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Homework #2

10/17/13

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.)
From a linear regression analysis with robust standard errors, we estimate that women who used estrogen any time prior to study enrollment had a 0.026 absolute decrease in risk of CVD death within 4 years, on average, compared to women who did not use estrogen any time prior to study enrollment. This result is significantly different from 0, (P<0.0001), with a 95% CI suggesting that such observed results would not be unusual if the true difference in risk between the two groups of women was anywhere between 0.013 and 0.038, with the lower risk tending towards those who used estrogen. From this analysis, we thus reject the null hypothesis that risk of CVD death within 4 years does not differ between women who used estrogen and those that did not, in favor of the hypothesis that women who use estrogen tend to be at lower risk for CVD death within 4 years. 
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.
To examine evidence for effect modification by history of prior atherosclerotic disease, I ran a linear regression to look at the risk difference similar to above. However, I looked at the association between estrogen use and CVD death stratified by previous history of atherosclerotic disease. The results can be found below:
	Table 1: RD of CVD death within 4 years, with lower risk tending towards estrogen users

	no previous disease
	previous disease 

	-0.0116
	-0.0659


On an additive scale, the difference between the two risk differences is 0.0543, which is a small number. On a multiplicative scale, the risk difference with previous disease is 5.68 times larger than the risk difference without previous disease, suggesting effect modification might be present. 

In summary, although the absolute difference between the two estimates is small, we have to consider that we are dealing with very small numbers to being with. On the multiplicative scale, it does appear that there could be effect modification when looking at the risk difference as the summary measure. 
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 assess confounding, we first want to see if the third variable, in this case previous disease, is associated with the response, in this case CVD death within 4 years, and if it associated with the predictor of interest. The third variable can also not be located in the causal pathway. Intuitively, we can say that atherosclerotic disease is definitely associated with risk of CVD death, but for completeness, we can also examine this association in the sample among women who are not taking estrogen. In the below table, the top row is the actual frequency and in the bottom row is the expected frequency in each cell:
Table 2: Association between previous atherosclerotic disease and CVD death among non-users of estrogen
	
	CVD death
	
	

	Previous disease
	no
	yes
	Total

	no
	2,008
	37
	2,045

	
	1974
	70.3
	2,045

	yes
	463
	51
	514

	 
	496.3
	17.7
	514

	Total
	2,471
	88
	2,559

	
	2471
	88
	2559


We can see, above, the differing true and expected frequencies. The above table produces a Chi square p-value of p<0.0001, suggesting that previous atherosclerotic disease is associated with CVD death among those women who do not take estrogen. 

Next, we look at whether or not previous atherosclerotic disease is associated with estrogen use in the sample. Again, the expected frequencies are on the bottom row and the actual frequencies on the top row of each cell: 
Table 3: Association between previous atherosclerotic disease and estrogen use

	
	Estrogen use
	

	Previous disease
	No
	Yes
	Total

	No
	2,045
	310
	2,355

	
	2,078.80
	276.2
	2,355

	Yes
	514
	30
	544

	 
	480.2
	63.8
	544

	
	2,559
	340
	2,899

	Total
	2,559
	340
	2,899


We can see, above, the differing true and expected frequencies. The above table produces a Chi square p-value of p<0.0001, suggesting that previous atherosclerotic disease is associated with estrogen use in the sample.  

Lastly, since this is linear regression, we might compare the estimates of coefficients in an unadjusted vs. an adjusted linear regression analysis. Recall that in the unadjusted analysis, the coefficient for the RD by estrogen use was -0.026. In the adjusted analysis, the analogous coefficient is -0.017. Both RDs are so small that the absolute difference does not seem very substantial, but in my opinion, the adjusted and unadjusted coefficients are different enough to suggest that previous atherosclerotic disease is confounding the association between estrogen use and CVD death. 
d. Provide complete statistical inference regarding an association between estrogen and CVD mortality after adjustment for a prior history of CVD. 
From a linear regression analysis with robust standard errors that is adjusted for previous atherosclerotic disease, we estimate that women who used estrogen any time prior to study enrollment had a 0.017 absolute decrease in risk of CVD death within 4 years, on average, compared to women who did not use estrogen any time prior to study enrollment, when adjusting for previous atherosclerotic disease. This result is significantly different from 0, (P<0.005), with a 95% CI suggesting that such observed results would not be unusual if the true difference in risk between the two groups of women with the same previous atherosclerotic disease status was anywhere between 0.005 and 0.029, with the lower risk tending towards those who used estrogen. From this analysis, we thus reject the null hypothesis that risk of CVD death within 4 years does not differ between women who used estrogen and those that did not, in favor of the hypothesis that women who use estrogen tend to be at lower risk for CVD death within 4 years, even when adjusting for previous atherosclerotic disease. 
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 assess confounding, we first want to see if the new variable, in this case age, is associated with the response, in this case CVD death within 4 years, and if it is associated with the predictor of interest, in this case estrogen use, while holding previous atherosclerotic disease constant. The new variable also cannot be in the causal pathway. Intuitively, we can say that age is definitely associated with risk of CVD death, but for completeness, we can also examine this association in the sample among women who are not taking estrogen. To do this, we can look at the coefficients of a linear regression model that includes age and previous atherosclerotic disease, predicting CVD death within 4 years among those women that did not use estrogen. In this model, age appears to be a significant predictor of CVD death within 4 years, even while holding previous atherosclerotic disease constant (coefficient=0.004, p-value=<0.0001, 95% CI=0.002-0.005). Our scientific assumption that age is associated with CVD death, even when adjusting for previous atherosclerotic disease, is supported by this regression analysis. 
Next, we look at whether or not previous atherosclerotic disease is associated with estrogen use in the sample. To do this, we can do a t-test with unequal variances comparing the mean age between women who used estrogen compared to women who did not, stratified by previous history of atherosclerosis. The summary of the results from the t-test can be found below: 
	
	Mean age
	t-test p-value
	95% CI 

	Previous CVD
	
	
	 

	No estrogen use
	74.31
	0.0285
	(73.79-74.82)

	Estrogen use
	72.00
	 
	(70.01-73.99)

	No previous CVD
	
	
	 

	No estrogen use
	72.45
	<0.0001
	(72.21-72.68)

	Estrogen use
	70.43
	 
	(69.96-70.90)


Table 4: Association between age and estrogen use stratified by previous CVD
We can see, above, there appears to be an association between age and estrogen use in our sample when previous CVD is held constant. 

Lastly, since this is linear regression, we might compare the estimates of coefficients in an analysis only adjusted for previous atherosclerotic disease vs. an analysis adjusted for both previous atherosclerotic disease and age. Recall that in the analysis only adjusting for previous atherosclerotic disease, the coefficient for the risk difference by estrogen use was -0.017. In the analysis adjusted for both previous atherosclerotic disease and age, the analogous coefficient is -0.0096. Even though both risk differences are so small that the absolute difference does not seem substantial, in my opinion, the adjusted and unadjusted coefficients are different enough to suggest that there is residual confounding by age in the association between estrogen use and CVD death after adjusting for previous atherosclerotic disease. 
f. Provide complete statistical inference regarding an association between estrogen and CVD mortality after adjustment for age and any prior history of CVD.

From a linear regression analysis with robust standard errors that is adjusted for previous atherosclerotic disease and age, we estimate that women who used estrogen any time prior to study enrollment had a 0.0096 absolute decrease in risk of CVD death within 4 years, on average, compared to women who did not use estrogen any time prior to study enrollment. 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 risk between the two groups of women with the same previous atherosclerotic disease status and age was anywhere between 0.0211 lower risk for who used estrogen to 0.0019 higher risk for those who used estrogen. From this analysis, we thus fail to reject the null hypothesis that risk of CVD death within 4 years does not differ between women who used estrogen and those that did not when adjusting for previous atherosclerotic disease status and age. 
2. Answer all parts of problem 1 using the odds ratio (OR) as the measure of association. 
a. From a logistic regression analysis with robust standard errors, we estimate that the odds of CVD death within 4 years is 0.250 times lower for women who used estrogen any time prior to study enrollment compared to women who did not use estrogen any time prior to study enrollment, on average. 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 of CVD death within 4 years for women who used estrogen was 0.079 to 0.795 times lower than the odds of CVD death within 4 years for women who did not use estrogen. From this analysis, we thus reject the null hypothesis that the odds CVD death within 4 years does not differ between women who used estrogen and those that did not, in favor of the hypothesis that women who use estrogen tend to have a lower odds of CVD death within 4 years. 
b. To examine evidence for effect modification by history of prior atherosclerotic disease, I ran a logistic regression to look at the odds ratio similar to above. However, I looked at the association between estrogen use and CVD death stratified by previous history of atherosclerotic disease. The results can be found below:
Table 5: OR of CVD death within 4 years, with lower odds tending towards estrogen users
	

	no previous disease
	previous disease 

	0.352
	0.313


On an additive scale, the difference between the two odds ratios is 0.039, which is a small number. On a multiplicative scale, the odds ratio with no previous disease is 1.12 times larger than the odds ratio without previous disease, again, a small difference.  

In summary, I don’t think there is evidence for effect modification when using the odds ratio as the measure of association, either on the additive or multiplicative scale. 
c. Here, we would address the association of previous atherosclerotic disease with CVD death within 4 years and estrogen use the same way we did in question 1 part c. However, since this is logistic regression, we can no longer just compare the coefficients estrogen use to determine if previous atherosclerotic disease is a confounder. Instead, we can run the logistic regression adjusting for previous atherosclerotic disease, and then see if adjusting for previous atherosclerotic disease has a deattenuating effect. 
The unadjusted coefficient from the logistic regression analysis is -1.386. The adjusted coefficient from the logistic regression analysis is -1.084. These coefficients do not reflect the deattenuating effect we would expect to see if previous atherosclerotic disease was a precision variable, so it is likely that previous atherosclerotic disease is a confounder. 
d. From a logistic regression analysis with robust standard errors that is adjusted for previous atherosclerotic disease, we estimate that the odds of CVD death within 4 years is 0.338 times lower for women who used estrogen any time prior to study enrollment compared to women who did not use estrogen any time prior to study enrollment, on average. This result is not significantly different from 0, (P<0.068), with a 95% CI suggesting that such observed results would not be unusual if the true odds of CVD death within 4 years for women who used estrogen was from 0.015 times lower to 1.084 times higher than the odds of CVD death within 4 years for women who did not use estrogen. From this analysis, we thus fail to reject the null hypothesis that the odds CVD death within 4 years does not differ between women who used estrogen and those that did not when adjusting for previous atherosclerotic disease. 

e. This analysis is very similar to question 1 part e. We can use the same analysis as above to show that age is associated with CVD death within 4 years among women who don’t use estrogen while holding age previous atherosclerotic disease constant, as well as showing that age is associated with estrogen use in our sample while holding previous atherosclerotic disease constant. 
In logistic regression, it is harder to assess confounding directly, but it is easier to recognize a precision variable. If age were a precision variable here, adjusting for it would deattenuate the effect we saw. The coefficient from the logistic regression analysis that is only adjusted for previous atherosclerotic disease is -1.084. The coefficient from the logistic regression analysis that is adjusted for previous atherosclerotic disease and age is -0.851. These coefficients do not reflect the deattenuating effect we would expect to see if age was a precision variable, so it is likely that age is a confounder. 
f. From a logistic regression analysis with robust standard errors that is adjusted for previous atherosclerotic disease and age, we estimate that the odds of CVD death within 4 years is 0.427 times lower for women who used estrogen any time prior to study enrollment compared to women who did not use estrogen any time prior to study enrollment, on average, and when previous atherosclerotic disease status and age are held constant. This result is not significantly different from 0, (P<0.156), with a 95% CI suggesting that such observed results would not be unusual if the true odds of CVD death within 4 years for women who used estrogen was from 0.132 times lower to 1.383 times higher than the odds of CVD death within 4 years for women who did not use estrogen. From this analysis, we thus fail to reject the null hypothesis that the odds CVD death within 4 years does not differ between women who used estrogen and those that did not when adjusting for previous atherosclerotic disease and age.
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. From a relative risk regression analysis with robust standard errors, we estimate that the risk of CVD death within 4 years is 0.257 times lower for women who used estrogen any time prior to study enrollment compared to women who did not use estrogen any time prior to study enrollment, on average. 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 of CVD death within 4 years for women who used estrogen was 0.082 to 0.807 times lower than the risk of CVD death within 4 years for women who did not use estrogen. From this analysis, we thus reject the null hypothesis that the risk CVD death within 4 years does not differ between women who used estrogen and those that did not, in favor of the hypothesis that women who use estrogen tend to have a lower risk of CVD death within 4 years on a multiplicative scale. 

b. To examine evidence for effect modification by history of prior atherosclerotic disease, I ran a relative risk regression to look at the risk ratio similar to above. However, I looked at the association between estrogen use and CVD death stratified by previous history of atherosclerotic disease. The results can be found below
	Table 6: RR of CVD death within 4 years, with lower risk tending towards estrogen users

	no previous disease
	previous disease 

	0.357
	0.336


On an additive scale, the difference between the two risk ratios is 0.021, which is a small number. On a multiplicative scale, the risk ratio with no previous disease is 1.06 times larger than the risk ratio without previous disease, again, a small difference.  

In summary, I don’t think there is evidence for effect modification when using the risk ratio as the measure of association, either on the additive or multiplicative scale. 

c. This analysis is very similar to question 1 part c. We can use the same two x two tables and Chi square values to show that previous atherosclerotic disease is associated with CVD death within 4 years among women who don’t use estrogen, as well as showing the previous atherosclerotic disease is associated with estrogen use in our sample. 
Relative risk regression behaves more like linear regression in that we can compare the adjusted and unadjusted coefficient for estrogen use to assess confounding.  In the relative risk regression example, the non-exponentiated unadjusted coefficient is -1.360. The non-exponentiated adjusted coefficient is -1.075. In my opinion, these two numbers are different enough to suggest that there is confounding by previous atherosclerotic disease. 
d. From a relative risk regression analysis with robust standard errors that is adjusted for previous atherosclerotic disease, we estimate that the risk of CVD death within 4 years is 0.341 times lower for women who used estrogen any time prior to study enrollment compared to women who did not use estrogen any time prior to study enrollment, on average. This result is not significantly different from 0, (P<0.154), with a 95% CI suggesting that such observed results would not be unusual if the true risk of CVD death within 4 years for women who used estrogen was from 0.078 times lower to 1.495 times higher than the risk of CVD death within 4 years for women who did not use estrogen. From this analysis, we thus fail to reject the null hypothesis that the risk of CVD death within 4 years does not differ on a multiplicative scale between women who used estrogen and those that did not when adjusting for previous atherosclerotic disease. 

e. This analysis is very similar to question 1 part e. We can use the same analysis as above to show that is associated with CVD death within 4 years among women who don’t use estrogen while holding age previous atherosclerotic disease constant, as well as showing that age is associated with estrogen use in our sample while holding previous atherosclerotic disease constant. 
Relative risk regression behaves more like linear regression in that we can compare the adjusted and unadjusted coefficient for estrogen use to assess confounding. The coefficient from the relative risk regression analysis that is only adjusted for previous atherosclerotic disease is -1.075. The coefficient from the relative risk regression analysis that is adjusted for both previous atherosclerotic disease and age is -1.189. Since we are operating with such small numbers in the first place, the difference between these coefficients is big enough to me to suggest that there is additional confounding by age.  
f. From a relative risk regression analysis with robust standard errors that is adjusted for previous atherosclerotic disease and age, we estimate that the risk of CVD death within 4 years is 0.305 times lower for women who used estrogen any time prior to study enrollment compared to women who did not use estrogen any time prior to study enrollment, on average, and when previous atherosclerotic disease status and age are held constant. This result is not significantly different from 0, (P<0.071), with a 95% CI suggesting that such observed results would not be unusual if the true risk of CVD death within 4 years for women who used estrogen was from 0.084 times lower to 1.107 times higher than the risk of CVD death within 4 years for women who did not use estrogen. From this analysis, we thus fail to reject the null hypothesis that the risk of CVD death within 4 years does not differ on a multiplicative scale between women who used estrogen and those that did not when adjusting for previous atherosclerotic disease and age.
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 conclusions reached from the three different measures of association used above were slightly different. All three measures showed a significant association between estrogen use and mortality within 4 years from CVD death in the unadjusted analysis. When assessing previous atherosclerotic disease and age as potential confounders, I determined that previous atherosclerotic disease and age were both confounders using all three measures of association. However, since the estimates are all so small to being with, it is a very close call on the RD and RR scale. On the OR scale, we are confident that previous atherosclerotic disease and age are not precision variables, which makes it likely that they are confounders. Using all three estimates, the observed association got less extreme as we adjusted more. 

The effect modification analysis differed between the three measures. When examining previous atherosclerotic disease as an effect modifier with regards to the RD, it did appear that there could be effect modification on the multiplicative scale. However, using the OR and RR, effect modification was not apparent. 
A relative advantage of using the RD includes its relevance for making policy decisions. If we were interested in whether or not doctors should be recommending that women use estrogen, the absolute number of CVD deaths that would be caused or prevented may be of most interest. A relative disadvantage of the RD is that for uncommon events, such as CVD death, the absolute difference between two small numbers may not be the most informative. Another disadvantage is that it is limited to between -1 and 1, and that range gets even smaller if the unexposed group already has a high incidence. This may result in the RD more readily showing effect modification. 
A relative advantage of using the OR is that it is convenient. This is partially because the OR is independent of the direction of the question being asked. Additionally, an OR can be any non-negative number, which possibly results in less effect modification over time, although that is not very apparent in this example, because the RR also showed very little effect modification here. A relative disadvantage of using the OR is that it is more difficult to interpret. 

A relative advantage of using the RR is that it is easier to interpret than the OR, as well as being more useful when dealing with small numbers/rare events than the RD. A relative disadvantage of the RR is that it is limited to be between 0 and infinity, and when the unexposed group has a high incidence of the event, say 0.75, the RR can only be between 0 and 1.33. This may result in the RR more readily showing effect modification. 
