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1. Risk difference

	Table 1a  Association between supplemental estrogen use and four-year cardiovascular disease mortality in women, n = 2899

	Variable
	Risk Difference
	95% Confidence Interval
	p value

	Estrogen use
	-0.026
	-0.045, -0.006
	0.011

	Estrogen use, history of prior CVD
	-0.016
	-0.036, 0.003
	0.091

	Estrogen use, history of prior CVD, age
	-0.009
	-0.029, 0.010
	0.336

	CVD = cardiovascular disease
	
	
	



a. In unadjusted analysis, after excluding the missing values and using linear regression, the difference in observed risk of cardiovascular disease death over four years between women using estrogen and those not using estrogen was -0.026, as shown in Table 1a. Taking estrogen appeared to reduce the risk of death by 2.6 percentage points. The 95% confidence interval was -0.045 to -0.006. Given 100 samples of this size, 95 of them will have a 95% confidence interval that contains the true risk difference, and the difference is expected to fall within this range. The p-value of 0.01 shows that the association between estrogen use and CVD mortality is significant at the alpha = 0.05 level. 

	Table 1b  Assessing effect modification in the association between supplemental estrogen use and four-year cardiovascular disease mortality modified by previous cardiovascular disease in women, n = 2899

	
	Risk of 4-year CVD Mortality
	Odds of 4-year CVD Mortality

	
	Previous CVD
	No Prior CVD
	Previous CVD
	No Prior CVD

	Estrogen
	0.033
	0.006
	0.1101
	0.0065

	No Estrogen
	0.099
	0.018
	0.0345
	0.0184

	Difference
	-0.066
	-0.012
	-
	-

	Ratio
	0.333
	0.333
	0.313
	0.352

	
	
	
	
	


b. There appears to be effect modification from previous cardiovascular disease on the association between estrogen use and CVD mortality for the risk difference (Table 1b). The risk of CVD death for women with previous CVD was 3% if they were on estrogen and 10% if they were not, for a risk difference of -0.066. The risk of CVD death for women with no prior CVD was 0.6% if they were on estrogen and 1.8% if they were not, for a risk difference of -0.012.These results appear to be different enough to indicate that effect modification from previous CVD is present in the association between estrogen use and CVD 4-year mortality.

c. There does appear to be confounding from prior CVD in the relationship between estrogen use and CVD mortality. Adding history of prior CVD into the model results in a risk difference of -0.016, attenuating the point estimate towards the null The corresponding confidence interval includes zero, which indicates that the protective effect of estrogen use on CVD death no longer holds when taking prior CVD into account. 

d. Adjusting for history of prior CVD, the risk difference for cardiovascular disease death over four years between women using estrogen and those not using estrogen was -0.016 (Table 1a). The 95% confidence interval was -0.04 to 0.003. Given 100 samples of this size, 95 of them will have a 95% confidence interval that contains the true risk difference, and the difference is expected to fall within this range. The p-value of 0.091 shows that the association between estrogen use and CVD mortality is not significant at the alpha = 0.05 level.

e. There is evidence from this data that age is a confounder in the relationship between estrogen use and CVD mortality after adjusting for prior CVD. Adding age into the model reduces the point estimate toward the null, but does not change the model significantly. However, since there is information from previous studies show that age is  associated with CVD mortality, it should still be included in the model even if it did not appear to be a confounder by looking at the sample statistics. 

	Table 1c  Assessing age with the association between supplemental estrogen use and four-year cardiovascular disease mortality modified by previous cardiovascular disease in women, n = 2899

	
	Risk of 4-year CVD Mortality
	Odds of 4-year CVD Mortality

	
	Previous CVD
	No Prior CVD
	Previous CVD
	No Prior CVD

	Estrogen
	0.033
	0.006
	0.1101
	0.0065

	No Estrogen
	0.099
	0.018
	0.0345
	0.0184

	Difference
	-0.066
	-0.012
	-
	-

	Ratio
	0.333
	0.333
	0.313
	0.352

	
	
	
	
	


f. Adjusting for age and history of prior CVD, the risk difference for cardiovascular disease death over four years between women using estrogen and those not using estrogen was -0.009. The 95% confidence interval was -0.03 to 0.01. Given 100 samples of this size, 95 of them will have a 95% confidence interval that contains the true risk difference, and the difference is expected to fall within this range. The p-value of 0.34 shows that the association between estrogen use and CVD mortality is not significant at the alpha = 0.05 level.


2. Odds ratio

	Table 2  Association between supplemental estrogen use and four-year cardiovascular disease mortality in women, n = 2899

	Variable
	Odds Ratio
	95% Confidence Interval
	p value

	Estrogen use
	0.250
	0.079, 0.795
	0.019

	Estrogen use, history of prior CVD
	0.338
	0.105, 1.084
	0.068

	Estrogen use, history of prior CVD, age
	0.427
	0.132, 1.383
	0.156

	CVD = cardiovascular disease

	
	
	


a. In unadjusted analysis, the odds ratio of 4-year CVD death between women using estrogen and those not using estrogen was 0.25, as shown in Table 2. Taking estrogen appeared to reduce the odds of death by 25%. The 95% confidence interval was quite wide at 0.08 to 0.8. Given 100 samples of this size, 95 of them are expected to have a 95% confidence interval that contains the true odds ratio, and the true odds ratio is expected to fall within this range. The p-value of 0.02 shows that the association between estrogen use and CVD mortality is significant at the alpha = 0.05 level. 

b. There does not appear to be effect modification from previous cardiovascular disease on the association between estrogen use and CVD mortality for the odds ratio (Table 1b). The odds ratio for CVD mortality between women on and off estrogen was 0.31 for women with prior CVD and 0.35 for women without prior CVD, which is not a meaningful difference. 

c. There does appear to be confounding from prior CVD in the relationship between estrogen use and CVD mortality. Adding history of prior CVD into the model results in a confidence interval which includes the null, indicating that the protective effect of estrogen use on CVD death no longer holds when taking prior CVD into account. 

d.   Adjusting for history of prior CVD, the odds ratio for cardiovascular disease death over four years between women using estrogen and those not using estrogen was 0.34. The 95% confidence interval was 0.10 to 1.08. Given 100 samples of this size, 95 of them are expected to have a 95% confidence interval that contains the true odds ratio, and the true odds ratio is expected to fall within this range. The p-value of 0.07 shows that the association between estrogen use and CVD mortality is no longer significant at the alpha = 0.05 level.

e. There is evidence that age is a confounder in the relationship between estrogen use and CVD mortality after adjusting for prior CVD. Adding age into the model brings the odds ratio closer to the null. 

f. Adjusting for age and history of prior CVD, the odds ratio for cardiovascular disease death over four years between women using estrogen and those not using estrogen was 0.43. The 95% confidence interval was 0.13 to 1.38. Given 100 samples of this size, 95 of them are expected to have a 95% confidence interval that contains the true odds ratio, and the true odds ratio is expected to fall within this range. The p-value of 0.16 shows that this association between estrogen use and CVD mortality is not significant at the alpha = 0.05 level.

3. Risk ratio

	Table 3  Association between supplemental estrogen use and four-year cardiovascular disease mortality in women, n = 2899

	Variable
	Risk Ratio
	95% Confidence Interval
	p value

	Estrogen use
	0.257
	0.082, 0.806
	0.02

	Estrogen use, history of prior CVD
	0.349
	0.111, 1.097
	0.07

	Estrogen use, history of prior CVD, age
	0.429
	0.136, 1.350
	0.15

	CVD = cardiovascular disease
	
	
	



a. In unadjusted analysis, the risk ratio for four-year cardiovascular disease death between women using estrogen and those not using estrogen was 0.26, as shown in Table 3. Taking estrogen appeared to reduce the risk of death by 26%. The 95% confidence interval was 0.08 to 0.8. Given 100 samples of this size, 95 of them would be expected to have a 95% confidence interval that contains the true risk ratio, and the true risk ratio is expected to fall within this range. The p-value of 0.02 shows that this association between estrogen use and CVD mortality is significant at the alpha = 0.05 level. 

b. There does not appear to be effect modification from previous cardiovascular disease on the association between estrogen use and CVD mortality for the risk ratio (Table 1b). The risk ratio for CVD mortality between women on and off estrogen was 0.33 whether or not she had a prior CVD. 

c. There does appear to be confounding from prior CVD in the relationship between estrogen use and CVD mortality. Adding history of prior CVD into the model results in an risk ratio of 0.35 and a confidence interval which includes the null of one, indicating that the protective effect of estrogen use on CVD death no longer holds after adjusting for prior CVD. 

d.   Adjusting for history of prior CVD, the risk ratio for cardiovascular disease death over four years between women using estrogen and those not using estrogen was 0.35. The 95% confidence interval was 0.11 to 1.10. Given 100 samples of this size, 95 of them will be expected to have a 95% confidence interval that contains the true risk ratio, and the true risk ratio is expected to fall within this range. The p-value of 0.07 shows that the association between estrogen use and CVD mortality is not significant at the alpha = 0.05 level.

e. There is evidence from this data that age is a confounder in the relationship between estrogen use and CVD mortality after adjusting for prior CVD. Adding age into the model moves the point estimate toward the null. Since there is information from previous studies show that age is  associated with CVD mortality, age should be included in the model even if it did not appear to be a confounder by looking at the sample statistics.

f. Adjusting for age and history of prior CVD, the risk ratio for cardiovascular disease death over four years between women using estrogen and those not using estrogen was 0.43. The 95% confidence interval was 0.14 to 1.35. Given 100 samples of this size, 95 of them will be expected to have a 95% confidence interval that contains the true risk ratio, and the true risk ratio is expected to fall within this range. The p-value of 0.15 indicates that the association between estrogen use and CVD mortality is not significant at the alpha = 0.05 level.

4. Conclusions regarding the association between hormonal estrogen use and 4-year mortality from CVD were similar from all three measures: risk difference, risk ratio, and odds ratio. Effect modification identification was different for prior CVD using risk difference compared to risk ratio and odds ratio. 

Differences between the association measures include:
Risk difference and risk ratio are able to communicate risk and are therefore more easily understood by non-statistical audiences compared to odds ratio.

Odds ratio can be used to estimate risk ratio if the outcome incidence is low if the risk ratio cannot be calculated directly due to study design.

The risk ratio is bound by limits to the underlying prevalence in the exposure and disease groups and cannot estimate an effect beyond these limits. Adding age to the model approached some of these bounds, so was more difficult for the computer to calculate if you use an underlying binomial distribution. Using a Gaussian distribution alleviates some of these issues. 

[bookmark: _GoBack]Confounding from previous disease and age was found for all three models. All three unadjusted models showed the protective effect of estrogen, which was then removed when confounders were added. 



