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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.)

Estrogen use in females is associated (p<0.011) with a decreased risk in cardiovascular mortality of 2.55% (95% CI: 1.33% - 3.78%) when compared to non-estrogen user females. 

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.

I used the following formula in STATA to answer this question:

regress cvddeath4 estrogen prevdis estrprev if male==0, robust

No, there is no evidence of effect modification. The addition of the interaction term doesn’t alter the estimates and it is also non-significant (p-value 0.129) with a value of -0.054 (95% CI: -0.124-0.015).

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.

This is the model with no interaction terms:



The  in the regression model is 0.078 (95% CI: 0.052 – 0.102) with a p-value <0.001. The effect is therefore confounded by the presence of prior CVD. 

Besides, prior CVD is associated with CVD death (outcome) and prescription of estrogen (predictor), and is not in the causal pathway, provided the patient with prior CVD was not placed in estrogen before this diagnosis.  


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

Among subjects with similar history of prior cardiovascular disease, the risk of cardiovascular mortality at 4 years was significantly lower (p-value 0.005) in the females that took estrogen by 1.7% (95% CI: -0.028 – (-0.005)).

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.

Using this model:



Yes, there is evidence of confounding (p-value <0.001), with an estimate of age ( of 0.004 (95% CI: 0.002 – 0.005) when incorporated to the model. 

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

After adjusting for age and history of prior cardiovascular disease, the risk of cardiovascular mortality at 4 years was lower, although not significantly (p-value 0.103) in the females that took estrogen by 0.9% (95% CI: -0.021 – 0.002).


2. Answer all parts of problem 1 using the odds ratio (OR) as the measure of association. 
a. To answer this question I used the logit command in STATA. When compared to non-estrogen female users, estrogen female users have an odds ratio of 0.23 (95% CI: 0.083 – 0.614) of having cardiovascular disease mortality within 4 years (p<0.003). 

b. No, there is no evidence of effect modification. The addition of the interaction term doesn’t alter the estimates and it is also non-significant (p-value 0.925) with a value of -0.118 (95% CI: -2.587-2.351).

c. This is the model with no interaction terms:



The  in the regression model is 1.78 (95% CI: 1.357 – 2.212) with a p-value <0.001. The effect is therefore confounded by the presence of prior CVD. 

d. After adjusting for prior cardiovascular disease, the odds of CVD mortality at 4 years in females that use estrogen are lower (OR: 0.338, 95% CI: 0.105 – 1.084) compared to non-estrogen users, but not significantly (p-value 0.068).

e. Using this model:



Yes, there is evidence of confounding (p-value <0.001), with an estimate of age ( of 0.093 (95% CI: 0.061 – 0.125) when incorporated to the model. 

f. After adjusting for age and history of prior cardiovascular disease, the odds ratio of cardiovascular mortality at 4 years in females that took estrogen was lower at 0.43 (95% CI: 0.132 – 1.383) compared to non-estrogen female users, although not significantly (p-value 0.156).


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. When compared to non-estrogen female users, estrogen female users have a risk ratio of 0.26 (95% CI: 0.082 – 0.806) of having cardiovascular disease mortality within 4 years (p<0.011).

b. Same as 1b.

c. Same as 1c. 

d. Among subjects with similar history of prior cardiovascular disease, the risk ratio of cardiovascular mortality at 4 years (RR: 0.35, 95% CI: 0.111-1.097) was lower in the females that took estrogen compared to females that didn’t take estrogen, but not significantly (p-value 0.072).

e. Same as 1e.

f. Among subjects with similar history of prior cardiovascular disease and after adjusting for age, the risk ratio of cardiovascular mortality at 4 years was lower in females that took estrogen (RR: 0.43, 95% CI: 0.137 – 1.341), although not significantly (p-value 0.146). 
4. Of the three measures of association used above, how similar were the conclusions? What are the relative advantages and disadvantages of the three?

[bookmark: _GoBack]The results in general were similar. Specifically the odds ratios and the risk ratios were similar, which was a little surprising since CVD is a relatively common outcome (340/2559 females = 13%). The conclusions were also similar in the sense that the apparent association between estrogen use and CVD mortality dissipated when adjusting for confounders, in this case age and prior CVD. ORs are in general used in case control studies since you can’t calculate RRs in these studies, but you can and you should use risk ratios for cohort studies. With that said, since we want to know the effect of estrogen use in the female population and the impact it has in CVD mortality, attributable risk (risk difference) would be our most useful measure of association. The disadvantage of risk different estimates (arguably its best quality), is that it tends to disregard uncommon diseases for the sake of public health.  
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