
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.)
Regress cvddeath4 estrogen, robust

	cvddeath
	Coef
	SD
	t
	P>|t|
	95% CI
	 

	estrogen
	-0.0256
	0.0062
	-4.11
	0.0000
	-0.0378
	-0.0134

	_cons
	0.0344
	0.0036
	9.54
	0.0000
	0.0273
	0.0415


-From a linear regression analysis, we estimate that the mean mortality from cardiovascular disease (CVD) within four years differs between two estrogen groups by 0.0256, with using estrogen group tending toward lower average mean death from CVD within 4 years. This result is significantly different from 0 (P<0.000), with a 95% CI suggesting that such observed results would not be unusual if the true difference in mean cvddeath4 between two estrogen groups was anywhere between -0.0378 and -0.0134. We thus reject the null hypothesis that the mean mortality from cardiovascular disease within four years does not differ across estrogen groups. 


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.
Regress cvddeath4 estrogen if prevdis == 0, robust

	cvddeath4
	Coef
	SD
	t
	P>|t|
	95% CI
	 

	estrogen
	-0.0116
	0.0054
	-2.15
	0.0320
	-0.0223
	-0.0010

	_cons
	0.0181
	0.0029
	6.14
	0.0000
	0.0123
	0.0239


Regress cvddeath4 estrogen if prevdis == 1, robust

	cvddeath4
	Coef
	SD
	t
	P>|t|
	95% CI
	 

	estrogen
	-0.0659
	0.0354
	-1.86
	0.0630
	-0.1354
	0.0036

	_cons
	0.0992
	0.0132
	7.51
	0.0000
	0.0733
	0.1252


g estpre = estrogen*prevdis
regress cvddeath4 

	cvddeath4
	Coef
	SD
	t
	P>|t|
	95% CI
	 

	estrogen
	-0.0116
	0.0054
	-2.15
	0.0320
	-0.0223
	-0.0010

	prevdis
	0.0811
	0.0135
	6.00
	0.0000
	0.0546
	0.1076

	estpre
	-0.0542
	0.0358
	-1.52
	0.1290
	-0.1244
	0.0159

	_cons
	0.0181
	0.0029
	6.13
	0.0000
	0.0123
	0.0239


-In non-prior CVD groups, the mean mortality from cardiovascular disease (CVD) within four years is estimated to average 0.0116 lower for difference in estrogen group, with using estrogen group having lower levels(95% CI -0.0223,-0.0010). In prior CVD groups, the mean mortality from cardiovascular disease (CVD) within four years is estimated to average 0.0659 lower for difference in estrogen group, with using estrogen group having lower levels(95% CI -0.1354, 0.0036).  The difference between history of two prior CVD groups in estrogen effects of 0.0542(95% CI -0.1244 to 0.0159) is not beyond that which might be reasonably expected when association between mean mortality from cardiovascular disease (CVD) within four years and estrogen is the same for both prevdis groups.(P=0.129). Therefore, we do not have strong reasons that effect is modified by a history of prior CVD.
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.

Regress cvddeath4 estrogen, robust

	cvddeath4
	Coef
	S.E
	T
	P>t
	95% C.I
	

	estrogen
	-0.0256
	0.0062
	-4.11
	0.0000
	-0.0378
	-0.0134

	_cons
	0.0344
	0.0036
	9.54
	0.0000
	0.0273
	0.0415


Regress cvddeath4 estrogen prevdis, robust

	cvddeath4
	Coef
	SE
	t
	P>|t|
	95% CI
	 

	Estrogen
	-0.0168
	0.0060
	-2.80
	0.0050
	-0.0286
	-0.0050

	Prevdis
	0.0777
	0.0129
	6.05
	0.0000
	0.0525
	0.1029

	_cons
	0.0188
	0.0029
	6.37
	0.0000
	0.0130
	0.0246


Yes. The estimates of the estrogen effect are quite different in the adjusted and unadjusted analysis. Also, both tables below show that there are associations between the variable cvddeath4 and prevdis, and between the variable estrogen and prevdis(P<0.000). 
Regress cvddeath4 prevdis, robust

	cvddeath4
	Coef
	SE
	t
	P>|t|
	95% CI
	 

	prevdis
	0.0791
	0.0129
	6.14
	0.0000
	0.0538
	0.1043

	_cons
	0.0165
	0.0026
	6.30
	0.0000
	0.0114
	0.0217


Regress estrogen prevdis, robust

	estrogen
	Coef
	SE
	t
	P>|t|
	95% CI
	 

	prevdis
	-0.0765
	0.0120
	-6.36
	0.0000
	-0.1001
	-0.0529

	_cons
	0.1316
	0.0070
	18.89
	0.0000
	0.1180
	0.1453


d. Provide complete statistical inference regarding an association between estrogen and CVD mortality after adjustment for a prior history of CVD. 
Regress cvddeath4 estrogen prevdis, robust

	cvddeath4
	Coef.
	S.E
	t
	P>|t|
	95% CI
	

	estrogen
	-0.0168
	0.0060
	-2.80
	0.0050
	-0.0286
	-0.0050

	prevdis
	0.0777
	0.0129
	6.05
	0.0000
	0.0525
	0.1029

	_cons
	0.0188
	0.0029
	6.37
	0.0000
	0.0130
	0.0246


Holding variable prevdis at a fixed value, the mean mortality from cardiovascular disease (CVD) within four years is estimated to average 0.0168 lower for difference in estrogen group, with using estrogen group having lower levels(95% CI -0.0286,  -0.0050). This result is significantly different from 0 (P<0.0050), with a 95% CI suggesting that such observed results would not be unusual if the true difference in mean cvddeath4 between two estrogen groups was anywhere between -0.0286 and -0.050. We thus reject the null hypothesis that the mean mortality from cardiovascular disease within four years does not differ across estrogen groups. 

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.

Regress cvddeath4 estrogen prevdis, robust

	cvddeath4
	Coef
	SE
	t
	P>|t|
	95% CI
	 

	estrogen
	-0.0168
	0.0060
	-2.80
	0.0050
	-0.0286
	-0.0050

	prevdis
	0.0777
	0.0129
	6.05
	0.0000
	0.0525
	0.1029

	_cons
	0.0188
	0.0029
	6.37
	0.0000
	0.0130
	0.0246


Regress cvddeath4 estrogen prevdis age, robust

	cvddeath4
	Coef
	SE
	t
	P>|t|
	95% CI
	 

	estrogen
	-0.0096
	0.0059
	-1.63
	0.1030
	-0.0211
	0.0019

	prevdis
	0.0712
	0.0129
	5.53
	0.0000
	0.0460
	0.0965

	Age
	0.0035
	0.0008
	4.55
	0.0000
	0.0020
	0.0051

	_cons
	-0.2373
	0.0548
	-4.33
	0.0000
	-0.3447
	-0.1299


Yes. The estimates of the estrogen effect which prior disease adjusted are quite different in the age-adjusted and age-unadjusted analysis. 

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

- Holding variable prevdis and age at a fixed value, the mean mortality from cardiovascular disease (CVD) within four years is estimated to average 0.0096 lower for difference in estrogen group, with using estrogen group having lower levels(95% CI -0.0211,0.0019). This result is not significantly different from 0 (P<0.1030), with a 95% CI suggesting that such observed results would not be unusual if the true difference in mean cvddeath4 between two estrogen groups was anywhere between -0.0211 and 0.0019. We thus cannot reject the null hypothesis that the mean mortality from cardiovascular disease within four years does not differ across estrogen groups. 


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.)

Logistic cvddeath4 estrogen, robust

	cvddeath4
	OR
	SE
	z
	P>z
	95% CI
	 

	Estrogen
	0.2500
	0.1475
	-2.35
	0.0190
	0.0786
	0.7946

	_cons
	0.0356
	0.0039
	-30.74
	0.0000
	0.0288
	0.0441


-On average, the odds of the mortality from cardiovascular disease (CVD) within four years in using estrogen group is estimated to be 75% lower than in non-using estrogen group (95% CI 92% lower to 21% lower), a result that is unexpected when there is no true difference between estrogen groups with respect to the death from CVD within four years(P=0.0190).
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.

logistic cvddeath4 estrogen if prevdis == 0, robust

	cvddeath4
	OR
	SE
	z
	P>z
	95% CI
	 

	estrogen
	0.3524
	0.2568
	-1.43
	0.1520
	0.0845
	1.4700

	_cons
	0.0184
	0.0031
	-24.07
	0.0000
	0.0133
	0.0255


logistic cvddeath4 estrogen if prevdis == 1, robust

	cvddeath4
	OR
	SE
	z
	P>z
	95% CI
	 

	estrogen
	0.3130
	0.3220
	-1.13
	0.2590
	0.0417
	2.3509

	_cons
	0.1102
	0.0163
	-14.94
	0.0000
	0.0825
	0.1471


g estpre = estrogen*prevdis

logistic cvddeath4 estrogen prevdis estpre, robust
	cvddeath4
	OR
	SE
	Z
	P>z
	95% CI
	 

	estrogen
	0.3524
	0.2568
	-1.43
	0.1520
	0.0845
	1.4699

	prevdis
	5.9779
	1.3274
	8.05
	0.0000
	3.8684
	9.2378

	estpre
	0.8883
	1.1193
	-0.09
	0.9250
	0.0752
	10.4972

	_cons
	0.0184
	0.0031
	-24.07
	0.0000
	0.0133
	0.0255


-On average, in non-prior CVD groups, the odds of mortality from cardiovascular disease (CVD) within four years in using estrogen group is estimated to be 65% lower than in non-using estrogen group (95% CI 92% lower to 47% higher). In prior CVD groups, the odds of mortality from cardiovascular disease (CVD) within four years in using estrogen group is estimated to be 69% lower than in non-using estrogen group(95% CI 96% lower to 135%higher). Since the interaction term is not significant( P=0.9250), it is not unusual thing to say that effect is not modified by a history of prior disease.
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.

logistic cvddeath4 estrogen, robust

	cvddeath4
	OR
	SE
	z
	P>z
	95% CI
	 

	Estrogen
	0.2500
	0.1475
	-2.35
	0.0190
	0.0786
	0.7946

	_cons
	0.0356
	0.0039
	-30.74
	0.0000
	0.0288
	0.0441


logistic cvddeath4 estrogen prevdis, robust

	cvddeath4
	OR
	SE
	Z
	P>z
	95% CI
	 

	Estrogen
	0.3382
	0.2011
	-1.82
	0.0680
	0.1055
	1.0845

	Prevdis
	5.9556
	1.2998
	8.18
	0.0000
	3.8829
	9.1348

	_cons
	0.0185
	0.0030
	-24.33
	0.0000
	0.0134
	0.0255


Yes. The odd ratios of the estrogen effect are quite different in the adjusted and unadjusted analysis. The odd ratios of unadjusted analysis(OR:0.25) is less than the odd ratios of adjusted analysis(OR:0.34), which means there exists confounding in our analysis. Also, both tables below show that there are associations between the variable cvddeath4 and prevdis, and between the variable estrogen and prevdis(P<0.000). 

logistic cvddeath4 prevdis, robust

	cvddeath4
	OR
	SE
	Z
	P>z
	95% CI
	 

	Prevdis
	6.2900
	1.3687
	8.45
	0.0000
	4.1060
	9.6355

	_cons
	0.0168
	0.0027
	-25.30
	0.0000
	0.0122
	0.0231


logistic estrogen prevdis, robust

	estrogen
	OR
	SE
	Z
	P>z
	95% CI
	 

	prevdis
	0.3850
	0.0760
	-4.83
	0.0000
	0.2614
	0.5670

	_cons
	0.1516
	0.0092
	-30.95
	0.0000
	0.1345
	0.1708


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

logistic cvddeath4 estrogen prevdis, robust

	cvddeath4
	OR
	SE
	Z
	P>z
	95% CI
	 

	Estrogen
	0.3382
	0.2011
	-1.82
	0.0680
	0.1055
	1.0845

	Prevdis
	5.9556
	1.2998
	8.18
	0.0000
	3.8829
	9.1348

	_cons
	0.0185
	0.0030
	-24.33
	0.0000
	0.0134
	0.0255


On average, holding variable prevdis at a fixed value, the odds of mortality from cardiovascular disease (CVD) within four years in using estrogen group is estimated to be 66% lower than that in non-using estrogen group (95%CI 89%lower to 8% higher), a result that is not unexpected when there is no true difference between estrogen groups by a prior history of CVD with respect to the death from CVD within four years (P=0.068).

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.

logistic cvddeath4 estrogen prevdis, robust

	cvddeath4
	OR
	SE
	Z
	P>z
	95% CI
	 

	Estrogen
	0.3382
	0.2011
	-1.82
	0.0680
	0.1055
	1.0845

	Prevdis
	5.9556
	1.2998
	8.18
	0.0000
	3.8829
	9.1348

	_cons
	0.0185
	0.0030
	-24.33
	0.0000
	0.0134
	0.0255


logistic cvddeath4 estrogen prevdis age, robust

	cvddeath4
	OR
	SE
	Z
	P>z
	95% CI
	 

	estrogen
	0.4272
	0.2561
	-1.42
	0.1560
	0.1319
	1.3834

	Prevdis
	5.0611
	1.1691
	7.02
	0.0000
	3.2183
	7.9592

	Age
	1.0972
	0.0179
	5.67
	0.0000
	1.0625
	1.1329

	_cons
	0.0000
	0.0000
	-9.03
	0.0000
	0.0000
	0.0002


Yes. The odd ratios of the estrogen effect which prior disease adjusted are quite different in the adjusted and unadjusted analysis. The odd ratio of adjusted analysis by age is 0.4272 which is bigger than that of unadjusted analysis by age(0.3382). 
f. Provide complete statistical inference regarding an association between estrogen and CVD mortality after adjustment for age and any prior history of CVD.

- Holding variable prevdis and age at a fixed value, the odds of mortality from cardiovascular disease (CVD) within four years in using estrogen group is estimated to be 57% lower than that in non-using estrogen group (95%CI 87% lower to 38% higher), a result that is not unexpected when there is no true difference between estrogen groups by both a prior history of CVD and age with respect to the death from CVD within four years (P=0.1560).

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.)

glm cvddeath4 estrogen, robust family(binomial) link(log) eform

	cvddeath4
	RR
	SE
	z
	P>z
	95% CI
	 

	estrogen
	0.2566
	0.1499
	-2.33
	0.0200
	0.0816
	0.8066

	_cons
	0.0344
	0.0036
	-32.17
	0.0000
	0.0280
	0.0422


-On average, the risk of the mortality from cardiovascular disease (CVD) within four years in using estrogen group is estimated to be 74% lower than in non-using estrogen group (95% CI 8% lower to 19% lower), a result that is unexpected when there is no true difference between estrogen groups with respect to the death from CVD within four years(P=0.02).

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.

glm cvddeath4 estrogen if prevdis == 0, robust family(binomial) link(log) eform
	cvddeath4
	RR
	SE
	z
	P>z
	95% CI
	 

	estrogen
	0.3566
	0.2580
	-1.43
	0.1540
	0.0864
	1.4725

	_cons
	0.0181
	0.0029
	-24.62
	0.0000
	0.0131
	0.0249


glm cvddeath4 estrogen if prevdis == 1, robust family(binomial) link(log) eform

	cvddeath4
	RR
	SE
	z
	P>z
	95% CI
	 

	estrogen
	0.3359
	0.3336
	-1.10
	0.2720
	0.0480
	2.3526

	_cons
	0.0992
	0.0132
	-17.37
	0.0000
	0.0765
	0.1288


g estpre = estrogen*prevdis

glm cvddeath4 estrogen prevdis estpre, robust family(binomial) link(log) eform
	cvddeath4
	RR
	SE
	z
	P>z
	95% CI
	 

	estrogen
	0.3566
	0.2580
	-1.43
	0.1540
	0.0864
	1.4724

	prevdis
	5.4840
	1.1532
	8.09
	0.0000
	3.6317
	8.2810

	estpre
	0.9421
	1.1570
	-0.05
	0.9610
	0.0849
	10.4580

	_cons
	0.0181
	0.0029
	-24.63
	0.0000
	0.0131
	0.0249


-On average, in non-prior CVD groups, the risk of mortality from cardiovascular disease (CVD) within four years in using estrogen group is estimated to be 64% lower than in non-using estrogen group (95% CI 91%% lower to 5% higher). In prior CVD groups, the risk of mortality from cardiovascular disease (CVD) within four years in using estrogen group is estimated to be 66% lower than in non-using estrogen group(95% CI 95% lower to 135%higher). Since the interaction term is not significant( P=0.9610), it is not unusual thing to say that effect is not modified by a history of prior disease.
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.

glm cvddeath4 estrogen, robust family(binomial) link(log) eform
	cvddeath4
	RR
	SE
	z
	P>z
	95% CI
	 

	estrogen
	0.2566
	0.1499
	-2.33
	0.0200
	0.0816
	0.8066

	_cons
	0.0344
	0.0036
	-32.17
	0.0000
	0.0280
	0.0422


glm cvddeath4 estrogen prevdis, robust family(binomial) link(log) eform
	cvddeath4
	RR
	SE
	z
	P>z
	95% CI
	 

	estrogen
	0.3491
	0.2039
	-1.80
	0.0720
	0.1112
	1.0965

	prevdis
	5.4743
	1.1331
	8.21
	0.0000
	3.6487
	8.2134

	_cons
	0.0181
	0.0029
	-24.87
	0.0000
	0.0132
	0.0248


Yes. The risk ratios of the estrogen effect are quite different in the adjusted and unadjusted analysis. Also, both tables below show that there are associations between the variable cvddeath4 and prevdis, and between the variable estrogen and prevdis(P<0.000). 

glm cvddeath4 prevdis, robust family(binomial) link(log) eform
	cvddeath4
	RR
	SE
	z
	P>z
	95% CI
	 

	prevdis
	5.7843
	1.1942
	8.50
	0.0000
	3.8594
	8.6694

	_cons
	0.0165
	0.0026
	-25.83
	0.0000
	0.0121
	0.0226


glm estrogen prevdis, robust family(binomial) link(log) eform
	estrogen
	RR
	SE
	z
	P>z
	95% CI
	 

	prevdis
	0.4189
	0.0776
	-4.70
	0.0000
	0.2914
	0.6023

	_cons
	0.1316
	0.0070
	-38.31
	0.0000
	0.1187
	0.1460


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

glm cvddeath4 estrogen prevdis, robust family(binomial) link(log) eform
	cvddeath4
	RR
	SE
	z
	P>z
	95% CI
	 

	estrogen
	0.3491
	0.2039
	-1.80
	0.0720
	0.1112
	1.0965

	prevdis
	5.4743
	1.1331
	8.21
	0.0000
	3.6487
	8.2134

	_cons
	0.0181
	0.0029
	-24.87
	0.0000
	0.0132
	0.0248


On average, holding variable prevdis at a fixed value, the risk of mortality from cardiovascular disease (CVD) within four years in using estrogen group is estimated to be 65% lower than that in non-using estrogen group (95%CI 89% lower to 9% lower), a result that is not unexpected when there is no true difference between estrogen groups by a prior history of CVD with respect to the death from CVD within four years (P=0.072).

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.

glm cvddeath4 estrogen prevdis, robust family(binomial) link(log) eform
	cvddeath4
	RR
	SE
	z
	P>z
	95% CI
	 

	estrogen
	0.3491
	0.2039
	-1.80
	0.0720
	0.1112
	1.0965

	prevdis
	5.4743
	1.1331
	8.21
	0.0000
	3.6487
	8.2134

	_cons
	0.0181
	0.0029
	-24.87
	0.0000
	0.0132
	0.0248


glm cvddeath4 estrogen prevdis age, robust family(binomial) link(log) eform

	cvddeath4
	RR
	SE
	z
	P>z
	95% CI
	 

	estrogen
	0.4288
	0.2495
	-1.46
	0.1460
	0.1371
	1.3410

	prevdis
	4.4763
	1.0212
	6.57
	0.0000
	2.8625
	7.0001

	age
	1.0827
	0.0155
	5.56
	0.0000
	1.0528
	1.1135

	_cons
	0.0001
	0.0001
	-9.47
	0.0000
	0.0000
	0.0004


Yes. The risk ratios of the estrogen effect which prior disease adjusted are quite different in the adjusted and unadjusted analysis. 

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

- Holding variable prevdis and age at a fixed value, the risk of mortality from cardiovascular disease (CVD) within four years in using estrogen group is estimated to be 43% lower than that in non-using estrogen group (95%CI 86% lower to 34% higher), a result that is not unexpected when there is no true difference between estrogen groups by both a prior history of CVD and age with respect to the death from CVD within four years (P=0.146).

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

	 
	RD
	OR
	RR

	Association between estrogen and CVD death in 4
	Significant
	Significant
	Significant

	Checking effect modification
	No
	No
	No

	Association is confounded by a history of prior CVD
	Yes
	Yes
	Yes

	Association between estrogen and CVD death in 4
	
	
	

	after adjustment for a prior history of CVD
	Significant
	Not Significant
	Not Significant

	prior disease adjusted analysis of an association is 
	Yes
	Yes
	Yes

	confounded by age
	 
	 
	 

	Association between estrogen and CVD death in 4
	Not Significant
	Not Significant
	Not Significant

	after adjustment for a prior history of CVD and age
	 
	 
	 

	
	
	
	


-The conclusion between OR and RR is exactly the same and both results are very similar to RD. In linear regression, when we adjust for confounder, we gain more precision ( SE:0.0062 to SE: 0.0060).  However, when we adjust for confounder in both logistic regression and generalized linear model with the log link(risk ratio), we lose precision since the both standard errors increase( OR: 0.15 -> 0.20, RR:0.15->0.20). 

