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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 months 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.)


	 
	Relapse for 24 months(n=22)
	Relapse-free for 24 months(n=28)

	 
	Nmsng
	Mean(SD)
	Min-Max
	Nmsng
	Mean(SD)
	Min-Max

	Demographics
	 
	 
	 
	 
	 
	 

	Age
	 
	68(5.68)
	61 - 86
	 
	67(5.84)
	58 - 81

	Clinical measurements
	 
	 
	 
	 
	 
	 

	Performance status
	2
	77(11.82)
	50 - 100
	 
	84(9.56)
	50 - 100

	Missing
	 
	2(9%)
	 
	 
	1(3%)
	 

	50
	 
	1(5%)
	 
	 
	1(3%)
	 

	60
	 
	2(9%)
	 
	 
	0(0%)
	 

	70
	 
	5(23%)
	 
	 
	1(3%)
	 

	80
	 
	8(36%)
	 
	 
	13(45%)
	 

	90
	 
	3(13%)
	 
	 
	11(38%)
	 

	100
	 
	1(4%)
	 
	 
	2(7%)
	 

	Bone scan score
	 
	
	 
	 
	
	 

	Missing
	 
	2(10%)
	 
	 
	0(0%)
	 

	1
	 
	0(0%)
	 
	 
	5(18%)
	 

	2
	 
	4(18%)
	 
	 
	9(32%)
	 

	3
	 
	16(72%)
	 
	 
	14(50%)
	 

	Tumor grade
	 
	
	 
	 
	
	 

	Missing
	 
	5(23%)
	 
	 
	4(14%)
	 

	1
	 
	3(14%)
	 
	 
	7(25%)
	 

	2
	 
	7(32%)
	 
	 
	8(29%)
	 

	3
	 
	7(31%)
	 
	 
	9(32%)
	 

	Biochemical measurements
	 
	 
	 
	 
	 
	 

	lowest PSA post theraphy(ng/ml)
	0
	31.94(52.50)
	0.5 - 183
	0
	4.12(17.28)
	0.1 - 92

	PSA prior to theraphy(ng/ml)
	2
	732.35(1357.34)
	25 - 4797
	5
	617.19(1252.08)
	4.8 - 4377



The study data contains 50 men having hormonally treated prostate cancer. Since no subject was censored before 24 months, I divide this sample into two groups defined whether the patients experienced a relapse within 24 months or not.
The number of people who relapsed within 24 months was 22 and the number of people who were still in remission within 24 months was 28. The mean nadir PSA of group that relapsed within 24 months was 31.94ng/ml (SD=52.50ng/ml) and the mean nadir PSA of group that did not relapse within 24 months was 4.12ng/ml (SD=17.28ng/ml). On average, a comparison of two groups finds that the mean nadir PSA of group having a relapse within 24 months is 27.82ng/ml higher than that of group not having a relapse within 24 months


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. 

logistic relap24 nadir i.bss i.ps, robust
	Relap24
	OR
	SE
	z
	P>z
	95% CI

	Nadir PSA
	1.0319
	0.0462
	0.7
	0.483
	(0.9452 1.1266)

	Bone scan score
	 
	 
	 
	 
	 

	1
	1.0000
	(empty)
	 
	 
	

	2
	0.4521
	0.3610
	-0.99
	0.32
	(0.0945 2.1626)

	3
	1.0000
	(omitted)
	 
	 
	 

	Performance status
	 
	 
	 
	 
	 

	60
	1.0000
	(empty)
	 
	 
	

	70
	3.6230
	7.1802
	0.65
	0.516
	(0.0745 176.1995)

	80
	0.5793
	0.9050
	-0.35
	0.727
	(0.0271 12.3791)

	90
	0.3814
	0.6052
	-0.61
	0.544
	(0.0170 8.5508)

	100
	1.0111
	2.0369
	0.01
	0.996
	(0.0195 52.4386)

	_cons
	0.9798
	1.3933
	-0.01
	0.989
	(0.0604 15.9064)


Before we do analysis, I want to talk about the variables that we adjusted. Both bone scan score and performance status are ordered categorical data. However, I think order is not important for bone scan score. It does not have any cut-off point to divide patients into subgroups. Even though one person was put in least disease group(group1), he could have been put either group2 or group3 if his bone scan score was measured by other doctors. Performance status also depends on the person who measures his score. There is no decided cut-off point and it is very subjective things. Therefore, I treated both variables as categorical variable.

When comparing two groups with different nadir PSA levels after holding bone scan score and performance status as a constant, the odds of relapse within 24 months is estimated to be 3% higher for each unit difference(ng/ml) in nadir PSA level, with the group having higher level of nadir PSA level tending toward a higher odds of relapse within 24 months. This observed difference is not statistically different from an odds ratio of 1(P=0.483), with a 95% confidence interval suggesting that the observed odds ratio is what might be typically observed if the true odds of relapse within 24 months was anywhere between 5% lower and 13% higher for each unit difference in nadir PSA level with holding the value of bone scan score and performance status as constant. We thus cannot reject the null hypothesis of no association between nadir PSA level and relapse within 24 months at study entry in favor of a trend toward higher odds of relapse among subjects with higher nadir PSA level. 

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. 

gen lognadir=log(nadir)
logistic relap24 lognadir i.bss i.ps, robust

	Relap24
	OR
	SE
	z
	P>z
	95% CI

	Log(Nadir PSA)
	2.9514
	1.3937
	2.2900
	0.0220
	(1.1697 7.4471)

	Bone scan score
	
	
	
	
	

	1
	1.0000
	(empty)
	
	
	

	2
	0.5209
	0.4572
	-0.7400
	0.4570
	(0.0932 2.9098)

	3
	1.0000
	(omitted)
	
	
	

	Performance status
	
	
	
	
	

	60
	1.0000
	(empty)
	
	
	

	70
	2.1032
	3.0991
	0.5000
	0.6140
	(0.1171 37.7700)

	80
	0.1164
	0.1757
	-1.4200
	0.1540
	(0.0060 2.2420)

	90
	0.0777
	0.1291
	-1.5400
	0.1240
	(0.0030 2.0172)

	100
	2.2295
	3.2726
	0.5500
	0.5850
	(0.1255 39.5957)

	_cons
	2.2691
	2.4107
	0.7700
	0.4410
	(0.2828 18.2047)



When comparing two groups with different log of nadir PSA levels after holding bone scan score and performance status as a constant, the odds of relapse within 24 months is estimated to be 195% higher for each unit difference(ng/ml) in log of nadir PSA level, with the group having higher level of log of nadir PSA level tending toward a higher odds of relapse within 24 months. This observed difference is statistically different from an odds ratio of 1(P=0.0220), with a 95% confidence interval suggesting that the observed odds ratio is what might be typically observed if the true odds of relapse within 24 months was anywhere between 17% higher and 645% higher for each unit difference in log of nadir PSA level with holding the value of bone scan score and performance status as a constant. We thus can reject the null hypothesis of no association between log of nadir PSA level and relapse within 24 months at study entry in favor of a trend toward higher odds of relapse among subjects with higher log of nadir PSA level. 
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. 

mkspline psa1 1.0 psa4 4.0 psa16 16.0 psa16over = nadir

Logit relap24 psa1 psa4 psa16 psa16over bss ps, robust

	Relap24
	Coefficient
	SE
	z
	P>z
	95%CI

	Nadir PSA1
	5.9108
	3.0512
	1.9400
	0.0530
	(-0.0694 11.8910)

	Nadir PSA4
	-0.2710
	0.7055
	-0.3800
	0.7010
	(-1.6538 1.1117)

	Nadir PSA16
	0.4179
	0.2677
	1.5600
	0.1190
	(-0.1068 0.9426)

	Nadir PSA16over
	-0.0266
	0.0156
	-1.7000
	0.0890
	(-0.0573 0.0040)

	Bone scan score
	 
	 
	 
	 
	 
	 

	1
	0.0000
	(empty)
	 
	 
	
	 

	2
	-1.2126
	0.9583
	-1.2700
	0.2060
	(-3.0907 0.6656)

	3
	0.0000
	(omitted)
	 
	 
	 
	 

	Performance status
	 
	 
	 
	 
	 
	 

	60
	0.0000
	(empty)
	 
	 
	
	 

	70
	1.2817
	1.2433
	1.0300
	0.3030
	(-1.1552 3.7185)

	80
	-2.1844
	2.2032
	-0.9900
	0.3210
	(-6.5026 2.1338)

	90
	-3.1534
	1.7377
	-1.8100
	0.0700
	(-6.5592 0.2524)

	100
	1.7597
	1.5278
	1.1500
	0.2490
	(-1.2347 4.7541)

	_cons
	-3.5329
	1.9945
	-1.7700
	0.0770
	(-7.4421 0.3762)


	test
	psa1 psa4 psa16 psa16over

	1
	[relap24]psa1 = 0

	2
	[relap24]psa4 = 0

	3
	[relap24]psa16 = 0

	4
	[relap24]psa16over = 0

	 
	chi2(  4) =    9.68

	 
	Prob > chi2 = 0.0462
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The interpretation of the coefficient is really hard this is because each of modeled covariates relate to nadir PSA variables. The good things of using linear splines are that it gives us flexibility and we can easily know the trend of our dataset. 
To my eyes, splines just reproduce something like a log fit. 
Also, our test for coefficient of linear splines (Nadir PSA1, Nadir PSA4, Nadir PSA16, and Nadir PSA16over) is statistically significant (p=0.0462)

d. For each of the above regression models, provide an interpretation of the intercept.

For(a), the log odds of relapse within 24 months when nadir PSA=0 & bone scan score is the lowest & performance statuts=0 is -0.0204132. 
(I recoded for bone scan score from 1,2, and 3 to 0,1, and 2(0 is the least disease) and I got the same coefficient for intercept.) .  For this question, I do not know whether nadir PSA=0 has any meaning. 

For(b), the log odds of relapse within 24 months when lognadir PSA=0 & bone scan score is the lowest and performance status=0 is 0.8194. lognadir PSA=0 can be interpreted as nadir PSA=1. So the intercept is estimated to be 0.8194 when nadir PSA=1 & bone scan score is the lowest and performance status =0.

For(c), the intercept is estimated to be -3.5329 when all nadir PSA value is equal to 0 and the bone scan score is the lowest and performance status is equal to 0. 

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.  

regress nadir relap24 i.bss i.ps, robust

	Nadir PSA
	Coefficient
	SE
	z
	P>z
	95%CI

	Relap24
	16.6229
	12.6925
	1.31
	0.198
	(-9.0502 42.2960)

	Bone scan score
	 
	 
	 
	 
	 

	2
	-15.0822
	10.2546
	-1.47
	0.149
	(-35.8241 5.6597)

	3
	8.2825
	6.7404
	1.23
	0.227
	(-5.3513 21.9163)

	Performance status
	 
	 
	 
	 
	 
	 

	60
	96.8209
	61.5398
	1.57
	0.124
	(-27.6551 221.2969)

	70
	26.6531
	16.6764
	1.6
	0.118
	(-7.0781 60.3844) 

	80
	28.6575
	14.3752
	1.99
	0.053
	(-0.4190 57.7340)

	90
	15.6381
	9.0443
	1.73
	0.092
	(-2.6558 33.9320)

	100
	5.1480
	9.2848
	0.55
	0.582
	(-13.6323 23.9283)

	_cons
	-15.9439
	9.7180
	-1.64
	0.109
	(-35.6004 3.7125)



From a linear regression analysis, holding variable bone scan score and performance status at a fixed value, we estimate that the mean nadir PSA differs between relapse within 24 months group and free-relapse within 24 months group by 16.62(ng/ml), with relapse within 24 months group tending toward higher average mean nadir PSA. This result is significantly different from 0 (P=0.198), with a 95% CI suggesting that such observed results would not be unusual if the true difference in mean nadir PSA was anywhere between -9.0502 and 42.2960. Thus we cannot reject the null hypothesis that the mean nadir PSA does not differ across relapse within 24 months groups. 

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.)

regress lognadir relap24 bss ps, robust


	Nadir PSA
	Coefficient
	SE
	z
	P>z
	95%CI

	Relap24
	2.5102
	0.5947
	4.2200
	0.0000
	(1.3073 3.7130)

	Bone scan score
	 
	 
	 
	 
	 

	2
	0.5192
	0.5810
	0.8900
	0.3770
	(-0.6561 1.6945)

	3
	1.1328
	0.5393
	2.1000
	0.0420
	(0.0420 2.2237)

	Performance status
	 
	 
	 
	 
	 
	 

	60
	3.2379
	1.2966
	2.5000
	0.0170
	(0.6153 5.8605)

	70
	1.7438
	0.8506
	2.0500
	0.0470
	(0.0233 3.4643) 

	80
	2.0708
	0.6136
	3.3700
	0.0020
	(0.8297 3.3118)

	90
	1.8630
	0.5600
	3.3300
	0.0020
	(0.7302 2.9958)

	100
	0.0180
	0.7652
	0.0200
	0.9810
	(-1.5297 1.5657)

	_cons
	-3.1450
	0.5930
	-5.3000
	0.0000
	(-4.3445 -1.9455)


The geometric mean nadir PSA for relap24 is estimated to be 
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, while the geometric mean nadir PSA for free-relap24 is estimated to be 
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 with holding bone scan score and performance status as constant. These observed results estimate that the geometric mean nadir PSA for relap24 is 100(
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)=1131% higher than that for free-relap24 when holding bone scan score and performance status as constant. This result is significantly different from the true ratio geometric mean of 1(p<0.0001), with a 95% confidence interval suggesting that this result would not be unusual if the true geometric mean nadir PSA for relap24 is anywhere between 100(
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)=3998% higher. We thus reject the null hypothesis that the geometric mean nadir PSA does not differ across relapse within 24 months groups. 






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?

In each of analyses except the first one using logistics regression without transformation of predictor, we concluded with 95% confidence that there is an association between nadir PSA and relapse within 24 months. All analyses showed the tendency that is toward higher nadir PSAs being associated with shorter remission time.
There is a multiple comparison problem if we adopt a strategy of performing each one of these analyses and then choosing the one with the lowest p-value. Hence it is extremely important that a single primary analysis be identified.
I prefer to use 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 reason why I chose that model is that the distribution of nadir PSA is heavily skewed. 
For linear regression finding association between mean nadir PSA and relapse within 24months and linear regression finding association between geometric mean nadir PSA and relapse within 24 months, since they conditioned on the future and focused on past, they are not desirable. 
Therefore, my choice is logistic regression with log-transformed variable.

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.)

In this study, we are interested in association between level of PSA and determining prostate cancer. Normally, the PSA measurement of health people is below 4.0ng/ml. We used the lowest PSA value as predictor of interest or response variable to find the association. However, to check whether patients are getting recovered or not, using lowest PSA value is not a good idea. PSA value varies a lot during the treatment and we need to focus on that variation. Also, what we want to know is the PSA measurement before patients are dead. Before a patient died, whether their PSA value increased or not, if it increased, how much is PSA increased? Those things are the one we need to know to check the association between level of PSA and determining prostate cancer. 
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