Homework 2 
· References to tables are specific to each numbered question (for example, there is a table 1 for question 1 and a table 1 for question 2).

1.
a.
Table 1: Regression output of risk difference (estrogen predicting CVD death before 4 yrs).
	cvddeath4
	Coef.
	Robust Std. Err.
	z
	P>z
	[95% Conf.
	Interval]

	estrogen
	-0.03
	0.006
	-4.11
	<.001
	-0.04
	-0.01




Table 2: Cases for each exposure and point estimates of risk.
	 
	Estrogen
	 

	 
	Exposed
	Unexposed
	Total

	Cases
	3
	88
	91

	Noncases
	337
	2471
	2808

	Total
	340
	2559
	2899

	Risk (Point Estimate)
	0.009
	0.034
	0.031



According to the linear regression summarized above, there is enough evidence to reject the hypothesis that the risk of CVD death is the same in groups with estrogen use as groups without estrogen use (p<0.001), with decreased risk for individuals who use estrogen. However, this data would not have been uncommon with a true risk difference as little as 0.01 (95% CI=(-0.04,-0.01)). However, because the point estimates for the risk are small compared to the estimated difference, and observing the magnitude of the risk difference by looking at the inverses of the risk estimates with the smallest possible absolute risk difference (holding the risk for estrogen users constant, this would be a risk of about 111 to 100), making the risk difference seem more sizeable. Therefore, I would conclude with confidence that there is a substantial and significant difference in risk of CVD death within four years of being followed between estrogen users and non-estrogen users.

b. 
Table 3: Point estimates of risks for each exposure group of CVD death before four years of follow-up for each level of previous history.
	POI
	prevdis=1
	prevdis=0

	Estrogen
	0.033
	0.006

	No estrogen
	0.099
	0.018

	Difference
	-0.066
	-0.012







Table 4: Output of risk difference regression between levels of estrogen determining CVD death before four years with previous history as an added variable (no interaction). (Negative sign in 95% CI LB for prevdis should not be there)
	Variable
	Coef.
	Robust Stf. Err.
	z
	P>|z|
	95% CI LB
	95% CI UB

	estrogen
	-0.0168
	0.006
	-2.8
	0.005
	-0.029
	-0.005

	prevdis
	0.078
	0.013
	6.05
	<.001
	0.053
	0.103






Figure 1: Disease incidence by exposure for each value of prevdis (black line for reference).
[image: ]

The above output on risks in the sample and plot display evidence of effect modification of prevdis on the association between estrogen use and risk of CVD death before four years of follow-up. In table 3, the risk differences for each level of prevdis appear very different (one is about 6x the other). In the case of effect modification, the association between the predictor of interest and outcome is different for each strata, so we would expect the appearance of association between prevdis and cvddeath4 to be difference, which can be seen by the difference between the risk differences in Table 3. In Figure 1, because the lines for each risk contour for each strata are parallel and do not overlap, we have further proof that prevdis modifies the association between estrogen use and CDV death before four years of follow-up. Since the regression is linear, the differences between the adjusted and unadjusted regressions are diagnostic in this case. Since the coefficient estimate for estrogen changes and there are different associations for each strata, we have definitive evidence that history is an effect modifier with a confounding element.

c. When considered completely apart from effect modification, a confounder must fulfill certain qualifications. Firstly, there must be belief in the causality of the response (CVD death within four years) from the confounding variable apart from its association with the predictor of interest (estrogen) and not in the causal pathway of interest. Since I would assume estrogen is not typically prescribed after a CVD event, previous history is likely not in the causal pathway of interest. However, it is possible that the use of estrogen causes a history of CVD, which can further cause current CVD death. However, since there are likely many other causes of CVD events in the past, we can consider history to be an independent cause of CVD death from estrogen use.

In order for the variable to be a confounder, the estimate for the risk difference of CVD death between groups defined by estrogen use within otherwise similar groups must change significantly between the adjusted and unadjusted analysis, which can be seen in the adjusted analysis here (-0.03 to -0.017). 

Lastly, in order for the variable to be purely confounding, the association within each subgroup between estrogen use and CVD death must be the same, which we have just shown in part b to not be the case. Therefore, I would assume that previous history is not a confounder, but rather an effect modifier that also confounds. 

d. 

Table 3: Point estimates of risks for each exposure group of CVD death before four years of follow-up for each level of previous history.
	POI
	prevdis=1
	prevdis=0

	Estrogen
	0.033
	0.006

	No estrogen
	0.099
	0.018

	Difference
	-0.066
	-0.012



Table 4: Output of risk difference regression between levels of estrogen determining CVD death before four years with previous history as an added variable (no interaction). (Negative sign in 95% CI LB for prevdis should not be there)
	Variable
	Coef.
	Robust Stf. Err.
	z
	P>|z|
	95% CI LB
	95% CI UB

	estrogen
	-0.0168
	0.006
	-2.8
	0.005
	-0.029
	-0.005

	prevdis
	0.078
	0.013
	6.05
	<.001
	0.053
	0.103


The intercept value is not included in the above analysis because it is only an estimate of the risk of CVD death before four years without estrogen use and without previous history, offering no information about the association between these two variables and risk of CVD death. With an alpha level of 0.05, the hypothesis has been rejected that there is no association between estrogen use and CVD death within groups with similar previous history (p=0.005). The model predicts that the use of estrogen with fixed previous history will reduce risk by 1.68%. Because the confidence intervals are relatively wide with respect to the value of the difference in risk, the data could have been generated from a wide range of risk differences, making the estimate of the risk difference less believable. 

e. 

Table 4: Output of risk difference regression between levels of estrogen determining CVD death before four years with previous history as an added variable (no interaction). (Negative sign in 95% CI LB for prevdis should not be there)
	Variable
	Coef.
	Robust Stf. Err.
	z
	P>|z|
	95% CI LB
	95% CI UB

	estrogen
	-0.0168
	0.006
	-2.8
	0.005
	-0.029
	-0.005

	prevdis
	0.078
	0.013
	6.05
	<0.001
	0.053
	0.103



Table 5: Risk difference regression output after adjusting for both previous history and age.
	cvddeath4
	Coef.
	Std. Err.
	z
	P>z
	[95% Conf.
	Interval]

	estrogen
	-0.010
	0.006
	-1.630
	0.103
	-0.021
	0.002

	prevdis
	0.071
	0.013
	5.530
	<0.001
	0.046
	0.096

	age
	0.004
	0.001
	4.550
	<0.001
	0.002
	0.005



There is likely a causal association between age and CVD death with fixed previous history and an association between estrogen use and age, since HRT has become more common for menopausal women over the past few years. These scientific associations are consistent with a confounding variable.

Since this is a linear regression, the change in the coefficient of estrogen is diagnostic of confounding, and the decrease in standard error a likely symptom. Despite the likely associations between age, estrogen, and CVD death with fixed previous history, since the coefficient does not change significantly (-0.0168-(-0.01)<0.1) and the standard error remains the same, age is not likely a confounder. 

I did not bother with determining whether estrogen-effect across age strata holding prevdis constant was different since the difference in coefficient is diagnostic, but if there was a difference in coefficient and I wanted to determine if this necessity held, I would bin ages and compare risk differences across binned age strata (for example, by every five years of age). 

f. The analysis shown in Table 5 shows that after adjusting for previous history and age, estrogen use does not have a significant association with CVD death after four years (p=0.103). However, with estrogen use and age fixed, there is an estimated risk increase of 0.071 of CVD death for individuals with a previous history of CVD (p<0.001). However, this risk difference estimate may not be very accurate (SE=0.013), because the data could have resulted from a wide range of risk differences between groups (CI=(0.046,0.096)). Each year of increase in age is also estimated to increase risk (p<0.001), with a relatively wide range of possible risk differences resulting in the current data (95% CI=(0.002,0005)), making the estimated differences between individuals more than one year apart significantly different from zero, but possibly over a wide range of risk differences (greater than zero). 

2. 
a. 
Table 1: Output of logistic regression on association of estrogen and odds of CVD death before four years of follow-up.
	cvddeath4
	Odds Ratio
	Std. Err.
	z
	P>z
	[95% Conf.
	Interval]

	estrogen
	0.250
	0.147
	-2.350
	0.019
	0.079
	0.794



Table 2: Odds point estimates for each exposure group.
	 
	Exposed
	Unexposed
	Total

	Cases
	3
	88
	91

	Controls
	337
	2471
	2808

	Total
	340
	2559
	2899

	Odds of cvddeath4
	0.009
	0.036
	 



With the use of estrogen, there is a decreased odds of death within four years of CVD causes, with a point estimate of the ratio of 0.25 (the odds of CVD death with estrogen use are a quarter of the odds without estrogen use), and with a significance value of 0.05, we can conclude this ratio is not equal to one in the population (p=0.019). Due to the large standard error, this difference in odds could have easily been observed with a wide range of true odds ratios (95% CI=(0.079,0.794)). So, while the difference in odds between groups differing by estrogen use is significant, the estimated odds ratio may not be very reliable.

b.  
Table 3: Odds of CVD death from estrogen exposure across prevdis strata.
	POI
	prevdis=1
	prevdis=0

	Estrogen
	0.034
	0.006

	No estrogen
	0.110
	0.018

	Odds ratio
	0.313
	0.352



Ratio of odds ratios = 0.313/0.352 = 0.89 OR 0.352/0.313 = 1.12









Figure 1: Odds contours for each strata of prevdis (note: scaling on y-axis different from x-axis, accentuating any small difference between curves)
[image: ]

For an effect modifier, the association between estrogen and CVD death is different in each strata of the effect modifier. Judging by the ratio of odds ratios, I would say there might be slight effect modification by previous history, but overall, the within strata associations are relatively similar. 

c. 
Table 1: Output of logistic regression on association of estrogen and odds of CVD death before four years of follow-up.
	cvddeath4
	Odds Ratio
	Std. Err.
	z
	P>z
	[95% Conf.
	Interval]

	estrogen
	0.250
	0.147
	-2.350
	0.019
	0.079
	0.794







Table 4: Output of logistic regression adjusting for prevdis.
	cvddeath4
	Odds Ratio
	Std. Err.
	z
	P>z
	[95% Conf.
	Interval]

	estrogen
	0.338
	0.201
	-1.820
	0.068
	0.106
	1.084

	prevdis
	5.956
	1.301
	8.170
	<0.001
	3.882
	9.137




The above tables display the output from a logistic regression in Stata, but to assess the precision gained with the addition of previous history, I also performed a logit regression to look at the relationship between the estimates for the coefficient on estrogen and 0. Since both estimates are less than zero, but the adjusted estimate is larger than the unadjusted estimate, we can rule out that prevdis is a precision variable (further confirmed by increased standard error with the adjusted analysis). Therefore, a difference in the odds ratio is not caused by attenuation of the odds curves, but rather by confounding. Since there is a noticeable difference between estimates of association of estrogen with CVD death after four years between the adjusted and unadjusted analysis (0.25 to 0.338), we have further proof of confounding. 

For reasoning on previous history meeting the criteria for scientific causality and association, see response to 1c.

For pure confounding without effect modification, the odds ratio for levels of estrogen across strata defined by previous history must also be the same, which we have established in part a (to at least be reasonably similar). 

Therefore, I would conclude using the odds ratios that previous history confounds the association between estrogen and cvddeath4.

d. In analyzing the output in Table 4, the odds of CVD death after four years of follow-up with estrogen is estimated to be 0.338x the odds of similar death without estrogen use with similar previous history (decreased odds of CVD death with estrogen use). Due to the relatively large standard error, the data seen could have resulted from a wide range of odds ratios for different levels of estrogen with similar previous history (CI=(0.106,1.804)). Depending of the significance level of the test we use, the change in odds in estrogen may or may not be significantly different from 0 (or ratio significantly different from 1)(p-value=0.068). Therefore, we cannot conclude that estrogen has an association with CVD death after adjusting for previous history using the odds ratios. 

However, with estrogen use fixed, the previous history of CVD is estimated to increase the odds by almost six fold of CVD death within four years (point estimate=5.956). While the data seen could have easily been generated from a large range of true odds ratios (95% CI=(3.882,9.137)), this value is significantly different from 1 (p<0.001). Therefore, we can conclude that there are higher odds of CVD death in groups with a previous history of CVD  and similar estrogen use, no matter the level of estrogen use.





e. 
Table 5: Logistic regression output adjusting for previous history and age.
	cvddeath4
	Odds Ratio
	Std. Err.
	z
	P>z
	[95% Conf.
	Interval]

	estrogen
	0.427
	0.255
	-1.420
	0.155
	0.132
	1.379

	prevdis
	5.061
	1.124
	7.300
	<0.001
	3.275
	7.821

	age
	1.097
	0.018
	5.530
	<0.001
	1.062
	1.134



 I also ran a logit regression on the model just using estrogen and prevdis, and then using estrogen, prevdis, and age. With coefficient estimates for estrogen -1.084 and -0.851 respectively and an increase in standard error (a symptom, not diagnostic), we can rule out age being a precision variable on the already adjusted analysis for the association between estrogen use and cvddeath4 (see part 2c for reasoning). Therefore, the apparent difference in estimated odds ratio between the models unadjusted and adjusted for age are likely due to confounding. 

For appropriate causality and association arguments for scientific reasoning for age being a confounder in this case, see 1e. 

To examine similarity in effects across strata defined by age, I examined the odds across groups of ages (arbitrarily chosen to be in groups of five years) with fixed previous history. However, many cells in contingency table were zero, leading to difficulty assessing differences in odds ratios. So, I did a similar analysis with age divided into two bins, but the same problem with zero values persisted. Instead, I looked to risk ratios of CVD death with each exposure group across strata, since there is a relationship with odds. See part 3e below for further explanation.

Therefore, age is likely a confounder for this association when adjusting for previous history.

f. Using the analysis summarized in table 5, the odds of CVD death with estrogen use is estimated to be 0.427x the odds of CVD without estrogen use among groups similar in previous history and age, indicating a decrease in odds. However, the data could have easily been derived from a population where this odds ratio is equal to 1 (p=0.155), indicating that there may not be a difference in odds of CVD death between estrogen and non-estrogen users when previous history and age are adjusted for. The analysis regarding previous history is the same as part d, except the difference in odds is also for fixed age. With a reasonably small standard error (SE=0.018), the ratio of odds of CVD death between groups differing in one year of age holding previous history and estrogen use constant is estimated to be 1.097, with increased odds for older groups. It is very unlikely this odds ratio is 1 in this case (p<0.001), so we can conclude that the odds of CVD death is higher in older groups with similar estrogen use and previous history.

3. 
a. 
Table 1: Output of regression on risk ratio on estrogen use.
	cvddeath4
	Risk Ratio
	Robust Std. Err.
	z
	P>z
	[95% Conf.
	Interval]

	estrogen
	0.257
	0.150
	-2.330
	0.020
	0.082
	0.807







Table 2: Cases for each exposure and point estimates of risk.
	 
	Estrogen
	 

	 
	Exposed
	Unexposed
	Total

	Cases
	3
	88
	91

	Noncases
	337
	2471
	2808

	Total
	340
	2559
	2899

	Risk (Point Estimate)
	0.009
	0.034
	0.031



Table 1 shows that the estimated risk of CVD death within four years of follow-up in a group with estrogen use is 0.257 times the risk of similar death in a group without estrogen use (so, decreased estimated risk with estrogen use). With a significance level of 0.05, we can conclude that the true risk ratio is not equal to 0. However, the observed data could have easily been generated by a wide range of risk ratios (95% CI=(0.082,0.807)), making the point estimate of the risk ratio less believable. This analysis is similar to 1a because it is using the same data and risks for each group, just on the multiplicative scale with a log transform.

b. 
Table 3: Point estimates of risks for each exposure group of CVD death before four years of follow-up for each level of previous history.
	POI
	prevdis=1
	prevdis=0

	Estrogen
	0.033
	0.006

	No estrogen
	0.099
	0.018

	Risk ratio
	0.336
	0.356






















Figure 1: Risk ratio contours for each strata of prevdis.
[image: ]
There is little evidence of effect modification of previous history on the association between estrogen and CVD death before four years of follow-up with risk ratios because the ratio of the risk ratios is equal to 0.94 (0.336/0.356), meaning the risk ratios are similar across each strata for previous history.  This is evident by the two risk ratio contours being nearly directly on top of one another in Figure 1. Therefore, previous history does not appear to affect the association between estrogen use and cvddeath4. 

c. 
Table 4: Risk ratio regression adjusting for prevdis.
	cvddeath4
	Risk Ratio
	Robust Std. Err.
	z
	P>z
	[95% Conf.
	Interval]

	estrogen
	0.349
	0.204
	-1.800
	0.072
	0.111
	1.097

	prevdis
	5.474
	1.133
	8.210
	<0.001
	3.649
	8.213



There is evidence of confounding for previous history (without consideration of effect modification) due to scientific and statistical reasoning. For scientific association and causality reasoning needed for confounding in this case, see part 1c. 

For the statistical reasoning, since the estimate of the risk ratio for estrogen use changes a fair amount between the unadjusted and adjusted analyses (0.257 to 0.349), and risk ratio contours are collapsible due to their linearity (no need to worry about precision causing a change in the risk ratio estimate due to attenuation of the risk ratio contours), and this change is a symptom of confounding, we have further proof that previous history confounds the association between estrogen and cvddeath4.

In order for prevdis to be a confounder, the association must be the same across each value of the strata of prevdis. This has been shown to be true in part 2b. Therefore, previous history is most likely a confounder of the association between estrogen and cvddeath4.

d. Referring to Table 4, the point estimate of the risk ratio of CVD death within four years of follow-up in a group of estrogen users to similar death among non-estrogen users is estimated to be 0.349 among groups with similar previous history (both estrogen and non-estrogen users). This ratio predicts a negative association in risk: the use of estrogen may reduce the risk of CVD death within four years for groups with similar previous history. However, the data seen could have easily resulted from a wide range of risk ratios, including 1 (95% CI=(0.111,1.097)), generating a p-value>0.05 (p=0.072). Therefore, accounting for previous history, there may not be a true difference in CVD death risk between groups differentiated by estrogen use but similar in previous history of CVD.

e. 
Table 5: Risk ratio regression adjusting for prevdis and age on estrogen use.
	cvddeath4
	Risk Ratio
	Robust Std. Err.
	z
	P>z
	[95% Conf.
	Interval]

	estrogen
	0.429
	0.249
	1.460
	0.146
	0.137
	1.341

	prevdis
	4.476
	1.021
	6.570
	<0.001
	2.862
	7.000

	age
	1.083
	0.015
	5.560
	<0.001
	1.053
	1.114



For scientific believability in age being a confounder in this case, see part 1e. 

To evaluate the consistent effect across all strata of age, I examined the risks of CVD death across exposure groups with prevdis fixed across age groups. Similar problems occurred with this analysis as with analysis on strata-specific effects on odds ratios. However, just upon examining the individual risks for each age with fixed estrogen use and previous history, and the resulting risk ratios for fixed age and previous history, the risk ratio across all age groups would be approximately zero (or equal zero), with a couple exceptions that did not represent trends in increasing/decreasing age or approach towards the median (ex. For no previous history, the only cases of CVD death recorded were at ages 70 and 78, where the risk ratio for estrogen use is greater than one.) Due to a larger number of individuals having no history with estrogen use, the denominator values (risk of CVD death without estrogen use) might be of more interest, because It may be indicative of an age-effect on the association (for instance, if one death had occurred for certain ages with estrogen use, would there be a trend in the risk ratios?). However, since there are no trends in the risks with no estrogen use for either a previous history and no previous history of CVD, I have concluded that the association between estrogen and CVD death is relatively similar across age strata. 

The point estimate for the risk ratio for different estrogen use with fixed age and previous history also changes a fair amount (from 0.349 to 0.429). Since risk ratio contours are straight, risk ratios are collapsible and a change in the risk ratio estimate with the addition of a variable cannot be due to attenuation (which could be the case for a precision variable). Therefore, I believe age is a confounder of the association between estrogen and risk of CVD death of the adjusted analysis for previous history.

f. Referring to Table 5, for a group with similar age and previous history of CVD, the estimated risk ratio of estrogen users to non-estrogen users within that group is 0.429, indicating an estimated lower risk in estrogen users of CVD death within four years. However, the data could have easily been derived from a number of true risk ratios in the population (95% CI=(0.137,1.341)), and may have occurred with a risk ratio of 1 (p=0.146). Therefore, with previous history and age fixed, there is not enough evidence to reject the hypothesis that the risk of CVD death within four years of follow-up between estrogen users and non-estrogen users is the same using risk ratios. 

4. All three analyses estimated a negative association between estrogen use and CVD death within four years of follow-up, where the likelihood of CVD death is estimated to decrease in groups with estrogen use compared to groups without estrogen use, whether or not previous history or previous history and age are accounted for. The conclusion of this association in the entire population is different between analyses, depending on the potential confounding of different factors. 

With the analysis conducted using the risk difference, there was enough evidence to reject the hypothesis that the association was the same between estrogen exposure groups with similar previous history. This was not the case with analyses conducted using odds ratios and risk ratios. In all three analyses, there was not enough evidence to reject the hypothesis that there was no association between estrogen use and CVD death within four years of follow-up among groups with similar previous history and age. 

The risk ratio was the only analysis that displayed a possible effect modification of the association between estrogen and CVD death by previous history of CVD, but all three analyses showed a degree of confounding by previous history. The risk difference analysis was also the only analysis to not show statistical evidence of age being a confounder of the association between estrogen and CVD death when previous history is adjusted for. 

The end conclusions for each analysis are relatively similar regarding association between CVD death and estrogen when previous history and age are possibly accounted for. However, due to classification of these variables as confounders or effect modifiers, adjustment for these variables in order to generate a more accurate model might differ.

[bookmark: _GoBack]In the realm of public health, risk differences, risk ratios, and odds ratios have certain advantages and disadvantages. Risk differences and risk ratios are both more easily applicable to spreading knowledge on new treatments (in a doctor’s office, hearing the change in risk with a new treatment or exposure is more easily accessible than an odds ratio). With risk ratios and odds ratios, the researcher gains new information on the magnitude of the association, but may fail to be very useful; for example, ax exposure may incase risk of disease by 100%, but only have the risk increase from 1/100 to 2/100 subjects). On the other hand, a risk difference may not display the utility of a new treatment or risk of a new exposure enough (ex. decreasing risk from 25% to 0% has different meaning from decreasing risk from 90% to 65%). The odds can also be used as an estimate of risk in a case control study, unlike the other two measures, when the risk of being a case in the entire population is low.

These advantages and disadvantages also apply statistically. For example, a risk difference may appear higher in magnitude than in reality, making a new variable appear to be an effect modifier, when relatively speaking, the effect is the same within strata. Similarly, the differences in effects may not be seen using ratios between strata, disregarding the possibility of effect modification and increasing the possibility of including a confounder in the final model, which may or may not reflect the entire population. Of course, these changes also affect the overall analyses. The effects of these differences can be seen in the overall analysis between the predictor of interest with the response, as well as the classification of new variables and their potential inclusion in the model.
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