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1. Z affects A,

2. Z affects Y only through A, and

3. Z and Y share no common causes.

See Figure 15.18 for a simple example of such an instrumental variable Z.

Figure 15.18 A causal DAG for the variables A and Y, with an unmeasured confounding
variable U and an instrument Z.

The causal effect of A on Y can be estimated by dividing the effect of Z on Y with

the effect of Z on A (Morgan and Winship, 2009).

Even if the instrumental variable approach is appealing, it can often be difficult

to find a suitable instruments in practice. For more about instrumental variables,

see for example Morgan and Winship (2009) or Glymour and Greenland (2008).

Formal definitions of instrumental variables are given by Pearl (2009), using both

the counterfactual and graphical models framework. To read more about impor-

tant applications of instrumental variables in genetics, namely Mendelian rand-

omization, see Didelez and Sheehan (2007).

15.3.6 Shortcomings of DAGs and graphical models
DAGs and graphical models are useful tools in epidemiology, but there are certain

limitations. As fairly new tools, their relevance is still debated. One reason for the

debate is perhaps the focus on causality, which may or may not appeal. Also when

analyzing DAGs the focus is on bias, which may lead to less attention on precision.

Of course, both these aspects are important. On a more detailed level, DAGs only

tell us the presence or absence of bias. Results from observational studies are gen-

erally biased, the question is how much, and in what direction. Standard DAGs do

not address this.

From a practical point-of-view some might miss a DAG representation of inter-

actions. This is perhaps obvious, as an interaction is a scale-dependent concept,

and the DAGs do not specify a scale, but it would still be a desirable feature when,

for example, selecting variables to condition on in a regression analysis.

The main problem with DAGs is whether they capture reality, and generally this

is not testable. Actual underlying causal structures can be very complex, and vary
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