Lesson 3.2: Definition of Structural Bias
 
1.      Selection bias can arise in randomized experiments.
a.      True
b.      False
 
Answer: Randomization eliminates confounding at baseline and selection bias due to selection into the study. However, an example of selection bias which can arise in randomized experiments is loss to follow-up.
 
2.      When a treatment A has no causal effect on an outcome Y, selection bias is expected when conditioning on:
a.      an effect of Y that is otherwise independent of A
b.      an effect of A that is otherwise independent of Y
c.       a common effect of A and Y
d.      a cause shared by A and Y

Answer: Conditioning on a common effect of A and Y will open a non-causal path from A to Y that would have otherwise been blocked. This is referred to as selection bias. 
 
3.      Which of the following situations may give rise to selection bias for the effect of poverty on tuberculosis? [check all that apply]
a.     [image: ]
b.     [image: ]
c.      [image: ]
d.     [image: ]
 
Answer: Selection bias arises from conditioning on a collider (DAG B) or conditioning on a variable that is downstream of a collider (DAG C). DAG A represents mediation by crowded living environment, while DAG B represents confounding by HIV infection, neither of which gives rise to selection bias.
 
Lesson 3.3: Studies with Outcome-Based Selection
 
1.      Which of the following statements is correct?
a.      Case-control studies select individuals based on their outcomes.
b.      Case-control studies always have selection bias.
c.       Case-control studies eliminate confounding
d.      Case-control studies are a type of randomized experiment
 
Answer: By design, case-control studies oversample those with the outcome (i.e. cases). Therefore, individuals are selected based on their outcomes. A is true.

Case-control studies do not always have selection bias, but are susceptible to selection bias if individuals are also selected based on their exposure. B is false.

Case-control studies do not eliminate confounding - they are susceptible to confounding just like any other observational study. C is false.

Case-control studies are a type of observational study, not randomized experiments. D is false.
 
For the following questions consider a research study that aims to estimate the causal effect of statins on the risk of diabetes. The researchers recruited individuals  with cardiovascular disease (CVD). Use the causal DAG below to determine which of the following statements, in the remaining questions, are True or False.
 
[image: ]
 
2.      Statins and diabetes are d-separated.
a.      True
b.      False
 
Answer: We can trace a path from statins to high cholesterol to CVD to diabetes. Therefore, they are not d-separated.


3.      There is no selection bias for the effect of statins on diabetes.
a.      True
b.      False
 
Answer: There is selection bias due to conditioning on a common effect, CVD. We can trace a non-causal path from statins to high cholesterol to CVD to diabetes.

 
4.      In order to determine whether there is a causal effect of statins on diabetes, high cholesterol must be adjusted for.
a.      True
b.      False
 
Answer: We must block all non-causal paths in order to determine the causal effect of statins on diabetes. By adjusting for high cholesterol, we are blocking the path that goes from statins to high cholesterol to CVD to diabetes.
 

 


Lesson 3.4: Follow-up Studies (Part I)
 
1.      In follow-up studies, selection bias is expected when loss to follow-up is associated with both the treatment and the outcome.
a.      True
b.      False
 
Answer: When loss to follow-up is associated with both the treatment and the outcome, we would be able to trace a non-causal path from treatment to loss to follow-up to the outcome. By design, case-control studies oversample those with the outcome (i.e. cases). Therefore, individuals are selected based on their outcomes. A is true.
 
2.      Given the causal DAG below, conditioning on BMI will introduce selection bias for the causal effect of diet soda consumption on kidney cancer.
[image: ]
a.  True
b.  False
 
Hint: Once we condition on BMI (i.e. draw a box around it), is it possible to trace a non-causal path from diet soda consumption to kidney cancer?
 
Answer: By conditioning on BMI, a collider, we can trace a path from diet soda consumption to diet pattern to BMI to smoking to kidney cancer. This path would otherwise have been blocked if BMI was not conditioned on - in other words, we have introduced selection bias by conditioning on BMI.
 
Use this causal DAG to answer the remaining questions.
 [image: ]


3.      There is an open path between protein intake and breast cancer.
a.      True
b.      False
 
Answer: We can trace a path from protein intake to vegetarianism to self-selection to family history of breast cancer to breast cancer. Note that this path is open because we have conditioned on self-selection, a collider.
 
4.      Adjusting for either vegetarianism or family history of breast cancer would eliminate bias.
a.      True
b.      False
 
Hint: Currently, there is bias because of the open path from protein intake to breast cancer that is present due to conditioning on a collider, self-selection. Can you still trace an open path from protein intake to breast cancer if you adjust/condition on vegetarianism or family history of breast cancer? Consider whether those variables are common causes of other variables or common effects of other variables.
 
Answer: Once we condition on vegetarianism or family history of breast cancer, the path is blocked (since those variables are common causes of other variables). Therefore, the path from protein intake to vegetarianism to self-selection to family history of breast cancer to breast cancer is no longer open, and therefore, the bias is eliminated.
 
5.      How does self-selection impact the association between vegetarianism and breast cancer?
a.      Introduce selection bias
b.      Introduce confounding
c.       Control for confounding of protein intake
d.      Ensure no bias
 
Answer: Self-selection is a collider. Since this variable is conditioned on, there is an open non-causal path from vegetarianism and breast cancer. The bias that is introduced by conditioning on a collider is commonly referred to as selection bias.

 


Lesson 3.5: Follow-up Studies (Part II)
 
1.      Bias under the null due to self-selection at baseline can happen in ________.
a.      A randomized trial
b.      An observational follow-up study
c.       Both of the above
d.      Neither of the above
 
Answer: Bias under the null due to self-selection at baseline cannot occur in a randomized trial because the decision to consent into the study occurs prior to assignment of treatment. See the Lesson 3.5 starting at 3:32 for more information.
 
2.      Which of the following statements is incorrect?
a.      A study has internal validity when the estimated association between treatment and outcome has a causal interpretation in the studied population.
b.      A study has external validity when the estimated association between treatment and outcome has a causal interpretation in the populations other than one studied.
c.       In an ideal randomized trial, you can expect internal validity and external validity
d.      In an ideal randomized trial, you can expect internal validity, but not ALWAYS external validity.
 
Answer: In an ideal randomized trial (i.e. no loss to follow-up, perfect adherence to assigned treatment, a single version of treatment, double blind assignment and near infinite population), we may expect internal validity since there is no confounding and no selection bias. However, since individuals self-select into a trial, the effect of the treatment on an outcome among self-selected individuals may differ than the effect in the entire population of eligible individuals. Therefore, we cannot always expected external validity.

 


Lesson 3.6: Selection Bias Control
 
1.      Which statement is correct?
a.      Randomized trials eliminate all forms of selection bias by assigning treatment status to trial participants.
b.      Case-control studies eliminate all forms of selection bias by avoiding case selection.
c.       Randomized trials can be affected by selection bias due to differential loss to follow-up.
d.      All of the above.
 
Answer: Statement (a) is false. The assignment of treatment status to trial participants helps to eliminate confounding but not necessarily selection bias. Statement (b) is false. By design, case-control studies oversample cases. Selection bias can be introduced if controls are not selected independently of treatment. Statement (c) is true. If loss to follow-up is related to both treatment and outcome, then there may be selection bias, even in a randomized trial.
 
Consider the causal DAG below. Which of the following methods will reduce the bias induced by self-selection when trying to estimate the effect of smoking on diabetes?
 [image: ]

2.      Stratification on socioeconomic status
a.      True
b.      False
 
Answer:  There is an open path from smoking to stress to self-selection to socioeconomic status to diabetes. By stratifying (or conditioning) on socioeconomic status, this path is blocked, thereby reducing the bias induced by stratifying on a collider, self-selection.
 
3.      Stratification on stress
a.      True
b.      False
 
Answer:  There is an open path from smoking to stress to self-selection to socioeconomic status to diabetes. By stratifying (or conditioning) on stress, this path is blocked, thereby reducing the bias induced by stratifying on a collider, self-selection.
 
4.      No method is needed; there is no selection bias.
a.      True
b.      False
 
Answer: Since we can trace a non-causal path from smoking to diabetes through a collider (self-selection), there is selection bias. 
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