

EPI 203: Epidemiologic Methods   	Name: 						
Problem Set 1: Study Design	Email: 						

Due: Sept. 21, 2021 before the 1:30 pm section
Possible points: 34

Please word process your answers directly into this document, unless otherwise directed, but feel free to hand draw any complex graphics. 

	Note:  For the question(s) marked “FOR DISCUSSION IN SECTION ONLY:”, please familiarize yourself with this item(s) before section such that we can have a rewarding discussion.  Also, please be sure to complete all of the required problem set questions.  The “FOR DISCUSSION” question does not always mark the end of the required problem set.




1. PRACTICE QUESTIONS (please attempt to answer these practice questions 1a-e, but it is not required that you type your answers into this document):  
Name the type of study design used in each of the following scenarios.  If more than one design seems plausible to you, choose the one which has the best chance at valid (i.e., accurate) inferences (i.e., results that you seek to apply to the source and target populations).  If the study design (i.e., the design directly used to address the research question) is a cohort study, state if it is fixed or dynamic cohort study.  

(a) In 2016, the U.S. National Death Index (a public access listing of all deaths and dates of deaths in the U.S. for the last 40 years, which is known to be very complete) was searched for recorded deaths for all employees of a ship building company who began their employment anytime between 1980-1990.  Mortality was compared according to the department in the company in which the employee worked, after adjustment for age, sex, and socioeconomic status (as assessed by salary).  All information on the employees was available from the company’s human resource records.  Each department was known to work with certain chemicals.  The objective was to determine whether exposure to certain chemicals in the various departments of the ship building process may be causally related to greater mortality (both while working at the company and afterwards).  

Practice question; click to see answer
	
(b) In the 2018 California Health Interview Survey (CHIS), researchers compared the proportion of subjects who reported current respiratory problems by age.  

Practice question; click to see answer

(c) Mask-wearing histories were taken from patients with newly diagnosed COVID-19 at the San Francisco Veteran’s Affairs (VA) hospital (a hospital for former military personnel) and compared with mask-wearing histories from a sample of VA patients without COVID-19.  The objective was to determine whether certain mask-wearing behavior can prevent the acquisition of SARS-CoV-2 infection.   

Practice question; click to see answer



(d) Healthy persons over age 65, who had been identified by a population-based survey, provided blood specimens for testing, were interviewed about their household environment and health habits and were subsequently followed for eight years with neuropsychologic and cognitive testing for new occurrence of Alzheimer’s disease.  The objective was to discover biologic causal determinants of Alzheimer’s disease.

Practice question; click to see answer

(e) Incidence rates of cerebrovascular death from 2014 through 2018 in different regions in the U.S. were obtained from public access national data and then compared with data from the same time period from local municipal water districts to determine if higher levels of calcium or magnesium in drinking water were causally associated with cerebrovascular mortality.  

Practice question; click to see answer


1. 
A case-control study of the causal determinants of brain cancer in adults age 40 and older is being planned in Finland, where all new cases of cancer must be reported by law to a central registry (and where validation studies have determined very high levels of compliance).  All cases of brain cancer diagnosed from 2021 to 2025 in Finland will be included.

(a)	What type of study base will be sampled in this case-control study, a primary study base or a secondary study base?  (0.5 pts)


(b)	Is this underlying cohort fixed or dynamic?  (0.5 pts)


(c)  Considering your answer in part (a) and (b), name 3 possible approaches to sampling controls (i.e., timing of their selection) and explain them briefly.  (2 pts)


(d)  To study the effect of wearing a “smartwatch” as a causal determinant of brain cancer, which control sampling scheme would be preferable?  Briefly explain your answer.  Technical notes:  i) Smartwatches are a form of technology in which a small computer chip is worn as a wristwatch and the device has various functions.  The devices give off some amount of electromagnetic radiation and hence there is some concern about their health risks; ii) disregard the need to measure any covariates (e.g., confounders).  (1 pt)


(e)  To study the effect of “highest level of education achieved” as a causal determinant of brain cancer, which control sampling scheme could be used?  Note: disregard the need to measure any covariates.  Briefly explain your answer.  (1 pt) 


(f)  Draw and label the hierarchy of populations for this research question. (1)




2. You want to study the hypothesis that exposure to very small degraded particles from motor vehicle tires that become airborne may be a cause of asthma.  You propose to perform a case-control study comparing residents of the Sunset area (a neighborhood in the city of San Francisco) with newly diagnosed asthma to Sunset area controls (those who are at risk for developing asthma) and ask about exposure to automobile traffic.  (Subject matter note:  No special knowledge regarding the Sunset area is needed to answer this question.  It is simply used to depict a small finite geographical segment of San Francisco, which itself is a small area ~ 47 square miles).  

(a) Your mentor sees a serious problem with the exposure measurement in this study design.  What might the problem be?  (2 pts)

	
(b) Your mentor suggests instead to think more broadly and to conduct an ecologic study design.  You need not confine yourself to the Sunset area.  Describe how you might design such a study.  What characteristics make it an ecologic study?  (2 pts)

	 



4.	You have developed an enzyme-linked immunoassay (EIA) to detect autoantibodies to amyloid- in plasma and wish to conduct a study to determine if the presence of these autoantibodies predicts subsequent development of Alzheimer’s disease (AD).  A cohort of 2,126 persons 65 years and older was followed prospectively from 2010 to 2019, and AD cases were ascertained during annual follow-up clinical neuropsychological examinations.  Blood samples were stored at each visit.  38 individuals were judged to have AD at the baseline enrollment clinical exam.  The cumulative incidence of AD diagnosis was 7.5% over 9 years; the all-cause mortality incidence rate was 8.1 per 100 person-years and the overall loss to follow-up (from refusals or inability to contact the participant) was 10% at 9 years.  

(a)	Assuming you have to conserve money and resources, describe the most efficient study design to address your research question.  Also assume that we do not know how the levels of autoantibodies to amyloid- in blood vary over time in a given individual, if at all.  Please give details and rationale for your sampling (whom will you study?) and timing of the EIA measurements (which time points will you study?).  (2 pts)


(b)	How will you handle the 38 persons with AD at study entry?  (1 pt)

 

5.  	The effect of estrogen replacement therapy on the risk of severe hip arthritis in women was investigated in a case-control study conducted at four separate and unrelated hospitals in Connecticut (a state within the U.S.).  The cases were all women aged 45-74 years who, during the study period, were admitted to these hospitals for elective hip replacement surgery to treat severe hip arthritis.  The controls were women in the same age range who, during the study period, were admitted because of motor vehicle trauma to the inpatient surgical services of the same hospitals as the cases.  (Note: “elective” means that the patient may choose the best time for the procedure and implies that the patient has some choice as to where to have the procedure performed.)

(a) Is this case-control study being conducted in the context of a primary or secondary study base?  If you believe this is a primary study base, define its specific characteristics (including whether it is fixed or dynamic).  If you believe this is a secondary study base, describe the hypothetical base as specifically as you can.  (1 pt)


(b) Explain why you do or do not believe that the controls that were used are a representative sample of the study base which gave rise to the cases; i.e., do you believe that the control group is appropriate and will lead us to getting correct answers?  (2 pts)


(c) Given how the case group was selected (i.e., accept this as a given and it cannot be changed), is there a better way of selecting controls?  Explain why or why not.  (2 pts)

	 
 

6.   The effect of smoking on the risk of pancreatic cancer was investigated in a region of Denmark.  Persons of Danish nationality were included in the study when they resided (defined as being listed in the municipal population registry) in the catchment areas of 17 hospitals (a defined geographic area) during any part of the study period (2011-2015).  During the study period, 168 cases of pancreatic cancer were diagnosed in persons who were listed in the municipal registry as residents of this area.  Cases were identified using the Danish Cancer Registry (cancer reporting is mandatory by law).  Five hundred and four (504) controls (whom were at risk to develop pancreatic cancer at the time of the case) were sampled from the municipal population registry after receiving permission from the government to use the registry.  

(a) Is the underlying study base fixed or dynamic?  (1 pt)


(b) Is this a primary or secondary study base?  If you believe this is a primary study base, define its specific characteristics.  If you believe this is a secondary study base, describe the hypothetical base as specifically as you can.  (1 pt)


(c) If some people were diagnosed with pancreatic cancer and were found to be living in the area but were not listed in the municipal population registry, should they be included as cases in the research study?  Briefly explain your answer.  (2 pts)


(d) If some persons residing in the area (and listed in the municipal registry) became diagnosed with pancreatic cancer at private clinics (not at one of the 17 hospitals), should they be included as cases?  Briefly explain your answer.  (2 pts)  



7.  	Investigators sought to study the causal relationship between socioeconomic status in childhood years and initiation of smoking in adulthood.  To do this, they drew a household-based random sample within the state of California and conducted interviews of 500 adults from January 2018 to December 2018.  

(a) What is the study design?  (1 pt)

	 
(b) Carefully draw a schematic diagram (using examples from our lectures and also in Chapter 1 of Szklo and Nieto) of the underlying cohort (i.e., the study base) that gave rise to the study sample.  Make sure to include and label all necessary detail.  (2 pts)  (It is fine to copy figures from our lectures to get started.)



8.	In each of the following cohort studies, name at least two competing events (also known as competing risks).

(a) Study of the effect of fat intake on occurrence of uterine cancer.  (1 pt)


(b) Study of the effect of high fiber diet on occurrence of cancer of the appendix (appendiceal cancer).  (1 pt)


(c) Study of the time until execution amongst individuals sentenced to the death penalty (“capital punishment”). (1 pt)




9.  You desire to study the relationship between binge drinking as a young adult (age 20 to 30 years) and new occurrence of prostate cancer in men.  You plan to conduct a population-based case-control study within San Francisco in 2022 (when you assume COVID-19 will be under effective control).  By population-based, we mean you desire to capture all of the newly diagnosed cases of prostate cancer that occur in San Francisco in 2022. 

(a) 	Is this case-control study being conducted in the context of a primary or secondary study base?  (0.5 pt)


(b) 	Describe how you will choose cases and some challenges you will face. (0.5 pt) 


(c) 	Describe how you will choose controls and some challenges you will face.  (2 pts)




10. Among older (over 60 years) post-menopausal women, many observational studies found a protective effect of hormone therapy (HT, either in the form of estrogen alone or estrogen plus progesterone) against the occurrence of coronary heart disease (CHD).  These findings led to substantial use of HT in clinical practice in this population in the U.S.  In fact, the drugs became amongst the most commonly prescribed in the U.S., used in one-third to one-half of post-menopausal women in the 1970s through 1990s.  In these observational studies, women who were using HT were compared to those who were not for the subsequent occurrence of CHD, and there was extensive adjustment for any differences between the women in the two groups (i.e., adjustment for confounding).  Later, several randomized clinical trials (such as the HERS study out of UCSF and the Women’s Health Initiative (WHI)) found that women with either no prior HT use at all or no use in the past three months who were assigned to HT had either no benefit in the subsequent occurrence of CHD or, in some studies, had an increased risk when compared to women who were prescribed placebo.

Let us assume that you have access to medical record data from the 1980s and 1990s from the Kaiser Medical Care system among post-menopausal women age 60 years or older.  Data on over 1 million women have now become available in electronic databases.  All of the charts have been reviewed and information is available to you in electronic files on all medication use, lifestyle and personal habits (e.g., diet, smoking, and exercise) and all clinical conditions (including the occurrence of various manifestations of coronary heart disease such as heart attack, surgical procedures for CHD, and sudden death believed to be due to CHD).

(a) Describe how you would use these data from the Kaiser system to study whether HT (in the form of estrogen/progesterone combination) can protect against CHD in older post-menopausal women.  Specifically, first describe the target randomized trial that you seek to emulate when using the observational data that are available to you.  Describe the randomized trial by providing the eligibility criteria for the participants target trial, the intervention(s) to be tested, and the primary outcome to be evaluated.  (1 pt)  (Note: we are looking for mention of important methodologic details about the study design, but you are not expected to know all of the contextual facts about this clinical system.)


(b) Describe the observational study design you will use to emulate the target trial.  (1 pt)


	

(c)   FOR DISCUSSION IN SECTION ONLY:  
Earlier researchers did not have the benefit of understanding the concept of the target randomized trial when designing observational research.  With this in mind, can you suggest reasons why these earlier observational research designs failed to get the right answers (i.e., the ones demonstrated in the randomized trials)?  (Hint:  We are looking for problems in the designs of the observational studies.  Differences between the HT and non-HT populations (i.e., uncontrolled confounding) is not what we seek here.)






ANSWERS TO PRACTICE QUESTIONS 1a-e:

[bookmark: Q1a](a)	Answer: This is a fixed cohort study.  It is a cohort defined by beginning employment in the company anytime from 1980 to 1990.  Importantly, individual-level data are available on each employee in terms of which department they worked in, their age, sex, and salary, and if and when they have died.  While it is the case that departmental working status is an example of what is sometimes called an “ecologic measurement”, an ecologic study should not be confused with an ecologic measurement.  Because individual-level data are available (we know this because of knowledge of which departments employees worked in, their ages, sex, salary and their specific vital status) and used in the analysis (we know because of adjustment for age, sex, and salary), this is not an ecologic study.  One might want to further qualify this by stating it is a retrospective cohort study, but this is not essential, not informative, not required for credit, and could be even confusing to some readers.  While the above data could conceivably be analyzed as an ecologic study, there is no advantage to this, and, in fact, such an approach would be inferior to an individual-level analysis.  Although the company itself might be considered a dynamic cohort, the study design used to address the research question is a fixed cohort.  This is because it focuses on individuals at the time they begin employment (sometime between 1980 and 1990) and then follows them for the outcome of death (both while working at the company and afterwards).  We will later in the course call this “shifting everyone to the left”, and “observation time” since beginning employment will be the time axis; these are hallmarks of a fixed cohort study.  Interestingly, the way in which outcomes were ascertained (through a complete death registry) effectively precluded any losses to follow-up, which is good because we are interested in outcomes forever (in this way, the cohort can be said to be “closed to the right”).  
	
[bookmark: Q1b](b)	Answer: This is a cross-sectional study, and the main clue for this is the word “current”.  Although you are not told much about the CHIS, you don’t need to know anything about it to answer the question.  The title of CHIS implies that an interview was done and therefore it can be inferred that individual-level data are available.  The word “survey” often implies cross-sectional study, but you cannot reliably depend upon this.  Finally, it would be very unusual to perform an ecologic study where age was the exposure variable.  For all these reasons, we can only conclude that this is a cross-sectional study.  CHIS is the most comprehensive population-based study of health conducted in California. 

[bookmark: Q1c](c)	Answer:  This is a case-control study. The study began with the identification of and data collection from cases, and then these data were compared to individuals without disease (controls).  Case-control studies are, by definition, outcome-selective.  Not required for credit:  We cannot tell the specific nature of the control sampling from the information given above.  The VA is a self-contained health care system which does allow for well-constructed case-control sampling due to the entire enumeration of the study base with an electronic health care record.  The VA in this context is an example of a primary study base.

[bookmark: Q1d](d)	Answer:  This is a fixed cohort study.  The cohort was selected using a population-based survey, but the design in question is longitudinal, not cross-sectional.  Although not needed for describing a cohort, the intentional assembly of participants and the careful and dedicated collection of measurements makes this a true prospective cohort study as it relates to the study of Alzheimer’s.  If other outcomes were also studied (e.g., cancer), but these data were obtained with less rigor, it then becomes murky whether such a study could be called prospective.  We consider this a fixed cohort because some given number of individuals were identified for purposes of research, given a common time zero (date of blood collection), and then they were all followed until they developed the outcome (“closed to the right”).  

[bookmark: Q1e](e)	Answer:  This is an ecologic study.  Both the exposure, calcium and magnesium in drinking water, and the outcome, cerebrovascular mortality rate, are group-level measures (aka “ecologic variables”).  Chemical composition of drinking water is an example of an environmental measurement.  Rates of cardiovascular death originally came from individual-level data, but were used in this study as group-level measures.  
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