I. Objectives: 
· Review causal inference concepts and assumptions
· Introduce directed acyclic graphs 

The material below is based on the text of the Part I of the working book, Causal Inference, by Drs. Miguel Hernan and James Robins. The full text is currently available from: http://www.hsph.harvard.edu/miguel-hernan/causal-inference-book/. 


II. Association versus Causation:

How do we show association using probability notation?
Let Y denote outcome and A denote exposure. 
· Pr [Y=1 | A=1]
· the proportion of subjects who developed the outcome among the exposed in the study population
· Pr [Y=1 | A=0]
· the proportion of subjects who developed the outcome among the unexposed in the study population

How do we show causation using probability notation?
· Pr [Ya=1=1]
· the proportion of subjects who developed the outcome had all subjects in the study population been exposed
· Pr [Ya=0=1]
· the proportion of subjects who developed the outcome had all subjects in the study population been unexposed
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What is an individual causal effect?

An individual causal effect means that the treatment had a causal effect on an individual’s outcome if their outcome, had they been exposed, differs from their outcome had they been unexposed. 

Individual causal effects cannot be determined in epidemiologic studies because only one counterfactual outcome per subject is observed. 

What is an average causal effect?

An average causal effect means that the treatment had a causal effect on the average risk of the outcome if the risk of the outcome, had everyone been exposed, differs from the risk of the outcome had everyone been unexposed. 

Average causal effects can be determined in ideal randomized studies (i.e. full compliance with treatment, double blind assignment, no loss to follow-up) and in observational studies under strong assumptions. 

Which assumptions must be made in order to determine average causal effects? Are these expected to hold in randomized and observational studies?

Exchangeability – the risk of the outcome in the exposed would have been the same as the risk of the outcome in the unexposed had they been exposed, and vice versa. In other words, the counterfactual outcome is independent of the actual treatment
· In randomized studies, exchangeability can be expected to hold if randomization worked properly and if the sample size is sufficiently large to allow for random distribution of characteristics.
· In observational studies, exchangeability may hold under strong assumptions of no unmeasured confounders and exposed and unexposed coming from the same underlying population.

Positivity – the probability of being exposed must be positive (greater than 0)
· In randomized studies, positivity can be expected to hold.
· In observational studies, positivity can be expected to hold and may be verified using the data. 

Well-defined intervention – when the exposure is well-defined, the counterfactual outcome is well-defined. When the exposure is not well defined, the counterfactual outcome is dependent on how the exposure is manipulated or administered, each of which may lead to a different outcome.
· In randomized studies, well-defined interventions are expected/ guaranteed.
· In observational studies, need to ensure that the treatment and the counterfactual outcomes are well-defined
How does association differ from causation?

Association compares two observed outcomes: the probability (or risk) of outcome among those who were exposed and the probability (or risk) of outcome among those who were unexposed. Causation compares two counterfactual outcomes: the probability (or risk) of outcome if everyone had been exposed and the probability (or risk) of outcome if everyone had been unexposed. Most observational studies are subject to random error, confounding or bias, which prevents us from determining counterfactual outcomes because the exposed and unexposed groups are not fully exchangeable. We can measure associations but strong assumptions (see above) are needed to infer causation. 


III. Causal DAGs:

What are causal DAGs?

Causal directed acyclical graphs (DAG)s are used to identify sources of bias in a study (i.e. information or selection bias, confounding). They are used to think conceptually about causal inference. DAGs can be used to identify approaches to study design and analysis to prevent or eliminate systematic bias and to help identify average causal effects. 


What’s in the name?

DAGs are considered ‘directed’ because the arrows imply a direction of causation. 
DAGs are considered ‘acyclic’ because there are no cycles. The future cannot cause the past. 


How are DAGs drawn?

· Assumptions and information shown on DAGs require subject matter knowledge 
· Identify all random variables of interest/ common causes for the exposure-outcome analysis
· A DAG is causal if all common causes are shown
· Irrelevant variables and variables that are not common causes do not need to be shown
· Show variables in temporal order
· Draw arrows in the direction of causation (arrows indicate the flow of probability)
· Missing arrows convey expert knowledge about the association of interest
· Complete DAGs (where all arrows are shown) do not make any assumptions



What do common causes imply?

Common causes imply that two variables are associated.

What do common effects imply?

[bookmark: _GoBack]Common effects imply that two variables are associated (only when the effect is conditioned on).

How do you condition on a variable? 

Conditioning on a variable means using stratification (i.e. regression-based methods), causal analysis methods (i.e. inverse probability weighting, standardization), restriction, or matching. 

When is a path blocked?
	… there is a collider
 	… conditioning on a non-collider

When is a path open?
	… conditioning on a collider
	… conditioning on a descendent of a collider
	… no non-colliders have been conditioned on

IV. Questions for in-class break-out exercise (use these to guide your reading of assigned articles):

1. Briefly describe the study hypothesis and the population of interest. What was the major exposure and outcome of interest? Summarize the main findings. 

2. Draw a directed acylical graph (DAG) representing the hypothesized relationship between the exposure and outcome, including all potential variables included in the description of study methods and analysis. Be sure to label your variables. 

3. Could you think of other potential confounding variables that have not been considered by the authors? Are there any unmeasured common causes of the exposure and outcome that may have been omitted? 

4. Did the authors control for any potential mediator variables? How might this affect the findings of the study?

5. Use the DAG from question #2 to show whether there any other potential sources of bias in this study. 

Consider the following DAGS:			        What do you conclude about A and Y?


A		Y						A and Y are independent



L		A		Y				A and Y are associated





L		A		Y				A and Y are independent




L		A		Y				A and Y are associated

U


U2

L		A		Y			A and Y are associated


U1


A		B		Y				A and Y are associated

A		B		Y				A and Y are independent




A		Y		L				A and Y are independent



A		Y		L				A and Y are associated
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Sample Directed Acylic Graph for Clays et al., AJE 2013
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Sample Directed Acylic Graph for Ferrie et al., Atherosclerosis 2013

Age
Sex

Marital status
Occupational status Job insecurity Coronary heart

T 5~ disease

Blood pressure
Cholesterol
BMI

!

Smoking
Alcohol
Exercise

Fruit and vegetable use





image4.png
Sample Directed Acylic Graph for Gage et al., AJE 2013
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