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Applied Biostatistics I

Midterm Examination
November 6, 2009
Name:                                                                                                          _ Disc Sect:  M    W    F

Instructions: Please provide concise answers to all questions. The exam is worth a total of 137 points.

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. 

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 on Monday.
PLEDGE:

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

                                      Signed:                                                                                                         _
Problems 1 – 2 relate to a study of 735 patients undergoing brain imaging (MRI) in order to study associations between central nervous system disease and cardiovascular disease. The following variables are available:

· ptid= Subject identification number
· mridate= Date of enrollment in the study (MMDDYY format)

· age= Age (years)
· male = Sex (0=female, 1=male)

· bmi= Body mass index (weight / height2) (kg / m2)
· packyrs= = Participant smoking history in pack years (1 pack year = smoking 1 pack of cigarettes per day for 1 year). A participant who never smoked has 0 pack years.
· physact= Physical activity of the participant for the week prior to MRI (measured in 1,000 kcal)
· genhlth= General state of health (1= best, 2, 3, 4, or 5= worst)
· ldl= Blood levels of low density lipoprotein (“bad cholesterol”) (mg/dl).
· sbp = Systolic blood pressure (mm Hg)
· obstime= Observation time from enrollment until death or until end of study, whichever comes first (years)
· status= Survival status at time of last observation time (0=still alive, 1= dead
The following table contains descriptive statistics on the sample.

	Variable
	N
	Mean
	SD
	Min
	25th %ile
	Median
	75th %ile
	Max

	ptid
	735
	368
	212.3
	1
	184
	368
	552
	735

	mridate
	735
	76423
	31896
	10192
	63092
	80992
	91392
	123191

	age
	735
	74.6
	5.5
	65
	71
	74
	78
	99

	male
	735
	0.498
	0.500
	0
	0
	0
	1
	1

	bmi
	735
	26.4
	4.32
	14.5
	23.6
	26.0
	28.5
	46.7

	packyrs
	734
	19.6
	27.1
	0
	0
	6.5
	33.8
	240

	physact
	735
	1.92
	2.05
	0.00
	0.55
	1.31
	2.52
	13.82

	genhlth
	735
	2.59
	0.94
	1
	2
	3
	3
	5

	ldl
	725
	125.8
	33.6
	11
	102
	125
	147
	247

	sbp
	735
	131.1
	19.7
	78
	118
	130
	142
	210

	obstime
	735
	4.94
	1.07
	0.19
	5.03
	5.14
	5.60
	5.91

	death
	735
	0.181
	0.385
	0
	0
	0
	0
	1


1. (3 points each part) For each of the following variables, circle the descriptive statistics that are NOT of use to provide a scientifically meaningful description of the sample. Very  briefly explain your reasons (just a few words should suffice to justify your entire answer).
a. Consider ptid. Circle the descriptive statistics that are NOT useful. Briefly explain why.

   Mean          Std Dev         Minimum         25th Pctile          Median          75th Pctile           Maximum

b. Consider mridate. Circle the descriptive statistics that are NOT useful. Briefly explain why.

   Mean          Std Dev         Minimum         25th Pctile          Median          75th Pctile           Maximum

c. Consider age. Circle the descriptive statistics that are NOT useful. Briefly explain why.

   Mean          Std Dev         Minimum         25th Pctile          Median          75th Pctile           Maximum

d. Consider male. Circle the descriptive statistics that are NOT useful. Briefly explain why.

   Mean          Std Dev         Minimum         25th Pctile          Median          75th Pctile           Maximum

e. Consider bmi. Circle the descriptive statistics that are NOT useful. Briefly explain why.

   Mean          Std Dev         Minimum         25th Pctile          Median          75th Pctile           Maximum

f. Consider packyrs. Circle the descriptive statistics that are NOT useful. Briefly explain why.

   Mean          Std Dev         Minimum         25th Pctile          Median          75th Pctile           Maximum

g. Consider physact. Circle the descriptive statistics that are NOT useful. Briefly explain why.

   Mean          Std Dev         Minimum         25th Pctile          Median          75th Pctile           Maximum

h. Consider genhlth. Circle the descriptive statistics that are NOT useful. Briefly explain why.

   Mean          Std Dev         Minimum         25th Pctile          Median          75th Pctile           Maximum

i. Consider ldl. Circle the descriptive statistics that are NOT useful. Briefly explain why.

   Mean          Std Dev         Minimum         25th Pctile          Median          75th Pctile           Maximum

j. Consider sbp. Circle the descriptive statistics that are NOT useful. Briefly explain why.

   Mean          Std Dev         Minimum         25th Pctile          Median          75th Pctile           Maximum

k. Consider obstime. Circle the descriptive statistics that are NOT useful. Briefly explain why.

   Mean          Std Dev         Minimum         25th Pctile          Median          75th Pctile           Maximum

l. Consider death. Circle the descriptive statistics that are NOT useful. Briefly explain why.

Mean          Std Dev         Minimum         25th Pctile          Median          75th Pctile           Maximum

2. (5 points) How would your answers to problem 1 change if we were trying to compare distributions across populations, instead of just describing the sample. Briefly explain your reasons.

3. (10 points) For which of the variables is it of scientific interest to assess skewness? Do any of those variables appear to be skewed? Briefly explain your reasons.

4.  (20 points total) The following graph displays a scatterplot of serum creatinine (CRT: a measure of kidney function) versus forced expiratory volume (FEV: a measure of lung function) from the brain imaging study. Superimposed on this scatterplot is a lowess curve.
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a. (5 points) Briefly summarize the observations you would make from this graph.

b. (5 points) The correlation between creatinine and FEV was computed to be 0.223 (95% confidence interval 0.152 to 0.291). What does this confidence interval suggest about an association between creatinine and FEV in the population? (Hint: if creatinine and FEV were independent, what would be the correlation between them?)

c. (5 points) When analyses were done separately for men and women, the correlation between creatinine and FEV was -0.006 for women and 0.001 for men. How might you explain the difference between the results in the combined sample and the results observed in the individual sexes? (Speculate on what relationships there might be between sex, creatinine, and FEV that would explain these results.)
d. (5 points) What do the analyses presented in part c suggest about the role of sex (e.g., effect modification, confounding, precision, …) when our interest is in investigating an association between creatinine and FEV?
e. (5 points) What do the analyses presented in part c suggest about the role FEV might play (e.g., effect modification, confounding, precision, …) when our interest is in investigating an association between creatinine and sex?
5. (10 points) The following table presents descriptive statistics for selected variables according to whether the patient was in generally poor health (genhlth = 4 or 5) or in generally good (genhlth = 1, 2, or 3).

	Variable
	N
	Mean
	SD
	Min
	25th %ile
	Median
	75th %ile
	Max

	Patients in Generally Good Health

	age
	626
	74.4
	5.3
	65
	70
	73
	78
	99

	sex
	626
	0.505
	0.500
	0
	0
	1
	1
	1

	obstime
	626
	4.99
	1.00
	0.19
	5.05
	5.15
	5.61
	5.91

	status
	626
	0.152
	0.359
	0
	0
	0
	0
	1

	Patients in Generally Poor Health

	age
	109
	75.7
	6.0
	66
	71
	74
	79
	91

	sex
	109
	0.459
	0.501
	0
	0
	0
	1
	1

	obstime
	109
	4.63
	1.37
	0.19
	4.61
	5.08
	5.39
	5.88

	status
	109
	0.349
	0.479
	0
	0
	0
	1
	1


a. (10 points) How would you use the above descriptive statistics to assess whether the presence of generally poor health is associated with shortened survival?

6. (30 points) The following are results from a Kaplan-Meier analyses of the time to death within strata defined by the presence of generally poor health and sex.
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	Generally Good Health
	Generally Poor Health

	
	
	Survival Probability
	
	Survival Probability

	
	n
	3 Year
	5 Year
	n
	3 Year
	5 Year

	All Patients
	626
	0.931
	0.861
	109
	0.862
	0.688

	Female
	310
	0.968
	0.910
	59
	0.949
	0.746

	Male
	316
	0.896
	0.813
	50
	0.760
	0.620


a. (10 points) Based on the above statistics, would you conclude that there is overall an association between the presence of generally poor health and the probability of survival? Provide statistics to quantify your answer.

b. (10 points) Based on the above statistics, would you conclude that the sex modifies any association between the presence of generally poor health and survival? Provide statistics to quantify your answer.

c. (10 points) Based on the above statistics, would you conclude that sex confounds any association between the presence of generally poor health and survival? Provide statistics to quantify your answer.

7. (30 points total) Suppose we are interested in studying whether C reactive protein can accurately predict the presence of severe narrowing of the coronary arteries (blood supply to the heart muscle). The “gold standard” for the diagnosis of severe narrowing of the coronary arteries would be based on a more invasive radiologic examination (coronary angiography). 
· Suppose we sample 500 subjects with radiographic evidence of severe narrowing of the arteries. Among these subjects we find that 375 subjects have a C reactive protein level greater than 3 mg/dl.

· Suppose we also sample 1000 subjects whose radiographic studies show no evidence of severe narrowing of the arteries. Among these subjects we find that 150 subjects have a C reactive protein level greater than 3 mg/dl.

a. (5 points) Can the above data be used to estimate the probability of severe narrowing of the coronary arteries in the population? If so, provide the estimate. If not, briefly explain why not.
b. (5 points) Can the above data be used to estimate the sensitivity of a high C reactive protein in predicting severe narrowing of the coronary arteries? If so, provide the estimate. If not, briefly explain why not.
c. (5 points) Can the above data be used to estimate the specificity of a high C reactive protein in predicting severe narrowing of the coronary arteries? If so, provide the estimate. If not, briefly explain why not.
d. (5 points) Can the above data be used to estimate the positive predictive value of a high C reactive protein in predicting severe narrowing of the coronary arteries? If so, provide the estimate. If not, briefly explain why not.
e. (5 points) Can the above data be used to estimate the negative predictive value of a high C reactive protein in predicting severe narrowing of the coronary arteries? If so, provide the estimate. If not, briefly explain why not.
f. (5 points) Suppose the probability of severe narrowing of the coronary arteries is 20% in the population. What is the positive predictive value of high C reactive protein? Explain how you derived your answer.










