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Preface

This book has been written with a view of what the future practice of graduates from Doctor
of Nursing Practice (DNP) programs and other advanced health care providers looks like. In
particular, graduates of DNP programs and other health care providers need to be advocates
of using the best research evidence available to facilitate both practice and system changes.
National organizations of many health professionals have emphasized the importance of using
the best evidence to improve health care of individuals, decrease the cost of care, and prevent
errors across health care systems. All of this requires a solid grasp of statistical reasoning,
which underlies much of the empirical information presented in research journals. In this
book, our aim is to provide the reader with more than an introductory level comprehension
of statistics. In particular, our emphasis is on understanding the most commonly encountered
statistical models in the research journals. We believe that the “cookbook approach” to statis-
tics, consisting of the memorization of formulas and rules, is not really helpful, as the correct
interpretation of statistical tests and models requires an understanding of the underlying logic
of the models employed.

The information provided in this book is divided into five parts, covering basic statisti-
cal reasoning and four different classes of statistical models. Part I covers the principles of
statistical inference in clinical trials and observational studies, reasons for why we use sta-
tistical testing, and how we use it in the context of different research designs, as well as an
overview of the basic descriptive statistics. Part IT discusses statistical models used with con-
tinuous and interval-level outcome variables, which include #-tests, linear regression, analysis
of variance, and some extensions of these models. Part III addresses statistical tests and mod-
els appropriate for categorical outcome variables. Part IV explores the use of time-to-event
or survival analysis, which are often used in clinical research. Part V provides an overview of
measurement models with an emphasis on reliability and validity of self-report and medical
test data. In all chapters, we used examples relevant to clinical practice to provide informa-
tion on how to use and interpret each of the statistical analysis models introduced. Exercise
questions at the end of each chapter, and selected answers at the end of the book, serve the
purpose of deepening the understanding. The book can be used as a stand-alone text for
those readers primarily interested in understanding the models, but we offer some data sets
in SPSS, STATA, SAS, and Excel formats on an accompanying website (www.springerpub
.com/stommel.supplements) for those who want to engage in applied analysis themselves.
The website also contains additional exercise questions and solutions.
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The health care provider of the future needs to understand how to read statistical
research and evaluate the quality of the research. Given the ever-increasing sophistication
of statistical analyses in health care journals, it is important that clinicians acquire a level
of understanding that enables them to interpret the results of research studies correctly and
translate this information into practice. Readers of this book will be able to accomplish these
tasks as well as to choose appropriate statistical methods for their own translational research.
At least, readers should be able to recognize when more sophisticated analyses are necessary,
and should have sufficient understanding of statistical reasoning to engage and converse with
a statistical expert when needed. One important aspect of the translation model is to apply the
best evidence available about clinical conditions in real-life clinical settings. The statistical
methods described in this book will help health care providers to evaluate outcomes of qual-
ity improvement projects and system changes to determine the effectiveness of the evidence
within their own clinical population.

Finally, we sincerely hope that readers find the information in this book useful and actu-
ally grow excited about the contributions that statistics can make to health care. Statistical
reasoning provides a different way of looking at the world, which is particularly helpful when
thinking about the health of populations or the evaluation of health care systems. In short, we
believe that the study of statistics does not only consist of the acquisition of techniques and
tools, however necessary, but opens up new ways of thinking about health-related problems.
If we succeed in conveying both the ideas and our enthusiasm for statistical analysis, we shall
have accomplished our goals.

Manfred Stommel, PhD
Katherine J. Dontje, PhD, FNP-BC
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PART |. FOUNDATIONS FOR
STATISTICAL THINKING

Introduction: The Role of Statistics in
Research and Clinical Practice

Many students in clinically oriented degree programs wonder why they are required to take
statistics courses. There are several ways to answer this question, but it is probably best to start
with a clinical example.

Suppose that you have a patient who has coronary artery disease and occasional episodes
of angina, but only when exercising heavily. The patient comes to you and asks whether he
should have a cardiac catheterization and possible stents put in with the procedure. How
would you go about evaluating this? There are, of course, numerous different opinions on the
subject, and the patient has friends who are encouraging him to get the procedure, as these
friends had four to five stents implanted and reportedly are doing well. You search the litera-
ture and find that, for stable coronary artery disease, there are three main choices of treatment
(medical therapy, angioplasty, or bypass surgery); however, the statistics indicate that, among
stable angina cases, none of these have any significantly greater long-term benefit in terms
of length of life or recurrence of heart attacks over the other (Boden et al., 2007; Hueb et al.,
2004). As you review the studies, you are confronted with a variety of statistics, but how do
you explain these convincingly to your patient, when “common sense” appears to suggest that
opening up an artery should “save his life”?

Probably the first thing to emphasize would be that it is not enough to cite a few
individual cases for whom a particular clinical intervention appears to have been successful.
One reason we cannot rely on results from individual cases is that what works in one case may
or may not work in another case. Human beings almost always show a range of responses
to a given nursing or medical intervention. Thus the question arises: How do we then decide
which treatment or intervention is better or worse? It turns out that statistics alone cannot
answer this question either. The inference that an intervention is causally effective is also
based on the quality of the research design of the intervention study. But statistical consider-
ations are an essential aspect of how to design an effective intervention study that can answer
the desired question.

Given the almost infinite variability of human responses to clinical treatments and inter-
ventions, we need a method by which we can separate “accidental” individual variability from
systematic, treatment-related effects. As we will see, statistical models can be used to estimate
average eftfects of interventions as well as provide information on the amount of uncertainty
or relative certainty that must be attached to these estimates.
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We use statistics not only in the evaluation of clinical interventions or treatments but
also to generalize from the evidence obtained in a study sample to the target populations of
interest. For example, data from the National Health Interview Survey (NHIS) conducted by
the National Center for Health Statistics (NCHS) linked to the National Death Index have
been employed to estimate the effects of adherence to the 2008 Physical Activity Guidelines
(Centers for Disease Control and Prevention [CDC]) on the subsequent mortality risk of adult
U.S. residents (Schoenborn & Stommel, 2011). In such studies, we use sample data to draw
inferences about health conditions in larger target populations. While the aim is to describe
patterns of mortality, morbidity, and health behaviors in the target population, we use surveys
that employ random/probability sampling designs that, in some sense, “represent” or “reflect”
the characteristics of the target population with sufficiently high accuracy.

Statistics are, in fact, all-pervasive in today’s health care systems. We use it to evalu-
ate the performance of medical interventions, the effectiveness of screening programs, to
gauge quality improvement projects in health care delivery, to assess the performance of
nursing students on the NCLEX or certification exams, to establish critical test scores that
should trigger nursing or medical interventions, and so forth. Statistical evidence plays a
major role in judging not only the quality of care delivered, but also its cost effectiveness.
Statistics are also an important tool for providers and public health officials, as they engage
in assessments of how well they are doing compared to other health delivery organizations,
or compared to benchmarks derived from nationwide or statewide studies. Last, but not
least, the evidence to support and evaluate clinical practice guidelines or guidelines for
healthy behaviors (e.g., the CDC 2008 Physical Activity Guidelines) is grounded in statisti-
cal information.

By contrast, consider personal experience. In a way, all of us are “reckless generalizers”
in our personal lives. We all believe we have an idea of what “human nature” is like, even
though we get to know well only a few dozen individuals in a lifetime (and they are decid-
edly not a representative cross-section of the human race!). Similarly, from the very limited
experience we have as patients with our primary care providers, dentists, or nurses, we draw
inferences about their quality as providers. Suppose a patient with a diphtheria infection is
misdiagnosed by her provider as having mononucleosis (easy to do in the initial phases of
these diseases) and receives the wrong treatment, should she conclude that the provider is
“incompetent?” Suppose you have evidence that the provider in question made such a diag-
nostic mistake only once in 25 years of practice, while another provider accumulated a long
list of complaints for misdiagnoses. As this example shows, we cannot make credible infer-
ences based on a single event; we need large amounts of data to discover a pattern of behav-
ior. Hence, we need statistics. It allows us to distinguish among isolated events (“outliers™),
systematic patterns of events (average differences or “effects”), and events whose occurrence
cannot be predicted (“random errors”). All of this information is needed to evaluate outcomes
of interest to health care providers.

Let us look at this a bit further. Not only are no two individuals exactly alike in terms of
their biological characteristics and life experiences; as living organisms they are also subject
to continual change over time. For example, as every nurse knows, people’s “true” diastolic
blood pressure (DBP) fluctuates, even during short time periods, before and after a meal, and
so forth. On top of that, there are measurement errors associated with any clinical measure
you can think of: For instance, blood pressure (BP) measures vary depending on whether the
cuff is applied to the right or left arm, whether the cuff is more or less pressurized, whether
the patient has more or less muscle tissue, and so forth. Similarly, any body temperature mea-
sure varies based on where the thermometer is applied (under the armpit, the tongue, etc.), and
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any nurse, who has ever tried to establish the height of an infant, knows that it is impossible
to get the “true” value. In short, uncertainty is part of everything we do, whether to estimate
the likely survival of a patient with a recent Stage 4 lung cancer diagnosis or the recovery
time after a triple bypass operation. Thus, we need to have realistic estimates of the uncer-
tainty attached to our predictions, so that we can make rational decisions about which clinical
interventions are better or worse. Statistical methods do just that. You might say statistics is
the branch of mathematics that puts uncertainty (and probability) at the center of its models.
It allows us to estimate the risks we engage in when we make informed decisions. It is for that
reason that statistics has become a central part of clinical reality.

Finally, there is also a very pragmatic reason why providers have to become savvier
in the evaluation of statistical information. On a daily basis, many of our patients follow
mass media reports on health-related topics or search the Internet to get information about a
disease or illness they might have or a medical treatment that they believe they might need.
Such reports very often cite statistics from clinical trials or epidemiological studies. Certainly,
advertisements for pharmaceutical drugs or claims on highway posters that this or that hospi-
tal is in the “top 100 for knee surgery, and so forth, all tend to cite statistics that may or may
not be relevant to the claims involved.

For users of statistics, the most important issue has become how to evaluate all this
statistical information and how to make intelligent choices based on it. For current and future
clinicians, an additional problem is that the statistical information in medical and nursing
research journals is becoming ever more sophisticated: just witness a special issue of Nursing
Research (Volume 61(3), 2012) entirely devoted to newer statistical models used by nursing
researchers. Yet knowing more about statistics is essential for clinicians to understand and
interpret clinically relevant evidence. While today’s clinicians do need a solid conceptual
grounding in major statistical concepts, they do not need to know the particular mathemati-
cal structures of the major estimation techniques, for example, least squares, maximum like-
lihood, or partial likelihood estimation that underlie many statistical models (all of which
require some knowledge of calculus). Instead, clinicians do need to understand the basic logic
of statistical estimation, basic probability concepts, and how inferential statistical decisions
are made. To draw correct inferences from statistical information also includes awareness
that statistics are an integral part of the research design of a study. To take just one example:
how one interprets the outcome of a #-test differs, depending on whether or not the data come
from an experimental study with random assignment, a survey based on random sampling,
or whether the data are cross-sectional or longitudinal. Thus, statistical evidence cannot be
interpreted without knowing something about the study design context, the sampling design,
as well as how measurement error can affect the results.

When an advertisement claims that a certain drug reduces bleeding by 35%, one should
immediately ask how that figure was established. Without context, such a number is virtually
impossible to interpret. What is the reference group compared to which the 35% reduction
was observed? How large a sample of men/women was studied? Was the sample representa-
tive of the U.S. population at large or only of certain segments, for example, only women,
only Whites, only persons younger than 40 or older than 65, or persons with a particular
disease, and so forth? Were there measurement problems? Could the study show a causal
connection between the drug or treatment and the outcome? Are there alternative treat-
ments that are even better? Does the treatment work only under certain conditions, and so
forth? Many of these questions involve statistical reasoning and statistical methods; so it is
no accident that statistics has become a major component of the education and training of
future clinicians.

©Springer Publishing Company


http://www.springerpub.com/statistics-for-advanced-practice-nurses-and-health-professionals.html?utm_source=sample-chapter&utm_medium=link&utm_campaign=springer-sample-chapters
http://www.springerpub.com/statistics-for-advanced-practice-nurses-and-health-professionals.html?utm_source=sample-chapter&utm_medium=link&utm_campaign=springer-sample-chapters
http://www.springerpub.com/statistics-for-advanced-practice-nurses-and-health-professionals.html?utm_source=sample-chapter&utm_medium=link&utm_campaign=springer-sample-chapters

This is a sample from STATISTICS FOR ADVANCED PRACTICE NURSES AND HEALTH PROFESSIONALS

VISIT THIS BOOK’S WEB PAGE 2 | BUY NOW (2 | REQUEST AN EXAM OR REVIEW COPY =

This book is intended as a textbook for graduate nursing students and others who are
preparing for advanced clinical practice roles. As it is addressed to clinicians, we present the
major statistical models most often encountered in nursing, medical, and epidemiological
research. Past statistics textbooks for nursing students have almost exclusively focused on
statistical models derived from psychometrics and educational research, but have neglected
models that should be of primary interest to advanced practice nurses, such as life table and
survival analysis as well as the evaluation of diagnostic and screening tests. This book is
intended to close this gap without sacrificing the more traditional topics from psychometrics
(e.g., reliability and factor analysis), which continue to be relevant, particularly for behavior-
ally oriented nursing research. The overall goal of this book is to provide the learner with
a larger range of statistical models and concepts, which are used in clinical research and as a
basis for evidence-based clinical practice. This includes skills in “mining” data sets that are
needed for the clinical management of patient populations.

Despite our goal of providing the reader with an introduction to more complicated
statistical models than the #-test, analysis of variance (ANOVA), and linear regression, the
presentation of the material does not require any calculus or matrix algebra, but relies on
some knowledge of college algebra. Because students may have forgotten how to read and use
exponential and logarithmic functions, a brief refresher has been provided in Appendix H to
facilitate the discussion of logistic and survival regression models. On the whole, the empha-
sis in this book is on verbal explanations, and the use of worked out examples to explain the
more complicated ideas of statistical inference. However, statistics is an inherently mathemat-
ical subject and it cannot be learned by completely shying away from mathematics. Neither
can the science of nursing research be understood without mathematics (Henly, 2012). Some
statistical formulas (e.g., standard deviations, covariance/correlations, odds ratios) are essen-
tial in understanding the material. Thus, they are not only introduced, but also accompanied
by detailed verbal explanations. In addition, exercise questions at the end of each chapter
(selected answers are provided in Appendix J) will provide opportunities to become familiar
and comfortable with using such formulas and interpreting them correctly.

Our experience in teaching statistics for nurses at the graduate level shows that some
students are apprehensive about taking a statistics course. We believe that part of the reason
for this is that too many students were taught introductory statistics with an emphasis on
memorizing formulas, but never really understood what the subject was about and how it
relates to clinical practice. The information you will find in this book is designed to give you a
solid understanding of the statistical methods we introduce. We believe that memorizing for-
mulas alone does not really give you an understanding of the value of statistical analysis, and
besides, formulas will be forgotten as soon as the course is over. In this book you will have the
opportunity to learn about statistical reasoning and how it can provide the clinician with the
contextual information necessary to make clinical decisions in particular instances. However,
that requires understanding the conceptual basis for statistical methods, which, incidentally,
also provides a much better aid to memory.

In sum, we hope we have made a convincing case for why statistics should be part of
any clinician’s tool kit, but more than that: We think of the subject of statistics as an exciting
field that can transform the way you look at health care and clinical practice. If we succeed in
changing students’ outlook on statistics, it is our experience that it changes their outlook on
clinical practice forever.
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