
Chapter 1. Introduction

1
For a continuous outcome Y , the intention-to-treat effect can be estimated via a
linear regression model of Y on A:

E(Y |A) = µ1 +a⇤A, (1.1)

where a⇤ represents the intention-to-treat effect, for which an unbiased (in large
samples) estimate can be obtained by substituting a⇤ by an ordinary least squares
estimate.
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Figure 2: Causal diagram of randomised treatment A, mediator M,
outcome Y (A) and confounders U (B).

Figure 2a again illustrates a causal diagram of an ideal randomised experiment
with treatment A, mediator M and continuous outcome Y . Two additional linear
regression models are used to investigate mediation:

E(Y |A,M) = µ2 +aA+bM (1.2)

and

E(M|A) = µ3 +dA. (1.3)

The direct effect of A on Y not going through intermediate variable M, a is esti-
mated via the regression of Y on A with adjustment for M. Even if A is randomised,
one can not be sure that â , an estimator of a , results in an unbiased estimate of the
direct treatment effect on outcome Y . The problem is that while A is randomised,
mediator M is not. And thus, it is very likely that there are unmeasured common
causes U of mediator M and outcome Y (Figure 2b) and even if they would have
been measured, the linear regression model in (1.2) does not control for them. As a
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