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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.)
The mortality from cardiovascular disease (CVD) within 4 years is estimated to differ between women using estrogen and those who do not by 2.56%, with the estrogen users group toward lower mortality. 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 mortality were anywhere between 1.34% and 3.78%, with the estrogen users toward low mortality.
. 
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.
The mortality from CVD within 4 years by history of previous disease and estrogen use is as follows;
	mortality within 4 years (%)
	estrogen use
	risk difference

	
	yes 
	no
	

	prior CVD history
	yes 
	3.33
	9.92
	-6.59

	
	no
	0.65
	1.81
	-1.16


As seen from the table above, risk difference differs between the prior CVD (+) group and (-) group. Thus, the history of prior CVD modifies
 the effect of estrogen use on mortality.
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.
To assume prior CVD to be a confounder, those three points should be assessed;

1) association between prior CVD and POI (estrogen use)
2) association between prior CVD and response variable (mortality from CVD within 4 years) independent of POI
3) those associations are not in the causal pathway.
First, whereas 13.16% of those who do not have prior CVD history use estrogen, only 5.51% of those who have prior CVD history use estrogen. This difference is statistically significant (chi2(1) = 24.97, p < 0.0005). Thus, there seems to be an association between prior CVD and POI.
Second, including prior CVD to the regression model changes the interpretation of risk difference by estrogen use from -2.56% to -1.68% (34.4%change in risk difference).  Thus, there seems to be an association between prior CVD and response variable.

Finally, if estrogen prevents CVD death, it would be rational to assume that people who had been taking estrogen have lesser probability to have CVD thereafter. In this case, it seems that prior CVD history is in the causal pathway and adjusting for this variable might attenuate the beneficial effect of estrogen. In this case, prior CVD seem not  to be a confounder. However, if prior CVD occurred before subjects began using estrogen, it’s not in a causal pathway and can be deemed as a confounder.  
d. Provide complete statistical inference regarding an association between estrogen and CVD mortality after adjustment for a prior history of CVD. 
The mortality from cardiovascular disease (CVD) within 4 years is estimated to differ between women using estrogen and those who do not by 1.68%, with the estrogen users group toward lower mortality after adjusting for prior history of CVD. 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 mortality were anywhere between 0.50% and 2.86%, with the estrogen users toward low mortality.
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.
To assume age to be a confounder, those three points should be assessed;

1) association between age and POI (estrogen use) independent of prior CVD
2) association between age and response variable (mortality from CVD within 4 years) independent of POI and prior CVD
3) those associations are not in the causal pathway.
First, after adjusting for prior CVD, there is an statistically significant association between age and POI (0.7% decrease in estrogen use for each additional 1 year of age, 95%CI -2.86%~-0.50%). Thus, there seems to be an association between age and POI independent of prior CVD.

Second, after adjusting for prior CVD, including age to the regression model changes the interpretation of risk difference by estrogen use from -1.68% to -0.96% (43.0%change in risk difference).  Thus, there seems to be an association between age and response variable after adjusting for POI and prior CVD.

Finally, age seems not to be in a causal pathway of estrogen and CVD death. Thus, age seems to be 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.
The mortality from cardiovascular disease (CVD) within 4 years is estimated to differ between women using estrogen and those who do not by 0.96%, with the estrogen users group toward lower mortality after adjusting for prior history of CVD and age. 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 difference in mortality were anywhere between -2.11% and 0.19%, when comparing estrogen users to 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.)

The odds ratio of mortality from cardiovascular disease (CVD) within 4 years is estimated to be 0.250 between women using estrogen and those who do not, with the estrogen users group toward lower mortality. 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 ratio of mortality were anywhere between  0.079 and 0.795, with the estrogen users toward low mortality.

. 
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.
The mortality from CVD within 4 years by history of previous disease and estrogen use is as follows;
	mortality within 4 years (%)
	estrogen use
	odds ratio

	
	yes 
	no
	

	prior CVD history
	yes 
	3.33
	9.92
	0.312

	
	no
	0.65
	1.81
	0.366


As seen from the table above, risk ratio differs between the prior CVD (+) group and (-) group (by14.7%). Thus, the history of prior CVD modifies  the effect of estrogen use on mortality.

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.
To assume prior CVD to be a confounder, those three points should be assessed;

1) association between prior CVD and POI (estrogen use)
2) association between prior CVD and response variable (mortality from CVD within 4 years) independent of POI
3) those associations are not in the causal pathway.
First reason is the same answer as problem 1c.

Second, including prior CVD to the regression model changes the interpretation of odds ratio by estrogen use from 0.250 to 0.338 (1.35-fold change in odds ratio).  Thus, there seems to be an association between prior CVD and response variable.

Final reason is the same answer as problem 1c.

d. Provide complete statistical inference regarding an association between estrogen and CVD mortality after adjustment for a prior history of CVD. 
The odds ratio of mortality from cardiovascular disease (CVD) within 4 years is estimated to be 0.338 between women using estrogen and those who do not, with the estrogen users group toward lower mortality. This result is not statistically significant  (P = 0.068), with a 95% CI suggesting that such observed results would not be unusual if the true risk ratio of mortality were anywhere between  0.105 and 1.084, when comparing estrogen users to 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.
To assume age to be a confounder, those three points should be assessed;

1) association between age and POI (estrogen use) independent of prior CVD
2) association between age and response variable (mortality from CVD within 4 years) independent of POI and prior CVD
3) those associations are not in the causal pathway.
First reason is the same answer as problem 1e.

Second, after adjusting for prior CVD, including age to the regression model changes the interpretation of odds ratio of estrogen use from 0.338 to 0.427 (1.26-fold change in risk ratio).  Thus, there seems to be an association between age and response variable after adjusting for POI and prior CVD.

Final reason is the same answer as problem 1e.

Thus, age seems to be 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.
The odds ratio of mortality from cardiovascular disease (CVD) within 4 years is estimated to be 0.427 between women using estrogen and those who do not, with the estrogen users group toward lower mortality after adjusting for age and prior CVD history. This result is not statistically significant  (P = 0.156), with a 95% CI suggesting that such observed results would not be unusual if the true odds ratio of mortality were anywhere between  0.132 and 1.383, when comparing estrogen users to 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.)

The risk ratio of mortality from cardiovascular disease (CVD) within 4 years is estimated to be 0.257 between women using estrogen and those who do not, with the estrogen users group toward lower mortality. This result is significantly different from 0 (P = 0.020), with a 95% CI suggesting that such observed results would not be unusual if the true risk ratio of mortality were anywhere between  0.082 and 0.807, with the estrogen users toward low mortality.

. 
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.
The mortality from CVD within 4 years by history of previous disease and estrogen use is as follows;
	mortality within 4 years (%)
	estrogen use
	risk ratio

	
	yes 
	no
	

	prior CVD history
	yes 
	3.33
	9.92
	0.336

	
	no
	0.65
	1.81
	0.359


As seen from the table above, risk ratio slightly (by6.4%) differs between the prior CVD (+) group and (-) group. Thus, the history of prior CVD modifies  the effect of estrogen use on mortality.

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.
To assume prior CVD to be a confounder, those three points should be assessed;

1) association between prior CVD and POI (estrogen use)
2) association between prior CVD and response variable (mortality from CVD within 4 years) independent of POI
3) those associations are not in the causal pathway.
First reason is the same answer as problem 1c.

Second, including prior CVD to the regression model changes the interpretation of risk ratio by estrogen use from 0.257 to 0.341 (1.33-fold change in risk ratio).  Thus, there seems to be an association between prior CVD and response variable.

Final reason is the same answer as problem 1c.

d. Provide complete statistical inference regarding an association between estrogen and CVD mortality after adjustment for a prior history of CVD. 
The risk ratio of mortality from cardiovascular disease (CVD) within 4 years is estimated to be 0.341 between women using estrogen and those who do not, with the estrogen users group toward lower mortality. This result is not statistically significant  (P = 0.154), with a 95% CI suggesting that such observed results would not be unusual if the true risk ratio of mortality were anywhere between  0.078 and 1.495, when comparing estrogen users to 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.
To assume age to be a confounder, those three points should be assessed;

1) association between age and POI (estrogen use) independent of prior CVD
2) association between age and response variable (mortality from CVD within 4 years) independent of POI and prior CVD
3) those associations are not in the causal pathway.
First reason is the same answer as problem 1e.

Second, after adjusting for prior CVD, including age to the regression model changes the interpretation of risk ratio of estrogen use from 0.341 to 0.305 (0.89-fold change in risk ratio).  Thus, there seems to be an association between age and response variable after adjusting for POI and prior CVD.

Final reason is the same answer as problem 1e.

Thus, age seems to be 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.
The risk ratio of mortality from cardiovascular disease (CVD) within 4 years is estimated to be 0.305 between women using estrogen and those who do not, with the estrogen users group toward lower mortality after adjusting for age and prior CVD history. This result is not statistically significant  (P = 0.071), with a 95% CI suggesting that such observed results would not be unusual if the true risk ratio of mortality were anywhere between  0.084 and 1.107, when comparing estrogen users to 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?
	predictor variables
	risk difference
	odds ratio
	risk ratio

	estrogen
	-2.56%

(-1.34% ~ -3.78%)
	0.250
(0.079 ~ 0.795)
	0.257
(0.082 ~ 0.807)

	estrogen + prior CVD
	-1.68%
(-0.50% ~ -2.86%)
	0.338
(0.105 ~ 1.084)
	0.341
(0.078 ~ 1.495)

	estrogen + prior CVD + age
	-0.96%
(-2.11% ~ 0.19%)
	0.427
(0.132 ~ 1.383)
	0.305
(0.084 ~ 1.107)



As seen from the table above, both odds ratio and risk ratio became non-significant after adjusting for either prior CVD or age. Only risk difference kept significance after adjusting for prior CVD. However, considering the effect modification of prior CVD variable, it seems that the relationship of prior CVD and mortality might not be linear. Thus, it can be said that linear model shown by the risk difference does not fit well with this data.

Risk difference is useful when seeing the overall effect of POI toward response variable. Compared to risk difference, odds ratio and risk ratio are better when seeing the magnitude of effect of POI. Although odds ratio is less interpretable than risk ratio or risk difference, it doesn’t  been affected by the proportion of outcome. Thus, odds ratio is more appropriate for generalization to the entire population.

