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Preface

This workbook was created as a companion to the second edition of the textbook, 
Epidemiology and Biostatistics: An Introduction to Clinical Research. The ques-
tions and answers in the book are designed to encourage hands-on application of the 
concepts taught in the textbook with special emphasis on common areas of diffi-
culty. Many of the questions are intended to parallel material covered by the United 
States Medical License Examination. However, the broad intention of this work-
book is to enhance interpretation of real-world medical and public health studies 
using practical examples that cover fundamental aspects of study design, sources of 
bias and error, screening and diagnostic testing, and statistical analyses.

The problems in this workbook intend to capture the unique perspective of learn-
ing Epidemiology and Biostatistics for the first time. Essential to the creation of this 
book were the many thoughtful and probing questions of the students.

Seattle, WA, USA� Bryan Kestenbaum, MD, MS 
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Chapter 1
Measures of Disease Frequency

Measures of disease frequency quantify the burden and development of disease in 
populations. Two common measures of disease frequency are prevalence and inci-
dence. Prevalence provides a snapshot of the amount of disease that is present at a 
specific point or period in time. Prevalence data are useful for raising awareness of 
disease and allocating health resources but may be insufficient for establishing tem-
poral relationships between potential risk factors and disease. Incidence describes 
the development of new disease over time. In a given population, the prevalence of 
a disease is proportional to the incidence and the disease duration.

Researchers examine the association of beta-carotene supplement use with dia-
betes. They identify 20 patients who report regular use of beta-carotene from a local 
clinic and 20 patients from the same clinic who do not report use of beta-carotene. 
The researchers determine diabetes status at the start of the study and then annually 
over 5 years of follow-up by querying the patients’ electronic medical records. Raw 
study data are presented below.

Patient 
number

Beta-
carotene 
use

Follow-up 
time (months)

Diabetes present 
at the start of 
study

New diabetes 
diagnosed during 
follow-up

Reason for leaving 
study

1 Yes 44 No Yes New diabetes 
diagnosis

2 Yes 60 No No Study ended
3 Yes 32 No No Dropout
4 Yes 40 Yes No Lost to follow-up
5 Yes 60 No No Study ended
6 Yes 60 No No Study ended

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-97433-0_1&domain=pdf
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Patient 
number

Beta-
carotene 
use

Follow-up 
time (months)

Diabetes present 
at the start of 
study

New diabetes 
diagnosed during 
follow-up

Reason for leaving 
study

7 Yes 18 No Yes New diabetes 
diagnosis

8 Yes 60 Yes No Study ended
9 Yes 32 No Yes New diabetes 

diagnosis
10 Yes 60 No No Study ended
11 Yes 60 No No Study ended
12 Yes 50 No No Dropout
13 Yes 26 Yes No Lost to follow-up
14 Yes 28 No No Lost to follow-up
15 Yes 34 No No Dropout
16 Yes 8 No Yes New diabetes 

diagnosis
17 Yes 60 No No Study ended
18 Yes 60 No No Study ended
19 Yes 40 No Yes New diabetes 

diagnosis
20 Yes 60 Yes No Study ended
21 No 20 No Yes New diabetes 

diagnosis
22 No 48 No No Lost to follow-up
23 No 44 No Yes New diabetes 

diagnosis
24 No 42 No No Dropout
25 No 6 No No Dropout
26 No 60 No No Study ended
27 No 60 No No Study ended
28 No 28 No No Lost to follow-up
29 No 60 No No Dropout
30 No 12 No No Lost to follow-up
31 No 22 No No Dropout
32 No 30 No Yes New diabetes 

diagnosis
33 No 60 No No Lost to follow-up
34 No 22 No Yes New diabetes 

diagnosis
35 No 28 No No Lost to follow-up
36 No 60 Yes No Study ended
37 No 60 Yes No Study ended
38 No 24 No Yes Dropout
39 No 20 No No Dropout
40 No 50 No No Lost to follow-up

1  Measures of Disease Frequency
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	1.	 What is the prevalence of diabetes in this study population at the start of the 
study (baseline)?

	2.	 What is the incidence proportion of diabetes in this study population during 
follow-up?

	3.	 What is the incidence proportion of diabetes among patients who use 
beta-carotene?

	4.	 What is the incidence rate of diabetes among patients who use beta-carotene?
	5.	 What is the incidence rate of diabetes among patients who do not use 

beta-carotene?
	6.	 Triple antiviral therapy has dramatically improved survival among patients with 

human immunodeficiency virus (HIV) disease. If the incidence of HIV were to 
remain constant, what is the expected impact of widespread triple antiviral ther-
apy on the prevalence of HIV in the population?

	A.	 Increase
	B.	 Decrease
	C.	 Stay the same

	7.	 The incidence of a disease is five times greater in men compared with women, 
yet there is no difference in disease prevalence by sex. What is the best explana-
tion for this finding?

	A.	 Men receive more intensive medical care for the disease.
	B.	 The mortality rate is greater among women.
	C.	 The disease is less aggressive among women.
	D.	 Women are older than men when they are diagnosed with the disease.

Anecdotal evidence suggests that anxiety disorder may contribute to the irritable 
bowel syndrome (IBS), a condition characterized by nausea, alternating constipa-
tion and diarrhea, and no identifiable gastrointestinal pathology. Researchers admin-
ister an online questionnaire regarding IBS symptoms to 10,000 people who have an 
established diagnosis of anxiety disorder in the United States, Canada, and Mexico. 
They administer the same questionnaire to another 10,000 people from the same 
countries who do not have a diagnosis of anxiety disorder. Their findings are tabu-
lated below.

IBS symptoms No IBS symptoms

Anxiety disorder (N = 10,000) 4000 6000
No anxiety disorder (N = 10,000) 1000 9000

	8.	 Which of the following is true?

	A.	 The incidence proportion of IBS symptoms among people with anxiety dis-
order is 40%.

	B.	 The incidence density of IBS symptoms among people with anxiety disorder 
is 40%.

1  Measures of Disease Frequency
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	C.	 The prevalence of IBS symptoms among people with anxiety disorder is 
40%.

	D.	 The relative risk of IBS symptoms among people with anxiety disorder is 
40%.

	9.	 Which of the following represents a reasonable next step based on the study 
findings?

	A.	 Provide access to educational materials about IBS to patients who have anxi-
ety disorder.

	B.	 Increase the use of antianxiety medications to prevent symptoms of IBS.
	C.	 Submit case reports describing patients who have a diagnosis of anxiety dis-

order with concomitant IBS symptoms.
	D.	 Perform laboratory work to investigate mechanisms by which anxiety disor-

der might stimulate gastrointestinal nerve transmission.

A company consults you to assess the risk of carpal tunnel syndrome among its 
employees. You interview 1000 employees to inquire about their work status and 
whether they developed carpal tunnel syndrome since working for the company. 
Results are shown below.

Number of employees
New instances of carpal tunnel 
syndrome

Full-time employees 800 25
Part-time employees 200 6
Incidence proportion among all employees = (31 cases/1000 people) × 100% = 3.1%

The CEO of the company is concerned that this amount of carpal tunnel syn-
drome is considerably higher than that of a competitor company.

	10.	 Which denominator would permit the most accurate comparison of the inci-
dence of carpal tunnel syndrome between the two companies?

	A.	 Number of employees
	B.	 Number of sedentary hours
	C.	 Number of person hours
	D.	 Number of carpal tunnel syndrome cases

1  Measures of Disease Frequency
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Chapter 2
Population, Exposure, and Outcome

A study population refers to all people who enter a research study, regardless of 
whether they are exposed, are treated, develop the outcome of interest, or drop out 
of the study before completion. The exposure and outcome of a study depend on the 
proposed study question. The exposure refers to any characteristic that may explain 
or predict the presence of a study outcome. The outcome refers to the characteristic 
that is being predicted.

A study investigates whether neonatal hyperbilirubinemia is associated with the 
risk of future language delay in children. Researchers identify 100 infants who have 
neonatal hyperbilirubinemia and a comparison group of 100 infants who do not 
have this condition. They next determine rates of language delay after 3 years.

	11.	 What are the study population, exposure, and outcome of this study?

A study explores characteristics that may influence the use of creatine, a dietary 
supplement, among high school students. Researchers interview 1200 students from 
5 metropolitan high schools to inquire about creatine use, dietary habits, physical 
activity, and smoking. The researchers estimate caloric intake from the reported 
dietary data. The study finds that greater caloric intake is associated with a higher 
likelihood of creatine use among boys, but not girls.

	12.	 What are the study population, exposure, and outcome of this study?

A study evaluates whether surgical experience is associated with the risk of bile leak 
after laparoscopic cholecystectomy. Researchers identify 800 general surgeons from a 
large health care organization. They use the medical information system to ascertain 
the number of previous laparoscopic cholecystectomy procedures and the number of 
bile leaks for each surgeon. The study finds that the incidence of postoperative bile leak 
is lower among surgeons who perform more laparoscopic cholecystectomies.

	13.	 What are the study population, exposure, and outcome of this study?
	14.	 Which of the following exclusion criteria would be least suitable for the study 

of the laparoscopic cholecystectomy described above?

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-97433-0_2&domain=pdf
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	A.	 Exclusion of patients with a previous history of bile leak
	B.	 Exclusion of patients with a previous history of bile duct disease, which can 

increase the risk of postoperative bile leak
	C.	 Exclusion of surgeons with missing data regarding the number of previous 

laparoscopic cholecystectomy procedures
	D.	 Exclusion of surgeons who have performed fewer than 20 previous laparo-

scopic cholecystectomy procedures

	15.	 Which of the following would promote internal validity of the study of laparo-
scopic cholecystectomy described above?

	A.	 Evaluating the association of surgical experience with postoperative 
mortality

	B.	 Adding data from other healthcare organizations across geographic regions
	C.	 Assessing other types of laparoscopic surgical procedures and outcomes
	D.	 Performing medical chart review to confirm the presence of postoperative 

bile leaks that occurred during the study

	16.	 Which of the following would promote external validity of the study of laparo-
scopic cholecystectomy described above?

	A.	 Excluding patients who have a previous history of bile leak
	B.	 Adding data from other healthcare organizations across geographic regions
	C.	 Calculating incidence rates of postoperative bile leak using person-time 

data
	D.	 Performing medical chart review to confirm the presence of postoperative 

bile leaks that occurred during the study

2  Population, Exposure, and Outcome
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Chapter 3
Case Reports and Case Series

Case reports and case series describe the experience of people who have a specific 
disease or condition. These studies can be useful for raising awareness of new dis-
eases and can generate hypotheses regarding possible causes. However, case reports 
and case series have inherent limitations that hinder inference of causal relation-
ships: lack of a suitable denominator to calculate incidence, absence of comparison 
groups, small sample size, and ambiguous external validity.

The following criteria can be used to infer causal relationships in research 
studies:

•	 Strength of association.
•	 Biologic plausibility.
•	 Association varies predictably across levels of exposure (dose-response).
•	 Randomized evidence.
•	 Temporal relationship between exposure and outcome.

Complement factor H is a regulatory component of the alternate complement 
pathway that helps protects host cells from immune-mediated damage. Experimental 
and human genetic studies suggest that complement factor H may play a role in 
preventing age-related macular degeneration. A study measures circulating comple-
ment factor H levels in 30 patients who have a confirmed diagnosis of macular 
degeneration. The study finds that complement factor H levels are abnormally low 
in 9 (30%) of these patients.

	17.	 How many criteria are met by this study regarding a possible causal impact of 
complement factor H levels on age-related macular degeneration?

	A.	 0
	B.	 1
	C.	 2
	D.	 3
	E.	 4

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-97433-0_3&domain=pdf


8

Antipsychotic medications can prolong ventricular repolarization, which may 
increase the risk of certain cardiac arrhythmias. A study reports six cases of torsades 
de pointes, a life-threatening arrhythmia, among people who were taking conven-
tional antipsychotic medications. Review of medical records reveals that none of the 
study individuals had a previous history of heart disease or arrhythmia and that the 
arrhythmias resolved following the administration of magnesium.

	18.	 How many criteria are met by this study regarding a possible causal impact of 
antipsychotic medication use on torsades de pointes?

	A.	 0
	B.	 1
	C.	 2
	D.	 3
	E.	 4

A newspaper article reports the following information:
“Defective tires have been linked with several recent sport utility vehicle (SUV) 

crashes. We investigated tires obtained from 30 recent SUV accidents. We found 
that 24 of these tires were manufactured at a single plant in Cincinnati, Ohio. An 
investigation is underway to determine whether there are significant problems in the 
assembly line of the Cincinnati plant.”

	19.	 What is the most important problem with concluding that the Cincinnati plant 
is particularly at fault from these data?

	A.	 Employees at the Cincinnati plant may have different characteristics than 
employees at other manufacturing plants.

	B.	 Training procedures at the Cincinnati plant may differ from those at other 
plants.

	C.	 The investigators evaluated only tires from sport utility vehicles.
	D.	 Investigators failed to look for more subtle signs of tire damage in other 

vehicles.
	E.	 Lack of a denominator.

	20.	 Following the introduction of a new immunosuppressant medication for lung 
transplantation, a study describes the occurrence of unusual opportunistic 
infections among eight recent users of the medication. Which of the following 
would be the most appropriate next step for investigating this problem?

	A.	 Randomized trial of the new immunosuppressant medication with opportu-
nistic infections as the primary outcome

	B.	 Removal of the new immunosuppressant medication from the market
	C.	 Prospective cohort study to evaluate long-term rates of mortality among 

users and nonusers of the immunosuppressant medication
	D.	 Determining incidence rates of opportunistic infections among users and 

nonusers of the new immunosuppressant medication

3  Case Reports and Case Series
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Cross-sectional studies are defined by measurement of the exposure and the out-
come of a study at the same time. There is no follow-up time in cross-sectional 
studies. Consequently, cross-sectional study data are useful for determining the 
relative prevalence of a disease or condition but are typically inadequate for discern-
ing temporal relationships unless there is strong plausibility for one of the directions 
of association.

Questions 21–24 refer to the article by Drybe et al.:

Burnout and Serious Thoughts of Dropping Out of Medical School: A Multi-
Institutional Study. Acad Med. 2010;85(1):94–102.

	21.	 What is the relative prevalence (or prevalence ratio) of having severe thoughts of 
dropping out of medical school, comparing students who have children with stu-
dents who do not have children, in the cross-sectional component of this study?

	A.	 2.80
	B.	 1.80
	C.	 0.55
	D.	 0.50
	E.	 Cannot determine from the data in the paper

	22.	 What is the overall prevalence of burnout among students in the cross-sectional 
component of this study?

	A.	 8.8%
	B.	 18.6%
	C.	 22.8%
	D.	 49.4%
	E.	 Cannot determine from the data in the paper

Chapter 4
Cross-Sectional Studies

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-97433-0_4&domain=pdf
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	23.	 What is the incidence rate of having severe thoughts of dropping out of medical 
school in this study?

	A.	 65%
	B.	 0.46 per 1000 student-years
	C.	 0.86 per 1000 student-years
	D.	 1.32 per 1000 student-years
	E.	 Cannot determine from the data in the paper

The following criteria can be used to infer causal relationships:

•	 Strength of association.
•	 Biologic plausibility.
•	 Association varies predictably across levels of exposure (dose-response).
•	 Randomized evidence.
•	 Temporal relationship between exposure and outcome.

	24.	 How many criteria regarding a possible causal impact of burnout on serious 
thoughts of dropping out of medical school are met by this study?

	A.	 0
	B.	 1
	C.	 2
	D.	 3
	E.	 4

A study investigates characteristics that may be associated with low circulating 
vitamin D levels. Investigators recruit cohorts of Caucasian and African American 
adults from five US communities, determine race and sex by self-report, and mea-
sure height, weight, and serum 25-hydroxyvitamin D levels, the accepted storage 
form of vitamin D.

First, the investigators evaluate the association of race with serum vitamin D 
levels:

Mean serum 25-hydroxyvitamin D concentration  
(ng/mL)

Caucasian (N = 1500) 32.5
African American (N = 1500) 20.2

	25.	 Do these findings permit conclusion of a temporal association between race and 
serum 25-hydroxyvitmain D levels?

	A.	 Yes
	B.	 No

4  Cross-Sectional Studies
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Next, the investigators evaluate the associations of obesity with serum vitamin D 
levels:

Mean serum 25-hydroxyvitamin D concentration  
(ng/mL)

Obese (N = 900) 21.7
Nonobese (N = 2100) 28.4

	26.	 Do these findings permit conclusion of a temporal association between obesity 
and serum 25-hydroxyvitmain D levels?

	A.	 Yes
	B.	 No

	27.	 Which of the following would be the most appropriate next step for studying 
the potential association between serum vitamin D levels and obesity?

	A.	 Conducting a randomized clinical trial of vitamin D supplementation 
among obese individuals with diabetes as the primary outcome

	B.	 Enacting policies to promote greater vitamin D use in the general 
population

	C.	 Enacting policies to increase testing for vitamin D deficiency
	D.	 Evaluating the association between serum 25-hydroxyvitamin D levels and 

the prevalence of obesity in different countries
	E.	 Determining incidence rates of obesity according to baseline serum levels 

of 25-hydroxyvitamin D

4  Cross-Sectional Studies



13© Springer Nature Switzerland AG 2019 
B. Kestenbaum, Epidemiology and Biostatistics, 
https://doi.org/10.1007/978-3-319-97433-0_5

Chapter 5
Cohort Studies

Cohort studies are observational studies that determine the incidence of a disease or 
condition over time. The primary advantage of cohort studies over cross-sectional 
studies is the ability to separate potential risk factors from the occurrence of disease 
over time to assess temporal relationships. Cohort study data can be used to calcu-
late measures of risk, including relative risk, attributable risk, and population attrib-
utable risk. Like other types of observational studies, the primary limitation of 
cohort studies is the possibility that characteristics other than the exposure of inter-
est could impact the outcome of the study (confounding).

Researchers conduct a study to compare the risk of hypoglycemia (low blood 
sugar) among patients with diabetes who initiate long-acting versus short-acting 
insulin therapy. They recruit 15 patients who recently initiated insulin treatment and 
have no previous history of hypoglycemic episodes. Participants are followed for up 
to 2 years to assess occurrences of hypoglycemia. Results are shown below.

Subject number Insulin type Follow-up time (years) Hypoglycemic episode

1 Long-acting 1.3 No
2 Long-acting 1.1 Yes
3 Long-acting 0.8 No
4 Long-acting 1.6 No
5 Long-acting 1.4 Yes
6 Long-acting 1.9 No
7 Long-acting 1.7 No
8 Short-acting 0.6 No
9 Short-acting 1.9 No
10 Short-acting 1.1 No
11 Short-acting 0.8 Yes
12 Short-acting 0.4 No

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-97433-0_5&domain=pdf
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Subject number Insulin type Follow-up time (years) Hypoglycemic episode

13 Short-acting 1.3 Yes
14 Short-acting 0.7 No
15 Short-acting 1.4 No

	28.	 Which of the following best describes the design of this study?

	A.	 Cohort study
	B.	 Cross-sectional study
	C.	 Case report
	D.	 Case series
	E.	 Randomized trial

	29.	 What is the relative risk of a hypoglycemic reaction, comparing long-acting 
insulin with short-acting insulin in this study?

	A.	 1.00
	B.	 0.92
	C.	 0.84
	D.	 192 cases per 1000 person-years
	E.	 151 cases per 1000 person-years

A study examines the association of air pollution with asthma among children 
living in urban populations. Investigators recruit 1300 children ages 4–8 years old 
from pediatric clinics in 5 large cities. Study children are free of asthma or reactive 
airway disease at the start of the study. The investigators obtain baseline air pollu-
tion data from monitors located near each child’s residence and conduct annual 
follow-up exams to determine new instances of asthma. They categorize exposure 
to fine particulate air pollution as low versus high based on a cut point of 15 ug/m3. 
The study results are shown below.

Air pollution level Asthma No asthma Person-time (years)

Low 200 800 3300
High 100 200 780

Assume for a moment that the children in this study are reasonably representa-
tive of children in the selected cities and that the observed differences in asthma 
incidence are solely due to air pollution.

	30.	 Given these assumptions, how much additional asthma can be attributed to air 
pollution among children ages 4–8 in these cities who are exposed to high lev-
els of air pollution?

	A.	 1.3 cases per 100 person-years
	B.	 6.7 cases per 100 person-years
	C.	 7.4 cases per 100 person-years
	D.	 9.5 cases per 100 person-years
	E.	 12.8 cases per 100 person-years

5  Cohort Studies
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	31.	 Given these assumptions, how much additional asthma can be attributed to air 
pollution among the population of children ages 4–8 in these cities?

	A.	 1.3 cases per 100 person-years
	B.	 6.7 cases per 100 person-years
	C.	 7.4 cases per 100 person-years
	D.	 9.5 cases per 100 person-years
	E.	 12.8 cases per 100 person-years.

Questions 32–34 refer to the article by Wang et al.:

Risk of Death In Elderly Users of Conventional Vs. Atypical Antipsychotic 
Medications. N Engl J Med. 2005;353(22):2335–41.

Note: The term “hazard ratio” appears several times throughout the article. For the 
purposes of these questions, consider a hazard ratio to be the same as relative risk.

	32.	 All of the following represent advantages of the selected study design for exam-
ining whether atypical antipsychotic medications increase the risk of death 
except one:

	A.	 Ability to assess the risks and benefits of atypical antipsychotic medication 
use in a large population of older adults

	B.	 Ability to assess the risks and benefits of atypical antipsychotic medication 
use among vulnerable people who may be excluded from randomized 
trials

	C.	 Ability to assess the risks and benefits of atypical antipsychotic medication 
use in real-world settings

	D.	 Ability to clearly distinguish the causal impact of atypical antipsychotic 
medication use on mortality from the characteristics of people who tend to 
use these medications

	E.	 Ability to investigate the possibility of a dose-response association between 
atypical antipsychotic medication use and mortality

	33.	 What is the attributable risk of death within 180 days comparing conventional 
antipsychotic medication use with atypical antipsychotic medication use?

	A.	 1.51
	B.	 1.37
	C.	 3.3%
	D.	 4.5%
	E.	 4.5 cases per 100 person-years

The following criteria can be used to infer a causal relationship between the use 
of conventional antipsychotic medications and all-cause mortality:

•	 Strength of association.
•	 Biologic plausibility.
•	 Association varies predictably across levels of exposure (dose-response).
•	 Randomized evidence.
•	 Temporal relationship between exposure and outcome.

5  Cohort Studies
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Note: Of the many associations presented in the study, consider the adjusted rela-
tive risk of 1.37 in Table 2 to represent the “primary” association between the type 
of antipsychotic medication use and mortality.

	34.	 How many of the causal criteria are met by this study?

	A.	 0
	B.	 1
	C.	 2
	D.	 3
	E.	 4

5  Cohort Studies
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Chapter 6
Case-Control Studies

Case-control studies are a specialized type of observational study design ideally 
suited for evaluating rare diseases and those with a long latency period. Case-control 
studies begin by targeting people who have and do not have a disease or condition 
of interest and then work backward to determine associations with previous expo-
sures. Due to the manner in which participants are selected for these studies, case-
control data alone cannot be used to directly calculate the incidence of disease or 
incidence-based measures of risk. However, it is possible to estimate relative risk 
from case-control study data using the odds ratio.

Researchers investigate a potential link between hepatitis B vaccination and the 
occurrence of multiple sclerosis. They identify 100 patients from a network of neu-
rology clinics who have received a diagnosis of multiple sclerosis and 100 healthy 
control individuals from primary care clinics in the same geographic region. The 
researchers query medical records to determine the proportion of people who had 
previously received the hepatitis B vaccine. Results are shown below.

Number who previously received hepatitis B vaccine

100 patients with multiple sclerosis 12
100 healthy individuals 13

	35.	 Which of the following is true?

	A.	 Given that multiple sclerosis is relatively uncommon in the population, the 
incidence proportion of multiple sclerosis among hepatitis B-vaccinated 
individuals is approximately 34%.

	B.	 The attributable risk of multiple sclerosis associated with hepatitis B vac-
cination is approximately 1%.
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	C.	 The odds ratio of multiple sclerosis comparing hepatitis B-vaccinated to 
non-hepatitis B-vaccinated individuals is 0.91.

	D.	 The study design clearly distinguishes the causal impact of the hepatitis B 
vaccine on multiple sclerosis from the characteristics of people who 
received this vaccine.

	36.	 Which of the following is true?

	A.	 The internal validity of these study findings would be further enhanced by 
confirmation of the diagnosis of multiple sclerosis using magnetic reso-
nance imaging.

	B.	 A more suitable control population would be healthcare workers who are 
required to receive hepatitis B vaccination.

	C.	 A more suitable control population would be uninsured adults who are less 
likely to receive vaccinations.

	D.	 Recall bias is an important potential problem in this study.

Questions 37–40 refer to the article by Travis et al.:

Bladder and Kidney Cancer Following Cyclophosphamide Therapy for Non-
Hodgkin’s Lymphoma. J Natl Cancer Inst. 1995;87(7):524–30.

	37.	 What is the crude (unadjusted) odds ratio of bladder cancer associated with 
receiving cyclophosphamide without radiation, compared to receiving radiation 
without cyclophosphamide?

	A.	 0.8
	B.	 2.5
	C.	 1.2
	D.	 0.4
	E.	 Cannot be determined using the study data

	38.	 What is the incidence of bladder cancer among lymphoma patients who received 
50 or more grams of cyclophosphamide?

	A.	 71%
	B.	 29%
	C.	 14.5 cases per 100 person-years
	D.	 6.3 cases per 100 person-years
	E.	 Cannot be determined from the study data

	39.	 Each of the following characteristics of the study represents a desirable meth-
odological attribute of case-control studies except one:

	A.	 Evaluation of patients who had a confirmed diagnosis of non-Hodgkin 
lymphoma

	B.	 Use of chemotherapy and radiation data that were collected before the 
development of secondary cancers to eliminate recall bias
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	C.	 Use of pathology records to confirm the diagnosis of secondary bladder 
cancers

	D.	 Selection of cases and controls from the same underlying population
	E.	 Study of a rare disease to permit interpretation of odds ratios as relative 

risks

	40.	 Which of the following is true?

	A.	 Cyclophosphamide plus radiation is associated with a similar risk of blad-
der cancer compared to cyclophosphamide without radiation.

	B.	 Cumulative cyclophosphamide dosage is more important than duration in 
terms of bladder cancer risk.

	C.	 Higher radiation dose is associated with a greater risk of bladder cancer.
	D.	 Men have a greater odds of bladder cancer compared to women in this 

study.
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Chapter 7
Randomized Trials

Randomized trials are interventional studies that administer specific treatments or 
control procedures to study participants. The primary advantage of the randomized 
design is the ability to separate the causal impact of treatments from the character-
istics of people who receive these treatments. Characteristics that impact the inter-
nal validty of randomized studies include the randomization procedure, choice of 
conparator, blinding, concealment, adherence, accuracy of the study measurements, 
and the analytic plan. The results of randomized trials may have limited external 
validity due to preferential inclusion of relatively healthy participants and careful 
monitoring procedures.

A clinical trial tests whether scheduled exercise can prevent the development of 
diabetes among obese adults. Researchers establish a multi-site consortium that 
enrolls 3400 participants from clinics in 8 US cities. Inclusion criteria are a body 
mass index (BMI) >30 kg/m2 and no previous history of diabetes. Exclusion criteria 
include any physical or medical condition that would preclude regular exercise or a 
previous history of heart failure. Characteristics of enrolled participants are 72% 
female, mean age of 44 years, and mean BMI of 34 kg/m2.

Participants are randomized in a 1:1 ratio to receive either a scheduled exercise 
program or no such treatment. Participants in the exercise group receive a gym 
membership within close proximity of their residence and a suggested workout rou-
tine prescribing 150 min of aerobic activity per week. Study personnel contact par-
ticipants in the exercise group every 3 months to encourage compliance with the 
program. Participants in the no-treatment group receive educational materials 
describing the importance of exercise at the start of the study.

All participants complete annual study visits to assess the development of diabe-
tes, which is defined by a fasting blood glucose level >126 mg/dL or the new use of 
a medication for diabetes. The researchers are prevented from knowing which treat-
ment was administered throughout trial. Study results over a median of 5 years of 
follow-up are presented below.
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Group
Number of 
people

Number of 
diabetes cases

Diabetes incidence 
per 100 people

Diabetes incidence per 
1000 person-years

Assigned to 
exercise

1700 55 3.2 6.5

Assigned to no 
treatment

1700 74 4.4 8.7

	41.	 Which of the following criticisms of the trial is most valid?

	A.	 There is concern for bias due to the relatively high proportion of women 
who were enrolled in the trial.

	B.	 There is concern for bias due to differences in age between the exercise and 
no-treatment groups.

	C.	 There is concern for bias due to differences in fasting blood sugars between 
the exercise and no-treatment groups.

	D.	 There is concern for bias because the researchers failed to exclude people 
with a family history of diabetes, a strong risk factor for the study 
outcome.

	E.	 Inadequate blinding may have disproportionately impacted the health 
behaviors of participants in the exercise and no treatment groups.

	42.	 Which of the following is most likely to jeopardize the internal validity of the 
trial?

	A.	 Exclusion of people with a history of heart failure
	B.	 Use of a surrogate endpoint
	C.	 Lack of restricted randomization procedures
	D.	 The possibility that other characteristics of people assigned to the exercise 

program, and not exercise itself, may have caused the observed difference 
in diabetes rates

	E.	 The possibility of nonadherence with the scheduled exercise program

	43.	 Which of the following is most likely to jeopardize the external validity of the 
trial?

	A.	 Frequent contacts from study personnel to encourage compliance with 
exercise.

	B.	 Participants who were assigned to no treatment may have exercised on their 
own.

	C.	 Participants who were assigned to exercise may have engaged in other 
healthy behaviors outside of the trial.

	D.	 Inadequate blinding.
	E.	 Potential errors in measuring the study outcome.
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	44.	 What is the relative risk of diabetes, comparing participants who were assigned 
to the exercise program with participants who were assigned to no treatment?

	A.	 8.70
	B.	 2.20
	C.	 1.33
	D.	 0.86
	E.	 0.75

	45.	 What is the attributable risk of diabetes, comparing participants who were assigned 
to the exercise program with participants who were assigned to no treatment?

	A.	 −8.70 events per 1000 person-years
	B.	 −2.20 events per 1000 person-years
	C.	 −1.33 events per 1000 person-years
	D.	 −0.86 events per 1000 person-years
	E.	 −0.75 events per 1000 person-years

	46.	 Approximately how many people similar to those in the trial would need to be 
treated with the exercise program to prevent one instance of diabetes over a 
median of 5 years of follow-up (note: use the diabetes incidences per 100 peo-
ple for this calculation)?

	A.	 12
	B.	 24
	C.	 37
	D.	 68
	E.	 83

	47.	 If the same exercise program were administered to a community of sedentary 
people who are otherwise similar to the trial particpants, how much of a reduc-
tion in the rate of diabetes would be expected in that community?

	A.	 8.70 events per 1000 person-years
	B.	 2.20 events per 1000 person-years
	C.	 1.33 events per 1000 person-years
	D.	 0.86 events per 1000 person-years
	E.	 0.75 events per 1000 person-years

The investigators are concerned about the possibility of low adherence in the 
exercise group. A secondary analysis of the trial data reveals that only 1105 (65%) 
of participants assigned to the exercise program maintained compliance with this 
program during the trial. Moreover, among the 1700 participants assigned to no 
treatment, 260 reported initiating a regular exercise program on their own during the 
trial period.
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	48.	 Which of the following analytic strategies would best preserve the initial simi-
larity in participant characteristics that was created by randomization?

	A.	 Compare diabetes outcomes among the 1105 participants who complied 
with the exercise program to the 1700 participants who were assigned to no 
treatment.

	B.	 Compare diabetes outcomes among the 1105 participants who complied 
with the exercise program to the 1440 participants who did not initiate an 
exercise program.

	C.	 Compare diabetes outcomes among the 1700 participants who were 
assigned to the exercise program to the 1700 participants who were assigned 
to no treatment.

	D.	 Compare diabetes outcomes among the 1700 participants who were 
assigned to the exercise program to the 1440 participants who did not initi-
ate an exercise program on their own.

Returning to the original trial data, the investigators next explore whether the 
exercise program may have been particularly beneficial among people who were 
sedentary at the start of trial. They define sedentary behavior by self-report of at 
least 8 h per day of inactivity. Previous experimental studies have demonstrated 
that transition from a sedentary lifestyle to even modest levels of activity pro-
duces particularly large increases in glucose uptake by skeletal muscle tissue 
and improvement in insulin sensitivity. Trial data stratified by the presence of 
sedentary behavior at baseline are presented below.

Group
Number of 
people

Number of diabetes 
cases

Diabetes incidence per 
1000 person-years

Self-reported sedentary behavior
Assigned to exercise 600 24 8.0
Assigned to no treatment 600 31 10.3
Self-reported no sedentary behavior
Assigned to exercise 1100 31 5.6
Assigned to no treatment 1100 43 7.8

	49.	 Do these findings support a differential impact of the exercise program by the 
presence of sedentary behavior at baseline?

	A.	 Yes
	B.	 No
	C.	 Insufficient information to decide

Researchers plan to evaluate a new oral immune-modulating therapy for locally 
advanced breast cancer. They conceive a randomized trial to test the new treatment 
in women who have hormone receptor-negative, human epidermal growth factor 
receptor 2 (HER2)-negative cancers. Currently accepted treatment for this condition 
includes radiotherapy and intravenous chemotherapy.
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	50.	 Which of the following comparison groups would best preserve blinding in a 
randomized trial of the new agent while maintaining equipoise?

	A.	 No treatment
	B.	 A placebo
	C.	 Radiotherapy and intravenous chemotherapy plus a placebo
	D.	 Radiotherapy and intravenous chemotherapy
	E.	 Delayed treatment

A randomized trial compared acupuncture with physical therapy for the treatment of 
chronic low back pain. Researchers identified potential participants with low back pain 
from primary care practices located in Portland, Oregon. They excluded people who 
had any a previous history of cancer or vertebral fracture. Participants were randomized 
in a 1:1 ratio to receive either a prescribed acupuncture program or regular physical 
therapy sessions twice weekly. The primary outcome of the trial was the change in back 
pain after 8 weeks, determined by a standardized back pain questionnaire.

	51.	 Which one of the following characteristics impacts the external validity of this trial?

	A.	 Lack of blinding
	B.	 Subjective outcome measure
	C.	 Recruitment from practices in Portland, Oregon
	D.	 Potential nonadherence with acupuncture
	E.	 Potential nonadherence with physical therapy

Questions 52–55 refer to the article by Cummings et al.:

Denosumab for Prevention of Fractures in Postmenopausal Women with 
Osteoporosis. N Engl J Med. 2009;361(8):756–65.

	52.	 Which of the following represents the greatest threat to the internal validity of 
the trial?

	A.	 Restriction of the study population to women who had T-scores between 
−2.5 and −4.0.

	B.	 Exclusion for long-term bisphosphonate use.
	C.	 Use of a surrogate endpoint.
	D.	 Potential age differences between the denosumab and placebo groups.
	E.	 None of the above – the study findings are internally valid.

	53.	 Based on the raw numbers of hip fractures that occurred in the trial and the total 
numbers of participants in the denosumab and placebo groups listed in Table 1, 
how many similar postmenopausal women with osteoporosis would need to be 
treated with denosumab to prevent one hip fracture within 36 months?

	A.	 17
	B.	 167
	C.	 233
	D.	 500
	E.	 644
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	54.	 Which of the following represents the most appropriate response to the greater 
number of cellulitis cases observed among denosumab-treated participants?

	A.	 Nothing – this is likely a statistical anomaly.
	B.	 Nothing – the number of cellulitis cases is numerically small.
	C.	 Post-approval surveillance.
	D.	 Follow-up clinical trial of denosumab among patients who are at high risk 

for cellulitis.
	E.	 Restriction of the label indication to patients who are at low risk for 

cellulitis.

	55.	 In a hypothetical secondary analysis, investigators use medication claims data 
to discover that 20% of the trial participants who were assigned to placebo initi-
ated denosumab treatment outside of the trial. Given this new finding, how 
should the original study data be analyzed?

	A.	 No change – continue to compare participants who were initially assigned 
to denosumab to those who were initially assigned to placebo.

	B.	 Exclude participants from the placebo group if they initiated denosumab 
treatment outside of the trial.

	C.	 Discontinue follow-up time in the placebo group at the time participants 
first initiated denosumab outside of the trial.

	D.	 Consider participants in the placebo group to be taking a placebo until the 
time of first denosumab use and then consider them to be taking denosumab 
thereafter.

	E.	 Re-weight the relative risks by the proportion of outside denosumab use.
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Chapter 8
Misclassification

Misclassification refers to the false characterization of a study characteristic due to 
measurement error. Information regarding the procedures used to measure the study 
data helps to infer whether misclassification is likely to have occurred and the sus-
pected type of misclassification. Non-differential misclassification arises from non-
systematic error in measuring the study data and in most instances leads to observing 
a relative risk that is closer to 1.0 than that obtained under ideal measurements (bias 
toward the null). Differential misclassification arises from systematic error in mea-
suring the study data, the impact of which depends on the specific pattern of mea-
surement error that has occurred.

Researchers conduct a case-control study to examine the association of paint 
exposure with pulmonary fibrosis, a serious disease that typically presents with 
shortness of breath and a nonproductive cough. The researchers identify 30 case 
individuals who have received a diagnosis of pulmonary fibrosis, confirmed by 
high-resolution computed tomography, and a comparison group of 90 healthy con-
trol individuals who are free of pulmonary symptoms. The researchers conduct in-
person interviews with the case and control individuals to inquire about previous 
exposures to latex and oil-based paint products.

	56.	 Which type of misclassification would be most important to consider in this 
study?

	A.	 Nonselective misclassification of the exposure
	B.	 Selective misclassification of the exposure
	C.	 Nonselective misclassification of the outcome
	D.	 Selective misclassification of the outcome

A related case-control study is conducted among workers from a large national 
construction company. Researchers identify 30 employees who have received a diag-
nosis of pulmonary fibrosis, confirmed by high-resolution computed tomography, 
and a group of 90 control employees from the same company who are free of pulmo-

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-97433-0_8&domain=pdf


28

nary symptoms. The researchers query the company’s computerized job assignment 
records to ascertain previous exposures to latex and oil-based paint products.

	57.	 Which type of misclassification would be most important to consider in this 
study?

	A.	 Nonselective misclassification of the exposure
	B.	 Selective misclassification of the exposure
	C.	 Nonselective misclassification of the outcome
	D.	 Selective misclassification of the outcome

Researchers use data from a large health maintenance organization to examine 
the association of aspirin use with all-cause mortality. They identify a cohort of 
10,000 people who were regularly using aspirin as of January 1, 2000, and a second 
cohort of 40,000 people who were not using aspirin on the same date. The research-
ers link enrollee records with the National Death Index, a centralized database of 
mortality data, to determine vital status through 2017. The study finds a small, but 
statistically insignificant association of aspirin use with a lower risk of all-cause 
mortality: relative risk 0.94 (95% confidence interval 0.81, 1.07).

	58.	 How does the relative risk observed in this study likely compare with the rela-
tive risk that would have been obtained if the study data were measured 
perfectly?

	A.	 The observed relative risk is likely to be higher than the relative risk obtained 
under idealized study measurements.

	B.	 The observed relative risk is likely to be lower than the relative risk obtained 
under idealized study measurements.

	C.	 The observed relative risk is likely to be the same as the relative risk 
obtained under idealized study measurements.

A follow-up study is conducted to assess the validity of the aspirin use data. The 
researchers link enrollee records to electronic pharmacy databases to determine the 
consistency of aspirin use over time. They find that 30% of enrollees who were 
originally classified as aspirin users subsequently discontinued aspirin use over the 
next 5 years. In contrast, nearly all enrollees who were originally classified as non-
aspirin users at baseline remained non-aspirin users throughout the study.

	59.	 Based on this information, how does the relative risk observed in this study 
likely compare with the relative risk that would have been obtained if the data 
were measured perfectly?

	A.	 The observed relative risk is likely to be higher than the relative risk obtained 
under idealized study measurements.

	B.	 The observed relative risk is likely to be lower than the relative risk obtained 
under idealized study measurements.

	C.	 The observed relative risk is likely to be the same as the relative risk 
obtained under idealized study measurements.
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A cohort study evaluates the association of apolipoprotein B (ApoB) levels with 
incident myocardial infarction. Researchers measure plasma ApoB levels using an 
automated laboratory platform and define an “elevated” ApoB level by the highest 
20% of measured values. The study finds that elevated ApoB levels are associated 
with a twofold greater incidence of myocardial infarction over 5  years of 
follow-up.

To check the validity of the automated laboratory platform, the researchers com-
pare ApoB levels measured on this platform with ApoB levels measured using a 
gold standard laboratory method on the same blood sample. They find that the auto-
mated platform consistently returns values that are 50% lower than those of the 
reference laboratory.

	60.	 Based on this information, how does the relative risk observed in this study 
likely compare to the relative risk that would have been obtained if the data 
were measured perfectly?

	A.	 The observed relative risk is likely to be higher than the relative risk obtained 
under idealized study measurements.

	B.	 The observed relative risk is likely to be lower than the relative risk obtained 
under idealized study measurements.

	C.	 The observed relative risk is likely to be the same as the relative risk 
obtained under idealized study measurements.
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Chapter 9
Confounding

In observational studies, associations between potential risk factors and disease may 
or may not represent causal relationships. Confounding is a type of bias that occurs 
when characteristics other than the exposure of interest distort the observed associa-
tion of the exposure with disease. A confounding characteristic is defined as a factor 
that is associated with the exposure, associated with the outcome, and not suspected 
to reside on the causal pathway of association. Strategies to control for confounding 
include restriction, stratification plus adjustment, matching, and regression. The 
presence of confounding is suspected when the size of the association of interest 
changes meaningfully after adjustment by one of these methods.

HIV disease may increase susceptibility to other viral infections. A cohort study 
investigates the association of HIV with the occurrence of cytomegalovirus (CMV) 
infection, a common herpesvirus. Researchers screen infectious disease clinics to 
identify a cohort of 400 HIV-positive patients who are seronegative for CMV (indi-
cating no previous exposure). The researchers then identify a comparison cohort of 
400 people without HIV disease from primary care clinics who are also CMV 
seronegative.

Study personnel conduct annual testing to assess new CMV infections, defined 
by the development of antibodies to the virus. The study data are presented in the 
following tables (Tables 9.1 and 9.2).

	61.	 Which of the following characteristics is most likely to have confounded the 
observed association of HIV disease with incident CMV infection?

	A.	 Age
	B.	 Sex
	C.	 Body mass index
	D.	 Intravenous drug use
	E.	 CD4 lymphocyte count
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	62.	 Which description best describes how race relates to the observed association 
between HIV disease and CMV infection?

	A.	 Associated with exposure, associated with outcome, not on causal 
pathway

	B.	 Associated with exposure, associated with outcome, on causal pathway
	C.	 Associated with exposure, not associated with outcome, not on causal 

pathway
	D.	 Associated with exposure, not associated with outcome, on causal 

pathway
	E.	 Not associated with exposure, associated with outcome, not on causal 

pathway

The director of a general internal medicine clinic is concerned about possible 
harm caused by the overtreatment of hypertension. She compiles data from all 
hypertensive patients who received treatment in the clinic over the past 10 years, 
including average treated systolic blood pressures and mortality status over follow-
up. Findings are shown below.

Treated systolic blood pressure 
(mmHg)

Number of 
patients

Mortality rate (per 1000 
person-years)

<90 45 14.6
90–110 97 7.5
110–130 212 6.1
130–150 397 6.9
>150 108 9.9

Table 9.1  Baseline 
characteristics of the study 
participants

HIV positive HIV negative

Age (years) 47.3 47.1
African American (%) 37.3 18.9
Male (%) 54.0 52.9
Body mass index (kg/m2) 23.2 27.9
Intravenous drug use (%) 35.4 4.1
Mean CD4 lymphocyte 
count (cells/mm3)

187 1440

Table 9.2  Associations of study characteristics with incident CMV infection

Unadjusted relative risk of CMV infection

HIV disease 4.05
Age (per 10-year higher) 2.92
African American (compared to Caucasian) 1.01
Male (compared to female) 2.05
Body mass index (per 5 kg/m2 higher) 1.03
Intravenous drug use (yes versus no) 1.86
CD4 lymphocyte count (per 100 cells/mm3 increase) 2.70
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	63.	 Which one of the following statements is FALSE?

	A.	 These data demonstrate that lowering systolic blood pressure <90 mmHg 
increases the risk of death.

	B.	 The higher mortality rate observed among patients who had treated systolic 
blood pressures <90 mmHg may be confounded by age.

	C.	 The higher mortality rate observed among patients who had treated systolic 
blood pressures <90 mmHg may be confounded by low body weight.

	D.	 The higher mortality rate observed among patients who had treated systolic 
blood pressures <90 mmHg may be confounded by comorbidity.

	E.	 The higher mortality rate observed among patients who had treated systolic 
blood pressures <90 mmHg may have been caused by decreased cerebral 
blood flow.

There is growing enthusiasm for green tea as a protective agent against cancer, 
possibly due to antioxidant properties. An observational study reports that the regu-
lar consumption of green tea is associated with a 30% lower incidence of pancreatic 
cancer compared with no green tea consumption: unadjusted relative risk 0.7.

People who regularly consumed green tea in the study were, on average, younger 
and more likely to exercise regularly, consumed more dietary fiber, and had greater 
circulating concentrations of antioxidants compared with non-green tea drinkers. 
Moreover, when subjected to provocative tests of vascular function, green tea drink-
ers in the study exhibited a greater vasodilatory response, suggesting lower oxida-
tive stress. Characteristics that were associated with a higher risk of pancreatic 
cancer in this study included older age, lower circulating concentrations of antioxi-
dants, and a reduced vasodilatory response.

	64.	 Which of the following characteristics is most likely to have confounded the 
observed association between green tea consumption and pancreatic cancer in 
this study?

	A.	 Age
	B.	 Regular exercise
	C.	 Dietary fiber
	D.	 Circulating antioxidants
	E.	 Vasodilatory response

The researchers conducting the study decide to adjust for circulating concentra-
tions of antioxidants. After adjustment, they find regular green tea consumption to 
be associated with only a 10% lower incidence of pancreatic cancer compared with 
no green tea consumption: unadjusted relative risk 0.9.

	65.	 Which of the following is true?

	A.	 Circulating concentrations of antioxidants were likely to have been con-
founding the unadjusted association between green tea consumption and pan-
creatic cancer.

	B.	 The researchers should match green tea drinkers to non-green tea drinkers 
by circulating concentrations of antioxidants.
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	C.	 The researchers should perform stratified analyses by circulating concentra-
tions of antioxidants.

	D.	 The investigators should restrict their analyses to participants who had low 
circulating concentrations of antioxidants.

	E.	 Circulating concentrations of antioxidants are likely to reside on the causal 
pathway of association between green tea consumption and pancreatic cancer.

The researchers conducting the study decide to adjust for sex by determining the 
association of green tea consumption with pancreatic cancer separately among men 
and women. Results are shown below.

Unadjusted relative risk of pancreatic cancer comparing regular green tea 
drinkers with non-green tea drinkers

All study 
participants

0.70

Men only 0.85
Women only 0.85

	66.	 Which of the following is true?

	A.	 The stratified data suggest that sex is confounding the unadjusted associa-
tion between green tea consumption and pancreatic cancer.

	B.	 The stratified data suggest that sex is likely to reside on the causal pathway 
between green tea consumption and pancreatic cancer.

	C.	 The stratified data suggest that other factors are likely to be confounding the 
unadjusted association between green tea consumption and pancreatic 
cancer.

	D.	 The use of stratification is not appropriate.
	E.	 The stratified results are not possible.

Large placebo-controlled randomized trials have reported that long-acting cal-
cium channel blockers reduce the risk of stroke among people with hypertension. In 
an observational study, researchers obtain clinical data from enrollees in five large 
healthcare systems. They observe stroke rates of 5.0 per 1000 person-years among 
enrollees who are treated with long-acting calcium channel blockers compared with 
3.0 per 1000 person-years among enrollees who are not treated with these 
medications.

	67.	 Which of the following is most likely to account for the discrepancy between 
the findings reported from the randomized trials and the results observed in the 
observational study?

	A.	 Lack of blinding
	B.	 Lack of a denominator
	C.	 Lack of a plausible mechanism of association
	D.	 Confounding by indication
	E.	 Errors in classifying long-acting calcium channel blocker use
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	68.	 Which of the following strategies would be most helpful for investigating the 
potential causal impact of long-acting calcium channel blocker use on stroke 
risk in the observational study?

	A.	 Match long-acting calcium channel blocker users to nonusers by sex.
	B.	 Restrict the study population to enrollees who have hypertension.
	C.	 Select long-acting calcium channel blocker users who have consistently 

received this medication for at least 3 years.
	D.	 Compare the risk of stroke between long-acting calcium channel blocker 

users and aspirin users.
	E.	 Use a random procedure to select users and nonusers of long-acting calcium 

channel blockers in the observational study.

	69.	 Methods to control for confounding include all of the following except:

	A.	 Regression
	B.	 P-values and 95% confidence intervals
	C.	 Stratification
	D.	 Matching
	E.	 Restriction

Questions 70–71 refer to the article by Schaer et al.:

Risk for Incident Atrial Fibrillation in Patients Who Receive Antihypertensive 
Drugs: A Nested Case-Control Study. Ann Intern Med. 2010;152(2):78–84.

	70.	 Which of the following is true regarding age as a possible confounder in this 
study?

	A.	 Age is not associated with the outcome; however, data regarding the asso-
ciation of age with the exposure is needed to decide whether age is a 
confounder.

	B.	 Age is not associated with the outcome; however, data regarding the causal 
pathway of association is needed to decide whether age is a confounder.

	C.	 Age is not associated with the exposure; however, data regarding the asso-
ciation of age with the outcome is needed to decide whether age is a 
confounder.

	D.	 Age is likely to reside on the causal pathway of association.
	E.	 Age is not likely to be a confounder in this study.

The study demonstrates an association of total ACE inhibitor use with a lower 
odds of atrial fibrillation. Specifically, the unadjusted odds ratio for total ACE inhib-
itor use is 0.81 and the adjusted odds ratio is 0.79 (Table 3, row 3).

	71.	 Which of the following is true?

	A.	 The unadjusted association is likely to be confounded by smoking.
	B.	 The unadjusted association is likely to be confounded by body mass 

index.
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	C.	 The adjusted association represents the true causal impact of total ACE 
inhibitor use on the incidence of atrial fibrillation.

	D.	 There is a 21% lower odds of incident atrial fibrillation comparing total 
ACE inhibitor users with nonusers holding all of the characteristics listed in 
the footnote of Table 3 constant.
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Chapter 10
Effect Modification

The impact of an exposure or treatment may differ across people. Effect modifica-
tion occurs when the size of an association between an exposure and outcome dif-
fers according to another characteristic. A true differential impact of an exposure or 
treatment on the disease process is suspected when the difference in the size of an 
association across subgroups is large, the subgroups contain sufficient numbers of 
people and outcomes for comparison, there is plausibility for the observed differ-
ence, and the difference is replicated in other studies. Non-overlapping confidence 
intervals and a low p-value for interaction provide statistical evidence for the pres-
ence of effect modification.

A pharmaceutical company sponsors a clinical trial of a new medication for 
treating major depressive disorder. Investigators randomly assign 5000 people who 
are experiencing a first major depressive episode to receive either the new medica-
tion or a selective serotonin reuptake inhibitor (SSRI), the clinical standard of care 
for major depression. Among the recruited participants, the mean age is 37 years, 
60% are female, and 22% also meet criteria for anxiety disorder. The outcome of the 
study is the persistence of depressive symptoms after 6 months of treatment. Results 
are shown below.

Trial results stratified by the presence of baseline anxiety disorder.

Relative risk of persistent depression symptoms comparing 
the new medication to SSRIs (95% confidence interval)

All participants 0.70 (0.61, 0.79)
Anxiety disorder at baseline 0.38 (0.14, 0.62)
No anxiety disorder at baseline 0.79 (0.65, 0.93)

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-97433-0_10&domain=pdf
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	72.	 How does the presence of anxiety disorder relate to the observed association 
between receipt of the new antidepressant medication and persistent depressive 
symptoms?

Confounder Effect modifier
A.  No Yes
B.  No Yes
C.  Yes No
D.  Yes No
E.  Cannot determine from the information that is provided

A cohort study evaluates the association of hepatitis B infection with the devel-
opment of hepatic cirrhosis. Researchers identify 800 patients who have serologic 
evidence of active hepatitis B infection and a comparison group of 1800 healthy 
individuals who do not have evidence of past or present hepatitis B infection. 
Baseline characteristics of the study population are presented below.

Hepatitis B positive Hepatitis B negative

Mean age (years) 43.5 47.2
Male 68% 41%
Smoking 22% 14%
Heavy alcohol use 18% 9%
Chronic kidney disease 8% 11%

Participants are followed over 10 years to assess the occurrence of cirrhosis. The 
study finds that hepatitis B infection is associated with a 2.5 times higher incidence 
of cirrhosis:

Unadjusted relative risk 2.5; 95% confidence interval (2.3, 2.7)
Stratified study results are shown below.

Association of hepatitis B infection with cirrhosis among subgroups (relative risks and 95% 
confidence intervals shown)

Men Women
2.9 (2.1, 3.7) 2.3 (1.6, 3.0)
Heavy alcohol use No heavy alcohol use
6.8 (5.4, 8.2) 1.9 (1.6, 2.2)

	73.	 Which of the following is true?

	A.	 These data suggest that sex is confounding the observed association between 
hepatitis B infection and cirrhosis.

	B.	 These data suggest that sex is modifying the observed association between 
hepatitis B infection and cirrhosis.

	C.	 The sex-adjusted relative risk of cirrhosis associated with hepatitis B infec-
tion is between 2.3 and 2.9.
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	D.	 These data suggest that heavy alcohol use is confounding the observed 
association between hepatitis B infection and cirrhosis.

	E.	 These data suggest that heavy alcohol use lies on the causal pathway 
between hepatitis B infection and cirrhosis.

A new vaccine designed to prevent malaria is deployed in four hypothetical 
countries. Disease incidences among vaccinated and non-vaccinated residents in 
each country are presented below.

Incidence of malaria in non-vaccinated 
individuals (per 1000 at risk)

Incidence of malaria in vaccinated 
individuals (per 1000 at risk)

Country 1 100 40
Country 2 200 130
Country 3 300 230
Country 4 400 310

	74.	 Consider the possibility that funds are available to continue the vaccination 
program in only one country. Deploying the new vaccine to which country 
would prevent the most cases of malaria?

	A.	 Country 1
	B.	 Country 2
	C.	 Country 3
	D.	 Country 4

Acute kidney injury (AKI) can result from exposure to medications that reduce 
blood flow to the kidneys. Two common medication classes that can decrease kid-
ney blood flow are nonsteroidal anti-inflammatory drugs (NSAIDs) and angiotensin 
receptor blockers (ARBs). A case-control study evaluates the association of these 
medications with the incidence of AKI. Researchers identify 100 case patients who 
recently developed AKI and 300 control patients who have normal kidney function. 
The researchers then ascertain NSAID and ARB use within the previous 6 months.

Odds ratio of AKI comparing NSAID use to nonuse:	� 1.6 (95% confidence  
interval 1.25, 1.95)

Odds ratio of AKI comparing ARB use to nonuse: 	� 2.2 (95% confidence 
interval 1.65, 2.75)

	75.	 Which of the following procedures would be most helpful for judging whether there 
is a possible synergistic effect of NSAID and ARB use on the risk of AKI?

	A.	 Evaluating the differential size of the odds ratios for AKI associated with 
NSAID and ARB use

	B.	 Evaluating the 95% confidence intervals for the odds ratios of AKI associ-
ated with NSAID use and ARB use

	C.	 Calculating p-values for the odds ratios of AKI associated with NSAID use 
and ARB use

	D.	 Evaluating the association of NSAID use with AKI separately among ARB 
users and nonusers
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Questions 76–78 refer to the article by Muzaale et al.:

Risk of End-Stage Renal Disease Following Live Kidney Donation. JAMA. 
2014;311(6):579–86.

	76.	 Based on the data in the paper, how does age relate to the association between 
live kidney donation and the development of end-stage renal disease?

Confounder Effect modifier
A.  No No
B.  Yes No
C.  No Yes
D.  Cannot determine Yes
E.   No Cannot determine

	77.	 Which of the following is true regarding the association of live kidney donation 
with ESRD?

	A.	 The attributable risk is greater among Black donors compared with Hispanic 
donors.

	B.	 The relative risk is greater among Black donors compared with Hispanic 
donors.

	C.	 The attributable risk is greater among donors who are ≥50 years old com-
pared with donors who are <50 years old.

	D.	 The relative risk is greater among donors who are ≥50 years old compared 
with donors who are <50 years old.

A hypothetical follow-up study obtains physical activity data for the live kidney 
donors and matched non-donors in the study. The association of live kidney dona-
tion with end-stage renal disease according to categories of low versus high levels 
of physical activity is shown below.

Attributable risk of end-stage renal disease comparing 
live kidney donors to healthy non-donors

All study individuals +26.9 per 10,000
Low physical activity +12.3 per 10,000
High physical activity +13.8 per 10,000

	78.	 Based on these data, how do physical activity levels relate to the association 
between live kidney donation and end-stage renal disease?

Confounder Effect modifier
A. No No
B. No Yes
C. Yes No
D. Yes Yes
E. Cannot determine from the information that is provided
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Chapter 11
Screening and Diagnosis

Screening and diagnostic tests can detect diseases at early stages to promote poten-
tially beneficial treatments. The interpretation of screening and diagnostic test 
results depends on the disease process of interest, the qualities of the test, and the 
context of testing. Screening tests seek to identify diseases before they have caused 
recognizable signs or symptoms. Diagnostic tests seek to verify the presence of 
diseases for which signs and symptoms are already apparent. The predictive values 
of any test are determined by the test validity (sensitivity and specificity) and the 
pretest probability of the disease. Observational studies that compare outcomes of 
people who undergo screening versus those who do not undergo such procedures 
require careful interpretation to ensure that bias has not occurred.

	79.	 Which of the following conditions would be most suitable for screening?

	A.	 Influenza
	B.	 Mad cow disease
	C.	 Melanoma
	D.	 Eczema
	E.	 Insomnia

A screening test for lead toxicity in children has a reported sensitivity of 95% 
and specificity of 80%. The test is administered to 1000 children from a neighbor-
hood in which the prevalence of lead toxicity is 2%.

	80.	 How many children who do not have actual lead toxicity would be expected to 
test positive (false positive test)?

	A.	 1
	B.	 19
	C.	 196
	D.	 784
	E.	 215

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-97433-0_11&domain=pdf


42

	81.	 The same test for lead toxicity is administered to 1000 children from a neigh-
borhood in which the prevalence of lead toxicity is 50%. If a child from this 
population tests negative, what is the probability that he/she truly does not have 
lead toxicity?

	A.	 10%
	B.	 17%
	C.	 50%
	D.	 80%
	E.	 94%

The sensitivity and specificity of the HIV antibody test are 99.7% and 98.5%, 
respectively. There are approximately one million people in the United States who 
have HIV disease.

	82.	 If the entire United States population of 300 million people were screened with 
the HIV antibody test, approximately how many would be expected to have a 
false positive test result?

	A.	 1 million
	B.	 2 million
	C.	 4.5 million
	D.	 299 million
	E.	 294.5 million

	83.	 What is the positive predictive value of the HIV test when applied to the entire 
US population?

	A.	 11%
	B.	 18%
	C.	 41%
	D.	 76%
	E.	 97%

A man presents to his primary care physician complaining of low-grade fevers, 
diarrhea, and a 15 lb weight loss over the past 3 months. He has used intravenous 
drugs for 10  years. Physical examination reveals enlarged cervical and femoral 
lymph nodes. Based on the history and physical examination findings, you estimate 
that this patient has an approximate 30% pretest probability of having HIV disease 
and order the HIV antibody test.

	84.	 If the test comes back positive, what is the probability that this patient has HIV 
disease?

	A.	 11%
	B.	 18%
	C.	 41%
	D.	 76%
	E.	 97%
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A five-point test is created for diagnosing rheumatoid arthritis. Patients receive one 
point for each of the following characteristics: morning stiffness, joint swelling, 
erosive joint disease, a positive serum rheumatoid factor, and an elevated serum 
C-reactive protein level. The lowest possible score for the new test is 0 (no char-
acteristics present) and the highest possible score is 5 (all characteristics pres-
ent). The receiver operating characteristic curve below presents the performance 
of the test in relation to a gold standard diagnosis of rheumatoid arthritis.
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	85.	 Which of the following cut points for a positive test would provide the best 
overall balance between sensitivity and specificity?

	A.	 Defining a positive test by a score of 1 or more points
	B.	 Defining a positive test by a score of 2 or more points
	C.	 Defining a positive test by a score of 3 or more points
	D.	 Defining a positive test by a score of 4 or more points
	E.	 Defining a positive test by a score of 5 points

	86.	 Which of the following definitions of a positive test would most reliably rule 
out rheumatoid arthritis among people who have a negative test?

	A.	 Defining a positive test by a score of 1 or more points
	B.	 Defining a positive test by a score of 2 or more points
	C.	 Defining a positive test by a score of 3 or more points
	D.	 Defining a positive test by a score of 4 or more points
	E.	 Defining a positive test by a score of 5 points
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Researchers develop a new serologic test for cancer. They administer the test to 
100 patients who have biopsy confirmed pancreatic cancer; 99 of these patients test 
positive. They next administer the test to 100 individuals who are known to be free 
of pancreatic cancer; only two test positive.

Excited by these findings, the researchers decide to evaluate the utility of the new 
test in clinical practice. They administer the test to 10,000 apparently healthy adults 
from a large, multispecialty practice in which the prevalence of pancreatic cancer is 
1%. Individuals who test positive undergo subsequent computed tomography scan-
ning and, if necessary, a pancreas biopsy.

	87.	 Among the 10,000 tested individuals, how many total computed tomography 
scans are expected to result from this testing program?

	A.	 45
	B.	 77
	C.	 98
	D.	 198
	E.	 297

The rapid antigen detection test for streptococcal pharyngitis has a positive and 
negative likelihood ratio of 35 and 0.3, respectively. You are called to the urgent care 
center to evaluate a child who has sudden onset of sore throat, exudative pharyngi-
tis, and a fever of 103 °F. You estimate the pretest probability of streptococcal phar-
yngitis in this child to be 60%.

	88.	 If the rapid antigen test is positive, what is the probability that this child has 
actual streptococcal pharyngitis? Use the likelihood ratio nomogram on the fol-
lowing page.

	A.	 Approximately 98%
	B.	 Approximately 85%
	C.	 Approximately 70%
	D.	 Approximately 52%
	E.	 Approximately 40%

11  Screening and Diagnosis



45

990.1

0.2

0.5
2000
1000
500
200
100
50
20
10
5
2
1

1

2

5

10

20

30
40
50
60
70

80

90

95

98

99

Pre-test
probability (%)

Post-test
probability (%)

Likelihood
ratio

98

95

90

80

70
60
50
40
30

200.5
0.2
0.1
0.05
0.02
0.01
0.005
0.002
0.001
0.0005

10

5

2

1

0.5

0.2

0.1

 

Researchers develop a new rapid diagnostic test for rhinovirus, a common cause 
of upper respiratory infections. They administer the test to 100 consecutive people 
who present to an urgent care clinic with a runny nose, fever, and cough. In parallel, 
they determine the presence of actual rhinovirus infection using real-time poly-
merase chain reaction (PCR), the gold standard method for viral detection, in the 
same 100 individuals. The researchers compare the results of the new diagnostic test 
with the presence of actual rhinovirus infection determined by PCR.

	89.	 Which characteristic of the new test does this study evaluate?

	A.	 Reliability
	B.	 Predictive value
	C.	 Validity
	D.	 Preclinical disease
	E.	 Utility

Researchers develop a new test to screen for chronic kidney disease (CKD). 
They administer the test to 5000 apparently healthy people from six communities. 
A central laboratory conducts all of the testing. A total of 450 of the tested individu-
als have a positive test.
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The researchers select a comparison group of 450 patients with established CKD 
from kidney clinics in the same communities. They compare mortality rates among 
people who have CKD detected by the new screening test to that of patients who 
have CKD identified from the kidney clinics. The results are presented below.

Number of people
Median follow-up 
(years)

Adjusted mortality rate per 
100 person-yearsa

CKD detected by 
screening test

450 9.1 3.0

CKD from kidney 
disease clinics

450 5.0 5.5

aAdjusted for age, race, sex, body mass index, and diabetes

The researchers conclude that the new screening test reduces death from CKD 
and should be used to screen asymptomatic people for this condition.

	90.	 Which type of bias is most likely responsible for the observed difference in 
survival?

	A.	 Lead time bias
	B.	 Length bias sampling
	C.	 Over diagnosis bias
	D.	 Referral bias
	E.	 Age bias

The researchers next compare different causes of kidney diseases between the 
450 people who have CKD detected by the new screening test and the 450 patients 
who have CKD identified from the kidney clinics. The results are presented below.

Cause of kidney disease
CKD detected by screening 
(N = 450)

CKD from kidney disease 
clinics (N = 450)

Polycystic kidney disease 5% 1%
IgA nephropathy 15% 5%
Hypertensive nephropathy 50% 45%
Diabetic nephropathy 30% 49%

Polycystic kidney disease and IgA nephropathy are typically slowly progressive 
kidney diseases, whereas diabetic nephropathy is a more rapidly progressive 
disease.

	91.	 In comparing mortality rates between screened and unscreened individuals, 
which type of bias is suggested by the above data?

	A.	 Lead time bias
	B.	 Length bias sampling
	C.	 Over diagnosis bias
	D.	 Referral bias
	E.	 Age bias
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The researchers next develop a point-of-care urine screening test for CKD. A 
urine sample is placed on a test strip that changes color along a spectrum from yel-
low (negative test) to red (positive test). An orange color indicates intermediate 
results.

The researchers administer the new test to 5000 apparently healthy people. They 
personally review each of the test strips and enter the results into a database. A total 
of 670 individuals are found to test positive and are then followed prospectively. 
Surprisingly, the mortality rate in this group is found to be only 1.5 per 100 person-
years, which is lower than that of the group with kidney disease detected by the 
initial laboratory-based screening test (problem 90).

	92.	 Which type of bias is most likely responsible for the greater survival observed 
among people who have CKD detected by the new point-of-care test versus that 
of patients who have CKD identified by the laboratory screening test?

	A.	 Lead time bias
	B.	 Length bias sampling
	C.	 Over diagnosis bias
	D.	 Referral bias
	E.	 Age bias
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Chapter 12
Summary Measures in Statistics

Summary measures provide compact descriptions of one or more study variables. 
Summary measures include statistical properties, such as the mean and median of a 
distribution, and graphical presentations, such as histograms and box plots. For nor-
mally distributed data, 95% of the observations reside within two standard devia-
tions of the mean value. The joint distribution of two continuous variables can be 
described graphically using scatter plots, or quantified using correlation, which 
indicates the tendency of larger values of one variable to match up with larger val-
ues of a second variable.

	93.	 A study of plasma thyroid-stimulating hormone (TSH) levels among 10,000 
people includes 15 individuals who have extremely high TSH levels. Which of 
the following summary measures is most likely to be affected by these extreme 
values?

	A.	 Mode
	B.	 Median
	C.	 Mean
	D.	 Geometric mean

	94.	 In this same study, plasma TSH levels are roughly normally distributed with a 
mean value of 3.0 mIU/L and a standard deviation of 0.5 mIU/L. Approximately 
how many of the 10,000 people in the study are expected to have an TSH level 
>4.0 mIU/L?

	A.	 100
	B.	 250
	C.	 500
	D.	 1000
	E.	 2500

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-97433-0_12&domain=pdf
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	95.	 The figure below depicts the distributions of two characteristics in a study of 
100 people. Which distribution is most likely to have a greater mean value?

	A.	 Distribution A
	B.	 Distribution B
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	96.	 The histogram below depicts serum sodium concentrations in an outpatient 
population. The mean value is 141 mEq/L and the lowest 2.5th percentile of the 
distribution is 138 mEq/L. What is the approximate standard deviation of this 
distribution?

	A.	 0.5 mEq/L
	B.	 0.8 mEq/L
	C.	 1.0 mEq/L
	D.	 1.5 mEq/L
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	97.	 The histogram below presents coronary artery calcium scores, a measure of 
coronary atherosclerosis, among participants in a large research study. Which 
one of the following is true?

	A.	 The mean and median coronary calcium scores are likely to be similar.
	B.	 A typical person in the study has a high coronary calcium score.
	C.	 Approximately 95% of participants will have coronary calcium scores 

within two standard deviations of the mean score.
	D.	 The mode of coronary calcium scores in the study is 0.
	E.	 The coronary calcium scores follow a roughly normal distribution.
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	98.	 Which of the following is an example of a binary variable?

	A.	 Number of cups of coffee consumed per day
	B.	 Blood pressure
	C.	 Age
	D.	 Cancer stage
	E.	 Mortality

	99.	 A study evaluating the association between age and usual gait speed reports a 
correlation coefficient of −0.15 between these characteristics. Which of the fol-
lowing interpretations best describes this result?

	A.	 Older age tracks with higher gait speeds most of the time.
	B.	 Older age tends to track with higher gait speeds, but there is considerable 

variability in this association.
	C.	 Older age tracks with lower gait speeds most of the time.
	D.	 Older age tends to track with lower gait speeds, but there is considerable 

variability in this association.
	E.	 Age and gait speed are unrelated.

12  Summary Measures in Statistics



52

A study evaluates the association between serum phosphate levels and kidney 
function, estimated by the glomerular filtration rate (GFR). The results are shown 
below.
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The black line in the figure represents mean serum phosphate levels relative to 
GFR. The gray-shaded areas contain serum phosphate levels in the highest and 
lowest quintiles relative to GFR, and the white area contains phosphate levels 
within the three middle quintiles.

	100.	 Which of the following is true?

	A.	 The 80th percentile of serum phosphate levels is higher for an estimated 
GFR of 20 ml/min compared with an estimated GFR of 60 ml/min.

	B.	 Among participants with an estimated GFR of 50 ml/min, about 80% will 
have a serum phosphate level between 2.8 and 4.0 mg/dl.

	C.	 The 20th percentile of serum phosphate levels is similar across the mea-
sured range of estimated GFR.

	D.	 The median serum phosphate level is higher for an estimated GFR of 
60 ml/min compared with an estimated GFR of 80 ml/min.

	E.	 The mean serum phosphate level is higher for an estimated GFR of 60 ml/
min compared with an estimated GFR of 80 ml/min.
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Chapter 13
Statistical Inference

The results obtained in a particular study may or may not reflect those of the larger 
underlying population. Statistical inference is a mathematical process used to relate 
findings obtained from a sample (study) to those in the population. Two character-
istics that influence how closely sample results are likely to reflect those in the 
population are sample size and variance. A larger sample size and a smaller variance 
increase the likelihood that the results obtained in a given study will be indicative of 
those in the underlying population. P-values and 95% confidence intervals are com-
mon measures of statistical inference.

A clinical trial compares two antibiotics for the treatment of urinary tract infec-
tion caused by Escherichia coli (E. coli), a common bacterium. The trial recruits 
400 women who have acute urinary tract symptoms and a urine culture demonstrat-
ing >100,000 E. coli colonies per ml. Study personnel randomly assign participants 
to one of the two study antibiotics and then contact participants after 3  days to 
encourage completion of these treatments. The primary outcome is the E. coli col-
ony count after 7 days of treatment. The results are presented below.

Treatment
Number of 
participants

Mean end-of-study E. coli colony count (thousands per 
ml; 95% confidence interval)

Antibiotic one 200 12.7 (8.9, 16.5)
Antibiotic two 200 18.2 (14.4, 22.0)

Difference in mean values = 5.5 thousand colonies per ml
P-value for comparison = 0.04
95% confidence interval (0.2 thousand colonies per ml, 10.8 thousand colonies per ml)

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-97433-0_13&domain=pdf


54

	101.	 Which of the following is true regarding the p-value reported for this study?

	A.	 If the impact of the two antibiotics on end-of-study colony counts were 
equal in this this study, then the chance of observing a 5.5 thousand colony 
count difference or an even greater difference in the population is 4%.

	B.	 If the impact of the two antibiotics on end-of-study colony counts were 
different in this study, then the chance of observing the same end-of-study 
colony counts in the population is 4%.

	C.	 If the impact of the two antibiotics on end-of-study colony counts were 
equal in the population, then the chance of observing a 5.5 thousand col-
ony count difference or an even greater difference in this study is 4%.

	D.	 If the impact of the two antibiotics on end-of-study colony counts were 
different in the population, then the chance of observing similar end-of-
study colony counts in this study is 4%.

	102.	 Other than the data shown in the table, what additional information was used 
to calculate the p-value of 0.04?

	A.	 Information regarding adherence with the antibiotic treatments
	B.	 The proportion of women who were completely cured of E. coli in each 

group
	C.	 The mean difference in end-of-study colony counts among all similar 

women in the underlying population
	D.	 The standard deviation for the mean end-of-study colony counts in each 

group

Consider the following interpretation of the 95% confidence interval reported for 
this study:

“If the study were repeated an infinite number of times, and a 95% confidence 
interval constructed for each experimental result, then 95% of these intervals would 
contain the true difference in the mean end-of-study colony counts, comparing the 
two antibiotics in the underlying population.”

	103.	 Is this interpretation correct?

	A.	 Yes
	B.	 No
	C.	 Cannot determine from the information provided

	104.	 Which of the following represents a valid, though less formal, interpretation 
of the 95% confidence interval?

	A.	 There is 95% confidence that the mean end-of-study colony counts differ 
between the two antibiotics in this study.

	B.	 There is 95% confidence that the mean end-of-study colony counts differ 
by 5.5 thousand colonies per ml between the two antibiotics in this study.
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	C.	 There is 95% confidence that the mean end-of-study colony counts differ 
by as little as 0.2 or as much as 10.8 thousand colonies per ml in this study.

	D.	 There is 95% confidence that the mean end-of-study colony counts differ 
by as little as 0.2 or as much as 10.8 thousand colonies per ml in the under-
lying population.

	105.	 Which of the following would result in a narrower confidence interval for the 
difference in mean end-of-study colony counts comparing the two 
antibiotics?

	A.	 Evaluating fewer trial participants
	B.	 Reducing the variability in the end-of-study colony counts
	C.	 Constructing a 99% confidence interval
	D.	 Repeating the study in men

The researchers conduct a second study to assess the real-world impact of anti-
biotic one. They identify 500 women who have acute urinary tract symptoms from 
a network of primary care clinics and send an electronic prescription for antibiotic 
one to their pharmacy. After 5  days of treatment, the mean end-of-study colony 
count is found to be 19.3 thousand per ml (95% confidence interval (16.9, 21.7).

	106.	 Which of the following is the most likely conceptual explanation for the rela-
tively weaker impact of antibiotic one on end-of-study colony counts in the 
second study?

	A.	 Statistical inference
	B.	 Lack of a comparison group
	C.	 External validity
	D.	 Larger sample size
	E.	 Use of a two-sided p-value
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Chapter 14
Hypothesis Tests in Practice

Hypothesis tests, such as the t-test, chi-square test, and ANOVA test, yield p-values 
that represent the probability of observing a particular study result, or a more 
extreme result, if a pre-specified null hypothesis about the population were true. A 
p-value threshold, such as 0.05, is typically used to declare statistical significance. 
Consequently, a hypothesis test may declare a result to be significant when in fact 
there is no actual difference in the population (type I error) or declare a result to be 
nonsignificant when in fact there is an actual difference in the population (type II 
error). Study power, which is the probability of not making a type II error, is influ-
enced by sample size, effect size, variation, and the threshold value for declaring 
significance.

	107.	 For the first trial comparing the two antibiotics for urinary tract infection 
(problem 101), which statistical test would be most appropriate for comparing 
the end-of-study colony counts?

	A.	 T-test
	B.	 ANOVA test
	C.	 Chi-square test
	D.	 Test for interaction

An exploratory analysis of the first trial evaluates a new outcome: “recovery 
from urinary tract infection,” which is defined by an end-of-study colony count of 
<5000 colonies per ml. Results are shown below.

Treatment Number of participants Number recovered from infection

Antibiotic one 200 70
Antibiotic two 200 57

P-value for comparison = 0.16
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	108.	 Which statistical test would be most appropriate for comparing this outcome 
between the two antibiotic groups?

	A.	 T-test
	B.	 ANOVA test
	C.	 Chi-square test
	D.	 Test for interaction

A new test is developed to determine the presence of delirium among patients 
admitted to the intensive care unit (ICU). Researchers administer the test to 40 con-
secutive patients at the time of ICU admission and then follow these patients over 
time to determine their survival status. They find that the presence of delirium at 
ICU admission is associated with a 15% greater relative risk of death, compared 
with the absence of delirium; p-value = 0.55.

	109.	 What is the most likely conceptual reason for the statistically nonsignificant 
result?

	A.	 Type I error
	B.	 Inadequate study power
	C.	 Inappropriate statistical significance level
	D.	 Multiple comparisons
	E.	 Large effect size

Given no significant association of delirium with mortality, the researchers next 
decide to examine the cross-sectional association of delirium at the time of ICU 
admission with white matter disease in the hippocampus, determined by magnetic 
resonance imaging (MRI). This study finds no significant association between delir-
ium and white matter disease; p-value = 0.48.

	110.	 Assume for a moment that the presence of ICU delirium is truly associated 
with hippocampal white matter disease in the population of similar ICU 
patients. Which of the following would increase the chance of detecting a 
statistically significant association between delirium and this outcome?

	A.	 Repeating the study in another group of 40 ICU patients
	B.	 Testing the association between delirium and white matter disease in a 

new group of 20 consecutive patients and then replicating this result in the 
next 20 patients

	C.	 Repeating the study using a more stringent p-value threshold for declaring 
significance

	D.	 Repeating the study after applying strict procedures to standardize the 
MRI procedure to ensure consistent results from scan to scan

Given no significant association of delirium with white matter disease, the 
researchers next decide to examine the association of delirium with the length of 
hospital stay. The study finds that the presence of delirium is associated with a 2-day 
longer hospital stay, on average, compared with the absence of delirium; 
p-value = 0.05. Excited by this finding, the researchers attempt to replicate their 
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findings in the next ten consecutive patients who are admitted to the ICU. The rep-
lication study also finds an association of delirium with a 2-day longer hospital stay, 
but the p-value for this association is 0.30.

	111.	 What is the most likely reason for the statistically nonsignificant result in the 
replication study?

	A.	 Type I error
	B.	 Inadequate study power
	C.	 Inappropriate statistical significance level
	D.	 Multiple comparisons
	E.	 Large effect size
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Chapter 15
Linear Regression

Regression is a mathematical tool for quantifying the association between two or 
more variables. A fitted univariate linear regression model describes the average 
difference in one characteristic per unit difference in a second characteristic. 
Multiple regression is a widely used method for adjusting for several confounding 
characteristics simultaneously. The fitted multiple regression model can be used to 
predict the value of the outcome variable for any combination of predictor variables. 
The individual coefficients from a fitted multiple regression model represent the 
independent association between the predictor variable and the outcome variable, 
holding all other variables in the model constant.

An observational study evaluates the association between air pollution levels and 
lung function among healthy adults aged 30–70  years old. The researchers use 
neighborhood monitors to determine the amount of exposure to particulate matter 
<10 um diameter (PM10). The outcome of the study is the forced expiratory volume 
in 1 second (FEV1), which describes the volume of air expelled during the first sec-
ond of exhalation using spirometry. Results are shown below.

Unadjusted difference in FEV1 
(ml)

Adjusted differencea in FEV1 
(ml)

Age (per year older) −30 −28
Male +800 +820
Current smoking −300 −280
Height (per inch taller) +370 +100
PM10 exposure (per 10 ug/m3 
greater)

−160 −90

aAdjusted for all of the characteristics in the table
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	112.	 For the linear regression equation describing the unadjusted association 
between PM10 exposure and FEV1, which value of the beta coefficient for 
PM10 yields the lowest sum of squared residuals?

	A.	 −30
	B.	 +100
	C.	 −90
	D.	 −160
	E.	 −320

	113.	 For the linear regression equation describing the unadjusted association 
between age and FEV1, the value of β0 (the intercept) is 4400 ml. A 40-year-
old person in the study has a measured FEV1 value of 3700 ml. Based on the 
unadjusted linear regression model, what is the residual for this person?

	A.	 −28 ml
	B.	 −30 ml
	C.	 +30 ml
	D.	 +500 ml
	E.	 Cannot determine from the information that is provided

	114.	 The average FEV1 value in the study population is 3 l. Which of the following 
observations is most likely to influence the slope of the unadjusted linear 
regression model relating age with FEV1?

	A.	 A person who is 30 years old and has a measured FEV1 value of 3 l.
	B.	 A person who is 50 years old and has a measured FEV1 value of 6 l.
	C.	 A person who is 70 years old and has a measured FEV1 value of 6 l.
	D.	 A person who is 50 years old and has a measured FEV1 value of 2 l.

	115.	 Based on the unadjusted regression model relating age with FEV1, the pre-
dicted FEV1 value for a newborn (0 years old) is 4400 ml. What is the most 
likely reason that this predicted value is invalid?

	A.	 Extrapolation beyond the observed data
	B.	 Outlying data points
	C.	 Influential data points
	D.	 Lack of adjustment for height
	E.	 Lack of adjustment for sex

	116.	 Which of the following is true?

	A.	 After adjustment for age, sex, current smoking, and height, each 1 ug/m3 
greater PM10 exposure is associated with a mean 9-ml lower FEV1.

	B.	 After adjustment for age, sex, current smoking, and height, each 1 ug/m3 
greater PM10 exposure is associated with a mean 9-ml greater FEV1.

	C.	 After adjustment for age, sex, current smoking, and height, each 1 ug/m3 
greater PM10 exposure is associated with a mean 9% lower FEV1.

	D.	 The adjusted analyses demonstrate that greater amounts of PM10 exposure 
cause a reduction in FEV1.
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	117.	 The p-value for the adjusted association between PM10 exposure and FEV1 is 
0.02. Which of the following best describes the interpretation of this p-value?

	A.	 The probability that PM10 exposure is associated with an adjusted differ-
ence in FEV1 in the underlying population is 98%.

	B.	 PM10 exposure is likely to be associated with a 90 ml/min adjusted differ-
ence in FEV1 in the underlying population.

	C.	 Given no adjusted association between PM10 exposure and FEV1 in the 
underlying population, the chance of observing an adjusted 90 ml/min dif-
ference in this study or an even more extreme adjusted association is 2%.

	D.	 There is a 98% chance that PM10 exposure is associated with a 90 ml/min 
adjusted difference in FEV1 in the underlying population.

	118.	 Based on the results in the table, which of the following is true?

	A.	 Sex, current smoking, height, PM10 exposure, or a combination of these 
characteristics is likely confounding the unadjusted association between 
age and FEV1.

	B.	 Age, current smoking, height, PM10 exposure, or a combination of these 
characteristics is likely confounding the unadjusted association between 
sex and FEV1.

	C.	 Age, sex, current smoking, height, or a combination of these characteris-
tics is likely confounding the unadjusted association between PM10 expo-
sure and FEV1.

	D.	 The possibility of confounding should be investigated by comparing the 
p-values for the unadjusted and adjusted associations of PM10 exposure 
with FEV1.

	E.	 The possibility of confounding should be investigated by comparing the 
p-values for the unadjusted and adjusted associations for each characteris-
tic in the model.
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Chapter 16
Log-Link and Logistic Regression

Regression with log-link or Poisson regression is a model that can be used to study 
the relative change in an outcome variable. In the log-link regression model, the 
antilog of each coefficient describes the relative difference in the outcome variable 
associated with each one-unit difference in the predictor variable. For binary out-
comes, the logistic regression model relates the log odds of the outcome with one or 
more predictor variables. The antilog of each coefficient in a logistic regression 
model describes the odds ratio of the outcome variable associated with a one-unit 
difference in the predictor variable.

In a secondary analysis of the air pollution and lung function study, the research-
ers evaluate the association of PM10 exposure with the proportionate difference in 
FEV1. Results are shown below.

Unadjusted difference in 
FEV1 (%)

Adjusted differencea in 
FEV1 (%)

PM10 concentration (per 10 ug/m3 
greater)

−3.8 −2.4

aAdjusted for age, sex, current smoking, and height

	119.	 Which regression equation was used to estimate the adjusted relative differ-
ence in FEV1?

	A.	 Log (odds FEV1) = β0 + β1 × (age) + β2 × (sex) + β3 × (smoking) + 
β4 × (PM10)

	B.	 Log  (mean  FEV1)  =  β0  +  β1  ×  (age)  +  β2  ×  (sex)  + 
β3 × (smoking) + β4 × (PM10)

	C.	 Mean  (FEV1)  =  β0  +  β1  ×  (age)  +  β2  ×  (sex)  +  β3  × 
(smoking) + β4 × (PM10)
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	D.	 Odds FEV1 = β0 + β1 × (age) + β2 × (sex) + β3 × (smoking) + β4 × (PM10)
	E.	 Log  (relative risk  FEV1)  =  β0  +  β1  ×  (age)  +  β2  ×  (sex)  +  β3  × 

(smoking) + β4 × (PM10)

	120.	 Consider two people in the study who are the same age, sex, and height and 
have the same smoking status. Person one has a PM10 exposure of 20 ug/m3. 
Based on the adjusted model, this person has a predicted FEV1 value of 
3900 ml. Person two has a PM10 exposure of 30 ug/m3. What is the predicted 
FEV1 value for person two?

	A.	 3898 ml
	B.	 3809 ml
	C.	 3745 ml
	D.	 3660 ml
	E.	 3200 ml

The researchers conducting the air pollution study next decide to assess the asso-
ciation of PM10 exposure with a clinically relevant outcome: asthma. Results are 
presented below.

Odds ratio of asthma (95% confidence interval)
Unadjusted Adjusteda

PM10 exposure (per 10 ug/m3 
greater)

1.8 (1.5, 2.2) 1.4 (1.1, 1.8)

aAdjusted for age, sex, current smoking, and height

	121.	 Which of the following represents a valid interpretation of the adjusted 
association?

	A.	 The adjusted odds of asthma is 1.4, holding age, sex, current smoking, and 
height constant.

	B.	 Exposure to any PM10 is associated with a 40% greater odds of asthma, 
holding age, sex, current smoking, and height constant.

	C.	 A PM10 exposure of 10 ug/m3 is associated with a 40% odds of asthma, 
holding age, sex, current smoking, and height constant.

	D.	 Each 10  ug/m3 greater PM10 exposure is associated with a 40% higher 
odds of asthma, holding age, sex, current smoking, and height constant.

	122.	 Which of the following represents a valid interpretation of the confidence 
interval for the adjusted association between PM10 exposure and asthma?

	A.	 If the study was repeated an infinite number of times, we can be 95% con-
fident that the adjusted odds ratio of asthma associated with each 10 ug/m3 
greater PM10 exposure would be between 1.1 and 1.8 each time.

	B.	 If the study was repeated an infinite number of times, and a 95% confi-
dence interval placed around each adjusted odds ratio, then 95% of these 
adjusted odds ratios would be between 1.1 and 1.8.
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	C.	 We can be 95% confident that the adjusted odds ratio of asthma associated 
with each 10 ug/m3 greater PM10 exposure is as low as 1.1 or as high as 
1.8 in the underlying population of people similar to those in this study.

	D.	 We can be 95% confident that the adjusted odds ratio of asthma associated 
with each 10 ug/m3 greater PM10 exposure is as low as 1.1 or as high as 
1.8 in this study.
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Chapter 17
Survival Analysis

Survival analysis is used to describe the continuous probability of disease-free sur-
vival over follow-up. The survivor function, S(t), is a function fit to the study data 
that returns the cumulative probability of being free of the outcome at a particular 
time. The Kaplan-Meier method is used to estimate S(t) in the presence of censor-
ing, which is defined as leaving a study for any reason before incurring the outcome 
of interest. Kaplan-Meier plots are useful for estimating time-specific survival 
among one or more study groups. The Cox proportional hazards model yields a 
measure of risk called the hazard ratio, which represents an average relative risk 
over a specified period of follow-up time.

A prospective cohort study examines the association of a family history of 
Parkinson disease with the development of this disease over time. The investigators 
recruit participants who are initially free of known Parkinson disease at the start of 
the study and then follow them until they either develop Parkinson disease, drop out 
of the study, die, or the study ends, whichever comes first. The Kaplan-Meier plot 
below describes the development of Parkinson disease over the course of the study. 
The lower line represents participants who have a family history of Parkinson dis-
ease, and the upper line represents participants who do not have a family history of 
the disease.
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	123.	 Which of the following is true?

	A.	 Among people who have a family history of Parkinson disease, approxi-
mately 80% developed the disease after 4 years of follow-up.

	B.	 The survival curves account for potential differences in age between peo-
ple with and without a family history of Parkinson disease.

	C.	 The median time to Parkinson disease was approximately 10 years greater 
among people with a family history compared to those without a family 
history.

	D.	 Participants were censored in this study when they either developed 
Parkinson disease, dropped out, died, or the study ended.

	E.	 After 8 years of follow-up, the difference in Parkinson disease-free sur-
vival was about 27%, comparing people with a family history to those 
without a family history.

The following table presents hazard ratios for developing Parkinson disease dur-
ing the study.

Family history of 
Parkinson disease

Unadjusted hazard ratio (95% 
confidence interval)

Adjusted hazard ratioa (95% 
confidence interval)

No Reference Reference
Yes 2.0 (1.5, 2.5) 2.2 (1.6, 2.8)

aAdjusted for race, sex, and smoking
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	124.	 Which of the following is true?

	A.	 The unadjusted relative risk of Parkinson disease is two times higher com-
paring people with a family history of the disease to those without a family 
history.

	B.	 Unadjusted survival with Parkinson disease is 2 years longer comparing 
people with a family history of the disease to those without a family 
history.

	C.	 Adjusted survival with Parkinson disease is 2.2 times higher comparing 
people with a family history of the disease to those without a family his-
tory holding race, sex, and smoking status constant.

	D.	 Death due to Parkinson disease is 2.2 times higher comparing people with 
a family history of the disease to those without a family history holding 
race, sex, and smoking status constant.

	E.	 The hazard ratios fail to account for potential differences in follow-up time 
between participants with and without a family history of Parkinson 
disease.

A new synthetic endovascular graft is developed for use in high-risk vascular 
surgeries. A large randomized trial compares the new graft to standard endovascular 
grafts among 2000 patients who are assessed to be at high postoperative risk. The 
researchers randomly assign participants to receive either the new endovascular 
graft or a standard graft. The outcome of the study is all-cause mortality and drop 
out is minimal. Results over 1 year of follow-up are presented below.

Postoperative period Number of deaths
Hazard ratio comparing new synthetic graft to 
standard endovascular graft

Day 0–30 160 3.0
Day 31–60 240 0.5
Day 61–90 180 0.5
Day 91–365 120 0.5

	125.	 Approximately when would the survival curves be expected to cross?

	A.	 15 days postoperatively
	B.	 30 days postoperatively
	C.	 60 days postoperatively
	D.	 90 days postoperatively
	E.	 180 days postoperatively
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Chapter 18
Practice Problem Workbook Solutions

The following table summarizes the rates and proportions calculated from the 
participant-level data. Recall that incidence is defined as the number of new cases of 
disease that occur among people who do not have that disease at the beginning of a 
study. Consequently, the follow-up time column is calculated by adding the indi-
vidual follow-up times among only people without diabetes at the start of the study.

Beta-carotene 
use

Number of 
people

Diabetes at 
baseline

New diabetes cases 
during follow-upa

Follow-up time 
(months)a

Yes 20 4 5 706
No 20 2 5 636
Overall 40 6 10 1342

aIncidence data calculated among participants without diabetes at baseline

	1.

	

Prevalence of diabetes overall Number with diabetes at
basel

=
iine number in population/ %

/ % %

´
= ´ =

100

6 40 100 15

	2.	 Incidence proportion overall New cases of diabetes number i= / nnitially 
free of diabetes´

= ´ =
100

10 34 100 29 4

%

/ % . %

	

3.

	

Incidence proportion beta carotene

New cases of diabetes a

-( ) =
mmong beta 

carotene users
Number of beta carotene users 

inittially free of diabetes

´

= ´ =

100

5 16 100 31 3

%

/ % . %
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4.

	

Incidence rate beta carotene
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5 706 0 0071 1000
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	5.

	

Incidence rate no beta carotene
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Person time at risk among non beta 

-

- -
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7 9 1000

:
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	6.	 A. Prevalence = (incidence) × (duration). In this example, the incidence of dis-
ease remains constant, but the duration of the disease increases; therefore, preva-
lence will increase. Prevalence provides a snapshot of the amount of disease that 
is present at a given time. The widespread use of antiviral therapies for HIV has 
dramatically increased the lifespan of people who contract this disease. 
Consequently, the proportion of people living with HIV disease in a given snap-
shot of time has increased.

	7.	 C. Prevalence men Incidence men Duration men( ) = ( )´ ( ) 	

Prevalence women Incidence women Duration women( ) = ( )´ ( )

The incidence of the disease is five times greater in men compared to women. 
For the prevalences to be equal, the duration of the disease must be five times 
smaller in men. This could be due to men dying from the disease more rapidly, for 
example, the disease may be more aggressive in men, or could be due to men recov-
ering more quickly, for example, men may receive more intensive treatment for the 
disease.

	8.	 C.  This study determines the prevalence of irritable bowel syndrome (IBS) 
symptoms. Specifically, the study determines the amount of IBS symptoms that 
are present at the time the questionnaire is administered. A study to assess the 
incidence of IBS symptoms would require starting with a population that is ini-
tially free of such symptoms and then determining the development of new 
symptoms over time.

The prevalence of IBS symptoms among individuals who have anxiety disorder 
in this study is:

	
Prevalence

Number with anxiety disorder and IBSsymptoms

Numb
=

eer with anxiety disorder
= ´ =

4000

10 000
100 40

,
% %
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	 9.	 A. Prevalence measures are useful for raising awareness of a disease and guid-
ing allocation of health resources. The study data indicate that IBS symptoms 
are common among people who have anxiety disorder, suggesting a high-risk 
population for which provision of educational materials regarding IBS may be 
useful. The data do not clarify whether the anxiety disorder preceded the IBS 
symptoms or vice versa, limiting causal inference and precluding a change in 
clinical practice.

	10.	 C. Incidence rates based on person-hours would provide the fairest comparison 
of the incidence of carpal tunnel syndrome between the two companies. It is 
possible that the competitor company hires more part-time employees, who 
work fewer hours, resulting in a lower incidence proportion of carpal tunnel 
syndrome.

	11.	 The study population is infants (including those with and without 
hyperbilirubinemia).

The exposure is hyperbilirubinemia.
The outcome is language delay at 3 years.

	12.	 The study population is students who attend one of the five metropolitan high 
schools.

The exposure is the amount of daily caloric intake.
The outcome is creatine supplement use.

	13.	 The study population is general surgeons.
The exposure is the number of previous laparoscopic cholecystectomy 

procedures.
The outcome is bile leak.

	14.	 D. General categories of exclusion criteria include prevalent disease, major risk 
factors for the disease, inability to obtain valid study data, and safety (in a clini-
cal trial). Excluding patients who have a previous history of the study outcome, 
bile leak, or major risk factors for this outcome, would be reasonable. Moreover, 
excluding surgeons who lack available data to determine their exposure status 
would also be reasonable. However, there is no clear rationale for excluding 
surgeons who performed low numbers of cholecystectomy procedures; such 
surgeons provide important information about the study hypothesis.

	15.	 D. Internal validity addresses whether a study correctly answers the question of 
interest within the specified population and environment. Some characteristics 
that promote the internal validity of a study include a population that is free of 
other risk factors for the disease, to focus on a specific risk factor of interest, 
accurate measurements of the study data, randomization, and an appropriate 
analytic plan. Medical chart review would provide an accurate determination of 
the study outcome, promoting internal validity.

	16.	 B. External validity addresses whether the results of a study can be generalized 
to broader groups of people and environments. Evaluating the association of 
surgical experience with bile leak within a single healthcare organization will 
generate results that are applicable to the practice patterns, training procedures, 
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and patient and surgeon characteristics of that organization. Conducting the 
study across multiple healthcare organizations would yield findings that are 
more broadly applicable.

	17.	 B  – Biologic plausibility. Case series present the experiences of a group of 
people who have a specific disease or condition. Case series are important for 
raising awareness of a disease and carefully describing its salient features; how-
ever, this design is typically inadequate for inferring causal relationships. 
Ideally, the association between complement factor H levels and macular 
degeneration would be assessed by comparing the incidences of this disease 
among people who have low versus high levels of complement factor H. The 
case series data do not include the necessary information to calculate such inci-
dences. Moreover, the case series data do not distinguish whether low comple-
ment factor H levels preceded the development of macular degeneration or 
whether low complement factor H levels occurred later, as a consequence of 
this condition. A possible causal role of low complement factor H levels in the 
development of macular degeneration is supported by biologic plausibility, 
based on knowledge from other studies.

	18.	 C – Biologic plausibility and temporal relationship. This case series describes a 
group of people who developed cardiac arrhythmia while receiving antipsy-
chotic medications. No information is provided regarding the total number of 
antipsychotic medication users from whom these arrhythmia cases developed, 
precluding determination of the association with disease. These study data do 
demonstrate a temporal relationship between antipsychotic medication use and 
arrhythmia because the arrhythmias occurred after the initiation of these medi-
cations. There is biologic plausibility for a causal effect of antipsychotic medi-
cations on torsades de pointes based on their ability to prolong ventricular 
repolarization.

	19.	 E. A denominator is necessary to calculate the rates of defective tires at each 
plant. Observing a greater raw number of defective tires originating from the 
Cincinnati plant may simply reflect a (much) greater overall output of this 
plant. The other factors listed, such as characteristics of the workers and 
characteristics of the specific plants, may be important for subsequently under-
standing the reasons why a particular plant might produce more defective tires. 
However, first things first – rates are needed to determine whether the plants 
actually differ in their production of defective tires.

	20.	 D. The case series data describe opportunistic infections among only users of 
the new medication. Such infections are not infrequent among transplant recipi-
ents who typically receive many immunosuppressant medications. Rates of 
opportunistic infection among users of the new medication should be compared 
with rates of opportunistic infection among transplant recipients who do not 
receive this medication.

	21.	 B. Table 1 of the paper describes findings from the cross-sectional component 
of the study. Cross-sectional ascertainment of the exposure and outcome per-
mits calculation of prevalences, which cannot clarify temporal relationships. 
For example, an association between having children and serious thoughts of 
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dropping out of medical school does not specify whether the child was born 
before or after the student developed thoughts of dropping out – both scenarios 
are plausible. Based on the data in Table 1:

Prevalence of serious thoughts of dropping out among students who have children 
= 18.1%

Prevalence of serious thoughts of dropping out among students who do not have 
children = 10.0%

Relative prevalence = 18.1%/10.0% = 1.8.

	22.	 D. Based on the data in Table 2 of the paper, there are 195 students with burnout 
among the group with serious thoughts of dropping out and another 856 stu-
dents with burnout among the group without serious thoughts of dropping out, 
yielding a total of 1051 students with burnout in the cross-sectional sample. In 
this same sample, the denominator for prevalence is the total number of stu-
dents who provided data regarding burnout, which is 195 + 856 + 40 + 1038 = 
2129.

	 Prevalence of burnout = ´ =1051 22129 100 49 4/ % . % 	

	23.	 E. Incidence rate is defined as the number of new cases of disease divided by 
person-time at risk. New cases of disease are typically defined as those that 
occur among people who did not have the condition at the start of the study. To 
determine the incidence of serious thoughts of dropping out of medical school, 
a group of students without such thoughts at the start of the study would be 
needed. The paper does not provide data regarding how many students devel-
oped “new” thoughts of dropping out from 2006 to 2007.

	24.	 D. The association of burnout with serious thoughts of dropping out of medical 
school is relatively strong, evidenced by an odds ratio = 5.9 (Table 2). There is 
obvious plausibility for such an association. Table 2 also demonstrates a “dose-
varying” relationship; the first three rows of this table indicate that progres-
sively greater burnout scores are associated with a stepwise higher risk of 
serious thoughts of dropping out. Clearly this is not a randomized trial; there is 
no practical or ethical way to assign students to feelings of burnout. The cross-
sectional study design cannot disentangle the temporal relationship between 
feelings of burnout and serious thoughts about dropping out of medical school; 
either one may have preceded the other.

	25.	 A. This cross-sectional study ascertains race and serum 25-hydroxyvitamin D 
levels at the same time. However, temporal relationships can sometimes be 
inferred from cross-sectional data if one of the directions of association is 
impossible or extremely unlikely. In this example, a person’s race clearly pre-
cedes their circulating level of vitamin D. The opposite possibility, that circu-
lating vitamin D levels influence a person’s race, is implausible.

	26.	 B.  The situation is less clear for the cross-sectional analysis of obesity and 
vitamin D levels. On one hand, low serum vitamin D levels may precede the 
development of obesity (and possibly contribute to the pathogenesis of this 
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condition). On the other hand, obesity can lead to sequestration of vitamin D 
within fat tissue, potentially reducing circulating vitamin D levels. Cross-
sectional ascertainment of serum vitamin D levels and obesity prevents separa-
tion of these two possibilities.

	27.	 E.  A cohort study that begins with nonobese individuals, measures serum 
25-hydroxyvitamin D levels at the start of the study, and then determines new 
(incident) cases of obesity over time would help clarify the temporal relation-
ship between these characteristics. Nonetheless, an association between low 
baseline vitamin D levels and incident obesity may not indicate a causal impact 
of vitamin D deficiency on this outcome, because people who have low versus 
high vitamin D levels may differ by other characteristics that could also affect 
the incidence of obesity, such as physical activity levels and the amount of time 
spent outdoors.

	28.	 A. This is a cohort study, in which people who are free of the outcome (hypo-
glycemia) at the start of the study are followed over time for the development 
of new instances of the outcome. The exposure is the type of insulin therapy 
(long-acting versus short-acting), which is measured, but not assigned, by the 
researchers. Randomized trials have a similar design but assign participants to 
specific treatments or control procedures. The cohort design improves upon the 
case series design by including groups of exposed and unexposed people and 
improves upon the cross-sectional design by determining new instances of the 
outcome (hyperglycemia) over time among people who do not initially have 
this condition.

	29.	 C. Incidence rates are preferable to incidence proportions for calculating rela-
tive risk. Determination of incidence rates requires adding all of the person-
time in each cohort.

	

Incidence rate long acting insulin events person year-( ) = -2 9 8/ . ss
events per person years= -20 4 100. 	

	

Incidence rate short acting insulin events person yea-( ) = -2 8 2/ . rrs
events per person years= -24 4 100. 	

	
Relative risk no units= = ( )20 4 24 4 0 84. / . .

	

	30.	 B. Attributable risk describes the additional amount of disease attributable to a 
particular risk factor among exposed individuals.

	

Incidence rate low pollution asthma cases person ye( ) = -200 3300/ aars
cases per person years= -6 1 100. 	

	

Incidence rate high pollution asthma cases person y( ) = -100 780/ eears
cases per person years= -12 8 100. 	
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Attributable risk Incidence exposed Incidence unexposed= ( ) ( )
=

-
IIncidence high pollution Incidence low pollution

case

( ) ( )
=

-
6 7. ss per person years100 - 	

There are 6.7 additional asthma cases per 100 person-years among children who 
are exposed to high levels of air pollution. If high air pollution levels are the sole 
cause of the difference in asthma rates observed in this study, then these extra cases 
of asthma are attributable to this environmental exposure.

	31.	 A. Population attributable risk describes the additional amount of disease attrib-
utable to a particular risk factor in a population.

	

Incidence rate population asthma cases person year( ) = -300 4080/ ss
cases per person years= -7 4 100. 	

	

Population attributable risk Incidence population Inciden= ( ) - cce unexposed

Incidence population Incidence low pollution

( )
= ( ) - (( )
=

=

7 4 100 6 1
100
. .cases per person years cases per

person years
- -

-
11 3 100. cases per person years- 	

There are 1.3 additional asthma cases per 100 person-years among children in 
this population. Given the assumption that high levels of air pollution are the sole 
cause of the observed difference in asthma rates, removing this exposure would be 
expected to reduce the incidence of asthma in the population by 1.3 cases per 100 
person-years.

	32.	 D. This is a pharmacoepidemiology study that evaluates cohorts of atypical and 
conventional antipsychotic medication users. The study population consists 
exclusively of people who use an antipsychotic medication (either atypical or 
conventional). The design complements that of randomized trials by facilitating 
assessment of relatively large numbers of people in a real-world setting. Many 
people in this study had comorbid illnesses and mental health conditions that may 
have precluded their participation in a randomized trial (Table 1 of the paper). 
Moreover, trials typically evaluate medication use under stringent monitoring 
procedures that may not be representative of those in real-world settings. The 
primary limitation of this observational study is the inability to clearly separate 
the causal impact of the antipsychotic medication types on mortality from poten-
tial differences in the characteristics of people who use these different 
medications.

	33.	 C. The study does not include person-time information for calculation of inci-
dence rates. Therefore, incidence proportions must be used to calculate attribut-
able risk. The incidence proportion of all-cause mortality within 180 days is 
presented in the last row of Table 1.
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Incidence proportion conventional antipsychotic medication usse( ) =17 9. %

	

	
Incidence proportion atypical antipsychotic medication use( ) ==14 6. %

	

	

Attributable risk Incidence exposed Incidence unexposed= ( ) ( )
=

-
117 9 14 6

3 3

. . %

. %

-
= 	

This attributable risk can be interpreted as, “if the use of conventional antipsy-
chotic medications (as compared with atypical agents) were the sole cause of the 
mortality difference observed in this study, then there are 3.3% additional deaths 
within 180 days among conventional antipsychotic medication users that are attrib-
utable to this medication class.”

	34.	 C – Dose-response and temporal relationship.	 The observed association 
between conventional antipsychotic medication use and mortality in this study 
is not particularly strong: the relative risk (hazard ratio) is less than 1.5. The 
authors admit that biological mechanisms to explain why conventional antipsy-
chotic medications may be more dangerous than atypical agents are lacking 
(discussion section). Some evidence of a dose-response is shown in Table 2, in 
which higher doses of conventional antipsychotic medications are associated 
with greater risks of mortality. The cohort study design is observational and 
therefore does not represent randomized evidence. However, the study does 
demonstrate that the type of antipsychotic medication use preceded the occur-
rence of mortality.

	35.	 C. This is a case-control study. The study begins by selecting case individuals 
who have the disease of interest (multiple sclerosis) and a group of control 
individuals who do not have this disease. The odds ratio is the primary measure 
of risk in case-control studies. Calculation of the odds ratio requires creation of 
a 2 × 2 table of exposure and disease status shown below.

Disease (multiple 
sclerosis)

No disease (no multiple 
sclerosis)

Exposed (hepatitis B vaccination) a (12) b (13)
Unexposed (no hepatitis B 
vaccination)

c (88) d (87)

Total 100 100

Odds ratio = (a × d)/(b × c) = (12 × 87)/(13 × 88) = 0.91

It is not possible to estimate specific incidences of multiple sclerosis among hepa-
titis B vaccinated or non-vaccinated individuals from the case-control study data 
alone, because this design artificially fixes the ratio of cases and controls. Similarly, 
it is not possible to estimate attributable risk or population attributable risk directly 
from case-control data. However, it is possible to estimate the relative risk of multiple 
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sclerosis, comparing people who received the hepatitis B vaccine to those who did 
not receive this vaccine. This estimate is called the odds ratio, which approximates 
the relative risk if the frequency of the disease is low in the underlying population.

	36.	 A. To increase the chance of obtaining valid associations, case-control studies 
should ideally select case individuals based on a high degree of certainty for 
having the disease of interest. The use of magnetic resonance imaging to define 
multiple sclerosis would increase the specificity of the disease and enhance the 
internal validity of the study. Selection of healthcare workers as controls would 
artificially exaggerate the frequency of hepatitis B vaccination relative to the 
cases; selection of uninsured adults as controls would artificially reduce this 
frequency. There is no possibility of recall bias in this study because the expo-
sure, hepatitis B vaccination, was determined by review of medical records.

	37.	 C. The data needed to calculate this odds ratio are found in Table 1 of the paper.

Disease (bladder 
cancer)

No disease (no bladder 
cancer)

Exposed (cyclophosphamide, no 
radiation)

9 20

Unexposed (no cyclophosphamide, 
radiation)

6 16

Odds ratio = (a × d)/(b × c) = (9 × 16)/(20 × 6) = 1.2

	38.	 E. It is not possible to determine the incidence of the disease (bladder cancer) 
among exposed or unexposed people using case-control data alone.

	39.	 A. Confirmation of case status (secondary bladder and kidney cancers) is an 
important desirable feature of case-control studies. The investigators used pre-
viously collected medical records to avoid recall bias that could have resulted 
from interviewing participants, who would have likely been aware of a bladder 
or kidney cancer diagnosis. Case and control participants were selected from 
the same cancer registries. Bladder and kidney cancers are relatively uncom-
mon in the population, permitting estimation of relative risks from odds ratios. 
There is no harm in confirming the original diagnosis of non-Hodgkin lym-
phoma in this study. However, such confirmation does not bear directly on the 
validity of associations between chemotherapy and radiation and the develop-
ment of secondary kidney or bladder cancers.

	40.	 D. Table 1 of the paper presents the numbers of case and control subjects who 
received cyclophosphamide with and without radiation. Table 3 of the paper 
presents numbers of case and control subjects who received no radiotherapy 
and no cyclophosphamide. These data are summarized below.

Disease (bladder cancer) No disease (no bladder cancer)

Cyclophosphamide, no radiation 9 20
Cyclophosphamide, radiation 9 10
No radiation, no cyclophosphamide 6 42
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Using the no radiation, no cyclophosphamide group as a reference:

	

Odds ratio of bladder cancer associated with cyclophosphamiide 
and no radiation = ´( ) ´( ) =9 42 20 6 3 2/ .

	

	

Odds ratio of bladder cancer associated with cyclophosphamiide 
plus radiation = ´( ) ´( ) =9 42 10 6 6 3/ .

	

Table 4 of the paper shows that both dose and duration of cyclophosphamide are 
associated with secondary bladder cancer. Table 2 shows that the dosage of radia-
tion is in fact slightly lower among bladder cancer cases compared to controls. The 
data in Table 1 can be used to calculate the odds ratio of bladder cancer comparing 
men to women; men have a 2.3 greater odds of bladder cancer compared to women 
in this study.

	41.	 E. The study investigators were blinded to the treatment assignments, but not 
the study participants. There is no practical way to prevent participants from 
knowing whether they are receiving an exercise program or not. The lack of 
blinding could disproportionately influence participant’s behaviors outside of 
the trial. For example, people who were assigned to no exercise (and were 
aware of this assignment) may have been more likely to engage in exercise on 
their own. The large randomized trial design will create similar distributions of 
age, sex, fasting blood sugar, family history of diabetes, and other characteris-
tics across the treatment groups, providing reassurance that such characteristics 
will not bias the trial results.

	42.	 E. Internal validity describes the ability of a study to accurately determine the 
benefits and harms of the treatments within the selected population and envi-
ronment. Low adherence with the prescribed exercise program (or initiation of 
exercise in the control group) could reduce the ability of the trial to correctly 
determine the impact of this exercise itself on the incidence of diabetes. 
Exclusion for heart failure influences external validity because the trial results 
do not apply to people with a history of heart failure. Diabetes is a clinical out-
come, not a surrogate endpoint. There is no need to employ complex random-
ization procedures in such a large trial (3400 people); balance in characteristics 
should be achieved by sample size alone.

	43.	 A. External validity addresses whether the results of a study are likely to be 
broadly applicable to more general groups of people and realistic environments. 
Frequently contacting trial participants to encourage adherence with exercise 
could increase the internal validity of the study, if such procedures improved 
compliance with the exercise program. On the other hand, real-world participa-
tion in exercise programs does not typically include scheduled reminders. The 
impact of exercise programs on the development of diabetes could be greater in 
the setting of a trial, in which this treatment is vigorously promoted, compared 
to more realistic settings.
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	44.

	

E.

 

Relative risk
Incidence treated

Incidence untreated

ev

= =
( )
( )

6 5. eents per
person years

events per
person years

n
1000

8 7
1000

0 75
-

-
.

.= oo units( )

	

	45.	 B.

 

Attributable risk Incidence treated Incidence untreated= ( ) - ( )
= 66 5 1000

8 7 1000
.

.
events per person years

events per person years
-

--
== -2 2 1000. events per person years- 	

	46.	 E. Number needed to treat or harm can be calculated using attributable risks 
derived from incidence rates or proportions. For ease of interpretation, incidence 
proportions will be used to calculate attributable risks over a median of 5 years 
of follow-up in the trial.

	

Attributable risk Incidence treated Incidence untreated= ( ) - ( )
= 33 2 100 4 4 100

1 2

. .

.

events per people events per people

events per

-
= - 1100people 	

	

Number needed to treat absolute value attributable risk= ( )1/

== -( )
=

1 1 2 100
83

/ .
/

absolute value events per people
people event 	

Treating 83 people who are similar to those in the trial with the exercise program, 
instead of no treatment, would be expected to prevent one case of diabetes over a 
median of 5 years of follow-up.

	47.	 B. In randomized trials, attributable risk describes the additional burden of out-
comes among the untreated group. Based on the solution to problem 45, there 
were 2.2 extra cases of diabetes per 1000 person-years among trial participants 
who were assigned to no exercise. The large randomized design provides reassur-
ance that the characteristics of participants who were assigned to the exercise 
intervention were similar to those of participants assigned to no exercise. 
Therefore, the additional cases of diabetes are likely due to the lack of the exercise 
intervention itself. Providing this same exercise program to a large number of 
people who are like those in the trial and not currently exercising would be 
expected to reduce the incidence rate of diabetes by 2.2 cases per 1000 
person-years.

	48.	 C. The large randomized trial design will create similar distributions of charac-
teristics among participants assigned to the exercise program and participants 
assigned to no treatment at the start of the trial. If these groups are analyzed 
according to the initial randomization assignment (intention-to-treat), then 
observed differences in diabetes outcomes are likely to reflect the impact of the 
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exercise program itself. Other analytic methods may disturb the initial balance 
in characteristics created by randomization and conflate the impact of treatment 
with the characteristics of people who tend to adhere to the treatment or those 
who initiate the treatment outside of the trial.

	49.	 B. Despite the promising preliminary experimental data, the subgroup analyses 
do not support a differential impact of the exercise program on diabetes inci-
dence comparing participants who were sedentary versus those who were non-
sedentary at the start of the trial. Based on the trial data:

	
Relative risk sedentary behavior group( ) = =8 0 10 3 0 78. / . .

	

	
Relative risk non sedentary behavior group-( ) = =5 6 7 8 0 72. / . .

	

	

Attributable risk sedentary behavior group
p

( )
= - = -8 0 10 3 2 3. . . eer person years1000 - 	

	

Attributable risk non sedentary behavior group-( )
= - = -5 6 7 8 2. . ..2 1000per person years- 	

The incidence rates of diabetes are higher among sedentary participants; how-
ever, the impact of the exercise intervention, measured on either the relative or abso-
lute risk scale, is similar.

	50.	 C. Locally advanced breast cancer is a serious disease that requires immediate 
treatment. It would be unethical to assign women who have locally advanced 
cancer to no treatment at all, a placebo, or a delay in treatment. The control 
group in a trial targeting locally advanced breast cancer should receive the 
accepted standard of care for the disease. The addition of a placebo to standard 
of care treatment will blind the study participants as to whether they are receiv-
ing the new medication.

	51.	 C. External validity describes the ability to apply the results of a study to more 
general groups of people in real-world environments. The study population and 
the study environment impact external validity.

The lack of blinding, use of a subjective outcome, and potential nonadher-
ence with treatment may impact internal validity, which describes the ability of 
a trial to correctly answer the proposed question of interest.

	52.	 E. Internal validity addresses the likelihood that a study truthfully answers the 
clinical or scientific question within the selected study population and environ-
ment. Large, well-conducted randomized trials of clinically relevant outcomes 
tend to have high internal validity. However, not all trials are internally valid, 
and other study designs may also yield internally valid results. This trial 
addressed the specific question: does denosumab treatment prevent fractures 
among postmenopausal women with osteoporosis? The answer to this question 
is yes. Randomization of large numbers of participants resulted in nearly identi-
cal characteristics between the denosumab and placebo groups (Table 1 of the 
paper). The only meaningful difference between these groups at the time of 
randomization is the use versus non-use of denosumab itself (although some 

18  Practice Problem Workbook Solutions



85

participants assigned to denosumab stopped this treatment during the trial and 
some assigned to placebo may have initiated denosumab outside of the trial). 
Under an intention-to-treat analysis, the difference in fracture incidence is 
almost certainly due to denosumab treatment. The primary outcome of the trial 
was fracture, which is a clinical outcome, not a surrogate endpoint. Exclusion 
for long-term bisphosphonate use narrows the external validity of the trial 
results to women who do not use bisphosphonates.

	53.	 C. Incidence proportion treated events per( ) = ´ =43 3906 100 1 10 100/ . ppeople

	
Incidence proportion untreated events per( ) = ´ =26 3902 100 0 67 1/ . 000people

	

	

Attributable risk Incidence treated Incidence untreated= ( ) - ( )
= 00 67 100 1 10 100

0 43

. .

.

events per people events per people

events

-
= - pper people100 	

	

Number needed to treat absolute value attributable risk= ( )1/

== ( ) =1 0 43 100 232 6/ . .events per people 	

Approximately 233 postmenopausal women with osteoporosis who are similar 
to those in the trial would need to be treated with denosumab to prevent one hip 
fracture within 36 months.

	54.	 C. Subtle risk signals detected in trials are often difficult to interpret due to 
small numbers of events and multiple comparisons among the many different 
adverse outcomes. Nonetheless, there were 12 times as many occurrences of 
cellulitis among women who were assigned to denosumab compared with 
those assigned to placebo. The randomized trial design increases the degree of 
certainty that these extra cellulitis cases were caused by denosumab treatment 
itself; however, chance remains a possibility. There is some plausibility for an 
adverse impact of denosumab on cellulitis as this medication affects innate 
immunity via a major cell signalling pathway (RANK ligand system). If the 
observed difference in cellulitis outcomes was in fact caused by denosumab, 
rather than chance, then widespread use of denosumab could result in many 
excess cases of cellulitis in the population. The most practical approach to the 
trial findings is post-approval surveillance, in which adverse effects continue 
to be monitored after a drug is approved. The safety signals observed in the 
trial would ideally be addressed by evaluating denosumab treatment among 
larger, more inclusive study populations in more real-world environments.

	55.	 A. The intention-to-treat approach is typically the preferred method for analyz-
ing randomized trial data because this method preserves the initial balance in 
characteristics created at randomization. Other analytic methods that permit 
switching or stopping treatment once the trial is underway are no longer pro-
tected from potential imbalances in participants characteristics and are there-
fore susceptible to confounding by factors that may prompt switching or 
stopping treatment.
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	56.	 B. Differential misclassification of the exposure in the setting of a case-control 
study is also called recall bias. In this example, case individuals who have pul-
monary fibrosis are likely to know that they have a serious disease and may 
differentially recall their exposure to paint products based on this knowledge. 
Some non-differential misclassification of paint exposure may have also 
occurred in this study; however, this impact of this type of misclassification on 
the relative risk is predictable (bias toward the null). Misclassification of the 
study outcome is unlikely to have occurred due to the use of a highly accurate 
tool for determining the presence of pulmonary fibrosis. Undiagnosed pulmo-
nary fibrosis is highly unlikely among the control group due to the absolute 
rarity of this disease and the lack of symptoms.

	57.	 A. Recall bias is prevented in this example by ascertainment of paint exposure 
data collected prior to the occurrence of pulmonary fibrosis (outcome) and 
using an objective procedure. The company’s record system may not perfectly 
classify the type, amount, and duration of previous paint exposure, potentially 
resulting in some non-differential misclassification of the exposure.

	58.	 A.  The study outcome, all-cause mortality, is likely to have been measured 
without any meaningful degree of error. However, the exposure, aspirin use, 
may have been misclassified, due to assessment at only a single point in time. 
If some aspirin users subsequently discontinued this treatment, or if some non-
users initiated aspirin treatment, then these exposure groups would mix together, 
potentially diluting associations with the outcome. The relative risk observed in 
this study likely underestimated the association of aspirin use with mortality 
that would be obtained under gold standard measurements of aspirin use (e.g., 
annual blood tests for aspirin levels).

	59.	 A. As suspected, some aspirin users discontinued this treatment during follow-
up. Non-differential misclassification of the exposure remains the most likely 
pattern of error in this study because there is no compelling reason as to why 
errors in ascertaining aspirin use would differ systematically by subsequent 
mortality status.

	60.	 C. In this example, apolipoprotein B (ApoB) levels measured by the automated 
laboratory platform are consistently 50% lower than those obtained by the gold 
standard reference procedure. Consequently, the same 20% of participants who 
were classified as having “elevated” ApoB levels by the automated platform 
would be classified as having elevated levels by the gold standard method.

	61.	 D.  A confounding characteristic is associated with the exposure, associated 
with the outcome, and does not reside on the causal pathway of association. 
Based on the data in Table 9.1, race, body mass index, intravenous drug use, 
and CD4 count are associated with the exposure, HIV disease. Of these charac-
teristics, intravenous drug use and CD4 count are also associated with the out-
come, CMV infection, based on the data in Table 9.2. However, CD4 count is 
likely to reside on the causal pathway between HIV disease and CMV infec-
tion: the plausible sequence of events is that HIV disease leads to a lower CD4 
lymphocyte count, which then subsequently increases susceptibility of CMV 
infection.
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	62.	 C.  There are a higher proportion of African Americans in the HIV-positive 
group compared with the HIV-negative group in this study, indicating an asso-
ciation of race with the exposure. On the other hand, there is no meaningful 
association between race and the outcome, CMV infection, indicated by a rela-
tive risk that is very close to 1.0 (Table 9.2). Race cannot plausibly reside on the 
causal pathway of association in this example.

	63.	 A. These observational data demonstrate an association between the lowest cat-
egory of treated systolic blood pressures and mortality. This association is sub-
ject to confounding by age, obesity, comorbidity, and any number of 
characteristics that might be linked with lower systolic blood pressures and 
higher rates of death. Given the (strong) likelihood of confounding in this 
example, it would be premature to conclude that overtreatment of hypertension 
was the cause of the observed higher mortality rate. Moreover, the study spe-
cifically evaluates the association of measured blood pressure with mortality 
but does not address the potential risks and benefits of specific blood pressure 
treatments. Many possible mechanisms may explain this observed association, 
including lower cerebral blood flow.

	64.	 A. The causal diagram below organizes characteristics that are associated with 
the exposure, associated with the outcome, and suspected to reside on the causal 
pathway of association in this study.

Regular exercise
dietary fiber

Green tea consumption Pancreatic cancer

Age

Antioxidants
vasodilatory response

Causal pathway  

Dietary fiber and regular exercise are associated with green tea consumption, but 
are not associated with pancreatic cancer in this study. Circulating concentrations of 
antioxidants and vasodilatory response are associated with green tea consumption 
and pancreatic cancer. However, given the background information motivating the 
study, antioxidants and vasodilatory response are presumed to result from green tea 
consumption; these characteristics are unlikely to influence a person’s decision to 
drink green tea. Age is associated with green tea consumption and pancreatic cancer 
and age is not suspected to reside on the causal pathway of association.

	65.	 E. Given the background information motivating this study, circulating con-
centrations of antioxidants are suspected to reside on the causal pathway 
between green tea consumption and pancreatic cancer. Therefore, this charac-
teristic would not be considered to be a confounder in this study but instead a 
potential mechanism of association. Inference for a causal impact of green tea 
consumption on pancreatic cancer would not be enhanced by adjustment for 
circulating concentrations of antioxidants, whether by stratification, matching, 
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or restriction. Assuming that measured concentrations of antioxidants truly 
capture this characteristic, the relative risk adjusted for antioxidants can be 
interpreted as the association between green tea consumption and pancreatic 
cancer that is mediated through pathways other than anti-oxidants.

	66.	 A. Stratification plus adjustment is a method to control for confounding. In this 
example, each stratum consists of only one sex thereby preventing confounding 
by sex within either stratum. The sex-adjusted relative risk can be calculated by 
weighing and combining the stratum-specific relative risks:

	

Relative risksummary relative riskwomen weightwomen
relat

= ´

+

( )
iive riskmen weightmen´( )

	

	
Relative risk weight weightsummary women men= ´( ) + ´( )0 85 0 85. .

	

Although the number of people in each stratum is not provided, the weighted and 
combined relative risk must be 0.85 because the relative risk is 0.85 in each stratum. 
The sex-adjusted relative risk of 0.85 differs meaningfully from the unadjusted rela-
tive risk of 0.70, suggesting confounding by sex (a 10% or greater change in the size 
of the relative risk after adjustment can be used to suggest the presence of 
confounding).

	67.	 D. Confounding-by-indication occurs when the indications for a medication or 
procedure are themselves confounding the association of interest. Randomly 
assigning large numbers of people to either a long-acting calcium channel 
blocker or a placebo will create similar distributions of characteristics across 
these groups and prevent confounding. Observed differences in stroke rates 
seen in randomized trials can be reasonably ascribed to the impact of calcium 
channel blocker treatment itself on this outcome. In contrast, differences in 
stroke outcomes seen in this observational study may be confounded by differ-
ences in the characteristics of users versus nonusers of long-acting calcium 
channel blockers.

	68.	 B.  Hypertension is the most likely confounding characteristic in this study 
because hypertension is the primary indication for prescribing a long-acting 
calcium channel blocker and because hypertension is a major risk factor for 
stroke. Restricting the entire study population (long-acting calcium channel 
blocker users and nonusers) to only people who have a diagnosis of hyperten-
sion would reduce the possibility of confounding by this characteristic, though 
residual confounding by subclinical hypertension would remain a possibility.

	69.	 B. Matching, stratification plus adjustment, multivariate regression, and restric-
tion are methods to control for confounding. P-values and 95% confidence 
intervals address the statistical significance of study findings, which is a differ-
ent concept from confounding.

	70.	 E. This case-control study matched case individuals, who had a diagnosis of 
atrial fibrillation, with control individuals who did not have an atrial fibrillation 
diagnosis by age (methods, page 79). Consequently, the cases and controls in 
this study had similar age distributions (Table 1 of the paper). Assuming that 
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age-matching was appropriately handled in the analysis, matching will control 
for confounding by age. A confounding characteristic requires linkage with 
both the exposure and the outcome. Breaking just one of these links is sufficient 
to control for the confounding influence of that characteristic. Age does not 
reside on the causal pathway between antihypertensive medication use and 
atrial fibrillation because it is impossible for these exposures to influence a 
person’s age.

	71.	 D. There is minimal change in the size of the association between total ACE 
inhibitor use and atrial fibrillation with adjustment (odds ratio changes from 
0.81 to 0.79). Consulting the footnote of Table 3 in the paper, adjustment vari-
ables included smoking, body mass index, asthma, beta-lactam antibiotics, qui-
nolones, macrolides, tetracyclines, corticosteroids, and beta-agonists. The lack 
of appreciable change in the odds ratio with adjustment suggests that these 
characteristics are not likely to be confounding the unadjusted association 
(though it is possible that some characteristics are confounding the observed 
association in opposing directions resulting in no net change). The adjusted 
association accounts for the characteristics included in the model, but not for 
the possibility of residual confounding.

	72.	 B. In this large randomized trial, the proportion of anxiety disorder is likely to 
be balanced across the treatment groups at the start of the study. Confounding 
is unlikely in large randomized studies. The relative risk of persistent depres-
sive symptoms associated with the new medication differs by the presence of 
anxiety disorder at baseline. The amount of difference in the relative risks is 
large and the confidence intervals for these relative risks do not overlap with 
one another. These findings suggest the presence of effect modification (on the 
relative risk scale).

	73.	 C. This example demonstrates the application of stratification to address the 
concepts of confounding and effect modification. To evaluate the presence of 
confounding, stratum-specific associations are weighted and combined to 
yield an adjusted association. Without knowledge of the specific weights in 
this example, the sex-adjusted relative risk of cirrhosis, comparing hepatitis 
B-positive to hepatitis B-negative individuals, is somewhere between 2.3 and 
2.9. Some sense of the weights can be gleaned from Table 9.1, which shows a 
roughly equal number of men and women in the study, suggesting that the sex-
adjusted relative risk is probably close to 2.5. The lack of appreciable change 
in the size of the relative risk after adjustment for sex suggests that sex is not 
confounding the observed association between hepatitis B status and cirrhosis 
to any meaningful degree. To appraise the possibility of effect modification, 
the stratum-specific relative risks are compared to each other. In this example, 
the relative risks of 2.3 and 2.9 for women and men are roughly similar with 
widely overlapping confidence intervals, arguing against effect modification 
by sex. On the other hand, the relative risks are considerably different when 
stratified by the presence of heavy alcohol use, suggesting that this character-
istic is modifying the association between hepatitis B status and cirrhosis.

	74.	 D. The relative and attributable risks associated with vaccination are presented 
below.
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Incidence 
non-vaccinated

Incidence 
vaccinated Relative risk Attributable risk

Country 1 100 40 100/40 = 0.40 100–40 = 60 per 1000
Country 2 200 130 200/130 = 0.65 200–130 = 70 per 1000
Country 3 300 230 230/300 = 0.77 300–230 = 70 per 1000
Country 4 400 310 310/400 = 0.78 400–310 = 90 per 1000

Based on the difference in the size of the relative risks, the new vaccine appears 
to be most effective for preventing malaria in country 1. On the other hand, when 
attributable risk is used to quantify the size of these associations, the vaccine is 
associated with the greatest reduction in malaria incidence in country 4. 
Administration of the vaccine to country 4, where the background incidence of 
malaria is highest, would be expected to prevent the greatest number of malaria 
cases.

	75.	 D. The study data demonstrate associations of NSAID use and ARB use with 
the incidence of AKI. However, the data as presented do not address whether 
there may be a synergistic impact of NSAID and ARB use on AKI incidence. 
The possibility of effect modification can be investigated by determining 
whether the association of NSAID use with AKI differs meaningfully accord-
ing to the concomitant use versus nonuse of ARBs or conversely by determin-
ing whether the association of ARB use with AKI differs by the use versus 
nonuse of NSAIDs.

	76.	 E. The cumulative incidence of ESRD is 30.8 per 10,000 among living donors 
compared with only 3.9 per 10,000 among a matched group of healthy non-
donors. These differences represent a 7.9 times higher incidence of ESRD 
(although the absolute risk of developing ESRD is low in both groups). Could 
this association be confounded by age? Figure 2a of the paper demonstrates an 
association of older age with ESRD, the study outcome, among only the living 
donors group. However, healthy non-donors were matched to living donors by 
age, preventing linkage of age with the study exposure and thereby minimizing 
the possibility for confounding by age. To evaluate whether the size of the asso-
ciation between live kidney donation and ESRD differs by age, some measure 
of effect size, such as relative risk, must be provided across the age groups. The 
paper does not present such information (Fig. 2a presents data among only the 
living donors).

	77.	 A.  From the text of the results section (page 582), the incidences of ESRD 
among Black donors and Black non-donors are 74.7 and 23.9 per 10,000, 
respectively. Based on these incidences:

	
Relative risk among Blacks = ( ) ( ) =74 7 23 9 3 1. / . .

	

	
Attributable risk among Blacks per= ( ) ( ) =74 7 23 9 50 8 10 000. . . ,-

	

Among Hispanics, the incidences of ESRD are 32.6 and 6.7 per 10,000 for live 
donors and non-donors.
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Relative risk among Hispanics = ( ) ( ) =32 6 6 7 4 9. / . .

	

	
Attributable risk among Hispanics per= ( ) ( ) =32 6 6 7 25 9 10 0. . . ,- 000

	

On the additive (attributable risk) scale, the association between live kidney 
donation and ESRD is higher comparing Black donors with Hispanic donors. The 
paper does not include data to address possible differences in the size of this asso-
ciation by age.

	78.	 C. The new data present associations of live kidney donation with ESRD on the 
attributable risk scale. The size of the association is similar among the low ver-
sus high physical activity categories, suggesting no effect modification by this 
characteristic. The stratified data can also be used to evaluate confounding. 
Although the number of people in each physical activity group is not provided, 
the attributable risk of ESRD associated with live kidney donation must be 
somewhere between 12.3 and 13.8 per 10,000 after adjustment for physical 
activity status. This adjusted attributable risk differs considerably from the 
unadjusted attributable risk of 26.9 per 10,000, suggesting that physical activity 
is confounding the unadjusted association to a meaningful degree.

	79.	 C. Screening tests are best applied to diseases that are serious, potentially treat-
able and include a preclinical phase that can be detected by a test. Melanoma is 
a serious, potentially treatable disease that is often preceded by a preclinical 
phase (mole, or dysplastic nevi). For influenza, the time between biological 
onset and clinical symptoms (preclinical period) is too short for a meaningful 
impact of screening. Mad cow disease is not treatable. Eczema and insomnia 
are not serious diseases and are unlikely to have preclinical phases that could be 
detected by a test before the onset of symptoms.

	80.	 C. A useful method for solving screening and diagnosis problems is to create a 
2 × 2 table, in which the columns represent gold standard evidence of the dis-
ease and the rows represent the test results. For ease of calculations, a total of 
1000 people can be used as a round number for problem-solving.

Disease No disease Total

Test positive a b a + b
Test negative c d c + d
Total a + c b + d 1000 total

The calculation of positive and negative predictive values always requires an 
estimate of the pretest probability of disease. In the context of screening, tested 
individuals are by definition free of signs or symptoms of the disease, providing no 
specific clues as to their pre-test disease likelihood. Consequently, for screening 
tests, the pretest probability of disease is estimated by the background prevalence of 
the disease among similar people in the population. In this example, the tested chil-
dren have no symptoms of lead toxicity, so the 2% prevalence of this condition in 
their neighborhood serves as the pretest probability of disease.
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Lead toxicity No lead toxicity Total

Test positive a b a + b
Test negative c d c + d
Total 20 (2%) 980 (98%) 1000

Applying the 95% sensitivity and 98% specificity of the lead screening test to 
these data:

Lead toxicity No lead toxicity Total

Test positive (20 × 0.95) = 19 196 215
Test negative 1 (980 × 0.80) = 784 785
Total 20 980 1000

Among children who do not have actual lead toxicity, 196 will test positive 
(false-positive test).

	81.	 E. Applying the identical sensitivity and specificity characteristics of the lead 
screening test to a second population in which the prevalence of disease is 50% 
yields the following data:

Lead toxicity No lead toxicity Total

Test positive (500 × 0.95) = 475 100 575
Test negative 25 (500 × 0.80) = 400 425
Total 500 (50%) 500 (50%) 1000

For a child who tests negative from this neighborhood, the probability of not having actual lead 
toxicity is 400/425 × 100% = 94%. This is the negative predictive value of the test

	82.	 C. In this example, the prevalence of HIV disease is (1 million / 300 million × 
100%) = 0.33%, and the sensitivity and specificity of the test are 99.7% and 
98.5%, respectively. If 300 million people are screened:

HIV disease No HIV disease Total

Test positive (1,000,000 × 
0.997) = 997,000

4,485,000 5,482,000

Test 
negative

3000 (299,000,000 × 
0.985) = 294,515,000

294,518,000

Total 1,000,000 299,000,000 300,000,000

Approximately 4.5 million people who do not have actual HIV disease will have 
a positive HIV antibody test. Given a very low prevalence of a disease, a specificity 
of 98.5% remains inadequate for suppressing false-positive tests.

	83.	 B. From the above data, positive predictive value = 997,000 / 5,482,000 × 100% 
= 18.2%.
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	84.	 E. The same HIV antibody test is now used as a diagnostic test. In the set-
ting of diagnosis, the pretest probability of disease is estimated from unique 
aspect of the clinical presentation. In this example, the pretest probability 
of disease is suspected to be 30%, based on the presenting symptoms and 
signs of this particular individual. A new 2 × 2 table is needed using a pre-
test probability of 30% and the same sensitivity and specificity characteris-
tics of the HIV antibody test. Given a total of 1000 hypothetical similar 
tested individuals:

HIV disease No HIV disease Total

Test positive (300 × 0.997) = 299 10 309
Test negative 1 (700 × 0.985) = 690 691
Total 300 700 1000

Positive predictive value = 299 / 309 × 100% = 96.8%

If this patient has a positive HIV antibody test, then the probability of having 
actual HIV disease is 96.8%.

	85.	 B. For this 5-point diagnostic test, there are five mutually exclusive choices for 
defining a positive result. Each definition has a unique pair of sensitivity and 
specificity characteristics.

Positive test Negative test Sensitivity Specificity

Definition 1 Score ≥1 Score = 0 ??? ???
Definition 2 Score ≥2 Score <2 ??? ???
Definition 3 Score ≥3 Score <3 ??? ???
Definition 4 Score ≥4 Score <4 ??? ???
Definition 5 Score = 5 Score <5 ??? ???

The receiver operating characteristic (ROC) curve presents the sensitivity and 
specificity for all possible cut point choices. Unfortunately, ROC curves typically 
do not include labels to specify which specific points on the graph correspond to 
which specific cut points. However, it is possible to deduce this information from 
the graph. The lower left-hand corner of the ROC curve represents the cut point that 
yields the lowest sensitivity, which is defined as the proportion of people who test 
positive given the presence of disease. A cut point with low sensitivity implies that 
few people who have disease will test positive. For the new arthritis test, definition 
5 has the lowest sensitivity because this stringent definition of a positive test will 
yield the fewest positive results. Moving along the ROC curve from lower left to 
upper right, the test sensitivity increases as specificity decreases. The upper right-
hand corner of the ROC curve represents the cut point that yields the highest sensi-
tivity and lowest specificity, as shown below.
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Data from the ROC curve can then be used to complete the table of sensitivity 
and specificity characteristics.

Positive test Negative test Sensitivity Specificity

Definition 1 Score ≥1 Score = 0 0.9 0.1
Definition 2 Score ≥2 Score <2 0.8 0.7
Definition 3 Score ≥3 Score <3 0.5 0.8
Definition 4 Score ≥4 Score <4 0.3 0.9
Definition 5 Score = 5 Score <5 0.1 1.0

A diagonal line drawn from the upper left-hand corner to the ROC curve will 
identify the cut point with the mathematically optimal tradeoff between sensitivity 
and specificity. In this example, definition 2 lies closest to such a line. Note that the 
ideal cutoff value for a test depends not only on sensitivity and specificity but also 
on the prevalence of the disease in the tested population, the natural history of the 
disease if left untreated, the diagnostic procedures that follow a positive test, and the 
impact of treatment on people who test positive.

	86.	 A. The negative predictive value of a test is defined as the probability of having 
no true disease among all people who test negative. Given a fixed prevalence of 
disease, the negative predictive value is directly related to the sensitivity of a 
test. Greater sensitivity will result in a greater negative predictive value due to 
a smaller number of false negatives. Definition 1 has the greatest sensitivity and 
highest negative predictive value.

Disease No disease Total

Test positive a b a + b
True positive False positive

Test negative c d c + d
False negative True negative
Test sensitivity Test specificity

Negative predictive value = d/(c + d)
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	87.	 E.  Data from the 100 test patients are used to determine the sensitivity and 
specificity of the new test. Among people with actual pancreatic cancer, 99% 
have a positive test; this is the sensitivity. Among people without actual pancre-
atic cancer, 98% have a negative test; this is the specificity. These values can 
then be applied to a population of 10,000 tested individuals among whom the 
prevalence of pancreatic cancer is 1%.

Pancreatic cancer No pancreatic cancer Total

Test positive (100 × 0.99) = 99 198 297
Test negative 1 (9900 × 0.98) = 9702 9703
Total 100 9900 10,000

A total of 297 patients will have a positive test (99 true positives and 198 false 
positives) and undergo subsequent computed tomography scanning.

	88.	 A. Likelihood ratio nomograms provide an alternative method to 2 × 2 tables for 
calculating posttest probabilities from pre-test probabilities and the sensitivity 
and specificity of the test. Positive and negative likelihood ratios are derived 
from sensitivity and specificity. In this example, the pretest probability of dis-
ease is 60% and the positive likelihood ratio is 35. These values yield a posttest 
probability of approximately 98%, shown in the nomogram below (use a ruler 
or straight edge to estimate as closely as you can).
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	89.	 C. Validity (also called accuracy) describes the ability of a test to obtain the true 
value of the characteristic being measured. The validity of the new rhinovirus 
test refers to how closely the results of this test relate to actual rhinovirus infec-
tion, determined by a gold standard method.

	90.	 A. Studies of screening are susceptible to biases, which are summarized in the 
table below.

Type of bias Brief explanation

Confounding 
(referral bias)

People whose disease is detected by screening have different 
characteristics than those whose disease is detected at clinical 
presentation

Lead time bias Extra follow-up time is preferentially added only to people whose disease 
is detected by screening

Length bias 
sampling

People whose disease is detected by screening have less aggressive forms 
of the disease

Overdiagnosis bias Some people whose disease is detected by screening do not actually have 
the disease at all

For this question, survival time among people whose CKD is detected by screen-
ing begins when they have a positive test, which is relatively early in the course of 
the disease. In contrast, survival time among unscreened individuals begins much 
later, when CKD is detected by conventional clinical methods. This approach artifi-
cially adds survival time to the screened group, resulting in a lower mortality rate in 
this group and creating the false appearance of a survival benefit from screening.

	 91.	 B. The administration of a screening test at a single point in time will prefer-
entially favor identification of the most prevalent variants of a particular dis-
ease. Prevalence is directly related to the duration of disease (Prevalence = 
Incidence × Duration). Disease variants that progress slowly have a longer 
duration than variants that are rapidly progressive or quickly cured. In this 
example, screening is likely to preferentially identify the most slowly progres-
sive types of kidney disease.

	 92.	 C. The point-of-care test in this example requires subjective interpretation. 
The researchers, who may be enthusiastic about the new test, may “overcall” 
some of the test strip results; for example, they may define a “dark orange” 
result as a positive test. Overdiagnosis will add healthy people, who do not 
have actual CKD, to the screen-positive group, resulting in better outcomes 
among this group.

	 93.	 C. The mean value of a distribution is sensitive to extreme values. The median 
and mode depend on the order of the observations in a distribution and are not 
impacted by extreme values. The geometric mean is less sensitive to extreme 
values than the standard (arithmetic) mean.

	 94.	 B.  For normally distributed data, 67% of the observations will be located 
within one standard deviation of the mean value and 95% will be located 
within two standard deviations of the mean. In this example, approximately 
95% of the study population will have a TSH level between 3.0 ± (0.5 × 2) or 
3.0 ± 1 mIU/L. The remaining 5% will be evenly divided between TSH levels 
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of <2.0 mIU/L and TSH levels of >4.0 mIU/L if the data are normally distrib-
uted. Therefore, 2.5% of the study population, or 250 people, will have a TSH 
level >4.0 mIU/L.

	 95.	 B. Box plots present the median, interquartile range, and extreme observations 
for a given distribution they do not include the mean value. Distribution B has 
a slightly lower median value than distribution A but also has many extremely 
high values that are likely to have a large impact on the mean.

	 96.	 D. The figure demonstrates a reasonably normal distribution of serum sodium 
concentrations. Therefore, 95% of the data is expected to reside within two 
standard deviations of the mean value of 141 mEq/L. The lower 2.5th percen-
tile is 138 mEq/L, which is 3.0 mEq/L from the mean value.

	 2 3 0´ =standard deviation mEq L. / 	

	 Standard deviation mEq L mEq L= =3 0 2 1 5. / / . / 	

	 97.	 D. The mode is the most frequently occurring value in a distribution. Based on 
the histogram, the most common coronary calcium score in the study is 0. The 
distribution of coronary calcium scores is not normal. The large rightward 
skew implies that the mean score will be much larger than the median score. 
The property that 95% of the data are located within two standard deviations 
of the mean applies to only normally (or roughly normal) distributed data and 
not to these coronary calcium scores.

	 98.	 E. Mortality can take on only two possible values: yes or no. The other char-
acteristics are either continuous or categorical.

	 99.	 D. The correlation coefficient describes the tendency of larger values of one 
variable to match up with larger values of a second variable. A correlation 
coefficient of +1 indicates perfect positive agreement between two variables, 
a coefficient of −1 indicates perfect negative agreement, and a correlation 
coefficient of 0 indicates no agreement. The correlation coefficient of −0.15 
for age and gait speed indicates that older age tends to track with lower gait 
speeds but that there is considerable variability in this association.

	100.	 A. The white area on the quantile plot contains the middle three quintiles, or 
the 20th–80th percentile, of the distribution of serum phosphate levels for a 
given level of GFR.  The edge between the white area and the upper gray-
shaded area represents the 80th percentile of the distribution. This value is 
higher for a GFR value of 20 ml/min compared with a GFR value of 60 ml/min. 
The lower edge, which represents the 20th percentile of the distribution, is also 
higher for low GFRs. Among participants who have a GFR of 50 ml/min, the 
middle three quintiles, or 60% will have a serum phosphate level between 2.8 
and 4.0 mg/dl. The mean phosphate level is similar for GFRs between 40 and 
90 ml/min. The median value is not shown in the figure.

	101.	 C. The null hypothesis always refers to the underlying population. The p-value is 
the probability of observing the study data, or more extreme study data, if the null 
hypothesis were true. If the two antibiotics actually had the same impact on end-

18  Practice Problem Workbook Solutions



98

of-study colony counts in the underlying population, then the chance of observing 
this 5.5 thousand colony count difference, or an even greater difference, is 4%.

	102.	 D. The p-value is calculated from the sample size and the variance (or stan-
dard deviation) of the outcome. The table reports the sample size of 200 peo-
ple in each group, but not the standard deviation.

	103.	 A. This interpretation is correct. If this same study were repeated indefinitely, 
and a 95% confidence interval placed around the difference in mean end-of-
study colony counts for each experiment, then 95% of these intervals will 
contain the actual difference in mean end-of-study colony counts in the under-
lying population (all women who are similar to those in the trial).

	104.	 D. There is no way to determine whether this particular confidence interval of 
(0.2, 10.8) is one of the intervals that contains the actual difference in mean 
end-of-study colony counts in the underlying population. However, since 95% 
of all such intervals do contain the population value, we can be “95% confi-
dent” that the actual difference in mean end-of-study colony counts in the 
population is within this interval. Confidence intervals provide a range of esti-
mated values in the underlying population.

	105.	 B. Sample size and variability of the outcome influence the width of the 95% 
confidence interval. A larger sample size and smaller variation in the outcome 
will yield a narrower confidence interval, indicating greater certainty as to the 
true value of interest in the underlying population. It may be possible to reduce 
the variation in end-of-study colony counts by obtaining more reliable mea-
surements of this characteristic (such as performing the colony counts in trip-
licate for each study participant).

	106.	 C. Antibiotic One has a stronger impact on end-of-study colony counts in the 
randomized trial compared with the second “real-world” study. Chance should 
be considered as one possible explanation for this differential treatment effect; 
however, the 95% confidence intervals for end-of-study colony counts in the 
randomized trial and the clinic-based study do not overlap with one another, 
suggesting that chance is an unlikely explanation. The most likely reason for 
the differential treatment effects is the difference in the study populations and 
environments. The randomized trial was restricted to urinary tract infections 
that were caused by E. coli and included procedures to encourage compliance 
with antibiotic treatment.

	107.	 A. The outcome of the study is a continuous variable (end-of-study colony 
count). The t-test is used to compare the mean value of a continuous variable 
between two different groups.

	108.	 C. The outcome of this secondary analysis, recovery from infection, is a binary 
variable (yes versus no). Binary outcome data are often expressed as propor-
tions: recovery occurred in 57/200 = 29% of women assigned to antibiotic one 
and 70/200 = 35% of women assigned to antibiotic two. The chi-square test is 
used to compare proportions between two different groups.

	109.	 B.  Statistically nonsignificant results may reflect the absence of a true 
association in the underlying population, errors in the design and conduct 
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of a study, or a type II error. Type II errors occur when a hypothesis test 
declares a study result to be statistically nonsignificant, yet a true differ-
ence exists in the population. Type II errors are often caused by inadequate 
study power. A study conducted in only 40 people is unlikely to detect a 
significant result for all but the most powerful treatments or risk factors.

	110.	 D. Study power is influenced by sample size, the magnitude of the association 
in the underlying population, variability in the study outcome, and the thresh-
old for declaring statistical significance. The best way to increase study power 
is to increase the sample size. Another approach is to optimize the precision of 
the study outcome variable, if possible. Studies of inconsistently measured 
outcomes will require more participants to demonstrate a significant 
association.

	111.	 B. This is the third statistical test performed on the same data, raising the pos-
sibility that the p-value of 0.05 could represent a type I error (no true associa-
tion between delirium and hospital stay in the underlying population yet the 
study obtains a statistically significant result). The replication study is inade-
quately powered to confirm or deny whether the results of the first study are 
likely to be true in the population. The first study of 40 people was barely able 
to declare statistical significance for a 2-day difference in hospital stay. 
Observing this same effect size in a study of only ten people will not reach 
statistical significance.

	112.	 D. The linear regression equation for the unadjusted association between PM10 
and FEV1 is:

	
Mean FEV PM1 0 1 10( ) = + ´( )b b

	

Based on the value reported in the table, the best fitting linear regression model 
for this association has a β1 coefficient of −160.

	113.	 D. The linear regression equation for the unadjusted association between age 
and FEV1 is:

	
Mean FEV age1 4400 30( ) = - ´( ) 	

A 40-year-old person in the study would have a predicted FEV1 value of:

	
Mean FEV ml1 4400 30 40 3200( ) = - ´( ) = 	

The person of interest has an actual measured FEV1 value of 3700 ml. The resid-
ual is the difference between the observed value and the value predicted by the 
regression model: 3700−3200 = 500 ml.

	114.	 C. Influential points are characterized by having an extreme X- and extreme 
Y-value. Observations with an extreme X-value, but an average Y-value 
(choice A), or observations with an average X-value, but an extreme Y-value 
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(choices B and D), typically do not exert a large influence on the slope of the 
regression line.

	115.	 A. Fitted regression models are estimated from the observed study data. The 
unadjusted linear regression model relating age with FEV1 was fit to a study 
population in which age ranged from 30 to 70 years; there are no observed 
data for people who are less than 30 years old. Consequently, there is no assur-
ance that the results of the regression model will apply to people who are 
younger than 30 or older than 70.

	116.	 A. Based on the adjusted association between PM10 exposure and FEV1, each 
10 ug/m3 greater PM10 value is associated with a 90-ml lower FEV1, on aver-
age, holding the other variables in the model constant. The negative sign pre-
ceding the FEV1 coefficient in the table indicates an inverse association with 
PM10. In linear regression, each unit difference in a predictor variable is related 
to an average difference in the outcome variable. Therefore, a 90 ml lower 
FEV1 per 10 ug/m3 greater PM10 is equivalent to a 9 ml lower FEV1 per 1 ug/
m3 greater PM10. Observational studies can adjust for suspected confounding 
characteristics, but residual confounding remains a concern, creating uncer-
tainty as to the causal impact of the exposure of interest.

	117.	 C. The null hypothesis is that there is no adjusted association between PM10 
exposure and FEV1 in the underlying population. Given this null hypothesis 
about the population, the chance of observing these experimental results or 
even more extreme results is 2%. This low p-value implies that there likley is 
an adjusted association between PM10 exposure and FEV1 in the population of 
similar individuals.

	118.	 C. A meaningful change in the coefficient of interest after adjustment implies 
that the adjustment variable(s) was confounding the observed association. In 
multiple regression, adjustment is performed by adding the potential con-
founding variables to the model. In this example, the coefficient for PM10 
changes from −160  in the unadjusted model to −90  in the fully adjusted 
model. Such a meaningful change after adjustment for age, sex, current smok-
ing, and height implies that one or a combination of these characteristics was 
likely to have been confounding the initial unadjusted association.

	119.	 B. In log-link regression, the log of the mean value of a continuous outcome 
variable is modeled as a function of the predictor variables. In this example, 
the log (mean FEV1) is on the left-hand side of the regression equation and the 
predictor variables are on the right-hand side.

	120.	 B. Based on the adjusted model, each 10 ug/m3 greater PM10 exposure is asso-
ciated with a 2.4% lower FEV1 value, holding the other variables in the model 
constant. Therefore, person two, whose PM10 exposure is 10 ug/m3 higher than 
that of person one, would be predicted to have a 2.4% lower FEV1 value. The 
2.4% difference is expressed as the ratio of FEV1 values comparing person 
one with person two.

	
FEV person one FEV person two1 1 1 024( ) ( ) =/ .
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Given that person one has an FEV1 value of 3900 ml:

	
3900 1 0241/ .FEV person two( ) = 	

Solving for the FEV1 value of person two:

	
FEV person two ml ml1 3900 1 024 3809( ) = =/ .

	

	121.	 D. A logistic regression model was used to obtain these results because they 
describe adjusted odds ratios:

	
log odds asthma age sex smoking PM( ) = + ´( ) + ´( ) + ´( ) + ´b b b b b0 1 2 3 4 10(( )

In logistic regression, the antilog of each coefficient in the model represents the 
association between a one-unit difference in the predictor variable and the odds 
ratio of the outcome variable, holding the other variables in the model constant. In 
this example, each 10 ug/m3 higher PM10 exposure is associated with a 40% greater 
odds of asthma, holding the other model variables constant.

	122.	 C. The formal interpretation of the confidence interval of (1.1, 1.8) for this 
study is, “if this experiment were repeated an infinite number of times, and a 
95% confidence interval constructed for the adjusted odds ratio of each exper-
iment, then 95% of these intervals would contain the true adjusted odds ratio 
in the underlying population.” This confidence interval can also be interpreted 
(less formally) as, “there is ‘95% confidence’ that the true adjusted odds ratio 
of asthma associated with each 10 ug/m3 greater PM10 exposure is between 1.1 
and 1.8 in the underlying population.”

	123.	 E. Kaplan-Meier plots describe the proportion of people who are alive and 
free of the study outcome over time. Differences in these Kaplan-Meier plots 
at 8 years can be determined by drawing a vertical line at the x-axis value of 
8. The proportion of people who are alive and free of Parkinson disease after 
8 years is about 55% in the positive family history group and 82% in the nega-
tive family history group, corresponding to a 27% difference. Kaplan-Meier 
plots present raw, unadjusted study data, without accounting for potential dif-
ferences in participant characteristics, such as age. Differences in median sur-
vival can be calculated only if all of the comparison groups reach a survival 
probability of 0.5, which does not occur in the negative family history group. 
Censoring is defined as leaving a study for any reason except for incurring the 
specified study outcome. In this example, participants would be censored if 
they drop out, die, or the study ends, but not if they develop Parkinson disease, 
because this is the study outcome.

	124.	 A. Hazard ratios very closely approximate relative risk for the time period of 
interest, which in this example is the entire duration of the study. Based on the 
data in the table, the unadjusted relative risk of Parkinson disease is two times 
higher comparing people with a family history of the disease to those without 
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a family history over the course of this study. Hazard ratios do not directly 
report on overall survival or death due to the disease. The procedure used to 
obtain the hazard ratios (the Cox proportional hazards model) accounts for 
potential differences in follow-up time among the exposure groups by per-
forming repeated analyses each time the study outcome occurs.

	125.	 C. In this somewhat difficult example, separate hazard ratios are presented for 
different intervals of follow-up time to demonstrate relative harm of the new 
synthetic graft in the first 30 postoperative days and then relative benefit there-
after. Summarizing the study data using only a single hazard ratio would have 
concealed this important distinction. A hazard ratio of 3.0 during the first 30 
postoperative days implies that there are three times as many deaths in the new 
synthetic graft group than the standard graft group during this period. Given a 
total of 160 deaths during this period, we can infer that 120 deaths occurred in 
the new synthetic graft group and 40 deaths occurred in the standard graft 
group. Given 1000 participants in each group at the start of the trial and mini-
mal dropout:

Postoperative day Survival in new synthetic graft group Survival in standard graft group

0 1.0 1.0
30 120 deaths 40 deaths

880/1000 = 0.88 960/1000 = 0.96

During the next period (days 31–60), there were a total of 240 deaths with a cor-
responding hazard ratio of 0.5. This hazard ratio implies that there were 80 deaths 
in the new synthetic graft group and 160 deaths in the standard graft group during 
this period (assuming no dropouts).

Postoperative day Survival in new synthetic graft group Survival in standard graft group

0 1.0 1.0
30 880/1000 = 0.88 960/1000 = 0.96
60 800/1000 = 0.80 800/1000 = 0.80

Overall survival is equal between the two groups after 60 postoperative days.
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