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What is a causal effect? 

• Assume that you are interested in understanding the 
impact of a given variable (the exposure) on one or 
more outcomes.  
 

• If you can envies (at least in principle) a way to 
measure the impact of the exposure through a 
randomized trial this will be the causal effect of the 
exposure.  
 

• Thus a causal effect is: 
 Any effect which can (disregarding costs and ethics)  

be estimated from a randomized trial. 
 

• The inclusion criterions for the enviesed randomized 
trial define to which population the causal effect 
applies. 
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What is causal inference? 

• For obvious reasons we cannot always conduct 
randomized trails. 
 
 

• Several active areas of research, collectively referred 
to as causal inference, aim at deducing causal effects 
from observational studies.  
 
 

• Participants from many backgrounds including: 
• Epidemiologists 
• Statisticians  
• Economists  
• Philosophers  
• Computer scientists 
• Physicists 
• … 

 
Department of Biostatistics 



Causal inference books 

The bible – old testament: 
 J. Pearl (2009) 

Causality 
 
The bible – new testament? 
 M.A. Hernán & J.M. Robins (2011?) 

Causal Inference 
Available online at: 
http://www.hsph.harvard.edu/faculty/ 
miguel-hernan/causal-inference-book/ 

 
Some other recent: 
• S. Morgan & C. Winship (2007) 

Counterfactuals and Causal Inference 
• D. Freedman (2010) 

Statistical Models and Causal Inference 
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The language of counterfactuals  

• Counterfactuals variables have been developed to 
provide a firm (mathematical) footing for arguments 
about cause and effect. 
 

• The counterfactual variable Ya denotes the value the 
outcome (Y) would take if exposure (A) was set to a 
by an intervention.  
 

• For every individual there exists many counterfactual 
variables corresponding to all possible levels of 
exposure.  
 

• Thus counterfactual variables describe what would 
have happened if we had intervened on exposure.  
 

• For this reason they are also referred to as potential 
outcomes (or more popular: “What-if-mathematics”) 
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An illustrative (and famous) example 

 
• The landmark paper Bertrand and Mullainathan (2004) 

aimed at quantifying the size of (unlawful) discrimination 
experienced by African Americans. 
 

• The authors collected (at random) CVs from both whites and 
African Americans.   
 

• Subsequently the names written on the CVs were randomly 
selected to be either typical white names or typical African 
American names. 
 

• These CVs were send to many job openings and the rate of 
call-back was registered. 
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A formal framework for analyzing call-back mechanisme 
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A formal framework  

• For each job-opening one could send a particular CV with 
either a white or African American name. 
 

• The counterfactual variable Y(a,m) denotes the call-back 
(yes/no) if we, perhaps contrary to fact, had set ethnicity to 
a and the CV to m. 
 

• The counterfactual variable M(a) describes the CV obtained 
if the person, perhaps contrary to fact, had had the ethnicity 
a. 
 

• Unlawful racial discrimination would be  
 
 
 

• This is the so-called natural direct effect (NDE). 
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One more example (I/III) 
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BMI 

Estrogen 

  Age and more 

Breast cancer 



One more example (II/III) 

Following 
 
 
General definition: 
• The natural direct effect measures the change in outcome 

that would be observed if we could change the exposure, 
but leave the mediator at the value it naturally takes when 
the exposure is left unchanged.  
 
 

The breast cancer example: 
• In the BC example natural direct effect is the change in 

BC that would be observed if BMI was increased 5-units 
without inducing any change in estrogen levels. 
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One more example (II/III) 

Following 
 
 
General definition: 
• The natural indirect effect measures the change in 

outcome that would be observed if we could change the 
mediator as much as it would naturally change when 
exposure was changed without actually changing the 
exposure.  
 
 

The breast cancer example: 
• In the BC example natural indirect effect is the change in 

BC that would be observed if estrogen was changed as 
much as it would naturally change if BMI was increased 5-
units without actually changing BMI 
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Assumptions for natural direct and indirect effects 

 
1: No unmeasured confounders of: 

• The exposure-outcome relation 
• The exposure-mediator relation 
• The mediation-outcome relation  

 
 
2: No intertwined causal pathways.  
 (aka. Pearls identifiability condition) 
 
 
3: Consistency and positivity. 
  (mostly technical) 
 
 
REF: 
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OLD vs. NEW 
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OLD 
(Baron & Kenny 

 
= 

Part I of my talk) 

NEW 
(counterfactual 

based 
= 

Part II of my talk) 

Coding Easy Harder 

Underlying idea An algorithm A defined parameter 
of interest. 

Bias 
Yes 

(except in purely 
linear models) 

No 
(for any combination 
of variables types) 



So how to estimate natural direct and indirect effects 

 
 
 
 
 
 
 
 
 
 
 
 
 
• And many more. 
• Look for instance at S. Vansteelandt, Tyler VanderWeele, 

and Imai. 
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Natural effects models 

• We suggest to parameterize the natural direct and indirect 
effects directly in a model for the (nested counterfactual) 
outcome: 
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Natural effects models (cont.) 

 
• Besides all outcomes which can be modeled by generalized 

linear models the approach can also handle survival 
outcomes using either Cox or additive hazard models.  
 
 

• Mediator and exposure can be of any type.  
 

• However, we only see persons with a=a*, so we have to be 
clever about estimation.  
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Estimation procedure for natural effects models (I/II) 
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Estimation procedure for natural effects models (II/II) 
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An example: the rage question  
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An example: the rage question  

Dias 20 

Department of Biostatisitcs 



An example: the rage question  

Dias 21 

Department of Biostatisitcs 



An example: the rage question  
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An example: the rage question  

Dias 23 

Department of Biostatisitcs 



How to obtain confidence intervals for TE and IE/TE 

Step 1: Collect information 
 
 
 
 
 
 
 
 
 
* In R you obtain this using the vcov-function. 
 
Step 2: Use Excel sheet 
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Source Estimate  Std. error Covariance* 

A 0.4173 0.19 
2.82*10-5 

A* 0.2173 0.03863 

Dummy 
(do not change) 1 0 No need. 



Discussion 

The good news: 
• In linear models simple multiplication along paths will 

suffice. 
• We have suggested a unified approach to estimate direct 

and indirect effects. 
• The paper includes SAS and R code. Moreover, some Stata 

code is available from me upon request. 
 
 

However, do not forget: 
• 3 times no-confounding (even in RCTs!) 
• Measurement error on mediator bias IE towards zero 
• What if the mediator is in fact a process evolving 

continuously? 
• Mediation analysis require a lot of data.  
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Thanks for the attention – questions? 
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