Epi 203: Epidemiologic Methods
Problem Set 1: Study Design
ANSWER KEY
Due: 9/29/09 at 1:30 pm section
Possible points: 25                       

 

1. Name the type of study design for each of the following:

(a) In 2004, the National Death Index (a public access listing of all deaths and dates of deaths in the U.S. for the last 50 years) was searched for mortality for all employees of a ship building company who began their employment anytime between 1970 – 1980.  Mortality rates were compared by the department in the company in which the employee worked, after adjustment for age.  The objective was to determine whether exposure to certain chemicals in the various departments of the ship building process was associated with greater mortality. (1 pt)

Answer: This is a cohort study.  It is a cohort defined by beginning employment in the company anytime during a past time period.  Individual-level data are available on each employee in terms of which department they worked in, their age, and if and when they have died.  One might want to further qualify this by stating it is a retrospective cohort study, but this is not essential. Because individual-level data are available and used in the analysis, this is not an ecologic study.

(b) In the 2002 California Health Interview Survey (CHIS), researchers compared the proportion of subjects who reported current respiratory problems by age. (1 pt)

Answer: This is a cross-sectional study, and the main clue for this is the word “current”.  It is the case that the CHIS is a survey without follow-up of participants.  Although you are not told much about the CHIS, the title implies that an interview was done and therefore it can be inferred that individual level data are available.  
(c) Dietary histories were taken from patients with newly diagnosed type 2 diabetes at the San Francisco VA hospital and compared with dietary histories from a sample of VA patients without diabetes.  The objective was to determine whether certain dietary factors were associated with the development of diabetes. (1 pt)

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.  

(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 for the occurrence of Alzheimer’s disease. (1 pt)

Answer:  This is a cohort study.  The cohort was selected using a population-based survey but the design is longitudinal, not cross-sectional.  Although not needed for credit, the careful and dedicated collection of measurements makes this a prospective cohort study as it relates to the study of Alzheimer’s.
(e) Incidence rates of cerebrovascular death from 1989 through 1993 in a variety of different regions in the U.S. were obtained from national census 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 associated with cerebrovascular mortality.  (1 pt).  
Answer:  This is an ecologic study.  Both the exposure, calcium and magnesium in drinking water, and the outcome, cerebrovascular mortality rate, were aggregate measures. All of the measurements used in the analysis are at the area (or group) level, not at the individual level.  
2. You want to study the hypothesis that exposure to 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 District in San Francisco with newly diagnosed asthma to Sunset District controls (who do not have asthma) and ask about exposure to automobile traffic.  

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

Answer:  Individual exposure to automobile traffic is ubiquitous in the Sunset District as it is in all of San Francisco, which is truly a small geographic region.  Your study participants are likely to have little variation in their level of exposure.  In addition, it may be very difficult to accurately measure long-term exposure by self-report. 

(b) Your mentor suggests instead to think more broadly and to conduct an ecologic design.  Describe how you might design such a study.  What characteristics make it an ecologic study? (2 pts)

Answer:  The key point is to come up with an ecologic design that uses group-level data where there is considerably more variation in exposure to automobile traffic in the environment than you might be able to find among persons in San Francisco.  One possibility would be to take advantage of international variation in the density per capita of automobiles and compare that variation with rates of asthma in different countries.  One difficulty with such a design is likely to be lack of comparability of asthma diagnosis in different countries.  A second possibility would be to keep study in the U.S. but look for geographic areas where there is variation in automobile density and where asthma rates or asthma mortality data are available (urban vs. rural counties, for example).  The key distinctive characteristic of an ecologic study is that ecologic studies use GROUP-level measures.  If your design requires determining whether each individual in a given sample has both the exposure in question and the disease under study, then it is not an ecological design.  A key advantage of ecologic studies is that you don’t need to collect individual level data, and can, when available, take advantage of already collected aggregate data (e.g., prevalence of asthma in different counties in California from hospital discharge records).  

3.  You have developed an enzyme-linked immunoassay (EIA) to detect autoantibodies to amyloid-( and wish to do a study to determine if the presence of these autoantibodies predicts the development of Alzheimer’s disease (AD).  A cohort of 2,126 persons 65 years and older has been followed prospectively from 1999 to 2008, and AD cases have been ascertained during annual follow-up clinical examinations.  Blood samples were stored at each visit.  38 individuals were judged to have AD at the baseline enrollment clinical exam.  The incidence of AD diagnosis has been 3% per year; the annual mortality incidence is 8.1% and the overall loss to follow-up from refusals is 10% at 9 years.  Assuming you have to conserve money and resources, describe the most efficient study design to address your hypothesis.  Please give details of sampling (who will you study?) and timing of the EIA measurements (which time points will you study?).  (4 pts)

Answer:  The most efficient design would be to do a nested case-control study using all incident AD diagnoses as the cases (i.e., excluding those persons with AD at the baseline study visit).  One could use incidence density sampling to sample one control per case among the controls in follow-up at the time of each case’s diagnosis.  You likely don’t need more than one control per case because the number of cases will be sizeable at 3% a year for 9 years, even with mortality and drop out.  An alternative nested study, but a less desirable design, would be to sample controls from those in the cohort at the end of follow-up without AD.  This design is less desirable because waiting until the end of follow-up to select controls (prevalent controls) increases the possibility of bias from loss to follow-up.  Using incidence density sampling also gives an estimate of the rate ratio whereas using prevalent controls at the end of follow-up only gives an estimate of the odds ratio (a topic to be covered in the lectures on measures of disease association).  In terms of which time points to examine, it is best to perform EIA testing of blood samples from study visits well before the time of the AD diagnosis in order to make a clear temporal claim that the presence of these antibodies preceded the development of clinical disease.  If resources permit, it would be optimal to examine all time points prior to the development of clinical AD in order to see when antibodies become detectable.  A case-cohort design is also an efficient option but is limited to a single baseline time point, which may be too far away from the onset of clinical disease to be useful. 

4.  The effect of estrogen replacement therapy on the risk of hip fracture in postmenopausal women was investigated at four private (not HMO) hospitals in Connecticut.  The cases were all women aged 45-74 years who, during the study period, were admitted to these hospitals for surgery to correct hip fracture.  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. 

(a) Is this a primary or secondary study base?  Describe the study base in a sentence. (1 pt)

Answer:  Secondary study base.  The study base is women aged 45-74 years who, if they had suffered a hip fracture, would have been admitted to one of the four hospitals.

(b) Explain why you do or do not believe that the controls come from the same study base as the cases. (2 pt)

Answer:  We have little assurance that the controls selected in this study came from the same study base as the cases.  There may be patients with different types of characteristics who are in the case versus control groups because those having surgery for a hip fracture typically have more choice of what hospital they go to as compared to motor vehicle accident victims. For example, patients of higher socioeconomic status may be overrepresented at a particular hospital among cases with hip fracture if the orthopedic surgeons at that hospital have a good reputation.  The trauma patients, however, may simply represent persons who live closest to the hospitals and were brought by ambulance.  The choice of motor vehicle accident patients as controls is at least better than some other choices that could have been made.  This is because both hip fracture and trauma are not elective admissions so trauma patients may be somewhat more likely to accurately reflect the study base giving rise to hip fracture than other patient groups (e.g., coronary bypass surgery).  Although the use of motor vehicle accident patients is a better choice than some other possibilities, it is still fraught with potential bias.  This example illustrates the difficulty with secondary study bases. 
5.   The effect of alcohol intake on the risk of breast cancer was investigated in the Netherlands.  Caucasian women of Dutch 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.  During the study period, 168 cases of breast cancer were diagnosed in women who were listed in the municipal registry as residents of this area.  548 controls (for whom there was no evidence of breast cancer) were sampled from the municipal population register for the geographic catchment areas of the hospitals.  

(a) Is this a primary or secondary study base?  Describe the study base in a sentence. (1 pt)

Answer: This is a primary study base because it is defined on finite geographic grounds.  The study base is Caucasian women of Dutch nationality who resided in this region, by virtue of being listed in the population registry, and who, if they had developed breast cancer, would have been diagnosed.  

(b) If some women were diagnosed with breast cancer and were found to be living in the area but were not listed in the municipal population register, should they be included as cases?  (1 pt)

Answer:  No, any women who could not functionally be identified as being a resident in the area by means other than being diagnosed with cancer should not be included as cases.  Such instances might include women temporarily living in the area or illegal immigrants.  The rationale for this is because any such control women could never be identified (i.e. when looking for controls from the registry we would never sample an illegal immigrant).  Unless the investigator is willing to change the mechanism of finding controls to, for example, door-to-door sampling of the community, then the investigator should limit the case definition to those women who can be identified on the registry lists. 

(c)  If some women residing in the area (and listed in the municipal registry) became diagnosed with breast cancer at private clinics (not the 17 hospitals), should they be included as cases? (1 pt)  

Answer:  Yes, breast cancer diagnoses identified at private clinics (or at hospitals outside the area) should be included as cases if they occurred in women included in the municipal register during the time of the study.  Inability to identify such cases could bias the study.

6.  The following abstract describes a case-control study carried out in Kampala, Uganda. 

BACKGROUND: Kaposi's sarcoma (KS) is associated epidemiologically with HIV infection and with human herpesvirus 8 (HHV-8 or KSHV). Both KS and HIV infection are common in Uganda. We conducted a case-control study of 458 HIV-seropositive Ugandan adults with KS and 568 HIV-seropositive subjects without KS to examine risk factors for HIV-associated KS.  

METHODS: We recruited newly diagnosed adult KS cases from KS specialty clinics at five hospitals in Kampala, Uganda and adult controls from the general clinics for HIV infection at these 5 hospitals.  All cases and controls were counseled and tested for HIV and answered an interviewer-administered questionnaire about their home, socio-economic conditions, lifestyle and sexual behaviour before they became ill. Only HIV-seropositive subjects were included in the analysis.

RESULTS: KS cases were more likely than controls to have a higher level of education (P = 0.03) and to have occupations associated with affluence (P = 0.004). Cases were more likely than controls to have high household income (P < 0.001) and other markers of urban or rural wealth such as owning several cows (P = 0.002). 

CONCLUSIONS: Among HIV-infected subjects, KS cases are characterized by better education and greater affluence, compared with controls. The higher socio-economic status of persons with HIV and KS may be a marker for enhanced exposure to a possibly sexually transmitted agent, or for a delayed exposure to a childhood infection. 

(a) Is this a primary or secondary study base? Describe the study base in a sentence. (1 pt)

Answer: This is a secondary study base.   The study base is those who are HIV-infected and would have come to one of the five hospitals in Kampala, Uganda for care of KS, if they had developed KS.  

(b) In Africa, Kaposi’s sarcoma (KS) (a cancer of the skin) is very heterogeneous in its clinical manifestations and is sometimes non-aggressive, limited to the skin, and minimal in its extent (i.e. only a few spots on the skin).  Specialty clinics for KS feature patients with a broad spectrum of KS disease severity.  The general clinics for HIV infection in Africa (especially at the time this study was done) are typically highly enriched for persons with substantial symptomatic disease (i.e. are experiencing some type of clinically serious disease).  Discuss the implications of this aspect of KS and HIV infection on the selection of controls.  (2 pts)

Answer: Selection of controls requires sampling of the proper study base.  Discussion of the study base should focus on the factors that would bring KS cases versus other HIV-infected patients to the clinics at these hospitals in Kampala.  We are told that sometimes KS remains mild and non-aggressive.  In other words, of all HIV-infected persons who develop KS, some may have mild disease.  Of those with mild disease, it is likely that not all will seek medical attention.  Of those with mild disease, it is likely that those with higher socioeconomic status will be more likely to seek out and achieve access to medical care.  We are not told a lot about the non-KS controls other than that they come from general clinics for HIV disease, which are typically enriched for patients with overt serious illness.  It is likely that the HIV general clinic is enriched for persons with advanced HIV disease who got so sick that they ultimately sought and found clinical care and that it is a reasonably representative sample of all very sick HIV-infected persons.  Hence, it is likely that some, or many, of the KS patients got to medical care because of their socioeconomic status; the non-KS patients, on the other hand, got to the HIV clinic because they were sick, and this is largely independent of their socioeconomic status.  Although you were not told a lot about the selection of the cases and controls, any time you are studying a disease that has a wide spectrum of clinical manifestations including a clinically mild presentation, you must be concerned about how socioeconomic factors influence which patients seek medical care. 

(c) Are there any results that look as if they could be related to how cases and controls were selected? (i.e. Are there any associations that might be biased because of the way cases and controls were selected?)  (1 pt)

Answer:  If the cases were on average of a higher SES than the controls by virtue of the sampling used to find cases and controls, then this might explain the finding of higher SES in cases than controls that the authors observed.  The apparent association, therefore, may not be valid because of the problems discussed in sampling.  This is a form of selection bias. 

(d) Discuss possible alternative ways of selecting controls for KS patients.  (2 pt)

Answer:  The perfect control group for this secondary study base case-control study is not obvious. It demonstrates the difficulty in performing studies with secondary study bases.  The choice of a control group in secondary study bases is often so difficult that some advocate against ever performing such a study.  A control group that may be a better sample of the secondary study base could be limiting to HIV-infected patients from all 5 hospitals with a condition with a similar level of personal choice in whether to seek care (such as some other skin disease where seeking care is dependent upon personal choice and resources).  
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