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Objectives
1. Apply Hill’s criteria for causality to a real-world study
2. Understand the principles of the counterfactual model, including positivity, exchangeability, and consistency.
3. Describe the strengths and weaknesses of Rothman’s sufficient component model and how it may be applied to a research question. 
4. Understand how causal inference is strengthened by using methods to control for confounding variables, such as stratification.
5. Use the counterfactual ideal to calculate average causal effects

Assigned Readings
Chapter 2, Rothman, Greenland, & Lash, 2008


Optional: 
1. Chapter 1, Hernán & Robins, Causal Inference Book, online

2. “Applying the Bradford Hill criteria in the 21st century: how data integration has changed causal inference in molecular epidemiology” Fedak et al. Emerging Themes in Epidemiology. 2015
https://ete-online.biomedcentral.com/articles/10.1186/s12982-015-0037-4
3. “Invited Commentary: The Continuing Need for the Sufficient Cause Model Today.” Tyler J. VanderWeele. AJE 2017.

Assignment: Please 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. Summarize the study population, design, exposure, and outcome of the study. (2 pts)

2. What was the primary measure of association used to describe the MMR vaccine  ASD relation? What methods were used to calculate this? (2 pts)

3.  Describe the counterfactual model in the context of this study. Do the assumptions of exchangeability, positivity and consistency hold? (4 pts)


4a. List the potential confounders described by the authors. How were these variables chosen? (2 pts)

4b. Describe whether these variables (including the way they were measured and modeled) are sufficient to control for confounding and the potential for residual or unmeasured confounding. (4 pts)

4c. In Tables 1 and 2, why did the authors stratify the study population and results by diagnosis of ASD in older siblings?  (4 pts)


5.  In Table 2, among children with an older sibling diagnosed with ASD, the adjusted RR for 2 doses of the MMR vaccine was 0.56 (95% CI 0.30, 1.04), compared to unvaccinated children. The authors describe this marginally protective association in the second paragraph of the Discussion. Draw a causal diagram (DAG) that illustrates this phenomenon (5 pts).


6. Discuss the strengths and limitations of using Rothman’s sufficient and component cause model. How does the MMR vaccine fit under this scheme? (5 pts)


7. 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.” Apply each of Hill’s criteria to the question under study in this paper and assess your confidence in this statement. Summarize your overall opinion of this conclusion. (10 pts)


8. Discuss the strengths and limitations of using Hill’s criteria to establish causality. (4 pts)




9. Using Rothman’s sufficient and component cause model, we have the pies below to represent the last 8 cases of non-typhoidal salmonella infections documented at a local hospital. The following features were identified in each case:

	A = Poultry purchased at the local grocery store
	U = HIV virus detected
	D = Active malignancy
	T = Smoking history of >10 pack years
	K = Age > 75 years old
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a) How many cases of infection would be avoided if HIV infection was prevented? (1 pt)

	 

b) How would you classify the component of ‘Poultry purchased at the local grocery store?’ and why? (2 pts)

	 

c) What can you conclude about the pathogenesis of non-salmonella typhoidal infections? What are the limitations of using the causal pie model in this case? (2 points)

	 




10. A new inhaled therapy for patients with chronic obstructive pulmonary disease (COPD) has recently been introduced to the market. It is a three-in-one formulation that includes a steroid, anti-muscarinic agent, and beta-agonist. You conduct a quick study on two patients with COPD – one of which will take the new medication and other who will be started on standard of care. In order to test whether the therapy is beneficial, you measure each patient’s FEV1 (Forced Expiratory Volume in the first second of expiration - measured in litres) after an adequate course of therapy has been given. Patient X is interested in the new therapy and Patient W is assigned the standard treatment. You then (magically) go back in time, swap the therapies between the patients and conduct the same observations in order to establish the counterfactual ideal. You arrive at the following observations:

	
	Patient X
	Patient W

	Potential outcome with standard therapy (Ya=0)
	4.0
	4.4

	Potential outcome with new therapy (Ya=1)
	5.1
	5.4

	Therapy Given (A)
	1
	0

	Actual outcome (Y)
	5.1
	4.4



a) What is the individual treatment effect for Patient X and for Patient W? (2 pts)

 

b) What is the average treatment effect? (1 pt)

 

c) [bookmark: _GoBack]In the counterfactual framework, you observe that Patient X had a poorer outcome (5.1 litres) than Patient W (5.4 litres) on the new therapy and you therefore conclude that the therapy is not beneficial for him. Is this a correct conclusion? Please explain why or why not (if you choose not, please describe what bias may be at play in this reasoning). (2 pts)
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