
chapter 15524

Using the back-door criterion one can address: 1) whether confounding exists, 2)

whether such confounding could be eliminated, and 3) which variables are neces-

sary to adjust for or to eliminate confounding (Hernan and Robins, 2012).

The front-door criterion

The front-door criterion is closely linked with the back-door criterion. As defined

in Pearl (2009), a set of variables S satisfy the front-door criterion for estimating

the causal effect of A on Y if (1) S intercepts all directed paths from A to Y, (2) there

is no unblocked path from A to Y, and (3) all back-door paths from S to Y are

blocked by A. See Figure 15.17 for an illustration.

Figure 15.17 A causal DAG for the variables A and Y, with an unmeasured confounding
variable U and a set of variables S = (L1,L2) representing the mechanism for the causal
effect of A on Y.

In the causal DAG in Figure 15.17, if U is an unmeasured variable, it will not be

possible to block the back-door path between A and Y by conditioning alone.

However, if there is a set of variables S, such as the set , intercepting A and

Y, satisfying the front-door criterion, the causal effect of A on Y can be identified

using the back-door criterion twice. Since the causal effect of A on L1 and L2, and

the causal effect of L1 and L2 on Y can be estimated, so can the causal effect of A

on Y. The effect of A on Y can be estimated by combining these effect estimates by

certain multiplication rules (Morgan and Winship, 2009). See Pearl (2009) for

details.

Instrumental variables

It is not always possible to estimate causal effects by conditioning on variables to

close all back-door paths. For example, when estimating the effect of a variable A

on outcome Y, there could be unmeasured confounding variables U present and

no intercepting variables as in Figure 15.17. However, if an instrumental variable

or instrument Z for A exists, one can test for a causal effect of A on Y. A variable Z

is a valid instrument for A (Glymour and Greenland, 2008) if
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