part. If ethics committee approval was not required, please state so clearly and explain the reasons why (see 

http://resources.bmj.com/bmj/authors/editorial-policies/guidelines.) 

DONE 

 

3.      Patient confidentiality forms when appropriate (see http://resources.bmj.com/bmj/authors/editorial-policies/copy_of_patient-

confidentiality). 

n/a 

 

4.      Competing interests statement (see http://resources.bmj.com/bmj/authors/editorial-policies/competing-interests) 

DONE 

 

5.      Contributorship statement+ guarantor (see http://resources.bmj.com/bmj/authors/article-submission/authorship-contributorship) 

DONE 

 

6.      Transparency statement: (see http://www.bmj.com/about-bmj/resources-authors/forms-policies-and-checklists/transparency-

policy) 

DONE 

 

7.      Copyright statement/licence for publication (see http://www.bmj.com/about-bmj/resources-authors/forms-policies-and-

checklists/copyright-open-access-and-permission-reuse) 

DONE (in covering letter of initial submission) 

 

8.      Data sharing statement (see http://www.bmj.com/about-bmj/resources-authors/article-types/research) 

DONE (revised in updated manuscript) 

 

9.      Funding statement and statement of the independence of researchers from funders (see 

http://resources.bmj.com/bmj/authors/article-submission/article-requirements). 

DONE 

 

10.     Patient involvement statement (see http://www.bmj.com/about-bmj/resources-authors/article-types/research). 

DONE 

 

11.     Please ensure the paper complies with The BMJ’s style, as detailed below: 

a.      Title: this should include the study design eg "systematic review and meta-analysis.” 

b.      Abstract: Please include a structured abstract with key summary statistics, as explained below (also see 

http://resources.bmj.com/bmj/authors/types-of-article/research). For every clinical trial - and for any other registered study- the last line 

of the abstract must list the study registration number and the name of the register. 

c.      Introduction: This should cover no more than three paragraphs, focusing on the research question and your reasons for asking it now. 

d.      Methods: For an intervention study the manuscript should include enough information about the intervention(s) and comparator(s) 

(even if this was usual care) for reviewers and readers to understand fully what happened in the study. To enable readers to replicate your 

work or implement the interventions in their own practice please also provide (uploaded as one or more supplemental files, including 

video and audio files where appropriate) any relevant detailed descriptions and materials. Alternatively, please provide in the manuscript 
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urls to openly accessible websites where these materials can be found. 

e.      Results: Please report statistical aspects of the study in line with the Statistical Analyses and Methods in the Published Literature 

(SAMPL) guidelines http://www.equator-network.org/reporting-guidelines/sampl/. Please include in the results section of your structured 

abstract (and, of course, in the article's results section) the following terms, as appropriate: 

i.      For a clinical trial: Absolute event rates among experimental and control groups; RRR (relative risk reduction); NNT or NNH (number 

needed to treat or harm) and its 95% confidence interval (or, if the trial is of a public health intervention, number helped per 1000 or 

100,000.) 

ii.     For a cohort study: Absolute event rates over time (eg 10 years) among exposed and non-exposed groups; RRR (relative risk 

reduction.) 

iii.    For a case control study: OR (odds ratio) for strength of association between exposure and outcome. 

iv.     For a study of a diagnostic test: Sensitivity and specificity; PPV and NPV (positive and negative predictive values.) 

v.      For a systematic review and/or meta-analysis: Point estimates and confidence intervals for the main results; one or more references 

for the statistical package(s) used to analyse the data, eg RevMan for a systematic review. There is no need to provide a formal reference 

for a very widely used package that will be very familiar to general readers eg STATA, but please say in the text which version you used. 

For articles that include explicit statements of the quality of evidence and strength of recommendations, we prefer reporting using the 

GRADE system. 

f.      Discussion: To minimise the risk of careful explanation giving way to polemic, please write the discussion section of your paper in a 

structured way. Please follow this structure:  

i) statement of principal findings of the study;  

ii) strengths and weaknesses of the study;  

iii) strengths and weaknesses in relation to other studies, discussing important differences in results;  

iv) what your study adds (whenever possible please discuss your study in the light of relevant systematic reviews and meta-

analyses);  

v) meaning of the study, including possible explanations and implications for clinicians and policymakers and other 

researchers;  

vi) how your study could promote better decisions;  

vii) unanswered questions and future research 

 

g.      Footnotes and statements 

 

Online and print publication: All original research in The BMJ is published with open access. Our open access policy is detailed here: 

http://www.bmj.com/about-bmj/resources-authors/forms-policies-and-checklists/copyright-open-access-and-permission-reuse. The full 

text online version of your article, if accepted after revision, will be the indexed citable version (full details are at 

http://resources.bmj.com/bmj/about-bmj/the-bmjs-publishing-model). The print and iPad BMJ will carry an abridged version of your 

article. This abridged version of the article is essentially an evidence abstract called BMJ pico, which we would like you to write using the 

template downloadable at http://resources.bmj.com/bmj/authors/bmj-pico. Publication of research on bmj.com is definitive and is not 

simply interim "epublication ahead of print", so if you do not wish to abridge your article using BMJ pico, you will be able to opt for online 

only publication. Please let us know if you would prefer this option. If your article is accepted we will invite you to submit a video abstract, 

lasting no longer than 4 minutes, and based on the information in your paper’s BMJ pico evidence abstract. The content and focus of the 

video must relate directly to the study that has been accepted for publication by The BMJ, and should not stray beyond the data. 
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