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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.)
Table 1 provides descriptive statistics stratified by whether the participants experienced relapse or not within the 24 months follow up period. Beside the main predictor of interest, nadir PSA, the means of all metrics are comparable among the groups (i.e. differences in the context of the SDs are not substantial). It is noteworthy that there are 4 and 5 missing values on “grade” for the with-relapse and relapse-free groups respectively.  The relatively higher proportion of missingness on with-relapse group is mildly worrisome (if for example missingness is not at random, grade is associated with POI, nadir PSA, and we were studying association of POI and response, relapse within 24 months).  From the table, it is also noteworthy that pre-treatment levels of PSA varies greatly among the subjects of both strata. Nadir PSA measures also are highly variable, however the cross-strata difference between the nadir PSA levels is still noteworthy with relapse-free patients having a lower mean nadir PSA.
	1a: Patients who did not relapse within 24 months

	Obs (Missing)

Mean (SD)

(Min, Max)

nadirpsa

28 (0)

4.12  (17.28)

(0.10, 92.00)

ps

28 (0)

83.93  (9.56)

(50.00, 100.00)

bss

28 (0)

2.32  (0.77)

(1.00, 3.00)

grade

24 (4)

2.08  (0.83)

(1.00, 3.00)

age

28 (0)

66.71  (5.84)

(58.00, 81.00)

pretxpsa

23 (5)

617.19  (1252.08)

(4.80, 4377.00)



	1b: Patients who relapsed within 24 months

	Obs (Missing)

Mean (SD)

(Min, Max)

nadirpsa

22 (0)

31.94  (52.50)

(0.50, 183.00)

ps

20 (2)

76.50  (11.82)

(50.00, 100.00)

bss

20 (2)

2.80  (0.41)

(2.00, 3.00)

grade

17 (5)

2.24  (0.75)

(1.00, 3.00)

age

22 (0)

68.36  (5.68)

(61.00, 86.00)

pretxpsa

20 (2)

732.35  (1357.34)

(25.00, 4797.00)



	Table 1: Descriptive statistics by  whether or not relapse was seen prior to 24 months post hormonal treatment


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

	OR

	Std. Err.

	P>|z|

	95% CI


	nadirpsa

	1.034

	0.024

	0.156

	(0.987, 1.083)


	bss

	2.624

	1.657

	0.126

	(0.761, 9.045)


	ps

	0.952

	0.031

	0.138

	(0.893, 1.016)


	_cons

	2.072

	6.586

	0.819

	(0.004, 1051.108)



	

	Table 2: Logistic regression of relapse within 24 months based on nadir PSA (nadirpsa) levels after adjustment for bone scan score (bss)  and performance score (ps)


For any two groups having the same bone scan score (bss) and performance score (ps) but differing in nadir PSA levels by one unit, in average the odds of relapse within 24 months is 1.034 times greater for the group with the higher PSA level
.  However, within the context of this model, the OR is not significant at 0.05 level as also reflected by the 95% CI including 1.
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

	OR

	Std. Err.

	P>|z|

	95% CI


	log_nadirpsa

	2.363

	0.614

	0.001

	(1.419, 3.933)


	bss

	2.345

	1.924

	0.299

	(0.470, 11.710)


	ps

	0.949

	0.035

	0.153

	(0.883, 1.020)


	_cons

	3.061

	11.400

	0.764

	(0.002, 4532.354)



	

	Table 3: Logistic regression of relapse within 24 months based on log(nadir PSA) (log_nadirpsa) levels after adjustment for bss  and ps.


For any two groups having the same bss and ps but varying in nadir PSA levels by e (i.e. ~ 2.718) folds, the odds of relapse within 24 months is 2.363 times higher for the group with the higher nadir PSA level. In this model, this association is significant at the 0.05 suggesting that this data would be unlikely had there been no association between log nadir PSA and relapse (after adjustment for bss and ps).

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

	OR

	Std. Err.

	P>|z|

	95% CI


	snadirpsa1

	29.617

	56.154

	0.074

	(0.721, 1217.343)


	snadirpsa2

	0.903

	0.529

	0.862

	(0.287, 2.846)


	snadirpsa3

	1.380

	0.308

	0.150

	(0.891, 2.138)


	snadirpsa4

	0.982

	0.018

	0.305

	(0.948, 1.017)


	bss

	2.522

	2.294

	0.309

	(0.424, 14.999)


	ps

	0.937

	0.039

	0.112

	(0.864, 1.015)


	_cons

	0.507

	2.052

	0.867

	(0.000, 1411.080)



	

	Table 4: Piecewise (spline) logistic regression of relapse within 24 months based on levels of nadir PSA after adjustment for bss  and ps. The spline knots were at 1, 4 and 16ng/ml 


Table 4 givens bss and ps-adjusted logistic regression of relapse within 24 months fitted piece-wise on nadir PSA using spline with knots at 1, 4 and 16 ng/ml.  For any two groups with the same bss and ps measures but having nadir PSAs that differ by 1 unit, the odds of relapse within 24 months for the group with the higher PSA level is estimated to be in average 29.617 times that of the group with the lower PSA as long as the nadir PSA levels for both groups are < 1 ng/ml. If the comparison groups have nadir PSA that are 1-4 ng/ml, this value is estimated to be 0.903. For nadir PSAs of comparison groups being 4-16 ng/ml the estimate is 1.380, and for nadir PSA > 16 ng/ml the value is estimated at 0.982.  None of the estimated values however are significant at the 0.05 level within the context of this model.
d. For each of the above regression models, provide an interpretation of the intercept.
The model of table 2 estimates the odds of relapse within 24 months to be at 2.072 for a participant with zero nadir PSA, ps and bss. The lack of scientific meaning of this value is attributable to having modeled ps and bss as continuous variables. Had they been modeled as categorical, the constant would have corresponded to the estimated odds of a participant at the baseline categories of ps and bss (perhaps 1 and 1) with a nadir PSA level of 0ng/ml.
The constant in the model of table 3 corresponds to the estimated odds of relapse within 24 months for a participant with bss, ps and log nadir PSA of all equal to zero (or nadir PSA of 1).

Lastly, the model in table 3 estimates the odds of relapse within 24 months for a participant with zero nadir PSA, ps and bss all at zero at 0.507.
3. 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.

a. 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.  

	nadirpsa

	Coef

	Std. Err.

	P>|t|

	95% CI


	relap24

	23.518

	11.433

	0.046

	(0.476, 46.559)


	bss

	6.846

	4.689

	0.151

	(-2.604, 16.295)


	ps

	-0.510

	0.618

	0.414

	(-1.756, 0.736)


	_cons

	31.028

	53.122

	0.562

	(-76.033, 138.089)



	

	Table 5: Linear regression of nadir PSA on relapse within 24 months adjusted for bss and ps.


This model regresses nadir PSA on the binary indicator variable of relapse within 24 months. As it uses roust regression, it is almost equivalent to the t-test (for heteroscedastic data) of the nadir PSA levels between those who experienced relapse and their counterparts (both having the same level of bss and ps). The coefficient 23.518 is the estimated average difference in nadir PSA levels between the two aforementioned groups with the group with relapse having higher nadir PSA levels. This estimate is statistically significant at the 0.05 level within the context of this model, suggesting that the data would be atypical if there were no difference in nadir PSA between the two groups (after adjustement for bss and ps).
b. 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.)

	log_nadirpsa

	Coef

	Std. Err.

	P>|t|

	95% CI


	relap24

	2.614

	0.593

	0.000

	(1.418, 3.810)


	bss

	0.482

	0.298

	0.113

	(-0.118, 1.082)


	ps

	-0.007

	0.028

	0.795

	(-0.063, 0.049)


	_cons

	-1.166

	2.497

	0.643

	(-6.198, 3.865)



	

	Table 5: Linear regression of nadir PSA on log relapse within 24 months adjusted for bss and ps.


This model estimates the geometric mean of nadir PSA for those who experienced relapse having e2.614 = 13.657 times higher geometric mean than their counterparts who had the same bss and ps levels. This value is highly significant suggesting that the data would be atypical if in truth the aforementioned geometric means ratio was 1. The corresponding 95% for the estimated geometric mean ratio is (4.130, 45.163).
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?

Given that relapse 24 is a binary variable, “the reverse question” (i.e. the question of model 4 and 5) is easier to think of and answer. In this case the regression is analogous to a t-test of means (or geometric means for regression on log nadir PSA) of nadir PSA levels comparing the with-relapse and relapse-free groups. As association is symmetric, for investigation of association I would prefer the “reverse question” and among the two approaches (i.e. regression on POI or log POI), I would choose the log-transformed POI, assuming that I have the prior knowledge that nadir PSA in this population varies by 3+ orders of magnitude. 

For answering the forward question, model 1 (i.e. continuous nadir PSA) offers a natural and simple approach. However, the assumption of log odds being linear across 3+ orders of magnitude is too strong of an assumption simply based on the intuition that in the presence of any non-linearity the goodness of linear fit approximation diminishes as the range of POI being modeled grows. This makes the log-transformed logistic regression a better choice even after considering the less intuitive interpretation of its coefficient (see 2b).  If however we have information (or even good guesses) about the biological regimes corresponding to levels of nadir PSA, piece-wise logistic regression would be a reasonable a priori choice of modeling (i.e. the splines). However, having this knowledge is perhaps not realistic when we are studying that very association.  Therefore, if I were to ask the forward question (which given the choice I wouldn’t choose to do when studying association), I would choose the adjusted-logistic regression on the log-transformed nadir-PSA of model 2. 

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.)

I couldn’t immediately see any serious flaws for considering this as an observational cohort study so I describe the context in which application of the inference would be appropriate. The design can be viewed as a longitudinal cohort study with the cohort being consisted of men with prostate cancer who were treated with a particular hormonal therapy.  Generalizing the inference based on the point estimates in any of the 5 models would be appropriate only if the generalization is to those population who would meet the criteria of the cohort tested (i.e. same medical profile and same hormonal treatment). 
Also noting the missing values for grade, if there is a pattern of missingness that is associated with nadir PSA levels then our estimates could be inaccurate.
� Note ps and bss were modeled as continuous with the justification being that although not truly continuous, ps and bss are ordered categorical and borrowing information across groups is meaningful.









