EPI 203: Epidemiologic Methods 			                                NAME:  _______________________
Problem Set 9: Confounding and Interaction I 

Due: November 16, 2021 at 1:30 pm
Possible points: 31

	For the questions marked “FOR DISCUSSION IN SECTION ONLY:”, please familiarize yourself with these items before section such that we can have a rewarding discussion.  Also, please be sure to complete all of the required problem set questions.  




Note:  	For any DAGs you draw which show unconventional causal relationships (i.e., ones that most persons would question), please make sure to explain your thinking.  Remember, any edge that you draw between two nodes depicts a causal relationship, so please be sure that you can justify the existence of such a causal relationship.


1.  PRACTICE QUESTIONS (please attempt to answer practice questions 1a-c, but it is not required that you type your answers into this document for the practice questions).  

	Several notable causal inferences have been espoused regarding the following exposures and outcomes/conditions.  For each:
	i. 	describe one factor that you would consider as a “common cause” of a confounding path (i.e., the source of confounding, either causing positive or negative confounding) when planning an observational study investigating the putative causal association between the exposure and the outcome;  
	ii. 	for the common cause you list, state whether this would be responsible for positive or negative confounding and explain why;
	iii. for each scenario, draw a directed acyclic graph (DAG).  Feel free to hand draw the DAG, use the drawing tools in MS Word (i.e., text boxes and arrows), or use dagitty.net.


(a) 	PRACTICE QUESTION 
 	Exposure: 	cell phone use while driving; 
	Outcome: 	motor vehicle accidents (MVA) 

Practice question; click to see answer


(b) 	PRACTICE QUESTION 
      Exposure: 	enrollment in programs and courses in the UCSF Department of Epidemiology & Biostatistics; 
	Outcome: 	success in clinical/epidemiologic research  

Practice question; click to see answer


(c) 	PRACTICE QUESTION 
      Exposure:  ambient temperature (cold vs warm), via a putative mechanism of physical destabilization of virus particles;  
	Outcome: 	acquisition of SARS-CoV-2 infection 

Practice question; click to see answer

2.  For the following exposure and outcome:

	i. 	describe one factor that you would consider as a “common cause” of a confounding path (i.e., the source of confounding, either causing positive or negative confounding) when planning an observational study investigating the putative causal association between the exposure and the outcome;  
	ii. 	for the common cause you list, state whether this would cause positive or negative confounding and explain why;
	iii.  	draw a directed acyclic graph (DAG).  Feel free to hand draw the DAG, use the drawing tools in MS Word (i.e., text boxes and arrows), or use dagitty.net.


Exposure:	use of cloth diapers, via a putative mechanism of less absorption that makes child uncomfortable and more apt to become “potty” (toilet) trained; 
	Outcome: 	earlier achievement of “potty” (toilet) training among children* (1 pt)

	*Advertisements promoting the claim that use of cloth diapers lead to earlier potty training are plentiful (e.g., https://norasnursery.com/blogs/how-to/cloth-diapers-to-potty-training)

	 



3.  	The mRNA-based vaccinations (made by Pfizer-BioNTech and Moderna, respectively) against SARS-CoV-2 infection (the etiologic viral agent of COVID-19) initially called for two shots within a short period of time.  The randomized experiments that assessed the efficacy of the two-shot regimen (compared to placebo) in preventing SARS-CoV-2 acquisition evaluated participants for just a few months after they were given their second shot.  These trials documented very high vaccine efficacy (estimated by: 1 minus rate ratio).  As time has passed, interest has turned to knowing how long does the efficacy of the two-shot regimen persist (and, if it declines, how much does it fall?).  Because those persons who received placebo in the original trials were offered vaccination when the trials published their results, the original randomized structures are no longer available to assess long-term vaccine efficacy.  Hence, observational study designs have been needed to address the question.  Considering between-person observational study designs (either cohort or case-control approaches), when assessing the direct effect (as mediated through biologic immunity) of two shots of mRNA vaccine (compared to receiving no vaccine) in the prevention of SARS-CoV-2 infection in the period 6 to 8 months following the 2nd shot, are you concerned about confounding?  Explain your response, and if you are concerned about confounding, depict your concerns with a detailed DAG.  (2 pts)  (Assume perfect measurement of all variables and no selection bias.  Consider aspects of biologic immunity as not being measurable.)

	 


4.  	A case-control study was conducted to assess whether drinking coffee (specifically, the ingestion of the components in coffee) is causally related to the occurrence of coronary artery disease (CAD).  Coffee consumption was measured as either “High Coffee” use or “Low Coffee” use.  Prevalent instances of CAD were used.  The results, stratified on smoking status, are summarized below: 

	Non-smokers 
(never smoked)
	
	
	
	Smokers
(past or current)
	
	

	
	CAD
	No CAD
	
	
	CAD
	No CAD

	High coffee
	40
	90
	
	High coffee
	150
	65

	Low coffee
	65
	150
	
	Low coffee
	45
	20

	
	
	
	
	
	
	


(adapted from Kleinbaum 2003)

(a) 	Calculate the crude odds ratio (for the association between coffee drinking and CAD) and the two stratum-specific odds ratios.  Show your calculations.  (2 pts)


(b) Assess the following questions:  
i.   whether smoking is associated with coffee consumption among those without CAD
ii.  whether smoking is associated with CAD among participants with low coffee consumption
iii. whether smoking is associated with CAD among participants with high coffee consumption

   	Calculate the measures of associations for each aim above.  Show your calculations.  (3 pts)


(c)  If you knew nothing else about this clinical/biological system (i.e., had no other data or information available to you about any of these conditions or practices or their relationship to each other), are the data given in the question and your calculations in item (b) sufficient evidence for you to conclude that smoking is a confounder in the relationship between coffee use and CAD?  Explain your answer.  (1 pt)  


(d) 	Drawing upon all of your own prior causal knowledge about this system (i.e., including external knowledge), show the DAG that you believe best depicts the system under study. Justify your selection. 
     	(1 pt)

	


5.  Consider the following abstract:

RISK FACTORS FOR CERVICAL INTRAEPITHELIAL NEOPLASIA 
The authors assessed causal determinants for cervical intraepithelial neoplasia (CIN) using case-control methods. Cases were women residing in New Mexico with biopsy-proven CIN grade I (n = 190), CIN grade II (n = 70), or CIN grade III (n = 42) cervical lesions diagnosed between November 2004 and October 2007. Controls were women from the same clinics in New Mexico, sampled by incidence density sampling, with normal cervical epithelium (n = 326). All women underwent interviews and laboratory evaluations. Interviews focused on sexual behavior (i.e., number of sexual partners). Laboratory assays for sexually transmitted infections included polymerase chain reaction-based tests for cervical human papillomavirus infection, gonorrhea and chlamydia, and serologic assays for antibodies to Treponema pallidum, herpes simplex virus, and hepatitis B and C viruses. In multiple logistic regression analysis, the strongest correlate for CIN was any human papillomavirus infection (OR = 5.8; 95% CI: 3.3, 10.0). Unlike much older research, this study found no strong associations between sexual behavior (measured by number of sexual partners) and CIN after adjustment for all the above other factors associated with CIN.  
(Subject matter note: CIN refers to abnormal cervical pathology that is a precursor to cervical cancer.  There are 3 grades of CIN (grade I, II, and III).  Human papillomavirus is spread from person to person and is a necessary causal determinant of CIN.) 

The authors felt it was notable that unlike previous research, this study found no strong association between sexual behavior (as measured by number of sexual partners) and CIN.  Assuming this was not because of chance, selection bias, or measurement bias, can you explain why no association was found?  Draw a DAG to support your explanation.  (2 pts)




6.  	Observational studies are often performed to evaluate already-licensed drugs for new indications (i.e., new clinical uses).  The term “confounding by indication” refers to the specific type of confounding that may occur in such observational studies because those patients who are prescribed drugs are generally different from those who are not prescribed the drug.  Specifically, the reasons why certain patients with a given disease/condition are prescribed drugs, and others are not, may be causally related to the outcome of interest.  Consider an observational study to evaluate a particular already-licensed antibiotic drug for its ability to prevent post-operative infections following coronary artery bypass surgery. (Subject matter note: Antibiotic drugs are used to prevent or treat various infections.  Coronary artery bypass surgery is performed for persons with coronary artery disease due to atherosclerosis, i.e., some degree of blockage of the arteries of the heart.  Post-operative infections are believed to be the result of multiple factors including patient characteristics, operator technique and other environmental conditions.)
 
(a) 	Name one factor that you would want to measure as a confounding factor that might result in an underestimation of the effect of a truly effective antibiotic in preventing infection if you did not adjust for it.  Explain your answer and draw a DAG.  (1 pt)

	

(b) 	Name another factor that you would want to measure as a confounding factor that might result in an overestimation of the effect of a truly ineffective antibiotic in preventing infection if you did not adjust for it.  Explain your answer and draw a DAG.  (1 pt)




7.  	In studies among patients with a variety of disease states (e.g., diabetes, heart failure, coronary artery disease, stroke, kidney disease, chronic obstructive pulmonary disease, and several cancers), persons who are obese have lower rates of death than persons who are not obese (i.e., normal weight or underweight).  This finding, which has been observed repeatedly, is known as the “obesity paradox”.  It is labeled a paradox because when studied in the adult general population, persons who are obese have higher rates of death than those who are non-obese and are generally felt to be at higher risk for a variety of diseases.  In other words, obesity is generally considered a less healthful state.  Consider a cohort study restricted to young adults with diabetes (which itself is known to have obesity as one of its causes) which sought to determine if being obese affected survival (i.e., all-cause mortality).  Assume no losses to follow-up, perfect measurement of all variables, and that the investigators decided not to stratify (i.e., control) for any factor during the analysis of their data.  Draw a DAG to illustrate how such a study could spuriously result in an apparent protective effect of obesity (i.e., lower rate of death among persons who are obese compared to persons who are normal weight) when, in truth, there is no causal effect of obesity on death.  (2 pts)







8.  	Consider the following data:

The Pima-Papago group of Native Americans (also known as American Indians or Indigenous Americans) has long been known to have a higher prevalence (compared to persons who self-identify as White) of type 2 diabetes mellitus.  This has led to a search for genetic factors that are causally related to type 2 diabetes mellitus.  In a sample of 4,920 individuals self-reporting as Pima-Papago but who also have varying extents of White racial background, there was a very strong negative (inverse) association between a particular genetic haplotype for immunoglobulin (Gm3;5,13,14) and the occurrence of type 2 diabetes (crude prevalence ratio = 0.27, 95% confidence interval 0.18-0.40).     

One might conclude from this observation that the presence of this haplotype protects against the occurrence of type 2 diabetes mellitus (DM).  Investigations using other populations which were more homogeneous in terms of racial background could not replicate this finding regarding the protective effect of the haplotype.  Can you think of a way that confounding could explain the association between the specific genetic trait (the Gm haplotype) and prevalence of type 2 DM in the study described when, in fact, there truly is no association?  Draw a DAG to support your response.  (2 pts)



9.  	A cohort study has been conducted to assess whether regular running (“jogging”) prevents sudden cardiac death in middle-aged men.  The goal is to see if running should be recommended to middle-aged men as a means to prevent sudden cardiac death.  The data analyst notes that 30% of runners had pulse rates below 60 beats/minute (which was defined as a slow pulse rate) at their study enrollment exams, versus only 10% of sedentary (non-running) participants.  A slow pulse rate at enrollment is also found to be a protective factor for sudden cardiac death (rate ratio = 0.6) among both runners and non-runners.  Should the investigator stratify upon pulse rate at enrollment when evaluating the causal total effect of running on the risk of sudden cardiac death?  Why or why not?  Draw one or more DAGs to explain your answer.  (2 pts)






10. There is growing interest in whether inflammation is important in the pathogenesis of coronary artery disease (CAD) and whether the presence of certain inflammatory diseases outside of the heart can influence the risk of development of CAD.  Specifically, there is interest in the role of periodontal disease (inflammation of the gums and other soft tissue in the mouth).  To address this, a cohort study of persons free of CAD was performed to evaluate the causal relationship between periodontal disease and the incident occurrence of CAD.  The unadjusted (crude) analysis found that those persons with periodontal disease at baseline have a higher rate of subsequent CAD than persons without periodontal disease.  Assessment of plasma level of C-reactive protein (CRP) was also performed at baseline.  [NOTE:  CRP level is known to be elevated in many inflammatory conditions and has also been associated with the development of coronary artery disease.  CRP is best thought of as a biological marker for the unmeasured construct of inflammation.]  In this cohort study, after adjustment for CRP level, the association between periodontal disease and coronary artery disease was no longer present.  Using a DAG, sketch out two scenarios that would explain why adjustment for CRP resulted in no longer seeing an effect for periodontal disease on the development of CAD.  In which scenario would you predict that treating periodontal disease would reduce the incidence of CAD?  (2 pts)


11.	Consider the following causal DAG (i.e., assume that all edges are accurate and all common causes between any two nodes are accounted for) and use it to answer the following questions (external knowledge is not necessary).  In each question, do not consider adjustment for purposes of decreasing variance.  

Genotypic
Sex




 
Anxiety disorder

  



Stress
Exercise
Blood pressure
CHD




(a) 	Which factor(s) would you control for if you want to know the total causal effect of exercise on blood pressure?  (1 pt)


(b) 	If you want to know the causal relationship between stress and blood pressure would you consider genotypic sex to be a confounder? Explain.  (1 pt)


(c) If you wanted to know the causal relationship between stress and blood pressure, are there any other options to prevent confounding by genotypic sex other than conditioning on genotypic sex (e.g., by stratification)?  Explain briefly.  (1 pt) 


(d)  What would you control for if you want to estimate the total causal effect of genotypic sex on CHD (coronary heart disease)?  (1 pt)


(e)  After submitting a manuscript in which you examine the causal association between genotypic sex and blood pressure, a reviewer suggests that CHD may be a confounder of the association because prior studies have shown that it is associated with both genotypic sex and blood pressure. The reviewer suggests controlling for this factor in the analysis.  Do you agree?  Explain.  (1 pt)





12. Consider a study investigating whether neighborhood violence is causally related to the occurrence of incident heart attacks.  You believe that:
· a person’s race/ethnicity and his/her income causally contribute to his/her neighborhood’s violence;
· income and physical activity are causally related to the occurrence of heart attack;
· income casually influences physical activity;
· neighborhood violence causally influences physical activity; and
· race/ethnicity causally influences income.  

(a)	Using dagitty.net, draw the DAG that depicts this system.  Export your DAG as a JPG file and insert it into your homework or print it as a PDF (and append it to your homework).  (2 pts)  


(b)	Save your DAG on dagitty.net and show the URL where it is saved (i.e., provide the URL that dagitty.net gave you)?  (1 pt)


 (c) What is the minimal factor or set of factors you need to control for in order to estimate the total causal effect of neighborhood violence on incident heart attacks?  (1 pt)




	13.  FOR DISCUSSION IN SECTION ONLY:
	Two investigators want to study the effect of E on D as mediated thru I.  They had a disagreement about which of the two below DAGs was operative.

X




I
E

D





X

I
D




E



Ultimately, they decided it did not matter which was operative because they were going to stratify for X in either case.  Comment on their decision.










	14. FOR DISCUSSION IN SECTION ONLY:
You are studying the causal effect of alcohol abuse (constructed as a binary variable) on medication non-adherence to a newly-created 7-day oral course of therapy for COVID-19 (also constructed as a binary variable: non-perfect adherence vs perfect adherence).  Medication adherence to therapy is important both to optimize care of the affected patient and to prevent transmission of SARS-CoV-2 to other persons.  You are performing a cohort analysis using data from a clinical trial.  You have contended with confounding by age, sex, and socioeconomic status, but you are concerned any effect of alcohol abuse may be confounded (positive confounding) by a certain personality type which both cause persons to experience alcohol abuse and also causally influence medication non-adherence.  You believe that 20% of the general population has this personality type, but you are not able to directly measure it.  You also believe that 40% of those without this personality type have alcohol abuse and that persons with this personality type have 7.5-fold greater odds of developing alcohol abuse than persons who do not have this personality type.  Regarding medication non-adherence, 10% of persons without alcohol abuse and without the personality type have non-perfect adherence, and those with the personality type have 9.0-fold greater odds of displaying non-perfect adherence as compared to those without the personality type.   If there is truly no causal effect of alcohol abuse on medication non-adherence, state the effect of alcohol abuse on medication non-adherence (in terms of a risk ratio) that we would expect to see from unmanaged confounding by personality type.








ANSWERS TO PRACTICE QUESTIONS 1a-c:

1.
[bookmark: Q1a](a)  Answer (examples):
Note: 	This is not a complete list of correct answers, other answers may be acceptable 

-	Age:  		younger drivers are at higher risk for MVAs (perhaps because of less driving experience) and are more apt to be using cell phones while driving. (positive confounding)
Cell phone use while driving
MVA
Age
Age-related caution/ Consumer habits/ comfort with technology
Driving experience 
?











-	Socioeconomic status:  	socioeconomic status may be causally related to cell phone use while driving (either in a positive or negative direction depending upon the population) and also ownership of cars with more safety features (e.g., lane change safety monitoring); the presence of this confounding may serve to accentuate or attenuate a possible association (again, depending upon the population). (positive or negative confounding)


-	Children in the car:  	drivers with children in the car are more apt to be cell phone users because of the need to schedule and coordinate the children’s activities; children in the car may themselves be distracting and be causally related to occurrence of an MVA. (positive confounding)

Note: 	Being distracted while on the cell phone (i.e., because of being on the phone) would not be a correct response because this is an intermediary factor (mediator) on the causal pathway under investigation between cell phone use and motor vehicle accidents.




[bookmark: Q1b](b) 	Answer (examples):
-	Prior experience in research:  	Prior experience in research causes individuals to see what they are lacking in clinical/epidemiologic research knowledge and causes them to seek additional training.  Prior experience in research is also causally related to making correct decisions about future research projects and collaborators and ultimately is causally related to ultimate success in research. (positive confounding)
Enrollment in courses
Prior research experience
Success in clinical/epidemiologic research
?










-	Hard-working personality type:  	Persons with inherent hard-working personality traits are driven to obtain all of the training they can get, including training in clinical/epidemiologic research.  Hard-working personality traits are also causally related to success in research. (positive confounding)

-	Intelligence:  	People interested in pursuing a career in research know that formal training in research methods is important and hence intelligence drives people to seek more training.   Intelligence is also causally related to high quality work in all career endeavors, including clinical/epidemiologic research. (positive confounding) 
[bookmark: Q1c]
(c) 	Answer (example):
	-  Meteorologic season
	Meteorologic season is the main causal determinant of ambient temperature.  Season also affects the magnitude of water vapor in the air, which is known as relative humidity.  The magnitude of humidity is known to causally influence many lines of defense in the respiratory tract that influence whether the human host becomes infected with invading microorganisms, such as SARS-CoV-2.  



Note: The tendency to spend more time indoors during periods of cold ambient temperature is not a confounder in the relationship between temperature and SARS-CoV-2 infection. Instead, it is a mediator of an indirect causal path.

Meteorological season
Relative humidity

Ambient temperature

Indoor congregation

Mucociliary clearance, innate antiviral defense, and tissue repair function

Exposure to SARS-CoV-2-infected persons



SARS-CoV-2 acquisition

?
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