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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.)
The difference in risk of death from CVD within 4 years of the study between the two groups of women defined by their estrogen use is estimated to be 0.026 (0.013, 0.038), with the group of women who had a prior history of taking estrogen having the lower risk of death. This result is highly statistically significant (p< 0.0005) indicating that this difference is not expected from chance alone. In addition based on the study results, we expect the true risk of death in women who took estrogen to lie between 0.013 lower and 0.038 lower than the women who did not take 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.

Analyzing the data by subgrouping women according to their previous history of CVD, we do see a slight difference between the association between estrogen and CVD death in 4 years that is detected by the risk difference.  However, that difference is not statistically significant at the 0.05 level and could have occurred by chance alone. No statistical evidence in the data that previous disease modifies the effect of estrogen on CVD death in 4 years.

No Previous CVD disese			              Previous CVD disease
	
	No CVD death in 4
	CVD
death in 4

	No Estrogen
	2008
	37

	Estrogen
	308
	2



	
	No CVD death in 4
	CVD
death in 4

	No Estrogen
	463
	51

	Estrogen
	29
	1




Risk of CVD death in 4 years of the study		Difference of Risk Differences -0.0544
	
	No Prev CVD
	Prev CVD

	No Estrogen
	0.0181
	0.099

	Estrogen
	0.0064
	0.033

	Risk Difference
	– 0.0116
	–0.066


         p-value  = 0.129 







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.

For confounding to occur there are two parts to the definition, one part is answered by our pre-specified scientific question and the other part is satisfied by what we see in the data that we have collected.  I assume that since we are looking for evidence of confounding in our data the first part of the definition is met.  There is some scientific basis to believe that a history of prior CVD causes death by CVD irrespective of 
estrogen use. We also believe that the population based subgroups defined by prior CVD disease are homogeneous with respect to the use of estrogen. 

The current parameter of interest is the risk difference. Using this parameter there is evidence in the data that there is confounding in our data from previous CVD disease.
 The risk difference  is modeled by linear regression which is an additive model.  A different parameter estimate from an analysis that adjusts for different proportional representation of estrogen use within each stratum of prior CVD disease and an analysis that does not adjust for this imbalance indicates that confounding has occurred. The unadjusted estimate will be on a different risk difference contour.


Imported from slides not from the data set.

In the data set the unadjusted estimate of the risk difference was 
 – 0.026 (– 0.038, – 0.013).
In the data set the adjusted estimate of risk difference is 
– 0.0168 ( – 0.0286, – 0.0050)

In our data, adjusting for the imbalance in proportional representation of estrogen use in the two strata defined by previous CVD disease has moved us to a new Risk Difference contour.  


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

Among women who have similar history of previous CVD disease, the difference in risk of death from CVD in four years is estimated to be 0.0168 (0.0050, 0.0029) points lower if you have used estrogen previously than if you have not.   Our data indicate that the true population value of the risk difference lies in the range of  0.0050 points lower to 0.0029 points lower.  This result is statistically significant (p= 0.005) so our results are not expected to have occurred by chance alone. 

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.

Again for confounding to occur there are two parts to the definition. I assume that since we are looking for evidence of confounding in our data the first part of the definition is met with respect to the age and death from CVD disease .   That is we have a priori reasons to have scientific justification that is not in the causal pathway for a causal link between age and death from CVD disease. In addition we believe the population based grouping of estrogen use is homogenous. 

From analyzing the data, it appears again that the unadjusted estimate for risk difference will be on a different risk difference contour than the adjusted one.

In the data set the unadjusted estimate of risk difference is 
– 0.0168 ( – 0.0286, – 0.0050)
In the data set the age adjusted estimate of the risk difference was 
 – 0.0096 (– 0.0211, 0.0019).

In our data, adjusting for the imbalance in proportional representation of estrogen use at various ages has moved us to a new Risk Difference contour.  This is evidence that there is confounding in our data from age even when previous CVD disease is adjusted for.


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

Among women who have similar history of previous CVD disease and are similar in age, the difference in risk of death from CVD in four years between non-estrogen users and estrogen users is estimated to be  – 0.0096 ( – 0.0211, 0.0019) points with the group that used estrogen previously having the lower risk of death.   Our data indicate that the true population value of the risk difference lies in the range of  0.0211 points lower to 0.0019 points higher.  This result is not statistically significant (p= 0.103) so our results are likely even when the true population has no difference in risk between the two groups of women.


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.)
The ratio of odds of death from CVD within 4 years for women who did not use estrogen to women who did use estrogen is estimated to be 0.2500 (0.0786, 0.7945).  The odds in the group of women who did not have a prior history of taking estrogen is a factor of 0.25 of the  odds for the women who did have a prior history of taking estrogen. This result is statistically significant (p=0.019) indicating that this ratio of odds is not expected from chance alone. In addition based on the study results, we expect the true odds of death in women who did not take estrogen to be between a factor of  0.079 to 0.786 of the odds for women who did take 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.

Analyzing the data by subgrouping women according to their previous history of CVD, we do see a slight difference between the association between estrogen and CVD death in 4 years that is detected by the odds ratio.  However, by comparing the ratio of these odds ratios we see that the disparity is not statistically significant at the 0.05 level and could have occurred by chance alone. 

 No Previous CVD disease			              Previous CVD disease

	
	No CVD death in 4
	CVD
death in 4
	Prob of death by CVD

	No Estrogen
	463
	51
	0.099

	Estrogen
	29
	1
	0.033



	
	No CVD death in 4
	CVD
death in 4
	Prob of death by CVD

	No Estrogen
	2008
	37
	0.0181

	Estrogen
	308
	2
	0.0064










 Odds of CVD death in 4 years of the study		         Ratio of Odds Ratios = 0.8888
	
	No Prev CVD
	Prev CVD

	No Estrogen
	0.0184
	0.1099

	Estrogen
	0.0064
	0.0341

	Odds Ratio
	2.8618
	3.2198


         p-value  = 0.925 






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.

For confounding to occur there are two parts to the definition, one part is answered by our pre-specified scientific question and the other part is satisfied by what we see in the data that we have collected.  I continue to assume the first part of the definition is met.

The current parameter of interest is the odds ratio.  This is modeled by logistic regression which is a multiplicative model.  A different parameter estimate from an analysis that adjusts for different proportional representation of estrogen use within each stratum of prior CVD disease and an analysis that does not adjust for this imbalance really does not tell us much about whether confounding has occurred.  This is because Simpson’s Paradox applies to ratios.  Analyzing the data with odds ratios as the parameter of interest we determine if confounding exists by a process of elimination. 

As in step b we first determine if the variable is an effect modifier.  If it is not, (as is our current situation) then it must either be a precision variable or a confounding variable.  If we can rule out a precision variable then we know it must be a confounder. 

 The comparison of the unadjusted odds ratio and the adjusted odds ratio tells us whether the variable is a precision variable.  
  or       means that the Unadjusted parameter is attenuated and the variable is a precision variable. 

All other situations indicate the variable is not a precision variable.

From our data we check the situation    and get
  which is a false statement. Thus previous disease is not a precision variable.  Leaving the only option for  previous CVD disease is to be a confounder. 

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

Among women who have similar history of previous CVD disease, the ratio of odds of death from CVD within 4 years for women who did not use estrogen to women who did use estrogen is estimated to be 0.3382 (0.1055, 1.0842).  The odds in the group of women who did not have a prior history of taking estrogen is a factor of 0.3382 of the odds for the women who did have a prior history of taking estrogen. This result is not statistically significant (p=0.068) indicating that this ratio of odds is reasonable when the true odds ratio in the two groups is the same. In addition based on the study results, we expect the true odds of death in women who did not take estrogen to be between a factor of  0.1055 to 1.084 of the odds for women who did take 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.

Adjusted for age analysis
Adjusting for age, and previous CVD disease we have the following results
β for estrogen  = 0.427 (0.132, 1.379)      p-value = 0.155
β for Age = 1.097 (1.062 1.134) p-value < 0.0005

Unadjusted for age analysis 
Adjusting only for previous CVD disease we have the following results
β for estrogen  = 0.338 (0.1055, 1.0842)      p-value = 0.068

Using the chart below I conclude our data gives evidence that age is a confounder.  

Adjusting for Age has change the estimate for the coefficient of estrogen from the unadjusted value  0.338 to the adjusted value 0.427.  These two values fail the second criteria in the chart below because the adjusted value is more attenuated than the unadjusted value.  In addition the coefficient for Age is significant.

Criteria to determine Confounder versus precision:
	
	Does adjusting for Age change estimate for estrogen β?
	Is the adjusted estrogen β more deattenuated than the unadjusted estrogen β?
	Is Age β significant?

	Precision
	Y
	Y
	

	Confounder
	Y
	N
	Y

	Inconclusive
	Y
	N
	N





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

Among women who have similar history of previous CVD disease and are similar in age, the ratio of odds of death from CVD within 4 years for women who did not use estrogen to women who did use estrogen is estimated to be 0.427 (0.132, 1.379).    The odds in the group of women who did not have a prior history of taking estrogen is a factor of 0.427 of the odds for the women who did have a prior history of taking estrogen. This result is not statistically significant (p=0.155) indicating that this ratio of odds is reasonable when the true odds ratio in the two groups is the same. In addition based on the study results, we expect the true odds of death in women who did not take estrogen to be between a factor of  0.132 to 1.379 of the odds for women who did take estrogen.  

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.)
The ratio of risk of death from CVD within 4 years for women who did not use estrogen to women who did use estrogen is estimated to be  0.2566 ( 0.0816, 0.8066).  The risk  in the group of women who did not have a prior history of taking estrogen is a factor of 0.26 of the  risk for the women who did have a prior history of taking estrogen. This result is statistically significant (p=0.020) indicating that this ratio of risks is not expected from chance alone. In addition based on the study results, we expect the true risk of death in women who did not take estrogen to be between a factor of  0.082 to 0.81 of the risk for women who did take 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.

Analyzing the data by subgrouping women according to their previous history of CVD, we do see a slight difference between the association between estrogen and CVD death in 4 years that is detected by the risk ratio.  However, by comparing the ratio of these risk ratios we see that the disparity is not statistically significant at the 0.05 level and could have occurred by chance alone. 

 No Previous CVD disease			              Previous CVD disease

	
	No CVD death in 4
	CVD
death in 4
	Prob of death by CVD

	No Estrogen
	463
	51
	0.099

	Estrogen
	29
	1
	0.033



	
	No CVD death in 4
	CVD
death in 4
	Prob of death by CVD

	No Estrogen
	2008
	37
	0.0181

	Estrogen
	308
	2
	0.0064










Risk of CVD death in 4 years of the study		         Ratio of Odds Ratios = 0.8775
	
	No Prev CVD
	Prev CVD

	No Estrogen
	0.0184
	0.1099

	Estrogen
	0.0064
	0.0341

	Risk Ratio
	2.8281
	3.2229


           p-value  = 0.961 






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.

For confounding to occur there are two parts to the definition, one part is answered by our pre-specified scientific question and the other part is satisfied by what we see in the data that we have collected.  I continue to assume the first part of the definition is met.

The current parameter of interest is the risk ratio.  The contours are linear so we can use the same process as with the risk difference.  The adjusted estimation for the risk ratio is 0.3491 (0.1112, 1.096).  The unadjusted risk ratio is 0.2566 (0.0816  0.8066).  Since these are not on the same contour there is evidence for confounding. 

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

Among women who have similar history of previous CVD disease, the ratio of risk of death from CVD within 4 years for women who did not use estrogen to women who did use estrogen is estimated to be 0.3491 (0.1112, 1.096).  The risk in the group of women who did not have a prior history of taking estrogen is a factor of 0.3491 of the risk for the women who did have a prior history of taking estrogen. This result is not statistically significant (p=0.072) indicating that this ratio of risks is reasonable when the true risk ratio in the two groups is the same. In addition based on the study results, we expect the true risk of death in women who did not take estrogen to be between a factor of  0.1112 to 1.096 of the risk for women who did take 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.

Adjusted for age analysis
Adjusting for age, and previous CVD disease we have the following results
β for estrogen  = 0.4287 (0.1371, 1.341)      p-value = 0.146

Unadjusted for age analysis 
Adjusting only for previous CVD disease we have the following results
β for estrogen  = 0.3491 (0.1112, 1.096)      p-value = 0.0.72

These values are on different RR contours so I would say there is confounding.

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

Among women who have similar history of previous CVD disease and are similar in age, the ratio of riskof death from CVD within 4 years for women who did not use estrogen to women who did use estrogen is estimated to be 0.429 (0.137, 1.34).    The risk in the group of women who did not have a prior history of taking estrogen is a factor of 0.429 of the risk for the women who did have a prior history of taking estrogen. This result is not statistically significant (p=0.146) indicating that this ratio of risk is reasonable when the true risk ratio in the two groups is the same. In addition based on the study results, we expect the true risk of death in women who did not take estrogen to be between a factor of  0.137 to 1.34 of the odds for women who did take estrogen.  

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 conclusions were similar for all questions except the association after adjusting for prior CVD. The odds ratio and risk ratio both say the data do not provide enough evidence to conclude that there is an association between estrogen and CVD death after adjusting for the confounder CVD disease history. The analysis using the risk difference provides the exact opposite conclusion. 

	
	Risk Difference
	Odds Ratio
	Risk Ratio

	Association between estrogen and CVD death?
	YES
	YES
	YES

	Effect Modification by prior CVD disease?
	NO 
	NO
	NO

	Confounded by prior CVD disease?
	YES
	YES
	YES

	Association after adjust for prior CVD?
	YES
	NO
	NO

	Further confounded by age?
	YES
	YES
	YES

	Association after adjust for age and prior CVD history?
	NO
	NO
	NO



Of the three measures I would choose the risk ratio.  The risks in the two populations are very close to zero.  Using the risk difference as the parameter for comparing the two groups makes the difference seem negligible.  However making a ratio out of the two small risk values p0 and p1 helps to accentuate how far apart the small numbers really are.   Since the values are so close to zero the risk difference and the odds ratio are basically the same. Each analysis will give us nearly the same parameter estimates.  However, the interpretability of the risk ratio is more intuitive than the interpretability of the odds ratio. 

The drawback to using either of the ratio parameters compared to the risk difference parameter is that the ratios are more largely driven by the mean variance relationship.  Thus when we adjust for more things in the model we will  drive our estimate of p in each group closer to 0 or 1.  As the p goes closer to 0 or 1 the standard error which is based on     we will increase our standard error for the parameter.  Thus we will have less precision in the estimation of the parameter.  This is seen by the increasing width of the confidence intervals as we add more adjustment variables to the model for the odds ratio or risk ratio.  However the risk difference confidence intervals do not show this pattern. 
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