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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).

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.)
From a glm regression with robust standard errors, we estimate that mean risk of CVD death within 4 years differs between estrogen users and non-users by 0.0256 (on average), with the estrogen user group tending toward lower average risk of CVD death. This result is significantly different from 0 (P < 0.0005), with a 95% CI suggesting that such observed results would not be unusual if the true difference in mean risk of CVD death between estrogen users and non-users were anywhere between 0.0134 and 0.0378 lower on average for estrogen users compared to non-users. We thus reject the null hypothesis that the mean risk of CVD death does not differ by estrogen use, in favor of a hypothesis that mean risk of CVD death tends to be lower for estrogen 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.

Based on a glm regression model with robust standard errors adjusting for prior history of CVD and a prior history-estrogen use interaction, the observed trend toward the RD measuring the estrogen effect to be -0.054 lower in those with a prior history of CVD than it is in those without a prior history is not beyond that that might be expected to occur by chance in the absence of a true difference in estrogen effect across the groups (P =0.129). 
Aside: It should be noted that this study did not provide substantial precision with which to detect such effect modification: The 95% CI for the difference between the risk measuring estrogen effect is that the observed results are not incompatible with a estrogen effect in those with a prior history of CVD that is -0.124 lower or 0.0158 higher than the estrogen effect in those without a prior history of CVD.

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.

There is evidence of confounding. A lower proportion of estrogen users have a history of prior CVD (8.82%) compared to non-users (20.9%).  Restricting to the estrogen non-users only, we see from a glm regression that the difference in risk of CVD death in 4 years is 0.0811 higher for women with a previous history of CVD (95% CI=0.0546-0.1076 P<0.005).  After adjustment for previous history of CVD the risk difference comparing estrogen users to non users on CVD death is attenuated to 0.0168 (P=0.005, 95% CI= -0.0285819 -0.0050366).  If prior history of CVD were a precision variable, we’d expect the RD to become slightly higher.
d. Provide complete statistical inference regarding an association between estrogen and CVD mortality after adjustment for a prior history of CVD. 
From a glm regression with robust standard errors, we estimate that after adjusting prior history of CVD, the mean risk of CVD death within 4 years differs between estrogen users and non-users by 0.0168 (on average), with the estrogen user group tending toward lower adjusted average risk of CVD death. This result is significantly different from 0 (P < 0.0005), with a 95% CI suggesting that such observed results would not be unusual if the true difference in mean risk of CVD death between estrogen users and non-users adjusted for prior CVD history were anywhere between 0.005 and 0.029 lower on average for estrogen users compared to non-users. We thus reject the null hypothesis that the mean adjusted risk of CVD death does not differ by estrogen use, in favor of a hypothesis that mean risk of CVD death tends to be lower for estrogen users after adjustment for prior history of CVD.

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.
There is evidence of confounding by age.  The mean age in the estrogen users is slightly younger (70.57) than that of the estrogen non-users (72.81) and in the estrogen non-users, age is statistically significantly associated with CVD mortality with a 0.00449 higher risk of CVD death with one year older age (P<0.005, 95% CI: 0.0029 to 0.0061). Age remains statistically significant in a glm regression also controlling for prior history of CVD (RD=0.0035, P<0.005)
f. Provide complete statistical inference regarding an association between estrogen and CVD mortality after adjustment for age and any prior history of CVD.

The mean risk of CVD death within 4 years differs between estrogen users and non-users by 0.00959 (on average) after controlling for age and prior history of CVD, with the estrogen user group tending toward lower adjusted average risk of CVD death. This result is not significantly different from 0 (P=0.103) with a 95% CI suggesting that such observed results would not be unusual if the true adjusted difference in mean risk of CVD death between estrogen users and non-users adjusted for prior CVD history were anywhere between 0.021 lower and 0.00192 higher on average for estrogen users compared to non-users. We thus fail to reject the null hypothesis that the mean adjusted risk of CVD death does not differ by estrogen use after controlling for age and prior history of CVD.

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.)

From a logistic regression with robust standard errors, we estimate that the odds of CVD death within 4 years in estrogen users is 25% of the odds of CVD death in estrogen non-users. This result is significantly different from 1 (P = 0.019), with a 95% CI suggesting that such observed results would not be unusual if the true odds ratio of CVD death comparing estrogen users to non-users were anywhere between 0.0786336 and 0.7946111. We reject the null hypothesis that the odds of CVD death does not differ by estrogen use, in favor of a hypothesis that odds of CVD death tends to be lower for estrogen 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.

Based on a logistic regression model with robust standard errors adjusting for prior history of CVD and a prior history-estrogen use interaction, the observed trend toward the OR measuring the estrogen effect in those with a prior history of CVD to be 0.89 times that of those without a prior history is not beyond that that might be expected to occur by chance in the absence of a true difference in estrogen effect across the groups (P =0.925). 

Aside: It should be noted that this study did not provide substantial precision with which to detect such effect modification: The 95% CI for the proportionate difference between the odds ratio measuring estrogen effect is that the observed results are not incompatible with a estrogen effect in those with a prior history of CVD that is between 0.075  and 10.497 times that of the estrogen effect in those without a prior history of CVD.

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.
There is evidence of confounding. A lower proportion of estrogen users have a history of prior CVD (8.82%) compared to non-users (20.9%).  Restricting to the estrogen non-users only, we see from a logistic regression that the odds of CVD death in 4 years, women with a prior history of CVD have 5.98 times the odds of CVD death in 4 years than women without a history of CVD (95% CI=3.87 to 9.238 P<0.005).  After adjustment for previous history of CVD the odds ratio comparing estrogen users to non users on CVD death is attenuated to 0.338 which is no longer statistically significant P=0.068, 95% CI=0.105, 1.08.   

d. Provide complete statistical inference regarding an association between estrogen and CVD mortality after adjustment for a prior history of CVD. 
From a logistic regression with robust standard errors, we estimate that after adjusting prior history of CVD, the odds ratio comparing estrogen users to non-users on CVD death is 0.338, indicating that estrogen users have 33.8% of the adjusted odds of CVD death compared to non-users. This result is not significantly different from 1 (P=0.068), with a 95% CI suggesting that such observed results would not be unusual if the true odds ratio of CVD death comparing estrogen users to non-users adjusted for prior CVD history were anywhere between 0.105 and 1.08. We thus fail to reject the null hypothesis that adjusted odds of CVD death does not differ by estrogen use.
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.

There is evidence of confounding by age.  The mean age in the estrogen users is slightly younger (70.57) than that of the estrogen non-users (72.81) and in the estrogen non-users, age is statistically significantly associated with CVD mortality with each year increase in age associated with 1.116 times the odds of CVD mortality (P<0.005, 95% CI: 1.08 to 1.149). Age remains statistically significant in a glm regression also controlling for prior history of CVD (OR=1.097, P P<0.005)
f. Provide complete statistical inference regarding an association between estrogen and CVD mortality after adjustment for age and any prior history of CVD.

The odds ratio of CVD death within 4 years of estrogen users is 0.427 times that of non-users after controlling for age and prior history of CVD. This result is not significantly different from 1 (P=0.103) with a 95% CI suggesting that such observed results would not be unusual if the true adjusted difference in mean risk of CVD death between estrogen users and non-users adjusted for prior CVD history were anywhere between 0.132 and 1.38. We thus fail to reject the null hypothesis that the mean adjusted odds of CVD death does not differ by estrogen use after controlling for age and prior history of CVD.
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.)

From a glm regression with robust standard errors and a link log function, we estimate that the risk of CVD death within 4 years in estrogen users is 26% of the risk of CVD death in estrogen non-users. This result is significantly different from 1 (P = 0.020), with a 95% CI suggesting that such observed results would not be unusual if the true risk ratio of CVD death comparing estrogen users to non-users were anywhere between 0.082 and 0.81. We reject the null hypothesis that the risk of CVD death does not differ by estrogen use, in favor of a hypothesis that risk of CVD death tends to be lower for estrogen 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.

Based on a glm regression model with robust standard errors and a log link adjusting for prior history of CVD and a prior history-estrogen use interaction, the observed trend toward the RR measuring the estrogen effect in those with a prior history of CVD to be 0.942 times that of those without a prior history is not beyond that that might be expected to occur by chance in the absence of a true difference in estrogen effect across the groups (P =0.961). 

Aside: It should be noted that this study did not provide substantial precision with which to detect such effect modification: The 95% CI for the proportionate difference between the risk ratio measuring estrogen effect is that the observed results are not incompatible with a estrogen effect in those with a prior history of CVD that is between 0.085 and   10.45 times that of the estrogen effect in those without a prior history of CVD.
 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.

There is evidence of confounding. A lower proportion of estrogen users have a history of prior CVD (8.82%) compared to non-users (20.9%).  Restricting to the estrogen non-users only, we see from a glm regression with a log link that the risk of CVD death in 4 years, women with a prior history of CVD 5.48 times the risk of CVD death in 4 years than women without a history of CVD (P<0.005, 95% CI 3.63 - 8.28).  After adjustment for previous history of CVD the risk ratio comparing estrogen users to non-users on CVD death is attenuated to 0.34 and is no longer statistically significant (0.078 - 1.49, P= 0.154).   

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

From a glm regression with robust standard errors and a link log function, we estimate that after adjusting prior history of CVD, the risk ratio comparing estrogen users to non-users on CVD death is 0.341, indicating that estrogen users have 34.1% of the adjusted risk of CVD death compared to non-users. This result is not significantly different from 1 (P=0.154), with a 95% CI suggesting that such observed results would not be unusual if the true risk ratio of CVD death comparing estrogen users to non-users adjusted for prior CVD history were anywhere between 0.078 and 1.49. We thus fail to reject the null hypothesis that adjusted risk of CVD death does not differ by estrogen use.

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.

There is evidence of confounding by age.  The mean age in the estrogen users is slightly younger (70.57) than that of the estrogen non-users (72.81) and in the estrogen non-users, age is statistically significantly associated with CVD mortality with each year increase in age associated with 1.098 times the risk of CVD mortality (P<0.005, 95% CI: 1.056 to 1.142). Age remains statistically significant in a glm regression also controlling for prior history of CVD (RR=1.055, P=0.019). 
e. Provide complete statistical inference regarding an association between estrogen and CVD mortality after adjustment for age and any prior history of CVD.

The risk ratio of CVD death within 4 years of estrogen users is 0.304 times that of non-users after controlling for age and prior history of CVD. This result is not significantly different from 1 (P=0.071) with a 95% CI suggesting that such observed results would not be unusual if the true adjusted difference in mean risk of CVD death between estrogen users and non-users adjusted for prior CVD history were anywhere between 0.084 and 1.107. We thus fail to reject the null hypothesis that the mean risk of CVD death does not differ by estrogen use after controlling for age and prior history of CVD.

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 three measures of association above give very similar conclusions, namely that the risk of CVD death is lower in women who use estrogen, but that decrease in risk can be largely explained by the fact that estrogen users are on average younger and have a lower history of CVD—both of which are associated with CVD death within 4 years.  In addition all three measures failed to find any evidence of effect modification by prior history of CVD on the potential effect of estrogen on CVD death. In the risk difference and odds ratio, the effect of estrogen remained statistically significant after adjustment for prior history of CVD whereas in the effect was not statistically significant after adjustment.  In all three measures, estrogen was no longer statistically significant after adjusting for both confounders. The odds ratio slightly overestimates the effect of estrogen on death as expected.  The risk difference is small so if we seen to find an etiologic association it would be easier to detect through a relative measure so I would use the risk ratio to evaluate this association.    
