Epidemiologic Methods II
		Winter 2019
Homework for week #4 
Due 2/21/19 before 1:15 pm
Introduction to Causal Inference Methods: Directed Acyclic Graphs (DAGS) 
Guest Lecturer: M. Glymour
Key Words (or Topics)
Causality
Colliders and collider bias
Conditioning
Confounding
Counterfactuals
D-separation 
Descendants
Mediation
Paths
Sufficient and minimally sufficient sets


Objectives
1. Understand how to draw and use DAGs and related terminology.
2. Apply DAGs to common problems in epidemiology.
3. Critically appraise limitations of DAGs.

Assigned Readings 
Chapter 12, Rothman, Greenland, & Lash 3rd Edition

Thorpe Jr, R.J., Szanton, S.L., Bell, C.N. and Whitfield, K.E., 2016. Education, income and disability in African Americans. Ethnicity & disease, 23(1), pp.12-17.
https://www.ethndis.org/edonline/index.php/ethndis/article/view/397 

Optional Readings  
"Using Causal Diagrams to Understand Common Problems in Social Epidemiology", M Glymour. chapter 18 in Methods in Social Epidemiology, 2nd edn. (2017) Oakes and Kaufman eds. Wiley (This is an updated and somewhat friendlier version of the chapter in Modern Epi). 
http://publicifsv.sund.ku.dk/~nk/epiF14/Glymour_DAGs.pdf 

Glymour MM, Weuve J, Berkman LF, Kawachi I, Robins JM. When is baseline adjustment useful in analyses of change? An example with education and cognitive change. American journal of epidemiology. 2005 Aug 1;162(3):267-78. (This is an illustration of a particular problem that could helpfully be represented with DAGs) 
https://www.ncbi.nlm.nih.gov/pubmed/15987729 

Hernán MA, Hernández-Díaz S, Robins JM. A structural approach to selection bias. Epidemiology. 2004 Sep 1;15(5):615-25. (This was a very influential paper that reconceptualized how we think about selection bias). 
https://www.ncbi.nlm.nih.gov/pubmed/15308962 

VanderWeele TJ, Hernán MA. Results on differential and dependent measurement error of the exposure and the outcome using signed directed acyclic graphs. American journal of epidemiology. 2012 May 8;175(12):1303-10.
https://www.ncbi.nlm.nih.gov/pubmed/22569106 
Assignment – Please answer the following questions.

1. Use a DAG to depict the following study designs using all provided information. If bias is present, please identify the specific bias and explain how this may influence your study.

· In an observational study of the effect of antiretroviral therapy (ART) on the development of AIDS, participants were assessed every year at clinic visits with CD4 counts. ART is believed to reduce the likelihood of developing AIDS by increasing CD4 counts. In this setting, ART is not given to every attendee of the clinic, and sicker individuals are more likely to receive ART.  Investigators had previously noted that patients of higher socioeconomic status had higher rates of follow-up. At the end of the study, patients who were lost to follow-up were excluded from the analysis and a relationship between ART and SES was found, although researchers believe this may have been due to participants receiving ART being sicker and attrition differing by SES (6 points).  



· In a study examining the association between physical activity and heart disease, investigators chose to study a group of firefighters. It is known that individuals who choose to become firefighters are in good physical shape and have an affinity for physical activity. Furthermore, it is also known that those with parents of high socioeconomic status are less likely to become firefighters and less likely to develop heart disease (6 points).  
[bookmark: _GoBack]

The next section of this homework focuses on evaluating the effects of educational attainment on risk of late life disability. Several prior studies show that individuals with higher levels of completed educational have lower prevalence or incidence of disability in late life.  Both education and disability have been measured with diverse instruments. Education is commonly operationalized as years completed (0-17), age of leaving school, credentials obtained (< high school, high school diploma, bachelor’s degree, more than a bachelor’s), or binary dichotomizations (<= high school versus more than high school).  Disability can be measured using objective physical capacity indicators (e.g., walking speed, grip strength) but is more commonly assessed by self- or proxy-report of limitations in ability to complete important activities of daily living (ADLs), such as using the toilet or bathing independently. 
Please read: Thorpe Jr, R.J., Szanton, S.L., Bell, C.N. and Whitfield, K.E., 2016. Education, income and disability in African Americans. Ethnicity & disease, 23(1), pp.12-17.
https://www.ethndis.org/edonline/index.php/ethndis/article/view/397 

Answer the following questions.
2. [bookmark: _Hlk505159433]Consider the Thorpe et al. article and accompanying tables.  They report in Table 3, an odds ratio of 2.63 for the association between “no post-secondary education” and disability among people ages 50-89.   Draw a DAG under which this association would correspond with the causal direct effect of education on disability (2 points).



3. [bookmark: _Hlk505159440]Draw three structurally distinct DAGs in which this association would not correspond with the causal effect of education on disability.  By structurally distinct, we mean that you could not transform one DAG into another by merely relabeling/renaming some of the nodes (variables) or by adding a mediator onto existing paths (6 points). 


4. This paper is based on a cross-sectional study, so they use prevalent, rather than incident disability. Would their findings for the 50-89 year old group be substantially more convincing if they had a longitudinal study and could evaluate incident disability over a 5 year follow-up? (4 points)


5. As a reminder, the p-value associated with an effect estimate of size X (e.g OR = X) is, under correct model specification, the probability to observe such effect X or larger under the null hypothesis (often that the true effect is null). In the model 3 of table 3, in older adults, the authors estimated an OR = 2.63 (95% CI: [1.03; 6.73]) between low education and disability and an OR = 2.27 (95% CI: [0.95; 5.41]) between low income and disability. Back-calculate the p-value for both measures of association. Please show your work. If you use a calculator, be clear what numbers you entered for which requested variables. Partial credit will be given if you guess-estimate it and explain your reasoning. HINT: you may want to read the Altman_2011 paper posted on CLE and/or use an online p-value calculator and/or google “how to calculate a p-value from 95%CI” (4 points).  

6. Therefore, the statistical analyses of the authors found (fill in):
·  An OR of 2.63 between education and disability and they had a ____% chance of finding such OR or larger under the null hypothesis of no effect.
· An OR of 2.27 between income and disability and they had a ____% chance of finding such OR or larger under the null hypothesis of no effect. 
In their result section, the authors summarized their model 3 finding with “When considering a model that includes both no post-secondary education and low-income on disability, education, but not income, was associated with disability”. Later on in the discussion section they conclude “when examining the joint association of education and income with disability, only education remained significant.”  Comment on how the authors used the results from their statistical analyses to present their conclusions regarding the effect of education and income on disability. (4 points).  


For the next set of questions, download the American Community Survey (ACS) data set from the CLE. The data set is the 5-year pooled ACS files from 2011-2015, restricted to African American participants.  See here for info about the ACS, including the original questionnaires: https://www.census.gov/programs-surveys/acs/guidance.html 
This data set was created from the very friendly and incredibly useful IPUMS USA website, which you should definitely learn about.  https://usa.ipums.org/usa/   If you use these data in any publication, you must “use it for GOOD -- never for EVIL”, and also cite the source: Steven Ruggles, Katie Genadek, Ronald Goeken, Josiah Grover, and Matthew Sobek. Integrated Public Use Microdata Series: Version 7.0 [dataset]. Minneapolis, MN: University of Minnesota, 2017. https://doi.org/10.18128/D010.V7.0  
Please explore the data in this file, including the data on age, sex, race, birthplace, education, and disability level of people in the data set. We suggest using the variable “diffcare” for the disability. This variable refers to the question: 
	
“c) Does this person have difficulty dressing or bathing? [ ] Yes  [ ] No”




For the next set of questions, please include all relevant STATA code used, including variable recoding and models used.
7. [bookmark: _Hlk505159638]Using the logistic command in Stata, regress disability on education and relevant covariates. Provide an estimate replicating as closely as possible the Thorpe et al effect estimate in Table 3, model 1, for the 50-89 year group (he reported OR=3.09; you cannot replicate it exactly because we do not include obesity, alcohol, smoking or health conditions in the ACS data set, so do not expect to get the same answer).  Report and interpret your effect estimate and the model parameters 
(4 points). 

8. Now modify your model to include adjustment for income, following Thorpe’s Model 3. Explain how you are modeling income to correspond with Thorpe et al. Report and interpret your new effect estimate for education and for income (4 points).


9. [bookmark: _Hlk505159698]Now restrict your analysis from question 7 (without covariate adjustment for income) to only individuals with family incomes under $40,000/year and estimate the effect of low education on disability in this model. Report and interpret your new effect estimate for education (4 points).  




10. Now repeat the model from question 7 but use a continuous version of family income and compare (a) the coefficient for education using this continuous version of income as a control variable to (b) the coefficient for education using a dichotomous version of income as a control variable (4 points).  

 


11. Draw the DAG explaining these results (from q10), including both continuous income and binary income as variables on the DAG (2 points).



12. [bookmark: _Hlk505160153]Can you identify any other plausible confounders available in this data set? Include one to three in your STATA regression model from question 7 and: (a) report the effect estimates of education and all included covariates, and (b) interpret how inclusion of these variables affect the primary effect of education on disability compared to the effect of education you originally estimated in question 7 (4 points).  


Consider the possibility that disability status influences reported education, in particular that disabled individuals tend to under-report their education and non-disabled individuals tend to report more education than they actually have.  Consider a new variable, BiasedEduc, which is influenced by both actual education (a continuous version of what’s reported in the ACS, number_years_eductaion) and by disability status as above.  For example in stata, it might be generated with a command such as:
gen BiasedEduc=number_years_education-.5*DIffCare+.2*(1-DiffCare)
Where .5 and .2 are bias parameters I chose arbitrarily, so for people with disability, the value of BiasedEduc wil be 0.5 units lower than their actual education, and for people without disability, the value of BiasedEduc will be 0.2 units higher than their actual education. 

Now you generate a new variable “BiasedEduc” following a similar pattern of bias but choosing your own bias parameters.  Note that some values of bias parameters will be implausible so consider what seems within the range of plausibility for biased reporting of years of education. 

You might also want to let the bias parameter vary across individuals, for example:
Gen Biasup=rnormal()*.1+.2  /*let the bias up parameter be a normally distributed random variable centered around 0.2?
Gen Biasdown=rnormal()*.2-.5
Gen BiasedEduc=numbers_years_education-Biasdown*Diffcare+Biasup*(1-Diffcare)


13. Write below the data generating rules you applied to create your version of “BiasedEduc” (1 point).  


14. Regress BiasedEduc on actual education, disability status, and the interaction of the two and write down the regression equation and parameters you estimated. (2 points).  




15. Now, just as you did in question 7, assess the relationship between disability and education but using biased education instead. For comparison, make sure to regress the same model as you did in question 7 only swapping education (i.e number_years_education) by BiasedEduc. How do the estimates for the effect of education on disability change? (4 points).  



16. Draw a DAG which includes age, sex, education, BiasedEduc, income, and disability. (2 points).  


