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Biost 517

Applied Biostatistics I

Final Examination
December 12, 2007
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. 
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.)

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 consider investigations of peripheral vascular disease in the elderly. In particular, we are interested in how decreased blood flow in the legs might vary by sex and age. Our measure of peripheral vascular disease is the “ankle : arm index” (abbreviated AAI), which is the ratio of the systolic blood pressure measured in the ankle, to the systolic blood pressure measured in the arm. Ratios less than 1.0 suggest that the patient is getting less blood flow to his/her legs, which is generally regarded as a bad thing. 
Descriptive statistics are provided on the following variables for data gathered on 735 patients:

age:
the patient’s age in years

male:
an indicator that the patient is male (so 0= female, 1= male)

AAI:
the ankle arm index (a dimensionless ratio, so having no units)
	
	N
	Mean
	SD
	Min
	p25
	Median
	p75
	Max

	Females (n= 369)

	Age
	369
	74.41
	5.26
	65
	71
	73
	78
	91

	AAI
	364
	1.095
	0.168
	0.317
	1.024
	1.102
	1.190
	1.728

	Males (n= 366)

	Age
	366
	74.73
	5.64
	66
	71
	74
	78
	99

	AAI
	362
	1.111
	0.196
	0.421
	1.033
	1.126
	1.226
	1.711

	All Subjects (n= 735)

	Age
	735
	74.57
	5.45
	65
	71
	74
	78
	99

	AAI
	726
	1.103
	0.183
	0.317
	1.027
	1.112
	1.207
	1.728


Histogram of AAI by sex.
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Scatterplot of AAI by Age and superimposed lowess smooths within sex strata (females denoted by “+” and dashed line, males denoted by “(” and solid line).
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1.  (15 points) The following is Stata output reporting the results of t-tests performed on the data.

. ttest AAI, by(male)

Two-sample t test with equal variances

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

  Female |  364    1.095299    .0088288    .1684419    1.077938    1.112661

    Male |  362    1.111236    .0103106    .1961721     1.09096    1.131513

combined |  726    1.103246    .0067859    .1828431    1.089923    1.116568

    diff |        -.0159367    .0135684               -.0425748    .0107014

    diff = mean(Female) - mean(Male)                           t =  -1.1745

Ho: diff = 0                                  degrees of freedom =      724

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

 Pr(T < t) = 0.1203        Pr(|T| > |t|) = 0.2406       Pr(T > t) = 0.8797

. ttest AAI, by(male) unequal

Two-sample t test with unequal variances

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

  Female |  364    1.095299    .0088288    .1684419    1.077938    1.112661

    Male |  362    1.111236    .0103106    .1961721     1.09096    1.131513

combined |  726    1.103246    .0067859    .1828431    1.089923    1.116568

    diff |        -.0159367    .0135741                -.042587    .0107136

    diff = mean(Female) - mean(Male)                           t =  -1.1741

Ho: diff = 0                  Satterthwaite's degrees of freedom =  706.651

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

 Pr(T < t) = 0.1204      Pr(|T| > |t|) = 0.2408          Pr(T > t) = 0.8796

a. From the above analyses (state which one you use and why), what conclusion do you reach about an association between AAI and sex. Make clear the summary measure used to define an association, provide estimates of that summary measure if possible, and the quantify the strength of statistical evidence used to justify your conclusion.
2. (20 points) Suppose instead of the t-tests presented in problem 1, I had instead performed a classical linear regression (without “robust” standard errors) of AAI as the response variable and male as the predictor variable. 

a. What would be the estimate of the intercept from that regression?

b. What would be the estimate of the slope from the linear regression?

c. What would have been the P value reported for the test that the slope parameter was 0?

d. How would your answers to parts a – c change if I had used the robust standard error estimates?

3. (15 points) Suppose I created a variable logAAI that is the log transformation of the AAI  measurement. The following is Stata output reporting the results of a t-test performed on the log transformed data.

. g logAAI= log(AAI)

. ttest logAAI, by(male) unequal

Two-sample t test with unequal variances

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

  Female |     364    .0772517    .0091816    .1751735    .0591959    .0953075

    Male |     362    .0870785    .0106321    .2022903    .0661698    .1079872

combined |     726    .0821516    .0070187    .1891143    .0683722    .0959309

    diff |           -.0098268    .0140479               -.0374073    .0177538

    diff = mean(Female) - mean(Male)                              t =  -0.6995

Ho: diff = 0                     Satterthwaite's degrees of freedom =  708.399

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

 Pr(T < t) = 0.2422         Pr(|T| > |t|) = 0.4845          Pr(T > t) = 0.7578
a. From the above analyses, what conclusion do you reach about an association between AAI and sex. Make clear the summary measure used to define an association, provide estimates of that summary measure if possible, and quantify the strength of statistical evidence used to justify your conclusion.

4. (15 points) Suppose I created a variable AAIlow that indicates when the AAI is less than or equal to 0.9.The following is Stata output reporting the results of analyses performed on the indicator variable
. g AAIlow= AAI

. recode AAIlow 0/0.9=1 0.9/max=0

. ttest AAIlow, by(male) unequal

Two-sample t test with unequal variances

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

  Female |     364    .0961538    .0154731    .2952079    .0657257     .126582

    Male |     362     .121547     .017198    .3272141    .0877261    .1553678

combined |     726    .1088154    .0115654    .3116222    .0861098    .1315211

    diff |           -.0253931    .0231341                -.070812    .0200257

    diff = mean(Female) - mean(Male)                              t =  -1.0976

Ho: diff = 0                     Satterthwaite's degrees of freedom =  715.643

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

 Pr(T < t) = 0.1364         Pr(|T| > |t|) = 0.2727          Pr(T > t) = 0.8636

. cs AAIlow male

                 | male                   |

                 |   Exposed   Unexposed  |      Total

           Cases |        44          35  |         79

        Noncases |       318         329  |        647

           Total |       362         364  |        726

                 |                        |

            Risk |   .121547    .0961538  |   .1088154

                 |                        |

                 |      Point estimate    |    [95% Conf. Interval]

Risk difference |         .0253931       |   -.0198864    .0706726 

      Risk ratio |         1.264088       |    .8310635    1.922741 

 Attr. frac. ex. |         .2089161       |   -.2032775     .479909 

 Attr. frac. pop |         .1163583       |                       ​_
                               chi2(1) =     1.21  Pr>chi2 = 0.2720

.

a. From the above analyses (state which one you use and why), what conclusion do you reach about an association between AAI and sex. Make clear the summary measure used to define an association, provide estimates of that summary measure if possible, and quantify the strength of statistical evidence used to justify your conclusion.

5. (15 points) The following is Stata output reporting the results of Wilcoxon ranksum test performed on the data.

. ranksum AAI, by(male) porder

Two-sample Wilcoxon rank-sum (Mann-Whitney) test

        male |      obs    rank sum    expected

      Female |      364    126008.5      132314

        Male |      362    137892.5      131587

    combined |      726      263901      263901

unadjusted variance  7982944.67

adjustment for ties      -26.66

adjusted variance    7982918.01

Ho: AAI(male==Female) = AAI(male==Male)

             z =  -2.232

    Prob > |z| =   0.0256

P{AAI(male==Female) > AAI(male==Male)} = 0.452

a. From the above analyses, what conclusion do you reach about an association between AAI and sex. Make clear the summary measure used to define an association, provide estimates of that summary measure if possible, and quantify the strength of statistical evidence used to justify your conclusion.

6. (15 points) The following is Stata output reporting the results of a proportional hazards analysis performed on the data.

. stset AAI

. stcox male, robust

         failure _d:  1 (meaning all fail)

   analysis time _t:  AAI

Cox regression -- Breslow method for ties

No. of subjects      =          726              Number of obs   =       726

No. of failures      =          726
Time at risk         =  800.9564995

                                                 Wald chi2(1)    =      6.23

Log pseudolikelihood =   -4058.1516              Prob > chi2     =    0.0125

           |               Robust

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

      male |   .8278939   .0626331    -2.50   0.013     .7138027    .9602208

a. Why is this analysis a bit unusual? (That is, when would this analysis more typically be used?) Is it valid in this instance?
b. From the above analyses, what conclusion do you reach about an association between AAI and sex. Make clear the summary measure used to define an association, provide estimates of that summary measure if possible, and quantify the strength of statistical evidence used to justify your conclusion.

7. (10 points) How would you resolve any discrepancies among the above analyses? That is, provide possible explanations for making different conclusions about the association between AAI and sex.
8.  (40 points) The following output provides a linear regression analysis of AAI regressed on age.

. regress AAI age, robust

Linear regression                                      Number of obs =     726

                                                       F(  1,   724) =   24.83

                                                       Prob > F      =  0.0000

                                                       R-squared     =  0.0289

                                                       Root MSE      =   .1803

             |               Robust

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

         age |  -.0056911    .001142    -4.98   0.000    -.0079331   -.0034491

       _cons |   1.527554   .0850613    17.96   0.000     1.360558    1.694551
a. Provide an interpretation of the intercept in the above model. What scientific use would you make of this estimate?

b. Provide an interpretation of the slope in the above model? What scientific use would you make of this estimate?
c. Based on the above analysis, is there evidence of an association between age and the ankle : arm index? Explain your reasoning.

d. Based on the above analysis, can you estimate the correlation between AAI  and age? If so, do so.

e. Is there evidence of a statistically significant correlation between age and the AAI? Explain your reasoning.

f. According to the above model, what would be your estimate of the average AAI in a population of 70 year olds? Do you feel that this estimate is trustworthy? Explain your reasoning.

g. According to the above model, what would be your estimate of the standard deviation of  AAI in a population of 70 year olds? Do you feel that this estimate is trustworthy? Explain your reasoning.

h. Do you believe the above analysis results might be confounded by sex? Explain your reasoning.

9.  (Bonus: 20 points) The following output provides a linear regressions of AAI on age separately for each sex..

. regress AAI age if male==0, robust

Linear regression                                     Number of obs =     364

                                                      F(  1,   362) =   11.99

                                                      Prob > F      =  0.0006

                                                      R-squared     =  0.0222

                                                      Root MSE      =  .16679

            |               Robust

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

        age |  -.0047668   .0013765    -3.46   0.001    -.0074737   -.0020599

      _cons |    1.44989   .1037099    13.98   0.000     1.245941     1.65384

. regress AAI age if male==1, robust

Linear regression                                     Number of obs =     362

                                                      F(  1,   360) =   14.09

                                                      Prob > F      =  0.0002

                                                      R-squared     =  0.0361

                                                      Root MSE      =  .19286

            |               Robust

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

        age |    -.00659   .0017558    -3.75   0.000    -.0100428   -.0031372

      _cons |   1.603684   .1301177    12.32   0.000     1.347798    1.859571

a. Does the above analysis suggest evidence that sex modifies the effect of age on AAI? Justify your answer
b. Is any effect modification by sex statistically significant? Justify your answer.









