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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).
 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.)
	Risk Difference for CVD Death in 4 Years

	
	Point Estimate
	Robust Std. Err.
	P>|t|
	95% CI

	Estrogen Users vs. Non Users
	-0.0256
	0.0062
	<0.001
	-0.0378, -0.0134



From a linear regression analysis with robust standard errors, we estimate that the risk of CVD death within 4 years is 2.56 percentage points lower in women who use estrogen, on average, compared to women who do not use estrogen. This result is significantly different from 0 (P < 0.001), with a 95% CI suggesting that such observed results would not be unusual if the true average difference in the risk of CVD death within 4 years were anywhere between 1.34 and 3.78 percentage points lower in women using estrogen, compared to women not using estrogen. We thus reject the null hypothesis that the risk of CVD death in 4 years does not differ in estrogen users vs. non-users, in favor of a hypothesis that the risk of death is lower in women using estrogen, compared to non-users. 

a. 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 for CVD Death in 4 Years

	Predictor
	Point Estimate
	Robust Std. Err.
	P>|t|
	95% CI

	Estrogen Use
	-0.0116
	0.0054
	0.032
	-0.0223, -0.001

	Previous CVD History
	0.0811
	0.0135
	<0.001
	0.0546, 0.1076

	Estrogen Use x Prev CVD Hist
	-0.0542
	0.0358
	0.129
	-0.1244, 0.0159



[bookmark: _GoBack]In a linear regression analysis evaluating the effects on CVD death within 4 years of estrogen use, history of prior disease, and the interaction of estrogen use and the history of prior disease, there is not statistical evidence that the effect of estrogen use is modified by history of prior disease.  Among women without a history of previous disease, the risk of CVD death in 4 years is 1.16 percentage points lower in estrogen users compared to non users, while among women with a history of prior disease, the risk of CVD death in 4 years is 6.59 percentage points lower in estrogen users compared to non users.  I do not judge this to be a large or meaningful difference.  In addition, the model interaction term has a p-value of 0.129, indicating that we cannot reject the null hypothesis of no effect modification, based on a type I error rate of 0.05. 

b. 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 for CVD Death in 4 Years

	Predictor
	Point Estimate
	Robust Std. Err.
	P>|t|
	95% CI

	Estrogen Use
	-0.0168
	0.0060
	0.005
	-0.0286, -0.005

	Previous CVD History
	0.0777
	0.0129
	<0.001
	0.0525, 0.1029

	
	
	
	
	


	Estrogen Use
	Proportion with history of previous CVD

	No
	0.200

	Yes
	0.088



In order for prior CVD history to confound the association between estrogen and CVD death within 4 years, CVD history must be associated with estrogen use in our sample, and prior CVD history must be associated with CVD death (conditional on estrogen use) in truth.  In our sample, 20.0% of estrogen non-users have a history of previous disease, compared to only 8.8 of estrogen users, so the first criterion is met. It seems reasonable to think that prior CVD history would be causally related to current risk of CVD death, and unlikely that prior CVD history is in the causal pathway between estrogen use and CVD death.  This is confirmed by looking at the results of a linear regression model: After controlling for estrogen use, women with a previous history of CVD have a 7.78 percentage point higher risk of CVD death in 4 years than women without a previous history of CVD (p<0.001). Therefore, we can consider CVD history a confounder. After adjusting for CVD history, the estimate of the effect of estrogen on CVD death in 4 years changes from a 2.56 percentage point reduction in the risk of death to a 1.68 percentage point reduction in the risk of death, confirming that the estimate of the estrogen-CVD mortality association was confounded by history of prior CVD.

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

In our analysis, comparing women with the same history of prior CVD, the risk of CVD death within 4 years is 1.68 percentage points lower in women who use estrogen, on average, compared to women who do not use estrogen. This result is significantly different from 0 (P = 0.005), with a 95% CI suggesting that such observed results would not be unusual if the true average difference in the risk of CVD death within 4 years were anywhere between 0.50 and 2.86 percentage points lower in women using estrogen, compared to women not using estrogen. We thus reject the null hypothesis that after controlling for prior disease history, the risk of CVD death in 4 years does not differ in estrogen users vs. non-users, in favor of a hypothesis that the risk of death is lower in women using estrogen, compared to non-users.

d. 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.
	Risk Difference for CVD Death in 4 Years

	Predictor
	Point Estimate
	Robust Std. Err.
	P>|t|
	95% CI

	Estrogen Use
	-0.0096
	0.0059
	0.103
	-0.0211, 0.0019

	Previous CVD History
	0.0712
	0.0129
	<0.001
	0.046, 0.0965

	Age
	0.0035
	0.0008
	<0.001
	0.002, 0.0051



	Mean Age
	No History of Prev CVD
	History of Prev CVD

	Estrogen Non-Users
	74.44
	74.31

	Estrogen Users
	70.43
	72.00



In order for age to confound the association between estrogen and CVD death within 4 years (adjusted for prior CVD history), age must be associated with estrogen use in our sample, and age must be conditionally associated with CVD death (after adjusting for prior CVD history and estrogen use) in truth.  A comparison of means indicates that estrogen use and age are negatively associated in our sample, with estrogen use being more common among younger women, regardless of previous disease status.  Therefore, the first criterion is met.  Age should be causally associated with CVD death, and cannot be in the causal pathway between estrogen use and CVD death, so we can conclude that age is a potential confounder.  Our linear regression results are consistent with this assumption: After controlling for estrogen use and prior CVD history, two groups of women differing by 1 year in age will have a 0.35% difference in the risk of CVD in 4 years, on average, with the group of older women having a higher risk of death (p<0.001).  Therefore, we can conclude that age is a confounder. After adjusting for age, the prior CVD history-adjusted estimate of the effect of estrogen on CVD death in 4 years changes from a statistically significant 1.68 percentage point reduction in the risk of death to a statistically non-significant 0.96 percentage point reduction in the risk of death (p=0.103), confirming that the estimate of the estrogen-CVD mortality association was confounded by age as well as by history of prior CVD.

e. Provide complete statistical inference regarding an association between estrogen and CVD mortality after adjustment for age and any prior history of CVD.
In our analysis, comparing women of the same age, with the same history of prior CVD, the risk of CVD death within 4 years is 0.96 percentage points lower in women who use estrogen, on average, compared to women who do not use estrogen. This result is not statistically significantly different from 0 (P = 0.103), with a 95% CI suggesting that such observed results would not be unusual if the true average difference in the risk of CVD death within 4 years were anywhere between 2.11 percentage points lower and 0.19 percentage points higher in women using estrogen, compared to women not using estrogen. We therefore cannot reject the null hypothesis that after controlling for age prior disease history, the risk of CVD death in 4 years does not differ in estrogen users vs. non-users.

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.)
	Odds Ratio for CVD Death in 4 Years

	Predictor
	Point Estimate
	Robust Std. Err.
	P>|t|
	95% CI

	Estrogen Use
	0.25
	0.15
	0.019
	0.08, 0.79



From a logistic regression analysis with robust standard errors, we estimate that the odds of CVD death within 4 years are 0.25 times as high in women who use estrogen, on average, compared to women who do not use estrogen. This result is significantly different from 0 (P =0.019), with a 95% CI suggesting that such observed results would not be unusual if the true odds of CVD death within 4 years were anywhere between 0.08 and 0.79 times as high in women using estrogen, compared to women not using estrogen. We thus reject the null hypothesis that the risk of CVD death in 4 years does not differ in estrogen users vs. non-users, in favor of a hypothesis that the risk of death is lower in women using estrogen, compared to non-users. 

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 for CVD Death in 4 Years

	Predictor
	Point Estimate
	Robust Std. Err.
	P>|t|
	95% CI

	Estrogen Use
	0.35
	0.26
	0.152
	0.08, 1.47

	Previous CVD History
	5.98
	1.33
	<0.001
	3.87, 9.24

	Estrogen Use x Prev CVD Hist
	0.89
	1.12
	0.925
	0.08, 10.5



In a logistic regression analysis evaluating the effects on CVD death within 4 years of estrogen use, history of prior disease, and the interaction of estrogen use and the history of prior disease, there is not statistical evidence that the effect of estrogen use is modified by history of prior disease.  Among women without a history of previous disease, the odds of CVD death in 4 years are 0.35 times as high in estrogen users compared to non users, while among women with a history of prior disease, the odds of CVD death in 4 years is are 0.31 (0.89*0.35) times as high in estrogen users compared to non users. I do not judge this to be a meaningful difference.  In addition, the model interaction term has a p-value of 0.925, indicating that we cannot reject the null hypothesis of no effect modification, based on a type I error rate of 0.05. 

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 for CVD Death in 4 Years

	Predictor
	Point Estimate
	Robust Std. Err.
	P>|t|
	95% CI

	Estrogen Use
	0.34
	0.20
	0.068
	0.11, 1.08

	Previous CVD History
	5.96
	1.30
	<0.001
	3.88, 9.13



Yes: Same reasoning as in problem 1.  Furthermore: In logistic regression, after controlling for estrogen use, women with a previous history of CVD have a 5.96 times higher odds of CVD death than women without a previous history of CVD (p<0.001).   Therefore, prior CVD history is associated with the outcome on the multiplicative (odds) scale as well as the additive (linear) scale. Finally, adjusting for previous CVD history attenuates the odds ratio from 0.25 to 0.34, confirming that it is a confounder, rather than a precision variable. Therefore, we can conclude that the estrogen-CVD mortality association is confounded by prior CVD history.

d. Provide complete statistical inference regarding an association between estrogen and CVD mortality after adjustment for a prior history of CVD. 
In our analysis, comparing women with the same history of prior CVD, the odds of CVD death within 4 years are 0.34 times as high in women who use estrogen, on average, compared to women who do not use estrogen. This result is not significantly different from 0 (P = 0.068), with a 95% CI suggesting that such observed results would not be unusual if the true odds of CVD death within 4 years were anywhere between 0.11 times as high and 1.08 times higher in women using estrogen, compared to women not using estrogen. We therefore cannot reject the null hypothesis that after controlling for prior disease history, the odds of CVD death in 4 years does not differ in estrogen users vs. non-users.

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 for CVD Death in 4 Years

	Predictor
	Point Estimate
	Robust Std. Err.
	P>|t|
	95% CI

	Estrogen Use
	0.43
	0.26
	0.156
	0.13, 1.38

	Previous CVD History
	5.06
	1.17
	<0.001
	3.22, 7.96

	Age
	1.10
	0.02
	<0.001
	1.06, 1.13



Yes: Same reasoning as in problem 1.  Furthermore: In logistic regression, after controlling for estrogen use and prior CVD history, comparing two groups of women differing by 1 year in age, the older women will have a 1.10 times higher odds of CVD in 4 years, on average, than the younger women (p<0.001). Therefore, age is associated with the outcome (conditional on prior CVD history) on the multiplicative (odds) scale as well as the additive (linear) scale. Therefore, we can conclude that the estrogen-CVD mortality association is confounded by age as well as prior CVD history.

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

In our analysis, comparing women of the same age, with the same history of prior CVD, the odds of CVD death within 4 years are 0.43 times as high in women who use estrogen, on average, compared to women who do not use estrogen. This result is not statistically significantly different from 0 (P = 0.156), with a 95% CI suggesting that such observed results would not be unusual if the true odds of CVD death within 4 years were anywhere between 0.13 times as high and 1.38 times higher in women using estrogen, compared to women not using estrogen. We therefore cannot reject the null hypothesis that after controlling for age prior disease history, the odds of CVD death in 4 years does not differ in estrogen users vs. non-users.

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.)
	Risk Ratio for CVD Death in 4 Years

	Predictor
	Point Estimate
	Robust Std. Err.
	P>|t|
	95% CI

	Estrogen Use
	0.26
	0.15
	0.02
	0.08, 0.81



From a log linear regression analysis (linear regression with a log link), with robust standard errors, we estimate that the risk of CVD death within 4 years is 0.26 times as high in women who use estrogen, on average, compared to women who do not use estrogen.  (Alternatively, we could say that the risk of CVD death is approximately 4 times higher in women who do not use estrogen compared to those who do.) This result is significantly different from 0 (P =0.02), with a 95% CI suggesting that such observed results would not be unusual if the true risk of CVD death within 4 years were anywhere between 0.08 and 0.81 times as high in women using estrogen, compared to women not using estrogen. We thus reject the null hypothesis that the risk of CVD death in 4 years does not differ in estrogen users vs. non-users, in favor of a hypothesis that the risk of death is lower in women using estrogen, compared to non-users. 


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 for CVD Death in 4 Years

	Predictor
	Point Estimate
	Robust Std. Err.
	P>|t|
	95% CI

	Estrogen Use
	0.36
	0.26
	0.154
	0.09, 1.47

	Previous CVD History
	5.48
	1.15
	<0.001
	3.63, 8.28

	Estrogen Use x Prev CVD Hist
	0.94
	1.16
	0.961
	0.08, 10.45



In a log linear regression analysis evaluating the effects on CVD death within 4 years of estrogen use, history of prior disease, and the interaction of estrogen use and the history of prior disease, there is not statistical evidence that the effect of estrogen use is modified by history of prior disease.  Among women without a history of previous disease, the risk of CVD death in 4 years is 0.36 times as high in estrogen users compared to non users, while among women with a history of prior disease, the risk of CVD death in 4 years is 0.35 (0.36*0.94) times as high in estrogen users compared to non users. This is not a meaningful difference.  In addition, the model interaction term has a p-value of 0.961, indicating that we cannot reject the null hypothesis of no effect modification, based on a type I error rate of 0.05. 

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 Ratio for CVD Death in 4 Years

	Predictor
	Point Estimate
	Robust Std. Err.
	P>|t|
	95% CI

	Estrogen Use
	0.34
	0.26
	0.154
	0.08, 1.49

	Previous CVD History
	5.48
	1.14
	<0.001
	3.65, 8.23


	
Ye: Same reasoning as in question 1. Furthermore:  In log linear regression, after controlling for estrogen use, women with a previous history of CVD have a 5.48 times higher risk of CVD death than women without a previous history of CVD (p<0.001).  Therefore, prior CVD history is associated with the outcome on the multiplicative (risk) scale as well as the additive (linear) scale.  Finally, after adjusting for CVD history, the estimate of the effect of estrogen on CVD death in 4 years changes from a risk of death 0.26 times as high in estrogen users vs. non users, to a risk of death 0.34 times as high, confirming that the estimate the estrogen-CVD mortality association was confounded by history of prior CVD.

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

In our analysis, comparing women with the same history of prior CVD, the risk of CVD death within 4 years is 0.34 times as high in women who use estrogen, on average, compared to women who do not use estrogen. This result is not significantly different from 0 (P = 0.154), with a 95% CI suggesting that such observed results would not be unusual if the true risk of CVD death within 4 years were anywhere between 0.08 times as high and 1.49 times higher in women using estrogen, compared to women not using estrogen. We therefore cannot reject the null hypothesis that after controlling for prior disease history, the risk of CVD death in 4 years does not differ in estrogen users vs. non-users.


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.
	Risk Ratio for CVD Death in 4 Years

	Predictor
	Point Estimate
	Robust Std. Err.
	P>|t|
	95% CI

	Estrogen Use
	0.30
	0.20
	0.071
	0.08, 1.11

	Previous CVD History
	3.75
	1.13
	<0.001
	2.07, 6.78

	Age
	1.06
	0.02
	0.019
	1.01, 1.10



Yes: Same reasoning as in question 1. Furthermore:  In log linear regression, after controlling for estrogen use and prior CVD history, in two groups of women differing by 1 year in age, the older women will have a 1.06 times higher risk of CVD death in 4 years, on average, than the younger women (p<0.019).  Therefore, age is associated with the outcome (conditional on prior CVD history) on the multiplicative (odds) scale as well as the additive (linear) scale.  We can conclude that the estimate of the estrogen-CVD mortality association was confounded by age as well as by history of prior CVD.
 

f. Provide complete statistical inference regarding an association between estrogen and CVD mortality after adjustment for age and any prior history of CVD.
In our analysis, comparing women of the same age and with the same history of prior CVD, the risk of CVD death within 4 years is 0.30 times as high in women who use estrogen, on average, compared to women who do not use estrogen. This result is not statistically significantly different from 0 (P = 0.071), with a 95% CI suggesting that such observed results would not be unusual if the true risk of CVD death within 4 years were anywhere between 0.08 times as high to 1.11 times higher percentage in women using estrogen, compared to women not using estrogen. We therefore cannot reject the null hypothesis that after controlling for age prior disease history, the risk of CVD death in 4 years does not differ in estrogen users vs. non-users.

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

	Estrogen Only
	-0.026 (-0.038, -0.013)
	0.25 (0.08, 0.79)
	0.26 (0.08, 0.81)

	Prior Disease effect modifier
	No
	No
	No

	Prior Disease confounder
	Yes
	Yes
	Yes

	Estrogen in prior-disease adjusted model
	-0.017 (-0.029, -0.005)
	0.34 (0.11, 1.08)
	0.34 (0.08, 1.49)

	Age confounder
	Yes
	Yes
	Yes

	Estrogen in age and disease adjusted model
	-0.0096 (-0.0211, 0.0019)
	0.43 (0.13, 1.38)
	0.30 (0.08, 1.11)



All three models show similar results, showing that estrogen use in women reduces the risk of death from CVD in 4 years, that prior CVD history is not an effect modifier but is a confounder, and that age is a confounder.  In all models, adjustment for prior disease history attenuates the effect of estrogen on CVD.  There are small differences in conclusions about statistical significance of the effects and the degree of confounding, but they conclusions are very similar overall.  The advantage of the risk difference model is that it gives an idea of the magnitude of the public health importance of the change in risk of CVD death; the disadvantage is that the risks of death are so small that it is hard to tell whether the effects we see are meaningful.  The relative risk measures (RR and OR) are better for looking at the magnitude of the change in risk of death due to estrogen use.  Because the risk of death is low, the estimates from the RR and OR are nearly identical.  The advantage of the risk ratio is that it is easier to interpret and the risk ratios are collapsible so confounding is easier to assess.
