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Quantitative Bias Analysis
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Dependent misclassification
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Probabilistic bias analysis
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Systematic vs random error 

Objectives
1. Understand the motivations behind quantitative bias analysis.
2. Differentiate between quantitative bias analysis for different sources of potential bias (selection bias, confounding, misclassification).
3. Illustrate both deterministic and probabilistic sensitivity analyses.

Assigned Readings
Orsini, N., Bellocco, R., Bottai, M., Wolk, A. and Greenland, S., 2008. A tool for deterministic and probabilistic sensitivity analysis of epidemiologic studies. Stata Journal, 8(1), pp.29-48.
http://www.stata-journal.com/article.html?article=st0138

Optional Readings

Mayeda ER, Tchetgen Tchetgen E, Power MC, Weuve J, Jacqmin-Gadda H, Marden  JR, Vittinghoff E, Keiding N, Glymour MM. A simulation platform for quantifying survival bias: an application to research on determinants of cognitive decline. American Journal of Epidemiology. 2016 Sep 1;184(5):378-87.

Hernán MA, Hernández-Díaz S, Robins JM. A structural approach to selection bias. Epidemiology. 2004;15(5):615-625.
https://courses.ucsf.edu/mod/resource/view.php?id=424341 

Fox MP, Lash TL, Greenland S. A method to automate probabilistic sensitivity analyses of misclassified binary variables. International journal of epidemiology. 2005;34(6):1370-1376.
https://courses.ucsf.edu/mod/resource/view.php?id=422982 

Lash TL, Fox MP, MacLehose RF, Maldonado G, McCandless LC, Greenland S. Good practices for quantitative bias analysis. International Journal of Epidemiology. 2014;43(6):1969-1985.


To complete this homework assignment, you will need to use -episens- (the add-on STATA program discussed in the workshop; command:  "ssc install episens")  and -diagti- ("ssc install diagt")

1. Consider the results of this case control study that examined the association between current smoking of cigarettes and risk of acute myocardial infarction (MI). 

                                                        Proportion
                 |    Smoking  Non-Smoking|      Total     Exposed
-----------------+------------------------+------------------------
           Cases |       215        1449  |       1664       0.1292
        Controls |       668        4296  |       4964       0.1346
-----------------+------------------------+------------------------
           Total |       883        5745  |       6628       0.1332

(a) Participants were asked to self-report smoking status. In a subsample of participants (that includes both cases and controls), the study investigators measured urinary cotinine to validate the self-reported smoking data. 

                      Urinary Cotinine	     
                 |    	   E+         E-   |      
-----------------+------------------------
Self Report   E+ |      402         159  |       
              E- |      113        1481  |       
-----------------+------------------------       

Find the sensitivity, specificity, PPV and NPV of self-reported smoking status compared with urinary cotinine using the diagti command in Stata. Interpret your results and include all relevant code and output (4 points).


(b) What is the odds ratio from the original (uncorrected) study data? Using the –episensi- command, provide the bias-corrected OR, using 2 decimal points for the specificity and sensitivity (you may assume the same sensitivity and specificity for cases and controls; the cotinine assessment was done in a subsample of both). What is the percent bias? Does using self-reported smoking lead to a bias toward the null or away from the null? (4 points)


2. Consider the same situation from question 1 in which you are looking at a case control study estimating the effect of current smoking and risk of acute myocardial infarction (MI). You are concerned that depression is a confounder that influences both uptake of smoking and risk of MI, but you did not collect information on depression status.


                                                        	Proportion
                 |    Smoking  Non-Smoking|      Total     Exposed
-----------------+------------------------+------------------------
           Cases |       215        1449  |       1664       0.1292
        Controls |       668        4296  |       4964       0.1346
-----------------+------------------------+------------------------
           Total |       883        5745  |       6628       0.1332


(a) Using previously published results from this dataset (using a depression variable that you do not have access to), you estimate that the RR for the effect of depression on risk of MI is 2.2, and that the possible estimated prevalence of depression is 0.4 in the exposed (smokers) and 0.2 in the unexposed (non-smokers) based on your analysis sample and prior reported findings. Calculate the bias-adjusted odds ratio in your study using the –episensi- command. Include all relevant code and the output and interpret your answer (4 points).




b. The previous question reports that depression prevalence among the exposed and unexposed were 0.4 and 0.2, respectively. However (say, based on the literature), we do not have reason to believe that there will be great differences in depression status (hypothetically) between the categories of exposure, and decide to perform a probabilistic bias analysis. Assume a uniform distribution for the possible confounder prevalence in both the unexposed and exposed, ranging of 0.2 to 0.4. Assume a log-normal distribution for the association (RR) between depression and MI with 95% confidence limits of ln(2.2) and ln(7.3). Setting reps to 10,000 and the seed to 8675309, calculate the bias-adjusted odds ratio as shown in Orsini pg 43 using the –episensi- command. Include all relevant code and the output and interpret your answer (4 points).



(b) Pretend you are writing the conclusion for this study after conducting the above bias analyses. How would the results of this bias analysis change your interpretation of the paper? Note: there is no “right” answer, credit will be given for a thoughtful reflection of how bias analysis results can (or can’t) be applied, based on Dr. Mayeda’s workshop (3 points). 



3. The data below are borrowed from an actual case-control study, but do not pertain to the topic example (credit to Tim Lash for this example). 

The hypothetical association is between consuming a newly approved antihypertensive medication (E+ or E-) and occurrence of syncope, an adverse side effect (D+ = AE). 

The concern is that many who take this medication also were encouraged to take an over the counter diuretic drug (C+ or C–) at their clinic visit, and this diuretic may confound the association between medication and syncope. 

Nothing about diuretics was recorded at the clinic visit.
	
	Total
	Diuretic
	No diuretic

	
	E+ 
	E-
	E+
	E-
	E+
	E-

	Syncope
	215
	1449
	A1
	B1
	A0
	B0

	Controls
	668
	4296
	C1
	D1
	C0
	D0

	Total
	883
	5745
	M1
	N1
	M0
	N0

	OR DE
	0.95
	ORD+
	ORD-








(a) Draw and label a DAG depicting the relationship between the antihypertensive medication, syncope, and diuretic medication (2 points). 




(b) Using the following information, fill in the cells of the 2x2 table for levels of diuretic and calculate strata-specific OR. When reporting, round to 2 digits, but make sure to keep all digits in all calculations. (4 pts)

Association between diuretic and syncope, irrespective of Exposure: RRCD= 1.5
Prevalence of diuretic among E+: PC+E+ = 0.68
Prevalence of diuretic among E-:  PC+E- = 0.53



(c) What is the adjusted OR for the relationship between the new antihypertensive drug and syncope, adjusted for diuretic use?  (Note: the episensi command may be useful for this). Interpret your adjusted odds ratio (4 points).

4. The ‘obesity paradox’ is a phenomenon reported frequently in the literature, where obesity is associated with a survival advantage (i.e., protective effect) among individuals with chronic disease like CVD, diabetes, COPD.  However, some authors believe that this so-called paradox is an example of collider-stratification bias or selection bias due to conditioning on a variable affected by an exposure. 

a. Draw and label a DAG to depict this scenario of selection bias. (2 pts)


You are interested in exploring this concept further and sample NHANES III participants and discover that when you condition on CVD status, the relationship between obesity and mortality appears protective: RR=0.79 (95% CI: 0.68, 0.91). 

b. Complete the following table. Explain how you got to your answers (e.g., what formula?).  (2 points) (Hint, see slide 71).

	Selection Bias Factor
	Corrected RR
	Lower 95% CI
	Upper 95% CI

	1.7
	0.46
	0.40
	0.54

	1.5
	0.53
	0.45
	0.61

	1.3
	 
	 
	 

	1.1
	 
	 
	 

	1.0
	 
	 
	 

	0.7
	 
	 
	 

	0.5
	 
	 
	 

	0.3
	 
	 
	 

	0.1
	 
	 
	 










c. Describe (qualitatively) the results and your conclusions of this multidimensional bias analysis for selection bias (3 points).
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