
EPI 203: Epidemiologic Methods 				                     NAME:  				
Problem Set 6: Selection Bias

Due: October 26, 2021 at 1:30 pm section 
Possible points: 24 (plus 1 extra credit)

	Note:  For the question marked “FOR DISCUSSION IN SECTION ONLY:”, please familiarize yourself with this item before section such that we can have a rewarding discussion




1.   PRACTICE QUESTION (please attempt to answer practice question 1, but it is not required that you type your answer into this document for the practice question).

	[image: ]
	The major potential sources of error in any study include systematic error (bias) and random error (chance).  In the plot below of error vs. sample size, label which of the relationships depicts systematic error and which depicts random error.  
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Practice question; click to see answer



2.   PRACTICE QUESTION (please attempt to answer these practice questions 2a-c, but it is not required that 
	you type your answers into this document).

	Consider the following statements regarding losses to follow-up in cohort studies.  State whether you agree or disagree and explain your answer.

 (a) As long as a cohort study has an overall 80% or greater retention at the end of the study, this is sufficient to prevent selection bias in the risk ratio. 

Practice question; click to see answer


(b)  As long as the rate of persons who are lost to follow-up is the same in each of the different exposure groups, the investigator can conclude that there cannot be any selection bias.  

Practice question; click to see answer


(c)  As long as the censoring is non-informative in the different exposure groups under study, then losses to follow-up cannot result in bias in various measures of disease association.  

	Practice question; click to see answer


3. The following study evaluated whether antidepressant medication use is a cause of breast cancer.  The source population is adult women in Canada.  Clinical note:  We will assume for this problem that women who are diagnosed with breast cancer either obtain this diagnosis because of a screening mammogram (x-ray of the breasts) or because they have developed symptoms which have caused them to seek medical attention.  The purpose of screening mammography is to detect breast cancer at a time when it does not yet cause any symptoms.  Screening mammography requires interest by a woman and a medical provider to order the test.  Not all women routinely undergo screening mammography, and thus some instances of incident breast cancer will not get detected until they manifest symptoms, which could, in some cases, take several years.  

Abstract:
Experimental and epidemiologic studies suggest that antidepressant medication use may be associated with breast cancer risk.  This hypothesis was investigated using a population-based case-control study; incident cases diagnosed in 2015 were identified using the Ontario Cancer Registry, and controls were randomly sampled from the Ontario census database.  Data were collected using a self-administered questionnaire, and multivariable conditional logistic regression was used to estimate odds ratios and 95% confidence intervals.  Compared with no anti-depressant use, use of prescription tricyclic antidepressants for greater than 2 years’ duration was associated with an elevated odds of breast cancer (OR=2.1).  

Methods:
Cases:  women aged 25 to 74 years, diagnosed with breast cancer (pathology report confirmed) during 2015 and recorded in the population-based Ontario Cancer Registry (whose goal is to capture all newly diagnosed cancer in the region).  Cases were identified within a month of pathologic diagnosis.

Controls: women aged 25 to 74 years, randomly sampled from the census of Ontario and matched to index cases based on age, using incidence density sampling.  Controls were identified within a month of each index case.  Women provisionally sampled as controls were asked if they were ever diagnosed with breast cancer (to confirm outcome status) and if confirmed as having no diagnosis, they were included as controls.  (Cases could be chosen as their own controls but this never occurred.)

Exposure data were collected through mailed self-administered questionnaires, which were distributed within a week of participant identification, to both cases and controls.  Participants were told that this was a general study about breast cancer, but they were not told about any specific aspects of the underlying hypotheses.  As is always the case in research, participation was voluntary.  Prescription antidepressant use included information on duration, dosage, timing and type of medication prior to the breast cancer diagnosis (or prior to the selection date for the controls).  Eleven examples of prescription antidepressant agents were included.


(a) 	An apparent association was found between tricyclic antidepressant use (prior to breast cancer diagnosis) and breast cancer (OR=2.1).  Explain, in detail (meaning spell out what you believe occurred), two plausible real-world mechanisms or scenarios by which selection bias could have accounted for the apparent association if, indeed, there truly is not an association.  (2 pts)




(b) Using the Source Population and Study Sample “box and arrow” diagrams described in lecture (templates are shown below), depict how selection bias is occurring in each of the scenarios you described in part (a) to spuriously result in the OR of 2.1 when, indeed, truly no association exists.  That is, draw a “box and arrow” diagram for each of the two scenarios you described in part (a).  Label the different components of the diagram.  (1 pt)






(c) 	Assuming you had to work with the same group of cases as defined in this case-control study to address the same research question, how would you assemble a different control group to reduce the potential for selection bias?  (1 pt)


4.  	A group of researchers conducted a cross-sectional study of adults over 75 years old to determine factors causally related to Alzheimer’s disease.  To be population-based in their sampling, they went door-to-door to individual family homes and apartments in 3 residential areas in the U.S.  (Funding was not available to visit institutional settings, such as nursing homes or assisted living/skilled nursing facilities.)  At each household, they conducted interviews of any adults residing there who were 75 years or older.  Family members were used to assist in the interviews for any impaired individuals.  All persons who were approached agreed to be interviewed.  The researchers found that ever smokers (persons who smoked for at least some portion of their lives), relative to never smokers, were protected against Alzheimer’s disease (prevalence ratio = 0.85; 95% confidence interval 0.78 to 0.94).    

(a) You question the internal validity of the results.  Explain, in detail, two mechanisms/scenarios for how selection bias could account for the findings if there, indeed, is truly no association between smoking and Alzheimer’s disease.  (2 pts)


(b) Using the Source Population and Study Sample “box and arrow” diagrams box and arrow diagram described in lecture (template below), depict how selection bias may be occurring for one of your scenarios from part (a).  (1 pt)

   



5.  	Infection with SARS-CoV-2 (the viral etiologic agent of the disease called COVID-19) is known to have a variable clinical course, ranging from no symptoms (“asymptomatic”) to death.  In particular, there is much interest in determining how deadly is SARS-CoV-2 infection, including how this is changing over time as new therapies are introduced into the community.  These new therapies include those taken in the early stages of infection as well as those reserved for very ill patients.  It is self-evident that knowing just how serious infection with SARS-CoV-2 is, will greatly inform policy regarding efforts aimed at preventing infection (e.g., masks, restrictions of social mobility, vaccination, etc.), many of which are contentious.  Thus, what patients, clinicians and policymakers wish to know is the answer to the question “What is the incidence of COVID-19-related death following infection with SARS-CoV-2 and how is this changing over time?”

(a)  To address this question, there have been many metrics published by public health bodies and popular media.  Some of the most common metrics are termed “fatality rate” or “fatality ratio”, among others.  What all of these metrics have in common is that they report something about COVID-19-related death among all persons, residing in some geographic area in some period of time, who have had confirmed diagnoses of SARS-CoV-2 infection made during the course of routine clinical and public health care.  If the source population is all persons in given geographic community who have truly become infected with SARS-CoV-2, do you see any threat from selection bias in the various metrics that are being published?  Explain your answer.  If you believe selection bias is present, what is the suspected direction of the bias?  Use the Source Population vs Study Sample “box and arrows” diagram (template below) to depict your answer.  Label the different components. (1.5 pt)  Note:  Assume complete ascertainment of COVID-19-related death in all of the metrics.















(b) Imagine now that you are starting anew to address the question “What is the incidence of COVID-related death following infection with SARS-CoV-2 and how is this changing over time?”.  Which measure of occurrence, which we have featured in our course to date, would you like to estimate in order to communicate the answer to lay persons?  (Note: disregard any logistical or practical considerations involved with making this estimate.  Instead, focus simply on what measure of occurrence you would ideally like to estimate.)  (0.5 pt)


(c)  Describe the ideal study design you would perform today, if you were starting anew, to avoid selection bias in addressing the question “What is the incidence of COVID-related death following infection with SARS-CoV-2 and how is this changing over time?”  Explain how you would perform this study.  Assume that you have ample, but not unlimited, funds to conduct this study.  In other words, consider cost in your design.  (2 pts)


6.  	Consider a large randomized placebo-controlled trial of a new drug for liver disease (cirrhosis).  All stages of liver disease were eligible.  The new drug is known to cause nausea and vomiting in some patients.  The findings from the trial showed that the drug therapy group had less progression of liver disease (the main outcome of the trial) than the placebo group.  Assume no competing events and that randomization was properly performed.  


(a) 	Describe how selection bias could have caused the observed results in this trial if, indeed, there truly was no effect of the new drug on the main study outcome.  (1 pt)


(b) 	Using the Source Population and Study Sample “box and arrow” diagrams described in class (and template below), depict how selection bias may be occurring.  (1 pt)




7.  	Consider the following study of leisure time physical activity (the exposure) and incident type 2 diabetes (the outcome) in Germany.  The analysis was based on a population-based cohort study of women aged 25 to 74 years who answered questions about leisure time physical activity in a baseline interview.  A random sample of women were contacted on the basis of population census lists (verified externally to be 100% complete), given incentives, and participation agreement was complete (100%).  Participants free of diabetes at baseline, as assessed by extensive biochemical testing, were then followed for the development of type 2 diabetes.  For the purposes of this problem, those reporting “low” activity are not shown.  The target population was adult women (age 25 to 74) in Germany.

	Table 1. Rates of type 2 diabetes according to physical activity level in German women

	
	Leisure time physical activity

	
	No activity
	Moderate to high activity

	No. of women
	949
	1,510

	Cases of type 2 diabetes
	23
	5

	Person-Years (PY)
	7,024
	11,670

	Incidence per 10,000 PY
	32.7
	4.3

	Rate ratio
	Reference
	0.13

	Rate difference (per 10,000 PY)
	Reference
	- 28.4



(a)  Compared to other studies of similarly aged women in other regions, the prevalence at baseline of those reporting no physical activity in this study sample was substantially lower, and this gave some reviewers concern.  (In other words, a greater percentage of women performed at least some physical activity.)  One reviewer commented that the study population looked unusual to him and therefore he wondered if the conclusions of the study (regarding the association between physical activity and incident type 2 diabetes) were flawed.  Other aspects of the population (e.g., race, education, etc.) were identical to other studies.  Assuming there is no misclassification in the measurement of physical activity or diabetes, no losses to follow-up or competing events, and no uncontrolled confounding, would you expect this lower prevalence of those reporting no physical activity at the beginning of the study to result in bias (relative to the source population) in the rate ratio or the rate difference that was observed in this study sample?  Explain your answer.  (1 pt)


(b)  Since this study’s baseline prevalence of “no activity” was lower than that seen in other studies of similarly aged women in other regions, do you think it affects the external validity of your findings?  Explain.  (1 pt)


(c)  The observed rate of incident diabetes in this cohort (in both the “no activity” and “moderate to high activity” groups) was lower than expected compared to prior reports.  Assuming no misclassification of the measurement of physical activity or diabetes, no losses to follow-up or competing events, and no confounding, how does this lower than expected rate of diabetes affect the internal validity (relative to the source population) of the rate ratio and rate difference?  Briefly explain your answer.  (2 pts)


(d) Consider a different scenario than that outlined in the original question:  Now, assume that persons in the “no activity” group were twice as likely as the other participants to become lost to follow-up.  If the rate of diabetes was the same in those lost to follow-up compared with those who continued in the study — in both the “no activity” and the “moderate to high activity” groups - what would be the effect on the internal validity of the two different estimates of association (ratio and difference measures)?  Briefly explain your answer.  (1 pt)



(e) Assume that the data shown at the beginning of this question (Table 1) represents truth.  Now, consider a scenario in which the cumulative incidence of becoming lost to follow-up (20% by the end of the study) as well as underlying rate of becoming lost-to-follow-up was the same in the “no activity” group and the “moderate to high activity” group.  If the rate of diabetes was 1.5 times as high in those lost to follow-up compared with those in the true population (Table 1) in both “activity” groups, what would be the effect on the two estimates of association (ratio and difference) in those not lost to follow-up (i.e., those who remained under observation in this new scenario)?  Explain your answer.  (2 pts)



8. 	Certain occupations (e.g., physicians, nurses, teachers) have long been a favored source of research participants for cohort studies because the persons in these occupations are felt to be highly motivated to participate in research, more easily followed long term, and have sufficient education to understand sophisticated questionnaires.  The California Teachers Study (CTS) is one such example; it enrolled 133,479 women who were current and former California public school teachers (from age 20 to 90) beginning in 1995.  Let’s say we are interested in the relationship between physical activity and the development of certain cancers, and assume, as is usually the case, that our goal is to derive inferences about women in the general California population (from age 20 to 90) (i.e., this is the source population).  Assume also that follow-up among teachers is excellent (i.e., no losses and very few competing events).  Is there a way that use of teachers as the study group can produce selection bias when evaluating the relationship between physical activity and various cancers if there, indeed, is truly no association?  Explain your answer.  (1 pt)



9.  Please refer to the Journal Club article by Lane et al. for the following questions.  Clinical note: Osteoarthritis, which was the focus of the Lane et al. study, is a different disease than osteoporosis.  

(a) The authors describe two case-control studies: one for incident RHOA and the other for progression of RHOA.  For the incidence study, describe i) the target population; ii) the population from which the study sample was selected; iii) the main exposure(s); and iv) the main outcome.  (1 pt) 


(b) 	Describe how the RHOA cases were identified in the incidence case-control study.  (0.5 pts)


(c) 	If the goal of the study was to determine causal determinants of incident RHOA, do you see any problems with the incident RHOA case-control study regarding selection bias?  (0.5 pts) 


(d) 	Describe the specific sampling approach for the controls in the incident RHOA study.  Use the specific terminology we have used in lecture.  (1 pt)


(e) 	In the incidence RHOA study, describe how statistical power could have been enhanced.  (1 pt extra credit) 




ANSWERS TO PRACTICE QUESTIONS 1 and 2a-c:

	[bookmark: Q1a]1.
	[image: ]



2. 
[bookmark: Q2a](a)	Answer:  Disagree. Although this is an often-heard “rule-of-thumb”, it has no basis in fact.  Even retentions of 95% or greater can still result in selection bias depending upon the context.  This is especially the case if the incidence of those lost is about the same or greater than the incidence of the main outcome under study.  It is only if the percentage lost is very small compared to the incidence of the main outcome will the threat of selection bias be trivial.  Note that even in this latter situation there will be still be some degree of selection bias (i.e., the estimate from the study population will not, on average, be equal to the true value in the source population) if the criteria for selection bias are present.  More generally, the total percentage of losses to follow-up is not part of the formal criteria for whether drop-out results in selection bias.  What matters is whether becoming lost to follow-up is related to exposure and outcome.  Under null assumptions, if lost to follow-up is not related to/associated with both exposure and outcome, then there cannot be selection bias.  Short of making a dedicated effort at going out and finding those participants who become lost, we do not know the incidence of the outcome in those lost to follow-up.  Sensitivity analyses (such as the one we performed in Problem Set 3), assuming extreme values for the incidence of disease in those lost to follow-up, can give a sense of the possible magnitude of any selection bias.  As the proportion of the cohort lost to follow-up increases, sensitivity analyses will produce a wider range of possible results.  Thus, a very small lost to follow-up rate relative to the incidence of the outcome under study cannot fully prevent selection bias but can limit its impact on the observed measure of association.


[bookmark: Q2b](b)  Answer:  Disagree.  When there are losses to follow-up, there is nothing in the available data that can rule out the presence of selection bias.  If there is truly an association between exposure and outcome (a non-null context), then all that is needed for selection bias is for lost to follow-up to be related to outcome.  Another way of saying this is that all that is needed for selection bias is for the lost to follow-up to be informative (i.e., the rate of the outcome is different in those lost than those who remain).  This just means that lost to follow-up is either directly caused by the outcome (persons with undocumented outcome less likely to come back to the study) or that there is some other factor that causes both lost to follow-up to occur and causes the outcome to occur.  It is true that if there truly is no association between exposure and disease (“under the null”), then absence of an association between exposure and lost to follow-up does preclude selection bias, but, in practice, there is no way to know if one’s particular study is operating under the null.  If one knew this, there would be no reason to conduct the study.  

[bookmark: Q2c](c)  Answer:  Agree.  For losses to follow-up to result in bias, the losses must be related to outcome in some way, in other words, must be informative in at least one of the groups under study.  Non-informative censoring implies that the incidence of the outcome in those who leave the study is the same as those who remain.  Stated another way, losses must be directly related to (or associated with) both exposure and outcome for selection bias to occur under null conditions; losses must be directly related to (or associated with) at least outcome for selection bias to occur under non-null conditions.  Non-informative censoring means those who are lost have the same outcome experience as those who stay, implying that outcome is not directly related to or associated with becoming lost.  Regardless if the context assumes the null hypothesis or non-null conditions, non-informative censoring will not result in selection bias.  
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