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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 use of estrogen has a protective effect on the risk of CVD death within four years (p<0.001) with women who take estrogen having a 2.5% lower absolute risk (95% CI:-3.78%, -1.34%).

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.
No there isn’t evidence that the effect of estrogen on CVD death is modified by previous CVD status. We see that the within previous CVD strata estimates for estrogen effect are virtually identical (0.3565824 vs 0.3359477). When they’re combine into a crude estimate there is a change which might indicate confounding.

	Previous CVD Strata
	RR of CVD Death by estrogen use, (95% CI)

	No previous CVD
	0.3565824, (0.086377, 1.472048  )

	Previous CVD
	0.3359477, (0.048058, 2.348428)

	Crude Combined
	0.2565842, (0.08164, 0.8064117)


We can also create an interaction term for prevdis_estrogen. When we include this term in the model, we see that it has a nonsignificant effect 

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.
By comparing the results of our two models, we can see three consequences for including previous disposition in our model:
1. The coefficient for estrogen use goes closer to zero (gets attenuated)
2. The confidence interval for this coefficient gets smaller (gets more precise)
3. The wald statistic for the coefficient becomes less significant

This indicates that previous CVD in women () is associated with our outcome of CVD death in 4 years indicating that effect modification is present. 

	Model
	Equation
	
	95% CI for 
	Wald Statistic
	p

	w/o prior CVD
	
	-.0255649
	(-.0377596,   -.0133702)
	-4.11
	<0.001

	w/ prior CVD
	
	-.0168093
	(-.0285819,   -.0050366)
	-2.80
	<0.006



We also know from comparing the association between previous CVD in women () that it is strongly associated with estrogen use () and CVD death in 4 years (). This gives us a relationship (not yet proven to be causal) as follows:


Further from our stratified analysis in (1b) we can see that the within strata estimates are virtually identical while crude is significantly different. This might provide further evidence for confounding.

d. Provide complete statistical inference regarding an association between estrogen and CVD mortality after adjustment for a prior history of CVD. 
After adjustment for previous cardiovascular disease, the use of estrogen has a slight protective effect on the risk of CVD death within four years (p<0.006) with women who take estrogen having a 1.7% lower absolute risk (95% CI:-2.86%, -0.5%).
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.
By adding age in as one of our variables we can see that the effect of estrogen on CVD death is again effect in the following way:
1. The coefficient for estrogen use goes closer to zero (gets attenuated)
2. The confidence interval for this coefficient gets smaller (gets more precise)
3. The wald statistic for the coefficient becomes less significant
This suggests that our analysis is further confounded by age.
	Model
	Equation
	
	95% CI for 
	Wald Statistic
	p

	w/ prior CVD, w/o age
	
	-.0168093
	(-.0285819,   -.0050366)
	-2.80
	<0.006

	w/ prior CVD, w/ age
	
	-.0095863
	(-.0210962,    .0019237)
	-1.63
	>0.1




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

After adjustment for previous cardiovascular disease and age, the use of estrogen has insignificant protective association with the risk of CVD death within four years (p<0.1) with women who take estrogen having a 0.01% lower absolute risk (95% CI:-2.1%, 0.2%).

2. Answer all parts of problem 1 using the odds ratio (OR) as the measure of association.  
	Model
	Equation
	, 95% CI
	, 95% CI
	z
	p

	Prior CVD
	age
	
	
	
	
	

	No
	No
	
	-1.386429 (-2.542956, -0.2299025)
	0.2499663 (0.0786336, 0.7946111)
	-2.35
	<0.02

	Yes
	No
	
	-1.083986 (-2.249064, 0.0810922)
	0.3382447 (0.105498, 1.084471)
	-1.82
	<0.07

	Yes
	Yes
	
	-.8506161 (-2.025755, 0.3245233)
	0.4271517  (0.1318942    1.383371)
	-1.42
	>0.1



a) The use of estrogen has a protective effect on the odds of CVD death within four years (p<0.002) with estrogen use associated with an odds ratio of roughly 0.25 (95% CI: 0.0786336, 0.7946111)
b) See (1) above
c) See (1) above
d) After adjustment for previous cardiovascular disease, the use of estrogen has a statistically insignificant protective effect on the risk of CVD death within four years (p<0.07) with estrogen use associated with an odds ratio of roughly 0.33 (95% CI: 0.105498, 1.084471).
e) See (1) above and below:
Running all of the parameters as defined above using the logit instead of identity link we get the following output. In this case we notice similar trends:
i) Odds ratio for estrogen use () approaches 1 with the addition of previous CVD and age parameters (gets attenuated)
ii) Confidence interval for estrogen use () widens with the addition of previous CVD and age parameters (gets less precise)
iii) Odds ratio for estrogen use () becomes less statistically significant with the addition of previous CVD and age parameters (gets less significant)
These indicate the same overall trend as was noticed for (1) above, that much of the presumed effect of estrogen use is actually due to confounding by other variables, previous CVD and age.


f) After adjustment for previous cardiovascular disease and age, the use of estrogen has a statistically insignificant protective effect on the risk of CVD death within four years (p<0.002) with estrogen use associated with an odds ratio of roughly 0.43 (95% CI: 0.1318942, 1.383371).

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.)
4. 
	Model
	Equation
	, 95% CI
	z
	p

	Prior CVD
	age
	
	
	
	

	No
	No
	
	0.2565842 (0.0816239, 0.806571)
	-2.33
	<0.02

	Yes
	No
	
	0.3491403 (0.1111691, 1.096519)
	-1.80
	<0.07

	Yes
	Yes
	
	0.428765 (0.1370876, 1.341036)
	-1.46
	<0.2



a) The use of estrogen has a protective effect on the odds of CVD death within four years (p<0.002) with estrogen use associated with an relative risk of roughly 0.26 (95% CI: 0.0816239, 0.806571)
b) See (1) above
c) See (1) above
d) After adjustment for previous cardiovascular disease, the use of estrogen has a statistically insignificant protective effect on the risk of CVD death within four years (p<0.07) with estrogen use associated with an odds ratio of roughly 0.35 (95% CI: 0.1111691, 1.096519).
e) See (1) above and below:
Running all of the parameters as defined above using the log link instead of identity link we get the following output. In this case we notice similar trends:
iv) Risk ratio for estrogen use () approaches 1 with the addition of previous CVD and age parameters (gets attenuated)
v) Confidence interval for estrogen use () widens with the addition of previous CVD and age parameters (gets less precise)
vi) Risk ratio for estrogen use () becomes less statistically significant with the addition of previous CVD and age parameters (gets less significant)
These indicate the same overall trend as was noticed for (1) above, that much of the presumed effect of estrogen use is actually due to confounding by other variables, previous CVD and age.



f) After adjustment for previous cardiovascular disease and age, the use of estrogen has a statistically insignificant protective effect on the risk of CVD death within four years (p<0.002) with estrogen use associated with an odds ratio of roughly 0.43 (95% CI: 0.1318942, 1.383371).


5. Of the three measures of association used above, how similar were the conclusions? What are the relative advantages and disadvantages of the three? 
Three conclusions were very similar. Advantages depend on the scientific question and how you want to interpret. Risk ratio is probably the easiest to interpret but may convey a greater level than risk difference to the uninformed audience. Odds ratio are less interpretable but may be a more robust statistic and virtually comparable to risk ratio if the outcome is uncommon.
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