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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.)
	
	PSA Nadir<4 (n=33)
	PSA Nadir>=4 (n=17)
	

	Variable
	Mean
	SD
	Mean
	SD
	P

	pretx
	527.3679
	1092.678
	938.4
	1597.985
	0.3243

	ps
	82.5
	11.63975
	77.5
	9.309493
	0.1422

	bss
	2.375
	0.7513429
	2.8125
	0.4031129
	0.1070

	grade
	2.172414
	0.8048498
	2.083333
	0.7929615
	0.8770

	age
	66.78788
	5.526966
	68.70588
	6.192381
	0.2700

	obstime
	36.27273
	16.41697
	13.29412
	11.24591
	<0.001

	relap24
	0.2121212
	0.4151488
	0.8823529
	0.3321056
	<0.001


Patients were dichotomized at 4 ng/ml. There were 33 people whose PSA nadir was below 4 ng/ml. There were 17 people whose PSA nadir was greater than or equal to 4 ng/ml. The two groups had comparable pre-treatment PSA, performance score, bone scan score, tumor grade, and age. The group with PSA nadir lower than 4 ng/ml had significantly longer average time observed in remission than the other group (P<0.001). The group with PSA nadir lower than 4 ng/ml had significantly lower risk of relapse compared to the other group (P<0.001). 
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.

Note: I adjusted for bone scan score in my models as a continuous variable, although it only has three categories. I wanted to be able to borrow some information across categories due to the small sample size and the order of the categories matters.
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. 

The odds of relapse increased by 3.388% with one unit increase in PSA nadir on the raw scale, after adjusting for bone scan score and performance status. However, this association was not statistically significant (p=0.476). We did not find significant effects of bone scan score and performance status on relapse (p=0.064 and 0.211, respectively). The intercept is the log odds of relapse in people with PSA, bone scan score, and performance score all equal to zero. The odds of relapse in this group of people is 2.072.
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. 

The odds of relapse increased by 2.363-fold with one unit increase in PSA nadir on the log scale, which is a 2.718-fold increase in PSA on the raw scale, after adjusting for other covariates. This association was statistically significant (p=0.007) with a 95% confidence interval from 1.268 to 4.402. The intercept is the log odds of relapse in people with PSA equal to 1 and bone scan score and performance score equal to zero. The odds of relapse in this group is 3.061. BSS and PS were not found to be significantly associated with relapse (p=0.223 and 0.174, respectively). 
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. 

For those whose PSA level was below 1 ng/ml, an one-unit increase in PSA on the raw scale was associated with approximately 29.62-fold increase in odds of relapse (p=0.031). Among those whose PSA level was between 1 ng/ml and 4 ng/ml and those with a PSA level between 4 and 16 ng/ml, PSA was not statistically significantly associated with relapse (p=0.845 and 0.096, respectively). For those with a PSA greater than 16 ng/ml, an one-unit increase in PSA on raw scale was associated with an 1.819% decrease in odds of relapse (p=0.043). Since there are issues with multiple comparison, the p-values are inflated. The p-value for the joint test for all splines is 0.0143, indicating a significant association between PSA and odds of relapse. The constant is the log odds of relapse among those with PSA level, bone scan score and performance score all equal to zero. The odds for that group is 1.660. BSS and PS were not found to be significantly associated with relapse (p=0.206 and 0.154, respectively).
d. For each of the above regression models, provide an interpretation of the intercept. See above.
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.  

OLS with robust estimate. Nadir PSA was on raw scale.

Having relapse was associated with a 23.52 absolute increase in PSA among people who are otherwise similar. This difference was statistically significant (p=0.046) with a confidence interval from 0.4765 to 46.56, after adjusting for bone scan score and performance score. The intercept is the PSA level among those with a BSS and a PS equal to zero and did not have relapse. For this group of people the average PSA level is 31.03. BSS and PS were not found to be significantly associated with PSA (p=0.151 and 0.414, respectively).
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-OLS with robust estimate. Nadir PSA was log-transformed.

Having relapse was significantly associated with a 2.614 absolute increase in log PSA (p<0.001) among people who are otherwise similar, which is approximately 13.66-fold increase in PSA on the raw scale. The 95% CI interval on the raw scale is from 4.130 to 45.16. The intercept is the log PSA of those with a BSS and a PS equal to 0 and did not have relapse. The average PSA level for that group is 0.311. BSS and PS were not found to be significantly associated with PSA (p=0.113 and 0.796, respectively.)
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? 
Continuous, untransformed: The interpretation is fairly easy and straightforward. This model models the associated between the absolute increase in PSA on the raw scale and the odds of relapse. If we are interested in additive increase in PSA and believe it is clinically relevant and believe the effect of PSA on log odds is constant on PSA, then this is the correct model. 
Log-transformed: This model allows for non-linearity so that PSA has a disproportional effect on log odds of relapse at high values. This model models the association between multiplicative increase in PSA and the odds of relapse. If we are interested in multiplicative increase in PSA and believe it is most relevant clinically, and if we also believe the effect of PSA on log odds.
Linear spline: more flexible than OLS and allows for non-linear effect of POI on the outcome. Yet we still have interpretable coefficient within each segment. The interpretation is similar to linear regression and is more straightforward than square, cubic, or other polynomial functions. But we force the segments to agree at the knots, which are generally hard to find. And we may overfit the data and get results that are not generalizable. 
Continuous, untransformed nadir PSA: easier to interpret. OLS performs well with skewed data with a relatively large sample size. This model assumes the effect of relapse on PSA is additive, that is, having a relapse increases the PSA level by an absolute value. If we believe the effect of relapse on PSA is additive and we care about the absolute increase on the raw scale, then this is the correct model.
Log-transformed nadir PSA: The distribution of PSA is highly skewed and kurtotic. The log-transformation takes care of some of the skewness and kurtosis. This model assumes the effect of relapse on PSA is multiplicative, that is, having a relapse increases PSA level by a certain factor. If we believe the effect of relapse on PSA is multiplicative and we care about the relative increase of PSA, then this is the correct model.
Question 2 is a more interesting question scientifically since we want to predict relapse conditioned on PSA level. We are less interested in the PSA level conditioned on having a relapse. Therefore, relapse is the dependent variable while PSA is the POI in my model. Linear model with splines allows for more flexibility, but we might be fitting too much noise and the result might not be applicable to other dataset. I think the absolute change in PSA is more meaningful clinically so model in 2a would be my priori.
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.)

From the description of the dataset, it was not clear when the nadir PSA occurred. It could occur before or after the relapse. If it occurred after the relapse, then it could not possibly be prognostic for relapse. We need the time of relapse from the origin and the time of nadir PSA from the origin. 
