Lesson 5.2: Time-Varying Treatments
 
1.      Does this causal diagram represent a situation with a time varying-treatment?
[image: ]
a.      True
b.      False
 
Answer: Statin use, the exposure, can vary over time, as indicated by the fact that it has been measured at various time points, initiation (A0) and at month 1 (A1).
 
2.      Does this causal diagram represent a situation with a time varying-confounder?
[image: ]
a.      True
b.      False
 
Answer: Exercise level, the confounder, varies over time and is measured at various times points, at baseline (L0) and at month 1 (L1).

 


Lesson 5.3: Time-Varying Confounder
 
1.      A researcher is interested in the causal effect of cumulative statin therapy through time 1 on the cumulative risk of heart disease through time 2. Suppose the causal DAG below is an adequate representation of the problem.
[image: ]
Which is the minimum set of variable(s) that need to be adjusted for in the statistical analysis to validly estimate the causal effect?
a.      L0 only
b.      L1 only
c.       L0 and L1
d.      L0, L1 and U
 
Answer: To estimate the causal effect of statin therapy through time 1, we must address confounding for the effect of A0 on Y1 and Y2, and confounding for the effect of A1 on Y2. The backdoor path from A0 to L0 to U to Y1, and from A0 to L0 to U to Y2 can be blocked by adjusting for L0. The backdoor path from A1 to L1 to U to Y2 can be blocked by adjusting for L1.

 


Lesson 5.4: Treatment-Confounder Feedback
 
1.      This causal DAG below shows treatment-confounder feedback.
[image: ]
a.      True
b.      False
 
Answer: Treatment-confounder feedback occurs when there is a feedback process between a time-varying treatment, A, and a time-varying confounder, L. In other words, we would need an arrow from A0 to L1 and an arrow from L1 to A1. In this case, there is no arrow from A0 to L1, so there is no treatment-confounder feedback. If this arrow existed, then there would be treatment-confounder feedback.
 
2.      A researcher is interested in the causal effect of statin therapy through time 1 on the cumulative risk of heart disease through time 2. According to the causal DAG below, conventional methods (e.g., stratification, outcome-regression, propensity score matching) to adjust for L0 and L1 are expected to result in unbiased estimates.
[image: ]
a.      True
b.      False
 
Answer: This DAG shows treatment-confounder feedback between the time-varying treatment, statins use, and the time-varying confounder, cholesterol. There is an arrow from A0 to L1, and an arrow from L1 to A1. In the presence of treatment-confounder feedback, conventional methods (stratification, outcome-regression, and propensity score matching) will result in biased estimates. 

 
Lesson 5.5: Bias of Conventional Methods
 
1.      Given the causal DAG below, what is the consequence of conditioning on L1 in our statistical analysis? Check all that apply.
[image: ]
a.      It will block part of the causal effect of A0 on Y2.
b.      It will introduce selection bias for the effect of A0 on Y2.
c.       It will adjust for confounding for the effect of A0 on Y2.
d.      It will adjust for confounding for the effect of A1 on Y2
 
Hint: First consider all possible paths from A0 to Y2. Which paths represent the effect (or part of the effect) of A0 on Y2 and which ones represent non-causal paths? Are any of them blocked due to conditioning on L1? Do any of them open up due to conditioning on L1? Go through the same exercise, but for A1 instead of A0.
 
Answer: A is true because the path that is A0 to L1 to Y2 (which is part of the causal effect of A0 on Y2) will be blocked by conditioning on L1. B is true because conditioning on L1 will open the path from A0 to L1 to U to Y2, since L1 is a collider on this pathway. C is false because the relationship between A0 and Y2 is not confounded by L1 – it is only confounded by the path which includes L0. D is true because the relationship between A1 and Y2 is confounded by L1 – there is a backdoor path from A1 to L1 to U to Y2 that would be blocked if we conditioned on L1.
 
2.       
[image: ]
Given the causal DAG above, which of the following adjustment methods can we use to get a valid estimate of the causal effect of a treatment strategy involving A0 and A1 on the risk of heart disease?
a.      G-methods (g-formula, g-estimation, or inverse probability weighting).
b.      Outcome Regression.
c.       Propensity score matching.
d.      All of the above.
 
Answer: There are arrows from A0 to L1 and from L1 to A1. Therefore, there is treatment-confounder feedback. In the presence of treatment-confounder feedback, we must use g-methods to get a valid estimate of the causal effect of A0 and A1 on the risk of heart disease.  
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