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Biost 536: Categorical Data Analysis in Epidemiology
Emerson, Fall 2013

Homework #2
October 10, 2013

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). Using a linear regression model with cvddeath4 as outcome and estrogen as predictor
Model: E(cvddeath4|ESTROGEN) = P(cvddeath4=1|ESTROGEN) = 0 + 1ESTROGEN + 

We test the null hypothesis, H0: 1 = 0, Ha: 1  0, at  = 0.05.
1 = -0.0256, 95% CI: -0.0378, -0.0134, p < 0.0005

From this linear regression analysis, we estimate the difference in risk (probability) of CVD death between those who used estrogen and those who did not use to be 0.0256, with those who used estrogen having the lower risk (probability).  This result is significantly different from 0 (p < 0.0005), with a 95% CI suggesting that such observed results would not be unusual if the true risk difference between estrogen use groups were anywhere between 0.0134 and 0.0378, with the estrogen users tending toward lower risk. We thus reject the null hypothesis that there is no difference in risk between estrogen use groups, in favor of the alternative hypothesis that the risk difference is not equal zero.

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.

Model: E(cvddeath4|ESTROGEN) = P(cvddeath4=1|ESTROGEN) = 0 + 1ESTROGEN + 2PREVDIS + 3ESTROGEN*PREVDIS + 

We test the null hypothesis, H0: 3 = 0, Ha: 3  0, at  = 0.05
3 = -0.0542, 95%CI: -0.1244, 0.0159; p = 0.129

	
	
	Used estrogen
	Difference

	
	
	0 = no
	1 = yes
	

	Prior CVD
	0 = no
	0.0181
	0.0065
	0.0116

	
	1 = yes
	0.0992
	0.0333
	0.0659



Among those without prior CVD, we estimate the difference in risk (probability) of CVD death between those who used estrogen and those who did not use to be 0.0116, with those who used estrogen having a lower risk.  Among those with prior CVD, we estimate the difference in risk (probability) of CVD death between those who used estrogen and those who did not use to be 0.0659, with those who used estrogen having a lower risk.  Based on our linear regression model adjusting for previous disease and an estrogen-previous disease interaction, the trend for the observed risk differences being different by 0.0542, is not beyond that that might be expected to occur by chance given the null hypothesis that there is no difference in this difference across previous CVD groups. Of note is that we did not have enough precision or power to detect effect modification.

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.

88% of the women in the study reported no prior use estrogen.  Given the observational nature of the study, there is high likelihood of confounding given this imbalance in proportions of study participants by the predictor of interest.  To assess this, we consider whether in our data set, prior CVD is associated with estrogen use among those who are alive, and whether, prior CVD is associated with CVD mortality, independent of the effect of estrogen use.

Is prior CVD associated with estrogen use in those who are alive?
Based on the chi square statistic, there is a highly significant association between prior CV disease and estrogen use (2 (1) = 21.0663, p < 0.001) in those who are alive.

Is prior CV disease associated with CV-mortality among those who did not use estrogen?
Based on a chi square statistic, there is a highly significant association between prior CV disease and CV-mortality (2 (1) = 81.4183, p < 0.001).

We would have to be worried that our effect estimate of estrogen use on CVD mortality is confounded by previous CVD.

Model: E(cvdeath4|ESTROGEN) = P(cvdeath4=1|ESTROGEN) = 0 + 1ESTROGEN + 2PREVDIS + 
1 = -0.0168

Comparing coefficients 1 in models (a) and (c),
	Model
	Risk difference
	Comment

	Without prior history of CV disease (a)
	-0.026
	Prior history of CV disease is clearly associated with both predictor of interest and outcome, and the risk difference is attenuated when prior history of CV disease is included in the model.  History of CVD is confounding the association

	With prior history of CV disease (b)
	-0.017
	



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

See model in (c) above.
We test the null hypothesis, H0: 1 = 0, Ha: 1  0, assuming  = 0.05
1 = -0.0168, 95% CI: -0.0286, -0.0050, p = 0.005

From this linear regression analysis adjusting for prior CVD history, we estimate the difference in risk (probability) of CVD death between those who used estrogen and those who did not use to be 0.0168, with those who used estrogen having the lower risk (probability).  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 risk difference between estrogen use groups were anywhere between 0.0050 and 0.0286, with the estrogen users tending toward lower risk. We thus reject the null hypothesis that there is no difference in risk between estrogen use groups, in favor of the alternative hypothesis that the risk difference is not equal zero.

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 test this, we restricted our analyses to those with no previous CVD:

Among those with no prior history 
Is age associated with estrogen use in those who are alive?
We conducted a t-test, assuming unequal variance between groups) comparing mean age between those who used estrogen and those who did not use among those who are alive. Women who did not use estrogen were on average 1.929 years older (95% CI: 1.406, 2.451, p < 0.001) than those who used estrogen.

Is age at study enrollment associated with CV-mortality among those who did not use estrogen?
We conducted a t-test, assuming unequal variance between groups) comparing mean age between those who are alive and those who died, among those who did not use estrogen. Women who are dead were on average 6.071 (95% CI: 3.906, 8.235, p < 0.001) years older than those who are alive.

Based on this analysis, age is clearly associated with both estrogen use and CVD mortality and we would be worried that it is further confounding the association between estrogen use and CVD mortality.

Model: E(cvdeath4|ESTROGEN) = P(cvdeath4=1|ESTROGEN) = 0 + 1ESTROGEN + 2PREVDIS + 3AGE + 
1 = -0.0096.  This estimate is further attenuated by inclusion of age in the linear regression model suggesting that in this dataset, age is further confounding the association between estrogen use and CVD mortality

f. Provide complete statistical inference regarding an association between estrogen and CVD mortality after adjustment for age and any prior history of CVD.
We test the null hypothesis, H0: 1 = 0, Ha: 1  0, at  = 0.05
1 = -0.0096, 95% CI: -0.0211, 0.0019, p = 0.103

From this linear regression analysis adjusting for prior CVD history and age, we estimate the difference in risk (probability) of CVD death between those who used estrogen and those who did not use to be 0.0096, with those who used estrogen having the lower risk (probability).  However, this result is not significantly different from 0 (p = 0.103), with a 95% CI suggesting that such observed results would not be unusual under the null hypothesis of no difference in risk. We have insufficient evidence to reject the null hypothesis that there is no difference in risk between estrogen use groups.

2) Answer all parts of problem 1 using the odds ratio (OR) as the measure of association. 
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). Using a linear regression model with cvddeath4 as outcome and estrogen as predictor

Model: logit[(X)] = 0 + 1ESTROGEN + 

We test the null hypothesis, H0: 1 = 0 (or OR = 1), Ha: 1  0 (OR  1, at  = 0.05
1 = -1.386429, 95% CI: -2.542757, -0.230102, p = 0.019

OR = 0.2499663, 95% CI: 0.0786493, 0.7944526, p = 0.019

From this logistic regression analysis, we estimate that the odds of CVD death in those who used estrogen are 0.250 times the odds of those who did not use estrogen.  Under the null hypothesis of no estrogen use effect (H0: 1 = 0 or OR = 1) and type 1 error rate of 0.05, we find that this result is beyond what we would expect to observe by chance alone (95% CI of the odds ratio indicates that the odds of CVD death given a women used estrogen were 0.0786 to 0.7944 times the odds given no estrogen use, p = 0.019).  We have sufficient evidence to reject the null hypothesis, in favor of the alternative hypothesis.

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.
Model: logit[(X)] = 0 + 1ESTROGEN + 2PREVDIS + 3ESTROGEN*PREVDIS + 

H0: 3 = 0, Ha: 3  0
3 = -0.1184183   95%CI: -2.587523    2.350687; p = 0.925


	
	
	Used estrogen
	Odds Ratios

	
	
	0 = no
	1 = yes
	

	Prior CVD
	0 = no
	0.0184
	0.0065
	0.3524

	
	1 = yes
	0.1102
	0.0345
	0.3130



Among those without prior CVD, we estimate that the odds of CVD death in those who used estrogen are 0.3524 times than the odds of those who did not use estrogen.  Among those with prior CVD, we estimate that the odds of CVD death in those who used estrogen are 0.3130 times the odds of those who did not use estrogen.  Based on our logistic regression model adjusting for previous CVD and an estrogen-previous CVD interaction, the trend observed in odds ratio in those with prior CVD being 0.8883 times the odds ratio in those without prior CVD, is not beyond that that might be expected to occur by chance given the null hypothesis that this ratio is equal to 1 (95% CI: 0.0752, 10.4972, p = 0.925).  Of note is that we did not have enough precision or power to detect effect modification as evidenced by the wide confidence interval of this estimate.

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.

Same answer as in problem 1 – we use similar reasoning to argue that our estimates are likely to be confounded by prior CVD.  In this case however, we are unable to judge just by looking differences in the unadjusted and adjusted estimates, because, when we average over the “potential confounder”, the odds ratio us attenuated even in the absence of actual confounding.

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

Model: logit[(X)] = 0 + 1ESTROGEN + 2PREVDIS + 

We test the null hypothesis, H0: 1 = 0 (or OR = 1), Ha: 1  0 (OR  1, at  = 0.05
1 = -1.083986, 95% CI: -2.248835, 0.0808634, p = 0.068
OR = 0.3382447, 95% CI: 0.1055221, 1.084223

From this logistic regression analysis adjusting for prior CVD history, we estimate that the odds of CVD death among women who used estrogen are 0.3382 times the odds of women who did not use estrogen.  This result is not beyond what would be expected to occur by chance alone assuming the null hypothesis of odds ratio = 1 is true (the 95% CI suggest that the odds of CVD death among women who used estrogen could fall anywhere between 0.1055 to 1.0842 times the odds of women who did not use estrogen, p = 0.068).  We thus fail to reject the null hypothesis that there the odds ratio is equal to 1 between estrogen use groups.

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.

Same answer as in problem 1 – we use similar reasoning to argue that our estimates are likely to be confounded by prior CVD.  In this case however, we are unable to judge just by looking differences in the unadjusted and adjusted estimates, because, these may change even in the absence of confounding

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

Model: logit[(X)] = 0 + 1ESTROGEN + 2PREVDIS + 3AGE + 

We test the null hypothesis, H0: 1 = 0 (OR = 1), Ha: 1  0 (OR  1), at  = 0.05
OR = 0.4272, 95% CI: 0.1319, 1.3834, p = 0.156

From this logistic regression analysis adjusting for prior CVD history and age, we estimate that the odds of CVD death in those who used estrogen are 0.4272 times the odds of those who did not use estrogen.  Under the null hypothesis of no estrogen use effect (H0: 1 = 0 or OR = 1) and type 1 error rate of 0.05, we find that this result is not beyond what we would expect to observe by chance alone (95% CI of the odds ratio indicates that the odds of CVD death given a women used estrogen were 0.1319 to 1.3834 times the odds given no estrogen use, p = 0.156).  We have do not have sufficient evidence to reject the null hypothesis.

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. 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).
Model: log[(X)] = 0 + 1ESTROGEN + 

We test the null hypothesis, H0: 1 = 0 (or RR = 1), Ha: 1  0 (RR  1, at  = 0.05
RR = 0.2566, 95% CI: 0.0816323, 0.8065388, p = 0.020

From this relative risk regression analysis, we estimate that the risk of CVD death in those who used estrogen is 0.250 times than the risk of those who did not use estrogen.  Under the null hypothesis of no estrogen use effect (H0: 1 = 0 or OR = 1) and type 1 error rate of 0.05, we find that this result is beyond what we would expect to observe by chance alone (95% CI of the risk ratio indicates that the odds of CVD death given a women used estrogen were 0.0816 to 0.8066 times the risk given no estrogen use, p = 0.020).  We have sufficient evidence to reject the null hypothesis, in favor of the alternative hypothesis.

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.
Model: log[(X)] = 0 + 1ESTROGEN + 2PREVDIS + 3ESTROGEN*PREVDIS + 

H0: 3 = 0, Ha: 3  0
3 = -0.1184183   95%CI: -2.587523, 2.350687; p = 0.925

	
	
	Used estrogen
	Risk Ratios

	
	
	0 = no
	1 = yes
	

	Prior CVD
	0 = no
	0.0181
	0.0065
	0.3566

	
	1 = yes
	0.0992
	0.0333
	0.3360



[bookmark: _GoBack]Among those without prior CVD, we estimate that the risk of CVD death in those who used estrogen is 0.3566 times than the risk of those who did not use estrogen.  Among those with prior CVD, we estimate that the risk of CVD death in those who used estrogen is 0.3360 times the risk of those who did not use estrogen.  Based on our relative risk regression model adjusting for previous CVD and an estrogen-previous CVD interaction, the trend observed in risk ratio in those with prior CVD being 0.9423 times the risk ratio in those without prior CVD, is not beyond that that might be expected to occur by chance given the null hypothesis that this ratio is equal to 1 (95% CI: -2.5875, 2.3507, p = 0.961). Of note is that we did not have enough precision or power to detect effect modification as evidenced by a wide confidence interval for this estimate.

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.

Same answer as in problem 1 – we use similar reasoning to argue that our estimates are likely to be confounded by prior CVD.  In this case however, we are unable to judge just by looking differences in the unadjusted and adjusted estimates, because, these may change even in the absence of confounding

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

Model: log[(X)] = 0 + 1ESTROGEN + 2PREVDIS + 

We test the null hypothesis, H0: 1 = 0 (or RR = 1), Ha: 1  0 (RR  1, at  = 0.05
RR = 0.3411863, 95% CI: 0.077871, 1.494885, p = 0.154

From this relative risk regression analysis adjusting for prior CVD history, we estimate that the risk of CVD death among women who used estrogen are 0.3412 times the risk of women who did not use estrogen.  This result is not beyond what would be expected to occur by chance alone assuming the null hypothesis of risk ratio = 1 is true (the 95% CI suggest that the risk of CVD death among women who used estrogen could fall anywhere between 0.0779 to 1.4949 times the risk of women who did not use estrogen, p = 0.154).  We thus fail to reject the null hypothesis that there the risk ratio is equal to 1 between estrogen use groups.

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.

Same answer as in problem 1 – we use similar reasoning to argue that our estimates are likely to be confounded by 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.

Model: log[(X)] = 0 + 1ESTROGEN + 2PREVDIS + 3AGE + 

We test the null hypothesis, H0: 1 = 0 (RR = 1), Ha: 1  0 (RR  1), at  = 0.05
RR = 0.3046138, 95% CI: 0.0838005, 1.107268, p = 0.071

From this relative risk regression analysis adjusting for prior CVD history and age, we estimate that the risk of CVD death in those who used estrogen are 0.3046 times the risk of those who did not use estrogen.  Under the null hypothesis of no estrogen use effect (H0: 1 = 0 or RR = 1) and type 1 error rate of 0.05, we find that this result is not beyond what we would expect to observe by chance alone (95% CI of the risk ratio indicates that the risk of CVD death given a women used estrogen was 0.0838 to 1.1073 times the odds given no estrogen use, p = 0.071).  We have do not have sufficient evidence to reject the null hypothesis.


4) Of the three measures of association used above, how similar were the conclusions? What are the relative advantages and disadvantages of the three?
	Question
	Agree
	Comment/conclusions

	Unadjusted analysis
	All agree
	Evidence is much stronger on the risk difference scale; when dealing with unadjusted analyses, there is none of these measures would be preferred to another

	Effect modification by prior CVD history
	All agree, no effect modification
	Evidence is less compelling (lower p-value) on risk difference scale

	Confounding by prior CVD history
	Similar arguments for all
	Effect disappears when we use the ratio scales to measure effect size.  However, when we use the risk difference scale, there is still some association left over.  This is symptomatic of the fact that even in the absence of confounding, there would likely some attenuation of the adjusted effect estimates on the ratio scales.  If we add confounding to this, we get total attenuation of the effect

	Further confounding by age
	Similar arguments for all
	Effect disappears even on the risk difference scale



OR discussion
Limitation - Estimates of the OR are difficult to interpret because they refer to a ratio of odds, from which we typically are unable to assess “risk”.  For rare events however, the OR would approximate the RR.  Also, the OR scale is typically a non-linear function of the mean, and even in the absence of confounding; there would be some attenuation of the effect measure which would make confounding difficult to assess.

Advantage - The key advantage of the OR as an effect measure is that, unlike the RR and RD measures, it behaves well asymptotically.

RD discussion
Limitation – behaves poorly asymptotically given that proportions can only take on values between 0 and 1; this is especially true if the probability of an event in the unexposed group is already high.  The values of RD would in effect be limited.  This means RD as a summary measure is prone to effect modification.

Secondly, linear regression using 0, 1 values used to fit the model, allows for the possibility that there would be probabilities greater than 1 and less than 0, which is wrong.

Advantage – easy interpretation at least compared to OR, and this measure of excess risk is often of more value to public health interventions that either RR or OR

RR discussion
Limitation – prone to first limitation of RD above

Advantage – easy interpretation
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