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Figure 15.4 A causal DAG for the variables L, A, and Y, conditioned on L.

The concepts of marginal and conditional independencies in the above graphical

models framework is directly linked with so-called d-separation, which is one of

the main tools for analyzing DAGs. D-separation will be formally introduced in

Section 15.3.5.

15.3.4 Four types of causal structures
Generally, four different causal structures can contribute to the association

between two variables A and Y

1. A causes Y (causation),

2. Y causes A (reverse causation),

3. A and Y share a common cause which has not been conditioned on (confounding),

or

4. it has been conditioned or selected on a variable which is affected by A and Y, on

a variable which is influenced by such a variable, or on a variable sharing causes

with A and Y (collider bias).

DAGs are excellent tools for identifying which associations are causal and which

associations are caused by bias. Based on the different types of causal structures,

three main types of bias can be identified; confounding, collider bias and informa-

tion bias. Information bias is bias due to measurement problems, such as when a

blood parameter affected by cancer is measured after the cancer has become

apparent (Hernan et al., 2004). This is a type of reverse causation. Information

bias is therefore sometimes called measurement bias or reverse causation bias.

Example 15.2
Let us consider a much-used example when discussing association and causal

structures. Say that an association is found between yellow-stained fingers

and lung cancer in a given data set. The three causal structures in Figure 15.5

are all compatible with the observed association, together with possibly other

more complex structures (structures with more than three variables).
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