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Chicken or Egg in the UK Biobank?
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It is now nearly twenty years since my colleagues and I used the approach known as
“Mendelian Randomisation” to investigate whether the association between plasma
fibrinogen levels and myocardial infarction (Ml), consistently documented in observational
epidemiological studies, was causal, in a genetic study of around 5000 MI cases and 5000
controls.1 Since then, the approach has become ubiquitous in genetic epidemiology. The
implementation of the method built upon papers by Katan, and by Gray and Wheatley,
which originally highlighted the potential for exploiting the essentially unchanging nature
through life of the individual’s genome, to overcome the potential effects of confounding
and reverse causality in observational epidemiology.2, 3 Excellent reviews of the approach
are available and increasingly sophisticated statistical approaches and study designs have
been developed.4 At base, however, the concept is simple. If we can identify an allele which
is associated with a change in a proposed disease risk factor, then provided the allele does
not also affect disease risk in another way (termed pleiotropy), the association between the
allele and the disease of interest should be predictable from the two composite associations:
between allele and risk factor; and between risk factor and disease. The random segregation
of alleles at meiosis mirrors a randomised controlled trial — individuals are “randomised” by
genotype to different levels of the risk factor of interest, and hence, if the risk factor is
causal, to congruent differences in disease risk. This method should be robust to
confounding and able to distinguish true from reverse causality (Figure 1).

“Mendelian randomisation” based investigations into certain putative risk factors for
coronary artery disease have been revealing. In the case of fibrinogen and C-reactive protein,
substantial causal associations have been essentially ruled out. By contrast, in the case of
lipoprotein(a), a risk factor with complex epidemiology - exhibiting within-group
association with coronary disease but higher levels in some lower-risk groups (eg those of
Black ethnicity and women) - “Mendelian randomisation” provided key evidence in favour
of a causal association.5 The approach has been extended to other uses — for example to
genetically predict the side-effects of medications;6 and to investigate the effect on disease
risk of environmental factors whose effect are mirrored by genotypes (for example folate
deficiency and the MTHFR C677T genetic variant).7
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The identification of hundreds of risk loci for cardiovascular and metabolic disease using
genome-wide association study (GWAS) approaches has provided many genetic
“instruments” which can be aggregated for use in “Mendelian randomisation” studies. In the
accompanying paper, Sun and colleagues8 harness the power of the UK Biobank study to
address a question of causality regarding hypertension and Type Il diabetes. UK Biobank
(www.ukbiobank.ac.uk) enrolled British volunteer participants aged 40-69 between the years
2006 and 2010. In addition to baseline phenotyping, volunteers agreed that details of their
health records, held by the United Kingdom’s National Health Service, would be made
available to UK Biobank for research purposes. In an audacious scientific move, UK
Biobank carried out genome-wide genotyping for common genetic variants (single
nucleotide polymorphisms, or SNPs) on all 500,000 of its volunteer participants. UK
Biobank data is made available to the research community without preferential access, to
any bona fide scientist from the academic or commercial sector, at minimal cost. Genetic
studies in the UK Biobank resource have resulted, over the last couple of years, in the
identification of many new genetic loci for coronary artery disease, hypertension, and
obesity.9, 10

By contrast with early “Mendelian randomisation” studies, which used single or a small
number of genetic polymorphisms, Sun et al. were able to deploy sets of 134 SNPs
associated with Type 11 diabetes at conventionally accepted genome-wide levels of
significance, and 233 SNPs similarly strongly associated with hypertension in previous
genome-wide association studies, as their “genetic instruments”. They applied an approach
termed “bidirectional Mendelian randomisation”. Here, the questions were (1) whether the
SNPs robustly associated with Type Il diabetes also predict hypertension (suggesting
causality in one direction) and whether the SNPs associated with hypertension also predicted
Type Il diabetes (hence bidirectionality), among 318,664 UK Biobank participants of whom
13,931 had Type Il diabetes and 172,344 had hypertension. Such a “bidirectional” approach
has previously been used to investigate the direction of the “causal arrow” in a number of
relationships, for example between adiposity and inflammation.11 A variety of sophisticated
statistical approaches were adopted by Sun et al., in particular to attempt to detect and adjust
for pleiotropy. Sun et al. conclude that participants at higher genetic risk of diabetes were
also at higher risk of hypertension, though this increase in risk was of small magnitude,
estimated at 7%. When considered quantitatively, the increase in blood pressure
accompanying genetically instrumented diabetes was 0.67mmHg in systolic blood pressure,
with no difference in diastolic blood pressure. In respect of the accuracy of the quantitative
blood pressure analyses, it is worth noting that ~20% of participants were taking
antihypertensive medication, and an across-the-board adjustment to their BP was made by
adding 15mmHg to measured systolic and 10mm to measured diastolic values respectively.
The effect of genetically instrumented Type Il diabetes on hypertension was much smaller
than the magnitude of the association between the phenotypes in observational data, both
from UK Biobank and previous studies; among the possible explanations for this is that the
“Mendelian randomisation” method was better able to avoid inflation of the estimated
relationship due to confounding variables. By contrast, Sun et al. found no evidence in
favour of the hypothesis that genetically instrumented hypertension caused diabetes; larger
than 4% increases in risk were ruled out with 95% confidence.
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This paper contributes large-scale genetic data to the ongoing debate as to whether diabetes
causes hypertension, or vice versa, which has not been entirely resolved by observational
epidemiology. Regarding pathophysiological mechanisms, Sun et al. speculate that the
association of diabetes genotypes with systolic rather than diastolic blood pressure may
result from effects of the pro-diabetes alleles on arterial stiffness. This hypothesis could also
be tested in UK Biobank, as participants had arterial stiffness measured. Regarding the
population health implications of their work, Sun et al. state that their findings illustrate the
importance of an optimal population glycemic profile, and of blood pressure monitoring in
patients with type Il diabetes. This view, entirely correct in my opinion, is very much in line
with current recommendations. It perhaps highlights a gap that might be perceived between
the scientific elegance of some “Mendelian randomisation” studies and their capacity, thus
far, to deliver results that change clinical practice.

Finally, what can be said about this study from the point of view of reproducibility and data-
sharing? One of the stipulations of using UK Biobank data is that results, derived data fields,
and analytical code used to generate published results are to be returned to UK Biobank
within six months of publication. Thus, in due course readers of Circulation Researchwill
be empowered to check the working of Sun et al. for themselves, and confirm, refute or
expand their conclusions — the ultimate guarantee.
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The relationships involved in a “Mendelian randomisation” study. The relationship of
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interest (arrow marked by H, the hypothesis) is between a putative risk factor and disease —

or, as in the accompanying paper, between two disease phenotypes. This may be causal,

reverse causal (indicated by bidirectional arrow), or confounded by one or more unmeasured
factors (dashed arrows). In the absence of other genotype-mediated mechanisms, termed
pleiotropy (dotted arrows), genotypes influencing levels of the putative risk factor should
show a congruent association with disease if the factor-disease association is causal (arrow
marked I, the relationship between the genetic “instrument” and disease).
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