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Methodology

Introduction

Results

Mendelian Randomization (MR) is a method developed to measure the significance of a correlation between genetic 
variation and the modifiable exposure of disease. In this paper, we specifically focus on the use of Mendelian 
Randomization that illuminates risks associated with smoking and various cancers. By conducting a meta-analysis of 
prior epidemiological and Mendelian Randomization studies, we found a large difference in the overall risk ratio 
conclusions. We presume that Mendelian Randomization does not represent the effective risk of developing cancer 
as established epidemiological principles demonstrate that social determinants heavily influence the exposure risks 
for cancer. 

Figure 1. Mendelian Randomization vs. 
Epidemiological Study

MR  is a newer research method that provides information 
about causal effects between exposure and a health 
outcome using genetic variation. MR is based on three 
main assumptions: 
1) The genetic variants are associated with  the risk factor.
2) No unmeasured confounders for the genetic variant 

and outcome association.
3) The genetic variant impacts outcome only through the 

risk facts. 
In studying the association between smoking and cancer, 
MR uses genetic biomarkers for smoking as a proxy 
measure of smoking, while epidemiological studies use 
questionnaire based measures of smoking. Prior studies 
have indicated that individuals' sociodemographic, 
behavioural, and environmental factors considerably 
influence whether they choose to smoke, ultimately 
affecting their risk of developing cancer. 

Our Hypothesis: Due to the differences in the methods, 
we hypothesized that the estimate produced by MR would 
be lower than those estimates obtained from 
epidemiological studies. 

Figure 2. Meta analysis of 
Mendelian Randomization 
Odds Ratios

• Forest plot randomizes the weight 
of each study based on the final 
odds ratio (labelled as TE) and 
standard error (labelled as seTE).

• The odds ratios range from 0.97 to 
4.21. 

• Based on the random effects 
model built into the forest.meta
package, the overall risk ratio for 
cancer is 1.37 for individuals that 
are genetically predisposed to 
smoking. 

Figure 3. Meta analysis of 
Epidemiological Odds Ratios

Discussion

• We found 19 published MR correlation estimates relating the genetic risk of smoking with the development of 
various cancers: oral, breast, colorectal, rectal, colon, breast, esophageal, bladder, cervical, head neck, ovarian, 
stomach, and lung cancer. Exposures were differentiated by having ever smoked, smoking regularly, smoking 
initiation, and lifetime smoking. In the literature we reviewed, the UK Biobank was the main source for the study 
population. 

• Epidemiological studies were found using a collection of data from O’Keefe, et al (2018)
• Odds ratios were derived from both one-stage (obtained after a multivariate regression analysis) and two-stage 

MR (obtained after a regression analysis of the summary outcomes)

Analysis: We categorized the studies based on the type of exposure and cancer, and conducted meta-analyses 
utilizing the forest.meta-package in R. Similarly, we conducted a meta-analysis review of epidemiological studies 
using a collection of data from O’Keefe, et al (2018). We stratified the epidemiology studies by sex. We present 
both the fixed and random-effects estimates from the meta-analysis. 
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Future Directions

1. Before assuming a significant association between 

genetic variance and exposure risk, one should explore 

established epidemiological correlations

2. There should be guidelines for when MR assumptions 

can be assumed

3. We hope to see similar reviews of the differences 

between MR and epidemiological odds ratios with 

varying exposures and outcomes.
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