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Biost 517

Applied Biostatistics I

Final Examination
December 15, 2010
Name:                                                                                                          _
Instructions: Please provide concise answers to all questions. Rambling answers touching on topics not directly relevant to the question will tend to count against you. Nearly telegraphic writing style is permissible..
The examination is closed book and closed notes. You may use calculators, but you may not use any special programs written for programmable calculators. Should you not have a calculator available, write down the equation that you would plug into a calculator.

NOTE: When you need to make calculations, always use at least four significant digits in your intermediate calculations, and report at least three significant digits.  (Example: 1.045 and 0.0001234 and 1234000 each have four significant digits.) You will not get full credit for the problem if your result is incorrect and I cannot figure out how you got it.
If you come to a problem that you believe cannot be answered without making additional assumptions, clearly state the reasonable assumptions that you make, and proceed.
Please adhere to and sign the following pledge. Should you be unable to truthfully sign the pledge for any reason, turn in your paper unsigned and discuss the circumstances with the instructor.

PLEDGE:

On my honor, I have neither given nor received unauthorized aid on this examination:

                     Signed:                                                                                                     _
All problems deal with a subset of data from a randomized clinical trial of d-penicillamine in primary biliary cirrhosis (PBC). Analyses are presented in a series of Appendices:

Appendix A : Description of the variables and descriptive statistics (all problems)

Appendix B : Censoring distribution (problem 2)

Appendix C : Analyses of cholesterol by presence/absence of hepatomegaly (problem 3)

Appendix D : Analyses of hepatomegaly by cholesterol levels (problem 4)
Appendix E : Analyses of cholesterol by age (problems 5-6)

Appendix F : Analyses of cholesterol by age within hepatomegaly strata (problem 6)

Appendix G : Analysis of indicator of death by hepatomegaly (problem 7)

Appendix H: Analysis of survival time by cholesterol (problem 8)

1. (10 pts total) Refer to the descriptive statistics in Appendix A.
a. (5 pts) For which variables is it relevant to consider skewness and the presence of outliers?

b. (5 pts) Do any of the variables listed in part a appear to have a skewed distribution? If so, provide the evidence for those variables. (Be as complete as possible.)

2. (30 pts total) Refer to the descriptive statistics in Appendices A and B related to the length of follow-up for subjects in the study.

a. (5 pts) What is your best estimate for the median time of follow-up for subjects in the combined sample? How is it calculated?

b. (5 pts) What is your best estimate for the mean time of follow-up for subjects in the combined sample? How is it calculated?

c. (10 pts) Is there a statistically significant difference between the hepatomegaly groups with respect to the probability of being censored prior to 8 years (96 months)? Show how you derived your answer.

3. (40 pts total) Refer to the analyses of cholesterol by hepatomegaly in Appendix C.

a. (5 pts) Which of the two analyses presented do you prefer to use to answer the scientific question about an association between mean cholesterol and hepatomegaly?  Why?
b. (10 pts) Provide a very brief summary of the results of your chosen analysis suitable for a scientific report. Be sure to identify the summary measure considered, and correctly describe the interpretation of the confidence interval and p value.

c. (5 pts) Suppose I were interested in testing the hypothesis that the mean cholesterol would be 100 mg/dl higher in those with hepatomegaly than in those without hepatomegaly. Would such a hypothesis test be statistically significant? State your reasoning.
d. (5 pts) Suppose I were to perform a linear regression of cholesterol (response variable) on hepatomegaly (predictor). What would be the estimate of the intercept?

e. (5 pts) Suppose I were to perform a linear regression of cholesterol (response variable) on hepatomegaly (predictor). What would be the estimate of the slope?

f. (5 pts) Suppose I were to perform a classical linear regression of cholesterol (response variable) on hepatomegaly (predictor). What would be the p value for the slope parameter?

g. (5 pts) Suppose I were to perform a linear regression with robust standard errors of cholesterol (response variable) on hepatomegaly (predictor). What would be the approximate p value for the slope parameter?

4. (30 pts total) Refer to the analyses of hepatomegaly by cholesterol in Appendix D.

a. (5 pts) Which of these analyses can be used to address the scientific question about an association between cholesterol and hepatomegaly? Which analysis do you prefer a priori? Why?

b. (5 pts) Provide an estimate of the association between cholesterol and hepatomegaly using the analysis you identified in part a. Be sure to indicate the summary measure and the groups being compared that you used to quantify the magnitude of the association.

c. (5 pts) Is the association you estimated in part b statistically significant? Provide the p value you used to answer the question.

d. (10 pts) What is the estimated probability of hepatomegaly for a subject who has a cholesterol of 300?

e. (5 pts) How would your answer to part a change if instead of randomly sampling 284 subjects with PBC and then characterizing their hepatomegaly, we had sampled 137 patients from among PBC patients without hepatomegaly and 147 patients from among PBC patients with hepatomegaly?
5. (50 pts total) Refer to the analyses of cholesterol by age in Appendix E.
a. (5 pts) What is your best estimate of mean cholesterol in subjects who are 50 years old?

b. (5 pts) What is your best estimate of mean cholesterol in subjects who are 51 years old?

c. (5 pts) How reliable do you think your answers to parts a and b  are? State your reasoning.
d. (5 pts) Provide an interpretation for the estimated intercept. What scientific use would you make of this estimate?

e. (5 pts) Provide an interpretation for the estimated slope. What scientific use would you make of this estimate.

f. (5 pts) Does this analysis suggest that cholesterol is associated with age? Provide the p value you use to make this decision.

g. (5 pts) What is the correlation between cholesterol and age in the combined sample?

h. (5 pts) Are cholesterol and age significantly correlated in the combined sample? Provide the p value you use to make this decision.

i. (5 pts) Provide a confidence interval for the difference in cholesterol associated with a 10 year difference in age?

j. (5 pts) What does this analysis say about an individual patient’s trend in cholesterol as they grow older?

6. (15 pts total) Refer to the analyses of cholesterol by age and hepatomegaly in Appendices E and F.

a. (5 pts) Does hepatomegaly confound the association between age and cholesterol? Briefly state your reasoning.

b. (10 pts) Is there statistically significant evidence that hepatomegaly modifies the association between age and cholesterol? Briefly state your reasoning.

7. (10 pts) Refer to the analyses of the indicator of death and the indicator of hepatomegaly in Appendix G. What does this analysis tell us about an association between mortality and hepatomegaly?

8. (20 pts total) Refer to the analyses of survival time and cholesterol in Appendix H.
a. (5 pts) Which of these analyses can be used to assess an association between survival time and cholesterol at study entry? Which would you a priori prefer? Why?

b. (5 pts) Provide an interpretation for the slope in the analysis based on (untransformed) cholesterol. Be sure to indicate the summary measure and the groups being compared. 

c. (5 pts) Provide an interpretation for the slope in the analysis based on log transformed cholesterol. Be sure to indicate the summary measure and the groups being compared.
d. (5 pts) Using the analysis you indicated in part a, is there a statistically significant association between survival time and cholesterol? Provide a p value in support of your decision.

APPENDIX A: Description of variables and descriptive statistics
A randomized clinical trial of d-penicillamine in the treatment of primary biliary cirrhosis (PBC) was conducted at the Mayo Clinic. Subjects were recruited to the study from a cross-section of patients seen at the Mayo Clinic with moderate to severe PBC. The clinical trial did not show evidence of an effect of the study treatment, and we will ignore the treatment variable. This exam thus considers the following variables on a random subset of 284 subjects from that clinical trial. 
age: 
age in years of the participant at the time of study entry
cholest:
serum cholesterol of the participant at the time of study entry (mg/dl). Liver disease often affects cholesterol levels, because the damaged liver does not correctly process dietary fat
hepmeg
indicator of the participant having hepatomegaly (an enlarged liver) at the time of study entry (0= absent, 1= present)

obstime:
time (in months) from when the participant entered the study until participant death or data analysis, whichever came first
death
indicator of that the participant was observed to die while under study (0= obstime represents a censored observation for a patient still alive at end of study, 1= obstime represents time of an observed death)

The following table presents descriptive statistics for the above variables within strata defined by the absence or presence of hepatomegaly, as well as for the entire sample. Descriptive statistics include the sample size (N), sample mean, sample standard deviation (sd), sample minimum (min), sample 25th percentile (p25), sample median (p50), sample 75th percentile (p75) and sample maximum (max).:
. tabstat age cholest obstime death, by(hepmeg) stat(n mean sd min q max) col(stat)
Summary for variables: age cholest obstime death

     by categories of: hepmeg 

Variable |       N    mean      sd     min     p25     p50     p75     max

         |

         |                     hepmeg==0
         |

     age |     137    49.0    10.7    28.9    40.9    48.5    56.4    76.7

 cholest |     137   336.5   157.7   120.0   239.0   298.0   390.0  1276.0

 obstime |     137    75.3    36.5     1.3    46.4    75.7   101.6   149.9

   death |     137   0.270   0.446   0.000   0.000   0.000   1.000   1.000

         |

         |                     hepmeg==1
         |

     age |     147    50.8    10.3    26.3    43.6    51.9    57.0    78.4

 cholest |     147   400.3   281.3   149.0   253.0   322.0   420.0  1775.0

 obstime |     147    56.4    34.4     2.3    29.7    53.1    75.6   148.8

   death |     147   0.524   0.501   0.000   0.000   1.000   1.000   1.000

         |

         |                     Combined
         |

     age |     284    50.0    10.5    26.3    42.4    49.8    56.7    78.4

 cholest |     284   369.5   231.9   120.0   249.0   309.5   400.0  1775.0

 obstime |     284    65.5    36.6     1.3    39.2    59.8    88.9   149.9

   death |     284   0.401   0.491   0.000   0.000   0.000   1.000   1.000

APPENDIX B: Censoring distribution

I created a variable to indicate censoring, and obtained descriptive statistics based on Kaplan-Meier estimates of the censoring distribution:
. g censor = 1 - death

. stset obstime censor
(Estimates of distribution at specific times)

. sts list, at(24 48 72 96 120) by(hepmeg)

           Beg.        Survivor      Std.

    Time  Total  Fail  Function    Error     [95% Conf. Int.]

hepmeg=0 

      24    130     0   1.0000         .          .         .

      48     98    24   0.8048    0.0358     0.7229    0.8647

      72     73    19   0.6419    0.0440     0.5488    0.7207

      96     42    23   0.4256    0.0471     0.3325    0.5155

     120     19    17   0.2346    0.0435     0.1553    0.3235

hepmeg=1 

      24    126     1   0.9924    0.0076     0.9471    0.9989

      48     80    17   0.8303    0.0367     0.7435    0.8899

      72     45    25   0.5453    0.0524     0.4372    0.6411

      96     21    16   0.3171    0.0537     0.2158    0.4230

     120     12     5   0.2326    0.0513     0.1405    0.3382

(Estimates of mean time to censoring)

. stci , rmean by(hepmeg)

       |   no. of  restricted

hepmeg | subjects        mean   Std. Err.    [95% Conf. Interval]

     0 |      137    87.97372   3.304785      81.4965     94.451

     1 |      147     83.3581   4.015486      75.4879    91.2283

 total |      284    85.91789   2.534196       80.951    90.8848

(Estimates of median time to censoring)

. stci , p(50) by(hepmeg)

       |   no. of 

hepmeg | subjects         50%   Std. Err.    [95% Conf. Interval]

     0 |      137    85.82236   5.364722      77.3026    97.8947

     1 |      147    75.46053   5.009506      63.5526    84.0789

 total |      284    80.78947   3.183045      74.7368    87.6974

APPENDIX C: Analyses of serum cholesterol by presence/absence of hepatomegaly

. ttest cholest, by(hepmeg)

Two-sample t test with equal variances

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

   Group |     Obs        Mean    Std. Err.   Std. Dev.   [95% Conf. Interval]

---------+--------------------------------------------------------------------

       0 |     137    336.4818    13.47309    157.6984    309.8379    363.1256

       1 |     147    400.2925    23.20232    281.3131    354.4367    446.1483

---------+--------------------------------------------------------------------

combined |     284    369.5106    13.76338    231.9445     342.419    396.6021

---------+--------------------------------------------------------------------

    diff |           -63.81077    27.32973               -117.6069    -10.0146

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

    diff = mean(0) - mean(1)                                      t =  -2.3348

Ho: diff = 0                                     degrees of freedom =      282

    Ha: diff < 0                 Ha: diff != 0                 Ha: diff > 0

 Pr(T < t) = 0.0101         Pr(|T| > |t|) = 0.0203          Pr(T > t) = 0.9899

. ttest cholest, by(hepmeg) unequal

Two-sample t test with unequal variances

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

   Group |     Obs        Mean    Std. Err.   Std. Dev.   [95% Conf. Interval]

---------+--------------------------------------------------------------------

       0 |     137    336.4818    13.47309    157.6984    309.8379    363.1256

       1 |     147    400.2925    23.20232    281.3131    354.4367    446.1483

---------+--------------------------------------------------------------------

combined |     284    369.5106    13.76338    231.9445     342.419    396.6021

---------+--------------------------------------------------------------------

    diff |           -63.81077    26.83042               -116.6724   -10.94913

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

    diff = mean(0) - mean(1)                                      t =  -2.3783

Ho: diff = 0                     Satterthwaite's degrees of freedom =  232.661

    Ha: diff < 0                 Ha: diff != 0                 Ha: diff > 0

 Pr(T < t) = 0.0091         Pr(|T| > |t|) = 0.0182          Pr(T > t) = 0.9909

APPENDIX D: Analyses of presence/absence of hepatomegaly  by serum cholesterol

I created a variable to indicate cholesterol values greater than 300.:
. g cholgt300= cholest

. recode cholgt300 min/300=0 300/max=1

(Analysis by chi squared test)
. cs hepmeg cholgt300

                 | cholgt300              |

                 |   Exposed   Unexposed  |      Total

           Cases |        84          63  |        147

        Noncases |        67          70  |        137

           Total |       151         133  |        284

                 |                        |

            Risk |  .5562914    .4736842  |   .5176056

                 |                        |

                 |      Point estimate    |    [95% Conf. Interval]

 Risk difference |         .0826072       |   -.0334971    .1987115 

      Risk ratio |         1.174393       |    .9341447     1.47643 

 Attr. frac. ex. |         .1484962       |    -.070498    .3226903 

 Attr. frac. pop |          .084855       |                       _
                               chi2(1) =     1.93  Pr>chi2 = 0.1645

(Analysis by logistic regression)

. logistic hepmeg cholest, robust

Logistic regression                               Number of obs   =        284

                                                  Wald chi2(1)    =       5.96

                                                  Prob > chi2     =     0.0147

Log pseudolikelihood = -193.79156                 Pseudo R2       =     0.0147

             |               Robust

      hepmeg | Odds Ratio   Std. Err.      z    P>|z|     [95% Conf. Interval]

     cholest |   1.001363   .0005589     2.44   0.015     1.000268    1.002459

. logit hepmeg cholest, robust

Logistic regression                               Number of obs   =        284

                                                  Wald chi2(1)    =       5.96

                                                  Prob > chi2     =     0.0147

Log pseudolikelihood = -193.79156                 Pseudo R2       =     0.0147

             |               Robust

      hepmeg |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

     cholest |    .001362   .0005581     2.44   0.015     .0002681    .0024559

       _cons |  -.4241864   .2329655    -1.82   0.069    -.8807904    .0324175

APPENDIX E: Analyses of associations between cholesterol and age

Scatterplot of cholesterol by age within strata defined by hepatomegaly.
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(Linear regression analyses)
. regress cholest age, robust

Linear regression                                      Number of obs =     284

                                                       F(  1,   282) =    9.22

                                                       Prob > F      =  0.0026

                                                       R-squared     =  0.0248

                                                       Root MSE      =  229.45

             |               Robust

     cholest |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]

         age |   -3.47987    1.14585    -3.04   0.003    -5.735375   -1.224366

       _cons |   543.3602   64.50431     8.42   0.000     416.3891    670.3312

. g logchol= log(cholest)

. regress logchol age, robust

Linear regression                                      Number of obs =     284

                                                       F(  1,   282) =    9.59

                                                       Prob > F      =  0.0022

                                                       R-squared     =  0.0308

                                                       Root MSE      =  .43052

             |               Robust

     logchol |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]

         age |  -.0072867   .0023534    -3.10   0.002    -.0119191   -.0026542

       _cons |   6.161247   .1256451    49.04   0.000     5.913925    6.408568

APPENDIX F: Analyses of associations between cholesterol and age within hepatomegaly strata

I performed regression analyses separately for participants with hepatomegaly present, and those with no hepatomegaly.

. bysort hepmeg: regress cholest age, robust

-> hepmeg = 0.000

Linear regression                                      Number of obs =     137

                                                       F(  1,   135) =    4.04

                                                       Prob > F      =  0.0466

                                                       R-squared     =  0.0220

                                                       Root MSE      =  156.53

             |               Robust

     cholest |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]

         age |  -2.186267    1.08837    -2.01   0.047    -4.338727   -.0338062

       _cons |   443.6562   58.58103     7.57   0.000     327.8009    559.5114

-> hepmeg = 1.000

Linear regression                                      Number of obs =     147

                                                       F(  1,   145) =    6.82

                                                       Prob > F      =  0.0100

                                                       R-squared     =  0.0385

                                                       Root MSE      =   276.8

             |               Robust

     cholest |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]

         age |  -5.364114    2.05455    -2.61   0.010    -9.424848    -1.30338

       _cons |   672.9606   118.0349     5.70   0.000     439.6693    906.2518

.
APPENDIX G: Analyses of associations between death and hepatomegaly 

I performed a chi square analysis using the variables death and hepmeg.

. cs death hepmeg

                 | hepmeg                 |

                 |   Exposed   Unexposed  |      Total

-----------------+------------------------+------------

           Cases |        77          37  |        114

        Noncases |        70         100  |        170

-----------------+------------------------+------------

           Total |       147         137  |        284

                 |                        |

            Risk |  .5238095     .270073  |   .4014085

                 |                        |

                 |      Point estimate    |    [95% Conf. Interval]

                 |------------------------+------------------------

 Risk difference |         .2537365       |    .1439828    .3634902 

      Risk ratio |         1.939511       |    1.414726    2.658961 

 Attr. frac. ex. |         .4844061       |    .2931495    .6239133 

 Attr. frac. pop |         .3271866       |

                 +-------------------------------------------------

                               chi2(1) =    19.00  Pr>chi2 = 0.0000

APPENDIX H: Analyses of associations between survival time and cholesterol.

I performed proportional hazards regression analyses for cholesterol and for the logarithmically transformed cholesterol.

. stset obstime death

. stcox cholest, robust

No. of subjects      =          284                Number of obs   =       284

No. of failures      =          114

Time at risk         =  18605.92109

                                                   Wald chi2(1)    =     15.98

Log pseudolikelihood =   -563.78206                Prob > chi2     =    0.0001

             |               Robust

          _t | Haz. Ratio   Std. Err.      z    P>|z|     [95% Conf. Interval]

     cholest |   1.001132   .0002833     4.00   0.000     1.000577    1.001687

. g logchol = log(chol)

. stcox logchol, robust

No. of subjects      =          284                Number of obs   =       284

No. of failures      =          114

Time at risk         =  18605.92109

                                                   Wald chi2(1)    =     10.80

Log pseudolikelihood =   -563.59752                Prob > chi2     =    0.0010

             |               Robust

          _t | Haz. Ratio   Std. Err.      z    P>|z|     [95% Conf. Interval]

     logchol |   2.016513    .430284     3.29   0.001     1.327307    3.063589










