
The Effects of Misspecification of the Mediator and Outcome in 
Mediation Analysis

Sharon M. Lutz1,2, Joanne E. Sordillo1, John E. Hokanson3, Ann Chen Wu1, Christoph 
Lange2

1PRecisiOn Medicine Translational Research (PROMoTeR) Center, Department of Population 
Medicine, Harvard Medical School and Harvard Pilgrim Health Care Institute

2Department of Biostatistics, Harvard T.H. Chan School of Public Health

3Department of Epidemiology, University of Colorado, Anschutz Medical Campus

Keywords

mediation analysis; reverse causality; misspecification of the mediator

An investigator may be interested in the effect of an exposure such as a single nucleotide 

polymorphism (SNP) on the outcome of interest through a mediator or intermediate variable 

(i.e. the mediated or indirect path) as seen in Figure 1. Mediation analysis can be used in this 

scenario to assess the direct effect of the SNP on the outcome (i.e. the direct path) and the 

effect of the SNP on the outcome through the mediator (i.e. the indirect or mediated path). 

(VanderWeele et al., 2016) For example, mediation analysis has been used to determine the 

effect of SNPs on chromosome 15 [CHRNA5/3B4] on pulmonary function through cigarette 

smoking. (Lutz & Hokanson, 2014; Siedlinski et al., 2013)

However, in order to use standard mediation analysis methods, one needs to specify the 

directed acyclic graph (DAG) in Figure 1. Nevertheless, sometimes the investigator is not 

sure which variable is the outcome variable in this context of the analysis. For instance, if an 

investigator wants to use mediation analysis to determine the effect of a SNP on nicotine 

dependence and depression, it may not be clear which variable is the mediator and which is 

the outcome given the complex relationship between nicotine dependence and depression. 

(Boden et al., 2010; Manafo et al., 2010) The literature on the prospective association 

between smoking and depression is inconsistent in terms of the direction of association (i.e. 

whether smoking is the mediator or outcome). (Fluharty et al., 2016) In such scenarios, 

investigators may run the mediation analysis twice: 1) with nicotine dependence as the 

mediator and depression as the outcome, and 2) with nicotine dependence as the outcome 

and depression as the mediator.

It is not clear whether this analysis strategy is adequate to identify the mediator and the 

outcome variable. Through simulation studies, we examined the results of a counterfactual 
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based mediation analysis when the role of the mediator and outcome were correctly 

specified and when they were reversed (i.e. reverse causality). (Imai et al., 2010a; Imai et al., 

2010b; Tingley et al., 2014) For 1,000 subjects, we generated an exposure (i.e. SNP) from a 

binomial distribution with a minor allele frequency of 20%. We considered the following 3 

scenarios.

In scenario 1, we generated an indirect effect of the exposure on the outcome through the 

mediator but no direct effect. We generated a normally distributed mediator with a genetic 

effect size of 0.2 and a variance of 1. The mediator had an effect size varying from 0.1, 0.2, 

to 0.3 on the normally distributed outcome, which also has a variance of 1. As seen in Figure 

2a which displays the results of our simulation study based on 5,000 replicates, if the 

outcome and mediator are incorrectly specified, there is a significant direct effect but no 

significant indirect effect, which is the opposite of what was simulated. In practice, this 

would provide misleading analysis results in terms of the identification of the mediator and 

the outcome variable.

In scenario 2, we generated a direct effect of the exposure on the outcome but no indirect 

effect of the exposure on the outcome through the mediator. We generated a normally 

distributed mediator with a mean of 0 and a variance of 1 and the mediator had an effect size 

varying from 0.1, 0.2, to 0.3 on the normally distributed outcome. The normally distributed 

outcome is also a function of the exposure with a genetic effect size of 0.2 and a variance of 

1. The results of our simulation study are shown Figure 2b. We observed that if the outcome 

and mediator are incorrectly specified, there is a significant indirect effect but no significant 

direct effect, which is the opposite of what was simulated. Again, as in the first simulation 

study, when the mediator and outcome are switched, the results of the mediation analysis are 

the opposite of when the mediator and outcome are correctly specified.

In scenario 3, we generated both a direct and indirect effect of the exposure on the outcome. 

We generated a normally distributed mediator with a genetic effect size of 0.2 and a variance 

of 1. The mediator had an effect size varying from 0.1, 0.2, to 0.3 on the normally 

distributed outcome. The normally distributed outcome is also a function of the exposure 

with a genetic effect size of 0.2 and a variance of 1. As seen in Figure 2c, if the outcome and 

mediator are incorrectly specified, there is both a significant indirect and direct effect of the 

exposure on the mediator, but it is hard to distinguish the results when the mediator and 

outcome are correctly specified or not.

To evaluate the approach based on real data, we applied this approach to the COPDGene, a 

study of current and former smokers. Among the 6,659 non-Hispanic White COPDGene 

subjects, we examined the effect of the SNP rs16969968 [CHRNA5] on chromosome 15q25 

on cigarette smoking and forced expiratory volume in 1 second (FEV1) since this SNP and 

region have previously been associated with both lung function and smoking burden. (Lutz 

et al., 2015; Lutz et al., 2019) In this scenario, it is clear that the mediator is pack-years of 

cigarette smoking and the outcome is FEV1 given that smoking cigarettes decreases lung 

function. As seen in Table 1, when cigarette smoking is correctly set as the mediator, the 

estimate for the proportion mediated is 0.20. As seen in Table 1, when cigarette smoking is 

incorrectly set as the outcome, the estimate for the proportion mediated is 0.37. The estimate 
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for the proportion mediated is higher when the mediator and outcome are incorrectly 

specified. This data analysis example illustrates that the results of the mediation analysis can 

be overestimated if the mediator and outcome are incorrectly specified.

While we only provide results for a limited set of scenarios, our results and conclusions 

seem generally representative, as we tested numerous other scenarios (data not shown). To 

facilitate examination of alternative scenarios, we have also created an R package on Github 

called reverseMA (https://github.com/SharonLutz/reverseMA) which runs simulations for 

user-specified scenarios in order to examine the results of this mediation analysis method if 

the role of the mediator and outcome are reversed.

In conclusion, we recommend against switching the role of the mediator and the outcome in 

mediation analysis if one is unsure of the DAG, as this can lead to incorrect conclusions. 

Standard mediation analysis approaches are not suitable to identify the directionality of the 

causal relationships, and collider bias may be introduced.
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Figure 1: 
The Directed Acyclic Graph (DAG) on the left shows how the exposure A acts on the 

outcome Y both directly (i.e. A->Y) and indirectly through the mediator M (i.e. A->M->Y) 

given measured confounders C. When the outcome Y is treated as the mediator as seen in 

the figure on the right, then the outcome Y becomes a collider on the path from the exposure 

A to the mediator M. These figures were generated in DAGitty. (Textor et al., 2016)
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Figure 2: 
We considered 3 scenarios for 5,000 replicates. In the plots below, NR refers to the mediator 

and outcome being correctly specified and R refers to the mediator and outcome being 

incorrectly specified (i.e. reversed). The y axis shows the power and the x axis is the effect 

of the mediator on the outcome. In scenario 1, we generated an indirect effect of the 

exposure on the outcome through the mediator but no direct path. As seen below, if the 

outcome and mediator are incorrectly specified, there is a significant direct effect but no 

significant indirect effect. In scenario 2, we generated a direct effect of the exposure on the 

outcome but no indirect effect of the exposure on the outcome through the mediator. As seen 
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below, if the outcome and mediator are incorrectly specified, there is a significant indirect 

effect but no significant direct effect. In scenario 3, we generated both a direct and indirect 

effect of the exposure on the outcome. As seen below, if the outcome and mediator are 

incorrectly specified, there is a significant indirect and direct effect and it is hard to 

distinguish the results when the mediator and outcome are correctly specified or not.
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Table 1:

Below are the estimates and p-values for the mediation analysis for the effect of rs16969968 on the outcome 

FEV1 through the mediator pack-years of cigarette smoking and then reversing the roles and specifying FEV1 

as the mediator and pack-years of cigarette smoking as the outcome in the COPDGene study.

Direct Effect Indirect Effect Proportion Mediated

Mediator/
Outcome

Estimate p-value 95% CI Estimate p-value 95% CI Estimate p-value 95% CI

Pack-Years/FEV1 −0.08 <2e-16 (−0.11, −0.06) −0.02 <2e-16 (−0.03, −0.01) 0.20 <2e-16 (0.12, 0.28)

FEV1/Pack-Years 1.47 <2e-16 (0.60, 2.33) 0.86 <2e-16 (0.62, 1.13) 0.37 <2e-16 (0.25, 0.59)
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