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BASIC DOCTORAL WRITTEN EXAMINATION IN BIOSTATISTICS

PART II

9 June - 16 June 2000

INSTRUCTIONS

a)
This is an open-book “take home” examination.

b)
Answer any four (but only four) of the six questions which follow.


NOTE:  There are six questions to choose from this year only because of the special


circumstances of the recent change in the curriculum.  The policy that only five


questions will be offered has not been changed.

c)
Put the answers to different questions on separate sets of papers.

d)
Since your papers may be xeroxed for back-up purposes, type or write them with a paper 


and pen/pencil combination that will xerox clearly.  Do not, for example, use a hard


pencil on yellow paper.

e)
Most questions should be answered in the equivalent of less than five typewritten pages 


(300 words per page), and under no circumstances will more than the first 10 typewritten 


pages or the equivalent be read by the grader.

f)
Put your code letter, not your name, on each page.

g)
Return the examination with a signed statement of the Honor Pledge:


“In recognition of and in the spirit of the honor code, I certify that I have neither given nor received aid on this examination and that I will report all Honor Code violations observed by me.”






(Signed)___________________________________









NAME

NOTE:

 All the computer files to which this examination refers are available on Departmental computers in the directory  O:\BIOSLIB\BASICS\2000\.  The examination itself is 2000PT2.DOC.

QUESTION 1

A multi-center randomized clinical trial was conducted to compare a test vaccine (1) and a control vaccine (3) 

for preventing a potentially severe infection.  The primary response variable had three ordered categories: no or mild infection (0),  moderately severe infection (1), or very severe infection (2), during 6 months of follow-up.  Explanatory variables which were recognized as having a possibly strong relationship with the response variables were gender (F for female, M for male), smoking status (N for never, E for ever), use of concomitant medication for chronic health disorder (N for no, Y for yes), urban or rural location of residence (R for rural, U for urban) and age ((49, (50).  The data for 12078 patients are available in O:\BIOSLIB\BASICS\2000\VACCINE.SD2, a SAS dataset with  64 observations and 9 variables:  GENDER,  SMOKER,  CONC_MED,  RESIDENCE,  AGE,  TRT, RESP_0,  RESP_1, and RESP_2.  The values shown for RESP_0, RESP_1, and RESP_2 are the numbers of patients with outcomes 0, 1, and 2, respectively, in the corresponding subgroups according to gender, smoking status, use of concomitant medicine, residence, age, and treatment.  A listing, produced by SAS PROC PRINT, 

is shown on the next page.

a) For each treatment group, determine the proportion of patients for whom moderate or very severe infection occurred after vaccination and its standard error.  Provide a two-sided 0.95 confidence interval, for the difference in proportions between the control and test vaccines.  Interpret this result in terms of the comparison between these two treatments for the probability of moderate or severe infection during the follow-up period.

b) Describe the distributions of gender, smoking status, use of concomitant medicine, residence, and age for each treatment group, and apply statistical tests to compare the two treatment groups for these distributions.  Interpret  the results of these tests.

c) Statistically compare the two treatment groups with respect to the occurrence or not of moderate or very severe infection during the follow-up period in a manner that accounts for any potential influence of gender, smoking status, use of concomitant medicine, residence, and age.  State your assumptions and interpret your results.

d) Apply a statistical model which describes the relationship of the probability of moderate or very severe infection during the follow-up period to the effects of gender, smoking status, use of concomitant medication, residence, age, treatment, and any noteworthy interactions among these factors.  Discuss assumptions for the model and considerations for evaluating goodness of fit.  Provide 0.95 two-sided confidence intervals for parameters which are relevant to interpreting the effects of the factors in this model and discuss their nature.

e) Statistically compare the two treatments for the distribution of infection severity in a manner that accounts for any potential influence of age, gender, smoking status, use of concomitant medication, residence, and age.  State your assumptions and interpret your results.

f) Statistically evaluate the association of the distribution of infection severity with gender in a manner that accounts for any potential influence of smoking status, use of concomitant medication, residence, and age.  Similarly evaluate the associations of infection severity with each of smoking status, use of concomitant medication, residence, and age.  State your assumptions and interpret your results.

g) Apply a statistical model to describe the relationship of the distribution of infection severity to the effects of gender, smoking status, use of concomitant medication, residence, age, and treatment, and any noteworthy interactions among these factors.  Discuss assumptions for this model and considerations for evaluating its goodness of fit.  Provide 0.95 two-sided confidence intervals  for parameters which are relevant to interpreting     the effects of factors in the model, and discuss their nature.

Scoring:
a) 3    b) 3    c) 3    d) 5    e) 3    f) 3    g) 5

Obs  TRT  RESP_0  RESP_1  RESP_2  GENDER  SMOKER  CONC_MED  RESDENCE  AGE

  1   1     740     16      13      F       N        N         U      <=49

  2   3     698     14      16      F       N        N         U      <=49

  3   1     711     18      29      F       N        N         U      >=50

  4   3     766     25      20      F       N        N         U      >=50

  5   1     460      9       9      F       N        N         R      <=49

  6   3     461      4      14      F       N        N         R      <=49

  7   1     616      2      18      F       N        N         R      >=50

  8   3     585     10      17      F       N        N         R      >=50

  9   1      19      0       0      F       N        Y         U      <=49

 10   3      16      0       0      F       N        Y         U      <=49

 11   1      55      2       4      F       N        Y         U      >=50

 12   3      43      3       0      F       N        Y         U      >=50

 13   1      43      0       1      F       N        Y         R      <=49

 14   3      48      1       0      F       N        Y         R      <=49

 15   1     110      0       6      F       N        Y         R      >=50

 16   3      91      1       6      F       N        Y         R      >=50

 17   1     429     11      10      F       E        N         U      <=49

 18   3     417      8      16      F       E        N         U      <=49

 19   1     102      1       2      F       E        N         U      >=50

 20   3      87      1       2      F       E        N         U      >=50

 21   1     181      1       6      F       E        N         R      <=49

 22   3     213      2       8      F       E        N         R      <=49

 23   1      78      3       1      F       E        N         R      >=50

 24   3      84      3       6      F       E        N         R      >=50

 25   1       3      0       0      F       E        Y         U      <=49

 26   3       9      0       0      F       E        Y         U      <=49

 27   1       6      0       0      F       E        Y         U      >=50

 28   3       2      0       0      F       E        Y         U      >=50

 29   1      13      0       0      F       E        Y         R      <=49

 30   3      12      1       2      F       E        Y         R      <=49

 31   1       4      0       0      F       E        Y         R      >=50

 32   3       7      0       0      F       E        Y         R      >=50

 33   1     386     15      14      M       N        N         U      <=49

 34   3     431     21      19      M       N        N         U      <=49

 35   1     587     10      28      M       N        N         U      >=50

 36   3     581     15      49      M       N        N         U      >=50

 37   1     166      7      15      M       N        N         R      <=49

 38   3     179     10      15      M       N        N         R      <=49

 39   1     301     19      25      M       N        N         R      >=50

 40   3     297     10      21      M       N        N         R      >=50

 41   1      15      0       0      M       N        Y         U      <=49

 42   3      13      1       2      M       N        Y         U      <=49

 43   1      50      1       2      M       N        Y         U      >=50

 44   3      62      0       6      M       N        Y         U      >=50

 45   1      29      1       1      M       N        Y         R      <=49

 46   3      22      2       1      M       N        Y         R      <=49

 47   1      87      1       9      M       N        Y         R      >=50

 48   3      78      0       2      M       N        Y         R      >=50

 49   1     289      4       8      M       E        N         U      <=49

 50   3     269      8      20      M       E        N         U      <=49

 51   1      87      0       2      M       E        N         U      >=50

 52   3      67      6       8      M       E        N         U      >=50

 53   1      72      1       3      M       E        N         R      <=49

 54   3      70      3       2      M       E        N         R      <=49

 55   1      26      0       4      M       E        N         R      >=50

 56   3      22      1       4      M       E        N         R      >=50

 57   1       3      0       0      M       E        Y         U      <=49

 58   3       8      0       0      M       E        Y         U      <=49

 59   1       1      0       0      M       E        Y         U      >=50

 60   3       5      0       1      M       E        Y         U      >=50

 61   1       9      0       1      M       E        Y         R      <=49

 62   3       2      1       0      M       E        Y         R      <=49

 63   1       8      0       3      M       E        Y         R      >=50

 64   3       3      0       0      M       E        Y         R      >=50

QUESTION 2

The Clomipramine (CMI) Research Group at UNC has learned that the Becton-Dickinson assay it has been using for measuring levels of prolactin in plasma is being discontinued and replaced by a new and improved Nichols assay.  This changeover is rather sudden and unexpected, and no guidelines are available for equating values given by the two different assays.  However, the Group has been able to assemble the results of using both methods to assay 122 plasma samples taken from 21 subjects according to the following protocol:  Each subject had blood drawn for a baseline measurement (time 0), then received an infusion of CMI, and then had further blood drawn at 30, 60, 90, 120, and 150 minutes post-infusion. The SAS dataset O:\BIOSLIB\BASICS\2000\CMI.SD2 includes the duplicate measurements of prolactin levels, together with the ID, age, and sex of each subject, and the date of CMI infusion and blood drawing.  A listing of this dataset appears below.

a)  Check carefully for any "data anomalies" and indicate how you will deal with them in the analysis. You may assume that the missing plasma samples are "missing completely at random".

b)  The Group will adopt the new Nichols method as its standard, and so must be able to convert its file of old measurements obtained by the Becton-Dickinson method into equivalent Nichols values.  Derive an empirical formula for doing so, and describe how good your formula is.

c)  Assuming the 21 subjects in this dataset form a representative sample of those whom the Group will see, 

prepare a brief report (with at least one graph) describing the typical pattern of prolactin levels at baseline 

and their response to CMI infusion, noting any relationship to sex and/or age of subject, and any trend in time 

over the 10-month period during which the samples were taken.

ID     DATE SEX AGE  B0  B30  B60  B90 B120 B150  N0   N30  N60  N90 N120  N150

 1 08/16/93  0  25  7.7  9.0  5.5  6.6  5.3  5.9 10.3 10.3 10.1 10.0  5.9  7.10

 2 09/02/93  1  26  1.8  1.8  1.7  2.1  1.8  1.8  9.8 10.6  7.3  6.3  5.3  4.50

 3 09/02/93  0  36  1.8  1.8  1.7  2.1  1.8  1.8  4.9  5.2  5.3  6.2  4.9  5.80

 4 10/06/93  0  47  8.7  7.7  5.8  9.6 15.4 15.2 14.1 17.3 14.7 15.5 20.4 18.30

 5 10/25/93  1  32  2.7 15.0  6.8  3.4  1.7   .   6.0 28.1 19.0 11.8  7.6   .  

 6 11/05/93  0  44  0.4  1.5  1.1  0.2  1.5  1.8  2.1  4.0  4.2  4.6  4.3  4.50

 7 11/22/93  1  30  2.3  0.3  0.9  1.2  0.2  0.8  5.2  8.0  6.5  6.3  5.3  6.60

 8 03/17/94  1  19  2.8  4.9  6.7  9.6  6.2  8.5  6.9 11.8 12.4 16.2 11.9 14.10

 9 03/22/94  1  24  4.7 18.6 17.7 11.3  6.8  5.0  9.5 29.4 29.4 21.2 15.8 12.90

10 03/23/94  0  21  6.4 21.4 12.6  3.8  1.3  1.0 17.0 35.8 15.4 24.0 11.3 10.20

11 03/31/94  1  27  2.9 14.6  9.6   .   4.3  2.6  7.4  7.8 27.3   .  21.0 10.80

12 04/07/94  0  21  1.3 28.6 17.9  8.9  4.4  3.1  7.8  6.6 60.6 34.8 20.3 14.60

13 04/18/94  0  22  3.9  7.1  4.5  3.4  3.5  2.2 14.6 11.5 19.4 15.6 13.3 12.30

14 04/19/94  0  21  1.0 10.8  2.4  3.6  2.7  2.1  6.5  5.3 25.7 15.4 11.4  7.91

15 04/25/94  1  24  1.5  1.8  1.5  0.6  0.8  0.2  3.6  9.7  6.6  4.4  3.8  3.60

16 04/26/94  0  20  6.2  4.7  4.7  4.4   .    .  13.6 12.7 12.6 11.5   .    .  

17 04/29/94  0  29  0.3  0.9  0.7  0.2  0.8  0.9 13.0 15.2 15.9 15.0 10.7  9.10

18 04/29/94  0  18  0.3  0.9  0.7  0.2  0.8  0.9  5.0  5.7  4.8  5.0  5.4  5.50

19 05/12/94  1  26  5.4 10.3  8.2  7.8  3.9  4.0 11.1 15.7 14.1 11.5 10.1  8.40

20 05/26/94  0  21  8.0 12.9 10.2 13.6  6.0  4.2 14.7 22.7 19.2 17.5 14.7 11.90

21 06/02/94  1  21  3.5 22.0 13.4  5.3  3.3  2.9  6.7 39.3 24.3 13.9 10.8  8.10

SCORING:  a) 7,    b) 9,    c) 9;    TOTAL 25

QUESTION 3

NOTE: Read the guidelines at the end of this problem before starting to answer it.  It is essential that you adhere to these guidelines strictly.

Data were obtained on a random sample of children during their years 7, 8, 9 and 10 of life.  The response is whether or not a child developed one or more respiratory infections during a given year.  The child's mother's smoking status (MS) was also recorded.  The overall objective of this study is to investigate the effect of mother smoking on the risk (i.e. probability) of respiratory infection.   Responses of different children are assumed independent and, within each MS group, identically distributed.  The four responses of any one subject are not independent.

a)  Present one or two key summary tables derived from the data. Comment.

b) For children with MS=0 test the null hypothesis that the risk of respiratory infection is constant over time (i.e. age) against an unrestricted alternative.  Use a likelihood ratio test at the 0.05  level.  Perform a similar test for children with MS=1.  Describe clearly, but in a generic way (see guidelines), how you performed the test.  Report the test statistic and p-value.  Comment.

c)  Assuming that the risk of respiratory infection is constant over time, test the null hypothesis that the response vector distribution in children with MS=0 is the same as in those with MS=1, against the alternative that they are different.  Use a likelihood ratio test at the 0.05 level.  Comment.

d)  Fit a marginal regression model in which the logit of risk of respiratory infection is linearly related to mother smoking and age (centered at 9 years) and an intercept.  Try three correlation structures; independence, exchangeable and first-order autoregressive.  Present a table of parameter estimates and another table of empirical (i.e. "robust'' or  "sandwich'') standard error estimates.

e)  Provide a  precise and meaningful interpretation of the coefficient for mother smoking.

f)  Let Yi1, ..., Yi4 denote the responses for child i, and consider the random-effects model

logit E[Yij | Ui])  =  (1 + (2 MSi + (3 AGEij + Ui ,

where Yi1, ..., Yi4 are conditionally independent given Ui,  Ui  is Gaussian with mean zero and variance (2 > 0, the Uis are independent across children, and the (s are fixed effects.  Suppose further that the parameter values are as follows: (1 = -2.5, (2 =  0.4, (3 =  0.2, (2 = 2.25 .  (Note: AGE should be centered at 9 years.)  Compute a predictor of the random effect  Ui  for a subject with  MS = 0 and response vector  (1, 1, 1, 1)T  (i.e.,  Yi1 = 1, Yi2 = 1, Yi3 = 1, Yi4 = 1 ).  Note:  The predictor is the conditional mean of Ui given the response vector.  Repeat for a subject with  MS = 0 and response vector (0, 0, 0, 0)T.  Comment.

g)  Compute the marginal means implied  by the above random-effects model and compare them to the observed means.  Do a qualitative comparison only (no formal hypothesis tests, etc.)

SCORING:  a) 2.5,    b) 4,    c) 4;    d) 4,     e) 2.5,    f) 4,    g) 4;    TOTAL 25

Guidelines for this problem:

1.  Develop clear notation for everything you present.  Define all symbols used.

2.  Descriptions should be in a generic statistical language, with NO reference whatsoever to any specific software (SAS, GLIM, S-PLUS, etc.) or software statements or options.   For example, write "I fitted a model with no intercept'';  don't write  "In SAS I used MODEL Y = X1 X2 / NOINT''.  

3.  Absolutely, do NOT present any computer code or output.

4.  For hypothesis testing develop complete notation and state clearly H0 and H1 in terms of parameters, and state what is left unspecified.  Report the value of the test statistic, degrees of freedom (if applicable), and p-value.  If a regression model is used, describe it in the language of generalized linear models.

The dataset may be found in  6CITY.DAT.  It has 32 observations on 6 variables, as follows:

        1  Respiratory infection at year  7:  0 = no, 1 = yes

        2  Respiratory infection at year  8:  0 = no, 1 = yes

        3  Respiratory infection at year  9: 0 = no, 1 = yes

        4  Respiratory infection at year 10:  0 = no, 1 = yes

        5  Mother smoking: 0=no, 1 = yes

        6  Number of children with this pattern

Here is a listing of the dataset:

0   0   0   0   0   237

0   0   0   1   0    10

0   0   1   0   0    15

0   0   1   1   0     4

0   1   0   0   0    16

0   1   0   1   0     2

0   1   1   0   0     7

0   1   1   1   0     3

1   0   0   0   0    24

1   0   0   1   0     3

1   0   1   0   0     3

1   0   1   1   0     2

1   1   0   0   0     6

1   1   0   1   0     2

1   1   1   0   0     5

1   1   1   1   0    11

0   0   0   0   1   118

0   0   0   1   1     6

0   0   1   0   1     8

0   0   1   1   1     2

0   1   0   0   1    11

0   1   0   1   1     1

0   1   1   0   1     6

0   1   1   1   1     4

1   0   0   0   1     7

1   0   0   1   1     3

1   0   1   0   1     3

1   0   1   1   1     1

1   1   0   0   1     4

1   1   0   1   1     2

1   1   1   0   1     4

1   1   1   1   1     7

QUESTION 4

Appendix 1 provides the relevant portions of the design description for a planned study to produce a clinical profile of persons receiving treatment for HIV infection in several different locations around the U.S.  The study is to be called the HIV/AIDS Disease and Care Project.  Included below are various elements and issues related to the design of this study, including: (i) a summary statement of objective, methods and analysis; (ii) background on the project, (iii) a description of the proposed sampling methods for the project, (iv) a description of the data gathering form and procedures, (v) a discussion of sample size, and (vi) a brief sketch of the analysis plan. 

Prepare a clear and concise response to the indicated statistical aspects of the design for the HIV/AIDS Disease and Care Project.  Support your discussion with results from the statistical literature, wherever it is appropriate to do so.  If in the course of preparing your responses you feel there are important design details that are missing from this document, specifically state any assumptions that you need to complete your discussion.

a)  Sampling Procedure -- First summarize the design; i.e., for each stage of sampling indicate the following: the sampling unit, how (if at all) stratification is used, the type of selection method used to randomly choose sampling units in the stage, and the total number of sampling units to be chosen in that stage.  Then critique the choice of sampling units, the number of sampling stages, and the use of stratification and/or clustering. This critique should contain two main elements.  First, the discussion should point out any strengths and weaknesses.  Second, if you believe there are reasonable alternatives to what has been proposed, briefly describe the alternatives and sketch a strategy for choosing among the alternatives.

b)  Sample Size – Note that Appendix 4 (containing expected measures of precision for study estimates) was purposely excluded.  Assuming that intraclass correlation for these estimate is likely to be between 0.01 and 0.05, prepare the table of expected precision for estimated prevalence rates, based on the content of the section on sample size.

c)  Number of Providers per Stratum -- Do you have any suggestions on how this number should be chosen?  Should the planners consider the number of providers with patients in a sex/race group, as they do now (in order to avoid having nearly all the patients in a group from a single provider in the stratum)?  To what extent should formal sample size criteria affect this choice?

d)  Sampling Providers – Comment on the statement given below, and answer the question raised concerning the sampling of providers: 


The planned procedure uses sampling proportional to size, in generating an ordered list of providers within each stratum.  This is crucial in the stratum (or strata) of “small” providers, because the vast majority of those providers have reported only 1 or 2 cases.  Equal probability sampling in that stratum would yield a large number of providers from which records would be sought.  There is likely to be some advantage to selecting the largest providers in the other strata, but that is less essential.


Is there any technical benefit to using equal probability sampling of providers in the other provider strata?

e)  Sample Weights and SUDAAN Setup – Comment on the procedure for computing sample weights (Appendix 3)  Also indicate and justify the DESIGN= option  in SUDAAN, and (explicitly defining any data variables you would need) show how you would communicate relevant features of the sample design in running any procedure in SUDAAN. 

f)  Nonsampling Aspects of Survey Design – Briefly sketch the nonsampling error implications (i.e., due to frame problems, measurement problems, and nonresponse) of the proposed design.  Based on your assessments of these and the sampling aspects of the study design, do you expect the study to meet its research objectives?

Appendix 1:  Design Materials  (see DESIGN.DOC)

Appendix 2:  Data Collection Form  (see HCSFORM.PDF)

Appendix 3:  Instructions for Data Collection Form  (see INSTRUX.PDF)

Appendix 4:  EXCLUDED

Appendix 5:  Calculating the sample weights


We calculate the weight for a patient of sex/race group g selected from provider p in provider stratum s.  The probability that this patient was selected for the sample is the probability that provider p was selected and participated in the study, times the proportion of patients with sex/race g within provider p that were sampled.  

The patient’s sampling weight is the inverse of this probability of selection.


The probability that provider p was selected can be computed from the proportions of all patients in stratum s at each of the providers in that stratum.  The provider selection probability is approximately equal to the sum of these proportions over the providers that participated in the study from stratum s.  If at least one provider refused to participate, this sum of proportions must be divided by 1 minus the sum of the corresponding proportions for the providers that refused to participate.  This expression is approximate because the providers are selected without replacement.  An exact expression can be derived.


If records can be found for all patients selected within sex/race group g at provider p, then the proportion sampled is the number of patients for whom records are abstracted, divided by the number of patients on the list for this group at provider p.  If records could not be found for some patients, we must estimate the number of patients for whom records would be able to be found.  If there were N patients on the original list, records were abstracted for  n patients, and records were sought but not found for  m patients, then the proportion sampled should be estimated as n / {n + (N – n – m) x n / (m + n)}. 

SCORING:  a) 5,    b) 4,    c) 4,    d) 4,    e) 4,    f) 4;     TOTAL 25

QUESTION 5

Read the attached article "Dietary supplements and physical exercise affecting bone and body composition in frail elderly persons" (American Journal of Public Health, June 2000, 90:947-954).

a)  Describe concisely (approximately one double-spaced page) the patient selection, treatments, random allocation, and key measurements of the study.

b)  Examine and discuss the efficacy of the randomization.

c)  Summarize the results of the study with respect to increasing lean body mass and bone mineral density.  

From Table 3, estimate (with ( standard errors) the effects of exercise on lean body mass and bone mineral density, based only on randomization and not on adjustment for other factors like gender.  Repeat for the effects of nutrition.  In particular, calculate the P-value corresponding to the one "P < .05" reported in the footnote of Table 3.

d) Although from part (c) there is a tendency toward the desired results, the standard errors are generally large.  Assuming no interaction of the two treatments (nutrition and exercise), determine the required sample size 

(equal in all 4 groups) to detect a 0.001g/cm2  increase in bone mineral density attributable to nutrition, with 

90% power at a 5% level of significance.

e)  Briefly, repeat the sample size determination in the presence of an interactive effect of the two treatments: exercise with nutrition doubles the increase in bone mineral density due to nutrition alone.  What cost can be attributed to the presence of this interaction?

f)  Describe in lay language for yourself and for older generation members (e.g., your parents) what this study suggests as helpful to increase lean body mass and bone mineral density.

SCORING:  a) 4,    b) 3,    c) 5,    d) 7,    e) 3,    f) 3;    TOTAL 25

QUESTION 6

Longitudinal Design and Analysis for Continuous Responses

Introduction

       The Departments of Psychiatry and Nutrition have requested your advice on the design and analysis of an experiment that will help to determine the mechanisms of weight gain in patients on antipsychotic drug therapy.  Background and details of the study protocol are given below in the "Protocol Overview" section. 

Study Design

       The intent is to recruit a total of 200 subjects (100 in each of two groups).  The subjects in the study will be normal healthy volunteers 18-65 years of age.  The i-th subject will have a set of primary response vectors recorded at baseline and triweekly thereafter:  

{Yij,  j = 0, 3, 6, 9, 12}, in which Yij (2x1) = [ body_fat (kg), energy (calories) ]'.

Here "body_fat" is the computed mass attributed to adipose tissue and "energy" is excess energy per day computed as the difference between 24-hour caloric intake and 24-hour energy expenditure. Previous experience with similar data suggests that multivariate normal assumptions about these response vectors may be appropriate.  Self-reported race will be recorded at time of entry into the study.  Other subject characteristics and secondary outcome variables will also be observed.   Age-gender strata of interest are males under 40 (M+), males 40 years and older (M-),  pre-menopausal females (M+), and post-menopausal females (F-).   The study is intended to address the hypotheses indicated in the background and details section (below).

Assignment

Step 1.
Write a data analysis plan which takes account of the nature of the scientific questions, any correlations among observations, and issues of multiple testing.  Be sure to comment briefly on choices you make about approaches and assumptions.  Specify details of your strategies (e.g., model fitting / reduction strategies.)  Your plan should include steps for description of the data, primary inferential analysis, and secondary diagnostic analyses which examine the impact of perturbing the assumptions and methods selected.  Be specific – as specific as you would be if you were writing directions to tell someone how to drive to your home.  BE BRIEF, but accurate.

Step 2.
Provide a short paragraph that could be used for the "statistical methods" section of the scientific paper that is to be published at the end of the study.   BE BRIEF, but accurate. 

Step 3.
Use the information in the accompanying  Tables 1 and 2  to generate by simulation a dataset (ATYPICAL.SSD) that includes the following variables:



ID                 
unique identifier of subject



GENDER
M+, M-,  F+, F-



DRUG     
A (olanzapine), B (placebo)



WEEK     
j = 0, 3, 6, 9, 12



BODY_FAT
kg



ENERGY
excess calories per day  

Do this by using the SAS program provided in O:\BIOSLIB\BASICS\2000\ATYPICAL.SAS.  This program uses a pseudo-random number generator in a manner appropriate for simulating multivariate normal data. Then, to provide greater realism in the dataset, it randomly selects 20 of the BODY_FAT data values, and 20 of the ENERGY data values, and sets all 40 of them to "missing".   In this program, specify your own seed values (there are three of them) so that your results are student-specific and reproducible.  It is your responsibility to make sure that the program is flawless in its logic.

Step 4.
Write a brief paragraph describing the steps/methods you used in your simulation.  Be sure to mention the numeric values of the seeds you used. BE BRIEF, but accurate.

Step 5.
Execute the most important parts of the analysis plan formulated in Step 1 using the dataset generated in Step 3. In every way, try to treat the Step-3 dataset just as you would real data.  Briefly summarize the results. 

Step 6
 Briefly describe how you could, in principle, explore the statistical properties of your analysis plan (e.g., power of  hypothesis tests) by repeating the computations of Steps 3 and 5 many times with different seed values. Note well that you are not being asked to repeat Steps 3 and 5 at this time.   

Scoring:   7,  3,  3,  4,  6,  2  points respectively for  Steps 1 - 6.

Table 1:

Anticipated Mean Levels of the Primary Outcome Variables

for each Treatment Group and Evaluation


                     Body Fat                            Energy


Sex  Drug      0     3      6     9     12      0      3     6      9     12


 F+     A      8     9     11    12     12      0     30    100   100    100


 F+     B      8     8      8     8      8      0      0      0     0      0


 F-     A     12    13     15    16     16      0     50    110   110    110


 F-     B     12    12     12    12     12      0      0      0     0      0


 M+     A      8     9     11    12     12      0     30    100   100    100


 M+     B      8     8      8     8      8      0      0      0     0      0


 M-     A     14    15     17    18     18      0     50    110   110    110


 M-     B     14    14     14    14     14      0      0      0     0      0

NOTE:    These "anticipated" mean levels were conjectured by a committee of the Institute of Medicine and may or may not be realistic.    For example, the form and content of the table implicitly suggest that other factors such as race and exact years of age are not particularly relevant.  When choosing your analysis plan (Step 1),  you should  freely formulate your own conclusions about what should and should not be assumed.

Table 2:

Correlations  and  Variances for the Primary Outcomes

(assumed to be common to all strata and diets)

Correlation Matrix:

                        Body_Fat                          Energy

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

             1     2      3     4      5            1     2      3     4      5

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

      1      1    .57    .46   .51    .63         .18   .29    .15   .19    .18

      2            1     .77   .30    .34         .17   .21    .38   .23    .14

      3                   1    .29    .34         .18   .24    .26   .31    .13

      4                         1     .25         .13   .19    .22   .17    .32

      5                                1          .08   .15    .17   .12    .17

      1                                            1    .80    .56   .54    .59

      2                   (symmetric)                    1     .56   .54    .56

      3                                                         1    .74    .31

      4                                                               1     .30

      5                                                                      1

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

                       Body Fat                             Energy

             0     3      6     9      12           0     3     6      9    12

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

Variances    2.    2.     2.    2.     2.           9     9     9      9     9

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

NOTE:  These "anticipated" correlations and variances were conjectured and may or may not be realistic. 

For example, the form and content of the table implicitly suggest that the variance-covariance structure has particular properties.  When choosing your analysis plan (Step 1), you should freely formulate your own conclusions about what should and should not be assumed.

Protocol Overview 


Weight gain is a common side effect of the atypical antipsychotics drug therapy [Briffa D., 1998][Allison, 1999].  Clinical trials of the efficacy and safety of the atypical antipsychotics show weight gain in 50% to 80% of study subjects (Briffa D. 1998).   The unintended weight gain is often substantial, may adversely affect health, and may result in the discontinuation of the medication in some patients who experienced a good therapeutic response.  We conjecture that weight gain with olanzapine is due to an increase in fat mass, which is secondary to an increase in caloric energy intake combined with a decrease in energy expenditure.  Additionally, the alarming possibility that the new antipsychotics are causing life threatening metabolic changes warrant in depth investigation.  


The widespread use of atypical antipsychotic drugs such as olanzapine, risperidone, quetiapine, and clozapine, for diverse indications (e.g., schizophrenia, atypical depression, borderline personality, Parkinson's disease, dementia) has heightened awareness of weight gain as an adverse effect, but very little is known about the underlying mechanisms involved.  Whereas most typical antipsychotic drugs produce modest changes in weight, the use of the newer atypical antipsychotic drugs is associated with more marked weight gain in many patients.  Consequently it is thought that the weight gain cannot be entirely attributed to the patient's return to a more normal life style; i.e., upon feeling better the patient returns to having a normal interest in a normal diet. Characterization of changes in body weight and energy balance before and after initiation of treatment would provide insight into the mechanism of weight gain and guide proper management in subjects who are adversely affected.  It has been conjectured that the atypical antipsychotics exert their weight gaining effects through antagonism of serotonin and histamine, both important regulators of hunger and satiety. While antipsychotic medications are associated with body weight changes, the role of the underlying disease state should be taken into account. Many patients with schizophrenia ignore personal care while acutely ill. With regard to body weight, this may be manifested as either weight gain or weight loss. Another potential factor affecting body weight in patients with schizophrenia is the relatively common incidence of food consumption disorders in these patients. 


The proposed study in adult normal healthy volunteers will provide a foundation for subsequent studies in  schizophrenic patients.  We propose to study the effect of olanzapine on changes in energy intake, energy expenditure, weight, and body composition.  The study will be a double-blind, placebo-controlled, single-center, randomized trial conducted over a 12-week period. We will study N=200 subjects of ages 18-65 who will be recruited over a 2-year period.  Relative to placebo, it is anticipated that the subjects randomized to receive olanzapine will experience, to a greater degree, increased caloric intake, decreased physical activity, increased weight, and increased percent body fat.  It is also anticipated that disruption of energy balance (increased caloric intake and decreased physical activity) will be positively associated with increased weight and increased percent body fat.  It is also anticipated that increased weight will be primarily in body fat rather than in lean mass.

Specific Aims


This study is designed to assess the effect of the atypical antipsychotics on energy balance, and ultimately to explain the cause of the observed weight gain.  

 Aim 1: Evaluate the effect of olanzapine (relative to placebo) on energy balance and  body fat  

 Aim 2: Evaluate the association of change in energy balance with change in body fat in each arm of the study.  

Previous Studies


Weight Gain and Atypical Antipsychotics:  Data on patient body weight were gathered and analyzed by Eli Lilly Co. from nearly 70 clinical trials with olanzapine. An analysis of patients who gained weight, stratified by the amount of weight gained, is outlined in the table below. These data suggest that there was a nearly equal distribution among patients who experienced no weight gain (or weight loss), who experienced a moderate amount of weight gain, and those who experienced potentially clinically significant weight gain.


Amount 
6 weeks

6 months
12 months
24 months


Gained (kg)
(n=2,976)
(n=1,536)
(n=778)

(n=422)



 
(%)
 
(%)

(%)

(%)


0
 
27
 
21
 
20
 
22


(0, 5]
 
57
 
34
 
25
 
22


(5, 10]
 
15
 
26
 
25
 
22


(10, 15]

  2
 
12
 
16
 
18


>15
 
  0
 
  6
 
14
 
16


Predictors of Weight Gain:  Kinon et al (1998) analyzed data from the largest olanzapine clinical trial (Tollefson et al 1997) in an attempt to identify predictors of weight gain associated with olanzapine. This trial compared the safety and efficacy of olanzapine with haloperidol in 1996 patients. Using the ANOVA model, 10 clinically relevant factors for weight gain were evaluated for a potential association with patient weight gain. These 10 factors were age group, gender, alcohol use, smoking, appetite, baseline BMI (body mass index:  wt / ht2 in units of kg/cm2), clinical response (as measured by reduction in Brief Psychiatric Rating Scale [BPRS]score), dose, geographic region, and observation time within interval. Data were analyzed at Weeks 6, 30, and 52. Of the 10 factors analyzed at 52 weeks, 5 were statistically significantly associated with weight gain among olanzapine-treated patients. These factors included increased appetite, good clinical response, and baseline BMI.    The same analyses described above were also conducted for haloperidol treated patients. As a group, these patients did not experience weight gain to the same extent as olanzapine treated patients. However, as with olanzapine, the factors of increased appetite, clinical response, baseline BMI, and patient age were statistically significantly associated with weight gain in haloperidol treated patients.   A second analysis using data from a study comparing olanzapine and risperidone found results consistent with those described above. The most robust predictors of weight gain in this analysis were clinical improvement and baseline BMI.  The results of these analyses are consistent with observations from earlier studies, which found an association between weight gain and good clinical response (Holden 1970, Klett and Caffey 1960, Singh et al 1970, Planasky 1958, Leadbetter et al 1992, Frankenburg et al 1998) and/or low baseline BMI (Hummer et al 1995, Umbricht et al 1994).

Protocol Specifications


Following the baseline evaluation and randomization, treatment with either placebo or olanzapine (5 mg daily) will be initiated.   All subjects will be seen weekly for clinical and weight monitoring.   Should akathisia, or Parkinsonian adverse effects emerge, the dose of olanzapine may be reduced. At the end of the 12-week study, all patients who have gained more than 7% of their baseline weight, and all patients that have a BMI greater than or equal to 27 will be offered a 12 week weight reduction intervention.  The intervention will include a structured dietary counseling and exercise program directed at reducing caloric intake and increase activity for all subjects. 


Body Weight:  Changes in body size are commonly studied in the form of weight, percent body weight or BMI.  Weight change as a percent of baseline weight is sometimes preferred because of the clinical observation that very obese subjects can have wide transient fluctuations in weight and the theory that larger changes in weight are needed to produce clinical changes in the heaviest patients. We will collect weekly data for weight and BMI.  


Body Composition:  Weight change is a surrogate measure of change in body fat.  Despite the strong utility of weight and BMI, they both provide only limited insight into overall % body fat  (correlation between % body fat and BMI is approximately 0.7).  Fat free mass is also gained as weight is gained, but the aim is to determine fat gain.  Body fat can be measured with a number of tools that vary widely in precision, accuracy and cost.   Measurement of body fat by Dual Energy X-ray Absorptiometry (DEXA) (Laskey 1996) has been used to determine baseline and change in body fat in response to a particular intervention, usually weight loss.  DEXA will be performed before and at 12 week of treatment to measure body composition: fat mass, fat-free mass, skeletal mass, and body water.  


Fat Distribution:  Measurement of visceral fat is desirable because of its association with the metabolic syndrome.  The gold standard for measurement of visceral fat is CT or MRI, however waist and hip circumference are used as a valid surrogate marker.  In this study, waist and hip circumferences will be obtained before and after treatments to assess changes in  abdominal fat.


Energy Balance: When dietary intake exceeds energy expenditure, the excess energy is stored as body fat in adipose tissue depots.  Energy intake is the consumption and digestibility of macronutrients and alcohol in the form of beverages and food.  Energy expenditure includes resting metabolic rate (60%), physical activity (30%), and the thermic effect of food (TEF) (10%).  Physical activity is further divided into leisure (exercise) and daily activity.   Non-exercise thermogenesis (NEAT) is computed as 



NEAT  =   (total activity) - (exercise activity) - (TEF) 

A recent study showed that NEAT correlated most highly with weight gain in normal subjects overfed 1000 kcal/day (Levine JA. 1999).  In this study we will assess energy balance using the methods described and will attempt to determine which components of the energy equation best predicts olanzapine-induced weight gain. 


Energy Intake:  Dietary intake will be measured using food-record assisted 24-hour dietary recalls.  The subjects will be taught to keep a simple food record.  This food record will describe the types of foods consumed, and used as a memory prompt during the 24-hour recall interview the following day.  Trained personnel will conduct this interview.  The interviewer will assess the amount of food consumed using a variety of visual aids to help estimate portion sizes.  Dietary information will be entered directly onto a lap-top computer using the Nutrition Data System of NCI.  We recognize that a single 24-hour recall is inadequate for characterizing an individual's food intake.  However, grouped 24-hour recalls can be an effective tool for measuring caloric intake. 


Energy Expenditure:   24-hour energy expenditure will be measured by using the method of doubly labeled water.  The extension of this method to humans has led to a major advance in energy expenditure research.  The technique uses stable isotopes to label water (2H218O) then the turnover of 2H2O and H218O in body water.  This is used to estimate CO2 production and 24-hour energy expenditure through the administration of an oral isotope and 24-hour urine collections.   We will to perform these studies on subjects at baseline and at 12 weeks.


Resting Metabolic Rate (RMR) by Indirect Calorimetry:  RMR will be measured with a metabolic cart at baseline and at 12 weeks.  RMR will be normalized for body weight and fat-free mass since we predict that both variables will change with the intervention.  


Post-Prandial TEF by Indirect Calorimetry:  TEF will be measured with a metabolic cart immediately after a meal.  


Assisted Physical Activity Recall:   To assess overall daily activity, subjects will be asked to maintain a diary and interviewed for the 3 days prior to designated visits.  A questionnaire for the assessment of leisure time physical activities will be administered and weekly cost of activity estimated from tables of caloric expenditure.  Activity level will help define weight change for each subject.  To help validate the activity recall, and determine whether there is a change in daily activity, subjects will wear device for measuring activity at baseline and at week 12.


Metabolism:  To assess changes in glucose metabolism, we will measure fasting blood glucose, insulin, C-peptide, and capillary blood glucose at each weekly visit.  We will also measure total cholesterol (TC) and its components (HDL, LDL, VLDL), and triglycerides (TG) at baseline and 12 weeks.
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