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Biost 536: Categorical Data Analysis in Epidemiology
Emerson, Fall 2013
Homework #2
October 10, 2013
Written problems: To be submitted as an email attachment in by 5pm on Thursday, October 17, 2013. See the instructions for peer grading of the homework that are posted on the web pages. 
On this (as all homeworks) unedited Stata output is TOTALLY unacceptable. Instead, prepare a table of statistics gleaned from the Stata output. The table should be appropriate for inclusion in a scientific report, with all statistics rounded to a reasonable number of significant digits. (I am interested in how statistics are used to answer the scientific question.)

Keys to past homeworks from quarters that I taught Biost 517 (e.g. HW #8) or Biost 518 (e.g., HW #3)  might be consulted for the presentation of inferential results.

The following problems make use of a dataset exploring the prognostic value of certain biomarkers of inflammation on all cause mortality. The documentation file inflamm.doc and the data file inflamm.txt can be found on the class web pages.  
In all problems, we are interested in any associations between estrogen use and mortality from cardiovascular disease (CVD) within four years of enrolment in the study. Note that no subject was censored prior to four years of follow-up, however some subjects were deemed to die from non CVD causes. For the purposes of this homework, we will treat the patients who die of other causes as if they would definitely not died of CVD within 4 years. Hence, you can create a binary variable indicating CVD death within 4 years. The following Stata code will create this variable:

g cvddeath4 = 0

replace cvddeath4 = 1 if ttodth <= 4*365.25 & cvddth==1
All references to “CVD mortality” mean CVD death within 4 years.

Some subjects are missing data for estrogen, but for the purposes of this homework we will presume that such data is missing completely at random (MCAR).
Note that only women are expected to have used estrogen therapy, and thus all analyses should be restricted to women.

Problems 1-3 each ask the same questions, but ask for different measures of association. Where such would be appropriate, it is permissible to give answers to parts of problems 2 and 3 as “same answer as in problem 1”.
1. Suppose we are interested in measuring any association between estrogen use at any time prior to study enrollment (estrogen==1) and CVD death within 4 years using the risk difference (RD).

a. Provide complete statistical inference regarding such an association. (Include point estimates, confidence intervals, and a p value, along with a full interpretation of those quantities.)
	Risk in the exposed
	Risk in the unexposed
	RD
	Robust SE
	P-value
	95% CI

	0.009
	0.0344
	-0.0256
	0.0062
	<0.001
	(-0.0378, -0.0134)


The risk of CVD death in the exposed group is 0.009 while the risk of CVD death in the unexposed group is 0.0344. Among 1000 women on estrogen, on average 9 of them die from CVD. Among 1000 women not on estrogen, on average 34 of them die from CVD. The estimated risk difference between exposed and unexposed is -0.0256 with a 95%CI from -0.0378 to -0.0134. Women on estrogen have a 0.0256 lower probability of dying from CVD. The p-value of the estimated risk different is smaller than 0.001, indicating significant difference from zero. Estrogen appeared to be associated with lower risk of CVD death in this analysis. 
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.
	
	RD
	Robust SE
	P-value
	95% CI

	Unadjusted
	-0.0256
	0.0062
	<0.001
	(-0.0378, -0.0134)

	Adjusted*
	-0.0116
	0.0054
	0.032
	(-0.0223, -0.0010)

	Prevdis=1
	-0.0659
	0.035
	0.062
	(-0.1352, 0.0034)

	Prevdis=0
	-0.0116
	0.0054
	0.032
	(-0.0223, -0.0010)


Among women who have a history of prior CVD, the risk difference of CVD death between estrogen users and non-users is -0.0659. Among women who do not have a history of prior CVD, the risk difference of CVD death between estrogen users and non-users is -0.0116. There appears to be different estrogen-CVD mortality associations in the two strata. Furthermore, unadjusted RD (-0.0256, p<0.001) is different from adjusted RD (-0.0116, p=0.032). There is evidence of effect modification of disease history. In the adjusted model, the interaction term is not significant. However the analysis may be underpowered. 
* Adjusted model included main effects of estrogen and previous history and interaction of the two.
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.

Yes. After adjusting for previous history of CVD, the RD comparing estrogen users to non-estrogen users changed from -0.0256 to -0.0122. The p-value went from smaller than 0.001 to 0.019. In the adjusted model, the coefficient of previous history of CVD is also statistically significant. There is evidence of confounding by a history of prior CVD.
	
	RD
	Robust SE
	P-value
	95% CI

	Unadjusted
	-0.0256
	0.0062
	<0.001
	(-0.0378, -0.0134)

	Adjusted*
	-0.0122
	0.0052
	0.019
	(-0.0224, 0.0020)


* Adjusted model included estrogen and previous history.
d. Provide complete statistical inference regarding an association between estrogen and CVD mortality after adjustment for a prior history of CVD. 
------------------------------------------------------------------------------

             |                 OIM

   cvddeath4 | Risk diff.   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

    estrogen |  -.0121974   .0051992    -2.35   0.019    -.0223876   -.0020072

     prevdis |   .0776328   .0129369     6.00   0.000      .052277    .1029886

       _cons |   .0182657   .0029728     6.14   0.000     .0124391    .0240922

------------------------------------------------------------------------------
After adjusting for previous history of CVD, the RD comparing estrogen users to non-estrogen users is -0.0122, and it’s statistically significant. Among women with similar prior history of CVD, those on estrogen has a 0.0122 lower probability of CVD death compared to those not on estrogen. Among women with similar estrogen use, those with a prior history of CVD have a 0.078 higher probability of CVD death compared to those not on estrogen.

Among non-users without a prior history of CVD, the risk of CVD death in four years is 0.0183. 
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.

	
	RD
	Robust SE
	P-value
	95% CI

	Unadjusted
	-0.0256
	0.0062
	<0.001
	(-0.0378, -0.0134)

	Adjusted for history
	-0.0122
	0.0052
	0.019
	(-0.0224, 0.0020)

	Adjusted for history and age
	-0.0096
	0.00587
	0.103
	(-0.0211, 0.0019)


After adding age into the regression model, the coefficient for estrogen changed from -0.0122 to -0.0096 and became insignificant. The coefficient for age is also statistically significant. There is evidence that the association is further confounded 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.

  ------------------------------------------------------------------------------

             |               Robust

   cvddeath4 |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

    estrogen |  -.0095863   .0058725    -1.63   0.103    -.0210962    .0019237

         age |   .0035347    .000776     4.55   0.000     .0020137    .0050556

     prevdis |   .0712153   .0128676     5.53   0.000     .0459951    .0964354

       _cons |  -.2373083   .0547328    -4.34   0.000    -.3445827   -.1300339

------------------------------------------------------------------------------
Among women with similar age and prior history of CVD, the risk difference between estrogen users and non-users is not statistically significantly different from zero (p-value=0.103), indicating no statistically significant association between estrogen use and CVD mortality. There is no statistically significant difference in risk of CVD death between the two groups. One-year increase in age is associated with an average increase of 0.0035 in CVD mortality, among women with similar estrogen use and history of CVD. Having a prior history of CVD is associated with an average increase of 0.0712 in CVD mortality among women with similar estrogen use and age. 
2. Answer all parts of problem 1 using the odds ratio (OR) as the measure of association. 
Odds in the exposed group: 0.009

Odds in the unexposed group: 0.0356
	
	OR
	Robust SE
	P-value
	95% CI

	Unadjusted
	0.25
	0.15
	0.019
	(0.079, 0.79)

	Adjusted for main effects and interaction
	0.35
	0.26
	0.152
	(0.085, 1.47)

	Prevdis=0
	0.35
	0.26
	0.152
	(0.085, 1.47)

	Prevdis=1
	0.31
	0.32
	0.258
	(0.042, 2.35)

	Adjusted for history 
	0.34
	0.20
	0.068
	(0.11, 1.08)

	Adjusted for history and age
	0.43
	0.26
	0.155
	(0.13, 1.38)


Regression with estrogen, history and an interaction (intera)
------------------------------------------------------------------------------

             |                 OIM

   cvddeath4 | Odds Ratio   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

    estrogen |   .3524044    .256741    -1.43   0.152     .0845096    1.469523

     prevdis |   5.977935   1.327219     8.05   0.000     3.868724    9.237078

      intera |   .8883243   1.119085    -0.09   0.925     .0752061    10.49277

------------------------------------------------------------------------------

Regression with estrogen and history

------------------------------------------------------------------------------

             |                 OIM

   cvddeath4 | Odds Ratio   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

    estrogen |   .3382447   .2010262    -1.82   0.068     .1055221    1.084223

     prevdis |   5.955624   1.300542     8.17   0.000     3.881938    9.137049

------------------------------------------------------------------------------

Regression with estrogen, history, and age

------------------------------------------------------------------------------

             |                 OIM

   cvddeath4 | Odds Ratio   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

    estrogen |   .4271517   .2553941    -1.42   0.155      .132327    1.378846

     prevdis |   5.061125   1.123878     7.30   0.000     3.275129    7.821061

         age |   1.097151   .0183913     5.53   0.000     1.061691    1.133796

------------------------------------------------------------------------------

a. 

The odds of CVD death among estrogen users is 0.009 while the odds in non-users is 0.0356. The unadjusted OR between the two groups is 0.25, indicating the odds of CVD death among non-users is four times greater than estrogen users. The unadjusted OR is statistically significant. Since the odds are very small, they approximate risks. 
b. 

The OR comparing estrogen users to non-users is 0.35 among women without a prior history of CVD while the OR is 0.31 among women with a prior history of CVD. The estrogen – CVD mortality association appeared to be consistent in the two strata. The p-value for the estrogen – history interaction is 0.925 in the saturated model. There is little evidence of effect modification from the data, although the adjusted OR is different from the unadjusted OR. 

c. 
After adjusting for prior history, the OR went from 0.25 to 0.34. The corresponding p-value went from 0.019 to 0.068. The OR for prior history is 5.96 with a p-value smaller than 0.001. There is evidence of confounding by history. 
d.
Regression with estrogen and history

------------------------------------------------------------------------------

             |                 OIM

   cvddeath4 | Odds Ratio   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

    estrogen |   .3382447   .2010262    -1.82   0.068     .1055221    1.084223

     prevdis |   5.955624   1.300542     8.17   0.000     3.881938    9.137049

------------------------------------------------------------------------------

After adjusting for prior history of CVD, the OR comparing estrogen users to non-users is 0.34. Among women with similar prior history of CVD, the odds of CVD death for non-users is on average three times greater than estrogen users. However this OR is marginally insignificant. Among women with similar estrogen use, women with a prior history of CVD have an approximately six times greater odds of CVD death compared to women without a history. 
The odds of CVD death among women who do not have a previous history and do not use estrogen is 0.018. 
e. 

After adjusting for age, the OR went from 0.34 to 0.43 and the corresponding p-value went from 0.068 to 0.155. The coefficient for age is also significant. There is evidence of confounding by age. 
f.

Regression with estrogen, history, and age

------------------------------------------------------------------------------

             |                 OIM

   cvddeath4 | Odds Ratio   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

    estrogen |   .4271517   .2553941    -1.42   0.155      .132327    1.378846

     prevdis |   5.061125   1.123878     7.30   0.000     3.275129    7.821061

         age |   1.097151   .0183913     5.53   0.000     1.061691    1.133796

------------------------------------------------------------------------------
Among women with similar previous CVD history and age, the OR of CVD death comparing estrogen users to non-users is not statistically significantly different from one, indicating no statistically significant association between estrogen use and CVD mortality. However, there is a trend of smaller odds in the estrogen group. Among women with similar estrogen use and age, women with a prior history of CVD have a five times greater odds of CVD death compared to women who do not have a history, and this association is statistically significant. Among women with similar estrogen use and previous CVD, older age is associated with higher odds of CVD death and this association is also statistically significant. One-year increase in age is associated with 10% increase in odds. 
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.)

 Risk in the exposed group: 0.009

       Risk in the unexposed group: 0.0344
	
	RR
	Robust SE
	P-value
	95% CI

	Unadjusted
	0.26
	0.15
	0.030
	(0.082, 0.81)

	Adjusted for main effects and interaction
	0.36
	0.26
	0.154
	(0.086, 1.47)

	Prevdis=0
	0.36
	0.26
	0.154
	(0.086, 1.47)

	Prevdis=1
	0.34
	0.33
	0.272
	(0.048, 2.35)

	Adjusted for history 
	0.35
	0.20
	0.072
	(0.11, 1.10)

	Adjusted for history and age
	0.43
	0.25
	0.148
	(0.14, 1.35)


Regression with estrogen, history, and the interaction

------------------------------------------------------------------------------

             |                 OIM

   cvddeath4 | Risk Ratio   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

    estrogen |   .3565824   .2579528    -1.43   0.154      .086377    1.472048

     prevdis |   5.484015   1.152953     8.09   0.000     3.631977    8.280455

      intera |   .9421321   1.156807    -0.05   0.961     .0849093    10.45366

------------------------------------------------------------------------------

Regression with estrogen and history

------------------------------------------------------------------------------

             |                 OIM

   cvddeath4 | Risk Ratio   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

    estrogen |   .3491403   .2039138    -1.80   0.072     .1111373    1.096832

     prevdis |   5.474349   1.133425     8.21   0.000     3.648357    8.214246

------------------------------------------------------------------------------

Regression with estrogen, history, and age

------------------------------------------------------------------------------

             |                 OIM

   cvddeath4 | Risk Ratio   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

    estrogen |    .428765   .2508428    -1.45   0.148     .1362185    1.349592

     prevdis |   4.476331   .9438828     7.11   0.000     2.960991    6.767173

         age |   1.082731   .0153721     5.60   0.000     1.053018    1.113283

------------------------------------------------------------------------------

a. 

The risk of CVD death among estrogen users is 0.009 while the risk in non-users is 0.0344. The unadjusted RR between the two groups is 0.26, indicating the risk of CVD death among non-users is approximately four times greater than estrogen users. The unadjusted RR is statistically significant. 

b. 

The RR comparing estrogen users to non-users is 0.36 among women without a prior history of CVD while the RR is 0.34 among women with a prior history of CVD. The estrogen – CVD mortality association appeared to be consistent in the two strata. The p-value for the estrogen – history interaction is 0.961 in the saturated model. There is little evidence of effect modification from the data, although the adjusted RR is different from the unadjusted RR. 

c. 
Regression with estrogen and history

------------------------------------------------------------------------------

             |                 OIM

   cvddeath4 | Risk Ratio   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

    estrogen |   .3491403   .2039138    -1.80   0.072     .1111373    1.096832

     prevdis |   5.474349   1.133425     8.21   0.000     3.648357    8.214246

------------------------------------------------------------------------------
After adjusting for prior history, the RR went from 0.26 to 0.35. The corresponding p-value went from 0.030 to 0.072. The RR for prior history is 5.47 with a p-value smaller than 0.001. There is evidence of confounding by history.
d.

Regression with estrogen and history

------------------------------------------------------------------------------

             |                 OIM

   cvddeath4 | Risk Ratio   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

    estrogen |   .3491403   .2039138    -1.80   0.072     .1111373    1.096832

     prevdis |   5.474349   1.133425     8.21   0.000     3.648357    8.214246

------------------------------------------------------------------------------

After adjusting for prior history of CVD, the RR comparing estrogen users to non-users is 0.35. Among women with similar prior history of CVD, the risk of CVD death for non-users is approximately three times greater than estrogen users. However this RR is marginally insignificant. Among women with similar estrogen use, women with a prior history of CVD have a 5.5 times greater risk of CVD death compared to women without a history. 
The risk of CVD death among women who do not have a previous history and do not use estrogen is 0.018. 

e. 

After adjusting for age, the RR went from 0.35 to 0.43 and the corresponding p-value went from 0.068 to 0.148. The coefficient for age is also significant with a p-value smaller than 0.001. There is evidence of confounding by age.
f. 

Regression with estrogen, history, and age

------------------------------------------------------------------------------

             |                 OIM

   cvddeath4 | Risk Ratio   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

    estrogen |    .428765   .2508428    -1.45   0.148     .1362185    1.349592

     prevdis |   4.476331   .9438828     7.11   0.000     2.960991    6.767173

         age |   1.082731   .0153721     5.60   0.000     1.053018    1.113283

------------------------------------------------------------------------------
Among women with similar previous CVD history and age, the risk ratio between estrogen users and non-users is not statistically significantly different from 1, which indicates no statistically significant association between estrogen use and CVD death. However, there is a trend of smaller risk in the estrogen group. Among women with similar estrogen use and age, women with a prior history of CVD have a 4.5 times greater risk of CVD death compared to women who do not have a history, and this association is statistically significant. Among women with similar estrogen use and previous CVD, older age is associated with higher risk of CVD death and this association is also statistically significant. One-year increase in age is associated with 8% increase in risk.
4. Of the three measures of association used above, how similar were the conclusions? What are the relative advantages and disadvantages of the three?

OR and RR have very similar conclusions since the outcome is rare in this dataset. Results from RD are different from the other two.
RD: RD can only be between -1 and 1. If the unexposed group has high incidence, the range of RD can be very small. Effect modification might be regularly seen when using RD to summarize comparisons. However, RD is a very intuitive measure and it’s very easy to explain RD to the public. For most of the time, we’re interested in the risk of an outcome in groups with different characteristics. With baseline (reference) risk and risk difference, it’s very easy to calculate risk in other groups. If the risk of an outcome is very low in both exposed and unexposed group, the RD will also be very small. However, the risk in one group might be several-hold greater than that in the other group. With RD, we only know the absolute change in risk without know whether that absolute change is “large” compared to the baseline risk.
RR: Although the range of RR can be from zero to infinity, if the unexposed group already has high incidence, the range of RR can still be very small. Consequently, effect modification might be regularly seen when using RR to summarize comparisons. RR is also relatively intuitive and it’s not very difficult to explain RR to the public. For most of the time, we’re interested in the risk of an outcome in groups with different characteristics. With baseline (reference) risk and relative risk, it’s very easy to calculate risk in other groups. 
OR: The OR can always be any nonnegative number, no matter of the incidence in the unexposed group. In logistic regression, the range in log odds is from negative infinity to positive infinity. There is no limitation on the range of log odds. Effect modification will be less severe a problem with OR. However the meaning of odds is anti-intuitive and most often we’re interested in risk of an outcome so we may have to back transform odds to risk. It’s also difficult to explain odds and OR to the general public.
