Epidemiologic Methods II
		Winter 2019
Homework #6 
Due 3/7/19 before 1:15 pm

Effect Modification & Interaction (52 + 5 bonus points) 

Key Words
Additive interaction
Biologic Interaction
Effect (measure) modification
Heterogeneity of Effects
Interaction (or causal interaction)
Multiplicative interaction
Statistical Interaction
Synergism
Synergy Index
RERI – relative excess risk due to interaction

Objectives

· To understand how epidemiologists currently distinguish between effect modification and causal interaction (or “interaction”)
· To practice estimation of additive and multiplicative interaction
· To define & practice calculating different measures of interaction (e.g., measure of multiplicative interaction for Odds Ratios, RERIOR, etc)
· To understand the scale dependence of interaction metrics
· To understand what types of models generate different types of results, when presenting statistical interaction
· To understand what is considered “informative” presentation of statistical interaction results.

Assigned Readings

VandeerWeele & Knol, “A Tutorial on Interaction”, Epidemiol Methods 2014, PART 1 (part 2 is optional)

Chapter 5, p. 71-76 (the rest of the chapter is optional) Rothman/Greenland/Lash 2008, Modern Epidemiology 3rd edition

Turner MC et al, “Interactions between cigarette smoking and fine particulate matter in the Risk of Lung Cancer Mortality in Cancer Prevention Study II.”AJE 2014. You may focus on reviewing the Background, Methods and Table 2; skim the rest as needed. https://www.ncbi.nlm.nih.gov/pubmed/25395026 


Assignment


1.  Describe and distinguish between the terms “effect modification” and “interaction” (i.e., “causal interaction”) in epidemiology (currently). (2 points) 

The following questions are based on the data from the Health Effects of Arsenic Longitudinal Study, Araihazar, Bangladesh. The study examined risks of pre-malignant skin lesions from arsenic exposure from drinking water (measure by either water arsenic concentrations or by cumulative arsenic index). The research also wanted to examine risk modifications by gender. In the table below we show stratum-specific prevalence odds ratios (POR) from the analysis of baseline data from this cohort study.

[image: ]

2. Using the data from the table above:

a) Estimate dose-category-specific relative excess risks due to interaction (RERI) for the time-weighted water arsenic concentration. Show your calculations. (4 point)

	As exposure measures (Quintiles)
	Women
	
	Men
	Dose-specific RERI

	
	Prevalence Odds Ratios
	
	Prevalence Odds Ratios
	

	Time-weighted water arsenic (μg/L)
	
	
	
	

	    0.1-8.0
	1.00 
	
	3.61 (1.79-7.28)
	

	    8.1-40.0
	1.59 (0.65-3.89)
	
	6.88 (3.09-15.32)

	    40.1-91.0
	2.82 (1.20-6.61)
	
	11.30 (5.11-24.99)

	    91.1-175.0
	2.53 (1.07-5.97)
	
	14.04 (6.39-30.87)

	    175.1-864.0
	4.81 (2.12-10.88)
	
	19.04 (8.70-41.65)




b) Using an example for time-weighted water arsenic category 91.1-175.0 microg/Liter, interpret your RERI in a brief sentence or two.  (1 point)


c) Comment on the type of interaction observed in this study for the measure of arsenic exposure with gender. (1 point)



The following questions are based on the data from Collaborative Group for the Study of Stroke in Young Women. In the table below we show estimates of risk ratios of stroke by exposure to oral contraceptives and presence or absence of hypertension. The risk ratio for those who are hypertensive and used oral contraceptives is 13.6.  

	Oral contraceptive use
	No hypertension
	Hypertension

	Nonusers
	1.0
	6.9

	Users
	3.1
	13.6



3. Estimate the following indices, show your math and explain your reasoning.

a) Estimate the proportion of stroke cases among hypertensive women who use oral contraceptives that is attributable to the causal role of oral contraceptives. Please show your work and explain your answer. (3 points)

b) Estimate the proportion of stroke cases among OC users who have hypertension that is attributable to the causal role of having hypertension. Please show your work and explain your answer. (3 points)


c) How much of the risk of stroke is attributable just to the interaction of hypertension and oral contraception combined? Please contrast your results for c) with questions a) and b) (3 points)

	
4. In an analysis of the effect of oral contraceptives on stroke based on the data in the table above, suppose that you were interested in the oral contraceptive effect and wished only to control for possible confounding by hypertension using stratification. What would be the stratum-specific risk ratio estimates for oral contraceptive use for the two strata of hypertension? (2 points)


5. Consider the following relative risks for 2 cross-classified binary exposures for an outcome Y.

	RR
	Exposure 1
	Non exposure 1

	Exposure 2
	RR11
	RR01

	Non exposure 2
	RR10
	RR00



a. Find values for the relative risks (RR10, RR01, RR11) where you have multiplicative interaction but no additive interaction. We recommend that you start with assuming RR00=1 (reference). Numeric answers will vary; show your work. (1 pt)


b. Find values for the stratum-specific relative risks (RR10, RR01, RR11) where you have additive interaction but no multiplicative interaction. As above, assume RR00=1 (reference). Numeric answers will vary; show your work. (1 pt)


c. Find values for the stratum-specific relative risks (RR10, RR01, RR11) where you have positive multiplicative interaction and negative additive interaction. As above, assume RR00=1 (reference). Numeric answers will vary; show your work. (2 pt)



d. BONUS: Can you find values for the stratum-specific relative risks (RR00, RR10, RR01, RR11) where you have no multiplicative interaction and no additive interaction but both exposures have a causal effect on the outcome? Explain your answer. (2 pts)


For these next questions (6-10), use STATA to analyze simulated data based on the case-control lung cancer study. The [Interaction.xls dataset] was simulated so that the distribution of outcomes, exposures and covariates were roughly similar to those in the original case control study. You will be estimating additive and multiplicative interaction  

Note that these simulated data are restricted to Caucasians and so population stratification is not likely an issue in the analyses you will run. The assumption that the outcome is rare is very reasonable here. The data consists of the following variables:

Variable in Dataset	Description
case	lung cancer
snp	                               0 vs. 1/2 C alleles at rs8034191
smoking	                                1=ever smoker; 0=never smoker
sex	       1=male 2=female
colgrad	                                               1=college graduate 0=not college graduate
age                                                        	 in years


6.  Specify a model (linear equation) for the risk of lung cancer as a function of sex, colgrad, age, smoking, snp, and snp*smoking. See Effect modification Part 2 slides for examples. (5 points)
7. What is the estimated relative risk (and 95% CI) for lung cancer (approximation with odds ratios is sufficient) for each of the following, after controlling for sex, age, and college graduation status, when your reference group is non-smokers without the SNP?
Hint: You can use the logit or logistic command in Stata. Cross-classified groups can be created as described in Part 4, or programmed into STATA using a single “#”. In this exercise, you should experiment programming with the single # versus the double ## in your interaction terms (i.e. snp#smoking v. snp##smoking). Do you notice the difference in the output?) Please provide your STATA code/output. If you are not familiar with STATA programming with “#” or “##” please contact one of the TA’s (Monica Ospina) or post a question to the Forum.
7a. SNP & non-smoker (1 point): 
7b. Smokers without the SNP (1 point): 
7c.SNP & smoker (1 point): 

8. It is noted in Vanderweele section 1.3, if given the following equation:
Logit{P(D = 1|G= g; E = e)} =  γ0 + γ1g + γ2e + γ3eg
then coefficient γ3, when exponentiated, gives a measure for multiplicative interaction for odds ratios, OR11/(OR10OR01) (Note, this formula is equivalent to what is on Slide 10 of Part 3, “a measure of interaction on the multiplicative scale”).  γ3 is referred to as a statistical interaction for a logistic model.

Calculate an estimate and a 95% confidence interval for the multiplicative interaction between the SNP and smoking on lung cancer on the odds ratio scale, with adjustment for sex, age, and college graduation status. Again, for this question you will need to use logit or logistic command in Stata. Show your Stata commands/output and interpret your findings. (4 points)

9a. Calculate the RERIOR for this interaction of SNP and smoking on the risk of lung cancer. Show your calculations and describe what type of interaction you found. (2 pts)
9b. BONUS: Calculate the 95% CI for the RERI. You may wish to see Vanderweele Appendix 2  Show your work. (1 points)
	
10a. Using data from the prior questions, create a table with an informative presentation, reporting on the interaction between SNP and Smoking for the outcome of lung cancer (5 points). In addition to the metrics calculated in prior problems, describe what else you could include in this table to support an “informative” presentation? (1 pt)
[bookmark: _GoBack]10b. BONUS: If you can calculate/compute some of these additional metrics, please show your work and add to the table. (up to 2 pts)

------------------------------------------------------------------------------
The next set of questions pertain to the Turner et al study, AJE 2014. You may focus on reviewing the Background, Methods and Table 2; skim the rest as needed.
11. What were the primary exposures and outcome(s) and study objective(s)? (3 points)

12. Were the authors interested in effect measure modification or joint effects/causal interaction? Given the authors’ focus, was confounding adequately addressed in the context of this observational study? Please take a position and explain your answer. (3 points)

13. Please look at Table 2 of the results. Did the authors provide an informative or uninformative presentation of results with regards to interaction? Please provide a brief justification for your answer.  Please interpret the AP summary metric for interaction from this table in words. (3 points)
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