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Choice of language is important, particularly relatingto causal claims. Mendelian 

randomization is an epidemiologic approach used in biomedical research to assess the 

evidence for a causal hypothesis using genetic associations estimated in observational data. 

Increasingly, mendelian randomization investigations are providing evidence supporting 

the potential effectiveness of treatments for which causality has not been established 

in a randomized clinical trial. The language used to describe findings from mendelian 

randomization investigations is inconsistent, with some studies claimingthat mendelian 

randomization can demonstrate that an exposure has a causal effect on an outcome and 

others making more circumspect claims. As an example, 2 articles investigating height 

and coronary artery disease (CAD) using mendelian randomization were published in 

2015. One article reported on the “causal effect of completed growth, measured by adult 

height, on coronary heart disease,”1 while the other article reported “a genetic approach to 

investigate the association between height and CAD.”2 Herein, we explore the assumptions 

of mendelian randomization and discuss howto interpret and express results findings from 

such an analysis.

In basic terms, a mendelian randomization investigation takes genetic variants associated 

with a modifiable exposure and assesses whether these same variants are associated with 

an outcome. If the genetic variants satisfy the assumptions of an instrumental variable, then 
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a potential causal association of the exposure on the outcome may be inferred from an 

association of these variants with the outcome.3 The instrumental variable assumptions state 

that a genetic variant influences the distribution of the exposure in the population, but it is 

not associated with competing risk factors on alternative pathways to the outcome and it 

does not influence the outcome directly. This implies that a genetic variant acts similarly 

to randomized treatment allocation in a randomized clinical trial, defining subgroups of the 

population that differ systematically with respect to the exposure of interest but not with 

respect to other factors.4

While Mendel’s laws of inheritance, choice of sexual partner, and the fixed nature of 

the genome all provide general plausibility to the use of genetic variants as instrumental 

variables, the instrumental variable assumptions can never be empirically validated for any 

particular genetic variant. Genetic variants used to proxy the potential effect of intervening 

on an exposure may have pleiotropic associations that affect the outcome through pathways 

unrelated to the exposure. Additionally, genetic associations may reflect differences in allele 

frequencies between strata of the population (such as different ethnic groups) rather than 

biological mechanisms. Such violations of the instrumental variable assumptions can bias 

mendelian randomization estimates.

We encourage researchers to separate the factual description of analysis results from any 

inference that is made. Mendelian randomization assesses whether genetic predictors of 

an exposure are associated with the outcome or not. Equivalently, it assesses whether 

genetically predicted values of the exposure are associated with the outcome or not. This 

is a plain statement of the analysis results and does not rely on any assumption or make 

any causal claim. As an aside, we prefer the term genetically predicted over genetically 
determined because relationships between genetic variants and risk factors are rarely 

deterministic.

The inference that is often made from a mendelian randomization analysis is that 

intervention on or change in the exposure would lead to a change in the outcome. This 

is a causal claim and relies on an untestable assumption. Specifically, we are assuming that 

differences in the outcome arising from the effect of a genetic variant on the exposure 

(which often represent differences between genetic subgroups in the trajectory of the 

exposure across the life course5) are informative about what would happen if we intervened 

on the exposure directly. As we discuss below, there are often substantive differences 

between genetic variants that are proxies for an exposure and clinical interventions for 

the exposure,6 which can lead to quantitative differences in estimates. If the instrumental 

variable assumptions are satisfied, then the presence and direction of the genetic association 

with the outcome is informative of the presence and direction of the association between 

the outcome and intervention for the exposure in practice. If the instrumental variable 

assumptions are in doubt, then a weaker conclusion of potentially shared genetic predictors 

may be more reasonable,7 particularly if genetic associations with the outcome are 

inconsistent across different variants.

We recommend that mendelian randomization findings be expressed in 2 parts: first, the 

factual statement that genetically predicted values of the exposure are associated with 
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the outcome, and second (if appropriate), any claim relating to a causal inference that 

an exposure is a potentially causal determinant of the outcome. The latter should be 

accompanied with appropriate caution regarding limitations of mendelian randomization 

analyses. The degree of confidence in a potentially causal conclusion should depend on the 

plausibility of the instrumental variable assumptions being satisfied and a broad assessment 

of the quality of the study.

As for numerical mendelian randomization estimates, these relate primarily to the magnitude 

of association between genetically predicted levels of the exposure and the outcome. Under 

the instrumental variable assumptions, a mendelian randomization estimate has a potential 

for causal inference similarto changing one’s genotype from conception. However, this is 

typically not the target parameter of clinical interest. Given the many differences between 

genetic and clinical interventions in terms of timing, duration, scale, and mechanism, 

mendelian randomization estimates are likely to differ from causal associations that are seen 

in practice.8 In particular, mendelian randomization estimates tend to be larger in magnitude 

per unit change in the exposure because they represent lifelong rather than short-term 

effects. So while it is appropriate to provide an estimate in terms of the association with 

the outcome per unit change in genetically predicted values of the exposure, such estimates 

should not be thought of as the predicted real-world influence of changes to the exposure.

For example, while higher genetically predicted levels of lipoprotein(a) have been associated 

with increased CAD risk,9 any potential clinical effect of lowering lipoprotein(a) is likely 

to be lesser in magnitude than the estimate from a mendelian randomization analysis, 

as has previously been observed for low-density lipoprotein cholesterol.6 Although this 

mendelian randomization analysis provides evidence supporting a causal inference that 

lipoprotein(a) detrimentally affects CAD risk, it does not directly demonstrate causation. 

Similarly, genetically predicted blood pressure levels have been shown to be associated with 

valvular heart disease. The potential causal inference from this observation is that lifelong 

elevated blood pressure levels increase valvular heart disease risk.10

In summary, a causal inference from a mendelian randomization analysis relies on the 

assumption that the selected genetic variants are appropriate for use as instrumental 

variables, that is, they are unconfounded by other unobserved variables or biases. Findings 

of mendelian randomization analyses, and in particular numerical estimates, should 

primarily be presented in terms of the presence and magnitude of the association between 

genetically predicted levels of the exposure and the outcome. Any statement regarding a 

causal hypothesis is a subjective inference that the analysts have made and not something 

that has been demonstrated directly from the data. Therefore, statements about potential 

causal inferences should be presented separately and secondarily to the primary factual 

report of the analysis result.
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