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Biost 536: Categorical Data Analysis in Epidemiology
Emerson, Fall 2013
Homework #2
October 10, 2013
Written problems: To be submitted as an email attachment in by 5pm on Thursday, October 17, 2013. See the instructions for peer grading of the homework that are posted on the web pages. 
On this (as all homeworks) unedited Stata output is TOTALLY unacceptable. Instead, prepare a table of statistics gleaned from the Stata output. The table should be appropriate for inclusion in a scientific report, with all statistics rounded to a reasonable number of significant digits. (I am interested in how statistics are used to answer the scientific question.)

Keys to past homeworks from quarters that I taught Biost 517 (e.g. HW #8) or Biost 518 (e.g., HW #3)  might be consulted for the presentation of inferential results.

The following problems make use of a dataset exploring the prognostic value of certain biomarkers of inflammation on all cause mortality. The documentation file inflamm.doc and the data file inflamm.txt can be found on the class web pages.  
In all problems, we are interested in any associations between estrogen use and mortality from cardiovascular disease (CVD) within four years of enrolment in the study. Note that no subject was censored prior to four years of follow-up, however some subjects were deemed to die from non CVD causes. For the purposes of this homework, we will treat the patients who die of other causes as if they would definitely not died of CVD within 4 years. Hence, you can create a binary variable indicating CVD death within 4 years. The following Stata code will create this variable:

g cvddeath4 = 0

replace cvddeath4 = 1 if ttodth <= 4*365.25 & cvddth==1
All references to “CVD mortality” mean CVD death within 4 years.

Some subjects are missing data for estrogen, but for the purposes of this homework we will presume that such data is missing completely at random (MCAR).
Note that only women are expected to have used estrogen therapy, and thus all analyses should be restricted to women.

Problems 1-3 each ask the same questions, but ask for different measures of association. Where such would be appropriate, it is permissible to give answers to parts of problems 2 and 3 as “same answer as in problem 1”.
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, we estimate that the average difference in risk of CVD death within 4 years between women who have used estrogen at any time prior to study enrollment and women who have not used estrogen prior to study enrollment is 0.026, with women having a history of estrogen use being at lower average risk than women without such history.  This result is significantly different from 0 (P<0.0005), with a 95% confidence interval suggesting that such observed results would not be unusual if the true difference in risk between the two groups was between 0.038 and 0.013. We thus reject the null hypothesis that there is no difference in risk of CVD death in four years between these groups in favor of a hypothesis that women who have a history of estrogen use are, on average, at lower risk of 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.




Table 1. Association of CVD death within 4 years and history of estrogen use

	
	Risk Difference
	Robust SE
	P-value
	95% CI

	Prevdis=0
	-0.012
	0.005
	0.032
	-0.022, -0.001

	
	
	
	
	

	Prevdis=1
	-0.066
	0.035
	0.063
	-0.135, 0.004


Stratifying the linear regression analysis by whether women had a previous history of CVD shows some difference in the risk difference between women with and without a history of estrogen use by their CVD history. Women with a prior history of CVD who also had a history of estrogen use had a more reduced risk in comparison to women with a history of CVD and no history of estrogen use than did women without prior CVD. 

A linear regression analysis (see Table 2 below) modeling the interaction of previous CVD diagnosis and estrogen use did not find a statistically significant amount of interaction (P=0.129). I would adjust for previous diagnosis but I would not adjust for the interaction of previous CVD diagnosis and estrogen use. I would also not present stratum-specific results because they do not support my scientific question of interest as well as presenting adjusted results does.
Table 2. Association of CVD death within 4 years and history of estrogen use, previous CVD diagnosis and interaction

	
	Risk Difference
	Robust SE
	P-value
	95% CI

	
	
	
	
	

	Estrogen use
	-0.012
	0.005
	0.032
	-0.022, -0.001

	Prevdis
	0.081
	0.014
	0.000
	0.055, 0.108

	Estrogen*Prevdis
	-0.054
	0.036
	0.129
	-0.124, 0.016

	_cons
	0.018
	0.003
	0.000
	0.012, 0.024


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.

I would argue that confounders should be decided a priori, based on what is already known about the disease and POI, and considering biological plausibility. In this case, a prior diagnosis of CVD would certainly be related to CVD mortality, and we know that estrogen use is related to heart disease. If we are interested in the association between estrogen and CVD mortality outside of the causal pathway of increasing CVD diagnosis (and we can’t, based on this dataset, determine if estrogen use occurred before or after CVD diagnosis) we should adjust for it.
If we choose to decide upon confounders based on the dataset, a confounder must be associated with both the outcome and predictor of interest, as well as not in the causal pathway. Based on the differing proportion of women with previous CVD diagnoses who also died of CVD within 4 years in comparison to women without a previous diagnosis (Table 3), we know that CVD diagnosis is associated with CVD death within 4 years. Similarly, based on the proportion of women with previous CVD diagnoses who also have a history of estrogen use in comparison to women without a CVD history we can see that there is an association between CVD diagnosis and estrogen use.
Table 3. Proportion of women with a history of CVD diagnosis by outcome and POI

	
	Previous CVD
	No previous CVD

	CVD death (%)
	57.1
	42.9

	No CVD death (%)
	17.5
	82.5

	
	
	

	Estrogen use (%)
	91.2
	8.8

	No estrogen use (%)
	79.9
	20.1


Further evidence that the association in question is confounded by past CVD diagnosis is presented in a comparison of an unadjusted and adjusted linear regression shown in Table 5 below. Adjusting for previous diagnosis of CVD markedly alters the estimated risk difference of CVD death within 4 years for women who have used estrogen in comparison to women who have not, among women of the same CVD diagnosis history. 
Table 4. Unadjusted and adjusted analyses of CVD death and estrogen use

	
	Risk Difference
	Robust SE

	Unadjusted
	-.026
	.006

	Adjusted for prevdis
	-.017
	.006


Table 5. Association of CVD death within 4 years, history of estrogen use and previous CVD diagnosis
	
	Risk Difference
	Robust SE
	P-value
	95% CI

	Estrogen use
	-0.017
	0.006
	0.005
	-0.029, -0.005

	Previous CVD Dx
	0.078
	0.013
	0.000
	0.053, 0.103

	_cons
	0.019
	0.003
	0.000
	0.013, 0.025


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 adjusting for a prior history of CVD, we estimate that among women with the same CVD diagnostic history, average risk difference of CVD death within 4 years between women who have used estrogen at any time prior to study enrollment and women who have not used estrogen prior to study enrollment is 0.017, with women having a history of estrogen use being at lower average risk than women without such history.  This result is significantly different from 0 (P=0.005), with a 95% confidence interval suggesting that such observed results would not be unusual if the true difference in risk between the two groups was between 0.029 and 0.005. We thus reject the null hypothesis that there is no difference in risk of CVD death in four years between these groups in favor of a hypothesis that women who have a history of estrogen use are, on average, at lower risk of CVD death within 4 years after controlling for the influence of a past diagnosis of CVD.

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.

Once again, the choice to treat age as a confounder should be made a priori (see 1c above). If the choice is made to consider age a confounder based on the dataset, age must be associated both with the predictor of interest and the outcome, and not on the causal pathway of interest. Since we have no reason to think age is on the causal pathway we are interested in, the differing age patterns of women who have a CVD-associated death within 4 years and who have a history of estrogen use show that age is associated with both and should be considered as a confounder.

Table 6. Proportion of women with CVD death and estrogen use by age bracket
	
	Age

	
	65-69
	70-79
	80-89
	90+


	CVD death (%)
	8.79
	65.93
	21.98
	3.3


	No CVD death (%)
	37.72
	50.69
	11.02
	0.57

	
	
	
	
	


	Estrogen use (%)
	50.88
	43.82
	5.29
	0.0


	No estrogen use (%)
	35.01
	52.05
	12.19
	0.74


Additional evidence in Table 7 shows that the association between CVD mortality and estrogen, even after adjusting for previous diagnosis, is further confounded by age. Adjusting for age category (65-69, 70-79, 80-89, 90+) as well as previous diagnosis removes almost all estimated risk difference between estrogen use and CVD mortality.
Table 7. Unadjusted and adjusted analyses of CVD death, estrogen use and age
	
	Risk Difference
	Robust SE

	Unadjusted
	-.026
	.0062

	Adjusted for prevdis
	-.017
	.0060

	Adjusted for prevdis and age
	-0.01
	.0059


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 adjusting for a prior history of CVD and age group, we estimate that among women with the same CVD diagnostic history and in the same age bracket, average risk difference of CVD death within 4 years between women who have used estrogen at any time prior to study enrollment and women who have not used estrogen prior to study enrollment is 0.01, with women having a history of estrogen use being at lower average risk than women without such history.  This result is marginally not statistically significantly different from 0 (P=0.053), with a 95% confidence interval suggesting that such observed results would not be unusual if the true difference in risk was between 0.02 lower in women who have used estrogen to 0.002 higher among women who have used estrogen. We thus cannot reject the null hypothesis that there is no difference in risk of CVD death in four years between women who do and do not have a history of estrogen use, among women of the same CVD diagnosis history and age group.

Table 8. Association of CVD death within 4 years, history of estrogen use, previous CVD diagnosis and age
	
	Risk Difference
	Robust SE
	P-value
	95% CI

	Estrogen use
	-0.011
	0.006
	0.053
	-0.023, 0.000

	Previous CVD Dx
	0.073
	0.013
	0.000
	0.048, 0.098

	Age
	0.025
	0.005
	0.000
	0.014, 0.035

	_cons
	-0.024
	0.008
	0.003
	-0.040, 0.008


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.)

Table 9. Association of CVD death within 4 years and estrogen use

	
	Odds Ratio
	Robust SE
	P-value
	95% CI

	Estrogen use
	0.250
	0.147
	0.019
	0.079, 0.795

	_cons
	0.036
	0.004
	0.000
	0.029, 0.044


From a logistic regression analysis, we estimate that the average odds ratio for CVD death within 4 years between women who have used estrogen at any time prior to study enrollment and women who have not used estrogen prior to study enrollment is 0.25, with women having a history of estrogen use having lower odds of CVD death within 4 years than women without such history.  This result is significantly different from 0 (P=0.019), with a 95% confidence interval suggesting that such observed results would not be unusual if the true odds ratio between the two groups was between 0.08 and 0.79. We thus reject the null hypothesis that there is no difference in odds of CVD death in four years between these groups in favor of a hypothesis that women who have a history of estrogen use are, on average, at lower risk of 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.

Table 10. Association of CVD death within 4 years and history of estrogen use

	
	Odds Ratio
	Robust SE
	P-value
	95% CI

	Prevdis=0
	0.35
	0.26
	0.152
	0.08, 1.47

	
	
	
	
	

	Prevdis=1
	0.31
	0.32
	0.259
	0.04, 2.35


Stratifying the logistic regression analysis by whether women had a previous history of CVD shows little difference in the odds ratio point estimate for CVD mortality between women with and without a history of estrogen use and the same CVD diagnosis history. Women with a prior history of CVD who also had a history of estrogen use had a more reduced odds in comparison to women with a history of CVD and no history of estrogen use than did women without prior CVD. 

As above using linear regression, a logistic regression analysis (see Table X below) modeling the interaction of previous CVD diagnosis and estrogen use did not find a statistically significant amount of interaction (P=0.925). I would adjust for previous diagnosis but I would not adjust for the interaction of previous diagnosis and estrogen use. I would also not present stratum-specific results because they do not support my scientific question of interest as well as presenting adjusted results does.

Table 11. Association of CVD death within 4 years and estrogen use, interaction with previous diagnosis
	
	Odds Ratio
	Robust SE
	P-value
	95% CI

	
	
	
	
	

	Estrogen use
	0.352
	0.257
	0.152
	0.084, 1.470

	Prevdis
	5.978
	1.327
	0.000
	3.868, 9.238

	Estrogen*Prevdis
	0.888
	1.119
	0.925
	0.075, 10.497

	_cons
	0.018
	0.003
	0.000
	0.013, 0.0255


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.

See 1c above. 
Additional evidence that the association in question is confounded by past CVD diagnosis is presented in a comparison of an unadjusted and adjusted logistic regression of the association between CVD death within 4 years and estrogen use, shown in Table X below. Adjusting for previous diagnosis of CVD markedly alters the estimated odds ratio of CVD death within 4 years for women who have used estrogen in comparison to women who have not, among women of the same CVD diagnosis history. Because the adjustment moves closer to the null value of OR=1, we know this is not precision, it is confounding.

Table 12. Unadjusted and adjusted analyses of CVD death and estrogen use

	
	Odds Ratio
	Robust SE

	Unadjusted
	0.25
	.15

	Adjusted for prevdis
	0.34
	.20


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

From a logistic regression analysis adjusting for a prior history of CVD, we estimate that among women with the same CVD diagnostic history, average odds ratio of CVD death within 4 years between women who have used estrogen at any time prior to study enrollment and women who have not used estrogen prior to study enrollment is 0.34, with women having a history of estrogen use being at lower average odds than women without such history.  This result is not significantly different from 0 (P=0.068), with a 95% confidence interval suggesting that such observed results would not be unusual if the true odds ratio was between 0.11 and 1.1. We thus cannot reject the null hypothesis that there is no difference in risk of CVD death in four years between women who have a history of estrogen use and women who do not have a history of estrogen among women with the same history of CVD diagnosis.

Table 12. Association of CVD death within 4 years, estrogen use and previous diagnosis
	
	Odds Ratio
	Robust SE
	P-value
	95% CI

	Estrogen use
	0.338
	0.201
	0.068
	0.105, 1.084

	Previous CVD Dx
	5.956
	1.300
	0.000
	3.882, 9.135

	_cons
	0.018
	0.003
	0.000
	0.013, 0.025


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.

See 1e above.

Additionally, adjusting for age category moves the estimated odds ratio closer to the null and decreases precision, so we know age is not a precision variable and is therefore a confounder.

Table 13. Unadjusted and adjusted analyses of CVD death and estrogen use

	
	Odds Ratio
	Robust SE

	Unadjusted
	0.25
	.15

	Adjusted for prevdis
	0.34
	.20

	Adjusted for prevdis and age
	0.40
	.24


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 logistic regression analysis adjusting for a prior history of CVD and age group, we estimate that among women with the same CVD diagnostic history and in the same age bracket, average odds ratio of CVD death within 4 years between women who have used estrogen at any time prior to study enrollment and women who have not used estrogen prior to study enrollment is 0.4, with women having a history of estrogen use being at lower average odds than women without such history.  This result is not significantly different from 0 (P=0.127), with a 95% confidence interval suggesting that such observed results would not be unusual if the true odds ratio was between 0.12 and 1.30. We thus cannot reject the null hypothesis that there is no difference in odds of CVD death in four years between women who do and do not have a history of estrogen use, among women of the same CVD diagnosis history and age group.

Table 14. Association of CVD death within 4 years, estrogen use, previous diagnosis and age
	
	Odds Ratio
	Robust SE
	P-value
	95% CI

	Estrogen use
	0.400
	0.240
	0.127
	0.123, 1.30

	Previous CVD Dx
	5.185
	1.178
	0.000
	3.321, 8.093

	Age
	2.100
	0.289
	0.000
	1.603, 2.751

	_cons
	0.004
	0.001
	0.000
	0.002, -.008


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.)

Table 15. Association of CVD death within 4 years and estrogen use
	
	Risk Ratio
	Robust SE
	P-value
	95% CI

	Estrogen use
	0.257
	0.150
	0.02
	0.082, 0.807

	_cons
	0.034
	0.004
	0.000
	0.028, 0.042


From a GLM regression analysis, we estimate that the average risk ratio for CVD death within 4 years between women who have used estrogen at any time prior to study enrollment and women who have not used estrogen prior to study enrollment is 0.26, with women having a history of estrogen use having lower odds of CVD death within 4 years than women without such history.  This result is significantly different from 0 (P=0.02), with a 95% confidence interval suggesting that such observed results would not be unusual if the true risk ratio between the two groups was between 0.08 and 0.81. We thus reject the null hypothesis that there is no difference in odds of CVD death in four years between these groups in favor of a hypothesis that women who have a history of estrogen use are, on average, at lower risk of 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.

Table 16. Association of CVD death within 4 years and history of estrogen use

	
	Risk Ratio
	Robust SE
	P-value
	95% CI

	Prevdis=0
	0.36
	0.26
	0.154
	0.09, 1.47

	
	
	
	
	

	Prevdis=1
	0.34
	0.33
	0.272
	0.05, 2.35


Stratifying the GLM regression analysis by whether women had a previous history of CVD shows little difference in the risk ratio point estimate for CVD mortality between women with and without a history of estrogen use and the same CVD diagnosis history, and thus little evidence of effect modification on the multiplicative scale by previous diagnosis.

As in the other analyses, a GLM regression analysis (see Table X below) modeling the interaction of previous CVD diagnosis and estrogen use did not find a statistically significant amount of interaction (P=0.961). I would adjust for prevdis but I would not adjust for the interaction of prevdis and estrogen use. I would also not present stratum-specific results because they do not support my scientific question of interest as well as presenting adjusted results does.

Table 17. Association of CVD death within 4 years and estrogen use, interaction with previous diagnosis
	
	Risk Ratio
	Robust SE
	P-value
	95% CI

	Estrogen use
	0.357
	0.258
	0.154
	0.086, 1.472

	Prevdis
	5.484
	1.153
	0.000
	3.632, 8.281

	Estrogen*Prevdis
	0.942
	1.157
	0.961
	0.085, 10.458

	_cons
	0.018
	0.003
	0.000
	0.013, 0.025


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.

See 1c above.

Additional evidence that the association in question is confounded by past CVD diagnosis is presented in a comparison of an unadjusted and adjusted GLM regression of the association between CVD death within 4 years and estrogen use, shown in Table X below. Adjusting for previous diagnosis of CVD markedly alters the estimated odds ratio of CVD death within 4 years for women who have used estrogen in comparison to women who have not, among women of the same CVD diagnosis history. Because the adjustment moves closer to the null value of RR=1, we know this is not precision, it is confounding.

Table 18. Unadjusted and adjusted analyses of CVD death and estrogen use

	
	Risk Ratio
	Robust SE

	Unadjusted
	0.26
	.15

	Adjusted for prevdis
	0.35
	.20


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

From a GLM regression analysis adjusting for a prior history of CVD, we estimate that among women with the same CVD diagnostic history, average risk ratio of CVD death within 4 years between women who have used estrogen at any time prior to study enrollment and women who have not used estrogen prior to study enrollment is 0.35, with women having a history of estrogen use being at lower average odds than women without such history.  This result is not significantly different from 0 (P=0.072), with a 95% confidence interval suggesting that such observed results would not be unusual if the true risk ratio was between 0.11 and 1.1. We thus cannot reject the null hypothesis that there is no difference in risk of CVD death in four years between women who have a history of estogen use and women who do not have a history of estrogen among women with the same history of CVD diagnosis.

Table 19. Association of CVD death within 4 years, estrogen use and previous diagnosis
	
	Risk Ratio
	Robust SE
	P-value
	95% CI

	Estrogen use
	0.349
	0.204
	0.072
	0.111, 1.097

	Previous CVD Dx
	5.474
	1.133
	0.000
	3.649, 8.213

	_cons
	0.018
	0.003
	0.000
	0.013, 0.025


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.

See 1e above. Additional evidence of confounding is found in Table 20. Adjusting for age category moves the estimated risk ratio closer to the null (RR=1) and decreases precision, so we know age is not a precision variable and is therefore a confounder.
Table 20. Unadjusted and adjusted analyses of CVD death, estrogen use, previous diagnosis and age
	
	Risk Ratio
	Robust SE

	Unadjusted
	0.26
	.15

	Adjusted for prevdis
	0.35
	.20

	Adjusted for prevdis and age
	0.40
	.23


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 GLM regression analysis adjusting for a prior history of CVD and age group, we estimate that among women with the same CVD diagnostic history and in the same age bracket, average risk ratio of CVD death within 4 years between women who have used estrogen at any time prior to study enrollment and women who have not used estrogen prior to study enrollment is 0.41, with women having a history of estrogen use being at lower average risk than women without such history.  This result is not significantly different from 0 (P=0.119), with a 95% confidence interval suggesting that such observed results would not be unusual if the true odds ratio was between 0.12 and 1.26. We thus cannot reject the null hypothesis that there is no difference in risk of CVD death in four years between women who do and do not have a history of estrogen use, among women of the same CVD diagnosis history and age group.

Table 21. Association of CVD death within 4 years, estrogen use, previous diagnosis and age
	
	Risk Ratio
	Robust SE
	P-value
	95% CI

	Estrogen use
	0.405
	0.235
	0.119
	0.130, 1.262

	Previous CVD Dx
	4.647
	1.026
	0.000
	3.015, 7.162

	Age
	1.896
	0.226
	0.000
	1.500, 2.396

	_cons
	0.005
	0.001
	0.000
	0.003, 0.009


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 odds ratio and risk ratio results are very similar in both their point estimates and standard errors, while the risk difference stands separately, both because it is measuring on a different scale and because it comes close to achieving significance on that scale. It makes sense that the OR and RR are similar, given that this is a rare outcome, which is when OR best approximates RR.

All three measures were confounded by age and previous diagnosis of CVD, and initial impressions of a significant association in this study group between estrogen use and CVD mortality were found to be better explained by these other variables.
Risk difference is more stable and smaller in its standard errors, but it is difficult to interpret, especially with a rare outcome like CVD mortality, because what does a 0.011 difference in risk truly mean? 

Odds ratio is a very commonly used measure, and therefore useful for comparison to other studies, but it also has a larger standard error measure than the risk difference and is not directly measuring risk of death given estrogen use, but the inverse.
The best measure is risk ratio. This allows direct measure of the issue at hand (risk of CVD death given estrogen use) unlike odds ratio, and doesn’t have any larger standard error than the odds ratio. It is best suited to the study design of a prospective cohort, and can be used to calculate incidence rates and other useful measures.
