Take Home Quiz 2
Please spend no more than 1 hour on this quiz.
Many researchers report an abrupt and rapid decline in cognitive functioning in the period preceding death, referred to as “terminal decline” or “terminal drop”.  However, the period preceding death also generally occurs when the subject is elderly, and cognitive function declines on average among elderly individuals overall, even for elderly individuals with many years remaining prior to death.  
1) Consider the figure below, describing three possible cognitive trajectories for elderly individuals approaching death (the Y axis is the mini mental status exam). Suppose you are given the following data set and asked to test which of these three trajectories (or some other trajectory) best describes the change in cognition prior to death.  Based on the data set description, how would you test whether there was an inflection point turning towards more rapid declines at 4 years prior to death or is smoothly declining with age?  Specify how you would define the sample (if you would not use all data), code the variables, the model you would estimate, and which parameter in the model best corresponds with the test. Note this is taken from an actual study, so please don’t google it until you are done with the quiz. 
There are many possible approaches to addressing this.  One is:
Restrict to people who died.  Define years to death as age at death minus age at memory assessment.  Indexing each person as i and time of assessment as t, represent memory as Y, estimate a mixed model with random intercepts for each individual.
Yit=0+1(time to death)+2*(time to death if within 4 years, 0 if more than 4 years from death) +3(age at death)+ i+it
i~N(0,2)
it~N(0,2)
The test for whether 2 is null tests the hypothesis that 4 years prior to death, the rate of decline changes from the linear rate specified in 1.
Note that there are many acceptable alternatives.  You could specify both random intercepts and random slopes (ie index beta1 and/or beta2 as well as including the random intercept term).  The only disadvantage of that is that it might be hard to estimate all the parameters.  
Great if you discuss potential bias from mortality, but that was not necessary for the question.
“At intake, Victoria Longitudinal participants are community-dwelling adults between 55 and 85 years of age with no serious health conditions. They are followed at 3-year retest intervals or waves (for details, see Dixon & de Frias, 2004; Hultsch, Hertzog, Dixon, & Small, 1998), completing a memory test at each wave. Of the 1,014 baseline participants, 265 confirmed decedents were identified by the censoring date (i.e., the date of last systematic search through vital status records). Respondents completed from one to five assessment waves. Dates of death were confirmed through vital statistics records for the province of British Columbia, Canada. “
[image: ]
You are interested in estimating the effect of obesity at age 10 on prevalence of depression at age 30 in a sample of women followed for 20 years. 
You find the following pattern:

	
	Obese=1
	Obese=0
	

	Depressed=1
	50
	200
	250

	Depressed=0
	50
	700
	750

	
	100
	900
	1000



What is the crude odds ratio? 3.5
What is the crude risk ratio?  2.25


Suppose that obesity was based on mother-reported BMI, and you have external data that shows the probability a mother will report her child as obese, if she is actually obese, is 0.8, whereas the probability a mother will report her daughter not obese, if the child is not in fact obese is .99.  Assume this is not associated with subsequent probability of developing depression.  Rewrite the table incorporating this information. 
The observed count for any cell xy is equal to: (true positive rate among people with Y=y – false negative rate among people with Y=y)*the true total people with the exposure and the Y=y plus the false positive rate for people with Y=y*the number of people with Y=y
The measured number of obese children in each cell is a combination of the true positives and the false positives, so the 50 children classed as obese and depressed includes 80% of the depressed children who were actually obese and 1% of the depressed children who were not obese.  (solving backwards: True obese depressed=(measured obese depressed-false positive rate*total depressed)/(sensitivity+specificity-1) see Greenland paper or ME 2 ch 19.
I have rounded in the table below.
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	Obese=1
	Obese=0
	

	Depressed=1
	60
	190
	250

	Depressed=0
	54
	750
	750

	
	114
	886
	1000



Recalculate the OR based on the revised table. 
4.07



Consider the following data on the effect of physical abuse and a genetic variant in the FKBP5 gene on major depression.
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2) Calculate the RERI (Relative Excess Risk due to Interaction) for the SNP and physical abuse for depression. 
10.1-1.6-1.1+1=8.5
3) Define “a sufficient cause interaction” and explain whether there is evidence for such an interaction. 
VanderWeele defines sufficient cause interaction as: “If we let Dge denote the counterfactual outcome (the outcome that would have occurred) for each subject if, possibly contrary to fact, G had been set to g and E had been set to e, then a sufficient cause interaction is present if for some individual D11 =1 but D10 =D01 =0.”  In other words, a sufficient cause interaction occurs if there are some people in the population who would develop the outcome if exposed to both risk factors but not if exposed to only one risk factor. Note there are other definitions of “sufficient cause” which might also be acceptable if clearly stated.
An RERI of 8.5 implies a sufficient cause interaction.  RERI>0 implies sufficient cause interaction only if you also adopt a monotonicity assumption for both exposures, and RERI>1 implies sufficient cause interaction without the additional monotonicity assumptions.   
3) Suppose you could eliminate either the effects of childhood abuse or the effects of the TT genotype on depression.  Which would have the largest impact on the prevalence of depression?  Why? 
Please do not consider the obvious point that one would wish to eliminate childhood abuse for many many reasons, regardless of the possible importance of the TT genotype.  

If you eliminated the effects of the TT genotype, then the 9 subjects who were exposed to child abuse and also the TT genotype would go into the child abuse only category (from crude OR=8.7 to OR=1.5) and the 164 individuals who had the TT genotype but were not abused as children would go into the reference category (from OR=1.1 to OR=1).  
If you eliminated the effects of child abuse, then the 9 subjects who were exposed to child abuse and also the TT genotype would go into the TT only category (from OR=8.7 to crude OR=1.1) and the 88 individuals who were abused as children but did not have the TT genotype would go into the reference category (from OR=1.5 to OR=1).  
The net reduction in MDD cases should be substantially larger by eliminating the effects of child abuse.  
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