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The prevalence of overweight (body mass index; BMI >25 kg/m2) and obesity (BMI>30 kg/m2) has 

been increasing in the past five decades1 2 2, driven by societal changes that bring with them 

lifestyles characterised by lower energy expenditure and greater access to energy rich food sources 

than is compatible with human evolutionary adaptation. 

The potential health consequences of this epidemic include increased risk of osteoarthritis of the 

lower limb joints3, type 2 diabetes, stroke  and coronary heart disease4 and many types of cancers5. 

However, much of the evidence on these links comes from observational studies, a research design 

that can suffer limitations when attempting to infer cause-effect relationships.   

Clinical trials to confirm a cause-effect relationship (and identify useful interventions for weight 

reduction) have proved difficult. Trials of diet and lifestyle interventions are complex to deliver and 

dependent on the adherence of the participants. Such trials have shown short term benefits for 

weight reduction, which can be difficult to sustain6, and demonstrating the effect of such 

interventions on clinical outcomes has also not been easy. At the other extreme, trials of different 

types of bariatric surgery have proven this is an effective intervention for extreme obesity leading to 

weight loss7 and improvement in certain health outcomes including, in some cases, reversal of type 

2 diabetes8. However bariatric surgery is an expensive, resource limited intervention that is not 

applicable to many millions of people worldwide affected by less extreme overweight and obesity 

who may still be at risk of adverse health consequences and who contribute the major burden to 

healthcare systems. Medications developed for weight loss have had a chequered past with most 

proving only marginally effective and many causing serious toxicity leading to their eventual 

withdrawal9.  

Though environmental factors have had the major role in driving the obesity epidemic it has also 

become clear in the last decade that body mass index and other adiposity measures are heritable 

traits, influenced by a large number of small effect genetic variants distributed throughout the 

genome10.  Though their effect is small when compared to that of the environment, their discovery 

has opened up a new approach to investigating causal links between overweight and obesity and 

adverse health outcomes using Mendelian randomisation.  

Mendelian randomisation is research design that will be increasingly familiar to readers of the 

European Heart Journal who will recognise it as a versatile tool for investigating causal relationships 

between risk factors and health outcomes within an observational research framework11. The 

principle is that if a risk factor (e.g. adiposity) is causal for a health outcome (e.g. coronary heart 

disease) then individuals who carry genetic variants that increase adiposity should have a higher risk 

of CHD and the effect on coronary risk should be in proportion to the effect on adiposity. The genetic 

associations are protected from reverse causation (since presence of the disease cannot alter the 

sequence of the germline) and from many types of confounding because, like treatment allocation in 

a clinical trial, genetic variants are allocated at random at conception according to Mendel’s Laws 



(Take home Figure). Prior Mendelian randomisation analyses have provided evidence for a causal 

link between increased BMI and CHD and stroke12, as well as cancer13 14.  

Against this background, Larsson and colleagues have conducted an important new analysis of over 

350,000 participants from UK Biobank that sheds further light on the links between adiposity and 

cardiovascular disease. The study was enabled by the prospective cohort design of the UK Biobank 

and linkage of the participants’ research data (including genotype) with routinely collected health 

outcomes obtained through the UK’s National Health Service, which provides universal cradle to-

grave healthcare coverage, free at the point of delivery. Their study extends prior investigations in 

this arena in two ways. Firstly, it explores the effect of BMI on a wider range of cardiovascular end-

points than studied previously. Second, it also explores the influence of fat mass and fat-free mass 

on the same end-points using new genetic instruments identified by the authors using UK Biobank 

itself.  

After accounting for multiple testing, the authors find evidence that a genetically-instrumented 

1kg/m2 higher BMI is associated with an increased risk of eight of the fourteen cardiovascular 

conditions studied including:  aortic stenosis, heart failure, deep venous thrombosis, hypertension, 

peripheral artery disease, coronary artery disease, atrial fibrillation, pulmonary embolism and 

subarachnoid haemorrhage (estimates in the range 6-13% higher risk). The findings for fat mass 

were broadly consistent. Conversely, fat-free mass was found to exhibit inverse associations with 

atrial fibrillation, ischaemic stroke, as well as thoracic and aortic aneurysm. Most of these findings 

were consistent with those from observational epidemiology where comparisons could be drawn. 

However, the findings apparently diverged from observational studies for ischaemic stroke, for 

which the estimate was null in this analysis, though the power to detect a real effect for this end-

point was likely to have been low, and the 95% confidence limit included the potential for an 

important increase in risk. Mendelian randomisation studies with more stroke end-points will no 

doubt clarify the uncertainty here.  

Although Mendelian randomisation analyses can generate critical insights on causation, a major 

consideration in any such study is evaluating the extent to which the inferences drawn might be 

compromised if the assumptions of the approach cannot be upheld.  A critical assumption of this 

Mendelian randomisation analysis is that the genetic variants employed to instrument adiposity 

influence disease outcome only through the risk factor of interest11. If one or more such variants also 

influence other biological pathways proximal to their effect on adiposity, and some of those 

pathways also influence risk of the disease end points studied independent of the effects on 

adiposity, then the causal effect of adiposity would be overestimated due to ‘horizontal pleiotropy’ 

(Take home figure). To mitigate this, the authors undertake a number of additional analyses using 

recently developed methods (e.g. weighted median and Egger MR) to investigate the presence of, 

and account for, horizontal pleiotropy15,16. In these analyses, the effect estimates were consistent 

with the primary analysis using an inverse-variance weighted meta-analysis under a random effects 

model albeit with reduced precision.  

Potential mediators of the observed effects were not explored directly in this study but the authors 

refer to possible candidates such as high blood pressure, glucose, low-density lipoprotein cholesterol 

and inflammatory cytokines such as interleukin-6, some of many of which are already targeted 

directly by drugs both in obese and non-obese individuals. However, prior work has suggested 

targeting such risk factors only attenuates about half the excess risk of coronary artery disease from 

an elevated BMI17.  Since genomic findings can also provide new leads for drug targets18, new 

possibilities may emerge for safe preventative interventions can be developed that control 



established cardiovascular risk factors through the achievement and maintenance of a healthy 

weight and fat mass. 

The findings of the current study by Larsson and colleagues lends further weight to the proposal that 

increased adiposity is an important causal risk factor for a wide range of cardiovascular end-points 

and that doctors and patients can be reasonably assured that achieving or maintaining an optimal 

body mass index is likely to be accompanied by widespread health benefits. The means by which this 

goal is to be achieved is likely to be multi-factorial including addressing the primordial societal 

causes that are driving weight gain, such as measures to control the advertising, availability and 

accessibility of calorie rich food sources on the one hand, and creating environments and 

infrastructures that enable greater energy expenditure as part of daily living on the other19.  

 

Figure legend 

Design and assumptions of the study by Larsson and colleagues to investigate potential causal 

associations of body mass index, as well as fat- and fat-free mass index with a range of 

cardiovascular end-points using Mendelian randomisation. (The approach, its strengths and 

limitations are described in more detail in the text). 
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