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Questions:
1.  You have treated 5 children with acute myeloid leukemia and wish to characterize their initial white blood cell count. The initial counts were 2, 2, 4, 7, and 100. What is the median initial WBC?

a) 4* 

b) 1 

c) 100 

d) 3.5 

e) 23

Explanation: The median value is the middle one when placed in order (i.e. the 50th percentile). If there are 5 values, then the median is the third value, which is 4 in this case. The mean value is the average = (2 + 2 + 4 + 7 + 100)/5 = 115/5 = 23. 

2. The rationale for using the Kaplan-Meier method to describe survival among children with acute myeloid leukemia includes: 

a) Children with acute myeloid leukemia have poor prognosis

b) The prognosis among children with acute myeloid leukemia is improving

c) The Kaplan-Meier method adjusts for risk factors 

d) The Kaplan-Meier method allows the prediction of long-term survival, even if the first patient enrolled has not been followed that long

e) The Kaplan-Meier method accounts for each patient having a different follow-up time*

Explanation: The major rationale for survival analysis is that it accounts for each patient having a different follow-up time. Data can be censored in a survival analysis. The Kaplan-Meier method does not adjust for confounders. 

3-6. Use the following data to answer questions 3-6. You are evaluating a new test to predict bacteremia during fever and neutropenia. You have enrolled 1000 patients and these are the results:

	
	Bacteremia Yes
	Bacteremia No

	Test Positive
	100
	300

	Test Negative
	200
	400


3. What is the sensitivity of the test?

a) 33.3%*

b) 57.1%

c) 25%

d) 66.7%

e) 75%

Explanation: The sensitivity of the test is the proportion of those with the disease who test positive. In this case, it is 100/300 = 33.3%.
4. What is the specificity of the test?

a) 33.3%

b) 57.1%*

c) 25%

d) 66.7%

e) 75%

Explanation: The specificity of the test is the proportion of those without the disease who test negative. In this case, it is 400/700=57.1%.
5. What is the positive predictive value of the test?

a) 33.3%

b) 57.1%

c) 25%*

d) 66.7%

e) 75%

Explanation: The positive predictive value is the proportion of those who test positive who actually have the disease. In this case, it is 100/400=25%.

6. What is the negative predictive value of the test?

a) 33.3%

b) 57.1%

c) 25%

d) 66.7%*

e) 75%

Explanation: The negative predictive value is the proportion of those who test negative who do not have the disease. In this case, it is 400/600=66.7%.

7-10. Use the following data to answer questions 7-10. You have performed a randomized trial to compare a drug versus placebo to reduce avascular necrosis (AVN) with acute lymphoblastic leukemia therapy. These are the results:

	
	AVN
	No AVN

	Drug
	2
	98

	Placebo
	10
	90


7. What is the odds ratio of AVN associated with drug therapy?

a) (2/100)/(10/100) = 0.02/0.10 = 0.20

b) (2x90)/(10x98) = 0.18*

c) 2/100= 0.02

d) 98/188 = 0.52

e) Cannot calculate

Explanation: The odds ratio is the ratio of the odds of AVN associated with the drug to the odds of AVN with placebo. In this case, it is (2/98)/(10/90). This can be re-written as (2x90)/(10x98)=0.18.

8. What is the relative risk of AVN associated with drug therapy?

a) (2/100)/(10/100) = 0.02/0.10 = 0.20*

b) (2x90)/(10x98) = 0.18

c) 2/100= 0.02

d) 98/188 = 0.52

e) Cannot calculate

Explanation: The relative risk is the risk of AVN with the drug compared to the risk of AVN with placebo. In this case, it is (2/(2+98))/(10/(10+90)) = (2/100)/(10/100) = 0.20.

9. What is the absolute risk reduction associated with treatment?

a) 0.1-0.02 = 0.08 or 8%*

b) (0.1-0.02)/0.1 = 0.8 or 80%
c) 2/100
d) 98/188
e) Cannot calculate

Explanation: The absolute risk reduction is the difference in risk associated with placebo compared with drug. In this case, it is 0.1-0.02 = 0.08 or 8%.
10.  Which of the following study designs is most likely to yield valid information about the prognosis of a condition? 

a) Randomized controlled trial 

b) Case series 

c) Case cohort study 

d) Cohort study* 

e) Cross-over study 

Explanation: A cohort study is the best study design to obtain valid information about the prognosis of a condition. The best design to determine the benefits and/or harms of an intervention is a randomized controlled trial. The best design to evaluate a diagnostic test is a cross-sectional study.

11. You are conducting an observational study and the primary outcome is the duration of neutropenia with an episode of fever and neutropenia. You notice that those who received G-CSF were more likely to have a solid tumor. In attempting to determine if G-CSF was independently associated with a reduction in neutropenia after controlling for tumor type, you conduct the following analysis:

a) Student’s T test

b) Multiple linear regression*

c) Cox proportional hazards model

d) Chi square test

e) Spearman correlation coefficient

Explanation: Because the outcome is linear, the analysis may be some form of linear regression. Since we are trying to adjust for a potential confounder and there are two (multiple) explanatory variables, this is a multiple linear regression analysis. If one wanted to compare the duration of neutropenia, this analysis could be conducted using a Student’s T test. A Cox proportional hazards model would be appropriate if you wanted to compare survival between those who did and did not receive G-CSF. Chi square is not appropriate because the outcome is not dichotomous. A Spearman correlation coefficient could be appropriate if the predictor was a continuous variable.
12. A study identified patients with neuroblastoma and patients without neuroblastoma and determines whether perinatal folate was associated with disease. This study can be classified as a:

a) Randomized controlled trial

b) Longitudinal study

c) Qualitative study

d) Retrospective cohort study

e) Case-control study*

Explanation: The design is determined by how subjects are selected. In this case, subjects were identified by the outcome (neuroblastoma) and the study retrospectively determined those who did and did not have the exposure. Thus, the design is a case-control study. A cohort study selects subjects based upon the exposure.
13. Which of the following statements is true about validity?

a) Reflects reproducibility

b) Test-retest is one approach to evaluation

c) Cronbach’s alpha is a measure

d) One approach is to hypothesize how the measure should behave*

e) Can evaluate by using different raters

Explanation: There are many approaches to validity evaluation including criterion (when a gold standard exists) and face, content and construct (when a gold standard does not exist). Construct validation consists of hypothesizing how a measure should behave and then testing to see if the measure behaves in the anticipated manner. 

Reproducibility refers to the reliability of a measure. Test re-test is when the measurement is repeated over time and it is an approach to reliability evaluation. Inter-rater reliability is when the measurement is repeated by different raters and it is a second approach to reliability evaluation. Cronbach’s alpha is a third measure of reliability and it is a measure of internal consistency.
14. Which of the following is true about a larger sample size?

a) Increases the standard deviation of the outcome 

b) Requires fewer resources to achieve

c) Increases the chance of detecting adverse effects*

d) Sample size calculations are not necessary

e) If sufficiently large, do not need to perform an intent-to-treat analysis

Explanation: A larger sample size will increase the chances of observing a statistically significant difference and detecting adverse effects. It requires more resources. Sample size specification is required irrespective of sample size. Primary analysis should be intention-to-treat irrespective of sample size.

15. What is the best study design to evaluate a diagnostic test?

a) Randomized controlled trial 

b) Case series 

c) Case cohort study 

d) Cohort study

e) Cross-sectional study*

Explanation: The best design to evaluate a diagnostic test is a cross-sectional study. A cohort study is the best study design in order to obtain valid information about the prognosis of a condition. The best design to determine the benefits and/or harms of an intervention is a randomized controlled trial. 

16. A new blood test is developed in order to detect invasive aspergillosis. The sensitivity of the test is 60% and the specificity is 90%. What is the likelihood ratio positive? 

a) 0.6 

b) 0.9-0.6 = 0.3 

c) (0.9-0.6)/0.3 = 1  

d) 0.6/(1-0.9) = 6*
e) (1-0.6)/0.9 = 0.44
Explanation: The likelihood ratio positive is the given by the following:

LR+ = sensitivity/(1-specificity). 

The likelihood ratio negative is given by the following:

LR- = (1-sensitivity)/specificity
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1.
You have treated five patients with a rare bone marrow failure syndrome. Their ages are 2, 2, 4, 7, and 25. What is the median age?

A.
4
B.
2
C.
25
D.
8

E.
1

2.
You have treated five patients with a rare bone marrow failure syndrome. Their ages are 2, 2, 4, 7, and 45. When describing this cohort, why is it better to use the median rather than the mean?

A.
Most publications describe age using median rather than mean values.

B.
The standard deviation cannot be calculated because there are too few values.

C.
The standard deviation cannot be calculated because the variance is not provided.

D.
The data are normally distributed.

E.
The data are skewed.
3.
A new blood test is developed to make a diagnosis of pulmonary embolism. The sensitivity of the test is 60% and the specificity is 90%. What is the likelihood ratio positive? 

A.
0.6 

B.
0.90.6 = 0.3 

C.
(0.9-0.6)/0.3 = 1 
D.
0.6/(1-0.9) = 6
E.
(1-0.6)/0.9 = 0.44

4.
A new blood test is developed to make a diagnosis of pulmonary embolism. The sensitivity of the test is 60% and the specificity is 90%. Which of the following is true about the likelihood ratio positive?

A.
Probability that an individual with disease has a positive test. Probability that an individual without disease has a positive test

B.
Probability that an individual with disease has a negative test. Probability that an individual without disease has a negative test 

C.
Changes with the prevalence of disease 
D.
Sensitivity/specificity

E.
(1-sensitivity)/(1-specificity)

5.
What is the best study design to evaluate the benefits and harms of an intervention?

A.
Randomized controlled trial
B.
Case series 

C.
Case cohort study 

D.
Cohort study

E.
Cross-sectional study

6–9.
Use the following data to answer questions 6–9. You are evaluating a new test to predict bacteremia during fever and neutropenia. You have enrolled 1,000 patients and these are the results:

	
	Bacteremia Yes
	Bacteremia No

	Test Positive
	100
	300

	Test Negative
	200
	400


6.
What is the sensitivity of the test?

A.
33.3%
B.
57.1%

C.
25%

D.
66.7%

E.
75%

7.
What is the specificity of the test?

A.
33.3%

B.
57.1%
C.
25%

D.
66.7%

E.
75%

8.
What is the positive predictive value of the test?

A.
33.3%

B.
57.1%

C.
25%
D.
66.7%

E.
75%

9.
What is the negative predictive value of the test?
A.
33.3%

B.
57.1%

C.
25%

D.
66.7%

E.
75%

10–13.
Use the following data to answer questions 10–13. You have performed a randomized trial to compare a drug versus placebo to reduce avascular necrosis (AVN) from acute lymphoblastic leukemia therapy. These are the results:

	
	AVN
	No AVN

	Drug
	2
	98

	Placebo
	10
	90


10.
What is the odds ratio of AVN associated with drug therapy?

A.
(2/100)/(10/100) = 0.02/0.10 = 0.20

B.
(2x90)/(10x98) = 0.18
C.
2/100= 0.02

D.
98/188 = 0.52

E.
Cannot calculate

11.
What is the relative risk of AVN associated with drug therapy?

A.
(2/100)/(10/100) = 0.02/0.10 = 0.20
B.
(2x90)/(10x98) = 0.18

C.
2/100 = 0.02

D.
98/188 = 0.52

E.
Cannot calculate

12.
What is the absolute risk reduction associated with treatment?

A.
0.1-0.02 = 0.08 or 8%
B.
(0.1-0.02)/0.1 = 0.8 or 80%

C.
2/100

D.
98/188

E.
Cannot calculate

13.
Which of the following study designs is most likely to yield valid information about the prognosis of a condition?
A.
Randomized controlled trial 

B.
Case series 

C.
Case cohort study 

D.
Cohort study
E.
Cross-over study 

14.
What is the best study design to evaluate a diagnostic test? 
A.
Randomized controlled trial 

B.
Case series 

C.
Case cohort study 

D.
Cohort study

E.
Cross-sectional study
15.
Which of the following is true about a larger sample size?

A.
It increases the standard deviation of the outcome. 

B.
It requires fewer resources to achieve.
C.
It increases the chance of detecting adverse effects.
D.
Sample size calculations are not necessary.
E.
If sufficiently large, it is not necessary to perform an intent-to-treat analysis

Biostatistics and Epidemiology: Answers

Question 1

Answer: A

Explanation: The median value is the middle one when placed in order (i.e., the 50th percentile). If there are five values, then the median is the third value, which is 4 in this case. The mean value is the average = (2 + 2 + 4 + 7 + 25)/5 = 8. 

Question 2

Answer: E

Explanation: This data set is skewed because 45 is an extreme value. When data are skewed, the median is a better representative of the typical value while the mean is influenced ty extreme values. It is possible to calculate the standard deviation.

Question 3

Answer: D

Explanation: The likelihood ratio positive is given by the following formula:

LR+ = sensitivity/(1-specificity). In this case, it is 0.6/1-0.9 = 0.6/0.1 = 6.

The likelihood ratio negative is given by the following:

LR- = (1-sensitivity)/specificity

Question 4

Answer: A

Explanation: The likelihood ratio positive denotes how much to increase the probability of disease if the test is positive. Thus, it is given by the formula: probability that an individual with disease has a positive test; probability that an individual without disease has a positive test. It does not change based upon the prevalence of the disease and thus is a characteristic of the test.

Question 5

Answer: A

Explanation: The best design to determine the benefits and/or harms of an intervention is a randomized controlled trial. The best design to evaluate a diagnostic test is a cross-sectional study. A cohort study is the best study design to obtain valid information about the prognosis of a condition. 

Question 6

Answer: A

Explanation: The sensitivity of the test is the proportion of those with the disease who test positive. In this case, it is 100/300 = 33.3%.

Question 7

Answer: B

Explanation: The specificity of the test is the proportion of those without the disease who test negative. In this case, it is 400/700 = 57.1%.

Question 8

Answer: C

Explanation: The positive predictive value is the proportion of those who test positive who actually have the disease. In this case, it is 100/400 = 25%.

Question 9

Answer: D

Explanation: The negative predictive value is the proportion of those who test negative who do not have the disease. In this case, it is 400/600 = 66.7%.

Question 10

Answer: B

Explanation: The odds ratio is the ratio of the odds of AVN associated with the drug to the odds of AVN with placebo. In this case, it is (2/98)/(10/90). This can be rewritten as (2x90)/(10x98) = 0.18.

Question 11

Answer: A

Explanation: The relative risk is the risk of AVN with the drug compared with the risk of AVN with placebo. In this case, it is (2/(2+98))/(10/(10+90)) = (2/100)/(10/100) = 0.20.

Question 12

Answer: A

Explanation: The absolute risk reduction is the difference in risk associated with placebo compared with drug. In this case, it is 0.1-0.02 = 0.08 or 8%.

Question 13

Answer: D

Explanation: A cohort study is the best study design to obtain valid information about the prognosis of a condition. The best design to determine the benefits and/or harms of an intervention is a randomized controlled trial. The best design to evaluate a diagnostic test is a cross-sectional study.

Question 14

Answer: E

Explanation: The best design to evaluate a diagnostic test is a cross-sectional study. A cohort study is the best study design in order to obtain valid information about the prognosis of a condition. The best design to determine the benefits and/or harms of an intervention is a randomized controlled trial. 

Question 15

Answer: C

Explanation: A larger sample size will increase the chances of observing a statistically significant difference and detecting adverse effects. It requires more resources. Sample size specification is required regardless of sample size. Primary analysis should be intention-to-treat irrespective of sample size.
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1. You have diagnosed five children with AML and hyperleukoctyosis since beginning your fellowship. Their ages at diagnosis were 2, 2, 5, 7, and 19 years of age. What is the median age of your cohort?

A. 19

B. 5

C. 14

D. 2

E. 7

Answer:  B

Explanation: The median value is the middle one when placed in order (i.e., the 50th percentile). If there are five values, then the median value is the third value, which is 5 in this case. 

2. You have diagnosed five children with AML and hyperleukoctyosis since beginning your fellowship. Their ages at diagnosis were 2, 2, 5, 7, and 19 years of age. What is the mode of your cohort?

A. 19

B. 5

C. 14

D. 2

E. 7

Answer:  D

Explanation: The mode is the most common value, which is 2 in this case.

3. You have diagnosed five children with AML and hyperleukoctyosis since beginning your fellowship. Their ages at diagnosis were 2, 2, 5, 7, and 19 years of age. What is the mean age of your cohort?

A. 19

B. 5

C. 14

D. 2

E. 7

Answer:  E

Explanation: The mean value is the average (2 + 2 + 5 + 7 + 19) / 5 = 7. 

4. Use the following data to answer questions 4–6. You have performed a double blind randomized controlled trial to compare a drug versus placebo to reduce clinically documented central-line associated thrombosis in children with newly diagnosed acute lymphoblastic leukemia. These are the results:

	
	Thrombosis
	No Thrombosis

	Drug
	2
	98

	Placebo
	10
	90


What is the odds ratio of thrombosis associated with drug therapy?

A.
(2/100)/(10/100) = 0.02/0.10 = 0.20

B.
(2 x 90)/(10 x 98) = 0.18

C.
2/100 = 0.02

D.
98/188 = 0.52

E.
Cannot calculate

Answer: B

Explanation: The odds ratio is the ratio of the odds of thrombosis associated with the drug to the odds of thrombosis with placebo. In this case, it is (2/98)/(10/90). This can be rewritten as                 (2 x 90)/(10 x 98) = 0.18.
5. What is the relative risk of thrombosis associated with drug therapy?

A.
(2/100)/(10/100) = 0.02/0.10 = 0.20

B.
(2 x 90)/(10 x 98) = 0.18

C.
2/100 = 0.02

D.
98/188 = 0.52

E.
Cannot calculate

Answer:  A
Explanation: The relative risk is the risk of thrombosis with the drug compared with the risk of thrombosis with placebo. In this case, it is (2/(2+98))/(10/(10+90)) = (2/100)/(10/100) = 0.20.

6. What is the absolute risk reduction associated with treatment?

A.
0.1–0.02 = 0.08 or 8%

B.
(0.1–0.02)/0.1 = 0.8 or 80%

C.
2/100

D.
98/188

E.
Cannot calculate

Answer: A

Explanation: The absolute risk reduction is the difference in risk associated with placebo compared with drug. In this case, it is 0.1–0.02 = 0.08 or 8%.
7. Use the following data to answer questions 7–11. You are evaluating a new test to predict invasive fungal disease in children undergoing chemotherapy for acute myeloid leukemia. You have enrolled 1,000 patients over 7 years. Here are the results:
	
	Invasive Fungal Disease Yes
	Invasive Fungal Disease No

	Test Positive
	100
	300

	Test Negative
	200
	400


What is the sensitivity of the test?

A. 33.3%

B. 57.1%

C. 25%

D. 66.7%

E. 75%

Answer:  A

Explanation: The sensitivity of the test is the proportion of those with the disease who test positive. In this case, it is 100/300 = 33.3%.

8. What is the specificity of the test?

A. 33.3%

B. 57.1%

C. 25%

D. 66.7%

E. 75%

Answer: B

Explanation: The specificity of the test is the proportion of those without the disease who test negative. In this case, it is 400/700 = 57.1%.

9. What is the positive predictive value of the test?

A. 33.3%

B. 57.1%

C. 25%

D. 66.7%

F. 75%

Answer: C

Explanation: The positive predictive value is the proportion of those who test positive who actually have the disease. In this case, it is 100/400 = 25%.

10. What is the negative predictive value of the test?

A. 33.3%

B. 57.1%

C. 25%

D. 66.7%

E. 75%

Answer: D

Explanation: The negative predictive value is the proportion of those who test negative who do not have the disease. In this case, it is 400/600 = 66.7%.
11. A new biomarker is developed to make an early diagnosis of bacteremia. The sensitivity of the test is 60%, and the specificity is 90%. What is the likelihood ratio positive? 

A. 0.6 

B. 0.9–0.6 = 0.3 

C. (0.9–0.6)/0.3 = 1 

D. 0.6/(1–0.9) = 6

E. (1–0.6)/0.9 = 0.44

Answer: D
Explanation: The likelihood ratio positive is given by the following formula:

LR+ = sensitivity/(1-specificity)
In this case, it is 0.6/1–0.9 = 0.6/0.1 = 6.
The likelihood ratio negative is given by the following formula:

LR- = (1-sensitivity) / specificity

12. A new biomarker is developed to make an early diagnosis of bacteremia. The sensitivity of the test is 60% and the specificity is 90%. Which of the following is true about the likelihood ratio positive?

A.
Probability that an individual with disease has a positive test/probability that an individual without disease has a positive test

B.
Probability that an individual with disease has a negative test/probability that an individual without disease has a negative test 

C.
Changes with the prevalence of disease 

D.
Sensitivity/specificity

E.
(1-sensitivity) / (1-specificity)

Answer: A
Explanation: The likelihood the ratio is positive denotes how much to increase the probability of disease if the test is positive. Thus, it is given by the formula: 

Probability that an individual with disease has a positive test/probability that an individual without disease has a positive test. 

It does not change based upon the prevalence of the disease and thus is a characteristic of the test.
13. Which of the following study designs is most likely to yield valid information about the prognosis of a condition?

A.
Randomized controlled trial 

B.
Case series 

C.
Case cohort study 

D.
Cohort study

E.
Cross-over study 

Answer: D
Explanation: A cohort study is the best study design to obtain valid information about the prognosis of a condition. The best design to determine the benefits and/or harms of an intervention is a randomized controlled trial. The best design to evaluate a diagnostic test is a cross-sectional study.

14. What is the best study design to evaluate a diagnostic test? 

A.
Randomized controlled trial 

B.
Case series 

C.
Case cohort study 

D.
Cohort study

E.
Cross-sectional study
Answer: E
Explanation: A cohort study is the best study design to obtain valid information about the prognosis of a condition. The best design to determine the benefits and/or harms of an intervention is a randomized controlled trial. The best design to evaluate a diagnostic test is a cross-sectional study.

15. You have conducted a trial in which the primary outcome consists of three measures of neurocognition. Which of the following is true about having multiple primary endpoints?

A.
It is appropriate to have multiple primary endpoints as long as it is stated in the protocol. 

B.
Having multiple endpoints reduces the number of patients required for the study. 
C.
Clinical trials should never have more than one primary endpoint. 
D.
The problem with having multiple primary endpoints is that it requires more resources to conduct the study.
E.
The problem with having multiple primary endpoints is that it increases the chance of finding a P < 0.05 by chance alone.

Answer: E
Explanation: The P value is the probability of obtaining a test statistic at least as extreme as the one actually observed assuming the null hypothesis is true. If multiple tests are conducted, it increases the chance of observing a P < 0.05 by chance alone. Therefore, there is usually a need to adjust the P value for multiple comparisons. 

