
05-Nov-2015 

 

Dear Dr. Tyrrell, 

 

Manuscript ID BMJ.2015.029564 entitled "Shorter stature and higher BMI lower socioeconomic 

status: a Mendelian randomisation study in the UK Biobank" 

 

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 we do not feel we can make a final decision on it until we see a revision that is 

prepared in response to the reviewer and editorial comments.  

 

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. 

 

Very truly yours,  

 

Elizabeth Loder, MD, MPH 

BMJ Editorial Team 

 

https://mc.manuscriptcentral.com/bmj?URL_MASK=1410af305a5a409f8f21aaa83b133bc8 

 

 

**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. 

 

Present: Elizabeth Loder (chair); Angela Wade (statistician); Georg Roeggla; Jessamy Bagenal; Jose 

Merino; Tiago Villanueva; Rubin Minhas 

 

Decision: Put points 

 

* Can you do more to make clear to readers that it is not height or BMI that you are examining but 

rather the genetic predisposition to high BMI and shortness? Could you also explain -- if you think 

this is correct -- that it is social attitudes to height and BMI, probably not that different from those 

related to race or ethnicity, that play into this? It might also be reasonable to note that the effect 

sizes are modest.  

 

BMI and height compared to genetic predisposition to these traits. 
We agree that the manuscript should make clear to the reader that we are using 
genetic variation associated with BMI as a proxy for measuring BMI itself. However, 
we think that using the phrase “examining the genetic predisposition to high 
BMI/shortness” might inadvertently suggest that this is a study of the genetics of 
BMI, when instead we are using the genetics as a tool to measure BMI. Rather than 
being interested in the genetic associations themselves, we are interested in what 
the associations between this “genetically captured BMI variation” and SES tell us 
about the relationship between BMI and SES. We can also think of this approach as 
a way of drawing a regression line between two types of data (e.g. BMI and 



household income) but one where the x-axis is predicted levels of BMI based on 
genetics. We think the phrase “BMI, as estimated using genetics” may work better.  
 
We have therefore made some adjustments to the introductory paragraph to help 
explain this more clearly. Wherever possible we have used the same language to 
describe the Mendelian randomisation approach as that used in the Mokry et al 
study of vitamin d and multiple sclerosis published in PLOS medicine this year (so a 
similar audience). Please let us know if this point is still not clear. In a few places we 
have also substituted “instruments” for “unconfounded proxies of height and BMI”.  
 
As an example of how we have tried to reword, we have altered the first sentences 
of the two discussion paragraphs about height and BMI to now read: 
 
“The causal effect, as estimated using genetics, of taller stature on higher SES was 
present in four of the five measures of SES.” 
 
AND 
 
“Higher BMI, as estimated using genetics, was causally associated with having a 
less skilled job, lower annual income and higher levels of deprivation.” 

 

Is it social attitudes to BMI and shortness? 
Unfortunately we cannot say from the data although social attitudes are certainly 
among the most likely mechanisms and we reference relevant observational studies 
in the discussion. Instead our data, as noted by the reviewers, provide the strongest 
evidence to date that there is a causal pathway from higher BMI and shorter height 
to lower SES measures. We do not know the causal steps in between and have 
made this point clearer in the discussion with the following statements, for height: 

 

A range of factors could link taller stature to higher SES, although this study does not 
address which of these factors are involved. Possibilities include complex 
interactions between self-esteem, stigma and positive discrimination[13] and 
increased intelligence[4 26 27]. There is evidence that self-esteem, leadership 
perception and height discrimination tend to be greater in men compared to women, 
which fits with our findings [28-30]    
and for BMI: 
A range of factors could link higher BMI to lower income and deprivation in women, 
although this study does not address which of these factors are involved. 
Possibilities include discrimination in the workplace, with overweight job applicants 
and employees evaluated more negatively [31].  The disparity between the sexes 
may be partially explained by discrimination, which may occur at lower weight levels 
for women than men [33 34]. 

 

Are the effect sizes modest? 
It is true that the height and BMI genetic variants do not explain a large proportion of 
variation in height and BMI. But this limitation affects the 95% confidence intervals 
around the estimates not the effect size. And in the case of BMI, as noted by some 
of the reviewers, the effect sizes estimated by genetics are often very similar, or 
even larger (in the case of household income) than, those of the simple observed 



correlation between BMI and income (for example). For height, in men, the effects 
are approximately 1/3rd to ½ of the observed effects, which is still substantial. 
 

* A very minor point but you might want to rephrase the statement “The UK Biobank, an ethically 

approved study…” We don't think you mean that it was approved in an ethical manner but rather 

that it is “ a study that has been reviewed by an ethics board and approved” (or something like that). 

 

We agree and have reworded as requested.  
 

* Could you please discuss the unexpected differences in the Egger and MR estimates as some of the 

reviewers request?  

 

Reviewer Burgess is an expert on the use of the egger test and has suggested it 
should be used as a sensitivity analysis. We have therefore changed the tables and 
figures to only include results from the egger in the scenarios where we see 
association at P<0.05 with the conventional instrumental variables test. In the 
interests of providing all results we provide them in a supplementary table. 
 

To help answer this query further we have provided plots of the associations 
between BMI or height effects and the SES outcomes as a supplement to these 
responses. We have also explored what happens when we use stricter sets of 
genetic variants and provide a table of these results for the reviewers. Two things 
mean we remain confident in the results we have discussed as positive. First, 25 of 
the 30 associations, including all those we discuss as positive look consistent 
between the instrumental variables and the egger estimates (in several examples the 
Egger estimate look larger but the 95% confidence intervals overlap the point 
estimate of the instrumental variables (IV) estimate). Second, we found that our 
results were robust to using fewer genetic variants more strongly associated with 
height and BMI – these tests should be more specific but slightly weaker proxies for 
height and BMI. Having looked in more detail at the five scenarios where the egger 
result appears stronger than the IV result, we suggest the results are consistent with 
the IV being a false negative, or at least biased towards the null slightly. Larger 
sample sizes, or more genetic variants (yet to be discovered) will be needed to 
provide more power to resolve these issues.     
 
The hint of associations between higher BMI and better outcomes in men is 
consistent with some literature suggesting larger not just taller men have an 
advantage, but the data are not strong enough to discuss this result with confidence. 
 

 

 

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

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

 

Comments from Reviewers 

 

Reviewer: 1 

 

Recommendation:  

 

Comments: 



The manuscript by Tyrrell et al. is a very interesting and well-conducted mendelian randomization 

(MR) analysis regarding the causal effects of BMI and height on socioeconomic status (SES). 

Undoubtedly, this is a well designed and adequately powered study thanks to the large sample size 

and the large number of genetic instruments. The authors have used state-of-the art methods for 

MR including Egger's regression and others that add to the validity of their findings. 

 

There are, however, some points that need to be further addressed and/or clarified. 

 

1. The Introduction section is too lengthy and dense. It looks more like a review of the field 

with many details about the observational studies. The gap in the evidence that the current 

MR addresses is not very clear. Why is a causal estimate useful? What are the limitations of 

the observational studies described?  

 

We agree and in light of this comment and those of other reviewers’ we have greatly 
shortened the introduction. Given that we needed to make the introduction shorter 
we have now rewritten the section on the gaps in knowledge and why important to 
include the following, which also addresses one of reviewer Burgess’ comments: 
 

“For example, to our knowledge, there are no large studies comparing siblings or 
twins of different heights and BMIs, where childhood environment could be controlled 
for.  If differences in BMI and height can lead to differences in SES, this would have 
implications for policy makers. For example, evidence of a causal link would further 
highlight the need to adjust for unconscious biases in decision making in education 
and employment.”  
 

2. While the Introduction is lengthy, the Methods section on the other hand is too short and 

crucial information is presented in the Supplements. I think that it is important to move the 

exposure and outcome definitions to the main text.  

 

We agree and have now included far more of the methods in the main text. 
 

3. The UK Biobank (UKB) recruited 500,000 individuals from across the UK. How representative 

of the UK population is this sample?  

We have contacted the central UK Biobank data analysts and they tell us that within 
the UK Biobank 18% of participants were more deprived than the national average 
(according to the Townsend deprivation index), suggesting a cohort with higher 
socioeconomic status than a representative British sample.  This “healthy cohort” 
effect is often the case with epidemiological studies based on volunteers. There is no 
reason why this would influence our results however, because they are based on 
within UK Biobank comparisons.  
 

4. On page 6, the number of selected individuals is 120,286 but in the Results (p. 8) this 

number becomes 119,669. Can you please explain this difference?  

 

Thanks for pointing this out. We have clarified why these numbers differed - basically 
the lower number represents the number of people with valid height and BMI 
measures. 
 

5. The definition of SES is complicated. From reading the manuscript, one initially thinks that 

the outcome (SES) is a composite endpoint where many individual items are considered. 

However, in the Methods/Supplement it looks like that each item (p. 25-26) was treated as a 



separate endpoint. I am not a social epidemiologists, so I am not sure if all variables carry (or 

should carry) the same "weight" towards the definition of SES. That being said, Tables 2-3 

become confusing since some of causal associations are indeed null. Perhaps, the authors 

could create a "SES score" by combining the individual variables and use this as the primary 

endpoint. In addition, if 5 regressions for each exposure (BMI, height) were applied, 

shouldn't multiple comparisons be accounted for?  

 

We agree this was a little confusing but is hopefully much clearer now that more 
methods are in the main text. We have also now spelt out in several places that we 
are analysing “5 separate measures of SES”.   
 
We would prefer not to make a composite score for a few reasons. First, one of the 
five measures, Townsend deprivation index, is already a composite score. This point 
is clearer now in the methods. Second the use of several partially but not completely 
correlated measures adds validity to the results – e.g. job status and income. And 
third the five different SES related outcomes are measuring different aspects of socio 
economic status – for example education and employment related aspects. The 
reviewer is correct that some are null – for example we did not find genetic evidence 
for a causal link from BMI to the two education-based outcomes. We comment on 
this in the discussion and the results are separated clearly by the five different 
measures.  
 
SHOULD WE CORRECT FOR MULTIPLE TESTING? The reviewer makes a good 
point because we have in effect performed 30 tests – 5 SES measures for the two 
traits x three groups – all, male and female (although the male and female analyses 
are obviously subsets of the “all” analyses). However, our overall results are highly 
incompatible with chance. We note that of the 30 tests, 6 reach p<0.0017 (0.05 / 30) 
using the inverse normalised. Furthermore, of the 30 tests, 11 reach p<0.05 using 
the inverse normalised results when we would expect only 1 or 2 p values to reach 
p<0.05 by chance.  
 

6. In the Abstract, the authors write that they aimed "to test for causal effects of shorter 

stature or higher BMI". This sentence sounds that their hypothesis was 1-sided. I would 

suggest towards a more neutral statements regarding the direction of the effect.  

We agree and have made the statement more neutral. 
 

7. What is the Durbin-Wu-Hausman test and how does it work? A reference would be useful.  

 

We agree and have clarified in the methods that are now in the main text. The 
reference is Baum et al., 2007. 
 

8. In the gender-based analyses (p. 29), did you use the BMI/height SNPs that are specific for each 

gender by constructing new polygenic scores specific for men and women? Or did you use the 

polygenic score that incorporates SNPs associated with BMI/height in the whole GIANT sample (men 

+ women)?  

 

We used the same genetic variants (SNPs) in the two sexes. The genome wide 
association study (“GIANT” -in which we were heavily involved) showed that the 
variants have very similar effects in each sex. We have added a line to this effect on 
page 11 paragraph 3. 
 



9. Supplementary Table 3: Some BMI/height SNPs are excluded because of pleiotropic effects. I 

acknowledge that pleiotropy is a big concern for MR analyses. However, you are also using Egger's 

regression that can provide an estimate "corrected" for pleiotropy. It would actually be interesting if 

you could test whether Egger's regression detects pleiotropy when including pleiotropic SNPs in the 

analyses. Also, it would be useful to see the respective funnel plots (perhaps as supplementary 

figures).  

 

We agree this would be interesting and enclose a table below that shows how 
adding in the 3 BMI variants we had excluded affects the results. Adding in these 
variants makes very little difference to the results including the intercept in the egger 
results (which provides an estimate of pleiotropy). There were no SNPs excluded 
from the height genetic score due to pleiotropy. (OR = odds ratio) 
 

SES measure 
Number of 

SNPs IV Beta P Egger Beta P  
Egger y-Intercept 

Age completed full 
time education 

69 SNPs -0.01 (-0.07, 0.04) 0.63 0.04 (-0.05, 0.13) 0.44 -0.0022418 
72 SNPs -0.03 (-0.09, 0.02) 0.22 0.03 (-0.06, 0.11) 0.54 -0.0021582 

Degree education 
69 SNPs OR: 0.94 (0.85, 1.03) 0.18 OR: 1.21 (1.01, 1.45) 0.038 -0.0082344 
72 SNPs OR: 0.91 (0.83, 1.00) 0.048 OR: 1.17 (0.99, 1.39) 0.08 -0.0081444 

Job class 

(skilled/unskilled) 
69 SNPs OR: 0.90 (0.79, 1.02) 0.1 OR: 0.99 (0.78, 1.26) 0.93 -0.0045444 
72 SNPs 0.87 (0.76, 0.98) 0.026 OR: 0.98 (0.78, 1.23) 0.84 -0.0045781 

Annual household 

income 
69 SNPs -0.05 (-0.10, -0.00) 0.041 -0.03 (-0.11, 0.05) 0.58 -0.0010298 
72 SNPs -0.07 (-0.12, -0.02) 0.007 -0.04 (-0.13, 0.06) 0.46 -0.0011219 

Townsend 

deprivation index 
69 SNPs 0.05 (0.01, 0.10) 0.024 -0.00 (-0.08, 0.08) 0.96 0.0015215 
72 SNPs 0.05 (0.01, 0.10) 0.017 0.00 (-0.08, 0.08) 0.93 0.0014943 

 

10. Supplementary Table 1: Can you comment on the significant p-values for missing vs. non-missing 

data?  

 
This is a good point and we mentioned this is in the discussion. As expected we did 
see differences as with all studies. We do not think this should affect the results 
given we are analysing genetic data. 
 

11. In the UKB, are all variables collected at the same time? I.e. are the questions about the SES 

measures collected at the same time as the measurements on BMI and height?  

 

Yes. We have added a brief statement to this effect to page 6 paragraph 2.  
 

In summary, I believe that this is a technically concrete MR analysis but I am a bit concerned with the 

interpretations of p-values in Tables 2-3 (especially since some of them are results of subgroup 

analyses by gender). Undoubtedly, BMI/height seem to be causal for some components of SES but I 

am not sure that this warrants extrapolation to the "grand" endpoint of SES (which is unclear how it 

defined). Perhaps, a better more accurate definition of the outcome is necessary -- or a different 

interpretation that the causal associations pertain to specific components of SES.  

 

Thanks to the reviewer for the overall positive comments. We agree that we should 
be more specific about which components of SES we have found evidence for and 
which not. We have clarified this in several places in the text including the abstract. 
For example the first sentence of the conclusion now reads:  
 



“These data support evidence that height and BMI play an important partial role in 
determining several aspects of an individual’s SES, especially women’s BMI for 
income and deprivation and men’s height for education, income and job class ..” 
 

We have also spelt out more clearly in the sub headings in the results: 
 

“Genetically determined higher BMI causally leads to reduced income and 
deprivation measures of SES in the UK Biobank”  
 

We have changed the first line of the discussion so it now reads: 
 

“Using genetic variants as unconfounded proxies of height and BMI, our study 
provides evidence that shorter stature and higher BMI lead to lower measures of 
several aspects of socio-economic status.” 
 

And the main objective in the abstract now reads: 
 

“To determine if height or BMI have a causal role in five measures of socioeconomic 
status (SES).” 
 

We also note that there are strong prior reasons for analysing men and women 
separately given observational data that the associations between higher BMI and 
lower SES measures are often stronger in women than men (also present in the UK 
Biobank for job class, income and deprivation – see table 3), and that the 
associations between shorter height and lower SES measures are often stronger in 
men than women (also present in the ukbiobank for job class, income and 
deprivation – see table 2). 
 

Reviewer: 2 

 

Recommendation:  

 

Comments: 

Stephen Burgess, Statistician at University of Cambridge 

 

This is an interesting investigation, with a conclusion that I am still trying to get my head around. 

Namely, what does it mean for height (or BMI) to "cause" deprivation (etc). There are two ways of 

thinking about "causation". The formal definition that we teach in epidemiology courses is one 

based on counterfactuals - comparing an individual (or group of individuals) in the factual state with 

a hypothetical individual (or group) in the counterfactual state. In this example, we compare the 

group of individuals to whom (by chance) nature has assigned genes that make them shorter, versus 

those individuals to whom (again, by chance) nature has assigned genes that make them taller. And 

in this comparison, we see that those predisposed to tallness do better in terms of SES outcomes 

than those predisposed to shortness. If the genetic variants are uncorrelated with all other factors (a 

large assumption), then this implies a causal effect of height on SES - as the researchers claim. It 

would be good to examine the associations of the height-related SNPs with alternative variables, to 

see whether the assumption that the variants only directly affect height is reasonable. An 

association does not necessarily invalidate the findings, as it may reflect a variable causally 

downstream of height (such as SES - as claimed). But it would give a better sense of the comparison 

that is being made here - how these individuals differ. It may also give insight into the mechanisms 

leading to the differences between taller and shorter people. 



 

The reviewer raises a good point about what it means for higher BMI to “cause” 
deprivation. Clearly there must be some factor that links from higher BMI to lower 
SES. We have tried to clarify this a little by changing some wording to “Higher BMI 
leading to lower SES” for example. In the shortened introduction we have mentioned 
more clearly two possible links backed up by many publications of observational 
findings – social attitudes/discrimination, and esteem. These possible links are 
discussed in the discussion in more detail. As pointed out by several reviewers, our 
data provide a major advance simply by showing that there is a causal link from 
higher BMI and shorter stature to lower SES. 
 
As suggested by the reviewer it would be useful to see how the height and BMI 
genetics are associated with other traits. Usually Mendelian randomisation studies 
confirm that the genetic variants used are not associated with SES measures to 
show that people do not differ by SES. Clearly that would not make sense here as 
we are analysing SES measures as outcomes and because the study is so large, we 
may see many subtle associations that are likely also secondary to the effects of 
height and BMI.  
 
As expected we did observe some associations, but these were consistent with the 
effects being secondary to the height and BMI effects. We saw for example, that the 
BMI genetic score was associated with diabetes, but that this association was greatly 
weakened when we corrected for BMI, suggesting the effect is driven by the effect of 
higher BMI on increased diabetes risk rather than a separate effect on diabetes (in 
keeping with previous studies). The fact that we still see some remaining evidence of 
association between genetics and the trait after correcting for the trait likely reflects 
that the genetics are measuring lifelong “exposure” to that trait and are not based on 
a single time point (a phenomenon previously noted for LDL cholesterol genetics and 
heart disease – Kathirisan et al. NEJM 2008).  
 
Table of how height and BMI genetic risk scores associate with five other traits 
available in UK Biobank. Values in bold are those after correcting for the relevant 
trait.  

Trait Height GRS (95% CI) P BMI GRS (95%CI) P 

Systolic blood 

pressure (SD of 

mmHG) 

-0.0013 

(-0.0017, -0.0009) 

0.0003  

(-0.0001, 0.0008) 

6E-10 

  

0.11 

0.0049  

(0.0038, 0.0060) 

-0.0011 

(-0.0022, -0.0001) 

6E-19 

  

0.034 

Coronary heart 

disease (Odds 

ratio) 

0.996 (0.994, 0.998) 

1.000 (0.999, 1.003) 

4E-4 

0.46 

1.011 (1.006, 1.016) 

1.002 (0.996, 1.007) 

5E-5 

0.56 

T2D (Odds ratio) 0.998 (0.995, 0.999) 

0.999 (0.997, 1.002) 

0.044 

0.61 

1.034 (1.028, 1.040) 

1.013 (1.007, 1.020) 

1E-27 

4E-5 

Lung function (SD 

of Forced 

Expiratory 

volume FEV1, 

litres) 

0.0055 

(0.0051, 0.0059) 

-0.0021 

(-0.0026, -0.0017) 

1E-138 

  

3E-23 

-0.0030 

(-0.0041, -0.0018) 

-0.0001 

(-0.0012, 0.0010) 

3E-7 

  

0.84 

 



And here we come to the second way of thinking about causation: a mechanistic link. This is the 

more natural way of interpreting the statement that A causes B. It would be good to make this clear 

to the reader - the primary finding that is claims is that groups of individuals who differ only with 

respect to their height, and are on average equivalent at conception (the technical term is 

exchangeable) with respect to all other factors differ in later SES status. The implication, which the 

authors speculate on, is that there is therefore a mechanism that causes tall people to have better 

SES - not simply an association between the two. It would be good just to spell this out clearly (for 

me as much as anyone else). If it is possible, it would be good if the discussion on potential 

mechanisms was more based on evidence, rather than speculation, although I appreciate this may 

not be an easy task.  

 

We agree with the reviewer here. We have tried to spell out more clearly that we 
have shown that higher BMI and shorter stature lead to lower measures of SES. We 
have made clearer that we have not tested the causal factor that links higher BMI 
and shorter stature to lower SES measures, and we have shortened considerably 
the speculative sections of the discussion. For example, we now say:  
 
“A range of factors could link taller stature to higher SES, although this study does 
not address which of these factors are involved.” 
 
And a similar statement for BMI.  
 

A clearly written box in the style "What is currently known?" (ie correlation), "What this study adds" 

(ie causation using genetics) would be welcome (is this not BMJ style? or have I confused my 

journals?), with a clear statement of the conclusion (ie being taller does not simply correlate with 

better SES, but it seems to influence SES in a causal way, in that if an individual was taller but 

otherwise unchanged, his/her SES would be improved). 

 

We agree and have added this.  
 

One issue is whether this is a paper better suited for a social science journal than for a general 

medical journal. The link to health outcomes on occasion feels forced. But this is an editorial 

question.  

 

We think this topic is extremely relevant to health outcomes. In order to stick to one 
message, we have not examined in detail the link from SES to health in the UK 
Biobank data, but note in the discussion that having a degree education is 
associated with an almost halving of heart disease risk in the UK Biobank. Inequality 
of wealth is inextricably linked to inequality of health and this reason, together with its 
topicality, is why we believed the BMJ would be the best journal for the paper.  
 

I welcome the Egger analyses but find it odd when the Egger analysis gives greater magnitudes of 

estimate than the straightforward analysis. The Egger method is intended as a sensitivity analysis to 

conventional MR - hence in examples where Egger suggests an effect, but the conventional MR is 

compatible with the null, I would be cautious about making a strong conclusion when the 

conventional MR is null.  

 

We thanks the reviewer for pointing this out. Please note that we have been very 
cautious and only mention in the text of the results the findings that were positive in 
both the instrumental variables and MR Egger tests. Because the reviewer (an 
expert on MR and egger analysis) has pointed out that the egger test is intended as 



a sensitivity analyses we have removed the egger analyses from the main tables 
when the IV analysis does not reach p<0.05, and included all the egger results in 
supplementary tables 6 (height) and 7 (BMI). We have also revised the forest plots to 
only include the IV analysis. 
 
 
However, to help answer the query we have provided plots of the associations 
between BMI or height effects and the SES outcomes as a supplement to these 
responses (see separate file). We have also explored what happens when we use 
stricter sets of genetic variants and provide a table of these results below. Two 
things mean we remain confident in the results we have discussed as positive. First, 
25 of the 30 associations, including all those we discuss as positive look consistent 
between the instrumental variables and the Egger estimates (in several examples 
the Egger estimate look larger but the 95% confidence intervals overlap the point 
estimate of the instrumental variables (IV) estimate). Second, we found that our 
results were robust to using fewer genetic variants more strongly associated with 
height and BMI – these tests should be more specific but slightly weaker proxies for 
height and BMI. So we used a smaller set of genetic variants that reached a P<1X10-

10 and P<1X10-12 (as opposed to conventional GWAS cut offs of P<5X10-8) for 
association with BMI and height in the original studies that discovered the variants. 
These variants have stronger associations with BMI and height and should be less 
prone to the “weak instrument biases” that can affect instrumental variables analyses 
(ref Bowden et al). The table below shows that for the five associations where the 
egger test is stronger than the instrumental variables analysis, the use of this more 
specific set of variants produces even stronger egger estimates (although the 
confidence intervals are wider because we are using fewer genetic variants). We 
therefore think that some weakly associated variants may be moving the IV results 
towards the null. We note that the Egger Y intercept (a measure of pleiotropy) is 
close to the origin, suggesting there is little pleiotropy – also see Egger plots in 
additional file): 
 
Table of IV and Egger results when using fewer stronger variants – those reaching  
the more stringent cut offs of P<1X10-10 and P<1X10-12 in the original discovery study 
- representing 265 and 202 height SNPs and 30 and 22 BMI SNPs. 

Trait and Outcome 
 

Beta (95%CI) IV 

P 

Beta (95%CI) 

Egger 
P 

Egger y-

intercept 

 
N 

SNPs   

Height & education 

(females) 
396 0.01 (-0.02, 0.04) 0.4 0.05 (0.01, 0.09) 0.018 -0.0008704 

Height & education 

(females) 
265 0.02 (-0.01, 0.05) 0.16 0.07 (0.01, 0.12) 0.03 -0.0014325 

Height & education 

(females) 
202 0.02 (-0.01, 0.05) 0.14 0.06 (0.00, 0.12) 0.042 -0.0013048 

Height and TDI (all) 396 0.00 (-0.02, 0.01) 0.71 -0.03 (-0.06, 0.00) 0.038 0.0008172 

Height and TDI (all) 265 
-0.004 (-0.021, 

0.013) 
0.62 

-0.04 (-0.08, -

0.005) 
0.028 0.0011235 

Height and TDI (all) 202 
-0.005 (-0.023, 

0.013) 
0.59 

-0.047 (-0.002, -

0.091) 
0.04 0.001302 

Height and TDI (male) 396 -0.02 (-0.05, 0.00) 0.05 -0.08 (-0.12, -0.04) 0.0004 0.0011812 



Height and TDI (male) 265 
-0.026 (-0.050, -

0.004) 
0.032 -0.08 (-0.14, -0.03) 0.01 0.0011833 

Height and TDI (male) 202 
-0.032 (-0.057, -

0.007) 
0.013 -0.07 (-0.14, -0.01) 0.034 0.0010704 

BMI and degree male 69 0.94 (0.81, 1.09) 0.43 1.58 (1.23, 2.02) 0.0006 -0.0212345 

BMI and degree male 30 1.08 (0.98, 1.27) 0.38 1.99 (1.42, 2.38) 0.0004 -0.0153494 

BMI and degree male 22 1.13 (0.95, 1.34) 0.18 2.01 (1.40, 2.87) 0.011 -0.0206408 

BMI and TDI (male) 69 -0.01 (-0.08, 0.06) 0.78 -0.12 (-0.23. -0.01) 0.032 0.0029108 

BMI and TDI (male) 30 -0.02 (-0.10, 0.06) 0.64 -0.11 (-0.26, 0.04) 0.15 0.0019948 

BMI and TDI (male) 22 -0.01 (-0.10, 0.08) 0.82 -0.14 (-0.30, 0.02) 0.1 0.0036203 

 
 
We also compared the Egger results using SNP-BMI/height effects from the primary 
GWAS papers from the GIANT consortium and using the BMI/height effects 
observed in the UK Biobank (see tables below). Across the 30 associations the 
results are consistent.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Comparison of the Egger methods for height using the SNP-height associations from a) the UK Biobank (Genetic Egger) and b) the 
GIANT consortium (Genetic Egger GIANT) 

   
Genetic Genetic – Egger Genetic - Egger GIANT 

Socio economic status measure Subcategories N 

Change in SES 

(95%CI) per SD 

taller stature 

P 

Change in SES 

(95%CI) per SD 

taller stature 

P 

Change in SES 

(95%CI) per SD taller 

stature 

P 

Age completed full time 

education 

All 82543 0.03 (0.01, 0.05) 0.01 0.07 (0.03, 0.11) 0.0004 0.08 (0.03, 0.13) 0.003 

Male only 38342 0.04 (0.01, 0.07) 0.009 0.08 (0.02, 0.14) 0.004 0.12 (0.04, 0.20) 0.004 

Female only 44201 0.01 (-0.02, 0.04) 0.4 0.05 (0.01, 0.09) 0.018 0.02 (-0.05, 0.08) 0.62 

Degree education 

All 118565 1.02 (0.99, 1.05) 0.22 1.06 (0.99, 1.13) 0.09 1.03 (0.94, 1.13) 0.48 

Male only 56111 1.04 (1.00, 1.09) 0.08 1.10 (1.01, 1.19) 0.026 0.99 (0.87, 1.11) 0.83 

Female only 62454 1.00 (0.95, 1.05) 0.97 1.09 (1.00, 1.19) 0.06 1.10 (0.96, 1.24) 0.2 

Job class (skilled/unskilled) 

All 76404 1.12 (1.07, 1.18) 6.00E-07 1.18 (1.08, 1.29) 0.0002 1.18 (1.04, 1.34) 0.009 

Male only 37608 1.13 (1.07, 1.21) 6.00E-05 1.23 (1.10, 1.37) 0.0004 1.23 (1.04, 1.46) 0.015 

Female only 38796 1.14 (1.05, 1.24) 0.003 1.21 (1.08, 1.36) 0.002 1.13 (0.94, 1.36) 0.21 

Annual household income 

All 103327 0.05 (0.03, 0.07) 4.00E-08 0.05 (0.02, 0.08) 0.0009 0.05 (0.00, 0.09) 0.038 

Male only 50862 0.07 (0.05, 0.10) 1.00E-09 0.08 (0.04, 0.12) 0.0002 0.08 (0.01, 0.14) 0.019 

Female only 52465 0.02 (0.00, 0.05) 0.09 0.05 (0.00, 0.10) 0.09 0.02 (-0.05, 0.08) 0.58 

Townsend deprivation index 

All 119519 0.00 (-0.02, 0.01) 0.71 -0.03 (-0.06, 0.00) 0.038 -0.02 (-0.07, 0.02) 0.29 

Male only 56582 -0.02 (-0.05, 0.00) 0.05 -0.08 (-0.12, -0.04) 0.0004 -0.07 (-0.13, -0.00) 0.04 

Female only 62937 0.02 (-0.01, 0.04) 0.19 -0.005 (-0.05, 0.04) 0.8 0.02 (-0.04, 0.08) 0.62 

 
 
 
 
 
 
 
 
 
 
Comparison of the Egger methods for BMI using the SNP-BMI associations from a) the UK Biobank (Genetic Egger) and b) the 
GIANT consortium (Genetic Egger GIANT) 



 

   
Genetic Genetic Egger Genetic Egger GIANT 

Socio economic status 

measure 
Subcategories N 

Change in SES 

(95%CI) per SD 

higher BMI 

P 

Change in SES 

(95%CI) per SD 

higher BMI 

P 

Change in SES 

(95%CI) per SD 

higher BMI 

P 

Age completed full time 

education 

All 82543 -0.01 (-0.07, 0.04) 0.63 0.04 (-0.05, 0.13) 0.44 -0.05 (-0.16, 0.05) 0.3 

Male only 38342 0.00 (-0.09, 0.09) 0.98 0.12 (-0.01, 0.25) 0.08 0.17 (0.01, 0.34) 0.047 

Female only 44201 -0.02 (-0.09, 0.05) 0.56 -0.03 (-0.14, 0.08) 0.38 -0.02 (-0.17, 0.12) 0.78 

Degree education 

All 118565 0.94 (0.85, 1.03) 0.18 1.21 (1.01, 1.45) 0.038 1.38 (1.14, 1.68) 0.002 

Male only 56111 0.94 (0.81, 1.09) 0.43 1.58 (1.23, 2.02) 0.0006 1.82 (1.39, 2.39) 0.00005 

Female only 62454 0.93 (0.82, 1.06) 0.28 0.97 (0.78, 1.21) 0.82 1.07 (0.82, 1.39) 0.6 

Job class All 76404 0.90 (0.79, 1.02) 0.1 0.99 (0.78, 1.26) 0.93 1.13 (0.86, 1.47) 0.39 

(skilled/unskilled) Male only 37608 0.88 (0.73, 1.08) 0.22 1.07 (0.80, 1.44) 0.65 1.20 (0.85, 1.69) 0.3 

  Female only 38796 0.91 (0.76, 1.08) 0.29 0.76 (0.56, 1.02) 0.08 1.04 (0.86, 1.47) 0.83 

Annual household income 

All 103327 -0.05 (-0.10, -0.00) 0.041 -0.03 (-0.11, 0.05) 0.58 0.01 (-0.09, 0.11) 0.9 

Male only 50862 0.06 (-0.02, 0.14) 0.15 0.16 (0.04, 0.29) 0.012 0.20 (0.05, 0.34) 0.009 

Female only 52465 -0.14 (-0.20, -0.08) 1.00E-05 -0.17 (-0.25, -0.05) 0.004 -0.18 (-0.31, -0.04) 0.014 

Townsend deprivation index 

All 119519 0.05 (0.01, 0.10) 0.024 -0.00 (-0.08, 0.08) 0.96 -0.00 (-0.09, 0.08) 0.93 

Male only 56582 -0.01 (-0.08, 0.06) 0.78 -0.12 (-0.23. -0.01) 0.032 -0.10 (-0.23, 0.03) 0.15 

Female only 62937 0.10 (0.04, 0.16) 0.001 0.10 (-0.01, 0.21) 0.08 0.08 (-0.04, 0.20) 0.2 

 

 



 
 
The hint of associations between higher BMI and better outcomes in men is 
consistent with some literature suggesting larger not just taller men have an 
advantage, but the data are not strong enough to discuss this result with confidence. 
 
 
 
I don't get a strong sense from the paper whether or not a similar analysis has been performed 

previously. There are a number of ways that come to mind how one could perform such an 

investigation without using genetics. For example, twin comparisons, or sibling comparisons (shared 

social environment, hence confounding is substantially reduced). Or other (non-genetic) 

instrumental variables (for example, twin status -- twins tend to be shorter than singletons). I would 

be surprised if no-one has investigated this question using alternative causal inference approaches - 

did they get the same answer? 

 

A very good question and we agree it does seem like someone should have looked 
at siblings of different heights for example, but we cannot find anything in the 
literature after searching the following terms: “Sibling”, “Height” or “BMI”, 
“Socioeconomic”. Studies of siblings aren’t that common though, especially those 
with the large numbers that would be needed to show the effects we are seeing in 
120,000 individuals.  In the shortened introduction we have made this point clearer 
with the following: 
 
“There is limited evidence as to whether or not height and BMI have causal effects 
on SES through these, or other pathways. For example, to our knowledge, there are 
no large studies comparing siblings or twins of different heights and BMIs, where 
childhood environment could be controlled for.” 
 

The authors do not mention reverse causation - this would seem to be a clear advantage of the 

proposed analysis, as genes are not subject to reverse causal bias.  

 

We agree and have added in the following to the revised introduction: 
 
“The outcomes being tested, here measures of SES, cannot influence genetic 
variation, and so reverse causality is avoided in genetic studies.” 
 

Minor: 

 

At least one confidence interval and p-value in the abstract are odd - "£210 ([95%CI:£0,£420], 

p=6x10-3)". If the lower 95% point is exactly 0, then the p-value should be exactly 0.05.  

 

Thanks, this was an error- the true lower limit is £84 and we have updated.  
 

A presentation quibble - Tables 2 and 3 would be better as figures. This may be what Figures 2 and 3 

are, but these currently span about 10 pages, and are hard to read (have to look back and forth at 

figure caption to decipher).  

 

Figures 2 and 3 are showing the same results as tables 2 and 3, although we have 
now removed the Egger results now that we are talking about them as a sensitivity 
test. We think both are useful to the reader – the tables to see the actual numbers 



and p values, the figures to get a visual idea of the results. We are happy to remove 
either if the editors would like us to. As requested by another reviewer, we have 
made the directions of effect clearer in the figures by labelling one side as “higher 
SES” and the other as “lower SES”..  
 

Additional Questions: 

Please enter your name: Stephen Burgess 

 

Reviewer: 3  

 

 

Recommendation:  

 

Comments: 

The authors use a large dataset (UK Biobank) to examine whether height and BMI are causally 

associated with measures of socioeconomic status (SES) utilizing a Mendelian randomization (MR) 

analysis. Specifically, they replicate previous work showing that measured greater height and 

decreased BMI are associated better SES. They then use genetic risk scores for BMI and height to 

provide evidence that these known and replicated associations are at least partly causal.  This 

investigation is important as it can be reasonably hypothesized that anthropometric traits are 

causally associated with SES as well as that SES is causally associated with anthropometric traits. The 

exact relationship is unlikely to be completely characterized using observational datasets secondary 

to extensive confounding. Given that a randomized trial is not ethical or conceivable, MR is perhaps 

the highest level of evidence for causality that can be reasonably expected. This study is of course 

not able to completely characterize this multifaceted association, but it takes an important, 

appropriate and necessary step towards furthering our understanding of a complex topic highly 

relevant to public health. 

 

We thank the reviewer for pointing out the importance of the data. Reviewer 2 
suggested that siblings of different heights and BMIs could provide another level of 
evidence, but we have not found such studies in the literature. We therefore think our 
genetic approach is likely to be the highest level of evidence of causality. We also 
agree that we have not been able to characterize all the complex links between BMI 
and height and measures of SES, but mention possible explanations in the 
discussion, such as discrimination and self esteem. 
 

Below I specifically address each of the areas of inquiry supplied by the editors followed by 

additional minor points.   

 

* Originality - does the work add enough to what is already in the published literature? If so, what 

does it add? If not, please cite relevant references. 

 

As detailed above, the authors present data that significantly add to the literature with a broad and 

well-powered MR analysis that addresSES causality of this association on a level not possible with 

observational data alone. 

 

* Importance of work to general readers - does this work matter to clinicians, patients, teachers, or 

policymakers? Is a general journal the right place for it? 

 

This is an important topic and one that clearly impacts a general audience. It is compelling in 

particular that BMI may causally impact future SES. It could be argued that given the known 



extensive health implications of adverse anthropometric traits this study may not have an additional 

direct effect on a general audience. However, policymakers in particular may be influenced by 

knowledge that alterable anthropometric traits (BMI in particular) influence not only future health 

outcomes but also education level and economic productivity.  

 

* Scientific reliability 

Research Question - clearly defined and appropriately answered? 

 

Yes, this is a major strength of the study. A minor suggestion would be that in the objectives section 

of the abstract the authors state: To determine if height or BMI have a causal role in determining 

socioeconomic status (SES), which is highly correlated with health outcomes. I think this implies 

somewhat that there is an investigation of health outcomes in this study. I think discussion on this 

topic is appropriate, but I would suggest that when detailing the objective of the study to simply 

state: To determine if height or BMI have a causal role in determining socioeconomic status (SES).  

 

We agree and have revised this statement as the reviewer suggests. 
 

Overall design of study - adequate ? 

 

Yes, this is a major strength of the study. 

 

*Participants studied - adequately described and their conditions defined? 

 

Yes, the authors provide sufficient details in the main body of the manuscript to accurately interpret 

the study (generalizability etc). 

 

*Methods - adequately described? Complies with relevant reporting standard - Eg CONSORT for 

randomised trials ? Ethical ? 

 

Considering the main text and the supplemental methods the authors do an excellent job of 

describing an unfamiliar method for a general audience. They also adequately describe the study 

and methods in general. I think the manuscript would be strengthened by including slightly more 

methods in the main text, though I understand that word count is likely a limitation. My specific 

suggestions would be as follows: 

1. SES measures are the primary outcome and should described and available in the main text, 

even if very briefly. 

2. Regarding the genetic variants, please include the number of variants used, a source for 

these variants, the primary criteria for selection (e.g. GWAS significance) and the proportion of 

variance in the trait explained in the main text.  

3. It should be stated in the main text that the study uSES a weighted genetic risk score (versus 

a per-allele score) 

 

We agree and in line with other Reviewers’ comments we have added more detail to 
the main text methods that address all of these points.  
 

*Results - answer the research question? Credible? Well presented? 

 

The results are methodically and appropriately presented. There is a great deal of data in this study 

making the results section dense. However, all of the analySES are appropriate and the authors do a 

good job of filtering the results in the text.  

 



*Interpretation and conclusions - warranted by and sufficiently derived from/focused on the data? 

Message clear? 

 

Yes, this is a strength of the paper. The authors present a well-balanced and reasonable 

interpretation of their results. They clearly present possible mechanisms for this causal association, 

are honest about mechanisms for confounding in their study, and logically outline the limitations.  

 

*References - up to date and relevant? Any glaring omissions? 

 

Yes. 

 

*Abstract/summary/key messages/What this paper adds - reflect accurately what the paper says? 

 

Given that there was quite a bit of missing data for some SES outcomes (n=76,404 for the job class 

analysis) this should be clearer in the manuscript to accurately represent the (still excellently 

powered) analysis presented  

 

We agree and have stated more clearly in the results the number of individuals 
available. For example: 
 
“Using 82,543 individuals, taller stature was strongly correlated with participants 
spending longer in full time education (Table 2).”  
 

Similarly, the last sentence of the manuscript the authors state “more than 119,000 individuals.” If 

the authors wish to use numbers emphasize the strength of the study it should be clear that some 

primary analyses had significantly different n’s.  

 

We agree and have rephrased this statement to say “up to 119,000 individuals”. 
 

One important aspect of this paper is exactly what the implications of it are to a general audience 

(for this BMJ submission in particular). The authors state in the introduction that if “BMI and SES are 

correlated in part because BMI has a causal influence on SES, this would have implications for policy 

makers and public health. These implications could differ substantially depending on the extent to 

which higher BMI has a causal role in lower SES and lower SES has a causal role in higher BMI.” The 

authors should interpret the strength of the association they found more clearly in the discussion. 

 

In line with shortening the introduction we have deleted the second sentence that the 
reviewer refers to. We agree with the reviewer that the strength of the genetic 
estimates is important. However, the 95% confidence limits are often quite wide and 
we would prefer to keep the main message as simple as possible – that is that there 
is strong causal evidence that higher BMI and shorter stature lead to lower measures 
of SES.  We tried adding the following sentence into the height discussion, but felt 
that it was an added challenge for the non-genetics trained reader to follow. We’d be 
happy to take editorial advice and include such sentences:   
 
“The estimated causal effects suggested that approximately ½ of the association 
between taller height and higher income and job class in men could be accounted for 
by an effect from height to SES” 
 



We have also added a sentence to the discussion to make it clear that we have not 
excluded a causal effect in the other direction (lower SES measures to higher BMI 
and shorter stature) as follows: 
 
“It is important to note that our data are consistent with the height and BMI to SES 
associations being only partly causal – we have not excluded a causal effect in the 
other direction.” 
 

In the results section the authors often state that specific associations were stronger in men and 

women. Please make it clearer in the main text how presence of a difference and the magnitude of 

the difference were statistically assessed. 

 

Thanks to the reviewer for pointing this out. We had neglected to add this detail and 
have now added it to the methods, page 11, final sentence.  
 

On page 17 line 38 the authors state that since genetic estimates are smaller than observational 

estimates the observed associations must be a mixture of direct and confounded associations. 

Doesn’t this somewhat imply that the genetic risk score for height completely explained the genetic 

contribution of height? While I agree with the spirit of what is stated it may be misleading.  

 

No this is not the case. More genetic variants would tighten confidence intervals and 
the precision of the estimate, but we do not need to know all of the genetic basis of 
height to gain a valid estimate of the (non confounded) association from height to 
SES measures. In fact our genetic proxies of height and BMI are strong compared to 
many previous Mendelian randomisation experiments, explaining 12.5% and 1.5% in 
height and BMI respectively. 
 

In many parts of the manuscript the authors make statements as follows: Higher BMI was causally 

associated with having a less skilled job. I believe in this study it would be more accurate to say that 

a genetically predicted higher BMI was causally associated with having a less skilled job and/or that 

the authors provide evidence for higher BMI being causally associated with having a less skilled job.  

 

We agree with the reviewer that this would be the technically most accurate wording. 
It is quite tricky getting the right balance between technical exactness and 
understandability for a general audience. We used “genetically determined” in line 
with the recent vitamin D versus multiple sclerosis paper in PLOS medicine (similar 
audience). In line with the editors’ comments we have also added “as estimated by 
genetics” in several key places. We think “genetically predicted” might make the text 
too clunky but would be happy to try if the reviewer and editor feel strongly that the 
revised wording could be improved further. For example: 
 

“The causal effect, as estimated using genetics,  of taller stature on higher SESwas 
present in all five measures of SES.” 
 

The authors should mention in the limitations that this was a (necessarily) homogenous population 

and that generalizability may be limited.  

 

We agree, although we think the use of single large homogeneous dataset is a major 
strength for this type of study because it provides us with genetic, primary trait (BMI 
and height) and outcome trait (SES measures) in the same data at individual level. 
However, we agree with the point because SES structures are different in different 



countries, and perhaps especially so in the UK, our findings might not be 
generalisable to societies outside the UK. We have added the following to the first 
limitation in the limitations section: 
 

“First, the UK Biobank individuals were born between 1938 and 1971 and the causal 
associations may not remain in today’s society or be generalizable to societies 
outside of the UK” 
 

Additional Questions: 

Please enter your name: Kevin T. Nead 

 

Reviewer: 4 

 

Recommendation:  

 

Comments: 

Review of the manuscript (BMJ.2015.029564) This study examined the relation of height/ BMI on 

various measures of SES with Mendelian randomization analysis using the UK Biobank and found 

shorter stature and higher BMI associated with lower SES. The main strengths include a design less 

susceptible to confounding compared to observational studies and a very large sample size, which is 

crucial for Mendelian randomization analyses. I have the following comments.  

 

Major comments: 

The method in the main text is quite short although the authors have described the methods in 

much more detail in the supplementary documents. However, I would suggest the authors to add 

back some of the important descriptions in the Method from the supplementary documents, such as 

the types of SES included, the regression methods used (e.g. multivariable linear and logistic 

regression), and the Mendelian randomization analysis (e.g. how weak instrument bias was 

assessed).  I think this would improve the overall readability of the manuscript.   

 

We agree and have shortened the introduction and lengthened the methods in line 
with other reviewers’ comments. 
 

Sole reliance on a single height/BMI measurement may cause bias in the IV estimate if there is 

misclassification of exposure. For example, SES can affect the exposure measurements (could be 

more problematic among the older people) due to reverse causation (Please see Vanderweele et al., 

Epidemiology, 2014). I think this should be discussed in the Limitation although I think this bias will 

not substantially affect their conclusion in general.  

 

We agree that in theory SES could affect how quickly someone shrinks or gains 
weight in older age and that if there are some systematic measurement errors such 
that shorter and heavier people are harder to measure for example, that this could 
cause some bias. However, as the reviewer suggests it is difficult to imagine such an 
effect, even if it exists, would cause a substantial bias to the findings. In the interests 
of not wanting to bombard the reader with two many details we suggest we don’t 
mention this caveat, but would be happy to do so if the editors and reviewer feel 
strongly.  
 

Have the authors examined potential linkage disequilibrium between the genetic variants? Please 

also provide the variance explained (r2) for the genetic scores on the exposures.  

 



Yes, we excluded variants in the same genetic locus and therefore potentially in 
linkage disequilibrium with each other. This detail was in the supplementary methods 
and is now in the main text methods. We have also added the variance explained by 
the selected snps into the methods.  
 

Given this manuscript primarily examines the causal role of height and BMI on SES, I am not sure if 

the observational analyses of SES on health add a lot of value to this paper.  

 

We would prefer to keep the observational estimates in as we think it is important 
that the reader can get a sense of the extent of the observational estimates to 
compare to the genetic estimates. Even though we have said elsewhere in the 
responses that there are wider confidence intervals on the genetic effect estimates, it 
is still important to see how those confidence intervals do or do not overlap with the 
observed correlations.  
 

I am a bit puzzled by the completely opposite results seen in men between observational and MR 

analyses concerning BMI. For example, in Figure 3B, having higher BMI had a lower OR of getting a 

degree whereas from the MR analysis, having higher BMI had a higher OR of getting a degree. Can 

the authors provide more detailed explanations for these?  

 

We have followed advice from Reviewer Burgess who suggested that we only use 
the Egger analysis as a sensitivity test where the IV estimate is P<0.05. However we 
do also provide some more detailed discussion about IV and Egger discrepancies in 
response to Reviewer Burgess.  
 
 

This study demonstrates the causal role of these anthropometric measurements with SES. However, 

I think the implication is more complex and may worth explaining a bit more, such as the role of 

relative height/BMI in relation to the outcome. On the other hand, the authors may wish to 

comment more on future studies to elucidate the underlying mechanistic pathways which shorter 

statue and higher BMI affects SES.  

 

In line with our responses to other reviewers, we do not want to discuss too much 
the relative effects because the confidence intervals relative to the observed effects 
are wide. The main message is that there is a causal link from higher BMI and 
shorter stature to lower SES measures. The use of genetics to arrive at this answer 
is quite hard to get across to a general audience and so we’d prefer to keep things 
simple. The UK Biobank will have data from 500,000 people next year and so the 
obvious future study is to tighten confidence intervals in larger numbers. We don’t 
feel we should speculate too much about future studies given space constraints. But 
again we’d be happy to write more if the reviewers and editors feel strongly. 
 

Minor comments: 

In Table 3, I think the footnote concerning ivreg2 only applies to continuous outcomes. I would also 

suggest renaming genetic as Mendelian randomization or instrumental variable analysis. 

 

On the first point, we have clarified in the footnote of the tables. On the second point, 
and in line with other Reviewer’s comments, we have changed the wording in 
several places but adding “Mendelian randomization” we don’t feel will help the 
reader. We refer the reviewer to the PLOS Medicine paper (Mokry et al 2015, similar 
target audience) that recently discussed a Mendelian randomisation analysis in 



terms of “genetically determined vitamin D levels”. We thought this was a good term, 
and have also used the phrase “as estimated by genetics” in several places to help 
clarify this point.  
 

Additional Questions: 

Please enter your name: Au Yeung Shiu Lun Ryan 

 

Reviewer: 5 

 

Recommendation:  

 

Comments: 

This is an interesting and well conducted study investigating potential causal associations of height 

and BMI on socioeconomic outcomes.  

 

Major comments 

 

I think that the methods section should be expanded within the main paper, given the complexity of 

some of the analysis and that the readership of the BMJ may not be very familiar with the principles 

of MR. I think it would be useful to:  

 

1) Outline the assumptions of Mendelian randomization- these are referred to in discussion of 

MR Egger but never explicitly stated 

2) Provide a brief overview of the sociodemographic outcomes.  

3) State the number of genetic variants used in each analysis 

4) Briefly describe transformations of the outcome variables (this is not clear in the main 

manuscript) 

5) Provide a fuller description of the MR methods used 

 

WE AGREE AND IN LINE WITH OTHER REVIEWERS’ COMMENTS HAVE LENGTHENED THE METHODS 

TO INCLUDE ALL OF THESE POINTS. 

 

The introduction could be shortened in favour of expanding the methods if word count is a problem.  

MR Egger is used but not really explained or referred to in the main manuscript.  

 

WE AGREE AND WE HAVE MADE THE INTRODUCTION LESS OF A REVIEW AND MUCH BRIEFER. 

 

It would be useful for the authors to comment on where the results of Egger differs from the 

conventional IV regression and what this means. For example, in males for BMI some of the 

estimates from Egger appear stronger than for IV (and suggest possible causal associations). How do 

the authors interpret these results?  

 

In line with other responses to other reviewers on this point, we have now utilised the 
Egger analysis solely as a sensitivity test when the IV was P<0.05. So this result will 
not be highlighted in the revised manuscript. We have however also provided a 
detailed discussion and additional analysis about this in response to reviewer 
Burgess.  
 

 

The implications of these findings was not that clear to me from the discussion. The authors state 

that “these findings may have important implications for public health as low SES increasesmortality 



and morbidity” but they don’t explicitly state how knowing that being taller increases SES would 

help to reduce the impact of SES on health.  

 
The implications of the findings are likely best addressed by social scientists and 
public health and policy experts. As mentioned by other reviewers the data provide 
them with an important advance – that there is a causal association from shorter 
height and higher BMI to lower SES measures.  Given the inextricable association 
between health and wealth and the topicality of this subject we think it is of general 
interest to a medical readership. We have made this point in general terms in the 
introduction where we note the 20 year difference in life expectancy between men 
from the poorest and richest boroughs of Westminster, and in the discussion, the 
association in the UK Biobank where a degree education is associated with an 
almost halving of the odds of heart disease. But to address one of the more obvious 
specific implications, in the revised, shortened introduction, we have added the 
following statement: 
 
“If differences in BMI and height can lead to differences in SES, this would have 
implications for policy makers. For example, evidence of a causal link would further 
highlight the need to adjust for unconscious biaSES in decision making in education 
and employment.” 
 
The same could be said perhaps of unconscious bias in decision making in health 
care, but that would be more speculative given that we are focusing on the education 
and employment based outcomes. 
 

Minor comments 

 

In the abstract, instead of “1.12 increased odds”, it should be “1.12 times higher odds”  

 

We agree and have corrected. 
 

I think it would be better to replace low p-values with “<0.001” throughout the manuscript.  

 

We agree for the observational associations this makes sense – where p values 
reach very small values we have changed to “<1X10-15” to illustrate the huge 
confidence in the association. for the genetic effects, we suggest there is no harm in 
citing the actual p value. in the context of 1000s of papers and 100,000s of results 
we would argue that there is value in knowing whether a p value is 0.009 or 
0.0000009. We are happy to go with the editorial policy/preference though. 
 
We have also deleted the “p value comparing observational versus genetic columns” 
from tables 2 and 3. We felt these could distract from the main findings in the tables, 
and help make them less busy. 
 

In the introduction, I think the description of reference number 13 needs some context- where was 

this study conducted?  

 

We have greatly shortened the introduction to make it sound less like a review of the 
field. Please let us know if more explanation needed but the style of the introduction 
has changed.  



 

It would be useful to provide a reference for the principles of MR in the introduction.   

 

We have added far more methodological detail to the main text and included a 
reference for the principles of Mendelian randomisation. 
 

Did the authors take into account husband and wife pairs at all in the combined analysis? If there is 

assortative mating by height/BMI and they have the same outcome measures (household income), 

will this affect the standard errors?  

 

A good point. If spouse pairs are in the data and there is a correlation between their 
heights and weights it could have affected the results for household income. 
However, we don’t think this could have affected the results to produce the strong p 
values we see with annual household income.  Whilst there is no obvious way to 
identify spouse pairs (individual addresses were not available in our dataset) data 
from other studies suggests that the correlation between spouses’ heights is not 
strong: a review by Spuhler (1982) suggested a correlation of 0.2.  A combination of 
the strength of the evidence for five SES measures and the different effects between 
sexes means that our conclusions should not be affected.   
 
We have discussed the fact that annual household income could reflect the income 
of the partner not the participant. And this may be particurly relevant for the genetic 
effects of BMI to household income in women, in a generation when most main 
earners were men. However, the effects were very similar in working as well as non 
working women (Supplementary table 5). 
 

In the figures, it would be useful to indicate on the x axis what the direction of SES is in each figure 

i.e. higher SES, lower SES. This would just make them easier to read.  

 

Thanks this is a good idea and we have modified the figures. 
 

The authors discuss the relationship between height and intelligence but is there any causal 

evidence to suggest that height increases intelligence?  

 

Height and iq are consistently correlated in the literature. As far as we are aware no 
studies have performed mendelian randomisation to investigate causality.  
 

 

Amy Taylor 

 

Reviewer: 6 

 

Recommendation:  

 

Comments: 

This is a well written and comprehensive Mendelian randomisation study asSESsing the association 

of shorter stature and higher BMI with socioeconomic status. 

 

1.The Egger regression method applied to genetic is very recent and needs to be explained in more 

detail. It is not clear if the approach taken in this manuscript is based on a standard linear regression 



or a weighted linear regression.   In addition there needs to be more explanation on how and why 

this approach is more robust can detect and adjust for pleiotropic effects.  

 

We agree and have added more detail. 
 

2. The power calculation needs more detail. There is no explanation or rationale for why a 

threshold of p=0.001 was used for height and a p=0.05 was used for BMI. What power did the study 

have for the various measures of socioeconomic status? There were much smaller numbers with 

data available for job class (~76K) and age completed fulltime education (~82k) than the overall 

~120K. 

 

In the results section we have now made the numbers of individuals available for 
each trait much clearer. For the power calculation we used the numbers available 
and three values of alpha 0.05, 0.01 and 0.001 for both height and BMI. We have 
added some more detail to the supplementary methods where we discuss power.  
 

3. It was not clear what the magnitude of the variance explained for BMI and height by their 

respective genetic risk scores was. The authors only report the F-statistics but the amount of 

variance explained is also important.  

 

We agree and in line with another reviewer’s comment have added the variance 
explained to the main methods – 12.5% for height and 1.5% for BMI. 
 

4. For the binary IV analysis using a 2-stage approach as described in the manuscript the 

standard errors of the IV estimate in the second stage will be underestimated. The authors do not 

describe how these standard errors were corrected.   

 

When we calculated the predicted effect of height on a ses measure (second stage), 
we utilised robust standard errors to correct for potential issues – based on Palmer 
et al., 2011. We have added a sentence to the methods stating that this methodology 
was utilised. 
 

 

5. In several of the presented figures (and tables) the results of the Egger regression gave much 

wider confidence intervals than the conventional MR estimate but the reason for this is not 

explained in the text or commented on in the discussion. Is this to do with the correction for 

pleiotropic effects?  

 

This is exactly as expected (reference Bowden et al) given that the egger method 
corrects for potential pleiotropy – essentially allowing for more noise in the data in 
the form of small study bias – variants with proportionally large effects on the 
outcome (SES measure) compared to their effect on risk factor (BMI or height). We 
have added this point to the discussion:  
 
“However, to minimise this possibility, we selected SNPs carefully and utilised the 
Egger method which can detect and adjust for pleiotropy bias in many scenarios 
[24], hence the broader confidence intervals observed.” 
 

6. It is not clear why there is no comparison of the genetic and observational results in Table 2 

for “degree education” and “job class”. I assume this is because the Durbin-Wu-Hausman test is not 

valid for binary data but this should be explained.  



 

Yes, this is correct. And we have decided to exclude the p values for these 
comparisons in the interests of making the tables simpler. 
 

7. For annual household income the males only results suggested that higher BMI was 

associated with higher household income in both the conventional IV and the genetic-Egger method.  

Are there any explanations for this?  

 

We did not highlight this result because the instrumental variables association was 
p=0.15 and the Egger test only p=0.012. We decided conservatively perhaps to only 
highlight the results where both approaches were consistent. This result may be 
consistent with larger men having an advantage, but, given the result is different 
from the observational association we need stronger and more consistent p values 
before we discuss this. Following advice from Reviewer Burgess we are now using 
the Egger as a sensitivity analysis and therefore the Egger result for income and BMI 
in males will not be highlighted.  
 

8. In Supplementary table 4A the observational associations with job class and annual 

household income with height were stronger than the genetic associations. The converse was seen 

for BMI.  Do the authors have an explanation for these findings?  

 

As in the response to one of the other reviewers, we think the 95% confidence 
intervals are too wide to discuss too much the relative effects. Our main message is 
that there is an effect that leads from higher BMI and shorter height to lower 
measures of SES. That said, the height genetic effects in st4 are smaller than the 
observational estimates and the 95% confidence intervals do not overlap. These 
differences are consistent with causal associations in both directions – shorter height 
to lower SES, and lower SES to shorter height. This would make sense with a 
combination of poorer childhood nutrition (more than half of individuals were born 
before 1960). Because there were fewer BMI genetic variants there are wider 
confidence intervals for the BMI compared to height genetic effects, and the 95% 
confidence intervals for the BMI genetic effects include the observational point 
estimates. 
 

 

Additional Questions: 

Please enter your name: Derrick Bennett 

 

 


