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This textbook is dedicated to the memory of my cousin
Catherine Render. Catherine was a remarkable woman. She
was a loving daughter, sister, wife, mother, cousin, and friend
who excelled in every role. She lost a long battle with breast
cancer in January 2006. She fought through many setbacks,
always pushing forward optimistically, taking care of everyone
around her, never asking why. She was and always will be an
inspiration to me and to so many others who were fortunate

enough to know her.

Biostatisticians play an extremely important role in
addressing important medical and public health problems.
Unfortunately, there are many more problems than
solutions. We must never lose sight of the fact that our
work Is important in improving health and well-being. We
need qualified biostatisticians to work in research teams to
address problems like breast cancer, cardiovascular disease,
diabetes, and so many others.
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Editor’s Preface

Understanding how to present and interpret data is
the foundation for evidence-based public health. It is
essential for public health practitioners, future clini-
cians, and health researchers to know how to use data
and how to avoid being deceived by data. In Essen-
tials of Biostatistics in Public Health, Lisa Sullivan ably
guides students through this maze. To do so, she uses
an abundance of real and relevant examples drawn
from her own experience working on the Framing-
ham Heart Study and clinical trials.

Essentials of Biostatistics in Public Health takes an
intuitive, step-by-step, hands-on approach in walking
students though statistical principles. It emphasizes
understanding which questions to ask and knowing
how to interpret statistical results appropriately.

The fourth edition of Essentials of Biostatistics in
Public Health builds upon the success of the previous
editions in presenting state-of-the-art biostatistical
methods that are widely used in public health and clini-
cal research. A new chapter on careers in biostatistics
describes biostatistics is an exciting career choice. The
work is impactful, there is variety in the work, the job
outlook is very promising, salary projections are strong,
and there are many opportunities to work with other
scientists and professionals on important health issues.

The Fourth Edition also features new illustrative
case studies related to the COVID-19 pandemic that
illustrate the role that biostatisticians play in under-
standing the virus, how it is transmitted, who is at risk
for more series consequences of infection, accuracy of
testing, development and approval of vaccines, and so
much more.

© U-STUDIOGRAPHY DD39/Shutterstock

The strategies used in Essentials of Biostatistics in
Public Health represent a tried-and-true, classroom-
tested approach. Lisa Sullivan has more than two
decades of experience teaching biostatistics to both
undergraduates and graduate students. As Assistant
Dean for Undergraduate Programs in Public Health at
Boston University, she developed and taught under-
graduate courses in biostatistics. She also served as the
chair of the Department of Biostatistics. Today she is
the Associate Dean for Education at Boston University
School of Public Health. Her background speaks to
her unique ability to combine the skills of biostatistics
with the skills of education.

Dr. Sullivan has won numerous teaching awards
for her skills and commitment to education in biosta-
tistics, including the Association of Schools of Public
Health Award for Teaching Excellence. She possesses
a unique combination of sophisticated biostatistics
expertise and a clear and engaging writing style—one
that can draw students in and help them understand
even the most difficult topic. Even a quick glance
through Essentials of Biostatistics in Public Health will
convince you of her skills in communication and
education.

I am delighted that Dr. Sullivan has included her
book and workbook in our Essential Public Health
series. There is no better book to recommend for the
anxious student first confronting the field of biostatis-
tics. Students will find the book and workbook engag-
ing and relevant. Just take a look and see for yourself.

Richard Riegelman, MD, MPH, PhD
Editor, Essential Public Health Series

© Jones & Bartlett Learning LLC, an Ascend Learning Company. NOT FOR SALE OR DISTRIBUTION.
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Author’s Preface

Essentials of Biostatistics in Public Health, Fourth
Edition provides a fundamental and engaging
background for students learning to apply and
appropriately interpret  biostatistical —applica-
tions in the field of public health. The examples
are real, are important, and represent timely pub-
lic health problems. The author aims to make the
material relevant, practical, and engaging for stu-
dents. Throughout the textbook, the author uses
data from the Framingham Heart Study and from
observational studies and clinical trials in a variety
of major areas. The author presents example appli-
cations involving important risk factors—such as
blood pressure, cholesterol, smoking, and diabetes
and their relationships to incident cardiovascular
and cerebrovascular disease—throughout. Clinical

© U-STUDIOGRAPHY DD39/Shutterstock

trials investigating new drugs to lower cholesterol,
to reduce pain, and to promote healing following
surgery are also considered. Illustrative case stud-
ies highlighting biostatistical applications related
to COVID-19 are interspersed throughout. The
author presents examples with relatively few sub-
jects to illustrate computations while minimizing
the actual computation time, as a particular focus is
mastery of “by-hand” computations. All of the tech-
niques are then applied to and illustrated on real
data from the Framingham Heart Study and large
observational studies and clinical trials. For each
topic, the author discusses methodology—includ-
ing assumptions, statistical computations, and the
appropriate interpretation of results. Key formulas
are summarized at the end of each chapter.

© Jones & Bartlett Learning LLC, an Ascend Learning Company. NOT FOR SALE OR DISTRIBUTION.
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Pedagogical Features

Key Questions Key Questions

* How much variability in a measure is reasonable?

* What does it mean when you have a medical test
and your result comes back and is "within normal
limits™?

+ Should you be concerned if you take a medical test

Key Questions prompt readers to apply critical thinking to
important concepts in chapters.

and your result is not "normal™?

Learning Objectives

Get a preview of the topics to be covered

in the chapter.

LEARNING OBJECTIVES

By the end of this chapter, the reader will be able to

* Define the terms “equally likely™ and "at random”
Compute and interpret unconditional and
conditional probabilities
Evaluate and interpret independence of events
Explain the key features of the binomial distribution
model
Calculate probabilities using the binomial formula
Explain the key features of the normal distribution
model
Calculate probabilities using the standard normal
distribution table
Compute and interpret percentiles of the normal
distribution

In the News

Hemoglobin is a protein found in red blood cells that
carries oxygen. People with low levels might have
anemia, and people with high levels might have heart
or lung problems. In men, the “normal” range is
13.8-17.2 g/dL and in women, the n range is
12.1-15.1 g/dL* The American Heart tion cat-
egorizes systolic [when the heart muscle contracts]
and diastolic [when the heart is at rest and refilling]
blood pressures levels as normal, prehypertensive,
Stage 1 hypertension; Stage 2 hypertension, and
hypertensive crisis.* Normal systolic blood pressure
is less than 120 mm Hg and normal diastolic blood
pressure is less than B0 mm Hg. Cholesterol levels
le g.. lotal serum cholesterol, high-density lipoprotein
[HDL] cholesterol and low-density lipoprotein [LDL)
cholesterol] are not categorized as normal or not, but

as desirable, borderline high, and high. For some of

*MedlinePl

the cholesterol subfractions, different values define
desirable versus borderline high categones in men
versus women. Desirable total serum cholesterol for
both men and women is less than 200 mg/dL.

s of characteristics are usually
determined by measurements in a reasonably large
sample of healthy volunteers and reflect the range of
values that extend two standard deviations from the
mean in either direction. Approximately 5% of values
are putside of that range and are also observed in
healthy volunteers.

© U-STUDIOGRAPHY DD39/Shutterstock

In the News

An “In the News” segment high-
lights timely news reports on
important public health issues.
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Dig In
Critical thinking questions help you apply
what you've learned to real life scenarios.

Ilustrative COVID-19
Case Studies
[lustrative case studies

Dig In

* Are there any psychological risks to defining
“normal ranges” for tests that, by design, include
healthy values that are outside of those ranges?

* Can you think of a currently available test that is
particularly problematic in terms of psychological
risk? How might we minimize the risks for patients
interested in taking that test?

= Can you think of a better approach to defining
"normal ranges”™?

highlighting biostatistical
applications related

ILLUSTRATIVE CASE STUDY
COVID-19: The Role of Probability

Slowing the spread of COVID-19 infection takes coordinated effort and includes screening, testing, and contact trac-
ing, and more recently, vaccinations, Screening usually involves a series of questions to assess an individual's risk for
COVID-1% infection, and is often used for ssmeone who might be at risk but has yet to experience symptoms. The idea
is to identify potential cases early to prevent transmission. Diagnostic tests are used to confirm or rule out infection
ance a person begins to experience symptoms, There are a number of different kinds of screening and diagnostic tests
—_— that vary in terms of cost, accuracy, and processing time [more on tests followingl. Contact tracing involves identifying
and informing people that they may have been exposed to somecne with COVID-19 so they can carefully monitor their
own symptoms, If they do begin to experience symptoms, they can be tested and quarantine, and if they test positive for

COVID-19, they would then self-isolate to minimize the spread of infection to others.

There are number of tools and processes used to screen for COVID-19. The CDC has their employees screen daily

to COVID-19.
s N
Table 5.15 Body Mass Index (BMI) and Preterm Delivery
BMI <30 BMI30-34.9 BMI35+
kg/m? kg/m? kg/m?
Preterm 320 80 120
Full term 4700 480 300
o 1%
13. Table 5.15 cross-classifies pregnant women

in a study by their body mass index (BMI) at

16 weeks’ gestation and whether they had a

preterm delivery.

a. What is the probability that a woman
delivers preterm?

b. What is the probability a woman has a BMI
less than 30 kg/m? and delivers preterm?

c. What proportion of women with a BMI
greater than 35 kg/m? delivers preterm?

d. Are BMI and preterm delivery independent?
Justify.

Practice Problems

Test your knowledge and apply
your skills using the practice
problems found at the end of
each chapter.
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