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The following tables pertain to the questions below.
	
	CVD death
	

	Estrogen
	No
	Yes
	

	No
	346
	4
	350

	Yes
	4421
	229
	4650

	
	4767
	233
	5000


Associations of CVD death with estrogen use in women.
[image: image1.emf]Risk Difference Odds Ratio Risk Ratio

Estimate 95%CI p-valueEstimate 95%CI p-valueEstimate 95%CI p-value

Association of CVD death and estrogen -0.025-0.044-0.006 0.01 0.25 0.080.79 0.02 0.25 0.080.80 0.02

No history of CVD -0.011-0.026 0.003 0.13 0.35 0.081.44 0.15 0.35 0.091.44 0.15

Prior history of CVD -0.066-0.174 0.042 0.23 0.31 0.042.35 0.26 0.34 0.052.35 0.27

Adjusted for history of CVD -0.016-0.035 0.003 0.09 0.34 0.111.07 0.07 0.35 0.111.08 0.07

Adjusted for history of CVD, age -0.010-0.029 0.009 0.32 0.42 0.131.35 0.15 0.42 0.141.33 0.14


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.)
There is an association between estrogen use and four year CVD death with a difference in risk of -0.025 from estrogen users and non-users. This association is statistically different from zero with a p-value of 0.01. This result is not unusual if the true risk difference were between -0.044 and -0.006.

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 association of four year CVD death and estrogen use is not modified by history of prior CVD. Judging by strata specific RDs of the association in those without a history of CVD (RD = -0.011) and those with a history of CVD (-0.066), the association is fairly similar in each strata.
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 that the association of CVD death and estrogen use is confounded by history of prior CVD. The RD adjusting for history of prior CVD is -0.016. This association is shifted from the unadjusted association.
d. Provide complete statistical inference regarding an association between estrogen and CVD mortality after adjustment for a prior history of CVD. 
There weak evidence of an association between estrogen use and CVD death with a difference in risk of -0.016 from estrogen users and non-users controlling for history of prior CVD. This association is not statistically significant with a p-value of 0.09. This result is not unusual if the true risk difference were between -0.016 and 0.003.
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 some evidence that the association of CVD death and estrogen use is further confounded by age in addition to history of prior CVD. The RD adjusted for both history of prior CVD and age is -0.010. This is shifted from the association controlling only for history of prior CVD.
f. Provide complete statistical inference regarding an association between estrogen and CVD mortality after adjustment for age and any prior history of CVD.

There no association between estrogen use and CVD death with a difference in risk of -0.010 from estrogen users and non-users when controlling for history of prior CVD and age and a p-value of 0.32. The observed result is not unusual if the true risk difference were between -0.029 and 0.009.

2. Answer all parts of problem 1 using the odds ratio (OR) as the measure of association. 
There is an association between estrogen use and CVD death with an OR of 0.25 between estrogen users and non-users. This association is statistically significant with a p-value of 0.02. This result is not unusual if the true OR were between 0.08 and 0.79.
The association of CVD death and estrogen use is not modified by history of prior CVD. Judging by strata specific ORs of the association in those without a history of CVD (OR = 0.35) and those with a history of CVD (OR = 0.31), the association is fairly similar in each strata.

There is evidence that the association of CVD death and estrogen use is confounded by history of prior CVD. The OR adjusting for history of prior CVD is 0.34. This association is shifted from the unadjusted association.

There weak evidence of an association between estrogen use and CVD death with an OR of 0.34 between estrogen users and non-users controlling for history of prior CVD. This association is not statistically significant with a p-value of 0.07. This result is not unusual if the true OR were between 0.11 and 1.07.

There is evidence that the association of CVD death and estrogen use is further confounded by age in addition to history of prior CVD. The OR adjusted for both history of prior CVD and age is 0.42. This is shifted from the association controlling only for history of prior CVD.
There no association between estrogen use and CVD death with an OR of 0.42 between estrogen users and non-users when controlling for history of prior CVD and age and a p-value of 0.15. The observed result is not unusual if the true OR were between 0.13 and 1.35.

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.)

There is an association between estrogen use and CVD death with an RR of 0.25 between estrogen users and non-users. This association is statistically significant with a p-value of 0.02. This result is not unusual if the true RR were between 0.08 and 0.80.
The association of CVD death and estrogen use is not modified by history of prior CVD. Judging by strata specific RRs of the association in those without a history of CVD (RR = 0.35) and those with a history of CVD (RR = 0.34), the association is fairly similar in each strata.

There is evidence that the association of CVD death and estrogen use is confounded by history of prior CVD. The RR adjusting for history of prior CVD is 0.42. This association is shifted from the unadjusted association.

There weak evidence of an association between estrogen use and CVD death with an RR of 0.35 between estrogen users and non-users controlling for history of prior CVD. This association is not statistically significant with a p-value of 0.07. This result is not unusual if the true RR were between 0.11 and 1.08.

There is evidence that the association of CVD death and estrogen use is further confounded by age in addition to history of prior CVD. The RR adjusted for both history of prior CVD and age is 0.42. This is shifted from the association controlling only for history of prior CVD.
There no association between estrogen use and CVD death with an RR of 0.42 between estrogen users and non-users when controlling for history of prior CVD and age and a p-value of 0.14. The observed result is not unusual if the true RR were between 0.14 and 1.33.

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 results between the OR and the RR were practically identical. This is due to the fact that the OR approximates the RR when disease is rare. In this population 4.9% have the outcome of CVD death, which can be considered sufficiently rare for to make this approximation.
The results using the RD differ slightly than from the OR and RR, but the conclusions from the main associations are the same. When evaluating effect modification and confounding of prior CVD and age, evaluation using RD results in the same conclusions as when evaluating using OR or RR.
Of the three measures, they each have specific advantages and disadvantages.

RD:

Advantages

· Easy to interpret

· Useful in a practical setting

· Can be used for decision making

Disadvantages

· May not be able to calculate in certain data since it has boundaries
OR:

Advantages

· Can calculate with most data types
· Can be used to estimate the RR if outcome is rare

Disadvantages

· Hard to interpret

RR:

Advantages

· Easy to interpret

Disadvantages

· Can only directly calculate using longitudinal data

· Can be misleading
· May not be able to calculate in certain data since it has boundaries

