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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.)

Table 1: Association between estrogen use and CVD mortality among women in the CHS

	Variable
	      Unadjusted model

	 
	(RD, 95% CI)
	p-value

	Estrogen use
	-0.026 (-0.038, -0.013)
	<0.001



In an unadjusted linear regression model with robust standard errors, CVD mortality within 4 years of study enrollment was estimated to be 2.6% lower among post-menopausal women who took estrogen than in the non-estrogen group. The 95% confidence interval estimating a difference in CVD mortality indicates that the observed results are compatible with a difference in mortality in the estrogen group that is 1.3% to 3.8% lower than in the no-estrogen group. This 95% CI does not include 0 indicating significantly lower CVD mortality in the estrogen group (p<0.001). 

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 2: Estrogen-Prior CVD history interaction

	
	Interaction model

	Variable
	(RD, 95% CI)
	p-value for interaction

	Estrogen
	-0.054 (-0.124, -0.016)
	0.129



Based on a linear regression model modeling estrogen use, prior CVD history and an estrogen-prior CVD history interaction, the estimated difference in CVD mortality within 4 y of study enrollment was 5.4% lower in women who had a history of prevalent atherosclerosis than in women who did not have a history of prevalent atherosclerosis. The observed trend of a 5.4% lower risk difference is not beyond that expected to occur by chance in the absence of a true difference in treatment effect by history of prior CVD (p=0.129). The 95% CI for the risk difference estimating an estrogen treatment effect indicates that the observed results are not incompatible with a treatment effect that is 12.4% lower or 1.6% higher than in women who did not receive estrogen. I conclude that a history of prior atherosclerosis does not appear to modify the association between estrogen use and CVD mortality.

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.

Table 3: Association between CVD mortality and prior CVD history in the CHS
	
	CVD mortality

	Prior CVD
	Yes
	No

	Yes
	52 (57%)
	492 (18%)

	No
	39 (43%)
	2321 (83%)

	Total
	91
	2813


		
		Chi2(1) = 91.0418, p<0.001

57% of women with prior CVD history died vs. 43% of women without CVD history. Based on the chi squared test, the absolute difference of 14% in mortality is beyond that which might be expected to occur by chance in the absence of a true association between prior CVD history and CVD mortality (p<0.001). This suggests that in this sample, women with prior CVD history were more likely to die of cardiovascular disease.

Table 4: Association between estrogen use and prior history of CVD

	
	Estrogen use

	Prior CVD
	Yes
	No

	Yes
	30 (9%)
	514 (20%)

	No
	310 (91%)
	2045 (80%)

	Total
	340
	2559



  		Chi2(1) = 24.9731, p<0.001

91% of women without prior CVD history took estrogens vs. 9% of women with CVD history. Based on the chi squared test, the absolute difference of 82% in estrogen use is beyond that which might be expected to occur by chance in the absence of a true association between estrogen use and prior CVD history (p<0.001). This suggests that in this sample, women without prior CVD history were more likely to use estrogen.

Table 5: Association between estrogen use and CVD mortality, adjusted for prior CVD history

	Variable
	      Unadjusted model
	Adjusted model

	 
	(RD, 95% CI)
	p-value
	(RD, 95% CI)
	p-value

	Estrogen use
	-0.026 (-0.038, -0.013)
	<0.001
	-0.017 (-0.029, -0.005)
	0.005



The adjusted risk difference (-0.017) is attenuated, and closer to zero than the unadjusted estimate suggesting a slight amount of confounding of the estrogen-CVD mortality association by prevalent atherosclerosis. 

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 model, we estimate that CVD mortality differs between the estrogen and no-estrogen groups by 1.7% (on average), with the estrogen group tending towards lower CVD mortality. 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 CVD mortality between estrogen groups was anywhere between 0.5% and 2.9% lower, with the estrogen group tending towards lower average mortality. We reject the null hypothesis that CVD mortality does not differ across estrogen groups, in favor of the hypotheses that CVD mortality tends to be lower among women who took estrogen. 

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.

Table 6: Association between estrogen use and CVD mortality, adjusted for age, and prior CVD history

	Variable
	      Unadjusted model
	Adjusted model

	 
	(RD, 95% CI)
	p-value
	(RD, 95% CI)
	p-value

	Estrogen use
	-0.026 (-0.038, -0.013)
	<0.001
	-0.009 (-0.021, 0.002)
	0.1



After adjustment for CVD history and age, we estimate that CVD mortality was 0.9% lower when comparing women of the same age with the same indicator of estrogen use. The adjusted RD for prior CVD history is further attenuated after adjusting for age. This suggests age may not be a precision variable. 

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 using robust standard errors, we estimate that CVD mortality differed by 0.9% fewer deaths (on average), among women of the same age and with the same estrogen usage, with the estrogen group tending towards lower CVD mortality. This result is not significantly different from 0 (p=0.1), with a 95% CI suggesting that such observed results would be unusual if the true difference in CVD mortality was anywhere between 2.1% lower and 0.2% higher for women of the same age, with the estrogen group tending towards lower average CVD mortality. We fail to reject the null hypothesis that CVD mortality does not differ across estrogen groups of the same age in favor of a hypothesis that CVD mortality is similar whether or not women are treated with estrogen. 

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 7: Association between estrogen use and CVD mortality among women in the CHS

	Variable
	      Unadjusted model

	 
	(OR, 95% CI)
	p-value

	Estrogen use
	0.25 (0.08, 0.79)
	0.02



In a logistic regression model comparing two groups with different estrogen use, the odds of CVD mortality within 4 years of study enrollment were estimated to be 75% lower among for post-menopausal women taking estrogen (OR 0.25). This observed difference is statistically different from an odds ratio of 1 (p=0.02), with a 95% confidence interval suggesting that the observed OR is what might typically be observed if the true odds of dying within 4 years was anywhere between 11% and 92% lower for the estrogen group. Therefore, we reject the null hypothesis of no association between estrogen use and CVD mortality in favor of a trend towards higher odds of survival among women treated with estrogen.

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 8: Effect modification model
	CVD mortality
	OR
	95% CI
	P-value

	Estrogen
	0.35
	(0.08, 1.47)
	0.152

	Prevdis
	5.98
	(3.87, 9.24)
	<0.001

	Estrogen*Prevdis interaction 
	0.89
	(0.08, 10.50)
	0.93



Using a logistic regression model with robust standard errors and modeling estrogen use, prior CVD history and a estrogen-prior CVD history interaction, we estimate the difference in CVD mortality within 4 years of study enrollment was 11% lower in women who had a history of prior CVD history than in women who did not have a history of CVD. This observed trend is not beyond that expected to occur by chance in the absence of a true difference in the odds of death by history of prior CVD (p=0.89). The 95% CI for the odds ratio estimating an estrogen treatment effect indicates that the observed results are not incompatible with a survival effect in women treated with estrogen that is 92% lower or 105% higher than in women who did not receive estrogen. I conclude that a history of prior CVD does not appear to modify the association between estrogen use and CVD mortality.

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.

Table 9: Association between CVD mortality and estrogen use, adjusted 
for prior CVD
	Variable
	         Unadjusted model
	Adjusted model

	 
	(OR, 95% CI)
	p-value
	(aOR, 95% CI)
	p-value

	Estrogen
	0.25 (0.08, 0.79)
	0.02
	0.34 (0.11, 1.08)
	0.07



When comparing two groups of women with different estrogen use, and the same CVD history, the odds of CVD mortality associated with estrogen use were attenuated after adjusting for a history of prior CVD (aOR 0.34) suggesting confounding. See response to 1(c).
 
d. Provide complete statistical inference regarding an association between estrogen and CVD mortality after adjustment for a prior history of CVD. 

When comparing two groups of women with different estrogen use, and the same CVD history, the odds of death are estimated to be 66% lower (aOR 0.34) among women taking estrogen. This observed difference is not statistically significant from an odds ratio of 1 (p=0.07), with a 95% confidence interval suggesting that the observed odds ratio is what might not be typically observed if the true odds of dying were between 11% lower or 8% higher for estrogen use. We fail to reject the null hypothesis of no association between estrogen use and CVD mortality after adjusting for prior CVD history.

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.

Table 9: Estrogen-CVD mortality association

	Variable
	Adjusted for prior CVD
	Adjusted for prior CVD, age

	 
	(aOR, 95% CI)
	p-value
	(aOR, 95% CI)
	p-value

	Estrogen use
	0.34 (0.11, 1.08)
	0.07
	0.43 (0.13, 1.38)
	0.16



It appears that the odds ratio for the estrogen-CVD mortality association is further attenuated after adjustment for age (aOR 0.43). See answer to 1e.

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 using robust standard errors, and adjusting for prior CVD history and age, we estimate that the odds of CVD mortality were 57% lower (on average), among women of the same age and with the same estrogen usage, with the estrogen group tending towards lower CVD mortality. This result is not significantly different from 0 (p=0.16), with a 95% CI suggesting that such observed results would be unusual if the true odds of CVD mortality were anywhere between 13% lower and 38% higher for women of the same age, with the estrogen group tending towards lower average CVD mortality. We fail to reject the null hypothesis that CVD mortality does not differ across estrogen groups of the same age. See answer to 1(f). 

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 10: Association between estrogen use and CVD mortality among women in the CHS

	Variable
	      Unadjusted model*

	 
	(RR, 95% CI)
	p-value

	Estrogen use
	0.26 (0.08, 0.81)
	0.02


*Generalized linear model

See response to 2(a)

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 11: Estrogen-Prior CVD history interaction

	
	Interaction model*

	Variable
	(RR, 95% CI)
	p-value for interaction

	Estrogen*CVD interaction
	0.94 (0.08, 10.45)
	0.96


*Generalized linear model

See response to 2(b) 
 
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.

Table 12: Association between CVD mortality and estrogen use, adjusted for prior CVD
	Variable
	         Unadjusted model
	Adjusted model*

	 
	(RR, 95% CI)
	p-value
	(aRR, 95% CI)
	p-value

	Estrogen
	0.26 (0.08, 0.81)
	0.02
	0.34 (0.08, 1.49)
	0.15


*Generalized linear model

See response to 2 (c)

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

Similar response as 2 (d)

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.

Table 9: Estrogen-CVD mortality association*
	Variable
	Unadjusted for prior CVD
	Adjusted for prior CVD, age

	 
	(RR, 95% CI)
	p-value
	(aRR, 95% CI)
	p-value

	Estrogen use
	0.26 (0.08, 0.81)
	0.02
	0.30 (0.08, 1.11)
	0.07


*Generalized linear model

Similar response as 2 (e)

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

Similar response to 2 (f)


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 OR and RR estimates of the association between post-menopausal estrogen use and CVD mortality were similar. This is because the outcome (CVD mortality) was rare (3%), and therefore the OR approximated the RR (0.25 vs. 0.26). The OR was <1, and therefore smaller than the RR. The RD is an absolute measure of risk, and is therefore more clinically meaningful.

Relative risk
Pros: provides information about the relative effect of estrogen use on CVD mortality. Can be used to summarize the evidence about the estrogen-CVD mortality association.
Cons: unlike AR or PAR, is not directly applicable to public health practice. 

Odds ratio
Pros: can be used in a variety of study designs (cohort, case-control, cross-sectional), and is a valid measure of association since it approximates the RR given the rare disease outcome. 
Cons: compared with a relative risk, would overestimate the effect of estrogen on CVD mortality if that outcome was common (i.e., >10%)



Risk difference
Pros: provides information on absolute risk of CVD death without estrogen use, and risk reduction associated with treatment, i.e. the number of CVD deaths that might be preventable by treatment with post-menopausal estrogen, which is useful in clinical practice.
Cons: generally precision is less meaningful if risks are not close to either 0 or 1.
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