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Biost 536: Categorical Data Analysis in Epidemiology
Emerson, Fall 2013
Homework #2
October 10, 2013
Written problems: To be submitted as an email attachment in by 5pm on Thursday, October 17, 2013. See the instructions for peer grading of the homework that are posted on the web pages. 
On this (as all homeworks) unedited Stata output is TOTALLY unacceptable. Instead, prepare a table of statistics gleaned from the Stata output. The table should be appropriate for inclusion in a scientific report, with all statistics rounded to a reasonable number of significant digits. (I am interested in how statistics are used to answer the scientific question.)

Keys to past homeworks from quarters that I taught Biost 517 (e.g. HW #8) or Biost 518 (e.g., HW #3)  might be consulted for the presentation of inferential results.

The following problems make use of a dataset exploring the prognostic value of certain biomarkers of inflammation on all cause mortality. The documentation file inflamm.doc and the data file inflamm.txt can be found on the class web pages.  

In all problems, we are interested in any associations between estrogen use and mortality from cardiovascular disease (CVD) within four years of enrolment in the study. Note that no subject was censored prior to four years of follow-up, however some subjects were deemed to die from non CVD causes. For the purposes of this homework, we will treat the patients who die of other causes as if they would definitely not died of CVD within 4 years. Hence, you can create a binary variable indicating CVD death within 4 years. The following Stata code will create this variable:

g cvddeath4 = 0

replace cvddeath4 = 1 if ttodth <= 4*365.25 & cvddth==1
All references to “CVD mortality” mean CVD death within 4 years.

Some subjects are missing data for estrogen, but for the purposes of this homework we will presume that such data is missing completely at random (MCAR).

Note that only women are expected to have used estrogen therapy, and thus all analyses should be restricted to women.

Problems 1-3 each ask the same questions, but ask for different measures of association. Where such would be appropriate, it is permissible to give answers to parts of problems 2 and 3 as “same answer as in problem 1”.
1. Suppose we are interested in measuring any association between estrogen use at any time prior to study enrollment (estrogen==1) and CVD death within 4 years using the risk difference (RD).

a. Provide complete statistical inference regarding such an association. (Include point estimates, confidence intervals, and a p value, along with a full interpretation of those quantities.)

	Crude Risk Difference

	Point Estimate
	-0.026

	95% Confidence Interval
	-0.038 to -0.013

	Chi squared p value
	0.011


The above results show that in this cohort study, there is a lower risk of 4-year CHD in those who use estrogen than there is in those who do not (a difference in incidence of 0.026 less or 26/1,000 fewer CHD cases).  The 95% confidence range of this value goes from 0.038 to 0.013 lower risk of CHD in estrogen users, showing that there is a significant difference between the risks of the two groups.  More explicitly put, a chi squared p value of 0.011 indicates that the odds of such a risk difference occurring by chance in this dataset is approximately 1 in 90.

b. Is there evidence in the dataset that any such effect is modified by a history of prior CVD (as measured by variable prevdis)? Provide results of a statistical analysis in support of your answer.

	Risk difference investigation of effect modification

	Point estimate for prevdis=0
	-0.012

	95% CI for prevdis=0
	-0.022 to -0.001

	Point estimate for prevdis=1
	-0.066

	95% CI for prevdis=1
	-0.135 to 0.003


After stratifying by prevdis, it is not clear enough that there is effect modification to say for certain.  The two point estimates are different, but their 95% confidence intervals overlap substantially enough that it isn’t possible to say with any statistical strength that there is effect modification.  (The exposed-case cell size in is 2 and 1 respectively for those stratifications, so it is hard to get a precise value for RD).  If a priori hypotheses supported effect modification, it would be fair to adjust, however, given that the RR test for effect modification also showed no effect modification (with statistical significance), my final answer would be not to adjust for EM.

c. Suppose we just want to ignore any such effect modification. Is there evidence in the dataset that any estrogen-CVD mortality association is confounded by a history of prior CVD? Provide results of a statistical analysis in support of your answer.

	Risk Difference confounding by prevdis

	Crude point estimate
	-0.026

	95% Confidence Interval
	-0.038 to -0.013

	M-H weighted point estimate
	-0.032


As in the analysis for EM via the risk difference, it is difficult to say whether there is confounding due to the fact that the 95% confidence interval around the original crude point estimate are so wide.  However, one rule of thumb sometimes used by epidemiologists is that there is confounding if the adjusted value differs by more than 10% from the crude value.  By that metric, there is indeed confounding. This also makes since, because it is known that estrogen reduces CVD risk in postmenopausal women, so those with a history of CVD are likelier to take it.

d. Provide complete statistical inference regarding an association between estrogen and CVD mortality after adjustment for a prior history of CVD. 

Given that we are assuming there is no effect modification by previous disease, but there is confounding by previous disease, an adjusted risk difference value of -0.032 is the result.

e. Is there evidence in the dataset that the prior disease adjusted analysis of an association between estrogen-CVD mortality is further confounded by age? Provide results of a statistical analysis in support of your answer.

I don’t know how to calculate risk difference adjusting for multiple confounders.
f. Provide complete statistical inference regarding an association between estrogen and CVD mortality after adjustment for age and any prior history of CVD.

I don’t know how to calculate risk difference adjusting for multiple confounders.

2. Answer all parts of problem 1 using the odds ratio (OR) as the measure of association. 

a. Provide complete statistical inference regarding such an association. (Include point estimates, confidence intervals, and a p value, along with a full interpretation of those quantities.)

	Crude Odds Ratio

	Point Estimate
	0.25

	95% Confidence Interval
	0.08 to 0.79

	Chi squared p value
	0.019


The above results show that in this cohort study, the odds of 4-year CHD in those who use estrogen are 0.25 that of the odds of CHD in those who do not.  The 95% confidence range of this value goes from an odds ratio of 0.08 to 0.79 for CHD in estrogen users, showing that there is a significant difference between the odds of CHD for the two groups.  More explicitly put, a chi squared p value of 0.019 indicates that the chances of such an odds ratio occurring randomly in this dataset is approximately 1 in 90.

b. Is there evidence in the dataset that any such effect is modified by a history of prior CVD (as measured by variable prevdis)? Provide results of a statistical analysis in support of your answer.

	Odds Ratio test of effect modification by prevdis

	Stratified OR
	0.34

	P value of chi squared test
	0.068


When the results of this study are stratified by previous history of cardiovascular disease, the ratio of the odds of CVD with estrogen use are 0.34, a less-strong odds ratio than in the crude analysis.  Also, the p value of the test is less significant.  However, this would be best used along with an a priori hypothesis of effect modification by this variable.  
c. Suppose we just want to ignore any such effect modification. Is there evidence in the dataset that any estrogen-CVD mortality association is confounded by a history of prior CVD? Provide results of a statistical analysis in support of your answer.

	Odds Ratio confounding

	Crude Point Estimate
	0.25

	Adjusted Point Estimate
	0.34


Since the adjusted OR point estimate is about 40% different from the crude point estimate, it is quite likely that there is confounding.  This also makes since, because it is known that estrogen reduces CVD risk in postmenopausal women, so those with a history of CVD are likelier to take it.
d. Provide complete statistical inference regarding an association between estrogen and CVD mortality after adjustment for a prior history of CVD. 

Given that we are assuming there is no effect modification by previous disease, but there is confounding by previous disease, an adjusted odds ratio value of 0.34 is the result.

e. Is there evidence in the dataset that the prior disease adjusted analysis of an association between estrogen-CVD mortality is further confounded by age? Provide results of a statistical analysis in support of your answer.

	Odds Ratio confounding

	Crude Point Estimate
	0.25

	Chi squared p value
	0.019

	Adjusted Point Estimate (prevdis)
	0.34

	P value for chi square test
	0.068

	Adjusted Point Estimate (prevdis & age)
	0.43

	P value for chi square test
	0.156


By adding age to the regression, the OR became even less strong of an association, and the p value became somewhat less significant.

f. Provide complete statistical inference regarding an association between estrogen and CVD mortality after adjustment for age and any prior history of CVD.

When adjusting for age and previous disease, the OR is 0.43 with a p value of 0.156.  This shows that, overall, adjustment for these two variables didn’t improve the models accuracy.
3. Answer all parts of problem 1 using the risk ratio (RR) as the measure of association. (Note that the Stata glm command can be used to effect such analyses.)

a. Provide complete statistical inference regarding such an association. (Include point estimates, confidence intervals, and a p value, along with a full interpretation of those quantities.)

	Crude Risk Ratio

	Point Estimate
	0.26

	95% Confidence Interval
	0.08 to 0.81

	Chi squared p value
	0.020


The above results show that in this cohort study, the risk of 4-year CHD in those who use estrogen is 0.26 that of the risk of CHD in those who do not.  The 95% confidence range of this value goes from a risk ratio of 0.08 to 0.81 for CHD in estrogen users, showing that there is a significant difference between the risks of CHD for the two groups.  More explicitly put, a chi squared p value of 0.011 indicates that the chances of such a risk ratio occurring randomly in this dataset is approximately 1 in 50.

b. Is there evidence in the dataset that any such effect is modified by a history of prior CVD (as measured by variable prevdis)? Provide results of a statistical analysis in support of your answer.

	Risk Ratio test of effect modification by prevdis

	RR
	0.34

	P value for chi square test
	0.154


When the results of this study are stratified by previous history of cardiovascular disease, the resulting risk ratio is 0.34, a less-strong risk ratio than in the crude analysis.  The p value of the result is 0.154, indicating that stratifying reduces the significance of the result (exposed-cases become very small bins in stratification).  By considering prevdis in the model, it has lost significance, however, if there is a reasonable a priori hypothesis of effect modification by this variable, it is still an acceptable approach. 
c. Suppose we just want to ignore any such effect modification. Is there evidence in the dataset that any estrogen-CVD mortality association is confounded by a history of prior CVD? Provide results of a statistical analysis in support of your answer.

	Rate Ratio confounding

	Crude Point Estimate
	0.26

	Chi squared p value
	0.020

	Adjusted Point Estimate
	0.34

	P value for chi square test
	0.154


Since the adjusted RR point estimate is about 40% different from the crude point estimate, it is quite likely that there is confounding (ignoring the potential for effect modification).  This also makes sense, because it is known that estrogen reduces CVD risk in postmenopausal women, so those with a history of CVD are likelier to take it.
d. Provide complete statistical inference regarding an association between estrogen and CVD mortality after adjustment for a prior history of CVD. 

Given that we are assuming there is no effect modification by previous disease, but there is confounding by previous disease, an adjusted risk ratio value of 0.35 is the result.

e. Is there evidence in the dataset that the prior disease adjusted analysis of an association between estrogen-CVD mortality is further confounded by age? Provide results of a statistical analysis in support of your answer.

	Rate Ratio confounding

	Crude Point Estimate
	0.26

	Chi squared p value
	0.020

	Adjusted Point Estimate (prevdis)
	0.34

	P value for chi square test
	0.154

	Adjusted Point Estimate (prevdis & age)
	0.30

	P value for chi square test
	0.071


Comparing the result of adding age to the RR adjustment, the RR drops down to 0.30, closer to the crude RR than when only correcting for prevdis.  The chi square p value also drops down to 0.071, closer to significance, suggesting that age was also a confounder.

f. Provide complete statistical inference regarding an association between estrogen and CVD mortality after adjustment for age and any prior history of CVD.

As in e above, the RR of CVD mortality in a four-year period based on use of estrogen and corrected for previous history of disease and age is 0.30, with a p value of 0.071.

4. Of the three measures of association used above, how similar were the conclusions? What are the relative advantages and disadvantages of the three?

The results of the odds ratio and the risk ratio were rather similar (this is not surprising, given that the incidence of disease is relatively small, so the OR approximates the RR.  Though it is difficult to show statistical significance, the RD showed increasing difference with confounding correction, whereas the OR and RR showed decreasing difference with confounding correction.

