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Perspectives on Causal Inference
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Objectives
1. Differentiate causation from association
2. Understand the principles of the Bradford Hill criteria and Rothman’s Sufficient and Component Cause Model
3. Understand the principles of the counterfactual model, including (conditional) exchangeability, consistency, and positivity (also referred to as identifiability criteria)
4. Use the counterfactual framework to calculate average causal effects
5. Analyze data from an ideal randomized experiment, including the use of standardization and inverse probability weighting

Assigned Readings

Required:
· Chapters 1, Hernán & Robins, Causal Inference Book, online

Recommended: 
· Chapter 2, Hernán & Robins, Causal Inference Book, online

Optional: 
· Chapter 3, Hernán & Robins, Causal Inference Book, online
· Chapter 2, Rothman, Greenland, & Lash, 2008

Assignment: 
Read “Autism Occurrence by MMR Vaccine Status Among US Children with Older Siblings with and without Autism” by Jain et al. 2015, JAMA (https://www.ncbi.nlm.nih.gov/pubmed/25898051) and answer the following questions.


1. Considering Rothman’s sufficient and component cause model for ASD, is MMR vaccine a sufficient cause, component cause, necessary cause, or none of the above? Explain your answer. (2 points)

2. In the Conclusions, the authors state, “These findings indicate no harmful association between MMR vaccine receipt and ASD even among children already at higher risk for ASD.” Select two of Hill’s criteria, discuss whether or not each was fulfilled and whether or not the authors’ conclusions align with your conclusions based on the criteria. (2 points) 

3. Define exchangeability, conditional exchangeability, positivity, and consistency. Do these assumptions hold in this study? Explain why or why not. (Please note, we are NOT referring to the Hill guidelines “consistency” criteria here.) (8 points)

Please use the following prompt and table for questions 4, 5, 6, and 7: 
Let A describe MMR vaccine status (1 = 1 dose; 0 = unvaccinated), Y refer to ASD diagnosis (1 = yes; 0 = no), and L refer to older sibling ASD diagnosis (1 = yes; 0 = no). Pretend that the following data, which came from MMR status at age 2 years in Table 2, were generated from an ideal randomized experiment. In addition, disregard sampling variability (e.g., assume that all of the quantities in the table have been divided by one million). 

	
	L = 0 (n = 93,071)
	
	L = 1 (n = 1,914)

	
	Y = 1
	Y = 0
	
	Y = 1
	Y = 0

	A = 1
	53
	77,769
	
	7
	1,387

	A = 0
	13
	15,236
	
	6
	514




4. Are MMR vaccine (A) and ASD diagnosis (Y) (unconditionally) associated in the study population when ignoring sibling ASD status (L)? Show your work and explain. (Hint: One possible method involves collapsing on L and computing probabilities conditioning on A.) (3 points)

5. Suppose that the investigators assigned MMR vaccine at random (unconditionally). Indicate the assumptions needed to convert the risk of ASD among the exposed to the risk of ASD had everyone been exposed. Similarly indicate the assumptions needed to convert the risk of ASD among the unexposed to the risk of ASD had everyone been unexposed. Please use notation consistent with the lecture to show how these assumptions hold in formulas (Hint: See Slides 49 and 50 of the Conceptual Frameworks for Causal Inference lecture series). Then compute the average causal effect of MMR vaccine on the risk of ASD diagnosis in the study population. Use the risk ratio scale. (3 points)

6. Do you think this ideal randomized experiment was unconditionally randomized? Why or why not? Please show your calculations and explain. (3 points)


7. Suppose that the investigators assigned vaccination at random within levels of sibling ASD diagnosis. 

a. Use standardization to compute the average causal effect of vaccination on the risk of ASD diagnosis. Use the risk ratio scale. Show all steps and notation. Provide a brief interpretation of your results. (5 points)

b. Use inverse probability weighting (IPW) to compute the average causal effect of vaccination on the risk of ASD diagnosis. Use the risk ratio scale. Provide a brief interpretation of your results. (Hint: Use either IP weights applied to the 2x2 tables or use the tree method. Either method can be used to create a pseudo-population. You may do your calculations by hand or using Excel, but show all notation and steps regardless.) (6 points)

8. Considering the effect of MMR vaccine A on the risk of ASD diagnosis Y, provide a numerical example of the following table (again, each row represents 1 million subjects) under each of the 3 scenarios described below. (6 points)

	   ID
	Y a=0
	Y a=1

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	

	7
	
	

	8
	
	

	9
	
	

	10
	
	

	11
	
	

	12
	
	




a. The average causal null hypothesis is not true and the sharp causal null hypothesis is not true. Please show relevant equations and explain.

b. Both the average causal null hypothesis and the sharp causal null hypothesis are true. Please show relevant equations and explain.

c. Either the average causal null hypothesis or the sharp causal null hypothesis is true, and the other is not true. Please show relevant equations and explain.



9. Another (magical) study is conducted evaluating the effect of MMR vaccination on ASD diagnosis over a two-year period. The following table shows the values of the counterfactual outcomes that would have been observed under treatment (Ya=1) and under no treatment (Y a=0) with vaccination. Do you think treatment was assigned at random? Why or why not? For the purposes of this question, disregard random variability. (2 points)

	   ID
	A
	Y
	Y a=1
	Y a=0

	1
	0
	1
	0
	1

	2
	0
	1
	0
	1

	3
	0
	0
	0
	0

	4
	0
	0
	0
	0

	5
	0
	1
	1
	1

	6
	0
	1
	1
	1

	7
	1
	0
	0
	1

	8
	1
	0
	0
	1

	9
	1
	0
	0
	0

	10
	1
	0
	0
	0

	11
	1
	1
	1
	1

	12
	1
	1
	1
	1




Total: 40 points  
