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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).
 
likelihood-ratio chi2(1) =   8.6426   Pr = 0.003







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
	Robust SE
	z
	p>|z|
	95%CI

	estrogen
	-0.026
	0.006
	-4.110
	0.000
	(-0.038, -0.013)

	_cons
	0.034
	0.004
	9.540
	0.000
	(0.027, 0.041)




	Table 1: Mortality by CVD risk difference estimated by linear regression



Among the 340 female participants who took estrogen, 3 died of CVD related causes within the 4 years of the study. This makes the estimated risk for the group 0.009. In contrast, among the 2559 participants who did not take estrogen, 88 died of CVD related causes within the 4 years of the study making the estimated risk for the latter group 0.034.  This corresponds to the risk difference of 0.026. 
Using linear regression[footnoteRef:1], the risk difference was estimated at 0.026 (with the estimated risk of the group unexposed to estrogen being higher) with the 95% CI (0.013, 0.037) which excludes zero. Given the CI and the p-value which is significant at the 0.05 level, we conclude that the risk difference is atypical if the participants in the exposed (to estrogen) and unexposed groups had in truth the same risk of dying of CVD related causes. Therefore, we do not reject existence of association between estrogen use and mortality from CVD related causes. [1:  GLM for the binomial family and with the identity link was used] 


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.
The reduction in risks of mortality by CVD associated with estrogen use for those with previous history of CVD is estimated at 0.012, while this value for those without such history was 0.066. Comparing these estimates we find the magnitude of risk differential for the former group to be larger than that of the latter group. This might be suggestive of effect modification. 
	Proportion
	Odds

	
	Estrogen
	prevdis=0
	prevdis=1

	No
	0.018
	0.099

	Yes
	0.006
	0.033

	Risk Diff
	-0.012
	-0.066

	Risk Ratio
	0.357
	0.336



	
	Estrogen
	prevdis = 0
	prevdis = 1

	No
	0.018
	0.110

	Yes
	0.006
	0.034

	Odds Diff
	-0.012
	-0.076

	Odds Ratio
	0.352
	0.313




	Table 2: Proportion and odds of death by CVD relative to estrogen exposure stratified by the previous history of prevalent atherosclerosis disease





To acquire statistics on the variability of the estimate we could perform a regression analysis. Estimating the risk difference separately for groups with and without prior history of CVD also shows (as in table 2) different estimates (without: -0.012 vs. with: -066) for the two groups which is suggestive of modification of effect based on prior history of CVD. However, the overlap between the 95% confidence intervals of the point estimates (-0.022, -0.001) and (0.135, 0.003) might warrant caution that even if effect modification exists its magnitude might not be very large. 
	
	
	Risk Difference
	Robust SE
	z
	p>|z|
	95%CI

	estrogen
	-0.012
	0.005
	-2.150
	0.032
	(-0.022, -0.001)

	_cons
	0.018
	0.003
	6.140
	0.000
	(0.012, 0.024)




	Table 3a: Risk difference from linear regression of participants with no prior history of CVD (prevdis = 0)

	
	
	Risk Difference
	Robust SE
	z
	p>|z|
	95%CI

	estrogen
	-0.066
	0.035
	-1.860
	0.062
	(-0.135, 0.003)

	_cons
	0.099
	0.013
	7.520
	0.000
	(0.073, 0.125)




	Table 3b: Risk difference from linear regression of participants with prior history of CVD (prevdis = 1)




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 be established we need to have the potential confounder (prior history of CVD) being causally associated with the response (death by CVD within 4 years) while it is also associated with the POI (estrogen use) and is not in the pathway of interest.  Table 4 details the occurrence of CVD-related death by whether or not the participant had prior history of CVD.  There is a significant risk difference 0.079 with 95% CI (0.054 0.104) which excludes zero. Therefore prior history of CVD is associated with a higher risk of death by CVD. We further know that 30/340 = 0.09 of the participants who took estrogen had prior history of CVD as compared to the 514/2559 = 0.20 among those who didn’t take estrogen. Therefore, there is a 2.28 fold higher proportion of CVDs among those who didn’t take estrogen. This establishes that in this sample, prior history of CVD is associated both with the response and the POI, thereby raising concern about confounding. One possibility that would explain this observation is that those who voluntarily took estrogen were healthier (perhaps more health-conscience) individuals at least by CVD measures and their lower risk of death by CVD confounded the effect of taking estrogen on mortality by CVD.  






	
	Death by CVD
	Previous CVD
	No Previous CVD
	Total

	Yes
	52
	39
	91

	No
	492
	2321
	2813

	Total
	544
	2360
	2904

	Risk
	0.096
	0.017
	0.031

	
	Point Est.
	95% CI

	RD
	0.079
	(0.054, 0.104)

	RR
	5.784
	(3.860, 8.669)


Χ2= 91.04 
Pr> Χ2 = 0.000

	Table 4: Contingency table to study association of mortality and prior history of CVD 



Alternatively we could use regression analysis as a diagnosis for potential confounding. Compared to unadjusted regression, linear regression adjusted for prior history of CVD estimates a different (smaller magnitude of) risk reduction associated with the use of estrogen (-0.012 for adjusted vs. -0.026 for unadjusted model).  We know that “if no confounding [exists] adjusted and unadjusted estimates will be equal (approximately)” in linear regression. Therefore, the data is not inconsistent with the possibility of confounding.

d. Provide complete statistical inference regarding an association between estrogen and CVD mortality after adjustment for a prior history of CVD. 
Table 5, provides points estimates and the corresponding confidence interval and p-value for CVD-history-adjusted analysis.   Given a constant prior history of CVD, an average reduction of 0.012 in risk of mortality by CVD is associated with taking estrogen.  Based on the 95% CI for this estimated reduction  (0.002 0.022) which excludes zero or the p-value of 0.019 we conclude that it would be atypical if in truth no difference existed in risk of mortality between estrogen takers and others even after adjustment for previous history of CVD.  
		
	Risk Difference
	Robust SE
	z
	p>|z|
	95%CI

	estrogen
	-0.012
	0.005
	-2.350
	0.019
	(-0.022, -0.002)

	prevdis
	0.078
	0.013
	6.000
	0.000
	(0.052, 0.103)

	_cons
	0.018
	0.003
	6.140
	0.000
	(0.012, 0.024)




	Table 5: Linear regression  adjusted for previous history of 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.

Adjusting for age further changes (reduces) the estimated risk difference associated with estrogen use to the point that within this adjusted model the estimated risk difference is no longer significant (p-value of 0.103 and CI which includes 0. See table 6).  As in the absence of confounding we would expect that adjusted and unadjusted estimates to be approximately equal, we conclude that the data is not inconsistent with the possibility of confounding by age. 

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

		
	Risk Difference
	Robust SE
	z
	p>|z|
	95%CI

	estrogen
	-0.010
	0.006
	-1.630
	0.103
	(-0.021, 0.002)

	prevdis
	0.071
	0.013
	5.530
	0.000
	(0.046, 0.096)

	age
	0.004
	0.001
	4.550
	0.000
	(0.002, 0.005)

	_cons
	-0.237
	0.055
	-4.330
	0.000
	(-0.345, -0.130)




	Table 6: Linear regression  adjusted for previous history of CVD and age



Given a participant’s age and her prior history of CVD, the average reduction in risk of mortality associated with taking estrogen is 0.010. However given the 95% CI (-0.002, 0.021), which includes zero, and the p-value of 0.103 we cannot reject absence of association between estrogen use and mortality by CVD.

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.)

		
	Odds Ratio
	Robust SE
	z
	p>|z|
	95%CI

	estrogen
	0.250
	0.147
	-2.350
	0.019
	(0.079, 0.795)

	_cons
	0.036
	0.004
	-30.740
	0.000
	(0.029, 0.044)




	Table 7: Odds ratio of mortality by CVD estimated by logistic regression


Taking estrogen is associated with an odds of mortality (by CVD) that is 0.250 of such odds for those who did not take estrogen.  The corresponding 95% CI (0.079, 0.795), which excludes 1 or the p-value of 0.019 suggest that the data would be atypical if in truth the odds mortality by CVD for those who do and do not take estrogen are the same.

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.

Similar to the approach taken for the risk difference with linear regression, we could estimate the odds ratio in the strata defined by the prior history of CVD separately and observe for difference in the odds ratio as a sign of effect modification.  As shown in table 8a and 8b, the odds ratio estimate for the two strata remain close with overlapping 95% CI that contain 1.  Therefore, we do not see significant symptoms of effect modification by prior history of CVD.



	
	
	Odds Ratio
	Robust SE
	z
	p>|z|
	95%CI

	estrogen
	0.352
	0.257
	-1.430
	0.152
	(0.084, 1.470)

	_cons
	0.018
	0.003
	-24.070
	0.000
	(0.013, 0.026)




	Table 8a: Odds ratio from logistic regression of participants with no prior history of CVD (prevdis = 0)

	
	
	Odds Ratio
	Robust SE
	z
	p>|z|
	95%CI

	estrogen
	0.313
	0.322
	-1.130
	0.259
	(0.042, 2.351)

	_cons
	0.110
	0.016
	-14.940
	0.000
	(0.082, 0.147)




	Table 8b: Odds ratio from logistic regression of participants with prior history of CVD (prevdis = 1)



Alternatively, we could use the Mantel-Haenszel test of homogeneity which uses (adjusted) OR to evaluate whether stratified contingency tables have significantly different OR from a table combined across strata. Table 9 shows the CVD-mortality odds ratio evaluated for each strata defined by the prior history of CVD as well as the Mantel-Haenszel weighted OR (0.338). The test of homogeneity shows that the difference between the ORs is not statistically significant based on the χ2 statistics further confirming our conclusion of lack of effect modification from table 8.
	
	Previous CVD
	OR
	95%CI
	M-H Weight

	No
	0.352
	(0.000, 1.331)
	4.839

	Yes
	0.313
	(0.000, 1.857)
	2.719

	Crude
	0.250
	(0.083, 0.751)
	

	M-H combined
	0.338
	(0.106, 1.084)
	


Test of homogeneity (M-H):      chi2(1) =    0.009  Pr>chi2 = 0.9251

	Table 9: Mantel-Haenszel test of homogeneity based on OR



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.

Likewise, to the answer in 1c, confounding needs to be established based on a scientific causal understanding. However, we could diagnose signs of potential confounding. Here, performing logistic regression adjusted for the prior history of CVD estimates a larger odds ratio (i.e. closer to null: 1) for the estrogen users relative to the unadjusted model (0.338 vs. 0.250 in tables 10 and 7). In logistic regression this shifts towards null in the adjusted model can be interpreted as the third parameter (i.e. history of CVD) not being a precision variable and is consistent with the variable being a confounder.		

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

Given a fixed prior history of CVD, taking estrogen is associated with an odds of mortality (by CVD) that is 0.338 of such odds for those who did not take estrogen.  The corresponding 95% CI (0.105, 1.084), which includes 1or the p-value of 0.068 suggest that the data is not inconsistent with estrogen takers having the same odds of mortality as those who didn’t take estrogen.
		
	Odds Ratio
	Robust SE
	z
	p>|z|
	95%CI

	estrogen
	0.338
	0.201
	-1.820
	0.068
	(0.105, 1.084)

	prevdis
	5.956
	1.300
	8.180
	0.000
	(3.883, 9.135)

	_cons
	0.018
	0.003
	-24.330
	0.000
	(0.013, 0.025)




	Table 10: Logistic regression  adjusted for previous history of 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.
The odds ratio estimated by logistic regression after adjustment for prior history of CVD and age is 0.427 (0.132, 1.383) with a non-significant p-value of 0.156 (see table 11). Compared to the estimate that is adjusted only for prior history of CVD, 0.338 (0.105, 1.084), the age-adjusted estimate is less extreme (i.e. closer to 1), which is suggestive of age not being a precision variable but consistent with being a confounder.

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

		
	Odds Ratio
	Robust SE
	z
	p>|z|
	95%CI

	estrogen
	0.427
	0.256
	-1.420
	0.156
	(0.132, 1.383)

	prevdis
	5.061
	1.169
	7.020
	0.000
	(3.218, 7.959)

	age
	1.097
	0.018
	5.670
	0.000
	(1.063, 1.133)

	_cons
	0.000
	0.000
	-9.030
	0.000
	(0.000, 0.000)




	Table 11: Logistic regression  adjusted for previous history of CVD and age


Given a fixed prior history of CVD and age, taking estrogen is associated in average with an odds of mortality (by CVD) that is 0.427 of such odds for those who did not take estrogen.  The corresponding 95% CI (0.132, 1.383), which includes 1, and the p-value of 0.156 suggest that the data is not inconsistent with estrogen takers having the same odds of mortality as those who didn’t 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.)

Analysis of association for estrogen and CVD-related mortality based on risk ratio is similar to that done for risk difference with the difference that instead of linear regression, we perform glm regression with log-link for the binomial family (i.e. the family of our response variable). All analysis performed in this manner and included here are exponentiated back to the risk ratio scale.

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.)

Taking estrogen is associated with a risk of mortality (by CVD) that is 0.257 of such risk for those who did not take estrogen.  The corresponding 95% CI (0.082, 0.807), which excludes 1, and the p-value of 0.020 suggest that the data would be atypical if in truth the odds of mortality by CVD for those who do and do not take estrogen are the same.
		
	Risk Ratios
	Robust SE
	z
	p>|z|
	95%CI

	estrogen
	0.257
	0.150
	-2.330
	0.020
	(0.082, 0.807)

	_cons
	0.034
	0.004
	-32.170
	0.000
	(0.028, 0.042)




	Table 12: Risk ratios estimate from loglink regression (and exponentiated)



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.

Similar to the approach taken with risk difference and odds ratio, to diagnose potential effect modification we could estimate the risk ratio in the strata defined by prior history of CVD separately and observe for difference in the estimated risk ratio as a sign of effect modification.  As shown in table 13a and 13b, the risk ratios estimate for the two strata remain close with overlapping 95% CI that contain 1.  Therefore, we do not see significant symptoms of effect modification by prior history of CVD.

	
	
	Risk Ratio
	Robust SE
	z
	p>|z|
	95%CI

	estrogen
	0.357
	0.258
	-1.430
	0.154
	(0.086, 1.472)

	_cons
	0.018
	0.003
	-24.620
	0.000
	(0.013, 0.025)




	Table 13a: Risk ratios from log-link regression of participants with no prevdis = 0 (exponentiated)

	
	
	Risk Ratio
	Robust SE
	z
	p>|z|
	95%CI

	estrogen
	0.336
	0.334
	-1.100
	0.272
	(0.048, 2.353)

	_cons
	0.099
	0.013
	-17.370
	0.000
	(0.076, 0.129)




	Table 13b: Risk ratios from log-link regression of participants with prevdis = 1 (exponentiated)



Likewise to the case with ORs, we could also use the Mantel-Haenszel test of homogeneity which uses (adjusted) RR to evaluate whether stratified contingency tables have significantly different RR from the combined. Table 14 shows the CVD-mortality risk ratio evaluated for each strata defined by prior history of CVD as well as the Mantel-Haenszel weighted RR (0.349). The test of homogeneity shows that the difference between the RRs is not statistically significant based on the χ2 statistics further confirming our conclusion of lack of effect modification from table 13.

		Previous CVD
	RR
	95%CI
	M-H Weight

	No
	0.357
	(0.086, 1.472)
	4.870

	Yes
	0.336
	(0.048, 2.348)
	2.813

	Crude
	0.257
	(0.082, 0.806)
	

	M-H combined
	0.349
	(0.111, 1.098)
	


Test of homogeneity (M-H) :     chi2(1) =    0.002  Pr>chi2 = 0.9613

	Table 14: Mantel-Haenszel test of homogeneity based on RR


 
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.

Likewise, to the answer in 1c, confounding needs to be established based on scientific causal understanding. However, we could diagnose signs of potential confounding. Here, performing log-link linear regression adjusted for the prior history of CVD estimates a larger risk ratio for the estrogen users relative to the unadjusted model (0.349 vs. 0.257 in tables 15 and 12).  Considering that prior to exponentiation, risk ratios in the log-link model can be thought of as a linear model and that in linear model change in the value coefficient after adjustment for a potential confounder is suggestive of confounding, we can conclude that history of CVD shows symptoms of a confounder.

d) Provide complete statistical inference regarding an association between estrogen and CVD mortality after adjustment for a prior history of CVD. 
Given a fixed prior history of CVD, taking estrogen is associated with a risk of mortality (by CVD) that is 0.349 of such risk for those who did not take estrogen.  The corresponding 95% CI (0.111, 1.097), which includes 1, and the p-value of 0.072 suggest that the data is not inconsistent with estrogen takers having the same risk of mortality as those who didn’t take estrogen.
	
	
	Risk Ratio
	Robust SE
	z
	p>|z|
	95%CI

	estrogen
	0.349
	0.204
	-1.800
	0.072
	(0.111, 1.097)

	prevdis
	5.474
	1.133
	8.210
	0.000
	(3.649, 8.213)

	_cons
	0.018
	0.003
	-24.870
	0.000
	(0.013, 0.025)




	Table 15: Loglink regression  adjusted for previous history of CVD (exponentiated)



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.

Prior to exponentiation, coefficients in the log-link model are those of a linear model. In such models (i.e. linear) changes in the value of coefficient after adjustment for a potential confounder is suggestive of confounding.  Here, the risk ratio estimated after adjustment for prior history of CVD and age is 0.429 (0.137, 1.341) with a non-significant p-value of 0.146 (see table 16), which differs from the estimate by a model adjusted only for prior history of CVD, 0.349 (0.111, 1.097).  Therefore, given the difference in risk ratios, we expect different values of coefficients prior to exponentiation and therefore conclude that the data displays symptoms of being confounded by age as well.

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

Given a fixed prior history of CVD and age, taking estrogen is associated with an average risk of mortality (by CVD) that is 0.429 of such risk for those who did not take estrogen.  The corresponding 95% CI (0.137, 1.341), which includes 1, and the p-value of 0.146 suggest that the data is not inconsistent with estrogen takers having the same odds of mortality as those who did not take estrogen.

		
	Risk Ratio
	Robust SE
	z
	p>|z|
	95%CI

	estrogen
	0.429
	0.249
	-1.460
	0.146
	(0.137, 1.341)

	prevdis
	4.476
	1.021
	6.570
	0.000
	(2.862, 7.000)

	age
	1.083
	0.015
	5.560
	0.000
	(1.053, 1.114)

	_cons
	0.000
	0.000
	-9.470
	0.000
	(0.000, 0.000)




	Table 16: Log-link regression  adjusted for previous history of CVD and age (exponentiated)




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 outcome of the evaluations in most cases were very similar. Specifically, by all three metrics, unadjusted association between estrogen and mortality by CVD was significant (although linear was furthest from the null). Using OR and RR no effect modification by prior history CVD was observed whereas it was difficult to conclusively refute such relation when RD was used.  Lastly, history of CVD and age with all three metrics show signs of the two parameters being potential confounders.  RR and OR were closer to each other in the statistics as compared to RD.  However, RD as a measure of association is very intuitive and seems at least as sensitive as the other two for evaluative purposes in the case of the analyses in this assignment.  
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