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Objectives 

Objectives 
 

• To identify when a mediation analysis is the right solution.  
 

• To know which assumptions that must be satisfied. 
 

• To be able to conduct mediation analysis on the computer (in R).  
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Why mediation 

• Once it has been established that an exposure causes a 
specific outcome the natural question is HOW? 
 
 
 

• A typical answer to this question goes like this: 
 

Exposure A causes variable M to change, which in turn causes 
outcome Y to occur.  

 
(sometimes supplemented with a number of alternative M’s) 

 
 
 

• Mediation analysis aims at quantifying the degree to which 
this answer is indeed the correct explanation for HOW? 
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Books and key references  

Books 
“Introduction to Statistical Mediation Analysis” 
by D. MacKinnon. (somewhat outdated) 
 
 
AND 
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DAG: A key tool 

• DAGs (Directed Acyclic Graphs) are often used to 
depict causal relationships. 

• The DAG is built from substance knowledge not from 
the data at hand.  

• The real information in a DAG is in the direction of 
the arrows  

• and in which arrows that are NOT there.  
 

• Remember also to  think of unmeasured 
confounders/variables (U in the DAG above). 

Department of Biostatistics 

A 

(U) 
C 

Y 



DAGs: Two types of connections  

• Following the direction of the  
arrows the red connection is the  
only one from A to Y. 
 
 
 

• However ignoring the directions of the arrows there are 
many more (the red and the blue). 
 
 

• It is only the red arrow that denotes a causal influence of A 
on Y, but a simple regression of Y on A would include both 
the red and the blue connections.  
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A case 
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Simplistic DAG 

 
• Confounding?? 
• How are these measured?? 

 
• Let us assume for the next few slides that 

• there is no confounding  
• and all are measured as a numeric score (say 1-100) 
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G1: Cognitive ability 
(A)  

G1: Parenting practices (M) 

G2: Cognitive ability  
(Y) 



Mediation analysis in the pure linear case (I/II) 

• Assume both mediator (M) and outcome (Y) are well 
modeled by a simple linear model.  

• Mediation through M can then be assessed as follows: 
 

 
1. Run a regression of the outcome on the mediator and the 

exposure (and perhaps confounders): 
E[Y|A=a, M=m] = 0.1 + 0.4*a + 1.4*m  
 

2. Run a regression of the mediator on the exposure (and 
perhaps confounders): 
E[M|A=a] = 0.2 + 0.5*a 
 

3. Add estimates from steps 1 and 2 to the graph 
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Mediation analysis in the pure linear case (II/II) 

3. Add estimates from steps 1 and 2 to the graph 
 
 
 
 
 
 
 
 
 

4. Compute direct (DE), indirect (IE), and total effects (TE) as 
well as mediated proportion (IE/TE). 
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0.4 

DE IE TE IE/TE 
 
0.4 

0.5*1.4= 
0.7 

0.4+0.7 = 
1.1 

0.7/1.1 =  
64% 



Notes 

 
 

• The models must not include interactions! 
 
 

• Confounders can be included as simple additive effects. 
 
 

• This technique is also known as path-analysis or the Baron 
& Kenny approach.  
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How to obtain confidence intervals for IE and IE/TE 
(manual version) 

Step 1: Collect information 
 
 
 
 
 
 
 
 
 
 
*If required you can also include pre-treatment covariates. 
** In R you obtain this using the vcov-function. 
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Source* Estimate  Std. error Covariance** 

Y on M and A 
(effect of A) 0.4 0.1 

0.0002 
Y on M and A 
(effect of M) 1.4 0.2 

M on A 
(effect of A) 0.5 0.3 No need. 



How to obtain confidence intervals for IE and IE/TE 
(manual version) 

Step 2: Enter information in Excel sheet (available from 
T. Lange or  
http://publicifsv.sund.ku.dk/~thla/mediation/quick_
calculator_path_effects.xlsx ) 
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http://publicifsv.sund.ku.dk/%7Ethla/mediation/quick_calculator_path_effects.xlsx
http://publicifsv.sund.ku.dk/%7Ethla/mediation/quick_calculator_path_effects.xlsx


How to obtain confidence intervals for IE and IE/TE 
(R version) 

Step 1: Fit both regressions in R 
 fitYonMandA <- lm(Y ~ M + A, data=myData) 

 fitMonA     <- lm(M ~ A, data=myData) 

 

Step 2: Use the package “mediation” 
 library(mediation) 

 medObj <- mediate(fitMonA, fitYonMandA,  
 treat="A", mediator="M", sims=5) 

 summary(medObj)  
 

Output: 
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Difference of coefficients method 

 
• In purely linear models mediation can also be estimated by 

an alternative approach know as difference of coefficients. 
 

• The idea is: 
1. Estimate a regression for the outcome including 

exposure and mediator (as well as confounders).  
2. Estimate a regression for the outcome including only 

the exposure (and again all confounders).  
3. Indirect effect will correspond to the difference between 

the two estimates associated with the exposure.  
 

• NOTE: In non-linear models this approach will be biased!! 
 

• This approach is (also) referred to as the Baron & Kenny 
approach.  
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Mediator vs. moderator  

 
 
 
 
 

 
• Since the highly cited paper by Baron & Kenny moderators 

and mediators have been discussed together.  
 

• However, they are not particular related! 
 

• Mediation concerns causal structure. 
 

• Moderation concerns statistical modelling. 
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Mediator vs. moderator – an example 

 
 
 
 
 
• No effect of exposure to pornography among men of 

medium to high agreeableness on hostility to towards 
women. 

• Highly significant effect of exposure to pornography among 
men of low agreeableness on hostility to towards women. 

• Mediation analysis among low-agreeableness men show: 
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