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Biost 517: Applied Biostatistics I

Emerson, Fall 2006
Homework #3 Key
October 28, 2006
Written problems: To be handed in at the beginning of class on Wednesday, October 18, 2006. 
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.)

The following problems make use of the laboratory data in the PBC methotrexate clinical trial (mtxlabs.txt). All of the following variable names refer to the definitions in that file. See homework #2 for the Stata code which can be used to input this data into Stata.
The data file contains repeated measurements on each individual. When our interest is on how patients fare, we often combine such repeated measurements into a single summary. For instance, we might consider taking the average of the measurements, the maximum or minimum of the measurements, or only the last measurement. Stata provides a command “egen” that will allow us to easily abstract such summaries by patient.

For instance, suppose we want the mean bilirubin for each patient. We can obtain a variable mnbili that will contain that by:

· egen mnbili = mean(bili), by(ptid)
Each row will now have a value for variable mnbili that is equal to the mean of all the bilirubin values for that patient. If you wanted to have instead the mean of bilirubin measurements made after randomization (so after week 1) you could use:

· egen mnbili = mean(bili) if week > 1, by(ptid)
After this command, you would have a variable that had missing values for any rows corresponding to week 1, and for all other rows, the value for variable mnbili would be equal to the mean of all bilirubin values made after week 1 for that patient.

In the following problems you will need to use “egen” repeatedly in order to be able to perform analyses on a per patient rather than per measurement basis.

1. In homework #2, you generated descriptive statistics using all measurements in the dataset. However, multiple measurements were made on each subject. This problem guides you through the process of using Stata to determine how many repeat measurements are made on each individual.

a. Use “egen” to generate a variable nbili counting the number of non-missing bilirubin measurements made for each individual, and provide suitable descriptive statistics for this variable using all cases in the datafile. The following Stata code will generate the variable:
egen nbili= count(bili) if bili!=., by(ptid)

How many measurements in the datafile correspond to a patient having a maximum of 6 nonmissing bilirubin measurements? How many patients does this represent? You might consider either or both of the following Stata commands:

table nbili

list ptid bili nbili if nbili==6
Answer:

There are 18 measurements in the dataset which correspond to the 3 patients having 6 measurements each.

b. As can be seen in part a, doing descriptive statistics on the summarized variable is still complicated due to the number of repeated measurements on each individual. If we want to find out the distribution of nbili across patients (rather than rows in the file), we will need to restrict our analysis to one row for each patient. In this clinical trial, you might think that every subject should have had a week 1 measurement. We can check that by considering the minimum value of week for each individual. Generate a variable minweek containing the earliest week for which a subject has a row in the data set, and provide summary statistics to show that each subject has a week 1 measurement. The following Stata code can be used to generate minweek:
egen minweek=min(week), by(ptid)
Answer:

Descriptive statistics for variable minweek.

	
	N
	Mean
	SD
	Min
	25th %ile
	Mdn
	75th %ile
	Max

	Combined Arms
	9804
	1.00
	0.00
	1
	1
	1
	1
	1


There were no missing observations for minweek. The mean value was 1.0, and the standard deviation was 0. If the standard deviation is 0, that must mean that all measurements are exactly equal to the mean. Similarly, the minimum value was 1, and the maximum value was 1. This also signifies that all values were equal to 1,
c. Now, since we know that every individual has a row corresponding to week 1, when we desire statistics on each patient, we could obtain summary statistics just for rows corresponding to week==1. Describe the distribution of the number of measurements made on each subject. Provide descriptive statistics that allow us to compare the number of measurements per patient by treatment group. What might be the scientific importance of any differences between treatment groups? What might be the statistical ramifications of any differences? Are there differences that concern you?

Answer:

Descriptive statistics for the number of observations available for each patient.

	
	N
	Mean
	SD
	Min
	25th %ile
	Mdn
	75th %ile
	Max

	Placebo
	133
	36.07
	10.64
	3
	31
	37
	44
	52

	Methotrexate
	132
	37.76
	9.89
	6
	33
	40
	45
	52

	Combined Arms
	265
	36.91
	10.29
	3
	32
	38
	45
	52


Scientifically, if there were different numbers of observations on patients across treatment groups, this might signify higher rates of liver transplantation or deaths. After either of these events, measurements of bilirubin are not of interest to us. Similarly, different numbers of measurements might signify differential study dropout across treatment arms. Patients might drop out of the study because of adverse events or because they were feeling so well that they embarked on extended vacations. Either of these might be cause to worry that the missing data was informative about the treatment’s effect on the patients’ health.

Statistically, the number of measurements affect the precision with which we estimate trends in the bilirubin. Furthermore, if our interest is in the minimum or maximum bilirubin measured over time, the sample size has great impact on the aspect of the distribution being estimated (the highest of four measurements tends toward the 80th percentile, the highest of 49 measurements tends toward the 98th percentile).

In examining the above distributions, patients in the methotrexate group average two more measurements than patients in the placebo group. This is probably not enough of a difference to indicate substantial scientific issues (though it is of course possible that people are dropping out of the placebo group due to illness and out of the methotrexate group to go on vacation, or vice versa). Similarly, a difference in 2 measurements when the average is 40 does not likely cause a big problem statistically.

d. (There is nothing to answer in this part, it is purely informational.) An alternative approach to find a unique row for each patient is to use the “tag” function in “egen”, which will tag a unique row for each ptid. The following Stata code can be used to generate variable tag, and then obtain descriptive statistics for nbili on a per patient basis:

egen tag=tag(ptid)
tabstats nbili if tag, stat(n mean … max)
2. Generate a variable mbili reflecting the average of all bilirubin measurements made for each individual (both before and after randomization). 
a. Provide summary statistics for both bili and mbili for the two treatment groups using all available data in the data set. What scientific question could be addressed using these descriptive statistics?
Answer:

Descriptive statistics on all bilirubin measurements made on subjects in the clinical trial.
	
	N
	Mean
	SD
	Min
	25th %ile
	Mdn
	75th %ile
	Max

	Placebo
	4797
	0.83
	1.04
	0.07
	0.50
	0.60
	1.00
	34.40

	Methotrexate
	4984
	0.80
	0.81
	0.10
	0.40
	0.60
	0.80
	13.50

	Combined Arms
	9781
	0.82
	0.93
	0.07
	0.50
	0.60
	0.90
	34.40


This analysis could be appropriate if the scientific question were about the typical sorts of bilirubin measurements that would be made in such a clinical trial. For instance, if high levels of bilirubin required special processing to avoid saturation of the measurement process, a clinical laboratory might want to know about the distribution of all measurements, and the lab would likely care little about patient specific statistics (except as it might affect inference). I can probably even make up a scenario in which the lab would care about whether the measurements were made on subjects receiving placebo or MTX. In any case, I am not impressed by any differences in the distribution of those measurements, with the exception of the maximum value.

Descriptive statistics on the patient specific mean bilirubin measurements made on subjects in the clinical trial, when patients are represented in proportion to the number of measurements made on them.
	
	N
	Mean
	SD
	Min
	25th %ile
	Mdn
	75th %ile
	Max

	Placebo
	4809
	0.83
	0.64
	0.32
	0.48
	0.64
	0.94
	5.04

	Methotrexate
	4995
	0.80
	0.62
	0.28
	0.48
	0.59
	0.82
	4.69

	Combined Arms
	9804
	0.82
	0.63
	0.28
	0.48
	0.61
	0.89
	5.04


I have a bit harder time trying to explain why I might ever be interested in these descriptive statistics. Why might I want patient specific means, but then have multiple representations of those means in my analysis. In this analysis I am claiming I am more interested in the patient specific mean, and I am also saying that the patients who had more measurements are in some way more important. While there are some settings that might mimic this sort of an analysis is some small way, I think this analysis has no scientific value. For what it is worth, we do note that while the mean is similar to that obtained in the immediately preceding table, the standard deviation is less in this latter table and the minima and maxima are less extreme. Both of these come from taking the mean of multiple observations.
b. Provide summary statistics for mbili for the two treatment groups when each patient is represented only once. What scientific question could be addressed using these descriptive statistics?
Answer:

Descriptive statistics on the patient specific mean bilirubin measurements made on subjects in the clinical trial, when each patient is represented only once.
	
	N
	Mean
	SD
	Min
	25th %ile
	Mdn
	75th %ile
	Max

	Placebo
	133
	0.87
	0.67
	0.32
	0.49
	0.65
	0.98
	5.04

	Methotrexate
	132
	0.83
	0.65
	0.28
	0.48
	0.59
	0.88
	4.69

	Combined Arms
	265
	0.85
	0.66
	0.28
	0.48
	0.63
	0.96
	5.04


By using each patient only once, we now are describing the behavior of patients, rather than measurements. However, as we are combining measurements made both before and after randomization, these statistics are probably of interest only if we absolutely knew that treatment with methotrexate had no effect whatsoever (no effect on bilirubin or anything that affected the number of observations we might have). And if we knew all that, why would we want statistics broken down by treatment group.

At least we do see that there are not huge differences in the distribution reflected in these summary statistics. That is, I am not impressed by differences of 0.04 mg/dl in the mean bilirubin, nor even by a difference of 0.35 in the maximum bilirubin when the measurements are as large as 4.69.
3. In problem 2, you took the mean of all bilirubin measurements for an individual—both before and after randomization. The following code will create a variable mtrtbili which will be the mean of bilirubin measurements made post randomization. (Note the need to ensure that the first row for each patient, or the “tagged” case if you use that approach, will not have a missing value for mtrtbili.):

egen grbg=mean(bili) if week>1, by(ptid)

egen mtrtbili=mean(grbg), by(ptid)

a. Provide descriptive statistics which compare the treatment groups with respect to the patient specific mean bilirubin post randomization. Based on these statistics, do you worry about any outliers in the data? Explain.
Answer:

Descriptive statistics on the patient specific mean bilirubin measurements made on subjects in the clinical trial post randomization. The distributions seem remarkably similar between the two treatment groups. There does seem to be evidence suggestive of outlying values: 

· The mean is a bit larger than the median, 

· the SD is much larger than one-half to one-third the mean on these positive measurements,
· the median is not midway between the minimum and maximum, and

· the minimum is about half a SD below the median, while the maximum is 6 SD above the median.
	
	N
	Mean
	SD
	Min
	25th %ile
	Mdn
	75th %ile
	Max

	Placebo
	133
	0.88
	0.69
	0.32
	0.49
	0.65
	1.00
	5.16

	Methotrexate
	132
	0.83
	0.66
	0.28
	0.48
	0.59
	0.88
	4.79

	Combined Arms
	265
	0.86
	0.68
	0.28
	0.48
	0.63
	0.96
	5.16


b. Provide descriptive statistics which compare the treatment groups with respect to the difference between the patient specific mean bilirubin post randomization and the patient’s bilirubin at randomization (week 1). (Note that for the case representing week 1, the difference mtrtbili – bili is the value we are interested in.)

Answer:

Descriptive statistics on the difference between the patient specific mean bilirubin measurements made on subjects post randomization and the patient’s baseline bilirubin measurement made prior to randomization. Again, I do not see impressive differences in the distributions across treatment groups. It is of interest to note that the mean difference is greater than 0 for both groups. This is to be expected, as we are following a disease that tends to progress over time. This is why it is important to have a control group. I did not ask you to comment on the possibility of outliers, but I think we do have some suggestion of outliers:
· The mean is a bit larger than the median, 

· the median is not midway between the minimum and maximum, and

· the minimum is about 1.5 SD below the median, while the maximum is 6 SD above the median.

(Note that I could not compare the mean and SD, because these measurements can be both positive and negative, and I am unsure of the differences that are biologically impossible.)
	
	N
	Mean
	SD
	Min
	25th %ile
	Mdn
	75th %ile
	Max

	Placebo
	133
	0.16
	0.57
	-0.65
	-0.09
	0.04
	0.23
	3.96

	Methotrexate
	132
	0.16
	0.44
	-0.67
	-0.03
	0.09
	0.22
	2.99

	Combined Arms
	265
	0.16
	0.51
	-0.67
	-0.06
	0.06
	0.22
	3.96


c. Create a new variable mdrgbili representing the mean bilirubin for each patient while taking study drug (methotrexate or placebo), and repeat parts (a) and (b) for this measure of treatment outcome.
Answer:

Descriptive statistics on the patient specific mean bilirubin measurements made on subjects in the clinical trial while taking the study drug (methotrexate or placebo), when each patient is represented only once.
	
	N
	Mean
	SD
	Min
	25th %ile
	Mdn
	75th %ile
	Max

	Placebo
	133
	0.81
	0.53
	0.21
	0.48
	0.64
	0.96
	3.28

	Methotrexate
	132
	0.77
	0.54
	0.27
	0.48
	0.57
	0.82
	3.67

	Combined Arms
	265
	0.79
	0.54
	0.21
	0.48
	0.61
	0.93
	3.67


Descriptive statistics on the difference between the patient specific mean bilirubin measurements made on subjects in the clinical trial while taking the study drug (methotrexate or placebo) and the baseline bilirubin measurement for each patient prior to randomization.
	
	N
	Mean
	SD
	Min
	25th %ile
	Mdn
	75th %ile
	Max

	Placebo
	133
	0.10
	0.40
	-0.65
	-0.09
	0.03
	0.20
	2.52

	Methotrexate
	132
	0.09
	0.32
	-0.65
	-0.05
	0.06
	0.17
	1.87

	Combined Arms
	265
	0.10
	0.36
	-0.65
	-0.08
	0.05
	0.17
	2.52


In both cases, I find that the distribution of measurements is quite similar across treatment groups. Arguably, even if you were to tell me the difference was beyond what could be explained by sampling error, I would not think the difference was clinically important.
d. Which of these analyses are scientifically useful in assessing the effect of methotrexate on bilirubin levels? Why? What are their relative advantages and disadvantages?

Answer:

We need to consider the two variants we explored: Post randomization vs On study drug and Absolute measurement vs Change in measurement.

The scientific difference between post-randomization and on-study drug revolves around the question of why subjects might stop taking their drug: progression of disease, incidence of adverse events, they got tired of the clinical trial, or the study ended. Many researchers focus only on the “tired of the clinical trial” and thus propose a “per protocol” analysis of the data. They imagine they are telling us what would happen if you could force everyone to take their drug. Personally, I always worry about the progression of disease and adverse events scenarios. In progression of disease you may have identified people for whom the treatment does not work and forcing them to take the drug would not make them like the other people. In the case of adverse events, forcing a patient who gets a headache to continue on the drugy might make them progress to a cerebral hemorrhage (okay, a little dramatic hyperbole, but the point is there). In any case, we probably have higher compliance with the treatment on the clinical trial than we would in real life (an unsubstantiated claim, but an accurate reflection of my belief). Hence, clinical trial standards call for the “intent to treat” analysis based on post randomization summaries regardless of compliance with the protocol. (I will note that in this data set, we did take some measurements after stopping the study for all subjects. I did analyses which both included and excluded the measurements made after study end. This was because there might have been some residual effect of the drug even after the patients stopped taking it.)
I should note that when analyzing adverse event data, there is a greater tendency to do the “per protocol” analysis, but even then we include measurements made up to 30 days after stopping the study drug.

Now, what about the advantage of comparing the measurements post randomization versus the change in measurements from baseline. A surprising result (one which we will come back to full force in Biost 518) is that in the setting of a randomized clinical trial you can often do worse by analyzing the difference in measurements than just analyzing the follow-up values. This is a very hard thing to convince statistical novices of. But it is true. It all depends on how highly correlated the baseline values are with the follow-up measurements within each treatment group. In this case, there is a reasonably high correlation of 0.66 between mtrtbili and bili week 1. When the correlation is greater than 0.5, the difference is more precise than using the follow-up measurements by themselves. (The best approach to “adjusting for baseline values” is to adjust for baseline as a predictor in a regression model, so that is why we discuss it in Biost 518.)
So if I knew all this in advance: Because bilirubin is a measure of efficacy of the treatment, I would definitely use post randomization instead of on study drug, and I would use the difference from baseline instead of just the follow-up.

(I obviously did not expect you to know all this, only to think about it.)

4. Now suppose we consider a treatment outcome based on the maximum bilirubin for each patient, instead of the mean. The following code will create a variable mxtrtbili which will be the mean of bilirubin measurements made post randomization. (Note the need to ensure that the first row for each patient, or the “tagged” case if you use that approach, will not have a missing value for mxtrtbili.):

egen grbg=max(bili) if week>1, by(ptid)

egen mxtrtbili=mean(grbg), by(ptid)

a. Provide descriptive statistics which compare the treatment groups with respect to the patient specific maximum bilirubin post randomization. Based on these statistics, do you worry about any outliers in the data? Explain.

Answer:

Descriptive statistics on the patient specific maximum bilirubin measurements made on subjects in the clinical trial post randomization. The distributions seem remarkably similar between the two treatment groups, with the possible exception of the means and maxima. The difference in means of 0.3 is of questionable clinical importance, and it is undoubtedly influenced greatly by the obvious outlier: There does seem to be even more evidence suggestive of outlying values than there was when using patient specific means: 

· The mean is a bit larger than the median, 

· the SD is much larger than the mean on these positive measurements,

· the median is not midway between the minimum and maximum, and

· the minimum is about one-fourth a SD below the median, while the maximum is 11 SD above the median.
	
	N
	Mean
	SD
	Min
	25th %ile
	Mdn
	75th %ile
	Max

	Placebo
	133
	2.01
	3.80
	0.50
	0.80
	1.10
	1.70
	34.40

	Methotrexate
	132
	1.70
	1.87
	0.30
	0.80
	1.00
	1.70
	13.50

	Combined Arms
	265
	1.85
	3.00
	0.30
	0.80
	1.00
	1.70
	34.40


b. Provide descriptive statistics which compare the treatment groups with respect to the difference between the patient specific maximum bilirubin post randomization and the patient’s bilirubin at randomization (week 1). (Note that for the case representing week 1, the difference mxtrtbili – bili is the value we are interested in.)

Answer:

Descriptive statistics on the difference between the patient specific maximum bilirubin measurements made on subjects post randomization and the patient’s baseline bilirubin measurement made prior to randomization. Again, I do not see impressive differences in the distributions across treatment groups except in the statistics too heavily influenced by the outliers.
	
	N
	Mean
	SD
	Min
	25th %ile
	Mdn
	75th %ile
	Max

	Placebo
	133
	1.29
	3.73
	-0.30
	0.20
	0.40
	0.80
	33.20

	Methotrexate
	132
	1.02
	1.65
	-0.20
	0.30
	0.50
	0.85
	11.70

	Combined Arms
	265
	1.16
	2.88
	-0.30
	0.20
	0.50
	0.80
	33.20


c. Create a new variable mxdrgbili representing the maximum bilirubin for each patient while taking study drug (methotrexate or placebo), and repeat parts (a) and (b) for this measure of treatment outcome.

Answer:

Descriptive statistics on the patient specific maximum bilirubin measurements made on subjects in the clinical trial while taking the study drug (methotrexate or placebo), when each patient is represented only once.
	
	N
	Mean
	SD
	Min
	25th %ile
	Mdn
	75th %ile
	Max

	Placebo
	133
	1.54
	1.94
	0.30
	0.80
	1.00
	1.50
	16.40

	Methotrexate
	132
	1.43
	1.29
	0.30
	0.80
	0.90
	1.60
	8.60

	Combined Arms
	265
	1.48
	1.65
	0.30
	0.80
	1.00
	1.50
	16.40


Descriptive statistics on the difference between the patient specific maximum bilirubin measurements made on subjects in the clinical trial while taking the study drug (methotrexate or placebo) and the baseline bilirubin measurement for each patient prior to randomization.
	
	N
	Mean
	SD
	Min
	25th %ile
	Mdn
	75th %ile
	Max

	Placebo
	133
	0.82
	1.86
	-0.30
	0.20
	0.40
	0.70
	15.70

	Methotrexate
	132
	0.76
	1.08
	-0.20
	0.30
	0.40
	0.70
	7.00

	Combined Arms
	265
	0.79
	1.52
	-0.30
	0.20
	0.40
	0.70
	15.70


In both cases, I find that the distribution of measurements is quite similar across treatment groups, allowing for the tendency to outliers. I do note that the outliers are not as extreme, which might be explained by the patient with most progressive disease dropping off the study drug prior to their last available measurements. 
d. Which of these analyses are scientifically useful in assessing the effect of methotrexate on bilirubin levels? Why? What are their relative advantages and disadvantages?

Answer:

All of the same issues arise here that were discussed in my answer to problem 3(d). I do note that the correlation between the patient specific maximum and the baseline value is only 0.33 in this dataset. If that were to be the true correlation, taking the difference from baseline is the WRONG thing to do. Because that correlation is less than 0.5, we would actually lose precision in estimating the effect of treatment. (Again, multiple regression will come to the rescue next quarter.)
e. How additional problem might be posed by using the maximum rather than the mean as was used in problem 3?

Answer:

When using the maximum, we have to worry about the statistical issues related to sample size when using extrema (minima or maxima). Even when there is no true difference in distributions, a group that has more measurements per patient will also tend to have more extreme patient specific minima and maxima. (In this particular trial, the distribution of number of measurements was similar between the groups, so this is probably not such a big issue.)
