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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.

	keep if male == 0

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

	Parameter
	Estimate
	Robust SE
	P-value
	95% CI

	estrogen
	-0.02556
	0.006223
	< 0.0005
	-0.03777 – -0.01336

	_cons
	0.03439
	0.003604
	< 0.0005
	0.02732 – 0.04145



The risk of CVD death within 4 years among women who have used estrogen therapy is estimated to be 0.02556 lower than that among women who have not used estrogen therapy. The estimate is significantly different from 0 (P < 0.0005) with a 95% CI suggesting that the observed estimate is not unusual if the true difference in risk of CVD death within 4 years between the two groups of women lies somewhere between 0.01336 and 0.03777, with the women who have used estrogen therapy experiencing a lower risk.

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.

. g estrogenXprevdis = estrogen * prevdis
. regress cvddeath4 estrogen prevdis estrogenXprevdis, robust 

	Parameter
	Estimate
	Robust SE
	P-value
	95% CI

	estrogen
	-0.01164
	0.005423
	0.032
	-0.02227 – -0.001009

	prevdis
	0.08113
	0.01352
	< 0.0005
	0.05462 – 0.1076

	estrogenXprevdis
_cons
	-0.05423
0.01809
	0.03576
0.002950
	0.129
< 0.0005
	-0.1244 – -0.01588
0.01231 – 0.02388



The coefficient estimate of the interaction term is not statistically significant at significance level of 0.05 (p-value = 0.129). Hence there is no evidence that history of prior CVD is an effect modifier.

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.

. bysort estrogen: summarize prevdis

	Estrogen 
	n
	Mean
	SD

	Yes
	340
	0.08824
	0.2841

	No
	2558
	0.2009
	0.4008



. regress cvddeath4 prevdis if estrogen == 0, robust 

	Parameter
	Estimate
	Robust SE
	P-value
	95% CI

	prevdis
	0.08112
	0.01352
	< 0.0005
	0.05461 – 0.1076

	_cons
	0.01810
	0.00295
	< 0.0005
	0.1232 – 0.02389



Whether prevdis is a confounder actually depends on our scientific question. Nonetheless, to assess confounding in linear regression, we know that the magnitude of confounding is a product of (1) difference in mean prevdis value (proportion of prevdis) across estrogen groups AND (2) magnitude of association between prevdis and cvddeath4. For (1), note that there is a higher proportion of individuals with a history of prior CVD among women who have used estrogen therapy compared to those who have not used estrogen therapy (8% vs 20%). For (2), we restrict attention to a single treatment arm (women who have not used estrogen therapy) and note from linear regression that the difference in risk of CVD death within 4 years among those who have a history of prior CVD compared to those who do not have a history of prior CVD is only 0.0811, which is not a large difference. Also, the unadjusted and adjusted estimates are very similar (compare Tables in 1a and 1d: -0.02556 vs -0.01681). Hence, I do not think there is evidence in the dataset that history of prior CVD is a confounder.	

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

. regress cvddeath4 estrogen prevdis, robust 

	Parameter
	Estimate
	Robust SE
	P-value
	95% CI

	estrogen
	-0.01681
	0.006009
	0.005
	-0.02859 – -0.005028

	prevdis
_cons
	0.07774
0.01877
	0.1285
0.002948
	< 0.0005
< 0.0005
	0.05254 – 0.1029
0.01299 – 0.02455



The risk of CVD death within 4 years among women who have used estrogen therapy is estimated to be 0.01681 lower than that among women who have not used estrogen therapy, holding history of prior CVD constant. The estimate is significantly different from 0 (P = 0.005) with a 95% CI suggesting that the observed estimate is not unusual if the true difference in risk of CVD death within 4 years between the two groups of women (holding history of prior CVD constant) lies somewhere between 0.005028 and 0.02859, with the women who have used estrogen therapy experiencing a lower risk.

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.

. bysort estrogen: summarize age

	Estrogen 
	n
	Mean
	SD

	Yes
	340
	70.57
	4.3039

	No
	2559
	72.82
	5.6085



. regress cvddeath4 age if estrogen == 0 & prevdis == 0, robust

	Parameter
	Estimate
	Robust SE
	P-value
	95% CI

	age
	0.003640
	0.0008416
	< 0.0005
	0.001989 – 0.00529

	_cons
	-0.2456
	0.05905
	< 0.0005
	-0.3614 – -0.1298



Scientifically, I would think that age confounds the association between estrogen-CVD mortality in the prior disease adjusted analysis. However, note that the mean age of women who have used estrogen therapy and those who have not used estrogen therapy are very similar (72.8 vs 70.6). Also, if we restrict attention to women who have not used estrogen therapy and who do not have a history of prior CVD, we note from linear regression that the risk of CVD death within 4 years for women who are one year older is 0.003640 more than that of women who are one year younger, which is not a large difference (probably will see a larger difference if looking at a larger age interval). Also, the unadjusted and adjusted estimates are very similar (compare Tables in 1d and 1f: -0.01681 vs -0.009586). Although the dataset does not suggest any confounding by age, I would still think that age is a confounder for scientific reasons.	

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

. regress cvddeath4 estrogen prevdis age, robust

	Parameter
	Estimate
	Robust SE
	P-value
	95% CI

	estrogen
	-0.009586
	0.006492
	0.103
	-0.02111 – 0.001935

	prevdis
	0.07122
	0.009790
	< 0.0005
	0.04597 – 0.09646

	age
	0.003535
	0.0006975
	< 0.0005
	0.002012 – 0.005057

	_cons
	-0.2373
	0.04945
	< 0.0005
	-0.3447 – -0.1299



The risk of CVD death within 4 years among women who have used estrogen therapy is estimated to be 0.009586 lower than that among women who have not used estrogen therapy, holding age and history of prior CVD constant. The estimate is not significantly different from 0 (P = 0.103; 95% CI = -0.02111 to 0.001935).



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


	Parameter
	Estimate
	Robust SE
	P-value
	95% CI

	estrogen
	0.2500
	0.1475
	0.019
	0.07863 – 0.7946






The odds of CVD death within 4 years among women who have used estrogen therapy is estimated to be 0.25 times the odds among women who have not used estrogen therapy. The estimate is significantly different from 1 (P = 0.019) with a 95% CI suggesting that the observed estimate is not unusual if the true odds of CVD deaths among women who have used estrogen therapy is between 0.07863 and 0.7946 times the odds among women who have not used estrogen therapy.

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.

. g estrogenXprevdis = estrogen * prevdis
. logistic cvddeath4 estrogen prevdis estrogenXprevdis, robust
	Parameter
	OR Estimate
	Robust SE
	P-value
	95% CI

	estrogen
	0.3524
	0.2568
	0.152
	0.08449 – 1.4699

	prevdis
	5.9779
	1.3274
	< 0.0005
	3.8684 – 9.2378

	estrogenXprevdis
	0.8883
	01.1193
	0.925
	0.07517 – 10.4972



 








The coefficient estimate of the interaction term is not statistically significant at significance level of 0.05 (p-value = 0.925). Hence there is no evidence that history of prior CVD is an effect modifier.

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.

. bysort estrogen: summarize prevdis

	Estrogen 
	n
	Mean
	SD

	Yes
	340
	0.08824
	0.2841

	No
	2558
	0.2009
	0.4008



. logistic cvddeath4 prevdis if estrogen == 0, robust

	Parameter
	Estimate
	Robust SE
	P-value
	95% CI

	prevdis
	5.9779
	1.3275
	< 0.0005
	3.8684 – 9.2379

	_cons
	0.1843
	0.003058
	< 0.0005
	-0.01331 – 0.02551



Whether prevdis is a confounder actually depends on our scientific question. Nonetheless, to assess confounding in logistic regression, we know that the magnitude of confounding is a mainly a primarily a function of (1) difference in mean prevdis value (proportion of prevdis) across estrogen groups AND (2) magnitude of association between prevdis and cvddeath4. For (1), note that there is a higher proportion of individuals with a history of prior CVD among women who have used estrogen therapy compared to those who have not used estrogen therapy (8% vs 20%). For (2), we restrict attention to a single treatment arm (women who have not used estrogen therapy) and note from logistic regression that the odds of CVD death within 4 years among those who have a history of prior CVD is 5.98 times that odds among those who do not have a history of prior CVD, which is quite a substantial effect.  Hence (1) and (2) suggest that history of prior CVD is a confounder. However, if we compare the unadjusted and adjusted estimates (compare Tables in 2a and 2d: 0.25 vs 0.3382), it seems like history of prior CVD is a precision variable because of slight deattenuation of the adjusted estimate (if it is a confounder, we would expect the adjusted estimate to be attenuated compared to the unadjusted estimate). Hence, the dataset suggests that history of prior CVD is either a confounder or a precision variable in the logistic regression setting.

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

. logistic cvddeath4 estrogen prevdis, robust 
	Parameter
	OR Estimate
	Robust SE
	P-value
	95% CI

	estrogen
	0.3382
	0.2011
	0.068
	0.1055 – 1.0845

	prevdis
	5.9556
	1.2998
	< 0.0005
	3.8829 – 9.1348










The odds of CVD death within 4 years among women who have used estrogen therapy is estimated to be 0.3382 times the odds among women who have not used estrogen therapy, holding history of prior CVD constant. The estimate is not significantly different from 1 (P = 0.068; 95% CI = 0.1055 to 1.0845).

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.

. bysort estrogen: summarize age

	Estrogen 
	n
	Mean
	SD

	Yes
	340
	70.57
	4.3039

	No
	2559
	72.82
	5.6085



. logistic cvddeath4 age if estrogen == 0 & prevdis == 0, robust

	Parameter
	Estimate
	Robust SE
	P-value
	95% CI

	age
	1.1680
	0.02794
	< 0.0005
	1.1145 – 1.2241

	_cons
	1.59e-7
	2.96e-7
	< 0.0005
	4.08e-9 – 6.17e-6



Scientifically, I would think that age confounds the association between estrogen-CVD mortally in the prior disease adjusted analysis. However, note that the mean age of women who have used estrogen therapy and those who have not used estrogen therapy are very similar (72.8 vs 70.6). Also, if we restrict attention to women who have not used estrogen therapy and who do not have a history of prior CVD, we note from logistic regression that the odds of CVD death within 4 years for women who are one year older is just 1.168 times the odds among women who are one year younger, which is not a large effect (probably will see a larger effect if looking at a larger age interval). On the other hand, if we compare the unadjusted and adjusted estimates (compare Tables in 2d and 2f: 0.3382 vs 0.4272), it seems like age is a precision variable because of slight deattenuation of the adjusted estimate. All in all the dataset does not suggest any confounding by age (although it suggests that age is a precision variable). Nonetheless I would still think that age is a confounder for scientific reasons.
	  

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

. logistic cvddeath4 estrogen prevdis age, robust 

	Parameter
	OR Estimate
	Robust SE
	P-value
	95% CI

	estrogen
	0.4272
	0.2561
	0.156
	0.1319 – 1.3834

	prevdis
	5.0611
	1.1691
	< 0.0005
	3.2183 – 7.9592

	age
	1.0972
	0.01795
	< 0.0005
	1.0625 – 1.1329



The odds of CVD death within 4 years among women who have used estrogen therapy is estimated to be 0.4272 times that among women who have not used estrogen therapy, holding age and history of prior CVD constant. The estimate is not significantly different from 1 (P = 0.156; 95% CI = 0.1319 to 1.3834).



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

	Parameter
	RR Estimate
	Robust SE
	P-value
	95% CI

	estrogen
	0.2565
	0.1499
	0.020
	0.08159 – 0.8063



The risk of CVD death within 4 years among women who have used estrogen therapy is estimated to be 0.2565 times the risk among women who have not used estrogen therapy. The estimate is significantly different from 1 (P = 0.02) with a 95% CI suggesting that the observed estimate is not unusual if the true risk of CVD deaths among women who have used estrogen therapy is between 0.08159 and 0.8063 times the risk among women who have not used estrogen therapy.

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.

. g estrogenXprevdis = estrogen * prevdis
. glm cvddeath4 estrogen prevdis estrogenXprevdis, robust family(binomial) link(log) eform

	Parameter
	RR Estimate
	Robust SE
	P-value
	95% CI

	estrogen
	0.3564
	0.2579
	0.154
	0.08631 – 1.4717

	prevdis
	5.4813
	1.1526
	< 0.0005
	3.6299 – 8.2770

	estrogenXprevdis
	0.9426
	1.1576
	0.962
	0.08492 – 10.4631



The coefficient estimate of the interaction term is not statistically significant at significance level of 0.05 (p-value = 0.962). Hence there is no evidence that history of prior CVD is an effect modifier.

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.

. bysort estrogen: summarize prevdis

	Estrogen 
	n
	Mean
	SD

	Yes
	340
	0.08824
	0.2841

	No
	2558
	0.2009
	0.4008



. glm cvddeath4 prevdis if estrogen == 0, robust family(binomial) link(log) eform

	Parameter
	Estimate
	Robust SE
	P-value
	95% CI

	prevdis
	5.4840
	1.1532
	< 0.0005
	3.6317 – 8.2811

	_cons
	0.01809
	0.002948
	< 0.0005
	0.01315 – 0.02490



Whether prevdis is a confounder actually depends on our scientific question. Nonetheless, to assess confounding in logistic regression, we know that the magnitude of confounding is a mainly a primarily a function of (1) difference in mean prevdis value (proportion of prevdis) across estrogen groups AND (2) magnitude of association between prevdis and cvddeath4. For (1), note that there is a higher proportion of individuals with a history of prior CVD among women who have used estrogen therapy compared to those who have not used estrogen therapy (8% vs 20%). For (2), we restrict attention to a single treatment arm (women who have not used estrogen therapy) and note from relative risk regression that the risk of CVD death within 4 years among those who have a history of prior CVD is 5.48 times that risk among those who do not have a history of prior CVD, which is a substantial effect. Also, the adjusted and adjusted estimates are slightly different (compare Tables 3a and 3d: 0.2565 vs 0.3382). Hence the dataset suggests that history of prior CVD is a confounder.

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

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

	Parameter
	RR Estimate
	Robust SE
	P-value
	95% CI

	estrogen
	0.3490
	0.2038
	0.071
	0.1111 – 1.0962

	prevdis
	5.4718
	1.1326
	< 0.0005
	3.6470 – 8.2095



The risk of CVD death within 4 years among women who have used estrogen therapy is estimated to be 0.3490 times the risk among women who have not used estrogen therapy, holding history of prior CVD constant.  The estimate is not significantly different from 1 (P = 0.071; 95% CI = 0.1111 to 1.0962).

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.

. bysort estrogen: summarize age

	Estrogen 
	n
	Mean
	SD

	Yes
	340
	70.57
	4.3039

	No
	2559
	72.82
	5.6085



. glm cvddeath4 age if estrogen == 0 & prevdis == 0, robust family(binomial) link(log) eform

	Parameter
	Estimate
	Robust SE
	P-value
	95% CI

	age
	1.1523
	0.02051
	< 0.0005
	1.1128 – 1.1933

	_cons
	4.28e-7
	6.06e-7
	< 0.0005
	2.66e-8 – 6.87e-6



Scientifically, I would think that age confounds the association between estrogen-CVD mortally in the prior disease adjusted analysis. However, note that the mean age of women who have used estrogen therapy and those who have not used estrogen therapy are very similar (72.8 vs 70.6). Also, if we restrict attention to women who have not used estrogen therapy and who do not have a history of prior CVD, we note from relative risk regression that the risk of CVD death within 4 years for women who are one year older is just 1.15 the risk among women who are one year younger, which is a not substantial effect. The two points above suggest that age is not a confounder. However, if we compare the unadjusted and adjusted estimates (compare Tables in 3d and 3f: 0.3490 vs 0.4286), the estimates are slightly different, which suggests a slight confounding by age. All in all, I would think that the dataset suggests some evidence of confounding by age.

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

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

	Parameter
	RR Estimate
	Robust SE
	P-value
	95% CI

	estrogen
	0.4286
	0.2494
	0.145
	0.1370 – 1.3407

	prevdis
	4.4748
	1.0207
	< 0.0005
	2.8616 – 6.9975

	age
	1.0827
	0.01548
	< 0.0005
	1.0528 - 1.1135



The risk of CVD death within 4 years among women who have used estrogen therapy is estimated to be 0.3680 (p-value = 0.045; 95% CI = 0.1385 to 0.9781) times that among women who have not used estrogen therapy, holding age and history of prior CVD constant. 


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 use and CVD death within 4 years
	Yes
Point estimate = 
-0.02556 (p < 0.0005, 95% CI = -0.03777 to -0.01336, SE = 0.006223)
	Yes
Point estimate = 0.25 
(p = 0.019; 95% CI = 0.07863 to 0.7946, SE = 0.1475)
	Yes
Point estimate = 0.2565 (p = 0.02; 95% CI = 0.08159 to 0.8063, SE = 0.1499)

	Effect modification by history of prior CVD?
	No 
(p = 0.129)
	No 
(p = 0.925)
	No 
(p = 0.962)

	Evidence of confounding by history of prior CVD?
	No

	Yes

	Yes


	Association between estrogen use and CVD death within 4 years after adjusting for history of prior CVD
	Yes
Point estimate = 
-0.01681 (p = 0.005, 95% CI = -0.02859 to -0.005028, SE = 0.006009)
	No
Point estimate = 0.3382 
(p = 0.068; 95% CI = 0.1055 to 1.0845, SE = 0.2011)
	No
Point estimate = 0.3490 (p = 0.071; 95% CI = 0.1111 to 1.0962, SE = 0.2038)

	Evidence of confounding by age on prior disease adjusted analysis?
	No

	No

	Yes


	Association between estrogen use and CVD death within 4 years after adjusting for age and history of prior CVD
	No
Point estimate = 
-0.009586 (p = 0.103; 95% CI = -0.02111 to 0.001935, SE = 0.006492)
	No
Point estimate = 0.4272
(p = 0.156; 95% CI = 0.1319 to 01.3834, SE = 0.2561)
	No
Point estimate = 0.4286 (p = 0.145; 95% CI = 0.1370 to 1.3407, SE = 0.2494)



There is evidence of confounding by history of prior CVD in the OR and RR settings but not so in the RD setting. In the prevdis-adjusted model, the point estimate is still statistically significant in RD setting but not in the OR and RR settings. In addition, there is evidence of confounding by age in the RR setting but not so in the RD and OR settings. The other conclusions are the same for all three measures of association as summarized in the table above. It is also interesting to note that in the OR and RR settings, the precision of the point estimate decreases as more variables are added into the model while in the RD setting, the precision increases when we add prevdis but decreases we additionally add age in the model. In addition, adjusting for covariates also affects the significance of the point estimate.

OR and RR are used when we are interested in multiplicative differences in risk while RD is used when we want to look at additive differences in risk and excess proportion of disease. RR is also particularly useful when establishing a risk factor. However, effect modification is more common when using RD and RR because of limitations on the range of values. On the other hand, effect modification is less common when using OR because there is no limitations on the range of values for OR (can go from negative infinity to positive infinity). OR is the only measure of strength of association between exposure and disease in case-control studies. When the disease is rare, OR is a good approximation for RR.


