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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.)



Risk difference (estrogen non users as reference):-0.026, 95% CI (-0.038, -0.013)

Using glm to fit a linear model with estrogen use as the predictor and having a CVD death in 4 years as the response, the risk difference (or the difference in mean) is estimated to be -0.026, meaning that the average risk of having a CVD death in 4 years is 2.6 percentage points lower among those who ever used estrogen than those who never used estrogen. The risk difference is statistically significant from 0 (p<0.0001). The observed data would not be unusual if the true difference in the risk of having a CVD death is 1.3 to 3.8 percentage point lower in the estrogen users than the non users.  Therefore, we conclude that estrogen use is associated with having a CVD death in 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.

Use glm to fit a linear model with estrogen use, prior CVD and their interaction term as the predictor, and CVD mortality in 4 years as the response.



The estimated difference of the risk difference in having a CVD death in 4 years associated with estrogen use is 5.42 percentage points, with those having a prior CVD having a lower risk. The interaction between having prior CVD and estrogen use is NOT statistically significant (p=0.129). Therefore, we conclude that having prior CVD does not modify the association between estrogen use and CVD mortality in 4 years.


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.

[image: ]
[bookmark: _GoBack]Among estrogen non users, 514/2559=0.20 of them had prior CVD. Among estrogen users, 30/340=0.09 of them had prior CVD. This difference suggests that estrogen use is associated with having a prior CVD.

 Including prior CVD in the model, we got:

The p-value for the coefficient of prevdis is <0.0001, suggesting an independent association between prior CVD and the CVD death in 4 years. Given prior CVD is not on the causal pathway, it seems to be a confounder in the association between estrogen use and CVD death in 4 years.

We can also compare the risk difference before and after adjusting for prior CVD to assess confounding. Adjusting for prior CVD, the risk difference is -0.0168, which is different from the unadjusted risk difference   -0.0116.  It confirms that prior CVD is truly a confounder in the association. 

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

Risk difference after adjusting for prior CVD (estrogen non users as reference):
 -0.017, 95% CI (-0.029, -0.005)

Holding having a prior CVD constant, the average risk of having a CVD death in 4 years is estimated to be 1.68 percentage point lower among estrogen users than non users. The risk difference is statistically significant from 0 (p=0.005). The observed data would not be unusual if the true difference in the risk of having a CVD death is 0.5 to 2.9 percentage point lower in the estrogen users than the non users.  Therefore, we conclude that estrogen use is associated with having a CVD death in 4 years after adjusting for prior 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.

Mean age of sub groups defined as below:
	
	Estrogen=1
	Estrogen=0

	Prevdis=1
	72.00
	74.31

	Prevdis=0
	70.42
	72.44



Holding prior CVD constant, women who used estrogen on average seemed to be younger than the non-users. After adjusting for prior CVD, age is still associated with estrogen use.

Including age as a predictor in the regression model, we found that age is independently associated with CVD death in 4 years (p<0.0001). 
Given age is not on the causal pathway, it is a confounder in the prior CVD adjusted association between estrogen use and CVD mortality.
After adjusting for prior CVD and age, the coefficient of estrogen changed from -0.0168 in the estrogen adjusted model to -0.0096, which confirms that age is a confounder in the association between estrogen use and CVD mortality after adjusting for prior CVD. 


f. Provide complete statistical inference regarding an association between estrogen and CVD mortality after adjustment for age and any prior history of CVD.
Use glm to fit a linear model with estrogen use, prior CVD and age as the predictor, and CVD mortality in 4 years as the response.

Holding age and having a prior CVD constant, the average risk of having a CVD death in 4 years is estimated to be 0.96 percentage point lower among estrogen users than non users. The risk difference is NOT statistically significant from 0 (p=0.103). The observed data would not be unusual if the true difference in the risk of having a CVD death ranges from 2.1 percentage points lower to 0.19 percentage points higher among users than non users.  Therefore, we lack evidence to support an association between estrogen use and CVD mortality in 4 years after adjusting for age and prior CVD.


2. Answer all parts of problem 1 using the odds ratio (OR) as the measure of association. 

a. OR (estrogen non users as reference): 0.250, 95% CI (0.079, 0.795)

Use the glm function to fit a log odds model with estrogen use as the predictor and CVD death in 4 years as the response. The odds of having a CVD death among estrogen users is 0.25 times the odds among the non-users. The odds ratio is significantly different from 1 (p=0.019). The observed data are not unusual if the true odds ratio associated with estrogen use ranges from 0.08 to 0.79, with estrogen users having a lower odds of having a CVD death in 4 years. Therefore, we conclude that estrogen use is associated with increased risk for cvd mortality in 4 years.

b. Use the glm function to fit a log odds model with estrogen use, prior CVD and their interaction term as the predictor and CVD death in 4 years as the response. The ratio of the odds ratio between estrogen use and CVD death among those had a prior CVD is 0.89 of that among those who did not have a prior CVD. The interaction term is not statistically significant (p=0.925). Therefore, we conclude that having a prior CVD does not modify the association between estrogen use and CVD death in 4 years.

c. Same as in Problem 1.c, estrogen use is associated with previous CVD. Including prior CVD in the model, we found that previous CVD is independently associated with CVD death (OR=5.96, p<0.0001). We can compare the odds ratio with and without adjusting for prior CVD. Adjusting for prior CVD, the odds ratio is 0.338, which represents a stronger association between estrogen use and CVD death in 4 years. However, we could not judge the confounding from the change of the OR alone because adjusting for a precision variable will de-attenuate an association in logistic regression.

d. Previous CVD adjusted OR (estrogen non users as reference): 0.338, 95% CI (0.105, 1.084)

Use the glm function to fit a log odds model with estrogen use and prior CVD as the predictor and CVD death in 4 years as the response. Holding prior CVD constant, the odds of having a CVD death among estrogen users is 0.34 times the odds among non-users. The odds ratio is NOT significantly different from 1 (p=0.068). The observed data are not unusual if the true odds ratio associated with estrogen use ranges from 0.11 to 1.08. Therefore, we do not have evidence to support an association between estrogen use and CVD death after adjusting for prior CVD.

e. Same as in Problem 1. E, we found estrogen use is associated with age after controlling for previous CVD. Adding age as a predictor in the model, we found age is independently associated with CVD death (OR 1.097, p<0.001). Therefore, we can conclude that age is a confounder in the prior CVD-adjusted association between estrogen use and CVD death in 4 years. 
In comparing the OR of estrogen use with and without adjusting for age, the age and prior CVD adjusted OR gets closer to the null (OR=0.427). Given that a precision variable will only de-attenuate an association, the change of OR after adjusting for age suggests that age is truly a confounder. 

f. Age and previous CVD adjusted OR (estrogen non users as reference): 0.427, 95% CI (0.132, 1.383)
Use the glm function to fit a log odds model with estrogen use, prior CVD and age as the predictor and CVD death in 4 years as the response. Holding age and prior CVD constant, the odds of having a CVD death among estrogen users is 0.43 times the odds among non-users. The odds ratio is NOT significantly different from 1 (p=0.156). The observed data are not unusual if the true odds ratio associated with estrogen use ranges from 0.13 to 1.38. Therefore, we do not have evidence to support an association between estrogen use and CVD death after adjusting for prior CVD and age.


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.  Crude RR (estrogen non users as reference): 0.257, 95% CI (0.082, 0.807)
Use the glm function to fit a log means model with estrogen use as the predictor and CVD death in 4 years as the response. The risk of having a CVD death among estrogen users is 0.26 times the risk among the non-users. The risk ratio is statistically significant different from 1 (p=0.020). The observed data are not unusual if the true risk ratio associated with estrogen use ranges from 0.08 to 0.81, with estrogen users having a lower odds of having a CVD death in 4 years. Therefore, we conclude that estrogen use is associated with increased risk for cvd mortality in 4 years.

b. Use the glm function to fit a log mean model with estrogen use, prior CVD and their interaction term as the predictor and CVD death in 4 years as the response. The ratio of the risk ratio between estrogen use and CVD death among those had a prior CVD is 0.94 of that among those who did not have a prior CVD. The interaction term is not statistically significant (p=0.961). Therefore, we conclude that having a prior CVD does not modify the association between estrogen use and CVD death in 4 years.

c.  Same as in Problem 1.c, estrogen use is associated with previous CVD. Including prior CVD in the model, we found that previous CVD is independently associated with CVD death (RR=5.47, p<0.0001). We can compare the relative risk with and without adjusting for prior CVD. Adjusting for prior CVD, the RR is 0.349, which represents a stronger association between estrogen use and CVD death in 4 years. This confirms that previous CVD is truly a confounder in the association between estrogen use and CVD death.

d. Previous CVD adjusted RR (estrogen non users as reference): 0.349, 95% CI (0.111, 1.097)
Use the glm function to fit a log odds model with estrogen use and prior CVD as the predictor and CVD death in 4 years as the response. Holding prior CVD constant, the risk of having a CVD death among estrogen users is 0.35 times the risk among non-users. The risk ratio is NOT significantly different from 1 (p=0.072). The observed data are not unusual if the true risk ratio associated with estrogen use ranges from 0.11 to 1.10. Therefore, we do not have evidence to support an association between estrogen use and CVD death after adjusting for prior CVD.

e. Same as in Problem 1. E, we found estrogen use is associated with age after controlling for previous CVD. Adding age as a predictor in the model, we found age is independently associated with CVD death (RR 1.083, p<0.001). 
In comparing the RR of estrogen use with and without adjusting for age, the age and prior CVD adjusted OR gets closer to the null (RR=0.429). Therefore, we can conclude that age is a confounder in the prior CVD-adjusted association between estrogen use and CVD death in 4 years.

f. Age and previous CVD adjusted RR: 0.429, 95% CI (0.137, 1.341)

Use the glm function to fit a log mean model with estrogen use, prior CVD and age as the predictor and CVD death in 4 years as the response. Holding age and prior CVD constant, the risk of having a CVD death among estrogen users is 0.43 times the risk among non-users. The risk ratio is NOT significantly different from 1 (p=0.146). The observed data are not unusual if the true odds ratio associated with estrogen use ranges from 0.14to 1.34. Therefore, we do not have evidence to support an association between estrogen use and CVD death after adjusting for prior CVD and age.


4. Of the three measures of association used above, how similar were the conclusions? What are the relative advantages and disadvantages of the three?

	
	Crude association, (95% CI)
	Effect modification by prevdis
	Confounding by prevdis
	Adjusted for prior CVD (95% CI)
	Confounding by age
	Adjusted for prior CVD & age (95% CI)

	RD
	-0.026 (-0.038, -0.013)*
	No effect modification
	Yes
	-0.017 (-0.029, -0.005)*
	Yes
	-0.010 (-0.021, 0.002)

	OR
	0.250 (0.079, 0.795)*
	No effect modification
	Yes 
	0.338, (0.105, 1.084)
	Yes 
	0.427 (0.132, 1.383)

	RR
	0.257 (0.082, 0.807)
	No effect modification
	Yes 
	0.349 (0.111, 1.097)
	Yes 
	0.429 (0.137, 1.341)


* Statistically significant at alpha=0.05

In this example, the 3 approaches agreed on the conclusion about crude association, effect modification, confounding of prior CVD, confounding of age, and age & prior CVD adjusted association. However, they disagree in the prior CVD adjusted association. In linear regressions where RD are modeled, the magnitude of change in the association between estrogen and CVD mortality before and after adjusting for prior CVD depends on (1) the association between prior CVD and CVD mortality in 4 years; (2) the difference in the distribution of prior CVD in estrogen users and non users. However, this mathematical relationship does not translate exactly into logistic regressions or relative risk models due to the mean variance relationship. Therefore, the symptoms of confounding and the magnitude of confounding will be different in these models for the same variable. It happens that the assessment of effect modification agreed in three models, but we could expect different conclusion regarding effect modification on additive or multiplicative scales. 

The advantages and disadvantages of these models largely depend on the scientific question and can be summarized as below.

	
	RD
	OR
	RR

	Advantages
	· Easy to interpret
· Reflect absolute risk change associated with the exposure, which does not depend on the underlying risk without exposure. E.g., an increase in risk from 0.9 to 0.95 would be neglected when examined by RR or OR
· Relevant in clinical settings where only the added risk is of interest to patients
	· Log OR ranges from negative infinity to infinity, so it is easy to model
· OR of disease given exposure is equivalent as OR of exposure given disease, so can be used in case-control studies
· Approximates RR when the baseline risk is low
	· Easy to interpret
· In a situation where the absolute risk is very small (<0.05), a risk difference can appear ignorable whereas RR is not influenced. 

	Disadvantages
	· Has boundaries (-1, 1), which makes it difficult to model
· Only applicable in prospective studies
	· Difficult to interpret
· Can be misleading when baseline risk is high (curved contour)
· 
	· Has boundaries (0, 1), making it difficult to model
· Only applicable in prospective studies
· The magnitude often depends on the absolute risk, e.g., RR=2 require a much large added risk for risk (unexposed)=0.4 versus risk (unexposed)=0.04
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     Total       2,355        544       2,899 

                                             

         1         310         30         340 

         0       2,045        514       2,559 

                                             

  estrogen           0          1       Total

                    prevdis


