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Biost 517

Applied Biostatistics I

Final Examination
December 16, 2009
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.)

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:                                                                                                         _
Problems 1-5 use the following data set.

Some diseases of the nervous system are characterized by decreased velocity of impulse conduction along the nerve fibers. One way in which this conduction velocity can be measured is to stimulate a peripheral nerve fiber, and then to measure the time to the production of a characteristic somatosensory evoked potential (SEP) in the spinal cord or brain as measured by electrodes placed over the spine or head. There are no references currently, however, which identify the normal range of conduction velocities for humans. The following data arise from 250 normal individuals who consented to participate in a study to determine normal ranges.

height:  height in inches of the participant

age: 
age in years of the participant

sex:
sex of the participant (0= female, 1= male)

p60:
delay time (in milliseconds) to detection of the second positive SEP following stimulation of the right posterior tibial nerve  (average of right and left leg)
The following table contains descriptive statistics for these variables.
	sex
	N
	Mean
	SD
	Min
	p25
	Mdn
	p75
	Max

	Females

	Age (y)
	137
	52.3
	17.3
	20
	39
	53
	68
	81

	Height (in)
	137
	63.8
	2.9
	53
	62
	63
	66
	71

	p60 Delay time (msec)
	137
	61
	4.5
	48.6
	57.6
	61.1
	63.9
	70.7

	Males

	Age (y)
	113
	49.8
	17.2
	20
	36
	48
	65
	84

	Height (in)
	113
	69.3
	3.5
	59
	67
	69
	72
	77

	p60 Delay time (msec)
	113
	63
	4.4
	54
	60
	62.7
	65.7
	76.4


1. (25 points) The following analysis was performed to examine the relationship between age and time to observation of the p60 SEP peak. Males and females are plotted using different symbols.
Scatterplot of time to p60 peak by age (symbols are + for males, circle for females; superposed lowess curves are dotted for males, dashed for females, solid for both sexes combined):
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a. What observations would you make about the above graph?

b. What would you estimate the sample correlation to be in the combined sample including both sexes?

c. How do you think that correlation in the combined sample would compare to correlations computed in each sex separately? Briefly explain why.

d. How do you think that correlation in the entire combined sample (both sexes) compare to correlations computed in the subset of subjects who are between ages 40 and 60? Briefly explain why.

e. Does sex appear to confound the association between p60 and age? Explain your answer.

2. (30 points) The following output provides a linear regression analysis of p60 regressed on age.

   . regress p60 age, robust

Linear regression                                 Number of obs =     250

                                                  F(  1,   248) =   69.68

                                                  Prob > F      =  0.0000

                                                  R-squared     =  0.2082

                                                  Root MSE      =  4.0722

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

      |               Robust

  p60 |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]

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

  age |   .1207971    .014471     8.35   0.000     .0922953    .1492988

_cons |   55.70264   .7798229    71.43   0.000     54.16672    57.23856

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

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 time to observation of the p60 peak? Explain your reasoning.

d. Based on the above analysis, is there evidence of a statistically significant correlation between age and the time to observation of the p60 peak? Explain your reasoning.

e. According to the above model, what would be your estimate of the average time to observation of a p60 peak in a 50 year old? Do you feel that this estimate is trustworthy? Explain your reasoning.

f. According to the above model, what would be your best estimate of the average difference in the time to observation of a p60 peak in a 50 year old compared to that in a 45 year old? Do you feel that this estimate is trustworthy? Explain your reasoning.

3. (25 points) The following output provides a t test analysis of p60 by sex.

   . ttest p60, by(sex) unequal

Two-sample t test with unequal variances

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

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

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

       0 |  137    60.96642    .3866458    4.525573    60.20181    61.73104

       1 |  113    63.00088    .4123848    4.383711     62.1838    63.81797

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

combined |  250      61.886    .2888557    4.567209    61.31709    62.45491

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

    diff |        -2.034462     .565293               -3.147992   -.9209314

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

    diff = mean(0) - mean(1)                                   t =  -3.5990

Ho: diff = 0                  Satterthwaite's degrees of freedom =  241.666

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

 Pr(T < t) = 0.0002       Pr(|T| > |t|) = 0.0004         Pr(T > t) = 0.9998
a. Does the above analysis suggest evidence of an association between sex and time to observation of a p60 peak? Justify your answer.
b. Provide an interpretation of the confidence interval.
c. If I were to perform a linear regression of p60 (outcome variable) on sex, what would be the estimated intercept?
d. If I were to perform a linear regression of p60 (outcome variable) on sex (predictor), what would be the estimated slope?

e. How would the p value from a classical linear regression (no robust standard errors) compare to the p value obtained in the t test above? Briefly explain your reasoning.

4. (25 points) The following output provides logistic regression analysis of sex regressed on p60. (Note the use of both the logit and logistic commands from Stata.)

 . logistic sex p60, robust

Logistic regression                 Number of obs   =        250

                                    Wald chi2(1)    =      12.95

                                    Prob > chi2     =     0.0003

Log pseudolikelihood = -165.82337   Pseudo R2       =     0.0367

        |             Robust

    sex |Odds Ratio Std. Err.   z    P>|z|     [95% Conf.Int]

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

    p60 |   1.108   .0316     3.60   0.000      1.048    1.172
. logit sex p60, robust

Logistic regression                 Number of obs   =        250

                                    Wald chi2(1)    =      12.95

                                    Prob > chi2     =     0.0003

Log pseudolikelihood = -165.82337   Pseudo R2       =     0.0367

      |            Robust

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

------+---------------------------------------------------------
  p60 | .10266    .02853   3.60   0.000      .04675    .1586
_cons |-6.5541    1.7690  -3.71   0.000     -10.021   -3.087
----------------------------------------------------------------

a. Provide an interpretation of the intercept in the above “logit” 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 sex and the time to observation of the p60 peak? Explain your reasoning.

d. How do the result of this analysis compare to that in problem 3?.

e. According to the above model, what would be your estimate of the probability that a patient with a time to p60 peak of 65 is a male? What would you want to know before you trusted this estimate? Explain your reasoning.
5. (30 points) The following analyses were performed to examine the relationship between height and time to observation of the p60 SEP peak for males and females separately. 
-> sex = 0

Linear regression                        Number of obs =     137

                                         F(  1,   135) =    2.28

                                         Prob > F      =  0.1334

                                         R-squared     =  0.0121

                                         Root MSE      =  4.5148

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

         |           Robust

     p60 |   Coef.  Std. Err.    t    P>|t|     [95% Conf. Int]

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

  height |   .1699   .1125     1.51   0.133    -.0526    .3924
   _cons | 50.1276   7.267     6.90   0.000     35.75    64.50
----------------------------------------------------------------

-> sex = 1

Linear regression                        Number of obs =     113

                                         F(  1,   111) =    5.00

                                         Prob > F      =  0.0274

                                         R-squared     =  0.0429

                                         Root MSE      =  4.3078

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

         |             Robust

     p60 |    Coef.   Std. Err.  t    P>|t|     [95% Conf. Int]

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

  height |   .2580   .1154     2.24   0.027     .0293   .4867
   _cons |   45.13   7.958     5.67   0.000     29.36    60.90
----------------------------------------------------------------

a. Is there statistical evidence of sex modifying the association between height and time delay of the p60 SEP? Provide numerical evidence for or against.

b. How could you use the above results to estimate a sex adjusted estimate of the association between height and the p60 SEP time delay? Provide such an estimate and inference.










