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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).

	Table 1. Risk Differences using Three GLM Regression Models of the Association Between Any Estrogen Use and CVD Death within 4 years.

	 Outcome: CVD 
Death in 4 yrs. 
	Risk Diff.
	SE
	P-Value
	95% CI

	Model 1
	
	
	
	
	

	Any estrogen use
	-0.026
	0.006
	0.000
	-0.038
	-0.013

	Model 2
	
	
	
	
	

	Any estrogen use
	-0.017
	0.006
	0.005
	-0.029
	-0.005

	History of CVD
	0.078
	0.013
	0.000
	0.053
	0.103

	Model 3
	
	
	
	
	

	Any estrogen use
	-0.016
	0.006
	0.007
	-0.028
	-0.004

	Age
	0.004
	0.001
	0.000
	0.003
	0.006


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.)

Model 1 in Table 1 shows the unadjusted risk differences of the association between any use of estrogen and CVD death within 4 years.  In the sample, 3.4% (constant: 0.034) of those who had no estrogen use had a CVD death within 4 years whereas 0.9% of those who had estrogen use had a CVD death within 4 years . Those with any estrogen use are statistically significantly less likely to have a CVD death in 4 years compared to those with no estrogen use (RD: -0.257, 95% CI: 0.082 – 0.807).  
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.
	Table 1b. Risk Differences using GLM Regressions of the Association Between Any Estrogen Use and CVD Death within 4 years by Any Prior History of CVD.

	Outcome: CVD 
Death in 4 yrs.  
	Coef.
	SE
	P-Value
	95% CI

	No Prior History
	
	
	
	
	

	Any estrogen use
	-0.012
	0.005
	0.032
	-0.022
	-0.001

	Constant
	0.018
	0.003
	0.000
	0.012
	0.024

	Has Prior History
	
	
	
	
	

	Any estrogen use
	-0.066
	0.035
	0.062
	-0.135
	0.003

	Constant
	0.099
	0.013
	0.000
	0.073
	0.125


In the table above (Table 1b.) shows the same regression used in part a, but run separately for those who have or do not have a history of prior CVD.  Among those who had no prior history, those who have used any estrogen use were less likely to have a CVD death than those who did not use estrogen (0.6% vs 1.8%, respectively).  Among those who had a prior history, those who have used any estrogen use were less likely to have a CVD death than those who did not use estrogen (3.3% vs. 9.9%).  Even though the risk difference among those with prior history is greater than those with no prior history (-0.066 vs. -0.012, respectively), the effect is not statistically significant among those with prior history of CVD.  Overall, using estrogen decreases the risk of having a CVD death among those with no prior history of CVD, but not among those who do have a prior history.  This is evidence of potential effect modification by history of prior CVD.
c. Ignore any 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.

Model 2 in Table 1 shows the association between estrogen use and CVD death adjusting for prior history of CVD as a confounder.  Model 2 shows that prior history is statistically significantly associated with CVD death where those who have a prior history are more likely to have a CVD death than those without a prior history (RD: 0.78, 95%CI: 0.053 – 0.103).  In a separate analysis (not shown), I modeled the association between CVD death and prior history and found that 1.7% of those who had a prior history had a CVD death within 4 years (constant = 0.017) and 9.6% of those who had no history had a CVD death within 4 years.  I also modeled the association between estrogen use and prior history and found that that 13.2% of those who had a prior history had used estrogen (constant = 0.132) and 5.5% of those who had no history had used estrogen (RD: -0.076, 95%CI: -0.100 – -0.053). Prior history does not appear to influence the association between estrogen use and CVD death; however, it does appear to be associated with the outcome, and with the exposure of interest.  Thus, there is evidence to support that prior history use is a confounder even though it does not change the statistical association between outcome and exposure.
d. Provide complete statistical inference regarding an association between estrogen and CVD mortality after adjustment for a prior history of CVD. 

As noted in part c, the significant association seen in Model 1 (Table 1) was not influenced by prior history of CVD in Model 2 (Table 1). When adjusting for prior history, estrogen use is significantly associated with CVD death at the α=0.05 level (RD: -0.017, 95%CI: -0.029 - -0.005).  The adjusted estimate of those who had a CVD death among those who did use estrogen was %5.9, and approximately1.9% among those who did not use estrogen. 

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.
The sample only includes adults, ages 65+ years.  Model 3 in Table 1 shows the association between estrogen use and CVD death adjusting for age of CVD as a confounder.  Model 3 shows that prior history is statistically significantly associated with CVD death.  The risk of having a CVD death increases as age increases (RD: 0.004, 95%CI: 0.003 – 0.006).  In a separate analysis (not shown), I modeled the association between estrogen use and age and found that estrogen use decreases as age increases (RD: -0.008, 95%CI: -0.009 – -0.006). Age does not appear to influence the association between estrogen use and CVD death; however, it does appear to be associated with the outcome, and with the exposure of interest.  Thus, there is evidence to support that prior history use is a confounder even though it does not change the statistical association between outcome and exposure.
f. Provide complete statistical inference regarding an association between estrogen and CVD mortality after adjustment for age and any prior history of CVD.
As noted in part e, the significant association seen in Model 1 (Table 1) was not influenced by age in Model 3 (Table 1). When adjusting for age, estrogen use is significantly associated with CVD death at the α=0.05 level (RD: -0.016, 95%CI: -0.028 - -0.004). 
2. Answer all parts of problem 1 using the odds ratio (OR) as the measure of association. 

	Table 2. Odds Ratios using Three GLM Regression Models of the Association Between Any Estrogen Use and CVD Death within 4 years.

	Outcome: CVD Death in 4 yrs. 
	Odds Ratio
	SE
	P-Value
	95% CI

	Model 1
	
	
	
	
	

	Any estrogen use
	0.250
	0.147
	0.019
	0.079
	0.795

	Model 2
	
	
	
	
	

	Any estrogen use
	0.338
	0.201
	0.068
	0.105
	1.084

	History of CVD
	5.956
	1.300
	0.000
	3.883
	9.135

	Model 3
	
	
	
	
	

	Any estrogen use
	0.341
	0.202
	0.069
	0.107
	1.089

	Age
	1.114
	0.016
	0.000
	1.083
	1.147


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.)

Model 1 in Table 2 shows the unadjusted log odds ratio of the association between any use of estrogen and CVD death in 4 years.  Those with any estrogen use are statistically significantly less likely to have a CVD death in 4 years compared to those with no estrogen use (OR: 0.25, 95% CI: 0.079 – 0.795).

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.

	Question 2b. Odds Ratios using GLM Regressions of the Association Between Any Estrogen Use and CVD Death within 4 years by Any Prior History of CVD.

	Outcome: CVD 
Death in 4 yrs.  
	Odds Ratio
	SE
	P-Value
	95% CI

	No Prior History
	
	
	
	
	

	Any estrogen use
	0.352
	0.257
	0.152
	0.084
	1.470

	Constant
	0.018
	0.003
	0.000
	0.013
	0.026

	Has Prior History
	
	
	
	
	

	Any estrogen use
	0.313
	0.322
	0.259
	0.042
	2.351

	Constant
	0.110
	0.016
	0.000
	0.082
	0.147


The table above (Table 2b.) shows the same regression used in part a, but run separately for those who have or do not have a history of prior CVD.  Among both groups, those who have used any estrogen were less likely to have a CVD death than those who did not use estrogen, however this difference was not statistically significant for both groups at the α=0.05 level. Overall, there does not appear to be differential effects of estrogen use by history of prior CVD, and thus there is insufficient evidence that prior history is an effect modifier.
c. Ignore any 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.

Model 2 in Table 2 shows the association between estrogen use and CVD death adjusting for prior history of CVD as a confounder. Model 2 shows that prior history is also associated with CVD death where those who have a prior history are more likely to have a CVD death than those without a prior history (OR: 5.96, 95%CI: 3.883 – 9.135).  In a separate analysis (not shown), I modeled the association between estrogen use and prior history and found that those who had any estrogen use were less likely to have a prior CVD history than those who have not used estrogen (OR: 0.385, 95%CI: 0.261 – 0.567). Since prior history has shown to 1) influence the association between estrogen use and CVD death, 2) be associated with the outcome, and 3) be associated with the exposure of interest - there is evidence to support that prior history use is a confounder.
d. Provide complete statistical inference regarding an association between estrogen and CVD mortality after adjustment for a prior history of CVD. 

As noted in part c, the significant association seen in Model 1 (Table 2) was being influenced by prior history of CVD.  Therefore in Model 2 (Table 2), when adjusting for prior history, estrogen use is no longer significantly associated with CVD death at the α=0.05 level (OR: 0.338, 95%CI: 0.105-1.084). 
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.
Model 3 in Table 2 shows the association between estrogen use and CVD death adjusting for age as confounders. Model 3 shows that age is also associated with CVD death.  For every unit increase in age, the log odds of CVD death increases by 1.114 among those with estrogen use compared to those with no estrogen use (95%CI: 1.083 – 1.147).  In a separate analysis (not shown), I also modeled the association between estrogen use and age and found that estrogen use was also associated with age (OR: 0.914, 95%CI: 0.892 – 0.937). Since age has shown to 1) influence the association between estrogen use and CVD death, 2) be associated with the outcome, and 3) be associated with the exposure of interest - there is evidence to support that age is 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 noted in part d, the significant association seen in Model 1 (Table 2) was being influenced by age.  For instance, in Model 3 (Table 2), when adjusting for age, estrogen use is no longer significantly associated with CVD death at the α=0.05 level (OR: 0.341, 95%CI: 0.107-1.089). 
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.)

	Question 3. Risk Ratios using Three GLM Regression Models of the Association Between Any Estrogen Use and CVD Death within 4 years.

	Outcome: CVD 
Death in 4 yrs.  
	Risk Ratio
	SE
	P-Value
	95% CI

	Model 1
	
	
	
	
	

	Any estrogen use
	0.257
	0.150
	0.020
	0.082
	0.807

	Model 2
	
	
	
	
	

	Any estrogen use
	0.349
	0.204
	0.072
	0.111
	1.097

	History of CVD
	5.474
	1.133
	0.000
	3.649
	8.213

	Model 3
	
	
	
	
	

	Any estrogen use
	0.347
	0.203
	0.070
	0.111
	1.089

	Age
	1.106
	0.014
	0.000
	1.078
	1.135


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.)

Model 1 in Table 3 shows the unadjusted risk odds ratio of the association between any use of estrogen and CVD death in 4 years.  Those with any estrogen use are statistically significantly less likely to have a CVD death in 4 years compared to those with no estrogen use (RR: 0.257, 95% CI: 0.082 – 0.807).

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.

	Table 3b. Risk Ratios using GLM Regressions of the Association Between Any Estrogen Use and CVD Death within 4 years by Any Prior History of CVD.

	Outcome: CVD 
Death in 4 yrs.  
	Coef.
	SE
	P-Value
	95% CI

	No Prior History
	
	
	
	
	

	Any estrogen use
	0.357
	0.258
	0.154
	0.086
	1.472

	Constant
	0.018
	0.003
	0.000
	0.013
	0.025

	Has Prior History
	
	
	
	
	

	Any estrogen use
	0.336
	0.334
	0.272
	0.048
	2.353

	Constant
	0.099
	0.013
	0.000
	0.076
	0.129


The table above (Table 3b.) shows the same regression used in part a, but run separately for those who have or do not have a history of prior CVD.  Among both groups, those who have used any estrogen were less likely to have a CVD death than those who did not use estrogen, however this difference was not statistically significant for both groups at the α=0.05 level. Overall, there does not appear to be differential effects of estrogen use by history of prior CVD, and thus there is insufficient evidence that prior history is an effect modifier.
c. Ignore any 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.

Model 2 in Table 3 shows the association between estrogen use and CVD death adjusting for prior history of CVD as a confounder. Model 2 shows that prior history is also associated with CVD death where those who have a prior history are more likely to have a CVD death than those without a prior history (RR: 5.47, 95%CI: 3.649 – 8.213).  In a separate analysis (not shown), I modeled the association between estrogen use and prior history and found that those who had any estrogen use were less likely to have a prior CVD history than those who have not used estrogen (RR: 0.419, 95%CI: 0.291 – 0.602). Since prior history has shown to 1) influence the association between estrogen use and CVD death, 2) be associated with the outcome, and 3) be associated with the exposure of interest - there is evidence to support that prior history use is a confounder.

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

As noted in part c, the significant association seen in Model 1 (Table 3) was being influenced by prior history of CVD.  Therefore in Model 2 (Table 3), when adjusting for prior history, estrogen use is no longer significantly associated with CVD death at the α=0.05 level (RR: 0.347, 95%CI: 0.111-1.084). 

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.

Model 3 in Table 3 shows the association between estrogen use and CVD death adjusting for age as a confounder. Model 3 shows that age is also associated with CVD death.  For every unit increase in age, the risk of CVD death increases by 1.106 among those with estrogen use compared to those with no estrogen use (95%CI: 1.078 – 1.135).  In a separate analysis (not shown), I also modeled the association between estrogen use and age and found that estrogen use was also associated with age (RR: 0.924, 95%CI: 0.904 – 0.944). Since age has shown to 1) influence the association between estrogen use and CVD death, 2) be associated with the outcome, and 3) be associated with the exposure of interest - there is evidence to support that age is 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 noted in part d, the significant association seen in Model 1 (Table 3) was being influenced by age.  For instance, in Model 3 (Table 3), when adjusting for age, estrogen use is no longer significantly associated with CVD death at the α=0.05 level (OR: 0.347, 95%CI: 0.111-1.089). 
4. Of the three measures of association used above, how similar were the conclusions? What are the relative advantages and disadvantages of the three?

	Table 4. Risk Difference, Odds Ratio and Risk Ratio Estimates using GLM Regressions of the Association between Any Estrogen Use and CVD Death within 4 years Adjusting for Prior History of CVD and Age.

	Outcome: CVD 
Death in 4 yrs. 
	Exposure: Estrogen Use

	
	Coefficient
	SE
	P-Value
	95% CI

	Risk Difference
	-0.010
	0.006
	0.103
	-0.021
	0.002

	Odds Ratio
	0.427
	0.256
	0.156
	0.132
	1.383

	Risk Ratio
	0.349
	0.204
	0.072
	0.111
	1.097


The measures that have the most similar results from questions 1 to 3 are the ORs and RRs.  That is because two different kinds of comparisons are being made.  The RD are comparing the exposed groups using differences and the ORs and RRs are comparing both groups by using ratios.  Despite the differences in comparisons, after adjusting for both prior history of CVD and age, all three results (as shown in Table 4) show that estrogen use is not significantly associated with CVD death within 4 years.  From the results, it did appear as though prior history of CVD was an effect modifier using risk differences as the estimator, however this was not evident for the OR and RR results.  For all three measures, there was some level of evidence that both prior history and age were confounders.
Each of these have their pros and cons.  Risk differences can tell you a lot of information.  It can provide adjusted estimates of your predictor of interest that is easy to interpret, and it tells you whether the differences between groups are significant.  However, it does not tell you how much more or less likely an exposed group will have the outcome compared to the unexposed group.  The OR can do this by taking the ratio of the log odds of having the outcome in the exposed group compared to the unexposed group.  The only problem is that we are making interpretations on the log scale, which is difficult to explain to policy makers and the public.  The RR can give you the likelihood of having a disease or outcome, and it is more intuitively understandable since it is not using the log scale.
Even though each of these measures have their pros and cons, selection of whether to use RD, OR, and RR depends on what question you are asking, your study design, and your audience.  If you are interested in what the differences in CVD deaths are between exposure groups, it’s best to us the RD.  If you are interested in the likelihood of CVD deaths and how they differ in one group compared to the other, then I would use OR or RR.  If the study design is a case-control study where the disease or outcome is rare (<10%), then I would use OR, otherwise RR are best for common diseases or outcomes (the OR could exaggerate the effects).  If your audience cannot process what an odds ratio means and might miss-interpret it, then it might be best to use a RR or RD.

In this case, I would prefer to know the likelihood of CVD death in the estrogen group compared to no estrogen group.  Since the prevalence of CVD death is <10%, one could use OR.  The OR closely approximates the RR, but the 95%CIs for the RR estimators are more narrow, showing more precision, and I hope to target the public for educational purposes.  Therefore I would choose the RR as my measure for the anlaysis.
