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RECAP: 
DEFINING THE 
CAUSAL EFFECT.
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RECAP: 
ASSUMPTIONS FOR 
CAUSAL INFERENCE.
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RECAP: THREE 
STRUCTURAL 
SOURCES OF BIAS.
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RECAP: METHODS TO ADJUST FOR CONFOUNDING.
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TIME FIXED VERSUS 
TIME-VARYING 
TREATMENTS.
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PLAN FOR TODAY.
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NOTATION FOR 
TIME-VARYING 
TREATMENTS.

٠

٠

𝑡𝑖𝑚𝑒 0 1 2 3… 𝐾
…

𝐴0 𝐴1 𝐴2 𝐴3 𝐴𝐾 𝑌
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TREATMENT HISTORY.
𝑡𝑖𝑚𝑒 0 1 2 3… 𝐾

…

𝐴0 𝐴1 𝐴2 𝐴3 𝐴𝐾 𝑌
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TREATMENT 
STRATEGIES.

٠
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ҧ𝐴 = (1,1,1, …1) ≡ ത1
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STATIC VERSUS DYNAMIC TREATMENT STRATEGIES.
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CAUSAL EFFECT FOR 
A TIME-VARYING 
TREATMENT.



Shi – Time-varying treatment strategies 1

PLAN FOR TODAY.
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TIME-VARYING TREATMENTS ON A DAG.

For a time-fixed treatment, we 

could have the following DAG:

This is the DAG we would expect 

for an ideal randomized trial of a 

time-fixed treatment.

For a time-varying treatment, we could have the following 

DAG:

Notice that each time point of the time-varying treatment 

is a separate node. 

This is the DAG for a sequentially randomized trial of a 

time-varying treatment:

٠ Randomize treatment at time 0 (𝐴0 = 0 or 𝐴0 = 1)

٠ Randomize treatment at time 1 (𝐴1 = 0 or 𝐴1 = 1)

٠ etc.
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TIME-VARYING 
TREATMENTS AND 
CONFOUNDERS ON 
A DAG.

For a time-fixed treatment, we only had to worry about 

confounders at baseline:

With observational data, we expect to 

have treatment-outcome confounders. 

For a time-varying treatment, we could have:

٠ Time-fixed confounders (𝑊) at baseline, and

٠ Time-varying confounders (𝐿𝑘)

Note: We’ll start using just 2 time points for simplicity but everything 

we’ll discuss also applies to scenarios with >2 time points
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PLAN FOR TODAY.
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A.

B.

C.

SEQUENTIAL 
EXCHANGEABILITY.
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SEQUENTIAL 
EXCHANGEABILITY.
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SEQUENTIAL 
EXCHANGEABILITY.
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SEQUENTIAL 
EXCHANGEABILITY: 
FORMAL DEFINITION.
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ESTIMATING THE JOINT EFFECT OF 𝐴0 AND 𝐴1.

A.

B.
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A.

B.

ESTIMATING THE JOINT EFFECT OF 𝐴0 AND 𝐴1.
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ESTIMATING THE JOINT EFFECT OF 𝐴0 AND 𝐴1.
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ESTIMATING THE JOINT EFFECT OF 𝐴0 AND 𝐴1.
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ESTIMATING THE JOINT EFFECT OF 𝐴0 AND 𝐴1.
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ESTIMATING THE JOINT EFFECT OF 𝐴0 AND 𝐴1.

٠

٠

× ×
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CONVENTIONAL 
METHODS FOR TIME-
VARYING EXPOSURES.

٠
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PLAN FOR TODAY.
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STRUCTURE OF 
TREATMENT-
CONFOUNDER 
FEEDBACK.
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ESTIMATING THE JOINT 
EFFECT OF 𝐴0 AND 𝐴1
WITH TREATMENT-
CONFOUNDER FEEDBACK.
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ESTIMATING THE JOINT 
EFFECT OF 𝐴0 AND 𝐴1
WITH TREATMENT-
CONFOUNDER FEEDBACK.

We have two exchangeability conditions:

A.

B.

C.
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٠

٠

CONDITIONING ON 𝐿1.

٠ Conditioning on 𝐿1 blocks the path

𝐴0 → 𝐿1 → 𝑌

٠ We aren’t capturing the effect of 𝐴0 that is 

mediated through 𝐿1

And it gets worse…
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TO STRATIFY OR NOT TO STRATIFY?
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ADDITIONAL DAG STRUCTURES FOR 
TREATMENT-CONFOUNDER FEEDBACK.
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METHODS TO HANDLE TREATMENT-CONFOUNDER 
FEEDBACK.
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TAKEAWAYS.
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LEARNING OBJECTIVES.
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