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a. 3 of 340 (0.88%) women who had used estrogen at any point in time died of cardiovascular disease (CVD) within 4 years, as compared to 88 of 2559 women who had not used estrogen (3.44%). This corresponds to a 2.56 percentage point lower risk of dying of CVD within 4 years in women who received estrogen compared to those who did not (95% CI -3.78 to -1.34, p<..001).   
b. In women without previous CVD history, those who had used estrogen had a -1.16 (95%CI -2.22 to -0.10) percentage point difference in risk of dying of CVD within 4 years compared to those who had not used estrogen.  In women with previous disease history, the risk difference was -6.59 percentage points (95%CI -13.5 to 0.34).   A test for statistical interaction did not find a statistically significant (at p<0.05) difference in the effect of estrogen on CVD within 4 years among women with previous history of disease compared to those without previous history of disease (Z= -1.52, p=0.13).
c. There is a Pearson’s correlation of -0.093 between estrogen and previous history of CVD and a statistically significant association between previous history of CVD and death by CVD within 4 years after adjustment for estrogen (RD=7.76 percentage points, 95%CI 5.24-10.29, p<0.001), indicating that previous history is both associated with the outcome and with the predictor of interest within this sample. However, these results must be interpreted within a causal framework. While previous history of disease appears to be associated with both estrogen use and death by CVD within 4 years after adjustment for estrogen use, in order to conclude that it is a confounder of the estrogen relationship with death by CVD in 4 years, we must plausibly conclude that it is a cause of the outcome and associated with estrogen use without being caused by estrogen use.  In this case, it's plausible to consider previous history of CVD a cause of death by CVD within 4 years, however, the causal  relationship between estrogen use and prior history of CVD is less clear. Estrogen use could be a cause of prior CVD  history, in which case CVD history would be along our causal pathway of interest and therefore a mediator of estrogen’s effects on death by CVD within 4 years rather than a confounder.
d.
After adjustment for previous history of CVD disease, estrogen use was associated with 1.22 percentage point fewer deaths by CVD within 4 years among women with previous estrogen use than women without previous estrogen use (95% -2.26 to -0.18, p=0.021). 
e.
I was not able to fit this model.
f.
I was not able to fit the model in part (e).

2636 
HW #

(2)
a. The odds of dying of CVD within 4 years was 3/337 in women exposed to estrogen and 88/2471 in those unexposed. Women exposed to estrogen had 0.25 times the odds of dying of CVD within 4 years compared to women who had not used estrogen (95% CI 0.079 – 0.79, p=0.02), indicating a protective effect of estrogen.
b. On stratified analysis, we found women with previous estrogen use had only 0.35 times (95%CI 0.041–1.38) the odds of dying of CVD within 4 years compared to women without previous estrogen among those without a previous history of CVD. The odds ratio for exposure to estrogen was similar among women with previous disease history (OR=0.31, 95%CI 0.0075-1.98).  A formal test for effect modification did not find a statistically significant difference in the effect of estrogen on CVD within 4 years among women with and without previous history of CVD (Z=-0.09, p=0.93).
c. We found a -0.093 Pearson’s correlation between estrogen and previous history of CVD and a statistically significant association between previous history of CVD and  death by CVD  within 4 years after adjustment for estrogen (aOR=5.96, 95%CI 3.88-9.14, p<0.001), indicating that previous history of CVD is both associated with the outcome and with the predictor of interest within this sample. Although these results are consistent with the conclusion that previous CVD history confounds the effect of estrogen on the outcome, as noted in 1c above,  we must also weigh the alternate possibility that previous CVD history is a mediator of the effect of estrogen on death by CVD in 4 years.  
d. After adjustment for previous history of CVD disease, patients who had used estrogen had 0.34 times the odds of dying of CVD with 4 years (95% 0.11 to 1.08, p=0.068) compared to patients who had not used estrogen, indicating a protective effect of estrogen on death by CVD within 4 years among women 65 years and older. 
e. We found a -0.10 correlation between estrogen and age and a statistically significant association between age and death by CVD  within 4 years after adjustment for estrogen and age (aOR=1.09, 95%CI 1.07-1.11 p<0.001), indicating that previous history is both associated with the outcome and with the predictor of interest within this sample. This result is consistent with a conclusion that age is a confounder of the association between estrogen use and death by CVD within 4 years.  
f. After adjustment for previous history of CVD disease and age, patients who had used estrogen had 0.36 times the odds of dying of CVD with 4 years (95% 0.13 – 0.99, p=0.048) of patients who had not used estrogen.
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a. Within this cohort of women 65 years and older, among those with exposure to estrogen 3/340 (0.88%) died of CVD within 4 years and among those without exposure to estrogen 88/2559 (3.44%) died of CVD within 4 years, for a relative risk of the outcome of 0.26 (95% CI 0.082 – 0.81, p=0.02) comparing estrogen users to non-users.
b. Stratified analysis found similar effects of estrogen exposure on risk of death by CVD within 4 years among women without previous history of CVD (RR=0.36, 95%CI 0.086-1.47) compared to women with previous history of CVD (RR=0.34, 95%CI 0.048-2.35). A formal test for effect modification found no difference in the effect of estrogen on CVD within 4 years by previous history of CVD 
(Z=-0.05, p=0.96). 
c. We found a -0.093 correlation between estrogen and previous history of CVD and a statistically significant association between previous history of CVD and  death by CVD  within 4 years after adjustment for estrogen (aRR=5.47, 95%CI 3.65-8.21, p<0.001), indicating that previous history is both associated with the outcome and with the predictor of interest within this sample. Although these results are consistent with the conclusion that previous CVD history confounds the effect of estrogen on the outcome, as noted above, we must also weigh the alternate possibility that previous CVD history is a mediator of the effect of estrogen on death by CVD in 4 years.  
d.
After adjustment for previous history of CVD disease, patients who had used estrogen had a relative risk of dying of CVD within 4 years 0.35 times that of patients who had not used estrogen (95% 0.11 - 1.10, p=0.072).
e.
We found a -0.10 correlation between estrogen and age and a statistically significant association between age and  death by CVD  within 4 years after adjustment for estrogen and age (aRR=1.07, 95%CI 1.06-1.09 p<0.001), indicating that previous history is both associated with the outcome and with the predictor of interest within this sample. This result is consistent with a conclusion that age is a confounder of the association between estrogen use and death by CVD within 4 years.  
f.
After adjustment for previous history of CVD disease and age, women who had used estrogen had a risk of dying of CVD with 4 years 0.37 times that of women who had not used estrogen (95% 0.14 – 0.98, p=0.045).
.

4. The conclusions were similar across all three measures. There was a larger difference in the stratum-specific risk differences by strata of previous disease history than the stratum-specific risk ratios or odds ratios, however, a formal test for interaction gave qualitatively similar results for all measures examined.  All other results were similar, although we could not measure the effect of a model also adjusted for age on the risk difference of estrogen use on the outcome because of challenges with model building. The disadvantage of using the risk difference or risk ratio is that we face caps on the size of the effect we can measure depending on the risk of the outcome in the unexposed. 
For example, if the risk of death by CVD is 5% in women who did not use estrogen and estrogen exerts a protective effect on death by CVD, the largest risk difference we’ll be able to observe is -5% in women using estrogen. Similar issues bound the risk ratio. The odds ratio is not as narrowly bounded.  We also face extra challenges with running models that produce risk differences because of the potential for the estimates to fall above and below reasonable boundaries (e.g. the probability of the outcome may be estimated at higher than 1 or lower than 0).  

