
Fall 2013 Epi 203 Final Take-Home Exam       Name:  
Due December 10 at 4 pm to Olivia DeLeon in China Basin or by email (Olivia@epi.ucsf.edu).  Please work independently.  Please word-process and make sure that you don’t inadvertently miss a question by pushing it off the page or have your answer not viewable when printed.  In other words, please print out your finished exam to ensure that all of your answers are observable after printing.

	1. 1
	You seek to estimate the direct causal role of some exposure, E, on the outcome, D, as mediated by factor I.  In each of the three DAGs shown, characterize what Z is and whether you should control for it. (3 pts) 
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	Control for Z? (yes/no)
	

	
	
	

	
	

	
	
	
	
	

	
	
	
	
	

	2. 
	 (
Socio-economic Status
Access to Medical Care
Statin
 u
s
e
C
oronary a
rtery Disease
Family history of 
coronary artery disease
)Consider the following DAG.      


List the minimal sufficient adjustment set or sets 
that are required to estimate the causal effect of 
statin use on the development of 
coronary artery disease?  (2 pts)


	3. 
	
Among women, there is convincing evidence that human herpesvirus 8 (HHV-8), the causative agent of Kaposi’s sarcoma, is transmitted by injection drug use (i.e. sharing of needles), but it is controversial as to whether it is sexually transmitted.  Goedert et al. (AIDS 17:425, 2003) evaluated the association between syphilis antibody status (a marker of sexual activity) and HHV-8 infection status among women in a cross-sectional analysis.  Because of the concern about confounding by injection drug use, they performed the following analysis where they stratified participants into one of two categories of injection drug use:  a) women who reported a history of injection drug use and/or who tested positive for hepatitis C virus (HCV) infection; or b) women with no self-reported history of injection drug use and who tested negative for hepatitis C virus injection.  (Note: hepatitis C virus is known to be easily transmitted by injection drug use and hence is used as a biomarker for prior injection drug use behavior).


















cs  HHV_8_serostatus syphilis_serostatus, by( injection_drug)

  injection_drug |       RR         [95% Conf. Interval]    M-H Weight
------------------------------------------------------------------
         negative |   1.048495     . 2568258   4.280495      1.777117  
      positive |   2.529933      1.045606   6.121389      2.210784 
------------------------------------------------------------------
           Crude   |    2.20876       1.10344   4.421286               
 M-H combined |   1.869764     .8936463   3.912083
-------------------------------------------------------------------

a) One interpretation of the data is that injection drug use modifies the association between syphilis serostatus and HHV-8 serostatus (i.e. that there is truly a multiplicative statistical interaction between injection drug use and sexual activity in the transmission of HHV-8).  Assuming that there is no selection bias in the study and that any misclassification of any of the stated variables is independent and non-differential (if it exists at all), please describe two additional interpretations/explanations of the data (i.e., state two explanations as to why the apparent presence of effect-measure modification is false). (4 pt)












b)  In the same study, the authors also directly estimated the association between injection drug use and HHV-8 serostatus (adjusted for a number of other variables) and found that the odds ratio was 3.5.  They then added the following text:  “With correction for imperfect sensitivity (90%) and specificity (97%) of the HHV-8 antibody test, the association between injection drug use and HHV-8 serostatus was stronger (OR = 5.5)”.  When presenting the paper at a journal club, your colleagues are perplexed by what the authors did in the quoted sentence.  Please comment on this.  Does this seem legitimate to you? (2 pt)






















4. You have been hired by an advocacy group to estimate the lifetime probability of breast cancer among women residing in San Francisco.  In other words, you are asked to determine what is the probability that a woman in San Francisco will be diagnosed with breast cancer in her lifetime.  When you clarify the task with your employer, you decide that you will make this estimate for a 21 year old woman today assuming that as she ages she will experience the same risks as currently exist today.  Describe how you will go about making this estimate.  Describe, in general, what data sources and what analytic techniques you will use.  You do not have to actually get these data or derive a specific answer.  Instead, we are looking for your general approach.  (3 pts)




















	5. 
	You intend to examine the association between a given diet and the occurrence of heart disease.  For each study design listed, state which measures of association(s) can be obtained to depict the relationship (1 pt each).  State any assumptions needed for a measure of association to be applicable.

	
	
	List letter of applicable measure(s) of association and any relevant assumption
	
	A. risk ratio
B. rate ratio
C. odds ratio
D. risk difference
E. rate difference
F. prevalence ratio






* do not consider analyses performed solely using baseline (i.e., time zero) variables

	
	
Cross-sectional study
	
	
	

	
	
Case-control study with incidence density sampling
	
	
	

	
	
Matched case-control study with prevalent control sampling
	
	
	

	
	
Case-cohort study
	
	
	

	
	
Prospective cohort study*
	
	
	

	
	
Retrospective cohort study*
	
	
	

	
	
Randomized trial*
	
	
	



6. You have conducted a 10-year cohort study of coronary artery disease in 2000 elderly men who receive clinical diagnostic testing for the presence of coronary disease at 6-month intervals.  A serum sample was collected and stored from participants at each semi-annual study visit.  At the end of the study you are approached by an oncologist who has a new laboratory assay, measuring a circulating glycoprotein, that he believes identifies persons at risk to develop prostate cancer. The assay is done on a serum sample but it is very expensive.  Your study was not dedicated to studying prostate cancer and hence did not perform prostate exams or other screening for prostate cancer.  It did, however, gather participants’ self-reports of all cancer diagnoses and then verified all self-reports by medical chart review.  You note that 63 new cases of prostate cancer have been reported and verified by medical records among the men during the course of your cohort’s follow-up.

a) To evaluate whether the circulating glycoprotein predicts the development of prostate cancer, the oncologist suggests that case-control sampling of the underlying cohort study might be advantageous.  Describe exactly how you would actually sample the cases and controls for such a study. (2 pt)  Describe what “preferred” measure of association will be estimated by the odds ratio that would be obtained by such a study.  (1 pt)














b) After selecting the cases and controls, describe how you would you sample the stored sera for the measurement using the new lab test.  (i.e., which of the stored serum sample or samples from a given participant would you choose for testing?) (3 pt) 



























c) When going to pull the frozen serum samples you find that they have inadvertently thawed because of a freezer malfunction.  All that remains are serum specimens collected at the baseline visit.  Is there any study design that could be performed to salvage this situation and still perform the study relatively inexpensively? Describe how you would actually sample the subjects for this study design. (3 pt)














d) Fortunately, another colleague reveals that he stashed away serum specimens in his own freezer and that he will allow you to use these specimens to perform the original nested case-control design you outlined in part (a).  You perform the study and find a strong association between a positive result on the new blood test and the subsequent development of prostate cancer.  A reviewer of your manuscript strongly objects to your claim of an association because he notes that many of the men you are stating do not have prostate cancer probably do have prostate cancer that has not yet been diagnosed.  Other than conceding that the reviewer is correct that some men said to have no prostate cancer likely do have undiagnosed prostate cancer, how do you respond to this criticism? (3 pt)  












	7. 
	You perform a case-control study to determine if self-reported family history of skin cancer in first degree relatives is causally related to the development of skin cancer (via a mechanism of genetic susceptibility).  Only initial skin cancer diagnoses were considered.  It obtained the following results: 

	
	
	Skin Cancer
	No Skin Cancer
	
	
	
	

	
	Family History
	198
	1802
	
	
	
	

	
	No Family History
	404
	3596
	
	
	
	

	
	
	
	
	
	
	
	

	
	You are ready to publish these “negative” results but a colleague suggests that you failed to control for a critical “third” factor.  You lend him the dataset and he creates the following stratification:

	
	Third Factor Present
	
	   Third Factor Absent
	

	
	
	Skin Cancer
	No Skin Cancer
	
	Skin Cancer
	No Skin Cancer
	

	
	Family History
	120
	370
	
	78
	1432
	

	
	No Family History
	382
	2618
	
	22
	978
	

	
	



a.  Calculate the crude odds ratio and the two stratum-specific odds ratios (2 pt).







b. Determine the p-value for the test of homogeneity, on the multiplicative scale, looking at differences between the two strata based on the third factor.  Would you report that the “critical factor” is an effect modifier in the relationship between family history and skin cancer? Why or why not? (3 pt)






c. Determine the Mantel-Haenszel adjusted odds ratio (2 pt) 





d.  What do you think the factor was that your colleague used to create the stratified tables? (2 pts) Would you characterize this factor as a confounder, effect modifier, intermediary (mediator) variable or something else? (2 pts)  Draw the DAG which describes this system.  (2 pts)












8. In any city, the Health Department is charged with understanding the burden and needs of the HIV-infected population within that city.  Sampling HIV-infected individuals is challenging, however, because many of the groups at risk for HIV are stigmatized and difficult to find.  One approach used by health departments is to look for and interview HIV-infected persons at venues where they are believed to visit with some reasonable frequency.  One such venue is night clubs or bars.  In one study, Health Department researchers were interested in understanding how age influences functional status (as assessed by a validated interview instrument) among HIV-infected individuals.  The objective was to see which age groups of HIV-infected people need the most assistance in their everyday functions.  To address this, the researchers identified and interviewed HIV-infected persons at the largest night clubs.  People were identified as HIV-infected by a rapid saliva test, and there were no refusals.  Among the HIV-infected individuals, the investigators found that younger persons had a higher prevalence of functional disability than older persons (p<0.001).  Assuming accurate measurements, do you believe that the association between age and functional status is valid? Explain your answer.  (3 pts)



















	9. 
	Recently, observational epidemiology has come under attack as evidenced by this excerpt from George Davey Smith.  

Observational epidemiology: yet more residually confounded associations of no causal significance? 
Over the last decade several severe indictments of epidemiology have appeared, with the major thrust being that spurious nonreplicable and non-causal findings are produced and sometimes widely disseminated. The most salient examples come from situations in which observational epidemiological studies have highlighted an apparently substantial causal association that has later failed to be confirmed in large-scale randomized controlled trials (RCT). An important example of this is the contradictory set of findings regarding the association between the antioxidant beta-carotene and smoking-related cancers. Early enthusiasm that risk of smoking-related cancers might be reduced by increased dietary beta-carotene was muted by RCT evidence ruling out any meaningful reduction in lung cancer. 

This is not an isolated example. The association between Vitamin E and coronary heart disease (CHD) found in observational studies was not supported by the results of RCTs. Furthermore, a strong observational inverse association between plasma vitamin C levels and CHD mortality was rendered implausible by a subsequent large RCT where 5-year CHD mortality unchanged.  However, the domains in which such comparisons can be made are limited, as it may not be feasible to use RCTs to evaluate some exposures, such as physical activity and complex aspects of nutrition. 

Indiscriminate epidemiological data-dredging may be responsible for some spurious epidemiological findings, but this is unlikely to be the main contributor. By far the most likely cause is confounding—where one factor that is not itself causally related to disease is associated with a range of other factors that do change disease risk. Associations reported in observational studies but not confirmed in RCTs tend to be between exposures and diseases that are related to socioeconomic position, behavioural factors, and health service utilization. For example, people with high antioxidant vitamin intakes and plasma levels tend to differ in a range of other characteristics that are themselves related to disease risk. In this case, biologically plausible hypotheses are no safeguard against spurious association, and standard statistical techniques used to ‘control’ for confounding are fallible, given the limited range of confounders measured in many studies, and the inevitable and substantial degree of measurement error in assessing both the exposure and the potential confounders.


One example of an area where an RCT is not readily feasible is the finding, in observational studies, that naturally occurring low serum cholesterol levels are associated with an increased risk of cancer. This apparent association might be explained by the early stages of cancer resulting in lower cholesterol levels—reverse causality—or by confounding factors (such as cigarette smoking among known factors plus the possibility of unknown confounding factors) related both to future cancer risk and to lower circulating serum cholesterol.  

To help address this uncertainty, it has been known for some time that certain polymorphic forms of the apolipoprotein E (APOE) gene exist which influence the levels of serum cholesterol.  Like other genes, these different polymorphic forms of APOE are distributed randomly from parents to their children (this is called “Mendelian randomization”).  




a) Explain how the random assortment of these APOE genes can be exploited to understand the causal role of serum cholesterol levels in the development of cancer.  Draw a DAG to help explain your thinking.  (Hint: you do not need to know anything specific about APOE genetics to answer these questions) (3 pts)




















b) In this DAG, what term is used to characterize/describe the role of APOE genes?  (1 pt)






10. Consider the following abstract and data from:  Intraobserver variability of transabdominal Doppler velocimetry measurements of the fetal ductus venosus between 10 and 14 weeks of gestation.  


INTRODUCTION
The ductus venosus (DV) connects the intra-abdominal portion of the umbilical vein to the inferior vena cava enabling the highly oxygenated blood from the placenta to bypass the liver circulation and reach the left atrium via the foramen ovale. Matias et al. used color Doppler ultrasound to assess DV blood flow in fetuses undergoing karyotyping between 11 and 14 weeks after nuchal translucency screening.  An abnormal DV blood flow (high pulsatility index, absent or reversed blood flow during atrial contraction) has been shown to be associated with fetal chromosomal abnormality and major cardiac defects.  Based on this observation, Matias et al. suggested that the inclusion of DV blood flow assessment in a nuchal translucency screening program could potentially improve the screening effectiveness by reducing the false positive rate. Despite these potential clinical applications, there is a paucity of literature on the reproducibility of Doppler velocimetry measurements of DV between 10 and 14 weeks of gestation. Due to the potential sources of error inherent in Doppler velocimetry measurements, it is important to establish that DV blood flow can be assessed reliably in early gestation prior to its introduction into clinical practice. The aim of this study was to assess the intra-observer variability of Doppler flow velocity measurements of the DV in fetuses between 10 and 14 weeks of gestation.

Methods
Consecutive women undergoing termination of singleton pregnancy for social reasons at 10–14 weeks were enrolled into the study.  Examinations were performed by trained observers using an ATL HDI 5000 (ATL, Letchworth, UK) equipped with a 7-MHz curvilinear transabdominal probe.  Each investigator obtained three consecutive flow velocity waveforms of good quality with an interval of 2 min between measurements. The following variables were measured: maximum peak systolic velocity (PSV) during the ventricular systole, end-diastolic velocity (EDV) during atrial contraction in late diastole, peak systolic velocity/end diastolic velocity (S/D) ratio and pulsatility index for veins (PIV = [PSV – EDV]/time averaged maximum velocity).  The data were logarithmically transformed (base 10) prior to analysis.  (Note:  all of the velocities are measured in the same units.)



Results
 (
Intra-observer variation of the peak systolic velocity, end-diastolic velocity, S/D ratio and pulsatility index for vein values obtained from the ductus venosus between 10 and 14 weeks of gestation
Parameter
Coefficient of variation
Repeatability
PSV
0.192
1.64
EDV
0.285
2.03
S/D Ratio
0.254
1.90
PIV
0.089
1.27
)










a) Of the 4 parameters examined (PSV, EDV, S/D ratio, and PIV), which one was found to be most reproducible? Justify your response. (2 pts)




b) For the parameter found to be most reproducible, state in words what the coefficient of variation and repeatability mean. Make sure to incorporate the actual numeric estimate in your statement. (2 pts)







c) For the parameter found to be most reproducible, what additional information do you need before you can deem this measurement useful for clinical practice and for research?  Explain your answers for clinical practice and research separately. (3 pts)








11. A randomized placebo-controlled trial of a newly developed agent to prevent breast cancer is performed.  The 1200 subjects are all high-risk women having had a prior history of breast cancer and unilateral mastectomy.  The outcome is development of cancer in the remaining breast.  All women are followed for 2 years.  Follow-up is complete and no deaths occur.  The accompanying dataset (brcarctv6.dta on the course website) contains:


observations:       1,200                          
variables:             3                          
------------------------------------------------------------------------------
   1. therapy     0 = placebo; 1 = new drug    
   2. disease      0 = no cancer; 1 = cancer    
   3. age    0 = < 65 years old; 1 = 65 years old or greater        

a) Determine the most appropriate unadjusted measure of association you can estimate with the available data (including 95% confidence interval) between the new chemoprophylactic agent and the development of breast cancer. (1 pt).  Does the new agent appear effective? (1 pt)







b) An a priori hypothesis of the trial was that the new drug would be more effective in younger women. Sub-group analyses in randomized clinical trials are simply a means of looking for interaction.  Perform a sub-group analysis by age; in other words, determine whether age is an effect modifier of the effectiveness of the new drug in preventing breast cancer.  Assess multiplicative statistical interaction only.  Show the age-specific measures of association (for the <65 year old and >65 year old groups), the statistical test of heterogeneity, and interpret (in words) the p-value of this test.  Is there evidence of effect measure modification by age? (4 pt)






c) If you decide to report the age strata-specific results, are you concerned about confounding by age? (1 pt) Explain your answer.  















12. Consider the following case-control study of drug-resistant Mycobacterium tuberculosis (MTB).  Researchers are investigating whether a prior episode of tuberculosis is associated with the development of drug-resistant tuberculosis.
  

Underlying true (unbiased) classification
	Exposure
	Disease

	Previous Tuberculosis Diagnosis
	Drug-Resistant MTB
	Drug-Susceptible MTB

	
Yes
	
104
	
180

	
No
	
281
	
2931



a. Calculate the unbiased measure of association for this study. (1 pt)




b.  Measurement of previous tuberculosis diagnosis was performed by self-report on a questionnaire.  If a prior validation study had confirmed that the questionnaire was 90% sensitive and 85% specific in classification of previous tuberculosis diagnosis, how would this change the cells in the observed 2 x 2 table? Please fill in the table below.  Assume perfect measurement of the outcome variable and no sampling error. (2 pt  -- 0.5 pts per cell)

	Exposure
	Disease

	Previous Tuberculosis Diagnosis
	Drug-Resistant MTB
	 Drug-Susceptible MTB

	
Yes
	


	

	
No
	


	




c.  Calculate the measure of association in the new table.  What type of bias is present?  Is it differential or non-differential?  What is the effect of this bias on the estimate of the measure of association? (3 pt)




d.  Further investigation of the laboratory measurement of drug resistance (the outcome in the study) revealed considerable random measurement error.  Assuming only one test of drug resistance was performed per participant, explain what influence the random measurement error would have on the measure of association? (3 pt)









13. Please read Yaggi et al.  Obstructive sleep apnea as a risk factor for stroke and death.  New England Journal of Medicine.  353: 2034-2041, 2005, and address the following questions.


[bookmark: _GoBack]a)  Considering only sleep apnea, stroke, hypertension, and smoking as the nodes, draw a DAG that you believe depicts the biological/clinical system.  Make sure to highlight the research question under study by inserting a “?”.  If you are uncertain about specific relationships, which ones are you uncertain about? (i.e., what else do you need to know to complete the DAG? (2 pts)   











b) In the accompanying editorial to this article, it was stated that “ . . . the study sample consisted of patients who were referred to the sleep laboratory.  This selection bias may be unavoidable, given the prohibitive costs of polysomnography in large numbers of patients, but it needs to be considered when applying these findings to the population at large.”  Regarding the primary research question under study (association between sleep apnea and stroke/death), do you agree or disagree with the editorialist’s point about whether referral from a sleep lab constitutes selection bias? Explain your answer. (2 pts)  










c)  Subjects in the study were patients who were referred to the Yale Center for Sleep Medicine specifically for the evaluation of sleep-disordered breathing.  The exposure group was defined a priori as having an apnea–hypopnea index of 5 or higher (five or more events per hour of sleep); patients with an apnea–hypopnea index of less than 5 constituted the comparison group.  Regarding the primary research question under study (association between sleep apnea and stroke/death), comment on whether you believe any misclassification of exposure is present and, if so, what direction is the bias.  (2 pts)








d) [bookmark: OLE_LINK2][bookmark: OLE_LINK3]The primary outcome, stroke (including transient ischemic attacks (TIA)), was ascertained with the use of a questionnaire designed to be a practical means of ascertaining stroke status.  Self-reported outcomes were then validated by a blinded physician.  For the research question under investigation regarding the association between sleep apnea and stroke, comment on whether you believe any misclassification of outcome is present and, if so, what direction is the bias. (Clinical note:  TIAs are short-lived and self-resolving clinical events that can be difficult to diagnose with certainty). (2 pts)







e) The authors stated that “Because of the possibility that controlling for hypertension could constitute “overadjustment” (i.e., accounting for a variable on the causal pathway), models were created both with and without the inclusion of hypertension.”   In regards to the primary research question in this study, do you agree with this assertion of overadjustment?  Why or why not? (2 pts)








f) Eighteen percent of subjects were not able to be contacted in follow-up.  Comment as to how this percentage influences your thinking about the presence of selection bias in this study.  (2 pts) 







g) The baseline characteristics of the 18% of subjects who were lost to follow-up were similar to the characteristics of the group with complete follow-up.  Comment as to how this influences your thinking about selection bias in this study, and state your final opinion as to whether losses to follow-up are an important source of bias in this study.  (2 pts)








h) What is the average incidence rate of stroke or death in the group with the obstructive sleep apnea syndrome? (1 pt) 









i) What is the 5 year cumulative incidence of stroke or death in the group with the obstructive sleep apnea syndrome? (1 pt)



j) What is the crude association between obstructive sleep apnea syndrome and stroke or death? (1 pt)




k) What is the probability that the final result of the study – the adjusted hazard ratio of 1.97 –  was caused by chance?  (2 pt)





l) The authors conclude that their results demonstrate that the obstructive sleep apnea syndrome is associated with an increased incidence of stroke or death from any cause and that the association is independent of other cardiovascular and cerebrovascular risk factors, including hypertension.  Assume for a moment that there is no substantial selection bias and no measurement error in the exposure or outcome:  are you convinced that the association truly exists and that it is indeed independent of other cardiovascular and cerebrovascular risk factors?  Explain your answer. (5 pts)
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