BIOST 536 homework 2

1a) From a linear regression analysis, we estimate that the proportion of women who died from cardiovascular disease (CVD) within four years of enrollment in the study was 2.56% less in the women who used estrogen at any time, compared to women who did not use estrogen. This unadjusted difference was significantly different than 0 (95% CI: -3.78%- -1.34%, p<0.0001). We thus reject the null hypothesis that estrogen does not affect risk of CVD death.

1b) In a linear regression model including an interaction between estrogen use and previous disease history, the observed risk difference of 1.16% less risk in women who used estrogen compared to women who didn’t is probably not due to effect modification by previous disease history (interaction p=0.129).  Additionally, though the estimate of risk difference changed when we added the interaction term, the change wasn’t that large and the confidence intervals overlap substantially.

[bookmark: _GoBack]1c) When we include prior disease history in the linear regression model, the coefficient for prior disease history is highly significant (p<0.0001), indicating potential confounding.

1d) In a linear regression model adjusting for previous disease history, the observed proportion of women who died from CVD was 1.68% less in women who used estrogen compared to those who didn’t. This adjusted difference was significantly different than 0 (95% CI: -2.86%- -0.050%, p=0.005). We thus reject the null hypothesis that estrogen use has no effect on risk of CVD death within four years. Notice that in this model, which adjusts for prior disease history, the risk difference is closer to the null than it was in the unadjusted model, also indicating potential confounding.
 
1e) When we include prior disease history and age in the linear regression model, the coefficient for age is highly significant (p<0.0001), indicating potential confounding.

1f) In a linear regression model adjusting for previous disease history and age, the observed proportion of women who died from CVD was 0.96% less in women who used estrogen compared to those who didn’t. This adjusted difference was not significantly different than 0 (95% CI: -2.11%-0.002%, p=0.103). We thus do not reject the null hypothesis that estrogen use has no effect on risk of CVD death within four years. It appears that the significant risk difference observed in the unadjusted model in problem 1a was due to confounding by both age and prior disease history.


2a) From a logistic regression analysis, we estimate that the odds of dying from cardiovascular disease (CVD) within four years of enrollment in women who used estrogen was 0.250 times that of women who did not use estrogen. This unadjusted OR was significantly different than 1 (95% CI: 0.079-0.795, p=0.019). We thus reject the null hypothesis that estrogen does not affect risk of CVD death.

2b) In a logistic regression model including an interaction between estrogen use and previous disease history, the observed odds ratio of 0.352 in women who used estrogen compared to women who didn’t is not due to effect modification by previous disease history (interaction p=0.925).  Additionally, though the estimate of the odds ratio changed when we added the interaction term, the change wasn’t that large and the confidence intervals overlap substantially.

2c) When we include prior disease history in the logistic regression model, the coefficient for prior disease history is highly significant (p<0.0001), indicating potential confounding.

2d) In a logistic regression model adjusting for previous disease history, the odds of CVD death in women who used estrogen was 0.338  times that of women who didn’t use estrogen. This adjusted odds ratio was not significantly different than 1 (95% CI: 0.105-1.08, p=0.068). We thus cannot reject the null hypothesis that estrogen use has no effect on risk of CVD death within four years. 

2e) When we include prior disease history and age in the linear regression model, the coefficient for both prior disease history and age are highly significant (p<0.0001), indicating potential confounding.

2f) In a logistic regression model adjusting for previous disease history and age, the odds of CVD death in women who used estrogen was 0.427 times that of women who didn’t use estrogen. This adjusted odds ratio was not significantly different than 1 (95% CI: 0.132-1.383, p=0.156). We thus cannot reject the null hypothesis that estrogen use has no effect on risk of CVD death within four years. It appears that the significant risk difference observed in the unadjusted model in problem 2a was due to confounding by both age and prior disease history.


3a) From a poisson regression analysis, we estimate that the risk of dying from cardiovascular disease (CVD) within four years of enrollment in women who used estrogen was 0.257 times that of women who did not use estrogen. This unadjusted risk ratio was significantly different than 1 (95% CI: 0.082-0.807, p=0.020). We thus reject the null hypothesis that estrogen does not affect risk of CVD death.

3b) In a poisson regression model including an interaction between estrogen use and previous disease history, the observed risk ratio of 0.357 in women who used estrogen compared to women who didn’t is not due to effect modification by previous disease history (interaction p=0.961).  Additionally, though the estimate of risk difference changed when we added the interaction term, the change wasn’t that large and the confidence intervals overlap substantially.

3c) When we include prior disease history in the poisson regression model, the coefficient for prior disease history is highly significant (p<0.0001), indicating potential confounding.

3d) In a poisson regression model adjusting for previous disease history, the risk of CVD death in women who used estrogen was 0.349 times that of women who didn’t use estrogen. This adjusted risk ratio was not significantly different than 1 (95% CI: 0.111-1.10, p=0.072). We thus cannot reject the null hypothesis that estrogen use has no effect on risk of CVD death within four years. 

3e) When we include prior disease history and age in the poisson regression model, the coefficient for both prior disease history and age are highly significant (p<0.0001), indicating potential confounding.

3f) In a poisson regression model adjusting for previous disease history and age, the risk of CVD death in women who used estrogen was 0.435 times that of women who didn’t use estrogen. This adjusted risk ratio was not significantly different than 1 (95% CI: 0.138-1.370, p=0.155). We thus cannot reject the null hypothesis that estrogen use has no effect on risk of CVD death within four years. It appears that the significant risk difference observed in the unadjusted model in problem 3a was due to confounding by both age and prior disease history.

4. The estimates for the odds ratios and risk ratios were nearly identical, which we expect when the outcome is rare, as it was in this case (table below). The three parameters also yielded very similar conclusions: in the unadjusted analysis, there appeared to be a significant association between estrogen use and CVD; however, in subsequent analyses adjusting for prior disease history and age, the significant association went away, so that the apparent association in the unadjusted analysis was likely driven by confounding effects of prior disease history and age.

A relative advantage of using risk difference rather than odds ratio or rate ratio is that it’s relatively easy to interpret for lay people, in that it is expressed as the proportion of cases that are due to the exposure. Additionally, if we want to consider applications of an intervention, a risk difference allows us to calculate the “number needed to treat,” and gives us a real-world idea of the problem at hand, which can be especially important when the outcome is dire (even a small risk difference can be appreciated if the outcome is death, as it is here). A disadvantage of the risk difference is that it is very population-specific and difficult to generalize, and may under-emphasize the effect of a particular exposure. 

Using the risk ratio or the odds ratio may have an advantage over the risk difference if you are trying to examine the impact of an exposure on an outcome in one group relative to another. The RR and OR can emphasize this impact more clearly in some cases. For instance, if the proportion of people affected is very small, the risk difference will appear small as well. However, if the impact of the exposure is very strong in this tiny population of affected individuals, a high odds ratio or risk ratio would emphasize the importance of the association or exposure. We can see this effect in this example: out of context, a risk difference of 2% or 3% does not seem like much at first glance; but a ratio of 0.25 is quite drastic and known to be extremely protective.

The odds ratio and risk ratio here were very similar due to the low frequency of the outcome. However, they are different measures and in more common diseases need to be distinguished. One major advantage of the risk ratio over the odds ratio is its ease of interpretability (i.e. a risk ratio of two means that one group has twice the risk of the other group, while odds ratios are conceptually more complex). However, odds ratios are more versatile and, unlike risk ratios, demonstrate an association that does not imply causality (risk ratios and risk differences do imply causality, which we often want to avoid when we don’t actually know this to be true).


	
	β1 coefficients from homework problems 1a, 1b, 1c, and 1e

	
	1a) association between cvddeath4 and estrogen
	1b) effect modification by prevdis

	1c) confounding by prevdis

	1e) further confounding by age


	Risk Difference (linear regression, coefficients are differences in proportions)
	-0.0256 (95% CI: -0.03777 to -0.01336), p<0.0001

	-0.01164 (95% CI: -0.02227 to -0.0010), p=0.032

	-0.01681 (95% CI: -0.0286 to -0.0503), p=0.005

	-0.0959 (95% CI: -0.0211 to 0.0019), p=0.103


	Odds Ratio (logistic regression, coefficients are odds ratios)
	0.2430 (95% CI: 0.0786 to 0.7946), p=0.019

	0.3524 (95% CI: 0.0845 to 1.4699), p=0.152

	0.3382 (95% CI: 0.1055 to 1.0845), p=0.068

	0.4272 (95% CI: 0.1319 to 1.3834), p=0.156


	Risk Ratio (poisson regression, coefficients are incident rate ratios)
	0.2566 (95% CI: 0.0816 to 0.8066), p=0.020

	0.3566 (95% CI: 0.0864 to 1.4724), p=0.154

	0.3493 (95% CI: 0.1112 to 1.0976), p=0.072

	0.4346 (95% CI: 0.1378 to 1.3703), p=0.155
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