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Biost 536: Categorical Data Analysis in Epidemiology
Emerson, Fall 2013
Homework #3
November 21, 2013
Written problems: To be submitted as an email attachment in by 5pm on Wednesday, November 27, 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.

All questions relate to the question of whether the nadir PSA level following hormonal treatment for prostate cancer is prognostic of time in remission independently of any information from other commonly used covariates. The data is posted on the class web pages (psa.txt), with documentation in the file psa.doc. Note that the variable inrem is text (“yes” or “no”). You will need to tell Stata that this variable should be stored as a “string” rather than as a number. The following code would do the trick:

infile ptid nadir pretx ps bss grade age obstime str8 inrem using psa.txt

Note that all patients were followed for a minimum of 24 months. In all problems we will be considering the probability (or odds) of a patient surviving relapse-free for 24 months following therapy. You can create a variable indicating relapse within 24 months using the following Stata code:
g relap24 = 0

replace relap24 = 1 if obstime <= 24 & inrem==”no”
1. Provide suitable descriptive statistics for this dataset as might be presented in Table 1 of a manuscript appearing in the medical literature. (Because the primary question is comparing 24 month relapse free survival across groups defined by nadir PSA, you might consider presenting descriptive statistics in groups according to some dichotomization of nadir PSA levels. Alternatively, you could provide descriptive statistics within groups defined by whether the subjects relapse within 24 months or not.)
	
	# of Obs.
	Mean
	Std. Dev
	Min
	Max

	Relapse at 24 months = 0
	
	
	
	
	

	Nadir PSA
	28
	4.18
	17.28
	0.1
	92

	Pretreatment
	23
	617.2
	1252.08
	4.8
	4377

	Performance Score
	28
	83.93
	9.56
	50
	100

	Bone Scan Score
	28
	2.32
	0.77
	1
	3

	Age
	28
	66.71
	5.84
	58
	81

	Observed Time
	28
	42.07
	12.05
	24
	75

	Relapse at 24 months = 1
	
	
	
	
	

	Nadir PSA
	22
	31.94
	52.50
	0.5
	183

	Pretreatment
	20
	732.35
	1357.34
	25
	4797

	Performance Score
	20
	76.5
	11.82
	50
	100

	Bone Scan Score
	20
	2.8
	0.4104
	2
	3

	Age
	22
	68.36
	5.68
	61
	86

	Observed Time
	22
	11.14
	6.4
	1
	22


2. Perform logistic regression analyses to determine whether the distribution of relapse within 24 months differs across groups defined by nadir PSA level after adjustment for bone scan score and performance status. For each of the following models, provide full statistical inference for your measure of association.
a. Perform an adjusted logistic regression comparing the odds of relapse within 24 months across groups defined by the nadir PSA level when modeled as a continuous, untransformed variable. 

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


Relap24 | Odds Ratio   Std. Err.      z    P>|z|     [95% Conf. Interval]

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

       
nadir |   1.033877   .0483533     0.71   0.476       .94332    1.133127

        
 bss |   2.624249   1.369303     1.85   0.064     .9437518    7.297132

         
 ps |   .9522044   .0372485    -1.25   0.211     .8819272    1.028082

       
_cons |    2.07229   7.458029     0.20   0.840     .0017907    2398.094

Holding performance score and bone scan constant, for every one unit difference in nadir PSA level, the odds of relapse within 24 months increased by 1.0338 (p = 0.474, 95% CI 0.94332 to 1.133127).  There is no evidence of an association with nadirPSA and relap24.
b. Perform an adjusted logistic regression comparing the odds of relapse within 24 months across groups defined by the nadir PSA level when modeled as a continuous, log transformed variable. 

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



 relap24 | Odds Ratio   Std. Err.      z    P>|z|     [95% Conf. Interval]



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

    

lognadir |   2.362528   .7500896     2.71   0.007     1.268017    4.401784

         

bss |   2.345473   1.641118     1.22   0.223     .5951799    9.242995

          

ps |   .9490084   .0365185    -1.36   0.174     .8800659    1.023352

       

_cons |   3.060676   12.43085     0.28   0.783     .0010683     8768.94

For every 10% increase in nadir PSA, holding bone scan and performance score constant, the odds ratio for relapse within 24 months increased by log(1.1)x2.362528.  There is evidence of association between nadirPSA and relap24 (p=0.007, CI 1.268017 to 4.401784).
c. Perform an adjusted logistic regression comparing the odds of relapse within 24 months across groups defined by the nadir PSA level when modeled as linear splines with knots at 1, 4, and 16 ng/ml. 


relap24 | Odds Ratio   Std. Err.      z    P>|z|     [95% Conf. Interval]

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

     
 
nadir1 |   2.060182   .9069746     1.64   0.101     .8693055    4.882459

      

nadir2 |   .9870136   .6596488    -0.02   0.984      .266343    3.657674

      

nadir3 |   1.339944   .5137269     0.76   0.445     .6320347    2.840746

      

nadir4 |   .9840219    .009294    -1.71   0.088     .9659736    1.002407

         

bss |   2.576024   1.886647     1.29   0.196     .6131134    10.82329

          

ps |   .9465268   .0400428    -1.30   0.194     .8712099    1.028355

       

_cons |   .9541815   4.383909    -0.01   0.992     .0001172    7769.744

Overall there is association between relapse at 24 months and nadir PSA adjusted for bone scan and performance scores.  Nadir1 is the change in the odds ratio for relapse within 24 months when nadir PSA <4; nadir2 is the change in odds ratio when nadirPSA falls between 4 and 8; nadir3 is the change in the odds ratio when nadirPSA is between 4 and 16, all when adjusted for bone scan score and performance score. Since we have multiple comparisons here, we can use Bonferroni’s correction or a post estimation test to see to if nadir1-nadir4 are simultaneously zero.  A post-estimation test gives a Wald p value of 0.0053, showing evidence of as an association.
.
d. For each of the above regression models, provide an interpretation of the intercept.
For model 1; the intercept is the odds ratio when the nadir PSA, bone scan score and performance score are zero.
For model 2:  the intercept is the odds ratio when log(nadir), bone scan and performance score are zero.

For model 3:  ; the intercept is the odds ratio when the nadir PSA , bone scan score and performance score are zero.
e. In this longitudinal study, we could instead have considered the “reverse” analyses in which nadir PSA is used as the response and the predictor is the indicator of relapse within 24 months.

Perform linear regression analyses to determine whether there is an association between mean nadir PSA level and relapse within 24 months after adjustment for bone scan score and performance status. Make clear the statistical analysis you perform. Provide full statistical inference for your measure of association.  



nadir |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]

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

     

relap24 |   23.51765   11.43273     2.06   0.046     .4764958    46.55881

        

 bss |    6.84555   4.688718     1.46   0.151    -2.603939    16.29504

         

 ps |  -.5099777   .6183742    -0.82   0.414    -1.756229    .7362735

       

_cons |    31.0281   53.12237     0.58   0.562      -76.033    138.0892

Linear regression was performed using nadir PSA as the dependent variable.  There is an association between nadirPSA  and relapse with 24 months when adjusted for bone scan and performance score (p=0.046, 95% CI 0.4764958 to 46.55881).  The estimate for relapse within 24 months is  23.51 higher when holding bone  scan and performance score constant.
f. Perform linear regression analyses to determine whether there is an association between geometric mean nadir PSA level and relapse within 24 months after adjustment for bone scan score and performance status. Make clear the statistical analysis you perform. Provide full statistical inference for your measure of association. (Recall that inference on the geometric mean is obtained by performing linear regression on log transformed response variables.)

lognadir |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]

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

    

 relap24 |   2.614223   .5934664     4.41   0.000      1.41817    3.810275

         

bss |   .4817541   .2977627     1.62   0.113    -.1183472    1.081855

         

 ps |  -.0072296   .0276556    -0.26   0.795    -.0629659    .0485066

      

 _cons |  -1.166384   2.496694    -0.47   0.643    -6.198141    3.865372

The response variable nadir PSA was log transformed.  There was a significant association between the geometric mean of nadir PSA and bone scan and performance score adjusted relap24 (p < 0, 95% CI 1.41817 to 3.810275).  The p value obtained with this analysis is much smaller showing a highly significant association between nadir PSA and relapse at 24 months.
4. Consider the analyses performed in problems 2 and 3 above.

a. What are the relative merits of the five analyses. Which might you prefer a priori? Why?

Logistic regression using a continuous predictor models a simple straight line relationship; logistic regression with a log transformed predictor may be more desirable to achieve linearity. The linear splines are useful to model if we suspect (based on prior knowledge) that the relationship between relap24 and nadirPSA is not linear and if we are asking the question about change points in nadir PSA levels and survival. A priori, I use the model with the linear splines (logistic regression with robust) if there is suspicion that the risk is linear but the slopes within each range are not.  The models using nadirPSA as the response variable can be useful in situations where we may have reason to believe that the PSA is the response variable.  Modeling the geometric mean of nadir PSA is useful if we know that nadir PSA is not normally distributed.   
b. All of these analyses suffer from a serious definitional problem inherent in this study. Can you deduce this problem? (Hint: There is no analysis that you can do to address this problem. It is a problem with the study design.)

This is an observational study, so we have to look at the sampling scheme.
