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Foreword

This volume presents an authoritative overview of cur-
rent understanding regarding the epidemiology of gas-
trointestinal diseases and will serve well those work-
ing in research or clinical medicine who are seeking
to answer questions regarding the causes of such dis-
eases. All major gastrointestinal disease entities are
covered in 23 topic-orientated chapters, each with a
set of key points and some testing multiple choice
questions, and the reader can jump straight into their
disease of interest knowing that the state of the art in
epidemiology will be presented in a clear and concise
manner. But this book offers much more. It is really
two books in one: in addition to the topic-orientated
chapters, an extensive series of introductory chap-
ters outlines the major study designs in epidemiol-
ogy and summarizes the main areas of methodology
underlying each design. This provides an important
grounding in critical appraisal to guide those wish-
ing to delve deeper into the literature. Many of the
methodological complexities are reviewed further in
the web supplement to the book. These elements com-
bined with the “how to do clinical research” sections
provide a primer in gastrointestinal epidemiology
on a par with many standard general epidemiology
textbooks.

Professional epidemiologists frequently complain
that clinicians in a particular field, who may spend
a decade or more honing their diagnostic and thera-
peutic skills, often think they can acquire an under-
standing of epidemiology as an incidental by-product
without ever seriously considering the necessary meth-
ods involved. This book can act as a corrective to

such tendencies and it is to be hoped that all those
seeking an understanding of the epidemiology of a
specific gastrointestinal disease will read the first 12
chapters of the volume (along with the supplement)
so they can evaluate the strengths and limitations
of the methods employed and hence the certainty or
otherwise of the conclusions. Unfortunately no text-
book can force a reader to prepare him/herself in this
way but this volume leaves no excuse and stands in
contrast to many others seeking to cover the same
ground.

As medical knowledge expands at an ever increasing
pace, the broad understanding of disease distribution
and dynamics provided by epidemiology remains of
fundamental importance if prevention is going to be
placed on the agenda. Many gastrointestinal diseases
are fully preventable while others remain enigmatic in
their aetiology. This volume covers the full spectrum
and ultimately addresses the key public health ques-
tion for each disease – can it be prevented on the basis
of present knowledge and, if so, how? Readers are,
however, equipped not only with the answer but the
weight and texture of evidence leading to the answer.
The editors are to be congratulated on assembling
a group of expert gastroenterologists/epidemiologists
who can pull this evidence together.

David Forman
Head, Section of Cancer Information

International Agency for Research on Cancer
Lyon, France

October 2013
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Preface

A rich tradition of epidemiologic research exists in gas-
troenterology, and the 2nd edition of GI Epidemiol-
ogy aims to provide a comprehensive expert roadmap.
Why is it critically important to study and under-
stand the epidemiology of gastrointestinal and liver
diseases? Health professionals strive to cure disease,
and epidemiology can provide vital clues about disease
pathogenesis and etiology. Case-control and cohort
studies as well as clinical trials and meta-analyses
inform gastroenterology practice but to interrogate
the information requires skills in epidemiology. To
rationally apply testing, physicians need to understand
the prevalence of disease in their practices. Under-
taking rigorous clinical research relies on appropri-
ate study design and this is the core of epidemiology.
For priorities in the health system, policy makers rely
on knowledge of the burden of illness, while govern-
ment and nongovernment funders of research use such
information to help determine resource distribution.

Knowledge continues to explode; this new edition
of GI Epidemiology has been completely revised and
updated by experts from around the world. We have

proudly built on the success of the 1st edition, which
has become the standard textbook in the field, with
a more global focus, expanded methodological guid-
ance, increased illustrations, summaries of key points,
and coverage of all major diseases and syndromes.
In addition to the 35 chapters in print, a further 10
chapters online cover additional background material
including further insights into specific methodological
issues and how to secure research funding. Multiple
choice questions have been included to aid learning.

We hope you will enjoy reading GI Epidemiology.
The best and brightest minds in gastroenterology and
epidemiology have contributed to this volume, and
we are very grateful for their diligent efforts. Despite
an increasing interest in and understanding of the epi-
demiology of gastrointestinal diseases, many vital gaps
remain. We look forward to many of the readers of
this book being inspired to fill these gaps. The Editors
remain passionate about the discipline of GI Epidemi-
ology and we welcome you to the field.

Nicholas J. Talley, MD, PhD,
on behalf of the Editors

xv
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PART ONE

Gastrointestinal Diseases
and Disorders: The Public
Health Perspective





1 The burden of gastrointestinal and
liver disease around the world
Hannah P. Kim1, Seth D. Crockett2, & Nicholas J. Shaheen3

1Division of Gastroenterology and Hepatology, University of North Carolina School of
Medicine, University of North Carolina at Chapel Hill, Chapel Hill, NC, USA
2Division of Gastroenterology, University of North Carolina School of Medicine, University of
North Carolina at Chapel Hill, Chapel Hill, NC, USA
3Center for Esophageal Diseases and Swallowing, University of North Carolina School of
Medicine, Chapel Hill, North Carolina, USA

Key points
� Gastrointestinal and liver diseases are among
the most common diseases worldwide, with
diarrheal disease, malignancies, and liver dis-
ease having a substantial toll on worldwide
mortality.
� Many of these diseases are preventable and
possibly curable.
� There is wide variability in the incidence, man-
agement, and mortality associated with these
disease states throughout the world.
� Understanding trends in GI illness and the fac-
tors responsible for variability in incidence and
outcomes will allow clinicians, public health
professionals, policy makers, and healthcare
organizations to intervene in a more logical
way and allocate resources to meet the needs
of afflicted patients and decrease the burden of
gastrointestinal and liver diseases.

Introduction

Gastrointestinal and liver diseases represent a signifi-
cant global health problem, and cause approximately

8 million deaths per year worldwide [1]. In developed
countries, GI malignancies are among the leading
causes of death. In developing countries, diarrheal
disease and viral liver infections are highly prevalent
and are responsible for significant mortality. These
and other diseases are tracked by international
and regional health organizations. These tracking
measures allow for some assessment of the global
burden of GI disease, and may allow identification of
important temporal trends.

Below we highlight sources of burden of GI illness
internationally. Using international databases, we will
highlight some important trends in diarrheal disease
and childhood mortality, explore the burden of gas-
trointestinal malignancies, and discuss the toll of sev-
eral selected liver diseases. Because valid international
estimates are not available for some gastrointestinal
conditions, we report regional data with respect to
the toll of other selected GI diseases.

Much of the data demonstrated below has been col-
lected as part of various projects conducted by the
World Health Organization (WHO). Geographical
regions that are discussed throughout this chapter are
based on the six officially delineated WHO regions:
Africa, the Americas, Eastern Mediterranean, Europe,
Southeast Asia, and Western Pacific. A map delineat-
ing each region can be found at: http://www.who.int/
about/regions/en/index.html.

GI Epidemiology: Diseases and Clinical Methodology, Second Edition. Edited by Nicholas J. Talley et al.
C© 2014 John Wiley & Sons, Ltd, with the exception of original artwork which is C© Mayo Foundation for Medical Education and Research.
Published 2014 by John Wiley & Sons, Ltd. Companion website: www.wiley.com/go/talley/giepidemiology
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CHAPTER 1

Diarrheal disease

Global burden

An estimated 2.5 billion cases of diarrhea occur annu-
ally in children under five years of age [2], with an
estimated frequency of 2–3 episodes per child per year
in developing countries [3]. Diarrheal disease is the
second leading cause of mortality in this age group
worldwide, after pneumonia. Responsible for over
15 % of deaths of children less than five years of age,
diarrheal disease accounts for more than 1.3 million
deaths each year. It is also responsible for more deaths
than HIV/AIDS, malaria, and measles combined [1].

Figure 1.1 displays the number of under-5 deaths
secondary to diarrheal disease by WHO region. Diar-
rheal death is much more common in the developing
world, with over 56 % of deaths occurring in Africa.
Africa and Southeast Asia combined account for
nearly 80 % of all under-5 diarrhea-related deaths.
Furthermore, 75 % of childhood deaths attributable
to diarrheal disease can be found in just 14 devel-
oping countries, led by India, Nigeria, and the
Democratic Republic of the Congo [4]. This is
largely due to contamination of drinking water and
compromised sanitation in these countries. Children
in these countries develop nutritional deficiencies, and
are more susceptible to repeated episodes of diarrhea
and severe dehydration, also contributing to the high
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Figure 1.1 Deaths secondary to diarrheal disease among
children aged �5 years by WHO region, 2008. Source:
WHO Health statistics and health information systems –
child mortality by cause.

incidence of mortality due to diarrhea in developing
nations [2].

Efforts to reduce the number of childhood deaths
secondary to diarrheal disease in the 1970s and 1980s
have favorably impacted the burden of diarrheal dis-
ease. These efforts included increasing oral rehydra-
tion therapy and the implementation of programs
to educate caregivers on proper treatment. While
the overall incidence rates of diarrheal disease have
remained stable throughout the past three decades,
there has been a decrease in diarrhea-associated deaths
[3]. Estimates have shown a steady decline with
4.6 million deaths per year in the 1960s and 1970s,
3.3 million deaths per year in the 1980s, 2.5 million
deaths per year in the 1990s, and 1.5 million deaths
in 2004 [2, 5–7]. Despite this improvement, diarrhea
continues to be an unacceptably common cause of
childhood death, especially in developing countries.

Gastrointestinal malignancies

Global burden

Cancer is the leading cause of death in developed
nations and is the second leading cause of death
in developing nations [8]. GLOBOCAN is a WHO
project which estimates the international burden of
cancer using population-based cancer registries [9].
Gastrointestinal cancers were responsible for nearly
one-third of new cancer cases in 2008. Table 1.1
displays incidence of, and mortality from, gastroin-
testinal cancers worldwide, as well as their rank
among all major cancer sites. Colorectal cancer con-
tinues to have the highest incidence rate among gas-
trointestinal malignancies and is the third most com-
monly occurring cancer worldwide, with over 1.2 mil-
lion new cases estimated in 2008. Hepatocellular,
esophageal, and pancreatic cancers are of particular
importance because of their high mortality; in fact,
mortality-to-incidence ratios approach one interna-
tionally. Colorectal cancer is associated with a much
better prognosis, with a mortality-to-incidence ratio of
approximately 0.5. Assessment of the three most com-
monly occurring gastrointestinal malignancies world-
wide demonstrates marked variation in incidence and
mortality. Colorectal and gastric cancers will be dis-
cussed in the following two sections and liver cancer
will be discussed in a later section.
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Table 1.1 Incidence and mortality of gastrointestinal cancers worldwide, 2008

Incidence Mortality

Rank among Rank among ICD-10 Crude Crude
GI sites all sites Cancer site code Numbers rate† ASR§ Numbers rate† ASR§

1 3 Colorectum∗ C18-21 1,235,108 18.3 17.3 609,051 9.0 8.2
2 4 Stomach C16 988,602 14.6 14.1 737,419 10.9 10.3
3 6 Liver C22 749,744 11.1 10.8 695,726 10.3 10.0
4 8 Esophagus C15 481,645 7.1 7.0 406,533 6.0 5.8
5 13 Pancreas C25 278,684 4.1 3.9 266,669 4.0 3.7
6 15 Lip, oral cavity C00-08 263,020 3.9 3.8 127,654 1.9 1.9
7 21 Gallbladder C23-24 145,203 2.2 2.0 109,587 1.6 1.5

Source: GLOBOCAN 2008.
∗Includes anal cancer.
†Crude rates are per 100,000.
§ASR, age-standardized rates per 100,000.

Colorectal cancer

Colorectal cancer is the third highest incident cancer,
and fourth most common cause of death from can-
cer worldwide, with over 609,000 deaths estimated
in 2008. Approximately 60 % of colorectal cancer
cases are found in developed regions; however, only
approximately 53 % of deaths attributable to colorec-
tal cancer are found in these same regions. Of note,
the incidence rate of colorectal cancer in Africa is a
small fraction of that in Europe, but is associated with
cancer-related mortality in nearly all cases.

In the last three decades, the United States has wit-
nessed a decrease in the incidence rate of colorectal
cancer and an even greater decrease in the mortality
rate. The extent to which decreasing colorectal cancer
mortality can be attributed to earlier detection of col-
orectal cancer and improved methods of treatment is
debated [10]. Unfortunately, those in less developed
regions, where proper resources are lacking, suffer
poorer prognoses.

Gastric cancer

Gastric cancer is the second most common gastroin-
testinal cancer and the fourth most common cancer
worldwide. It was responsible for nearly 1 million
new cancer cases and approximately 737,000 cancer
deaths in 2008, making it the number one GI-related
cancer killer worldwide. More than 70 % of the new

cases and more than 75 % of deaths occurred in
less developed regions. The incidence rate of gastric
cancer is greatest in the Western Pacific, with nearly
half of all cases being found in China (463,000 cases)
and with highest incidence rates among the Republic
of Korea and Japan. The lowest rates of gastric cancer
can be found in Africa, Southeast Asia, and the East-
ern Mediterranean regions. Regional variation may be
partially attributed to differences in dietary patterns
and the prevalence of Helicobacter pylori infection
[8]. While gastric cancer is one of the leading causes
of cancer death, individuals with gastric cancer in the
Western Pacific tend to have better prognoses than
those in other regions, possibly due to the increased
use of screening methods and earlier detection of
cancer [11].

Selected diseases of the liver

Hepatitis B

An estimated 2 billion people worldwide have been
infected with the hepatitis B virus (HBV). More than
350 million people have chronic liver infections, and
approximately 600,000 persons die annually due to
acute or chronic consequences of the virus. Hepatitis
B is estimated to be the cause of 30 % of cirrhosis and
53 % of hepatocellular carcinoma [12]. Hepatitis B is
endemic in China and other parts of Asia, with most
infections occurring during childhood, and 8–10 %

5
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of the adult population being chronically infected. In
contrast, less than 1 % of the population in Western
Europe and North America is chronically infected
[13].

In developing countries, HBV is largely trans-
mitted during childbirth and early childhood infec-
tions. In developed countries, transmission is primar-
ily through high-risk sexual behavior and IV drug
use, as well as from migration of infected individu-
als from high prevalence areas [14]. Those infected
at a young age are most likely to develop chronic
infections. Whereas about 90 % of infants �1 year
infected with HBV will develop chronic infections,
about 90 % of healthy adults who are infected will
completely recover within six months. Approximately
25 % of adults who become chronically infected dur-
ing childhood die from HBV-related liver cancer or
cirrhosis [15].

Hepatitis C

An estimated 3–4 million people are infected with
hepatitis C virus (HCV) each year with a total of
130–170 million people chronically infected interna-
tionally. Additionally, more than 350,000 people die
from hepatitis C-related liver diseases annually. Hep-
atitis C is estimated to be the cause of 27 % of cirrho-
sis and 25 % of hepatocellular carcinoma worldwide
[12]. Although HCV infection is found worldwide,
high rates of infection are found in Egypt (22 %),
Pakistan (4.8 %), and China (3.2 %) [16]. The main
mode of transmission in these countries is secondary
to injections using contaminated needles. Other modes
of transmission include contaminated blood transfu-
sions, organ transplants, IV drug use with contami-
nated needles, and pre- or perinatal transmission from
an HCV-infected mother.

Viral hepatitis in the United States

It is clear that the toll of hepatitis B and hepatitis C
infections is significant worldwide. Interestingly, data
from the US Centers for Disease Control and Preven-
tion (CDC) demonstrates a decrease in reported cases
and incidence of hepatitis B and C in the United States
(Table 1.2) [17]. The incidence per 100,000 popula-
tion of acute hepatitis B has decreased from 3.8 in
1998 to 1.3 in 2008. Also, the incidence per 100,000
population of acute hepatitis C has decreased from 1.3

Table 1.2 Incidence per 100,000 population of acute
hepatitis B and hepatitis C in the United States by year,
1998–2008

Hepatitis B Hepatitis C

Year Number Incidence Number Incidence

1998 10,258 3.8 3,518 1.3
1999 7,694 2.8 3,111 1.1
2000 8,036 2,9 3,197 1.1
2001 7,844 2.8 1,640c 0.7c

2002 8,064 2.8 1,223d 0.5d

2003 7,526 2.6 891d 0.3d

2004 6,212 2.1 758 0.3
2005 5,494 1.8 694 0.2
2006 4,713a 1.6a 802 0.3
2007 4,519 1.5 849 0.3
2008 4,033b 1.3b 878b 0.3b

Source: CDC Viral Hepatitis Statistics and Surveillance.
aExcludes cases from Arizona.
bExcludes cases from Delaware.
cExcludes cases from New Jersey and Missouri.
dExcludes cases from Missouri.

in 1998 and has been ≤ 0.3 since 2003. The cause of
these secular trends remains unclear, but may reflect
changing practices in the IV drug user community, or
a cohort effect.

Liver cancer

Liver cancer is the third most common gastrointestinal
cancer and the fifth most common cancer worldwide.
Almost 750,000 new liver cancer cases and 700,000
deaths are estimated to have occurred in 2008, with
over 80 % of new cases and deaths occurring in less
developed regions. There were an estimated 694,000
deaths from liver cancer in 2008, and because of its
high fatality (overall ratio of mortality to incidence
of 0.93), liver cancer is the third most common cause
of death from cancer worldwide. Within liver can-
cers, hepatocellular carcinoma constitutes the major
histological subtype, accounting for 70–85 % of the
total liver cancer toll worldwide. Cholangiocarcino-
mas (intra- and extrahepatic bile duct cancers) are
relatively rare, but high rates have been found in areas
such as Thailand and other parts of eastern Asia sec-
ondary to endemic liver fluke infection [8].
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Figure 1.2 Incidence and mortality rates of liver cancer by
WHO region, 2008. Source: GLOBOCAN 2008.

Figure 1.2 shows the distribution of liver cancer
incidence and mortality by WHO region. The highest
incidence and mortality rates are found in the Western
Pacific, with more than half of new cases and deaths
occurring in China [9]. Incidence and mortality rates
are significantly lower in all other regions. The signif-
icantly higher incidence of liver cancer in the West-
ern Pacific is largely due to the elevated prevalence of
chronic hepatitis B virus (HBV) infection. HBV infec-
tion is responsible for approximately 60 % of total
liver cancer in developing countries and for about
23 % of total liver cancer in developed countries [18].
Similarly, chronic hepatitis C virus (HCV) infection
accounts for about 33 % and 20 % of total liver can-
cers in developing countries and developed countries,
respectively.

Selected gastrointestinal diseases

Clostridium difficile infections

Clostridium difficile is a spore-forming, gram-positive
bacillus that can cause disease ranging from mild diar-
rhea to fulminant colitis and death. This pathogen is
recognized as the most common infectious cause of
healthcare-related diarrhea [19]. Mutations that con-
fer antibiotic resistance, increase toxin production,
or facilitate sporulation have substantially increased
the prevalence and virulence of this opportunistic
pathogen [20]. During the mid and late 1990s, the
reported incidence of C. difficile infection (CDI) in

0

100

200

300

400

200920072005200320011999199719951993

N
u

m
b

er
 o

f 
d

is
ch

a
rg

es
 (

th
o
u

sa
n

d
s)

Figure 1.3 Trend of Clostridium difficile infection discharge
diagnoses from hospital admissions, 1993–2009. Source:
HCUP Nationwide Inpatient Sample (NIS), 1993–2009.

acute care hospitals in the United States remained
stable at 30–40 cases per 100,000 population. In
2001, this number rose to almost 50 and continued
to increase, resulting in 84 per 100,000 reported cases
in 2005, a nearly threefold increase since 1996 [21].
Figure 1.3 displays the trend of US hospital discharge
diagnoses of CDI over a 17-year period (1993–2009).
Parallel to the increasing prevalence of this disease
is its increasing severity and fatality. For example, in
England, CDI was listed as the primary cause of death
for 499 patients in 1999, 1998 patients in 2005, and
3393 patients in 2006 [21].

In addition, while CDI has traditionally affected
elderly or severely ill hospital and nursing home
patients, a 2005 US CDC advisory noted increased
infection in populations not previously considered at
risk, including young and healthy persons who have
not been exposed to a hospital or healthcare environ-
ment or antimicrobial therapy [22]. Transmission in
such cases may be attributable to close contact with
patients who have CDI and direct person-to-person
spread.

Gastroesophageal reflux disease

A major trend in gastroesophageal reflux disease
(GERD) is an observed increase in its prevalence over
the past two decades. Europe and North America
have shown an increase in the prevalence of reflux
symptoms, and studies of the same source population
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over time have demonstrated an increase in preva-
lence in the United States, Singapore, and China [23].
Prevalence in Western countries has been estimated at
10–20 %, using criteria of at least weekly heartburn
and/or acid regurgitation [24]. According to a review
using the US National Ambulatory Medical Care Sur-
vey (NAMCS), the rate of US ambulatory care visits
for GERD increased from 1.7 per 100 persons to 4.7
per 100 persons from 1990–1993 to 1998–2001 and
continues to be a frequent cause of consultation in
primary care [25].

The incidence of a GERD diagnosis and the demo-
graphic factors associated with the diagnosis were
assessed using the UK General Practice Research
Database [26]. In this study, 7159 patients were identi-
fied with a new GERD-related diagnosis in 1996, cor-
responding to an incidence among individuals aged
2–79 years of 4.5 new diagnoses per 1000 person-
years. The incidence was age-related and increased
with age until 69 years, with a slight decrease there-
after. Women had a slightly higher risk of developing
GERD than men in patients over 50 years of age (rate
ratio = 1.3).

Inflammatory bowel disease

Although a major cause of gastrointestinal illness and
healthcare utilization, reliable data on inflammatory
bowel disease rates are not available in most regions
of the world. When examining the age-adjusted time
trends of US physician visits secondary to Crohn’s
disease and ulcerative colitis (UC) from 1960–2006,
physician visits for Crohn’s disease increased almost
fourfold over a 30-year period from the early 1960s
to the early 1990s, from about 120 to 400 physician
visits per 100,000 people. Since then, the rates of
Crohn’s disease visits appear to have leveled off.
Physician visits for UC actually slightly decreased
during the same 30-year period from about 400 to
300 physician visits per 100,000 people. With respect
to sex differences, physician visits for Crohn’s disease
remained about 1.4-fold more frequent in women
than men. Between 1960 and 1984, physician visits
for UC were 1.3-fold more frequent by women than
by men; however, during more recent periods, the
rates of physician visits for UC by men and women
have become more similar [27].

From 1951 to 2005, there has been a nearly 80 %
decrease in mortality from UC from approximately

5.6 to 1.2 deaths per million population in a total
of 21 countries [28]. On the other hand, from 1951
to 1975, mortality from Crohn’s disease increased
almost twofold from 0.8 to 1.5 deaths per million pop-
ulation. Since then, mortality from Crohn’s disease has
been decreasing and paralleling the trend of UC.

Gastrointestinal diseases responsible
for hospitalization

While gastrointestinal illness is a major cause of hospi-
talization throughout the world, reliable data on hos-
pitalization rates for various illnesses are not avail-
able internationally. Table 1.3 demonstrates the most
common gastrointestinal and liver causes of hospital-
ization, ordered by number of reports at discharge,
using the National Inpatient Sample, a 20 % stratified
sample of US community hospitals. Acute pancreatitis,
gallstone diseases, diverticulitis without hemorrhage,
and acute appendicitis were each responsible for over
200,000 hospitalizations. Aspiration pneumonia was
the fifth cause of hospitalization, and was also in the
overall top 30 causes of hospitalization for any disease
entity.

Limitations of the data

The data that were used for the above analyses are
of the highest quality information available to assess
the overall global burden of gastrointestinal diseases.
However, there are some limitations that merit
attention.

Ideally, all data would come from vital registries
with complete coverage and medical certification of
cause of death. For countries with incomplete or
no vital registration system, epidemiologic studies,
systematic reviews, and statistical modeling were
used. For countries with incomplete data or no data
regarding cause of death, the distribution of deaths
was estimated using statistical models, proportional
mortality, and natural history models. The 2008 esti-
mates made available by the WHO were created using
WHO’s extensive databases and based on information
provided by Member States, as well as on system-
atic reviews and analyses carried out by CHERG
(the Child Health Epidemiology Reference Group).
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CHAPTER 1

Incidence data for cancers are associated with some
level of delay as this type of data requires time to
be compiled; while the numbers within this chapter
are the most current available, there is a several year
time lag. More recent data about individual regions
may be found in reports from the registries themselves.
Information from most of the developing countries
may be considered of relatively limited quality, but
this information remains the only source of informa-
tion for these regions. Mortality statistics collected
and made available by the WHO have the advan-
tages of national coverage and long-term availability;
however, some datasets are of lesser quality than oth-
ers. For some countries, coverage of the population is
incomplete, resulting in low estimated mortality rates.
In other countries, the quality of cause of death infor-
mation is poor. While almost all the European and
American countries have comprehensive death reg-
istration systems, most African and Asian countries
(including the populous countries of Nigeria, India,
and Indonesia) do not. Of course, a major concern
regarding data from developing countries is detection
bias. In countries with limited medical technology and
resources, the burden of undiagnosed cancer is likely
substantial and is not quantifiable.

Data for some of the selected gastrointestinal
illnesses was not readily available from regional
databases; therefore, the data in the above discussion
is largely from studies that have accessed such primary
databases and performed their own analyses.

Data derived from administrative databases, such as
the NIS data, may suffer from the use of data primarily
for billing purposes. Therefore, the fidelity of coding
data to clinical information must be considered. The
median and aggregate costs are estimates, calculated
from hospital charges, and the data are by level of
discharge (e.g. a single patient could be represented
by multiple discharges). Also, in analyzing the trends,
some trends may represent epiphenomena. For exam-
ple, an increase in morbid obesity discharges may be
due to increasing popularity of obesity surgery, for
which morbid obesity is the principal coded discharge
diagnosis.

Implications

Gastrointestinal and liver diseases are responsible for
significant morbidity and mortality worldwide. The

above statistics attest to the toll of these diseases.
Beyond merely describing the terrible impact of these
diseases, an understanding of the epidemiology of
gastrointestinal and liver disease allows consider-
ation of improvement of systems-based practices
and public policy. Many individuals suffer from
preventable disease states such as childhood diarrhea,
malignancy, and various liver diseases. Millions
of children annually die preventable deaths due to
diarrheal disease. Cancer prognosis may be poorer
in developing countries due to late detection and
lack of access to resources and standard treatment.
Numerous cases of gastrointestinal cancers could
be prevented by vaccinations for viral hepatitis and
improved screening, as well as by promoting physical
activity, implementing programs for tobacco control,
and healthier dietary intake. In addition, data should
be updated regularly in order to track progress, as
well as to spot temporal trends in disease burden that
might merit reallocation of resources to address the
changes.

Multiple choice questions

1 Which of the following is not associated with an
increased incidence of childhood diarrhea?

A Inconsistent access to a clean water supply
B Residing in the WHO Africa or Southeast Asia
region
C Chronic nutritional deficiencies
D Availability of oral rehydration solutions

2 Which GI-related malignancy resulted in the most
estimated number of deaths in the year 2008?

A Colorectal cancer
B Stomach cancer
C Liver cancer
D Esophageal cancer
E Pancreatic cancer

3 Which gastrointestinal principal discharge diagno-
sis has had the greatest percentage increase from 2000
to 2009?

A Clostridium difficile
B Acute pancreatitis
C Morbid obesity
D Intestinal obstruction NOS
E Diverticulitis without hemorrhage
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Appendix 1.A

Sources

Diarrheal disease
Estimates used in this section are based on data from
the Global Health Observatory (GHO), a repository
that provides access to over 50 datasets on priority
health topics including mortality and burden of
disease, produced by the World Health Organization
(WHO) (http://apps.who.int/ghodata/). Estimates for
the distribution of causes of death among children
aged �5 years can be accessed through “World Health
Statistics” → “Cause-specific mortality and morbid-
ity” → “Causes of death among children” of the
GHO data repository. Measurement and estimation
methods can be found at: http://apps.who.int/gho/
indicatorregistry/App_Main/view_indicator.aspx?iid
=89.

In collaboration with the Child Health Epi-
demiology Reference Group (CHERG), the WHO
Department of Health Statistics and Informatics
prepared country-level estimates of child deaths
under 5 years of age by cause for the year 2008. These
estimates are derived from WHO databases, informa-
tion provided by Member States, as well as systematic
reviews and analyses carried out by CHERG.
Country-level data was combined to achieve data
for each WHO region. Mortality data on diarrheal
disease and other causes of death in children aged
�5 years, as well as the methods used to obtain these
estimates can be accessed at: http://www.who.int/
healthinfo/statistics/mortality_child_cause/en/index.
html.

Gastrointestinal malignancies
The estimates used in this section are based on
GLOBOCAN 2008, a standard set of worldwide esti-
mates of cancer incidence and mortality produced
by the International Agency for Research on Cancer
(IARC) under the auspices of WHO. This project was
developed to provide up-to-date estimates of the inci-
dence of, and mortality from major cancers for all
nations in the world. GLOBOCAN allows individuals
to obtain current estimates for major cancers catego-
rized by region, sex, and age groups.

Incidence data were derived from population-based
cancer registries, either national or subnational areas.
In developing countries, incidence data is often avail-

able only from major cities. Mortality data was col-
lected and provided by WHO. While not all datasets
are complete and of the same quality (coverage of
the population is incomplete or cause of death is
inaccurate), it is the most accurate and thorough
information available. Provisional estimates of age-
and sex-specific deaths from cancer for 2008 have
been used for regions without death information or
where statistics are considered unreliable. National
population estimates for 2008 were extracted from
the United Nation (UN) population division’s 2008
revision using geographical definitions as defined by
the UN. The methods used to estimate incidence
and mortality of cancers for each country can be
found at GLOBOCAN data sources and methods:
http://globocan.iarc.fr/.

Selected diseases of the liver
The data used in the discussions of hepatitis B and
C are derived from WHO estimates of burden of
disease. The WHO media center has over 100 fact
sheets on various health-related topics such as differ-
ent infections, disease states, and health risks, which
can be found at: http://www.who.int/mediacentre/
factsheets/en/. The hepatitis B and hepatitis C fact
sheets were last updated in July 2012. The data
included in the discussion about liver cancer is derived
from GLOBOCAN 2008, discussed in the previous
sources section.

Hepatitis B and hepatitis C trend data were
obtained from the Centers for Disease Control and
Prevention (CDC) – Viral Hepatitis Statistics and
Surveillance, which can be found at: http://www.cdc
.gov/hepatitis/Statistics/index.htm.

Gastrointestinal diseases responsible for
US hospitalization
The most common inpatient gastroenterology and
hepatology discharge diagnoses for the United States
may be compiled using the Nationwide Inpatient
Sample (NIS). The NIS is one of the databases in
the Healthcare Cost and Utilization Project (HCUP)
(http://hcupnet.ahrq.gov/). NIS is the only national
hospital database with charge information on all
patients, regardless of payer, including persons cov-
ered by Medicare, Medicaid, private insurance, and
the uninsured. The most recent version, NIS 2009,
contains all discharge data from 1050 hospitals
located in 44 states, representing a 20 % stratified
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CHAPTER 1

sample of US community hospitals. The sampling
frame for the 2009 NIS sample is a sample of hospi-
tals that comprises approximately 95 % of all hospital
discharges in the United States.

The NIS database was queried for the rank order
of the principal discharge diagnosis (i.e. International
Classification of Diseases Clinical Modification, 9th
edition (ICD-9-CM) for all patients in all hospitals.
From the top 100 diagnoses, we identified the gas-
troenterology and hepatology diagnoses among them,
which were subsequently rank-ordered after combin-
ing related diagnosis codes. We then performed a sep-
arate query for each individual ICD-9-CM code (or
group of codes) to acquire data on mean and median
length of stay (LOS), median charges and costs, aggre-
gate charges (i.e. “the national bill”) and aggregate
costs, and number of inpatient deaths associated with
each diagnosis or diagnosis group. We also performed
a temporal analysis for the number of admissions for
the top principal GI diagnoses between the years 2000
and 2009 to identify relevant trends.

Total hospital days were estimated by the product
of the mean LOS and the number of discharges for
each diagnosis. Total charges were converted to costs
by HCUP using cost-to-charge ratios based on hospi-
tal accounting reports from the Centers for Medicare
& Medicaid Services (CMS). Cost data are presented
preferentially, as costs tend to reflect the actual costs
of production, while charges represent what the hos-
pital billed for the case.
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PART TWO

How to Critically Read
the Gastrointestinal
Epidemiology Literature





Introduction and overview
Joe West
Division of Epidemiology and Public Health, University of Nottingham, Nottingham, UK

This series of chapters will take the reader through
the process of critically appraising the epidemiologic
literature with specific reference to aspects relevant
to gastrointestinal epidemiology. The chapters have
focused on reading papers that report the findings of
cohort studies, case-control studies, randomized con-
trolled trials, and systematic reviews, and interpreting
the results in the context of clinical practice. As out-
lined in the final chapter, the notion of evidence-based
medicine relies heavily on these study designs, hence
our scrutiny of their methodology. Each of the first
four chapters gives an example approach to making
an assessment of whether the paper you are reading
is of sufficient quality for its findings to be credible.
Within each chapter this systematic approach will be
used to appraise an original piece of research in the
field of aspirin and colorectal cancer as a practical
example. The final chapter, Chapter 6, will take an
overview of the whole process while challenging the

reader to form their own opinion of the value of the
work they are appraising with respect to their clinical
and research practice. For all of the study types, we
will consider the first question one should ask of any
paper being read, namely “What is the research ques-
tion?” All epidemiologic studies require a clear and
precise question that includes a description of what
the study is trying to achieve, in whom, and for what
purpose. If this is not clear from the introduction to
the paper you may as well put it in the recycling bin
before reading further as it is often a good indication
of the quality (or lack of quality) of the work described
thereafter. However, should you be persuaded to read
the paper in its entirety, the methods outlined in the
chapters that follow give a structured approach to
deciding on the quality of the work presented and the
specific issues that arise in each of the designated study
designs, with particular reference to the gastrointesti-
nal epidemiology literature.

GI Epidemiology: Diseases and Clinical Methodology, Second Edition. Edited by Nicholas J. Talley et al.
C© 2014 John Wiley & Sons, Ltd, with the exception of original artwork which is C© Mayo Foundation for Medical Education and Research.
Published 2014 by John Wiley & Sons, Ltd. Companion website: www.wiley.com/go/talley/giepidemiology
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2 How to read a cohort study
Laila J. Tata
Division of Epidemiology and Public Health, University of Nottingham, Nottingham, UK

Key points
� The cohort is the basis of all epidemiologic
study designs as it is the closest way to study
the natural progression of people’s life course
over which the temporal relationship between
exposures and outcomes can be assessed.
� Health outcomes are compared between peo-
ple grouped on the basis of whether or not they
have certain exposures or between groups with
different levels of exposure.
� Selection bias, ascertainment bias, and follow-
up bias are common and their potential impact
must be considered along with confounding and
chance.
� A good understanding of the cohort design
provides the foundation for appraising all study
designs particularly experimental trials.

Brief introduction to cohort studies

The term cohort (from the Latin cohors, originally
describing a specific unit of soldiers in the Roman
military) has been widely adopted by epidemiologists
and throughout medical science. A cohort is often
considered as a specified group of people who are

identified at a similar place and time and then followed
over a certain period. The general concept of tracking
over time has resulted in loose terminology, such as
follow-up study, longitudinal study or prospective
study, often used as synonyms of cohort study [1].
When epidemiologists discuss the design and conduct
of a cohort study, however, they are most often inter-
ested in comparing the occurrence of disease between
groups of people who have or do not have a certain
exposure, or between groups with different levels of
exposure. Cornerstone to the definition of a cohort
study is the measurement of outcomes over time and,
for etiologic purposes, the identification of exposures
and exposure timing before outcomes have occurred.
In this sense, a cohort study is the closest way to study
the natural progression of people’s life course and in
fact the ultimate cohort study would do just that, mea-
sure and record all exposures that may lead to the
occurrence of any number of events over a lifetime,
and even better, over generations.

The great advantage of cohort studies for studying
etiology of disease and the relative effects of risk fac-
tors on later development of health outcomes is that
certainty about temporal relationships can be estab-
lished. The use of follow-up time between exposures
and outcomes not only permits comparisons of how
much disease will occur between different cohorts, but
also provides understanding of whether one cohort

GI Epidemiology: Diseases and Clinical Methodology, Second Edition. Edited by Nicholas J. Talley et al.
C© 2014 John Wiley & Sons, Ltd, with the exception of original artwork which is C© Mayo Foundation for Medical Education and Research.
Published 2014 by John Wiley & Sons, Ltd. Companion website: www.wiley.com/go/talley/giepidemiology
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HOW TO READ A COHORT STUDY

is more or less likely to develop disease sooner than
other cohorts. We could say with certainty that death
will occur in 100 % of all cohorts, although it would
be useful to know whether people in one cohort are
more likely to die within the next 10 years or whether
their median survival time differs greatly from another
cohort.

New occurrence of disease (e.g. celiac disease diag-
nosis), recurrent events (e.g. episodes of gastrointesti-
nal bleeding), and different types of events (e.g. all-
cause mortality and cause-specific mortality) can all
be measured in cohort studies. When studying diseases
such as cancer that usually develop a long time after
exposure, costs and logistics of running cohort stud-
ies escalate which has led to the establishment of large
research cohorts, enabling a number of different expo-
sures and outcomes to be studied. The British birth
cohorts [2], the 1949 Framingham Heart Study [3],
the 1951 British Doctors study [4], the Nurses’ Health
Study [5], and the more recent European Prospec-
tive Investigation into Cancer (EPIC) study [6] are a
few examples. These are nevertheless cost- and labor-
intensive observational studies and the need to wait
for outcomes to occur also means that cohort studies
may be impractical for studying very rare outcomes,
unless preexisting complete data are available on large
numbers of people. Alternatively, the cohort design is
particularly useful for studying rare exposures because
participants can be chosen based on their exposure.
For example, if only 5 % of people in a given popula-
tion had an exposure, selection of 100 people at ran-
dom from the population would likely result in only 5
exposed people to follow up, whereas one could select
people based on their exposure to obtain 50 exposed
and 50 unexposed.

Cohort study principles are the same whether a pop-
ulation was identified and followed up prospectively
or whether an historical cohort was identified using
existing records of information on exposures and out-
comes in the past, such as government and occupa-
tional records or linkage of different data sources. In
an historical cohort study with the aim of studying
etiology of disease, it is still important to ensure that
exposures occurred, and were ideally recorded, before
the outcomes.

An understanding of cohort studies will aid the
appraisal of all study designs including experimental
trial designs. All randomized controlled trials (RCTs)
are essentially cohort studies [7], the only difference

being that in a trial the researcher assigns exposures
to groups in the study population whereas in a cohort
study the researcher must use existing exposures to
divide the population into groups. Issues surround-
ing selection bias, losses to follow-up, ascertainment
bias and blinding can all be learned from cohort study
methods. These and other issues that are important
for evaluating the quality of cohort studies will be
discussed in this chapter through use of a 10-point
checklist. This will then be practically applied in the
appraisal of a study of regular aspirin use for the pre-
vention of colorectal cancer [8].

Biases commonly seen in cohort studies

The collection of exposure information before out-
come information in a cohort study avoids a battery
of problems introduced when people have to recall
or report information from the past. Selection bias,
ascertainment bias and follow-up bias, however,
may all have important impacts on cohort studies.
Selection bias may arise when there are important
differences in study subjects other than the exposure
of interest (see point 1 of checklist). Ascertainment
bias may occur if outcomes are obtained differently
between exposed and unexposed groups (see point 3
of checklist). Follow-up bias may occur if there are
differences in losses to follow-up that are related to
participants’ exposure status (see point 5 of checklist).

10-Point checklist of important issues
when reading a report of a cohort study

Determining whether a study is in fact a cohort design
can be a more difficult task than one first assumes,
primarily because many studies that are called cohort
studies by the authors are in fact not cohort studies.
The first point below should help with this initial
hurdle.
1 How has the study population been identified and
selected?
If a study’s participants were selected based on
whether or not they have an outcome, which is the
outcome one is attempting to predict the risk of in the
study, it is not a cohort study.

Cohort participants may be first identified and
selected as a group representative of a population
with one or more common characteristics (e.g. year of
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birth, sex, area of residence, people with diabetes) and
then subdivided based on their exposures or degree of
exposure, a common approach in large population-
based cohorts. Alternatively, if the study was orig-
inally designed only to address a specific exposure-
outcome relationship, individuals may have been iden-
tified by their exposure experience, which is often nec-
essary for studies of rare exposures such as occupa-
tional radiation or history of childhood X-ray expo-
sure. In this situation a cohort without the specific
exposure of interest would also need to be selected for
comparison. Using either method of selection, the aim
is to achieve the following principles:

� Exposed and unexposed cohorts should be
assessed for similarities and differences other than
the exposure of interest

The comparison group without the exposure is often
misleadingly called a “healthy control group” or
“healthy comparisons” – in fact the unexposed com-
parison group should not be a group that is generally
healthier than the exposed group as this could lead to
a bias, making the exposure of interest appear worse
than it truly is.

Paramount in selection of the study population
is to obtain exposed and unexposed cohorts that are
ideally similar in all ways other than the exposure of
interest. While this is in fact very difficult in practice
(e.g. regular exercisers have many important differ-
ences to nonexercisers), the reader should question
whether, other than the exposure under study, could
the method of selecting the study participants have led
to other important differences between the groups? If
there is evidence of this selection bias, the degree to
which this will affect the relationship of interest must
be addressed.

� All study participants must be at risk of the
outcome

When first identified cohort participants should be
alive and at risk of the outcome, but not typically have
the outcome of interest already, as the objective is to
study the outcome’s occurrence over the study period.
Ensuring that women are not selected for a study of
prostate cancer or that women with hysterectomies
are not selected for a study of uterine cancer is
straightforward, as neither will be at risk of the out-
comes. For some diseases, such as epilepsy, it will have
been important to ensure that participants did not
have preexisting disease as it is not possible to have

this as new disease more than once. For outcomes
that may recur, such as Clostridium difficile infection,
whether participants have had infection in the past
may not preclude them from being at risk in the study
at hand.
2 How was the exposure defined and measured?

� Exposures should be clearly defined and mea-
sureable, with explicit information on exposure
timing

Whether there are one or more exposures in a study,
each should be specific, clearly defined, and measur-
able among all study participants. The most useful
clinical information on the effects of an exposure ide-
ally includes knowing “how much, for how long, and
when” all of which are measureable in real time dur-
ing a cohort study. Participants may be defined by
their past (e.g. childhood X-ray exposure), present or
future exposures, by a specific time window (e.g. first
trimester exposure to antacid drugs), or by levels of
exposure.

� Objective measures should be used where
possible

Exposures may be measured using standardized
diaries kept by study participants, or questionnaires at
regular intervals such as weekly or yearly, but as for
all research, the most objective measures from which
adequately complete and specific information can be
obtained should be used. Portable exercise monitors,
hospital records of surgery, blood measurement, or
medication use confirmed by prescription records are
some examples.
3 What is the outcome and how was it ascertained?

� Outcomes should be clearly defined and mea-
sureable, with explicit information on whether
they are first or recurrent events

Outcomes should be clearly defined and measurable in
all study participants, using the most objective meth-
ods possible. When recurrent outcomes are possible
during the study period, such as gastrointestinal bleed
or myocardial infarction, methods should have been
devised to distinguish new events from previous or
historical events. This can present difficult clinical
and methodological decisions, particularly with can-
cer outcomes which may recur in one or more sites.
First occurrence of disease is often easier to define,
measure, and interpret in context of an exposure of
interest, although risk of recurrent disease will be
important in certain clinical contexts.
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� Outcomes should be defined, ascertained, and
measured in the same way for exposed and unex-
posed groups

Procedures to identify outcomes should ideally be
identical for all study participants because differ-
ences in outcome ascertainment between exposed and
unexposed groups can introduce ascertainment bias.
Wherever possible, objective measures of disease such
as cancer registrations should be used. Bias can also
be avoided if study researchers measuring outcomes,
and ideally also the study participants, are blinded to
the exposure status or the hypothesis being tested.

� Outcomes within a reasonable time after an eti-
ologic exposure should be considered

It is unlikely that starting to smoke or taking antacids
this month will cause esophageal cancer next month,
yet a vaccination today may cause a severe reaction
tomorrow. Therefore, when studying etiologic expo-
sures, the time when outcomes occurred in relation to
the exposures should be clearly communicated with
logical consideration of the etiologic time window.
Estimation of this will include the induction time,
which is between the initiation of the exposure to a
causal agent and the initiation of the disease process,
and the latency period, which is the time following
exposure to diagnosis of the disease [1].
4 How has person time been dealt with in this
study?
Whether it is days or years, the amount of time each
person contributes to a cohort study will affect their
opportunity to have an outcome, so it is crucial to
understand whether person-time has been considered
and whether it has been dealt with appropriately.

� Study entry and exit times must be clearly
defined for all participants

These may be defined in any number of ways but
should be consistently defined. In a closed cohort study
entry times will be the same for all participants (e.g.
all born within a specific year, all hospitalized within a
specific month) whereas open cohorts may have wide
variation in entries across calendar time (e.g. new gen-
eral practice registration sometime between 2000 and
2010). When studying time to first disease occurrence,
the person would exit the study at the time of the event
and any person-time after would be excluded. Alter-
natively, recurrence studies would also consider the
available time after each event up to the defined end
of the study period.

� Analytical methods incorporating person-time
must be used when there is important variation
in the amount of time participants contribute

If each participant in a disease-free cohort was fol-
lowed over the same period of time, the proportion
with disease could be measured which would be equiv-
alent to the incidence over this study period. For
some special situations, such as in pregnancy cohorts,
person-time may be less relevant to include in calcula-
tions of outcome occurrence. However, the dynamic
nature of populations and the reality that loss to
follow-up is common in cohort studies, mean that
use of each participant’s person-time to calculate inci-
dence rates is often required. This can also maximize
the value of precise information available on the time
to an event.
5 What has been done about loss to follow-up?
Loss to follow-up can have similar study impacts to
initial nonresponse in the study population and whilst
there is no set cut-off for adequate study follow-up,
the extent and the reasons for any losses should be
reported.

� Methods to minimize loss to follow-up should be
described

It is particularly difficult to retain participants in stud-
ies carried out over years or decades; procedures to
maintain contact should have been considered and
weighed against study costs. Routinely recorded data
(e.g. death registries) may provide useful outcome data
at low cost. Alternatively, regular questionnaires fol-
lowed by phone calls or house visits may be needed for
more detailed updates on exposures and outcomes.

� Impacts of loss to follow-up on study power
should be considered

The amount of loss to follow-up will directly impact
the amount of study power because data (person-
time and potential outcomes) are being lost. It is thus
important to know, for example, whether this is 10 %
loss to follow-up or 50 % loss to follow-up.

� Impacts of loss to follow-up on bias should be
considered

The impact loss to follow-up can have on bias, often
called follow-up bias, is just as important as losing
study power, if not more so. If there are important
differences in loss to follow-up between the exposed
and unexposed groups, the exposure may be related to
reasons for loss to follow-up which could distort the
effect being studied. Both the amount and ideally the
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reasons for losses should be described separately for
the exposed and unexposed groups. In a cancer study
with 30 % and 10 % losses to follow-up in exposed
and unexposed groups respectively where there were
many losses due to death, we would be more con-
cerned about potential bias than in a study with 11 %
and 12 % losses where most were because participants
moved out of the study area.
6 What has been done about time-varying exposures
and their effect on the results?
Exposures like ethnicity will of course never change
over a lifetime, but certain exposure measurements
that do not exploit the use of time in a cohort study,
ever use of aspirin for example, are of limited etiologic
use. Where it is likely that exposures will change over
time, particularly in long studies of diet and lifestyle
characteristics, these exposures should be measured
on a periodic basis to best characterize potential causal
effects since the timing of exposure initiation and over-
all duration are often etiologically important. Changes
in age and calendar time over a long period often have
particularly important impacts on the occurrence of
exposures and outcomes.

Exposure information collected over time can be
described using summary measures. In more simplistic
analyses, this may be an average or maximum dura-
tion of overall exposure. In more complex analyses,
person-time may be divided into different levels of
exposure status to obtain outcome incidence during
different windows of exposure (e.g. person-time as a
heavy, moderate, or light drinker).
7 Was information about potential confounders col-
lected, and how?
While potential confounders may not be needed for
some descriptive study questions (e.g. what is the inci-
dence distribution of liver cancer across England?),
studies of exposure-outcome relationships with no
information on potential confounders should be inter-
preted with caution. Information on potential con-
founders should be clearly defined and comprehen-
sively ascertained along similar principles to collection
of exposure and outcome data.

� Potential confounders should be defined, ascer-
tained, measured in the same way for exposed and
unexposed groups

Procedures to identify confounders should be identi-
cal for all study participants to avoid generating any
biases between exposure groups. Objective measures

should be used if possible. As with exposures, con-
founders may change over time, which should be con-
sidered when interpreting the study.

� Confounding should ideally be assessed in study
analyses

Numerical data on the distribution of potential con-
founders should be presented and assessed in the
exposed and unexposed groups and incorporated
into multivariate analyses with appropriate reason-
ing. Time-varying covariates can also be incorporated
into analyses.

� Confounding by indication should be considered
for studies of drug effects

A particular type of confounding, confounding by
indication, should also be considered when a drug
of interest could be used to treat early symptoms of
the outcome. This can also occur if the condition indi-
cated for the drug treatment is independently associ-
ated with the outcome. These situations can be mis-
taken for a causal association between the drug and
the outcome. Ensuring that the exposure occurs in a
reasonable amount of time before the outcome can
avoid this, but may be practically difficult.
8 How was the sample size determined, and was the
study large enough to answer the question?
The number of people in the study, how long they
are followed up and the number of outcomes all con-
tribute to the study power. While sample size calcu-
lations are useful, each one is only relevant to a spe-
cific exposure-outcome combination and so a study
with several exposures, outcomes, or subgroup analy-
ses will not be accounted for in one calculation for
a primary outcome. Reporting overall numbers of
outcomes and person-time provides information that
helps interpretation of study power for specific out-
comes. If there are too few outcomes and particularly
few outcomes in a small exposure group, the likeli-
hood that the study results were due to chance may be
high.
9 Were the data analyzed properly? (What statistics
have been used and how do I interpret them?)
Virtually any measure can be calculated in a cohort
study given that comprehensive data on exposures
and outcomes are collected over time. Disease occur-
rence may be described as a risk or an odds, yet a
rate (often called an incidence or an incidence rate)
makes full use of denominator person-time data that
are unique to cohort studies and should be used
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whenever there is variation in follow-up time between
study participants. Risk differences, risk ratios, odds
ratios, rate differences, and rate ratios are all common
measures of effect that are calculated by comparing
disease occurrence between the exposure groups.

� The measure of effect used should be clearly
described

Determining what measure of effect has been used is
crucial for correct understanding and for clinical or
public health interpretation. Authors should unam-
biguously describe the measure of effect, avoiding
terms such as “relative risk,” and they should present
sufficient data on numerators (outcome occurrence)
and denominators to allow the reader to identify the
effect measure used. In a study of bowel perforation
associated with different surgical procedures, a risk
ratio of 4 could represent 20 %/5 % perforation in
surgery A versus B, a rate ratio of 4 could represent
8/2 perforations per 100,000 person-years in surgery
A versus B, and a rate difference of 4 could repre-
sent 344-340 perforations per 10,000 person-years in
surgery A compared with surgery B. It should be obvi-
ous that the clinical and public health importance of
these three effect measures is interpreted differently.

� All analyses should be justified in relation to the
data used

Beyond basic effect measures, Poisson regression or
Cox proportional hazards regression allow calcula-
tion of rate ratios (or hazard ratios) with adjustment
for important confounders. Cox regression is partic-
ularly useful and necessary where there is evidence
of the relative outcome incidence changing over the
study period. Risk of infection, for example, may be
very high in the hours after surgery and then decrease
over days and weeks. Plots showing the change in
the proportion of the cohort without the outcome
over the follow-up time, often called survival curves,
are helpful in visualizing whether incidence is chang-
ing over time and if there are important differences
between exposure groups (Figure 2.1). Age and cal-
endar time have considerable impact on the changing
incidence of cancer in long follow-up studies, making
hazard ratios, which have a similar interpretation to
rate ratios, useful measures in these studies.
In situations where data are only collected for an
exposed group [9] standardized mortality (or morbid-
ity) ratios (SMRs) that compare outcome rates with
those in a general population are also commonly used.
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Figure 2.1 Kaplan-Meier curve showing the changing
survival probability (or probability of not having an
outcome) over time for an exposed and unexposed group.
Individuals are censored at the point they have the outcome
or if they are lost to follow-up. The median time to the
outcome for each group, commonly called median survival
time, is the plotted time when the survival function, or
proportion on the y-axis is 0.50.

10 Were the conclusions properly drawn based on the
results?
Conclusions should directly address the primary
objective of the research and should be supported by
the data as presented. As with any design, conclu-
sions must be considered in the context of space and
time and not in absolute terms. All cohort studies are
carried out in a real-life setting, so dismissing a study
based on a fast judgment of one limiting factor such as
moderate follow-up bias is unreasonable. Instead, the
reader should be considering the extent to which loss
to follow-up or ascertainment bias may have affected
the findings. We are often pressured to decide whether
a study is good or bad, whether we do or do not accept
the findings as truth, much akin to the reliance on sta-
tistical significance testing in science. Readers should
not be victims to this over-simplification. Overall judg-
ment should be holistic, taking into account the roles
of chance, bias, and confounding, which should all
be considered and described within a cohort study.
If such information is lacking, interpretation will be
limited and it may be difficult to determine whether
conclusions were properly drawn. Introduction of the
STROBE guidelines [10] will hopefully lead to more
rigor in reporting standards for observational studies
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as has been the aim of the CONSORT guidelines for
trials.

Case study: Critical evaluation of cohort
study “Long-term use of aspirin and
nonsteroidal anti-inflammatory drugs
and risk of colorectal cancer” [8]

Information on 82,911 women from the Nurses’
Health Study [5] was used to assess prolonged aspirin
use at various doses on the risk of incident colorectal
cancer diagnoses. A total of 121,701 female nurses
aged between 30 and 55 years from across the United
States of America were initially registered using a
postal questionnaire in 1976. Questions about aspirin
use were introduced in 1980. The authors were able
to assess dose, duration, and timing of aspirin use
in relation to cancer outcomes up to the year 2000,
making it one of the largest and longest studies of
aspirin use. They found a reduced risk of colorectal
cancer associated with regular aspirin use compared
with nonregular use (rate ratio 0.77; 95 % confidence
interval (CI) 0.67–0.88) over the whole study period;
however, further analyses of doses and exposure dura-
tion showed that important risk reductions were seen
only after 10 years of use, at doses of 14 tablets per
week or greater. Non-aspirin NSAIDs also showed
similar results. Adverse effects of aspirin (gastroin-
testinal bleeding) were additionally assessed, show-
ing increased incidence with increasing aspirin doses.
These were weighed against aspirin’s potential protec-
tive effects in the authors’ conclusion.
1 How has the study population been identified and
selected?
As described above, the study participants were
women selected from the Nurses’ Health Study.
Advantages of studying this population were that
women were easily identified through memberships
of State nursing boards. Female nurses are not in fact
representative of the whole US population so it would
be important to consider whether the findings of this
study are generalizable to men and to other women in
age groups not studied. There is no reason to believe,
however, that the study’s internal associations will be
distorted.

Only 82,911 from the original 121,701 women (i.e.
68 % of the original cohort) were selected for the
assessment of aspirin. The authors report that these
were the women with adequate follow-up informa-

tion and no reported history of cancer or other major
bowel diseases. The authors’ definition of adequate
follow-up time and the proportion excluded for this
reason in contrast to the proportion excluded because
of history of cancer are not described. Without this
information, it is not possible to determine whether
exclusions may have introduced selection bias into the
study.

� Exposed and unexposed cohorts should be
assessed for similarities and differences other than
the exposure of interest

Because cohort participants were not specifically
selected based on their exposures to aspirin, we can
be reassured that there was no selection bias directly
related to the exposure introduced at initial cohort
selection. Aspirin exposure was categorized using
information from the cohort’s pre-collected question-
naire responses. While aspirin users may have had
some important differences from non-aspirin users,
any differences were not introduced by the initial selec-
tion methods. One reason the original cohort was set
up to include only nurses was that they were consid-
ered to be more similar to one another than people in
other professions or in a general population cohort.

� All study participants must be at risk of the
outcome

The authors report that any women with a reported
history of cancer or other major bowel disease (we
must presume that this is at the start of follow-up)
were not included in analyses. While it is possible that
this may have excluded some women unnecessarily,
it is likely that this provided a naı̈ve population of
women at risk of colorectal cancer.
2 How was the exposure defined and measured?
Questionnaires were posted to women every 2 years
from 1980 onwards (i.e. repeat cross-sectional data
collection). Among the information items requested
was aspirin and NSAID use, which was included in a
list of several types and brands of vitamins and medi-
cations.

� Exposures should be clearly defined and mea-
sureable, with explicit information on exposure
timing

After obtaining questionnaire information on aspirin,
exposure was defined in several ways to categorize
dose, duration of use, and timing of use before col-
orectal cancer diagnoses. Based on the number of
standard (325 mg) aspirin tablets women reported
using weekly, they were first categorized as regular
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aspirin users (≥2 standard tablets per week), nonreg-
ular users, or nonusers. Dose was characterized as
0.5–1.5, 2–5, 6–14 or �14 tablets per week. Years of
aspirin use over the period were also calculated.

Categorizations were complex primarily because
weekly aspirin use was (unfortunately) measured dif-
ferently in sequential questionnaires. Women were ini-
tially asked in 1980 if they took “any of the following
vitamins or medicines in most weeks” (which included
aspirin and NSAIDs) and to record the number of
tablets taken each week and the number of years of
use. In subsequent years they were asked only to indi-
cate a category of tablets taken per week as 1–3, 4–
6, 7–14, or ≥15 (in 1982), the average number of
days of aspirin use per month (in 1984), and further
changes to the measurement of drugs were made in
subsequent questionnaires. Although the overall drug
categories seem well defined, it is important to rec-
ognize that these measurement changes could have
introduced measurement error.

� Objective measures should be used where
possible

Women’s self-reported aspirin and NSAID use was not
an objective measure of exposure; however, this was
likely the only practical way to measure this exposure
over a long study follow-up period for a large number
of participants. Accurate measures of drug exposure
are notoriously difficult to obtain and purchase or
prescription data are not often a better option.
3 What is the outcome and how was it ascertained?
The outcome was a new diagnosis of colorectal cancer
during the study follow-up period. This was further
subdivided into proximal colon, distal colon or rectal
cancer, and cancers were staged.

� Outcomes should be clearly defined and mea-
sureable, with explicit information on whether
they are first or recurrent events

The outcome was clearly defined as a first event of
colorectal cancer. It was ascertained biennially using
the routine questionnaires sent to cohort members and
was therefore measured as a self-reported diagnosis.
Death information was obtained from the National
Death Index or reported by next of kin. Diagnoses
and deaths reportedly due to colorectal cancer were
confirmed by a physician using medical and patholog-
ical reports, obtained with permission from partici-
pants or next of kin. Medical reports do not appear to
have been consulted if women did not report cancer,
however.

� Outcomes should be defined, ascertained, and
measured in the same way for exposed and unex-
posed groups

We can be assured that outcomes were defined and
measured by researchers in the same way regardless of
aspirin exposure categorization as this categorization
was done after outcomes were obtained. The authors
also report that the study physician who used medical
and pathological reports to confirm the cancer site
and stage, was blinded to the participants’ exposure
information.

One may consider whether there was any ascer-
tainment bias due to the initial use of self-reported can-
cer outcomes from women. This should be considered
in context of the methods and of the study findings.
Firstly, women were not blinded to their exposures
although they likely did not know the study hypoth-
esis since little evidence relating to aspirin and cancer
outcomes was available during the study period. Sec-
ondly, the findings indicate that women with higher
aspirin use were at reduced risk of colorectal cancer
which means that if a bias in reporting were present,
aspirin users would have been less likely to report col-
orectal cancer, which seems unlikely. Considering that
the study participants are nurses and that cancers are
well diagnosed in the United States, it is unlikely that
ascertainment bias was important in this study.

� Outcomes within a reasonable time after an eti-
ologic exposure should be considered

The authors do not discuss how the date of diagnosis
of colorectal cancer was defined, which is a drawback
with regard to assessing timing of the outcome. This
may have been a date reported by the participants or
from the medical notes, it may have been when partici-
pants first discovered their illness, at their first medical
appointment for the illness, at the first confirmed diag-
nosis date, or the date of death for those dying from
the illness.

Although consideration of an etiologic time win-
dow is not mentioned in their principle analyses and
they include all outcomes over the study period, the
authors do go on to assess duration of use by catego-
rizing cumulative years of exposure, which attempts
to address this.

� A secondary outcome of note
This is one of the few studies of aspirin and cancer
where adverse effects were also addressed. It is impor-
tant to note, however, that all information on gas-
trointestinal bleeding was obtained by asking women
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in 2004 to retrospectively recall and report whether
they had any major episodes of gastrointestinal bleed-
ing before the year 2000 and when these occurred. The
increased risk of gastrointestinal bleed with aspirin use
has external research evidence and is clinically recog-
nized; it is therefore possible that recall bias may have
affected adverse event findings in this study.
4 How has person-time been dealt with in this study?
Women were followed up from the month they
returned the 1980 questionnaire up to the month they
were diagnosed with colorectal cancer, death from
other causes, or June 2000. All person-time women
contributed was included in analyses.
5 What has been done about loss to follow-up?
The authors report that the follow-up of the overall
cohort of the Nurses’ Health Study (121,702 partici-
pants) exceeded 90 %. They did not specifically report
the loss to follow-up for the women included in their
current analysis (82,911 participants), nor whether
loss to follow-up varied by aspirin use.

� Methods to minimize loss to follow-up should be
described

Although details are not discussed in the paper, the
Nurses’ Health Study used many ways to keep in con-
tact with participant nurses, which is evident from
their 90 % retained follow-up over 20 years.

� Impacts of loss to follow-up on study power
should be considered

The low loss to follow-up makes this less important
to consider.

� Impacts of loss to follow-up on bias should be
considered

Although follow-up was quite complete, the authors
should have reported whether there were differences
in follow-up between aspirin users and nonusers and
by levels of aspirin use in their analyzed population.
6 What has been done about time-varying exposures
and their effect on the results?
As discussed in point 2, the authors measured aspirin
exposure in several ways. To take into account
changes over time in their analyses, they estimated
an overall cumulative average intake of these drugs
and the number of years of use using all questionnaire
information up to the start of each 2-year follow-up
interval.
7 Was information about potential confounders col-
lected, and how?
A number of potential confounders including mea-
sures of age, ethnicity, smoking habit, exercise, and

dietary intake were also self-reported biennially on
questionnaires and thus were also time-varying.

� Potential confounders should be defined, ascer-
tained, measured in the same way for exposed and
unexposed groups

As potential confounders were obtained in biennial
questionnaires, we are assured that definitions, mea-
surement, and ascertainment were consistent across
the whole cohort.

� Confounding should ideally be assessed in study
analyses

The authors display the covariate distributions by
aspirin use from the 1980 baseline questionnaire to
characterize the cohort in their first data table. In
their analyses they use Cox regression and adjust their
models for several covariates, allowing these covari-
ates to vary over time. For each 2-year interval, infor-
mation was used from women’s latest biennial ques-
tionnaire and hence they fully exploited their data on
time-varying covariates.

� Confounding by indication should be considered
for studies of drug effects

Because aspirin was associated with a decrease in
colorectal cancer risk confounding by indication is
unlikely to be important in this study. If there were a
medical condition for which people took a high dose
of aspirin and this medical condition reduced the risk
of colorectal cancer, this could result in confounding
by indication.
8 How was the sample size determined, and was the
study large enough to answer the question?
The authors do not present a sample size calculation.
They do present the case numbers and the numbers
of person-years for all aspirin exposure groups in
their analyses, which give the reader information to
interpret whether their study may have been under-
powered. There were 962 cases of colorectal cancer
over 1,592,017 person-years of follow-up and 196 of
these cases occurred in women taking aspirin for over
10 years. This is one of the largest and longest follow-
up studies of aspirin and NSAID use on the risk of
colorectal cancer.
9 Were the data analyzed properly? (What statistics
have been used and how do I interpret them)

� The measure of effect used should be clearly
described

The abstract describes only relative risks making it
impossible to know whether rates, or person-time,
were used in analyses. Fortunately, the methods assure
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us that incident rates of cancer outcomes were cal-
culated by dividing the number of new cases of col-
orectal cancer by the person-years contributed to each
exposure category. Hazard ratios, which can broadly
be interpreted as rate ratios, were then calculated to
assess variation by aspirin exposure.

� All analyses should be justified in relation to the
data used

Cox proportional hazards regression was used to cal-
culate hazard ratios and these analyses included time-
varying exposures and time-varying covariates, which
were appropriate for these time-to-event data. The
multivariable results show that there was little con-
founding of the main effect estimates.
10 Were the conclusions properly drawn based on the
results?
The authors’ original objective was described rather
broadly as “To examine the influence of aspirin and
NSAIDs in prevention of colorectal cancer” [8]. Their
initial conclusion was “Regular, long-term aspirin use
reduces risk of colorectal cancer. Non-aspirin NSAIDs
appear to have a similar effect” [8], with later elabo-
ration to say that important effects are only seen after
at least 10 years of use with maximal risk reduction at
over 14 tablets per week. They caution that this dose is
higher than that recommended for cardiovascular dis-
ease prevention and that risks of these doses should
be weighed against adverse risks of gastrointestinal
bleeding.

Several different measures of aspirin exposure rep-
resenting dose, duration and timing of the exposure
relating to the outcome were assessed in this paper
and all showed coherent evidence that aspirin was
associated with a reduced occurrence of colorectal
cancer. Analytical methods took into account changes
over time, both in the exposure and in potential con-
founders. Residual confounding, however, is possible
in every study and women taking 14 aspirin tablets
a week may have several important differences from
less regular users. The study power was reasonable,
although was likely limited for some of the specific
estimates calculated. Nevertheless, this remains one
of the largest and longest studies of colorectal cancer
and aspirin, demonstrating how challenging it is to
study disease epidemiology.

There is of course potential for misclassification of
the exposures as these were self-reported by women,
but because of the prospective data collection there
is no reason to think that this may have directly

introduced bias into the study. Follow-up was rea-
sonably complete, and although further information
could have been provided, it seems unlikely that
follow-up bias would have had an important impact
on the results. The authors have thus provided a
complete and balanced conclusion from their data and
analyses.

Of clinical consideration, however, is whether these
results should be applied in current practice and if so,
how and in what population. If we were to apply
this to the whole population to prevent new cases
of colorectal cancer, given a median diagnosis age
of 60–70 years, people now in their 40s or ideally
younger should start regular aspirin use at high doses.
The cohort studied included only female nurses born
between 1935–1970 in the United States, and whilst
the findings may apply to this group, diet and lifestyle
changed considerably over the period of this study.
Colorectal cancer incidence also changed considerably
so whether the findings reflect true chemoprevention
or are related to indication or competing risks is dif-
ficult to answer, even given the clinical and epidemio-
logic rigor that should be awarded to this study.

Summary: 10-point checklist

1 How has the study population been identified and
selected?

� Exposed and unexposed cohorts should be
assessed for similarities and differences other than
the exposure of interest
� All study participants must be at risk of the out-
come.

2 How was the exposure defined and measured?
� Exposures should be clearly defined and measure-
able, with explicit information on exposure timing
� Objective measures should be used where possible.

3 What is the outcome and how was it ascertained?
� Outcomes should be clearly defined and measure-
able, with explicit information on whether they are
first or recurrent events
� Outcomes should be defined, ascertained, and
measured in the same way for exposed and unex-
posed groups
� Outcomes within a reasonable time after an etio-
logic exposure should be considered.

4 How has person-time been dealt with in this study?
� Study entry and exit times must be clearly defined
for all participants
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� Analytical methods incorporating person-time
must be used when there is important variation in
the amount of time participants contribute.

5 What has been done about loss to follow-up?
� Methods to minimize loss to follow-up should be
described
� Impacts of loss to follow-up on study power
should be considered
� Impacts of loss to follow-up on bias should be
considered.

6 What has been done about time-varying exposures
and their effect on the results?
7 Was information about potential confounders col-
lected, and how?

� Potential confounders should be defined, ascer-
tained, measured in the same way for exposed and
unexposed groups
� Confounding should ideally be assessed in study
analyses
� Confounding by indication should be considered
for studies of drug effects.

8 How was the sample size determined, and was the
study large enough to answer the question?
9 Were the data analyzed properly? (What statistics
have been used and how do I interpret them?)

� The measure of effect used should be clearly
described
� All analyses should be justified in relation to the
data used.

10 Were the conclusions properly drawn based on the
results?

Multiple choice questions

1 Which of the following statements is true about the
cohort study design?

A The design is less useful for investigating rare
exposures than for investigating rare outcomes.
B Historical cohort studies do not allow temporal
relationships between exposures and outcomes to
be established.
C Participants are followed over a period of time
to measure incident outcomes.
D Historical cohort studies are particularly prone
to recall-bias.
E The design is useful for studying new events of
disease but cannot be used for studying recurrent
events.

2 In a cohort study loss to follow-up
A affects the study power and can result in bias if it
is different between exposed an unexposed cohorts.
B results in bias only when at least 20 % of the
cohort has been lost to follow-up and there is
a 10 % difference in losses between exposed and
unexposed cohorts.
C is inevitable and always results in follow-up bias
to a certain degree.
D is a result of poor initial recruitment of too few
exposed study subjects.
E can occur as a result of a design flaw where the
follow-up time was too short to allow for the length
of the average disease induction and latency periods.

3 Which of the following is least important to con-
sider in a cohort study?

A Ascertainment bias of the outcome
B Blinding participants to their outcome status
C Confounding
D Blinding researchers to the exposure status
E Selection bias

4 In a cohort study, it is possible to measure
A Disease prevalence
B Odds of disease
C Incidence rates of first occurrence of disease
D Incidence rates of disease
E All of the above

5 Which of the following statements is true about
prospectively collected cohort data?

A Loss to follow-up in a cohort study can be a
result of selection bias or ascertainment bias.
B Loss to follow-up in a cohort study never results
in any study biases.
C It is better, in terms of statistical power, to have
1500 people each followed for 4 years than 2000
people each followed for 3 years.
D 1500 people each followed for 4 years will pro-
vide the same number of person-years as 2000 peo-
ple each followed for 3 years.
E Prospective data must be collected at regular
intervals over the study period.

References

1 Porta M (ed.) (2008) A Dictionary of Epidemiology, 5th
edn, Oxford University Press, Oxford.

2 Power C, Elliott J. Cohort profile: 1958 British birth
cohort (National Child Development Study). Int J Epi-
demiol 2006;35(1):34–41.

28



HOW TO READ A COHORT STUDY

3 Dawber TR, Moore FE, Mann GV. Coronary heart dis-
ease in the Framingham Study. Am J Public Health
Nation’s Health 1957;47(4 Pt 2):4–24.

4 Doll R, Hill AB. The mortality of doctors in relation
to their smoking habits: a preliminary report. Original
publication: BMJ 1954;1(4877):1451–5; reprinted BMJ
2004;328(7455):1529–33.

5 Belanger CF, Hennekens CH, Rosner B, Speizer FE. The
Nurses’ Health Study. Am J Nurs 1978;78(6):1039–40.

6 EPIC – European Prospective Investigation into Cancer
and Nutrition [Internet]. Available from: http://epic.iarc
.fr/ (accessed June 10, 2011).

7 Rothman K. (2002) Epidemiology: An Introduction,
Oxford University Press, New York.

8 Chan AT, Giovannucci EL, Meyerhardt JA, et al.
Long-term use of aspirin and nonsteroidal anti-
inflammatory drugs and risk of colorectal cancer. JAMA
2005;294(8):914–23.

9 Neal KR. Excess mortality rates in a cohort of patients
infected with the hepatitis C virus: a prospective study.
Gut 2007;56(8):1098–104.

10 von Elm E, Altman DG, Egger M, et al. The
Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) statement: guidelines for
reporting observational studies. Lancet 2007;370(9596):
1453–7.

Answers to multiple choice questions

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

29

http://epic.iarc.fr/
http://epic.iarc.fr/


3 How to read a case-control study
Joe West, Laila J. Tata, & Timothy R. Card
Division of Epidemiology and Public Health, University of Nottingham, Nottingham, UK

Key points
� The case-control study has become one of
the most commonly used designs in clinical
medicine but despite its apparent simplicity
close attention to the methods used are needed
to appraise such studies.
� It is an efficient design for studying rare
diseases because study subjects are specifically
selected based on whether or not they have an
outcome of interest.
� The terms ‘case’ and ‘control’ are ubiquitous
in clinical research and readers must recognize
that studies are often incorrectly labeled as case-
control studies, where subjects have not been
selected on an outcome of interest.
� The method of selection of the control popu-
lation in a case-control study is crucial to inter-
preting the reported results.
� Potential impacts of selection bias, ascertain-
ment bias, recall bias, confounding, and chance
should always be considered.

Brief introduction to case-control studies

Case-control studies are an epidemiological study
design used often for the purpose of identifying risk
factors or putative etiological exposures for rare dis-

eases. They have a number of advantages relative to
cohort studies primarily related to efficiency. Often
they can be smaller, less expensive, quicker to con-
duct and easier to analyze, yet despite their apparent
simplicity pitfalls exist when attempting to critically
appraise them. The essential facet of a case-control
study is that cases with a disease or outcome of inter-
est are identified from a population and then, from the
same population, controls who are people without the
disease are also selected. Then it is a matter of mea-
suring the exposures of interest in both groups and
comparing the frequency of occurrence of the expo-
sures among cases with that among controls.

However, to the unwary reader, taking any result
from a case-control study at face value is fraught with
the possibility of mistakenly believing in the finding
of an association as evidence of causality. The lat-
ter interpretation is a leap of faith beyond the ability
of the study design, yet judging the accuracy of any
reported association is not impossible. In this chap-
ter we outline an approach to making that judgment
by using a 10-point checklist and then apply this to
critically appraise a published study [1].

Biases commonly seen in case-control
studies

A bias commonly seen in case-control studies relates
to the selection of cases and controls. Selection bias
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will occur if selection of cases or controls is associated
somehow with one or more of the exposures of inter-
est. The aim when selecting the study population is for
cases to be either all or a random sample of available
cases, and for controls to represent a random sample
of all those who do not have the disease, but would
be cases if they did.

Information bias is always important to consider in
a case-control study. This may arise if information on
exposures is reported or ascertained in a systemati-
cally different way between cases and controls. When
information on exposures is collected after cases have
been identified (which is typical of this design), this
takes the form of recall bias because participants must
recall past exposures. Collecting information on past
exposures without bias being introduced is challeng-
ing but can be achieved.

10-Point checklist of important
issues when reading a report of
a case-control study

Chapter 2 on cohort studies covers many aspects that
are pertinent to the understanding and appraisal of
case-control studies. Here, we focus on the issues we
consider most crucial to forming an opinion of the
methodological quality of a case-control study and the
accuracy of its findings. In addition to our checklist
below there are many places to read about the design
and reporting of case-control studies and their evalu-
ation. We recommend both the introductory chapter
to Breslow and Day’s IARC publication on the sub-
ject of case-control studies written by Philip Cole, and
the STROBE guidelines for reporting observational
studies with the accompanying explanatory article
[2,3].
1 How were cases selected for the study?

� Cases should be clearly and consistently defined
and identified

It is crucial that the paper reports in detail how the
cases were defined and identified as this gives the
reader the opportunity to judge how representative
the cases included in the study are of all cases of the
disease in the target population. Cases can be identi-
fied in a number of different ways, for example clini-
cal diagnoses, self-report, laboratory tests, death cer-
tificate, or from registries such as those of cancer. If

possible, it is best if an objective measure of disease
is used, for example consistent clinical criteria rather
than self-report – that is, abnormal small bowel biopsy
for celiac disease as opposed to self-report of having
the disease.

Most case-control studies of chronic disease study
new cases of disease, that is, incident cases. An alter-
native approach is to study prevalent cases; how-
ever, these may not be a good representation of all
cases from the population as for a disease with high
mortality, long-term survivors will be overrepresented
among prevalent cases and they may be different from
those who died earlier in some way that is related to
the outcome of interest. Furthermore, prevalent cases
may have altered their behavior since diagnosis ren-
dering their exposures unrepresentative of those prior
to disease onset.

A separate problem in case selection relates to gen-
eralizability. Cases selected from secondary or tertiary
care, for example, are likely to be at the severe end of a
disease spectrum while cases identified from primary
care or from the general population are more likely
to represent the full range of disease severity. Find-
ings from hospital populations may only therefore be
generalizable to similar populations.

� Any exclusion criteria should be described with
sound reasoning that does not introduce bias

Once the cases have been selected many studies end up
excluding people from the analyses carried out. Such
exclusions inevitably change the population studied
and should be justified. Careful scrutiny of any exclu-
sions is recommended as, following exclusions, a
biased case series may remain.
2 From which population were the controls selected?
Controls for any case-control study must be drawn
from the same population that the cases were obtained
from. By this we mean that if a control were to
develop the disease of interest, they should be able to
become a case by being identified and included in the
study.

� How were the controls defined, identified, and
included?

A control should not have the disease of interest being
studied at the time they are identified and included in
the study. Ideally this should be verified in a similar
way to case verification with a result of a negative
test (e.g. normal small bowel biopsy to rule out celiac
disease), but practically, for clinical studies, controls

31



CHAPTER 3

cannot for ethical and expense reasons undergo the
same scrutiny of verification. Not presenting clinically
is therefore usually accepted as the definition of not
having the disease. However, by scrutinizing the defi-
nition, identification, and inclusion criteria of controls
readers may be able to identify evidence of selection
bias. A classic example of such selection bias is from
the use of hospital controls. If when studying upper
gastrointestinal bleeding controls had been recruited
exclusively from a cardiology clinic, then they would
be far more likely than the general population to be
taking aspirin, and hence any risk of taking this drug
might be minimized.

� Were any of the potential controls excluded and
if so why?

Exclusion criteria for controls should be the same as
for cases. If this is not done then a study may find
a spurious association between being a case and the
exposure.
3 How do the cases and controls compare to one
another?
Before assessing the exposure, comparisons between
cases and controls should be made for important base-
line characteristics such as age and sex. Often cases
and controls have very different or very similar char-
acteristics and these situations result in different chal-
lenges in the interpretation of the study.

� If cases and controls are different consider how
this will affect the study?

If controls are very different to cases for a certain char-
acteristic, for example if they are on average 10 years
older, the risk of exposure may also be different due
to this characteristic. If an association is then found
between the exposure and outcome of interest, it is
important to recognize that this may simply have been
due to the difference in age. This may occur for several
characteristics so it is important that authors describe
characteristics that could possibly be associated with
the exposure or the disease. In general these problems
can be handled by statistical adjustment; however, this
requires that there is enough data. In one specific cir-
cumstance this will not be available. If cases and con-
trols are differently distributed with respect to some
nominal potential confounder (such as, for example,
race), to such an extent that there are categories which
contain many cases and no or almost no controls (or
vice versa), then statistical techniques will be unable
to correct for confounding.

� If cases and controls were similar how was this
achieved? Consider how this will affect the analysis
and interpretation of the study

If cases and controls are very similar, for example
in terms of their age, this may have been achieved
through a design feature called “matching”. This tech-
nique is used in an attempt to ensure that cases and
controls are similar for some important variables (such
as age and sex) that could potentially distort an associ-
ation between an exposure and outcome (i.e. potential
confounders). It is commonly assumed that the reason
for matching is that if controls are matched for fac-
tors which are considered potential confounders of
the relationship under study, for example age, then
this should minimize the effect of the confounding.
However, in general, confounding can be controlled
for in analysis. The main advantage of matching is
that it can improve efficiency. If one compares a
group of mainly young adult cases with controls of
all ages, then more controls are required (to pro-
vide the additional data to permit correction for con-
founding) than if only controls of similar age are
used. Matching can be carried out on an individ-
ual basis whereby one or more controls are selected
that closely matches the age of a single case. Alter-
natively, frequency matching is performed whereby
a number of controls are randomly selected from
a pool of potential controls of the same age stra-
tum. Each method requires a different approach to
analysis [4].

It is important that the report describes in some
detail the variables used to match and the rationale
behind their choices, the process by which this was
done, and whether the matching has resulted in a
representative control group. The main problem with
matching is that if too many criteria are required to
find a “matched” control, this can lead to the exclu-
sion of a large number of potential controls possibly
in a biased manner. For example, if age, sex, socioe-
conomic status, and smoking status are all considered
necessary to be matched for in a study but the data
on the latter two variables is not complete for many
of the potential controls, then selection bias could be
introduced in the control selection.

Finally, we should consider the possibility that one
of the matching variables is itself too closely linked
to exposure in such a way that variability in expo-
sure is lost (overmatching). If in a study of upper
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gastrointestinal bleeding we matched on the presence
of ischemic heart disease then each case with ischemic
heart disease would have controls with ischemic heart
disease. As aspirin use would be very common in sub-
jects with ischemic heart disease (and this is a com-
mon comorbidity in people of the age group who
have upper gastrointestinal bleeding), we would be
artificially constraining the exposure to be the same
between cases and controls, and so hiding any effect
of aspirin.
4 What is the exposure (or exposures) and how was
it measured?
Case-control studies do not have to be restricted to
studying only one exposure. Many exposures can be
studied but it is crucial that all are clearly defined and
measurable.

� Exposures should be defined, ascertained, and
measured in the same way for cases and controls

If there are systematic differences between cases and
controls in terms of exposure measurement then this
could introduce information bias into the study.

� Explicit information should be provided on
when exposures were measured and when they
occurred

For an exposure to cause an outcome it must precede
it; that is, an exposure must act prior to disease onset
if it is causal. Hence when studying risk factors, we are
often interested in exposures that occurred sometime
in the past. The timing of some exposure onsets, for
example obesity or smoking, however, may be diffi-
cult to measure in retrospect, and so for the reader it
is important to consider how well the measured expo-
sure represents the exposure present in the period dur-
ing which it is thought to act.
5 What has been done to minimize bias?
Aside from the biases already discussed in relation
to the selection of cases and controls and measure-
ment of exposure there are other biases that can affect
a case-control study. Particularly important in this
study design are recall bias and ascertainment bias.
It is intuitive to think that a person having just been
diagnosed with a condition will scrutinize their past
exposures more than a control individual who is cur-
rently healthy, and therefore report them differently
when asked to recall them. Equally, in the process of
being diagnosed, a case recording of potential expo-
sures in the medical record may be more complete than
for healthy controls (i.e. better ascertained). Minimiz-

ing these biases requires careful attention to detail in
the method of exposure measurement to ensure that
any likelihood of over- or underestimating the preva-
lence of an exposure in cases is decreased. One way
of doing this is, if practically possible, blinding the
researcher to the status of the study subjects such that
they do not know if they are collecting exposure infor-
mation on a case or on a control.
6 What has been done to minimize the problem of
reverse causality?
Reverse causality occurs when an association is found
between an exposure and an outcome in a case-control
study not because the exposure caused the outcome,
but because the outcome caused the exposure. In
cohort studies where exposures are measured before
outcomes this should not happen, but since in a case-
control study information may be collected at or after
the time of diagnosis of disease, it is clearly possible.
Strategies to avoid this problem could include a retro-
spective review of records from before the occurrence
of disease to assess exposure.
7 Was information about potential confounders col-
lected, and how?
Information on potential confounders should be
clearly defined and comprehensively ascertained along
similar principles to collection of exposure data.

� Potential confounders should be defined, ascer-
tained, measured in the same way for cases and
controls

Procedures to identify confounders should be identical
for all study participants to avoid any biases between
cases and controls. Objective measures should be
used if possible. As with exposures, confounders may
change over time, which should be considered when
interpreting the study.

� Confounding should ideally be assessed in study
analyses

Numerical data on the distribution of potential con-
founders should be presented and assessed in the cases
and controls, and incorporated into multivariate anal-
yses with appropriate reasoning. The effect on the
estimates of association of any confounding factors
should be reported and explained.

� Confounding by indication should be considered
for studies of drug effects

A particular type of confounding, confounding by
indication, should also be considered when a drug
of interest could be used to treat early symptoms of
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the disease that defines case status. This may be mis-
taken for an association between the drug and the
outcome.
8 How was the sample size determined and was the
study large enough to answer the question?
If a study is underpowered, then if no association is
found there is a risk of a type 2 error, that is, find-
ing an absence of association falsely. The number
of cases and controls in the study and the number
and frequency of exposures all contribute to the study
power. While sample size calculations are useful, each
one is only relevant to a specific exposure-outcome
combination. Hence in a study with several exposures
or with subgroup analyses, the power of these com-
parisons cannot be adequately described by a single
calculation for a primary exposure-outcome relation-
ship. In case-control studies there is an added compli-
cation in matched designs where the number of dis-
cordant pairs is of critical importance as only those
matched pairs where there is a difference in exposure
will contribute to a multivariate analysis. As read-
ers we therefore need to gain indications of power
from more than one source. Beyond the power calcu-
lation we should look at overall numbers of cases,
controls, and exposure frequency, and in matched
designs also at numbers of discordant pairs. We
should also consider the size of confidence intervals
around effect estimates. Where these are wide, power
is low.
9 Were the data analyzed properly? (What statistics
have been used and how do I interpret them?)
The most common measure of effect used in a
case-control study is now an odds ratio due partly
to its useful mathematical properties and relatively
easy interpretation. Numerous other measures of
effect have been reported in case-control studies over
the years, but we will not consider them further
here [4].

� All analyses should be appropriate to the data
used

A common error is not using the correct matched anal-
ysis technique despite a matched design. Failure to do
so can mean that variation due to matching variables
can, despite the matched design, distort the effect esti-
mates. In an individually matched study therefore we
should check that appropriate statistical techniques
have been used. These may include paired t-tests for
means, McNemar’s test for proportions and condi-
tional logistic regression for multivariate modeling.

Frequency matching is analyzed more appropriately
as if matching had not taken place.

� The handling of missing data should be described
appropriately

Exclusion of those with missing data from studies
can cause bias. Such exclusions happen not only at
the design stage but also in analysis if subjects with
missing data are excluded, and so the handling of
missing data should be described in the statistical
methods.

� The reporting of results should include numbers
of subjects, unadjusted and if relevant adjusted
estimates of effect

As outlined above the power of different parts of
the study is not constant and the presence of appar-
ent confounding can have more than one explana-
tion. For a reader to interpret results therefore they
must consider for themselves the numbers of sub-
jects involved, and those exposed both to the pri-
mary exposure and confounding factors, and also
the effect of correcting for these confounders. To
fully interpret power we also need to consider the
precision of effect estimates and so some mea-
sure of this such as a 95 % confidence interval is
required.
10 Were the conclusions properly drawn based on the
results?
Having read a study carefully the reader should be able
to come to some view of the strengths and weaknesses
of it and what the results mean. This should permit a
critical consideration of the conclusions drawn by the
authors.

Case study: Critical evaluation of a
case-control study “Effect of aspirin
and NSAIDs on risk and survival
from colorectal cancer”

The paper by Din et al. [1] describes a population-
based case-control study of colorectal cancer car-
ried out in Scotland, UK to assess the risk of devel-
oping colorectal cancer if a person had previously
taken aspirin or nonsteroidal anti-inflammatory drugs
(NSAIDs). They reported that:
� the lowest daily dose of aspirin, 75 mg, reduces the
incidence of colorectal cancer;
� the reduction in colorectal cancer incidence is evi-
dent after only 5 years’ use;
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� the protective effect is apparent in the general pop-
ulation and not just in high-risk groups.
1 How were cases selected for the study?

� Cases should be clearly and consistently defined
and identified

Cases were defined as all incident cases of colorectal
cancer between the ages of 16 and 79 presenting to
surgical units in Scotland (it is not clear during what
time period). The report states that the study only
recruited approximately 45 % of all incident cases
that arose in Scotland during their study period so
it is possible that some selection bias occurred if those
presenting were in some way more or less likely to
report taking aspirin or NSAIDs. Of those identified
only 52 % agreed to participate, and of those only
82 % completed questionnaires sufficiently to permit
analysis.

It may be that these findings are therefore only gen-
eralizable to those who were recruited and included in
the study, namely those presenting to surgical units.
We do not know from this report the differences
between the study population and the entire set of
incident colorectal cancers that occurred particularly
by age, sex, and stage of disease. This could have been
provided as presumably it would have been available
from the relevant cancer registry.

� Any exclusion criteria should be described with
sound reasoning that does not introduce bias

Exclusion criteria were death prior to ascertainment,
inability to consent or complete questionnaires. This
suggests that those with the most severe disease, that
is, Dukes D or metastatic disease, will have been
excluded from the study. The rationale is sensible (as
recruiting dead people in a questionnaire-based study
is impossible, yet medical records could have been
sought to ascertain exposures). Furthermore, only par-
ticipants who fully completed the questionnaire were
included for analysis.

Bias and restricted generalizability could have been
introduced by these decisions but there is no informa-
tion presented in the paper to confirm or refute this.
2 From which population were the controls selected?
Controls were identified from a population-based reg-
ister. Details of this are not provided in the report.

� How were the controls defined, identified, and
included?

Controls were selected during the same time period as
cases and were randomly drawn from a population-
based register. Controls were matched to cases on age

( + /− 1 year), sex, and residential area. Only 39 % of
identified controls agreed to participate and of those
97 % completed questionnaires sufficiently to permit
analysis.

� Were any of the potential controls excluded and
if so why?

There were no reported exclusion criteria for controls;
however, only participants who fully completed the
questionnaire were included for analysis. It is notable
that while 97 % of controls met this criterion only
82 % of cases did. The 61 % of controls who effec-
tively self-excluded themselves, however, do provide
an opportunity for introducing bias into the study. If
the participating control group were “more healthy”
than the general population and therefore less likely
to take aspirin or NSAIDs, this would have led to an
underestimate of the effect of the drug.
3 How do the cases and controls compare to one
another?
Cases and controls had some important differences
and similarities. Despite matching on age the con-
trols were older (statistically significantly so) presum-
ably due to the differential participation. Otherwise
both sex and deprivation (linked strongly to residen-
tial area) were very similar. In the nonmatched vari-
ables the controls were more physically active, smoked
slightly less, consumed less energy, and drank similar
amounts of alcohol.

� If cases and controls are different consider how
this will affect the study?

Most of the differences in this study were of a small
magnitude although the difference in age could have
affected the study. Older people are more likely to
have been prescribed or take aspirin or NSAIDs and
so this could have led to an overestimate of the effect
of the drugs.

� If cases and controls were similar how was this
achieved? Consider how this will affect the analysis
and interpretation of the study

The similarities between cases and controls in terms
of sex, residential area (deprivation score) in this
study are due to individual matching and this can
be seen by the distribution of these characteristics
in the case and control populations described in
Table 1.
4 What is the exposure (or exposures) and how was
it measured?
The main exposure of interest was aspirin and NSAID
use. Participants completed a lifestyle and cancer
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information questionnaire reporting their exposures
1 year prior to diagnosis (for cases) or recruitment
(for controls). Intake of aspirin, other NSAIDs and
analgesics were reported. For those reporting regular
drug use, the date of drug commencement, number of
months, and number of days per week ingested was
recorded.
5 What has been done to minimize bias?
Little was done to assess or minimize bias in the expo-
sure measurement, for example no attempt was made
to verify reported drug use with medical prescriptions
for these drugs. Given that the majority of participants
were over 55 years of age it would be expected that
a proportion of the reported drug use will have been
medically prescribed.
6 What has been done to minimize the problem of
reverse causality?
The report states that exposures were reported 1 year
prior to either diagnosis or recruitment which should
have avoided the problem of reverse causality; how-
ever this relied on good recall of exposures.
7 Was information about potential confounders col-
lected, and how?

� Potential confounders should be defined, ascer-
tained, measured in the same way for cases and
controls

Information on confounders appeared to be measured
in the same way for cases and controls.

� Confounding should ideally be assessed in study
analyses

Numerical data on the distribution of potential con-
founders were presented and assessed in the cases and
controls and were incorporated into multivariate anal-
yses. There were changes in the effect estimates follow-
ing adjustment but these were not explained.

� Confounding by indication should be considered
for studies of drug effects

It is possible that greater than 1 year prior to diagnosis
a change in the prescription of analgesics occurred in
the cases due to symptoms related to the disease (i.e.
colorectal cancer). If so, that may have led to a reduc-
tion in the use of aspirin or NSAIDs and greater use
of other analgesics. It is difficult to predict whether
this did happen or not, and if so, what the effect this
would have had on the study findings. This informa-
tion was reportedly collected but is not presented for
assessment in the results of the study.
8 How was the sample size determined and was the
study large enough to answer the question?

There was no formal approach to determining sam-
ple size presented in the report and multiple compar-
isons have been made in the analysis. Aside from the
ever versus never comparisons the confidence intervals
around the point estimates are wide indicating that for
these analyses power was somewhat low.
9 Were the data analyzed properly? (What statistics
have been used and how do I interpret them?)

� All analyses should be appropriate to the data
used

In this study an incorrect analysis has been carried
out with respect to the matched design. As the cases
and controls were individually matched the authors
should have used McNemar’s test to assess the associ-
ations between exposures and case or control status.
In the multivariate or adjusted analysis a conditional
logistic regression model was not, but should have
been, used. It is difficult to speculate on the impact of
this choice of analysis as in the model used all of the
matching factors have been inappropriately included.
In addition, despite matching there was an important
age difference between cases and controls.

� The handling of missing data should be described
and appropriate

It appears that the analysis has only included those
participants with complete questionnaire information
(as described in points 1 and 2 above). We do not
know therefore the effect of excluding individuals with
missing data from the analysis.

� The reporting of results should include numbers
of subjects, unadjusted and if relevant adjusted
estimates of effect

The report does include this information.
10 Were the conclusions properly drawn based on the
results?
The report concludes that aspirin confers a protec-
tive effect against the development of colorectal can-
cer with low dose aspirin after only 5 years of use in
the general population. While this reflects the results
presented in the report, there are enough concerns
regarding the population studied, exposure measure-
ment, and analysis carried out that the reader should
be cautious in accepting the veracity of the authors’
conclusion. Particular concerns are the difference in
participation of the identified cases and controls (thus
possible selection bias), the difference in age of the
cases and controls, the inappropriate statistical analy-
sis, and the lack of a clear dose-response relationship
with duration of exposure. However, the results are
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broadly in concordance with the other observational
literature on this subject.

10-Point checklist of important issues
when reading a report of a case-control
study

1 How were cases selected for the study?
� Cases should be clearly and consistently defined
and identified
� Any exclusion criteria should be described with
sound reasoning that does not introduce bias.

2 From which population were the controls selected?
� How were the controls defined, identified, and
included?
� Were any of the potential controls excluded and if
so why?

3 How do the cases and controls compare to one
another?

� If cases and controls are different consider how
this will affect the study
� If cases and controls were similar how was this
achieved? Consider how this will affect the analysis
and interpretation of the study.

4 What is the exposure (or exposures) and how was it
measured?

� Exposures should be defined, ascertained, and
measured in the same way for cases and controls
� Explicit information should be provided on when
exposures were measured and when they occurred.

5 What has been done to minimize bias?
6 What has been done to minimize the problem of
reverse causality?
7 Was information about potential confounders col-
lected and how?

� Potential confounders should be defined, ascer-
tained, measured in the same way for cases and con-
trols
� Confounding should ideally be assessed in study
analyses
� Confounding by indication should be considered
for studies of drug effects.

8 How was the sample size determined and was the
study large enough to answer the question?
9 Were the data analyzed properly? (What statistics
have been used and how do I interpret them?)

� All analyses should be appropriate to the data used
� The handling of missing data should be described
appropriately

� The reporting of results should include numbers
of subjects, unadjusted and if relevant adjusted esti-
mates of effect.

10 Were the conclusions properly drawn based on the
results?

Multiple choice questions

1 Which of the following statements is true about the
case-control study design?

A The design is not prone to selection bias because
cases are selected first.
B The design is useful for investigating population
risk factors for rare outcomes.
C Exposures are always measured before study
outcomes have occurred.
D Temporal relationships between exposure and
the outcome can always be studied.
E The design is useful for studying incidence rates
of newly occurring rare disease.

2 Which of the following is not important to consider
in a case-control study?

A Recall bias
B Confounding
C Bias resulting from loss to follow-up
D Blinding researchers to the outcome status
E Selection bias

3 Subjects are selected for inclusion in a case-control
study

A based on whether they are free of an exposure
B based on whether they do not have an interven-
tion
C based on whether they have an intervention
D based on their exposure status.
E based on their outcome status

4 Which of the following statements is true about
matched case-control studies?

A Matched case-control studies are an efficient
study design.
B Controls should not have the outcome of
interest.
C Controls can be matched to cases on variables
that are potential confounders.
D Only one control can be matched to each case.
E The analysis should take account of the matched
design.
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4 How to read a randomized
controlled clinical trial
Matthew J. Grainge
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Key points
� The principle behind an RCT is to eliminate
confounding which is unavoidable in obser-
vational studies by ensuring that on average
allocation groups are the same with respect to
factors that could potentially influence the out-
come of a study.
� Despite this advantage empirical evidence has
shown that the absence of double blinding and
failure to conceal allocation sequences in RCTs
can both bias results away from the null by 30 %
or more.
� Published trial reports also contain instances
where investigators have misled through several
mechanisms including inappropriate choices of
comparison group and selective reporting of
outcome measures.
� Greater emphasis on compulsory pre-
registration of clinical trials and publication
of trial protocols will inevitably lead to future
improvements in the quality of trial conduct and
reporting.

Brief introduction to randomized
controlled trials

The randomized controlled trial (RCT) has become
ubiquitously recognized as the gold-standard study
design in clinical research. Evidence-based guidelines
weight their recommendations heavily on the basis
of data from RCTs at the expense of those that
use alternative designs, whilst the well-established
Cochrane collaboration relies almost solely on RCT
data when commissioning reviews on the effective-
ness of healthcare interventions. However, the qual-
ity of RCTs (both in terms of design, execution, and
quality of reporting) vary considerably, and the ques-
tion of whether a poorly designed and executed RCT
can be considered more reliable than a high-quality
observational study on the same topic is frequently
debated with little consensus. Whilst it is undoubted
that RCTs provide the highest level of evidence over-
all, when empirical evidence has shown that on aver-
age, the absence of double blinding and failure to con-
ceal allocation sequences both bias treatment effects
away from the null by 30 % or more [1–3], it becomes
more difficult to argue the case that an RCT will
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always provide higher quality evidence than its obser-
vational counterpart in every circumstance. In this
chapter an approach to evaluating the quality of RCTs
will be provided through use of a 10-point check list.
This will then be used to appraise a research paper in
an area of gastrointestinal cancer which has received
much publicity over the past two decades.

Biases commonly seen in randomized
controlled trials

The principle behind the RCT is simple, to eliminate
confounding which is unavoidable in observational
studies by ensuring that on average allocation groups
are the same with respect to factors that could poten-
tially influence the outcome of a study. Since the first
RCT of streptomycin in the treatment of pulmonary
tuberculosis reported in 1948 [4], the principle of ran-
domization has been used effectively to provide the
highest quality research evidence across all clinical
specialties (the first recognized clinical trial in the dis-
cipline of Gastroenterology was published in 1955)
[5]. However, this advantage can be compromised
by errors in the design, conduct, data analysis, and
reporting of a trial, prompting the need for greater
critical awareness of RCT by those responsible for
synthesizing evidence from RCTs and among those
who put evidence they provide into practice [6]. We
can broadly distinguish these methodological issues
into those of internal and external validity. Internal
validity relates to the extent to which bias is avoided
in a clinical trial; this includes selection, performance
and attrition bias as discussed later. External validity
refers to whether results can be generalized to differ-
ent groups, on the basis of factors such as age, gender,
and severity of disease. Internal validity is a prerequi-
site for external validity but not vice versa [7].

The issue of human nature and fallibility creates the
first set of problems when evaluating evidence from
RCTs. Study investigators are able to manipulate the
evidence (or cheat) by choosing an inappropriate com-
parison group, using a comparator at the wrong dose
(for a drug trial), or carrying out the trial in a group of
patients where the comparator is known to be ineffec-
tive or problematic (Hywel Williams, personal com-
munication, 2011). Even when intentions are good,
errors such as a poor choice of intervention period
could also hamper a trial even before the first patient

is recruited. These basic design factors alongside the
more detailed items discussed below create a multi-
tude of problems when it comes to making judgments
on the “value” one should place on the results from
an individual trial.

However, there is good news in that the quality of
RCT conduct and reporting has improved in recent
years for a couple of notable reasons. First, there has
been a greater emphasis on preregistration of clinical
trials and for trial protocols to be published, with some
leading general medical journals no longer considering
RCT reports unless these conditions are met [8,9].
Second has been the requirement by all major journals
that results of RCTs should be reported according to
the CONSORT guidelines which were initiated in the
1990s to improve the reporting of RCTs [10].

In the checklist below, we assume the RCT being
assessed is a two-arm parallel group trial comparing
an intervention of interest with either an active (e.g.
an existing intervention) or nonactive (e.g. placebo in
a drug trial) comparator. Many of the principles and
issues outlined below, however, should readily apply
to other types of RCT.

10-Point checklist for evaluating a
clinical trial

1 How was the allocation sequence generated, and
was this adequately concealed?
A successful randomization scheme is one which
guards against selection bias. Use of a computer algo-
rithm and random number tables are both accept-
able methods of allocating patients to a treatment.
As long as the assignment cannot be predicted in
advance then the method is adequate. In practice a pre-
specified sequence of treatment allocations is gener-
ated in advance of the first patient being recruited into
the trial. If this sequence becomes known to recruit-
ing clinicians, then the decision to recruit a patient (or
level of coercion they apply on participants to consent)
could be influenced by the treatment they will receive.
As a result patients with better prognosis could be
directed to the experimental group and those with
worse prognosis the placebo group, or vice versa [7].

A central telephone or internet-based randomiza-
tion service is often used in multicentre trials or those
which are carried out in collaboration with specialist
clinical trials units to enable concealment of treatment
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allocations. Even smaller trials or those where central
randomization is not possible, can ensure allocation
concealment by use of sealed, opaque envelopes, or by
having the allocation sequence generated by a phar-
macy which then administers the treatments in bottles
or packets that are identical in weight and appearance.
The important thing is that unlike double-blinding,
concealment of allocation is always possible [11].
2 Were participants and study personnel blinded?
Blinding (or masking) is easiest to implement in
placebo-controlled drug trials where placebo tablets
can be manufactured to be identical in appearance to
the active treatment. An open trial is where there is
no blinding. Single blinding is when either the patient
or outcome assessor knows which treatment is being
received. Double blinding is when both are unaware.
If the treating clinician(s) is also unaware of the treat-
ment and is distinct from the person(s) who assesses
outcome, this is sometimes termed triple blinding,
although the terminology used here is not consistent
[12]. Even when a trial report states that the study
was double blind this is not a guarantee that blind-
ing has been maintained. Where treatments have com-
mon and well-recognized side effects, blinding could
be removed for a considerable proportion of partici-
pants. If blinding was not successfully maintained or
where blinding is not possible such as in trials of sur-
gical or lifestyle interventions, results are open to both
performance and detection bias [7] (see point 7) and
the implications of this should be discussed.
3 How many participants were lost to follow-up?
Failure to obtain follow-up data on randomized par-
ticipants (attrition bias) is a concern for RCTs. Miss-
ing outcome data for more than 20 % of randomized
patients is considered to be high enough to cause a
considerable risk of bias [13]. Drop-out in a trial is
likely to relate both to the intervention being received
and factors related to outcome and as such the benefits
of randomization in alleviating confounded treatment
group comparisons will be eradicated [14,15]. Even if
overall drop-out rates do not differ between interven-
tion arms, reasons for withdrawal could still differ.

It is important therefore that the number of patients
lost to follow-up in each intervention arm is clearly
reported, along with how they are dealt with in the
statistical analysis. Under the principal of intention to
treat, all patients should be analyzed in the groups
to which they were assigned, and furthermore, all
patients should contribute data to the analysis of the

primary outcome. If patients with missing outcomes
were excluded from the trial analysis, then an “avail-
able case” rather than full “intention to treat” analysis
has been carried out, and the implications for attrition
bias should be discussed [16].
4 Was the study population well defined?
Having a clearly defined study group and limiting the
number of exclusion criteria employed will positively
impact on the external validity of the trial. In pharma-
ceutical drug trials, inclusion and exclusion criteria are
carefully instigated to target patients with a particular
condition who would benefit most from the proposed
intervention and be most likely to comply with study
treatment and medication. The nature of the exclu-
sion criteria will be specific to the circumstances of an
individual trial. Exclusion criteria should be employed
to ensure the trial does not include participants who
(i) do not have the disease under investigation using
clearly defined criteria (or who have the study end-
point at baseline in the case of primary prevention
trials), (ii) have need to take either of the study inter-
ventions, (iii) have contraindications to either of the
interventions, (iv) are unlikely to comply with either of
the interventions. Extensive exclusion criteria which
do not fit with the above should be viewed with some
skepticism.
5 Was the intervention(s) administered correctly and
appropriately?
The trial report should confirm whether interven-
tion(s) were fully delivered to participants as described
in the protocol. In the absence of blinding, there is the
potential for patients in each group to be treated differ-
ently aside from the randomized intervention (perfor-
mance bias) [7]. For example, if patients in the active
intervention arm received more GP or healthcare vis-
its, or a greater number of telephone contacts from
members of the research team, or if measures intro-
duced to improve patient compliance were not identi-
cal between the study arms.
6 Were intervention groups comparable at baseline?
Given that the point of randomization is to remove
any systematic imbalances, we would hope the answer
is yes (conditional on the important assumption that
there were no problems with the generation and
concealment of the allocation sequence). Therefore,
this is arguably the one item on this checklist on
which critical appraisers lavish too much attention.
However, chance imbalances can occur. These should
not be assessed by statistical testing to compare
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intervention arms with regards to baseline factors,
but instead statistical adjustment should be made for
variables defined a priori as important prognostic
factors and this is both acceptable and encouraged.
As well as removing any chance imbalances that exist
for these variables, such adjustment has been shown
to increase the precision of treatment effects, and this
holds equally for binary, continuous, and survival
outcomes [17,18].
7 Were outcome measures suitable and valid?
Trial outcomes measures should be clinically mean-
ingful, validated, and easily measureable. In practice,
the first of these is the most difficult to achieve due
to the abundance of surrogate outcome measures that
are often available to trialists in contrast to the chal-
lenges of identifying objective evidence of new occur-
rences of disease. The effectiveness of an osteoporo-
sis drug, for instance, can be established with smaller
numbers of patients followed up for shorter periods of
time if bone mineral density, rather than the more clin-
ically important, but far rarer, outcome of hip fracture
is used. The utility of a surrogate endpoint is consider-
ably enhanced if it can be established that it provides
a plausible and consistent dose–response link with the
development or progression of disease [19].

The appropriate use of objective versus subjective
outcome measures also needs consideration. Objec-
tive outcome measures are naturally encouraged as
they are less prone to some forms of bias (specifically
detection bias). However, this needs to be balanced
against the need for outcomes relating to patient satis-
faction and quality of life, which by their very nature
are more subjective. Finally, were the primary out-
come(s) identical to those in the study protocol? It is
perhaps not too cynical to believe that the literature
contains trials where the “original” primary outcome
has been given reduced prominence in a trial report or
even omitted from this completely because it failed to
reach statistical significance. Such a practice is at best
misleading and at worse cheating.
8 Was the sample size adequate and were the data
analyzed properly? (What statistics have been used
and how do I interpret them?)
All RCT reports should contain a sample size calcula-
tion and these should contain the following four com-
ponents: alpha, beta (or power), control group infor-
mation (estimated event rate or standard deviation),
and the minimum treatment difference deemed to be
clinically important. Even in trials published in high

impact general medical journals, this key information
is frequently missing [20]. Furthermore, discrepancies
in sample size estimates and assumptions often exist
between the trial report and the original protocol [21].
Sample size calculations are usually based solely on a
single primary outcome. If the trial investigators have
placed equal emphasis on multiple outcome measures
then the sample size calculation should reflect this (e.g.
using alpha = 0.01 to account for multiple significance
testing).

Careful scrutiny is required of how results are pre-
sented in the trial report as this is where investigators
have more opportunities to cheat. For example, claim-
ing that a treatment doubles cure rate is not quite so
impressive when in fact this represents an increase
from 1 % to 2 % (Hywel Williams, personal commu-
nication, 2011). Absolute event (or cure) rates should
be presented in addition to any measures of relative
effect. Finally, make sure that all the great work car-
ried out by a study team over a large number of years
has not been let down by basic errors when it comes to
data analysis. A few pitfalls to look for when it comes
to analyzing data from trials are listed in Table 4.1.
9 CONSORT: have the results been reported follow-
ing these guidelines?
Improved reporting of RCTs allows assessments of
trial reporting and trial conduct to be more syn-
onymous. The CONSORT (CONsolidated Standards
of Reporting Trials) statement was first released in
1996 to ensure adequate reporting of RCT results
[22] and with updated versions released in 2001 and
2010 [10,23]. All leading general medical journals and
many specialty journals now request that all RCTs
are reported according to the CONSORT criteria.
CONSORT items are chosen to focus exclusively on
factors that influence the risk of bias, and as such tally
closely with the items discussed in the present chapter.
Whilst a CONSORT checklist is an invaluable tool to
have at hand when reading a trial report, the equally
important role of intuition when assessing trial litera-
ture should not be overlooked.
10 Were the conclusions properly drawn based on the
results?
By properly drawn we mean do they fully take account
of any limitations inherent in the design and conduct
of the trial as well as the results. The medical profes-
sion and media are naturally more excited about the
findings of the trial rather than any key methodolog-
ical deficiencies, so authors have a responsibility to

42



HOW TO READ A RANDOMIZED CONTROLLED CLINICAL TRIAL

Table 4.1 Statistical pitfalls to be avoided in the analysis of RCTs

1. Were participants randomized on
the basis of cluster rather than
individually?

Where randomization takes place according to cluster (e.g. schools or general
practices) but outcomes were obtained for individuals, this should be
accounted for in the analysis. Standard errors of treatment comparisons
need to be modified to reflect the correlation of responses within cluster.

2. Were model assumptions checked? In particular for time-to-event outcomes, violation of the proportional hazards
assumption should be tested for. A treatment may be effective shortly after
intervention but less so long term.

3. Were interim analyses carried out? These are sometimes are included in a trial protocol so that a trial can be
stopped early if the intervention is clearly effective (or harmful). There is,
however, a formal requirement to reduce alpha levels in this instance due to
the repeated testing of the primary hypothesis.

4. Does the trial make repeated
outcome assessments over time?

If so, were appropriate analyses to take account of repeated measures used, or
was the analysis only carried out at a single point in time (wasteful of data)
or are repeated cross-sectional analyses performed at every time point
(multiple significance testing).

5. For a continuous outcome
measures (e.g. blood pressure,
body mass index) were baseline
values adjusted for?

This is necessary to increase the precision of treatment effects and correct for
any chance baseline imbalance (see item 6 in check list).

temper any conclusions as appropriate to ensure that
the reader is not misled. A key concern here is ensur-
ing that “positive results” do not receive too much
attention at the expense of the overall finding (the
primary outcome measure). Similar caution should be
directed towards subgroup analyses, for example that
no significant result was found overall, but the treat-
ment was effective for men aged under 30 born under
the star sign of Leo. Subgroup analyses can present
all manner of problems with respect to interpretation,
due to a toxic mix of type I and type II error. They
will cause the introduction of multiple comparisons
(thus the need to adjust the alpha level) and almost
inevitably pre-study sample size calculations will be
based on the entire trial group, leaving analyses carried
out on subsets of trial participants woefully under-
powered. Subgroup analyses should therefore always
be pre-specified in the original trial protocol.

Case study: Critical evaluation example

The Women’s Health Study (WHS) was a primary,
placebo-controlled, 2 × 2 factorial trial evaluating the
effects of low-dose aspirin (100 mg every other day)
and vitamin E (600 IU every other day) in a cohort
of 39,786 healthy US female healthcare profession-

als [24]. The primary outcome was the occurrence of
any major cardiovascular event; however, total can-
cer was an important secondary endpoint, and of the
specific cancers studied, the a priori evidence for a
protective effect was arguably strongest for colorectal
cancer (CRC). Only results from the aspirin compo-
nent of the trial were reported in the paper (i.e. results
were pooled over the two vitamin E arms). The aver-
age duration of follow-up was 10.1 years. Overall, the
number of women developing CRC was very similar
among women receiving aspirin (n = 133) and placebo
(n = 136) (relative risk = 0.97; 95 % CI 0.77–1.24).
The implications of this finding were important con-
sidering that observational studies had consistently
found that people regularly taking aspirin had a 30–
40 % lower risk of developing CRC, whilst secondary
prevention RCTs have found that aspirin reduced the
risk of recurrent adenomas by an almost similar mag-
nitude [25]. The average follow-up duration appeared
to be sufficiently long for aspirin to show an effect,
therefore the dose used (50 mg day-1) was touted as
the most likely explanation for this negative finding
[26].
1 How was the treatment allocation sequence gener-
ated, and was this adequately concealed?
There was an absence of details concerning how
and by whom the random allocation sequence was
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generated, neither were any steps taken to conceal the
allocation sequence mentioned. This information was
also absent from earlier papers describing methods of
the trial [27–31]. The specification that randomiza-
tion used blocks of size 16, merely provides reassur-
ance that randomization took place and that future
treatment assignments could not be foreseen (were
the randomization sequence to have been successfully
guarded). Given that the trial recruited participants
from across 48 states [31], we can be reasonably sure
that randomization sequences would have been held
centrally, and therefore guarded from those recruit-
ing. However, the fact remains that this information
was not available from the trial report.
2 Were participants and study personnel blinded?
The WHS trial was double-blinded. One would
assume that participant blinding was maintained if
only because it was stated that compliance rates were
broadly similar in the two groups. It is unlikely this
would have been the case if large numbers of women
receiving aspirin and/or placebo had correctly iden-
tified their treatment allocation. Even if participant
unblinding had occurred, the objective nature of the
outcome measure would make detection bias unlikely
(providing those assessing pathology reports to con-
firm any cancers were adequately blinded).
3 How many participants were lost to follow-up?
It was stated that analyses were carried out on the
basis of intention to treat and that morbidity follow-
up was stated to be 97 % complete. However, greater
elaboration on how this high level of morbidity
follow-up was obtained was probably needed. Infor-
mation on cancer diagnoses was obtained via ques-
tionnaires sent to participants, initially every 6 months
and subsequently every 12 months. The likely level of
response to a routine postal questionnaire following a
cancer diagnosis was not discussed.
4 Was the study population well defined?
Yes, and the exclusion criteria were not too extensive
with exclusions based solely on prior history of out-
come (previous history of cardiovascular disease or
cancer), need for trial medication (women currently
taking aspirin or NSAIDs more than once a week),
and unsuitability for randomization to aspirin (use of
anticoagulants or corticosteroids, history of adverse
effects to aspirin). Also, efforts were made to restrict
trial participation to those likely to comply with inter-
vention, by requiring the participants to enter a 3-
month run-in phase. A total of 65,169 women entered

this phase to identify long-term compliers to pill tak-
ing, of whom 25,293 were excluded due to noncom-
pliance, unwillingness, or ineligibility. This approach
was rewarded through high compliance among those
randomized, with 76 % still taking the trial medica-
tion at 5 years and 67 % at 10 years.
5 Was the intervention(s) administered correctly and
appropriately?
As trial participants were only required to take one
tablet every other day this would not be a concern.
6 Were intervention groups comparable at baseline?
Baseline characteristics were shown to be similar
between the aspirin and placebo groups; however, the
authors committed the sin of carrying out significance
tests for all variables at baseline (thus carrying out a
pointless exercise of repeatedly testing a null hypothe-
sis which is known to be true). Despite this, the terms
adjusted for in the Cox regression analysis were sen-
sible and seemed to be defined a priori; these were
age (an obvious predictor of CRC risk) and vitamin E
assignment.
7 Were outcome measures suitable and valid?
The endpoint of CRC was definitive, thus avoiding
the surrogate outcome of colorectal adenomas as used
by the aforementioned secondary prevention trials of
aspirin. All cancers identified through follow-up ques-
tionnaires or death certificates were confirmed on the
basis of pathology or cytology reports.
8 Was the sample size adequate and was the data
analyzed properly? (What statistics have been used
and how do I interpret them?)
No sample size calculation was reported in the present
paper; however, in an earlier report from the WHS it
was expressed that the trial was powered to detect
a 25 % reduction in the primary endpoint of any
major cardiovascular event [29]. Whilst this does
not directly address our outcome of interest (col-
orectal cancer), in a trial report confidence intervals
(CI) give a more accurate indication of the actual
power achieved than the information from a pre-
trial sample size calculation [32]. The CI for aspirin
on CRC incidence (0.77–1.24) confirmed the study
was large enough to rule out (with 95 % confidence)
a greater than 24 % increase in the risk of CRC
and a 23 % decrease in risk. Importantly, this lat-
ter figure is outside the range of likely risk reductions
(30–40 %) estimated from observational research.
The statistical analyses carried out were appropriate,
with the Cox proportional hazards regression model
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containing an interaction term to check that the
effect of aspirin did not vary according to time since
randomization.
9 CONSORT: have the results been reported follow-
ing these guidelines?
Comparing information from the trial report with the
CONSORT 2010 checklist yielded some discrepan-
cies. As well as the missing details concerning random-
ization, there was also no mention of the settings or
locations where the data were collected in the present
report. Whilst the overall percentage of participants
successfully followed up for morbidity and mortal-
ity was stated, this was not provided by treatment
group, neither were exact compliance figures provided
separately for aspirin and placebo participants. Other
aspects of the CONSORT diagram were reported well,
in particular a comprehensive description of the sta-
tistical methods used was provided.
10 Were the conclusions properly drawn based on the
results?
The overall conclusion that aspirin does not reduce
the risk of colorectal and other cancers was clearly
supported by the data. Of all the results reported in
the paper the only statistically significant result was a
reduced risk of death from lung cancer among aspirin
users (and this was not even one of the 21 outcome
measures listed in the main results table). The authors
were therefore quick to point out this was probably
a chance finding. From our eyes, however, it can be
argued that type I error was not a serious consider-
ation because we were analyzing the paper from the
point of view of a single outcome (colorectal cancer
incidence).

Overall, the WHS provided good quality data from
a cohort of sufficient size, with no obvious potential
for serious bias. The quality of reporting, however,
was less impressive at times, which is surprising from a
journal that was compliant with the CONSORT state-
ment at the time of publication [33]. By carrying out
the study in a group of individuals one would expect to
be highly motivated (middle-aged female health pro-
fessionals), a high level of compliance was achieved.
The downside of this would be whether these results
could be generalized to other groups. There is no obvi-
ous biologic reason why this would not be the case,
especially as the only previous primary prevention
trial of aspirin and CRC, which also reported a null
result, was carried out in male health professionals
[34,35].

How to read a randomized controlled
trial: 10-point checklist

1 How was the allocation sequence generated and was
this adequately concealed?

� Were patients truly randomized and how was this
performed?
� This is done to prevent selection bias by the
investigator. The sequence of treatment allocation
should be concealed from the investigator and
patient to prevent subversion of the randomiza-
tion process by knowledge of the next assigned
treatment.

2 Were participants and study personnel blinded?
� Double blinding is when both the participant and
outcome assessor are unaware of treatment alloca-
tion.
� This is used to minimize performance bias (addi-
tional intervention provided preferentially to one
group), and detection bias (preconceived views of
the participant or investigator influence subsequent
outcomes assessments).

3 How many participants were lost to follow-up?
� The benefits of randomization are lost when only
participants who complete the study (provide valid
outcome data) are included in the primary analysis,
or if they were not analyzed in the groups they were
originally assigned to.

4 Was the study population well defined?
� Were the population described in enough detail
for you to judge whether they are generalizable to
the patients you encounter in your own practice?
� Were exclusion criteria reasonable or too
extensive?

5 Was the intervention(s) administered correctly and
appropriately?

� If applicable, were interventions fully delivered to
participants as specified in the protocol?

6 Were intervention groups comparable at baseline?
� In order to assess whether the randomization pro-
cess has worked, the authors should report key par-
ticipant characteristics in a table – have they and
what does it show?

7 Were outcome measures suitable and valid?
� Were outcome measures easily measureable?
� Were surrogate endpoints relevant?

8 Was the sample size adequate and were the data ana-
lyzed properly? (What statistics have been used and how
do I interpret them?)
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� Did the authors perform a power calculation?
� Was choice of statistical analysis appropriate?

9 CONSORT: have the results been reported following
these guidelines?

� See items in CONSORT checklist.
10 Were the conclusions properly drawn based on the
results?

� What does the study result imply for clinical
practice?

Multiple choice questions

1 Rank the following types of study design according
to the order they appear in the evidence hierarchy:

A Observational study (cohort or case-control)
B Randomized trial
C Expert opinion
D Meta-analysis of observational studies

2 A clinician responsible for recruiting patients into a
trial held a sealed envelope up to the light to determine
what treatment a patient would receive if randomized.
He repeated this for approximately 20 % of partici-
pants, which type of bias has been introduced.

A Selection
B Attrition
C Detection
D Performance

3 Which of the following methods of randomization
would be considered to be adequate?

A Tossing a coin and allocating all “heads” to
intervention.
B Allocating patients alternately to intervention or
control.
C Allocating patients from one clinic to interven-
tion and the second clinic to control.
D None of the above are acceptable

4 What is meant by type II error?
A A statistically significant result is obtained by
chance
B The size of the study is too small in order to be
able to detect an important difference between two
interventions
C Knowledge of the treatment allocation by the
outcome assessors leads to a biased result
D High drop-out rates make interpretation of the
study findings difficult

5 Which of the following would be an appropriate
conclusion from the WHS?

A Aspirin will need to be taken at a higher dose
over 10 years to reduce the incidence of CRC
B The trial findings are incompatible with a 30 %
reduction in CRC risk following low-dose aspirin
use
C A trial is needed which is more generalizable
before we can confidently conclude that aspirin does
not reduce the risk of CRC
D A high risk of type I error has made results diffi-
cult to interpret
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Answers to multiple choice questions

1. B, D, A, C
2. A
3. A
4. B
5. B
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5 How to read a systematic review
and meta-analysis
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Key points
� The volume of published medical literature is
increasing rapidly.
� Keeping up to date with advances in knowl-
edge can be difficult.
� Systematic reviews and meta-analyses may aid
the busy clinician by synthesizing all available
evidence pertinent to a single question, and pro-
viding precise estimates of the efficacy of partic-
ular interventions.
� However, these types of study have potential
biases and limitations that the reader should be
alert for.

Introduction

The arrival of the Internet has increased the ease of
access to medical information, and the proliferation
of medical journals, both in print and online, has
resulted in a greater volume of scientific articles being
published. For busy clinicians keeping up to date with
advances in knowledge can be time-consuming and
difficult. To make matters more complicated, pub-
lished studies often contradict each other. For this
reason, studies that set out to report on all the avail-
able literature that has previously addressed a specific
research question may provide a valuable source of

information to guide clinical practice. Such studies
are called systematic reviews and differ from narra-
tive reviews, which are often based on expert opinion,
and may therefore be subject to inherent biases due
to the personal opinions of the author. Instead they
use rigorous and reproducible methodology to iden-
tify, summarize, and extract data from all the available
evidence on a given subject, using pre-specified eligi-
bility criteria, thereby minimizing the risks of bias and
hopefully increasing the reliability of the conclusions.
Most systematic reviews summarize data from ran-
domized controlled trials (RCTs), but there are some
scientific hypotheses that cannot be studied using an
RCT design, so methods for conducting systematic
reviews have been expanded to include summaries
of observational research, such as cohort and case-
control studies [1].

A meta-analysis is a statistical technique, used
within a systematic review, to combine and summa-
rize the results of all available independent studies
addressing the specific question being considered. It
is perfectly acceptable to perform a systematic review
without a meta-analysis. For instance, there may be
insufficient published evidence to conduct a meta-
analysis, or published studies may differ so greatly in
their underlying methodology, or be at such high risk
of bias, that combining them in a meta-analysis would
be inappropriate. However, a meta-analysis should
never be performed without first conducting a system-
atic review of the available literature. Unfortunately,

GI Epidemiology: Diseases and Clinical Methodology, Second Edition. Edited by Nicholas J. Talley et al.
C© 2014 John Wiley & Sons, Ltd, with the exception of original artwork which is C© Mayo Foundation for Medical Education and Research.
Published 2014 by John Wiley & Sons, Ltd. Companion website: www.wiley.com/go/talley/giepidemiology
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this golden rule is often ignored by researchers, and
leads to erroneous conclusions being drawn from data
that have not been systematically collected and ana-
lyzed.

Meta-analyses differ from other types of origi-
nal research discussed in previous chapters. Rather
than the researchers recruiting a group of participants
themselves and setting out to study a specific research
question, they instead use all the available published
evidence from previous studies that address the topic
and, if appropriate, combine the data using meta-
analysis. This may lead some researchers to dismiss
meta-analyses as “secondary” research. Nevertheless,
their conduct is one of the cornerstones of evidence-
based medicine, and meta-analyses are often able to
provide more precise estimates of the effects of health
care, which may be of sufficient importance to alter
clinical practice.

Biases commonly seen in meta-analyses

The commonest bias encountered in meta-analyses is
that positive studies are more likely to be identified and
included, for several reasons. Publication bias occurs
because studies demonstrating a beneficial effect of
an intervention are more likely to be published in
peer-reviewed journals, compared with those in which
no statistically significant effect is demonstrated [2,3].
This is because negative studies may not be written
up, due to a perceived lack of interest in the study
results, or they may be deliberately “suppressed” by
sponsoring agencies, such as pharmaceutical compa-
nies, and finally they are more likely to be rejected by
journals.

Even when negative studies are published they are
less likely to be identified by a systematic review
because studies with a statistically significant result
are more likely to be published rapidly (time lag bias)
[4], are often published in high impact factor journals
(location bias) [5], are usually published in English
(language bias) [6], may be published more than once
(multiple publication bias) [7], and are more likely
to be cited by other authors (citation bias) [8]. These
biases will tend to increase the proportion of studies
demonstrating a beneficial effect of a health interven-
tion identified in a literature search, and may there-
fore lead a meta-analysis to overestimate the efficacy
of the intervention under study. In addition, multi-

ple publication bias may lead to data from the same
study being incorporated more than once into a meta-
analysis, sometimes leading authors to claim a benefit
of treatment where there was no statistically signifi-
cant effect [9–11].

A final form of bias occurring in meta-analyses
results from the reporting of data in the available stud-
ies included. This occurs when data concerning mul-
tiple outcomes are collected, but results are reported
selectively in the published article, again usually due
to the direction of results, and is referred to as out-
come reporting bias [12]. The rigorous methodology
that underpins a systematic review and meta-analysis
is designed to minimize the likelihood of these biases
occurring, but the reader should remain alert as to
whether or not bias is likely to have influenced the
study results.

Other important strengths and
limitations of meta-analyses

A well-conducted systematic review is considered the
gold-standard approach to summarizing all the avail-
able evidence addressing a specific issue. A meta-
analysis of these data provides greater precision than
that available from individual studies. Meta-analyses
also enable data concerned with other secondary out-
comes, such as adverse events, to be combined, which
individual studies are usually underpowered to assess
in any detail. This means that possible harms of ther-
apies can also be estimated.

Weaknesses of meta-analyses often relate to either
the quantity or the quality of the data available. If
there are only a small number of individual studies
addressing the question of interest, containing few
participants, then the 95 % confidence intervals (CI)
of the effect obtained from the meta-analysis may be
wide, and the estimate of effect is likely to be altered
substantially by the publication of further, larger,
studies. Although a meta-analysis of RCTs is set at the
highest level within the hierarchy of research evidence,
meta-analyses themselves suffer from the “garbage in,
garbage out” phenomenon. In other words, the qual-
ity of meta-analyses depends upon the quality of the
data that are available for summary within them. If
the individual studies that provide data are all poorly
designed and subject to bias, then the meta-analysis
will also be flawed as a result. In addition, individual
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studies can differ so much in terms of their underly-
ing methodology, or the outcomes reported, that per-
forming a meta-analysis may be inappropriate [13].
A final weakness, as with any other type of research,
is the potential for investigators to make errors dur-
ing the conduct of the meta-analysis itself. When a
series of eight meta-analyses reporting on the efficacy
of various medical therapies for irritable bowel syn-
drome were deconstructed, there were errors in terms
of identifying truly eligible studies in six, inclusion of
studies that were ineligible in five, and errors in data
extraction in all of the meta-analyses [14]. These led
to errors in 15 of the 16 treatment effects reported in
the meta-analyses, and a change in the statistical sig-
nificance of the recalculated treatment effect in four
cases.

Important issues to consider when
reading a meta-analysis

The archetypal methodology for conducting and ana-
lyzing a systematic review and meta-analysis is thor-
oughly described in the Cochrane Handbook for
Systematic Reviews of Interventions (JPT Higgins,
S Green (eds.)). Cochrane Handbook for System-
atic Reviews of Interventions Version 5.1.0 [updated
March 2011]. The Cochrane Collaboration, 2011
(available from www.cochrane-handbook.org). The
Handbook is to be commended to anybody keen
on reading further about the subject. Similarly, the
PRISMA statement (available from www.prisma-
statement.org/) gives a consensus approach to the clear
reporting of such work. The 10-point checklist below
outlines a shorthand approach to critically appraising
such work.
1 Did the authors set out suitable eligibility criteria a
priori, and were these adhered to?
Once the specific question that the meta-analysis has
been designed to address is decided upon, the authors
need to have defined the eligibility criteria for the types
of studies they are going to consider for inclusion in
the meta-analysis. This should be done before the lit-
erature search is commenced, and cannot be altered at
a later date on the basis of the studies that are iden-
tified subsequently. These criteria should be reported
clearly in the article. In a meta-analysis of treatment
trials for the efficacy of a therapy in a particular dis-
order a commonly used mnemonic for defining study

eligibility is PICO: where P is patient group (the disor-
der under study); I is intervention (the new treatment);
C is comparator (the old treatment, or placebo); and
O the outcomes under study (usually treatment effi-
cacy and adverse events arising as a result of therapy).
These are a guide only, and there may be other eligi-
bility criteria required by the study authors, such as
age of participants, minimum duration of therapy or
follow-up within the trials, or a specific subgroup of
patients within the disease under study, all of which
will depend upon the nature of the question the meta-
analysis has been designed to answer.
2 How did the authors perform a comprehensive
search of the medical literature?
The authors should have designed a suitable search
strategy, and applied it to more than two electronic
databases. The most commonly used databases are
MEDLINE, EMBASE, CINAHL, and the Cochrane
central register of controlled trials. A meta-analysis is
a synthesis of research, which requires scientific rigor,
so the reporting of methodology needs to be in suffi-
cient detail for an independent investigator to replicate
the study methods exactly, if they so wished. For this
reason the authors need to specify which databases
were searched, including the dates between which the
search was conducted, the search terms used in the
databases, and how these were combined. The latter
is usually done with Boolean logic set operators such
as AND, OR, and NOT. Electronic databases usually
do not include all available evidence, so there should
be evidence that the authors conducted an exhaustive
search using other methods to minimize the risk that
studies have been missed. This includes some, or all,
of: a recursive search of the bibliographies of eligi-
ble studies to identify other potentially eligible articles
that the electronic search may have failed to identify;
a search of the “gray” literature, consisting of con-
ference proceedings, in order to find studies published
only in abstract form; and contact with experts in the
field and/or pharmaceutical companies to try to obtain
data from unpublished studies.
3 Did the authors undertake assessment of eligibility
in duplicate?
All potentially relevant studies within the citations
identified by the literature search should be retrieved
and their eligibility judged according to the predefined
criteria. In order to minimize the risk of bias when
assessing the eligibility of identified studies this should
be performed in duplicate, and the fact that this was
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done should be stated in the study methodology. The
reader needs to be able to assess the validity of this pro-
cess, and so there should be a report of the degree of
agreement between investigators concerning eligibility
of individual studies identified. This is usually done
using a Kappa statistic, and a value of 0.60 or more
indicates a good level of agreement. In addition, the
authors should explain how disagreements in study
eligibility were dealt with. This is usually achieved
either by discussion to reach consensus, or by adjudi-
cation from a third person. Ideally, the entire process
of dealing with the citations identified in the literature
search through these various stages in eligibility assess-
ment should be reported, from the number identified,
number retrieved for eligibility assessment, number
excluded (with the reasons for exclusion), through to
the number of studies finally eligible and included,
reported using a flow diagram.
4 How did the authors assess for risk of bias in the
studies they included?
There are specific methods for assessing the risk of bias
of studies that are included in a meta-analysis, depend-
ing on the design of the studies being reviewed. For
RCTs, this is well characterized, and includes report-
ing of the method used to generate the randomization
schedule and conceal treatment allocation, presence
of blinding, completeness of follow-up, and whether
there is evidence of selective reporting of study out-
comes [15–17]. For observational studies these criteria
are less researched, but include masking of outcome
assessors to whether or not the subject has the disease
of interest [18,19]. This information should be pro-
vided in detail for the reader in a table, so that the
risk of bias of all included studies underpinning the
meta-analysis can be appraised.
5 How did the authors assess for publication bias?
Publication bias may have an impact on the summary
result of a meta-analysis for the reasons discussed
earlier. The authors should therefore have assessed
whether there is any evidence of this using funnel
plots. These are graphical representations of the study
effect size on the x-axis and a measure of overall
study size on the y-axis. In theory, large studies should
group together closely around the summary effect size,
denoted by a vertical line, towards the top of the plot.
Smaller studies should be spread more widely either
side of the vertical line towards the bottom of the plot,
due to their reduced ability to provide a precise esti-
mate of the summary effect size. Therefore the plot

-4 -2 0 2 4
1.7

1.2

0.7

0.2

Log (relative risk)
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Figure 5.1 Symmetrical funnel plot.

should appear symmetrical, as in Figure 5.1. If publi-
cation bias exists, however, there will be a dearth of
small negative studies in the lower right quadrant of
the plot, leading to asymmetry, as in Figure 5.2. Sta-
tistical tests can be applied to funnel plots, such as the
Egger test [20], to assess whether the degree of funnel
plot asymmetry is likely to be statistically significant.
6 How did the authors summarize the characteristics
of the individual eligible studies they identified?
Information about the characteristics of all the stud-
ies contributing data to the meta-analysis should be
reported, ideally in a table of included studies. This
is helpful because it provides more precise informa-
tion about the types of participant included in the
studies that contribute data to the meta-analysis, as
well as details of the interventions applied, such as the

-4.0 -2.4 -0.8 0.8 2.4 4.0 5.6
1.5
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0.0

Log (relative risk)
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Figure 5.2 Asymmetrical funnel plot.
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duration and dose of therapies used, allowing the indi-
vidual reader to assess whether the findings are likely
to be able to be applied to their own routine clinical
practice, and whether it was appropriate to perform
the meta-analysis.
7 Was it appropriate to perform a meta-analysis
based on extractable study data and risk of bias of
studies?
Extractable data provided by eligible studies needs to
be assessed carefully by the investigators to ensure it
is appropriate to combine them. If studies report their
results using different outcome measures to define
treatment success, use vastly different doses or dura-
tions of therapy, or there are large differences in dura-
tion of follow-up between studies then combining the
results in a single meta-analysis may not be appropri-
ate. It may still be possible to combine data, if there
are a sufficient number of eligible studies, and con-
duct subgroup analyses according to these different
characteristics, in order to assess their effect on the
result of the meta-analysis. Sometimes the risk of bias
of the studies included is so high that performing a
meta-analysis to obtain a summary effect size is of lit-
tle value. At this point, the reader has to question the
rationale for conducting one at all [21,22]. It is well
worth remembering the proverb that it is not possible
to make a silk purse out of a sow’s ear, and similarly
performing a meta-analysis for its own sake does not
compensate for underlying poor methodology among
all the included studies.
8 Were the data analyzed correctly?
When analyzing the data, the first step is to decide on
the summary statistic to use, such as a relative risk,
odds ratio, risk difference, or another ratio, such as a
proportion [23]. In a meta-analysis of RCTs it is usual
to use a relative risk, whilst if the results of individ-
ual case-control studies are being combined it is more
appropriate to use an odds ratio. Once this has been
decided, the summary statistic should be calculated
for each study included in the meta-analysis, and the
overall result is obtained using a weighted average of
these individual summary statistics.

There are two approaches to combining data in a
meta-analysis. One approach is to use the fixed effect
model, which assumes that each study is measuring
the same underlying effect, and thus any variation
between studies is due to chance. In this analysis the
weight given to individual studies within the meta-
analysis depends on the rate of the event of interest in

each study. If there is heterogeneity between studies,
then the key assumption for a fixed effect model is
incorrect, and it is probably not appropriate to use
this. The other method is to use a random effects
model, which does not make the assumption that all
the studies are measuring the same underlying effect.
In this analysis, a constant is added to the weighting
of the studies that relates to the between-study vari-
ance, making the relative weighting of studies simi-
lar, but widening the confidence interval of the sum-
mary statistic, therefore giving a more conservative
estimate. One problem with the latter approach is that
smaller studies, which are often at greater risk of bias
than larger studies, are then given more emphasis in
the meta-analysis compared to fixed effect models, and
this may lead to bias in the overall result. For these rea-
sons, there is no clear consensus on which of the two
models should be preferred to synthesize the data [24].
9 Did the authors assess for, and explore potential
explanations for, heterogeneity between individual
study results?
Individual studies, when combined in a meta-analysis,
may give diverse results. This inconsistency between
individual study results is termed heterogeneity, and
may arise due to clinical or methodological differences
between studies. Clinical differences include those
related to the study participants, such as age, sex, eth-
nicity, or how the presence of the condition under
study was defined, and those related to the interven-
tion under investigation, for example the use of dif-
ferent drugs within the same class. Methodological
differences include differences in study design, risk of
bias of the study, definition or recording of the out-
come of interest, and differences in how the interven-
tion was applied to the participants. However, het-
erogeneity may also occur due to chance, so a statis-
tical test is usually applied to study results in order to
assess whether the degree of heterogeneity observed is
significant.

The authors of a meta-analysis should assess for
the presence of heterogeneity, ideally using either the
Cochrane Q test, with P values �0.10 indicating statis-
tically significant heterogeneity, or the I2 value, which
ranges from 0 % to 100 %, with 0 % representing
no observed heterogeneity, and larger values indicat-
ing increasing heterogeneity. A value around 25 %
is usually chosen arbitrarily to represent low levels
of heterogeneity [25]. Where statistically significant
heterogeneity exists, the authors should explore
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0.1 0.2 0.5 1 2

Muller-Lissner 2010 0.83 (0.71, 0.99)

Tack 2009 0.87 (0.82, 0.93)

Quigley 2009 0.87 (0.82, 0.94)

Camilleri 2008 0.80 (0.74, 0.87)

Coremans 2003 0.78 (0.53, 1.10)

Emmanuel 2002 0.36 (0.20, 0.61)

Miner 1999 0.76 (0.66, 0.91)

Relative risk 0.82 (0.76, 0.88)

Relative risk (95% CI)

Figure 5.3 Meta-analysis of randomized controlled trials of
prucalopride in chronic idiopathic constipation.

(How to read a Forest plot: Forest plots are a graphical
representation of a group of studies. Each box represents an
individual study, with the size denoting the weight given to
it in the meta-analysis. The horizontal line through the box
is the 95 % confidence interval (CI) of that study result. The
dotted vertical line on the plot is the overall result when all

studies are combined, and the diamond at the bottom of the
plot represents the 95 % CI of this. If the diamond crosses
the vertical axis (labeled 1) then the combined study result
is not statistically significant. In this example the diamond is
to the left of the vertical axis, suggesting that prucalopride
is effective in the treatment of chronic idiopathic
constipation.)

reasons for this, which can be done using either sub-
group analysis or meta-regression.

Subgroup analysis separates studies according to
factors that may be important in causing the hetero-
geneity, allowing the investigator to assess whether
heterogeneity is less within each group. For example,
in a meta-analysis of RCTs studying the efficacy of
prucalopride in chronic idiopathic constipation there
was heterogeneity between the seven individual trial
results (Figure 5.3), with an I2 value of 60 % [26].
However, when the effect of the definition of chronic
idiopathic constipation used in the studies was exam-
ined, six used the Rome II criteria. When only these
studies were included in the analysis the degree of
heterogeneity observed was much lower (Figure 5.4),
with an I2 value of 13 %.

Meta-regression is a technique that is akin to logistic
regression analysis but uses individual studies, rather
than individual participants, as the unit in the anal-
ysis [27]. Its advantage is that it can be used to
adjust for multiple study characteristics in the anal-
ysis simultaneously. Unfortunately, because it uses
study level data, it evaluates the average of patient
characteristics within each trial, and this summary

data may misrepresent individual patients within each
treatment arm. The technique is therefore vulnera-
ble to giving spurious results, due to the ecological
fallacy [28].
10 Were the conclusions drawn valid based on the
results?
When reading the discussion of a meta-analysis it is
important to ask, as with any research article, whether
the conclusions drawn by the authors are supported
by the data they present. If there is evidence of one
or more of: high risk of bias of included studies; pub-
lication bias; or heterogeneity between studies when
results are combined then the authors should acknowl-
edge that this may limit the robustness of the overall
summary result, and be more guarded in the con-
clusions that they draw from the meta-analysis. To
quote Thompson and Pocock: “Meta-analysis is not
an exact statistical science that provides definitive sim-
ple answers to complex clinical problems. It is more
appropriately viewed as a valuable objective descrip-
tive technique, which often furnishes clear qualita-
tive conclusions about broad treatment policies, but
whose quantitative results have to be interpreted cau-
tiously” [24].
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Quigley 2009 0.87 (0.82, 0.94)

Camilleri 2008 0.80 (0.74, 0.87)

Coremans 2003 0.78 (0.53, 1.10)

Miner 1999 0.76 (0.66, 0.91)

Relative risk 0.84 (0.81, 0.88)
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Figure 5.4 Meta-analysis of
randomized controlled trials of
prucalopride in chronic idiopathic
constipation (sensitivity analysis
according to definition of chronic
idiopathic constipation used).

Case study: Critical evaluation

Aspirin may have a chemo-preventative effect on neo-
plasia in the colon. As a result, there has been consider-
able interest in long-term aspirin therapy as a means of
reducing the incidence of colorectal adenoma. Several
RCTs have been conducted to test this hypothesis, but
individual results are conflicting, and studies may not
have been designed with sufficient power to examine
this endpoint, leading to a failure to detect a significant
effect of aspirin in this situation. Cole et al. therefore
conducted a systematic review and meta-analysis of
available RCTs examining this issue, using individual
patient-level data [29].
1 The authors set out their eligibility criteria clearly.
2 They reported their search strategy, which included
contact with experts in the field.
3 However, the authors did not explain how study
eligibility was assessed.
4 Nor did they undertake a formal assessment of risk
of bias of the studies, although they stated in their
eligibility criteria that all studies had to be double-
blind placebo-controlled RCTs to be included.
5 In terms of publication bias, there was no evi-
dence that the presence of this was assessed, although
with only four trials eligible for inclusion, the power
to detect this within the meta-analysis would be
low.
6 Individual characteristics of both the trials, and the
patients included within them, were provided in com-
prehensive detail.

7 As the authors had obtained individual patient-level
data from the authors of the four RCTs they identi-
fied, performing a meta-analysis was appropriate, as
differences in individual study design were able to be
adjusted for by subgroup analyses, which the authors
performed according to individual patient character-
istics such as sex, age, body mass index, and number
of previous adenomas.
8 Data from these four RCTs were combined cor-
rectly using a relative risk, and also a random effects
model, meaning that the meta-analysis is likely to pro-
vide a more conservative estimate of the efficacy of
aspirin in preventing colorectal adenomas.
9 Heterogeneity was assessed between studies using
the both the Cochrane Q test, with a P value
�0.05, and an I2 value �50 %. Using this defini-
tion, heterogeneity between the studies for the primary
analysis was not statistically significant (P = 0.16,
I2 = 41.5 %), although again with only four trials the
power to detect this is low, and many researchers
would define an I2 of 41.5 % as indicating moder-
ate heterogeneity. The authors reported a benefit of
aspirin in the prevention of colorectal adenoma, and
this observation remained stable across the majority
of subgroup analyses conducted, although there was
significant heterogeneity in some of these. Interest-
ingly, there was no dose-response relationship demon-
strated, with higher dose aspiring having no statisti-
cally significant effect on adenoma prevention, and the
significant benefit of aspirin attenuated with duration
of follow-up beyond 3 years. Due to the collection of
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individual patient-level data, the authors were able to
assess adverse event rates in the studies, which were
no higher with aspirin than with placebo.
10 The authors concluded that there was a 17 %
reduction in risk of any colorectal adenoma with
aspirin therapy, and a 7 % reduction in absolute risk.
The lack of a convincing dose–response effect as a
potential limitation of their study was noted in the
discussion. Their conclusion that aspirin reduced the
risk of recurrence of colorectal adenomas, but that
these benefits needed to be considered in the con-
text of potentially deleterious effects of aspirin, seems
justified.

10-Point checklist: How to read a
meta-analysis

1 Did the authors set out suitable eligibility criteria a
priori, and were these adhered to?

� For instance PICO: patient; intervention; com-
parator; outcome
� These must not be altered after the search has been
conducted.

2 How did the authors perform a comprehensive
search of the medical literature?

� More than two electronic databases should be
searched, with dates up to when the search was con-
ducted
� Hand-searching of conference proceedings
� Recursive search of retrieved articles bibliogra-
phies
� The search strategy should be reported as part of
the methods, and be reproducible.

3 Did the authors undertake assessment of eligibility in
duplicate?

� This must be done in order to reduce the risk of
bias in the selection process
� The authors should report the degree of agreement
in assessing study eligibility using a Kappa statistic.

4 How did the authors assess the quality of the studies
they included?

� Using the Cochrane Handbook criteria for RCTs,
the STROBE statement for observational studies, or
other published and/or widely accepted criteria
� This information should be reported in a table of
included studies.

5 How did the authors assess for publication bias?
� Funnel plot asymmetry should be examined, where
there are sufficient studies

� This can be done visually, or with a statistical test,
the Egger test.

6 How did the authors summarize the characteristics
of the individual eligible studies they identified?

� Study characteristics should be reported in a table
of included studies.

7 Was it appropriate to perform a meta-analysis based
on extractable study data and study quality?

� Appropriateness may be objective, but usually
depends on study quality, number of studies, and
whether there are large differences in underlying
study methodology.

8 Were the data analyzed correctly?
� Was choice of summary statistic appropriate?
� Was a fixed effect or random effects model used?

9 Did the authors assess for, and explore poten-
tial explanations for, heterogeneity between individual
study results?

� Statistical testing to assess whether the degree of
heterogeneity between studies is significant
� Sensitivity analyses according to study character-
istics to explore reasons for heterogeneity.

10 Were the conclusions drawn valid based on the
results?

Multiple choice questions

1 It is not possible to perform a meta-analysis of
which of the following types of study:

A Case-control studies
B Cohort studies
C Case reports
D Studies of the accuracy of a diagnostic test
E Randomized controlled trials

2 Which of the following are not types of bias that
may be encountered during the conduct of a meta-
analysis:

A Publication bias
B Outcome reporting bias
C Citation bias
D Selection bias
E Multiple publication bias

3 Stages in the literature search conducted for a meta-
analysis may include which of the following:

A An electronic search of MEDLINE and EMBASE
B Hand-searching of conference proceedings
C Contacting pharmaceutical companies
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D A recursive search of retrieved articles bibliogra-
phies
E All of the above

4 Which of the following are not used to assess the
quality of studies in a meta-analysis:

A Duration of follow-up of participants
B How randomization was performed
C Whether blinding was employed
D Whether there was evidence of selective report-
ing of outcomes
E How treatment allocation was concealed

5 Which of the following would not account for het-
erogeneity between studies in a meta-analysis:

A Differences between study participants
B Differences between principal investigators of
the studies
C Differences in the way the intervention was
applied in the studies
D Differences in how the outcome of interest was
defined among studies
E Chance
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2. D
3. E
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6 How to decide if any of this matters
Kate M. Fleming & Timothy R. Card
Division of Epidemiology and Public Health, Nottingham City Hospital,
University of Nottingham, Nottingham, UK

Key points
� Not all associations are causal. Chance, bias,
confounding, and reverse causality are impor-
tant alternative explanations which need to be
considered.
� The evidence hierarchy and criteria to judge
causality can help in the assessment of literature.
� Even where a risk factor (or protective effect)
is shown to be causally related to an outcome,
its importance needs to be judged.
� Clinically important associations have large
absolute effects on important outcomes and can
be altered.
� The number needed to treat (or to harm) can
be a useful measure when examining the effect
of altering exposures.

Introduction

In this chapter we will concentrate upon a scenario
in which you the reader, having read a paper or
papers describing a study or studies (perhaps of one
of the types described in previous chapters), are try-
ing to decide whether the results matter to you.
That is, should they alter your practice? To decide
this, you are likely to wish to know at least three
things:

1 Is the relationship described in the paper causal?
2 Is the relationship important?
3 Is the relationship something we can affect or
influence?
You will not necessarily have the answers to all of the
above questions, but knowing some will help you to
decide whether to invest time and possibly money in
investigating the others. Over the following pages, we
will endeavor to give some pointers as to how these
questions can be addressed both from the data within a
paper and from the wider literature. To do this, we will
utilize as specific examples the papers described in the
previous chapters to address the question of whether
aspirin use can prevent colorectal cancer. Those who
are interested in reading further into this subject could
do worse than to look at the User’s Guide to the Med-
ical Literature published by JAMA in the 1990s [1].

Is the relationship described in the
paper causal?

The attribution of causality in observational research
is a difficult subject which alone can occupy far more
space than this chapter provides. Those wishing to
read further may find the work of Rothman useful in
this regard [2]. In epidemiology, one of the ways in
which we approach the decision about whether a rela-
tionship is causal is by considering the other options.
These can generally be simplified to the possibilities

GI Epidemiology: Diseases and Clinical Methodology, Second Edition. Edited by Nicholas J. Talley et al.
C© 2014 John Wiley & Sons, Ltd, with the exception of original artwork which is C© Mayo Foundation for Medical Education and Research.
Published 2014 by John Wiley & Sons, Ltd. Companion website: www.wiley.com/go/talley/giepidemiology
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that the relationship is due to chance, bias, confound-
ing, or reverse causality. In the reading of epidemio-
logic studies we can consider the potential role of these
options if we know what they are and how they can
occur and be detected. Chance (the potential for a rela-
tionship to have occurred due to random variation)
is assessed in the statistical analyses within a paper.
Ninety-five percent confidence intervals (CI) tell us in
essence that there is a 95 % chance that the true value
lies within the range that they describe. A P value of
0.05 states that when considering whether a differ-
ence between observed samples is due to a true dif-
ference between populations, the observed or a more
extreme result will occur by chance on 5 % of occa-
sions. Confounding occurs when an apparent associa-
tion between two factors is influenced by their shared
association with a third. A classic example is that the
drinking of alcohol may be associated with lung can-
cer not because alcohol causes lung cancer, but rather
because drinkers smoke more than the average and
smoking causes lung cancer. To assess the possibil-
ity that this is of importance one must first think of
what third factors may be present and then exam-
ine to what extent the authors have corrected for any
effect in their analysis. A discussion of the statistical
techniques which can be so employed is beyond the
scope of this chapter, but in brief the commonly used
options are to conduct stratified analyses (where all
subjects in a stratum who are analyzed together are
equally exposed to the potential confounder) and/or
to conduct multivariate analyses. Further descriptions
of such techniques can be found in standard statisti-
cal texts. Bias is a systematic deviation from the truth
in either measurement, selection of supposedly rep-
resentative samples or other factors influencing the
results or inferences from a study. A number of specific
opportunities for this to occur have been discussed in
preceding chapters and a further discussion can be
found in Rothman’s textbook [3]. Bias can never be
corrected for in analysis and is minimized by opti-
mal methodology. In reading the literature one must
always be alive to this possibility since bias can occur
in many ways. Reverse causality occurs when what is
being regarded as an effect is in fact causing what is
being regarded as an exposure. As with bias the best
the reader can do is to seriously consider this possibil-
ity with regard to the relationship studied.

As is clear from the previous paragraph, think-
ing through all possible noncausal explanations can

involve appreciable effort for the reader. When one
comes to determining one’s own practice the issues
become even more complicated as there will be many
sources of information to guide decisions and not just
one paper. There are, however, some rules of thumb
which can help when thinking of causality in other
ways. We are going to consider two of these.

The evidence hierarchy

Evidence-based medicine has been much discussed and
variously praised or abhorred over recent years. One
of the ideas that has been common in this field and
can help us as a shortcut in assessing research is the
hierarchy of studies. Various versions of this have been
proposed, but a fairly expansive version is suggested
by the Oxford Centre for Evidence-Based Medicine
where level 1 is considered the highest or best form of
evidence and level 5 the least (Table 6.1).

As can be easily seen from the descriptions of the
levels given, this list does not free the reader from con-
sidering the role of bias, although as long as one has a
knowledge of the individual study types, it does offer
some assistance in recognizing those that will provide
the most reliable results. It therefore helps in choosing
between pieces of evidence. To elucidate a little fur-
ther we can consider why the hierarchy is ordered as it
is. The best evidence is provided by a well-conducted
meta-analysis of good-quality randomized controlled
trials (RCTs). The meta-analysis or systematic review
is likely to be superior to an individual RCT not
primarily because it provides increased power, but
because one would not expect identical biases to oper-
ate in multiple trials, and so the combination of stud-
ies is less likely to be biased in one direction than is
any individual study. The great benefit of the RCT
is not that it is unbiased (if poorly conducted, it can
be very easily), but rather that it has the potential
to remove the effects of all confounders both known
and unknown. In this it is clearly superior to any of
the observational methodologies, which at best allow
for correction of suspected or recognized confounders.
When descending the hierarchy to the observational
studies, the same arguments regarding meta-analyses
apply, and hence systematic reviews and meta-
analyses of observational studies are similarly above
the individual studies from which they are constituted.
Applying these ideas to the papers on aspirin and CRC
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HOW TO DECIDE IF ANY OF THIS MATTERS

which have been discussed in previous chapters, one
can argue that if they were answering the same ques-
tion, it is likely that the meta-analysis [4] would be
more reliable than the RCT [5], which in turn would
be more reliable than the observational studies [6].

Austin Bradford Hill

Another influential and much cited aid to the deter-
mination of causality is what are commonly referred
to as Austin Bradford Hill’s criteria. These come from
a presidential address given by Professor Hill to the
Royal Society of Medicine [7] and within the same
address is contained a clear warning against consid-
ering the “viewpoints” he proposes as being either
necessary or sufficient for the attribution of causality
individually. Nevertheless, this list can, if used with
caution, help us in considering causality. When doing
so, however, the counterarguments to this list should
be considered [2].

Strength

The first consideration given is the strength of asso-
ciation. A strong association is more likely to sug-
gest causality because it is less likely to occur purely
through the action of a bias or confounder. (In the
example of aspirin and colorectal cancer the associa-
tion is relatively weak with the protective effect against
adenomas in the meta-analysis having a risk ratio of
0.83 and that against colorectal cancer having an odds
ration of 0.78 in the case-control study and a hazard
ratio of 0.77 in the cohort study.)

Consistency

An association found repeatedly and consistently is
less likely to be due to chance bias or confounding.
This is particularly true where different forms of study
produce like answers as it would be harder for biases
or confounders to operate consistently under these cir-
cumstances.

Specificity

An association which is specific is more likely to
be causal. In the example of aspirin and colorectal
cancer, the case would be less convincing if it were
claimed that all cancers were reduced by all medica-

tions used rather than this one specific drug prevent-
ing one specific cancer. However, there are numerous
epithelial gastrointestinal malignancies which appear
to be reduced in those exposed to aspirin [8] and this
should not discourage a belief in causality if there is a
clear mechanism to explain this.

Temporality (timing)

An exposure occurring after an outcome cannot cause
it. Hence a consideration of temporal relationships
can help us in the consideration of whether it is more
likely that A causes B or B causes A. (In the aspirin
and CRC example the exposure is clearly before the
outcome in each of the studies.)

Biological gradient (dose response)

It is generally easier to believe that an exposure causes
an associated risk of disease if greater exposure is asso-
ciated with greater risk (i.e. there is a dose-response
relationship). (In the example of aspirin and colorectal
cancer the cohort study shows a clear dose relation-
ship with increasing use of NSAIDs giving a lower
risk of cancer. The meta-analysis of RCTs for ade-
noma detection does not show a clear dose-response
relationship.) However, the lack of such a gradient is
clearly not necessarily a deterrent to belief in causality
since alcohol consumption’s relationship with cirrho-
sis appears to have a threshold response rather than
a graded one [9], and few gastroenterologists do not
believe alcohol causes cirrhosis.

Plausibility

If there is a known biologic or cellular mechanism
which could explain how an exposure causes an ill-
ness then it will be easier to believe that any associa-
tion is causal. This does not mean, however, that we
should necessarily refuse to believe causal associations
for which we cannot comprehend the mechanism. The
lack of apparent plausibility may as easily indicate the
limitations of biologic scientific knowledge as a lack
of causality.

Coherence

Although novel observations should not be dis-
counted, it is clearly easier to believe that an
association is causal if this idea does not conflict with
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other existing knowledge. (In the example of aspirin
and colorectal cancer therefore the combination of
data supportive of the relationship from multiple
sources is suggestive of causality.)

Is the relationship important?

The concept of importance of an observed association
is one that will vary considerably between individuals,
it being influenced by many factors.

For example, the association between aspirin use
and colorectal cancer may be viewed as wholly unim-
portant to a population of children to whom colorec-
tal cancer is largely unheard of and in whom aspirin
use is relatively rare and mostly contraindicated. How-
ever, the same association may be viewed as extremely
important to drug manufacturers wishing to create a
drug with similar efficacy to aspirin but without its
adverse effects. A person, or population of people,
considered at higher risk of colorectal cancer may wish
to balance the advantageous effects of taking aspirin in
reducing the risk of colorectal cancer with its adverse
effect of an increase in gastrointestinal bleeding. Like-
wise the clinician considering prescribing aspirin will
balance these risks before deciding on a course of
action. Which way the balance tips will depend on
many things, including:
� the relative and absolute risks
� the (measured or perceived) severity of disease.
We now approach the consideration of these two
points mainly from the perspective of the practicing
clinician but never forgetting the views of the patient.

Relative versus absolute risk

The relative risk of a disease is (strictly speaking) the
ratio of the risk of disease in one group of people
compared with the risk of disease in another group
of people. However, it is common for the term “rela-
tive risk” to encompass many ratio measures of effect
(including odds ratios and rate ratios) sometimes con-
fusing the reader. The absolute risk of disease is the
probability of developing a particular disease, ideally
over a specified time period. Authors and journalists
alike are of course keen to “sell” their papers and the
reporting of a number that implies a strong(er) asso-
ciation will almost always appear more attractive at
first glance than one with a weak(er) association. One

of the most regular ways in which risk is misconstrued
is through the reporting of relative risks in the absence
of absolute risks.

Consider the paper by Chan et al. discussed in
Chapter 2 on “How to read a cohort study”. The
second line of the results section of the abstract
reports “Among women who regularly used aspirin
the multivariate relative risk (RR) for colorectal
cancer was 0.77 (95 % CI 0.67–0.88)”. Until we read
the full results section we are not aware that this
23 % decrease in risk could otherwise be presented as
an absolute risk of colorectal cancer of 5.56 cases per
10,000 women regularly using aspirin compared with
an absolute risk of colorectal cancer of 6.36 cases
per 10,000 women who did not regularly use aspirin,
that is, an absolute risk reduction of only 0.8 cases
per 10,000.

When assessing the importance of an association
it is therefore crucial to be cognizant of the funda-
mental difference between relative risks and absolute
risks and to interpret any reported “relative risk” in
the context also of the absolute risk. Gigerenzer is a
long-term advocate of the reporting of risks through
frequency statements, natural frequencies and abso-
lute risks, rather than the preponderance of single-
event probabilities and relative risks seen in the med-
ical literature [10] and writes eloquently on how best
to present these pieces of information to patients to
enable them to make the most informed decision pos-
sible. His papers and books on the communication of
risk are to be recommended to all physicians involved
in direct patient care and decision making.

Severity of disease

Individual diseases often have a “bespoke” system to
designate the severity of disease from a clinical stand-
point. For example Child-Turcotte-Pugh score for cir-
rhosis based on measurements of blood indices and
presence or absence of certain symptoms and signs
[11]. Similarly in colorectal cancer the clinical severity
of disease is largely measured by the stage of disease
as defined by Dukes’ classification [12], taking into
account progression of disease to lymph nodes and
further spread with latter stages representing more
serious disease with a worse overall prognosis.

From a perspective of considering the relative
importance of a specific disease compared with
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another, crudely one may consider which disease
would be most likely to shorten overall life expectancy
by the largest length of time. In reality, the severity of a
disease is not limited to its influence on mortality but
is also related to its effect on morbidity and quality
of life. Two frequently used measures in assessing the
relative severity of disease are those of the disability-
adjusted life year (DALY) and the quality-adjusted
life year (QALY). Essentially a DALY is a year of
full, healthy life lost to the disease with a QALY tak-
ing into account any years of life which may be lived
at less than full health (counted therefore as a frac-
tion of one full healthy year). These somewhat sub-
jective measures, being based on the assignation of
disability weights and the judgments of patients and
professionals, are nonetheless useful as by considering
the likely magnitude of DALYs or QALYs gained or
lost through acquisition of competing diseases both
patients and professionals alike can assess the relative
severity of these diseases to inform their choices.

Ultimately, what constitutes an “important asso-
ciation” is of course entirely at the discretion of an
individual. We will all have different ideas about the
relative values of life and disability, for example. One
person may be willing to accept a 10 % risk of stroke
for a 10 % chance of increasing their life expectancy
for a year, whereas another may not. Doctors’ agen-
cies, licensing authorities, and so on, may additionally
have their own guidelines as to the acceptability of
risks often invoked when considering the likely ben-
efit of introducing a specific treatment or therapeutic
intervention, but decision making at the level of the
physician–patient dyad should allow for dialogue and
clear interpretation of all available information.

Is the relationship something we can
affect or influence?

Assuming that we believe an association to be causal
in a population, we then have to question if there is
anything we can do to either enhance a beneficial asso-
ciation or reduce a harmful association. Essentially the
whole of medical practice is based on this fundamental
principle even when the evidence to support or refute
an association is not as robust as perhaps we may wish
it to be.

In the case of aspirin and colorectal cancer, we
will want to know who will most benefit from tak-

ing aspirin with respect to it potentially reducing the
risk of colorectal cancer, whether taking aspirin will
lead to such adverse effects as to render its protec-
tive ability against colorectal cancer irrelevant, and the
cost implications associated with the course of action
we decide to take. To do this we can use a variety
of methods from simple maths to more complicated
health economic judgments.

Number needed to treat (NNT) and
numbers needed to harm (NNH)

Both the number needed to treat (NNT) and number
needed to harm (NNH) give simple, readily accessible
and understandable values to the potential benefit and
harm of an intervention. The NNT is defined as “the
number of persons needed to be treated, on average,
to prevent one more event” [13]. Where the treatment
acts independently of other background factors it can
be calculated as the reciprocal of the absolute risk
reduction. The NNH is defined as “the number of
persons needed to be treated, on average, to produce
one more adverse event” [13]. Where the treatment
acts independently of other background factors it can
be calculated as the reciprocal of the absolute risk
increase.

There is no magic cut-off value for NNT or NNH,
although intuitively low values of NNT and high val-
ues of NNH are considered better. Balancing the NNT
and NNH will to a large extent be mediated through
consideration of the relative importance of the diseases
prevented or produced, as discussed earlier.

Assuming the relationships between aspirin use and
the outcomes studied to be causal, the paper by Chan
et al. suggests that about 12,500 patients (women
between the ages of 40–53) needed to be treated to pre-
vent one case of colorectal cancer whereas the meta-
analysis by Cole et al. (Chapter 5) reports an absolute
risk reduction of 6.7 % equating to only 15 patients
(with history of sporadic colorectal adenoma or pre-
vious colorectal cancer) who needed to be treated to
prevent one case of colorectal adenoma. This differ-
ence in NNTs highlights the importance in defining the
target population when considering the NNT/NNH of
a particular intervention. One may be more inclined
to introduce an intervention with a higher NNH if the
intervention were to be targeted at a group of patients
already at high risk with a lower NNT, for example
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those with a recent history of colorectal adenoma as
per the Cole paper, as opposed to introducing the
treatment to a broader population at any risk, akin
to the Chan paper.

Population attributable fraction

This measure is not directly applicable to the rela-
tionship between aspirin and colorectal cancer, but is
important when considering the removal of harmful
exposures. The population attributable fraction is the
proportion of all cases in the whole population that
may be attributed to the exposure, that is, if the expo-
sure were to be eliminated in its entirety the reduction
in the number of cases of the disease in the whole pop-
ulation. This assumes a causal relationship between
the exposure and the disease in question. It is there-
fore entirely possible that an association with a high
relative or absolute risk in a specific population will
be of minimal importance in the population at large if
the exposure is rare. Again, the target population of a
given intervention becomes crucial when assessing its
relative importance.

Cost implications

Of course our ability to influence health outcomes is
often limited not by science, but by finance. Although
a discussion of the economics of health care is beyond
the scope of this chapter, we would recommend that
it be given consideration and a good starting point
for this includes the online chapter accompanying this
book (see Online Chapter 8 on “Health economics”).

Conclusion

It is not possible within a chapter on assessing the
meaning of medical literature in general to give a
clearly argued case on the literature pertaining to one
individual question or group of questions. However,
this section of the textbook has focused on papers in
one area – the potential for aspirin to prevent colorec-
tal neoplasia. We hope that after reading the chapter
and those before it you are able to return to the wider
literature on this subject with a new perspective. It
should be easy to see that there is a wealth of evidence
suggesting that aspirin can indeed prevent colorectal
neoplasia in some, but that for most people the chance

of receiving this benefit is likely to be small. Whether
such use is appropriate for an individual will therefore
remain a case of weighing the chance and importance
of benefit against the chance and severity of potential
harms for that individual.
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Universidad Complutense, Madrid, Spain
2GI Epidemiology/Outcomes Unit, Division of Gastroenterology and Hepatology, Mayo Clinic
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Key points
� Questionnaires are measurement instruments
and should be evaluated prior to use in research
or clinic.
� Questionnaires should be assessed for reliabil-
ity and validity.
� Reliability is about precision (answers are the
same in repeated measures) and validity is about
accuracy (answers represent the truth).

Why do we need questionnaires?

Medicine was born upon binary endpoints (relief/not
relief) but it jumped a big step, especially in the twen-
tieth century, with the incorporation of quantitative
and objective endpoints (measurement and monitor-
ing of biologic markers of diseases). Their impor-
tance in practice is obvious for all clinicians and
researchers; a case of diabetes is defined by his/her
glycemia and the disease is perfectly controlled if
glycosylated hemoglobin is within the normal range.
However, elements of the patient–physician relation-
ship and research information may not be easily quan-
tified with “objective biologic markers”; diabetes may
be controlled but it does not necessarily mean that the
patient with diabetes feels well. Moreover, the World
Health Organization’s definition of health emphasizes

the relevance of these elements. Questions like “how
are you doing?” are common in clinic and research.
Despite their utility for the clinical evaluation of a
single patient, sometimes, especially in the research
scenario, it is hard to know how poorly a patient is
doing, whether they are doing better or worse, or
whether one subject is doing better or worse than
another. In addition, diseases often express them-
selves as symptoms, which may have key importance
in those diseases without an objective marker. For
example, the diagnosis of irritable bowel syndrome
relies only on symptoms, and therefore depends upon
the subject’s ability to communicate their symptoms
and the physician’s (or researcher’s) ability to under-
stand them correctly. Moreover, research (and to some
extent also clinical practice) requires a homogeneous
set of information from subjects in order to allow
comparisons, or to investigate potential intervening
factors [1]. For example, one may sometimes won-
der whether a patient has truly developed a symp-
tom because of an intervention or whether it was
present prior to the intervention but was not expressed
or not asked about; “unknown” is not the same as
“not present”.

Subjective elements in clinical practice comprise:
1 Communication of subjective experiences (symp-
toms, wellbeing, perceptions, cognitions);
2 Comparison of subjective experiences, both within
the same subject and between subjects;
3 Homogenization of information collected.

GI Epidemiology: Diseases and Clinical Methodology, Second Edition. Edited by Nicholas J. Talley et al.
C© 2014 John Wiley & Sons, Ltd, with the exception of original artwork which is C© Mayo Foundation for Medical Education and Research.
Published 2014 by John Wiley & Sons, Ltd. Companion website: www.wiley.com/go/talley/giepidemiology
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Do research aims require a questionnaire?

Does an appropriate questionnaire exist?
Yes

No

Develop the 
questionnaire

Use the 
questionnaire

Yes Yes, but in another language

Adapt the 
questionnaire

• Define the scope, the way of 
administration and the 
population targeted

• Focus groups to generate items
• Write the questions (simple, 

focused, understandable); choose 
carefully response options

• Create the form (title, length, 
layout)

• Translation-back-translation
• Check the version with experts 

and community subjects 
Validate the 

questionnaire

• Feasibility
• Reliability

• Reproducibility (test--
retest)

• Internal consistency
• Validity

• Face validity
• Content validity
• Concurrent validity
• Construct validity
• Discriminant validity
• Responsiveness to change

Figure 7.1 Schematic representation of the development and validation processes of a questionnaire.

The only way to disclose this subjective information
is direct questioning of the source of information: the
subject. However, many factors can interfere with this
process: how questions are done, how answers are
interpreted, what circumstances surround the com-
munication process (e.g. the mood of the interviewer)
can change moment by moment. It is not only impor-
tant to make the question, but also how it is done;
for example, a subject could be asked “How are you
doing? or ”You are probably doing well, aren’t you?”;
it is obvious that an affirmative answer is more likely
after the second question; similarly, a negative answer
to the question “Do you suffer pyrosis?” does not
necessarily mean it is true, because the subject may
simply answer “No” because they do not understand
the word “pyrosis”. Questionnaires are intended to
measure as objectively as possible these subjective ele-
ments and to overcome, as much as possible, these
limitations. Questionnaires are measurement instru-
ments of these subjective experiences, and should be
viewed as such. Like a glucometer, questionnaires

should be “manufactured” and “subjected to qual-
ity control”(see Figure 7.1). “Manufacturing” a ques-
tionnaire is known as development or, when appro-
priate, adaptation, while “quality control” is known
as validation.

Do we need to develop a questionnaire?

The first question when facing a particular study or a
clinical protocol is whether there is a need to develop
a new questionnaire. Development of a question-
naire requires specific knowledge, can take months to
years to perform, and can be quite expensive. In the
last three decades, an incredible number of question-
naires have been developed for specific purposes. Vast
libraries of questionnaires are available via the Inter-
net, summarizing information on the features of each
questionnaire. In general, it is more efficient to use
something already developed, even it is not absolutely
perfect, for the study at hand.
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Research in non-English-speaking populations rep-
resents a particular situation. It may be difficult to find
a questionnaire developed in the native language fit-
ting the research aims, since most questionnaires are
developed in English. Researchers must then decide
between developing a new instrument, or adapting
an already available questionnaire. In general, the use
of a questionnaire already developed is more efficient,
although an adaptation process should be undertaken.
This approach possesses several advantages: it is less
time-consuming, the performance of the questionnaire
is already known, and transcultural comparisons of
the results are then possible.

Development of a questionnaire

If a new questionnaire is deemed necessary for a
particular study, a sequential process of develop-
ment should be undertaken, including determining the
scope, deciding the survey method, and writing the
questions [2].

Determining the scope

The first step in developing a questionnaire is quite
obvious, but at the same time, very important: what
needs to be measured and what are the appropriate
topics? To answer these questions, a deep review of
the literature helps one to identify what is already
known. However, little information is found in many
instances and other sources should be utilized. Expert
opinion is always advisable in all steps of a question-
naire’s development, but specifically for this purpose,
focus groups are also very useful [3]. Focus groups are
small groups of persons (5–15) belonging to the pop-
ulation intended to be studied who are individually
interviewed to collect in-depth responses to general
questions on the subject of the questionnaire [4]. One
can then delineate which topics should be covered by
a questionnaire from the analysis of their answers.

Survey method

The mode of administration of a questionnaire is a
crucial step in its development. There are many ways
to administer a questionnaire, each with their advan-
tages and disadvantages, but, in any case, the ques-
tionnaire should fit the mode of administration [5].

For example, face-to-face interviews are good for ask-
ing open-ended questions and following up with addi-
tional questions based on specific responses. However,
when human beings interact, they usually present their
most positive light, so socially undesirable answers are
less likely [6]; for example, one may anticipate that
acknowledgement of problems with fecal incontinence
would be less likely in a face-to-face interview than
in an anonymized self-administered questionnaire. In
addition, interviewers should be trained to adminis-
ter the questionnaire in a structured manner. All these
issues could lead to a higher cost. For these reasons,
the majority of medical studies use self-administered
questionnaires; these questionnaires can be circulated
by mail, telephone or online, but they require a careful
design of the questions and the possible answers.

Writing the questions

Although writing a question seems very easy, it is
a challenge, and a great part of the success of the
research will depend on it. Each questionnaire item
should be simple (address only one item at a time),
focused (intended to obtain the desired information),
and clear (understandable by the interviewed person)
[7]. For example, a question like “do you suffer heart-
burn or acid regurgitation?” is a bad question, because
it includes two items at the same time (heartburn
and acid regurgitation), it is not focused (it is unclear
whether the response is “either/or” or “both”), and it
may be not understandable (the terms heartburn and
acid regurgitation are not understood by everyone)
[8]. Usually, a fourth grade reading level is recom-
mended and this should be checked with an expert or
by using dedicated software.

The response options are also important. The first
decision is whether the questions should be open
or closed. Open-ended questions are easier to write,
permit subjects to answer in their own words, and
may provide richer information. However, analysis
is extremely difficult in most situations, owing to a
time-consuming content analysis, limiting their util-
ity. In general, most questionnaires use closed-ended
questions because response choices can be anticipated
and it is easier to analyze and report the results.

Closed-ended questions are more difficult to write
because the success in obtaining the relevant infor-
mation depends on the options provided. Sometimes,
nonquantifiable information is required; in this case,
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the choices are a binary response (yes/no; agree/
disagree; male/female . . .), and categorical nonordered
response (married/single/widowed/divorced), altho-
ugh the second case is just a summary of several yes/no
questions. When the desired information is quanti-
tative, ordinal scales (Likert scales) or visual-analog
scales can be used. Data-entry is easy in the first case
and time-consuming (and therefore expensive) in the
second case. Nonetheless, the level of detail pursued
is the key issue in selecting and designing quantitative
responses, specifically in designing ordinal scales.

There are several general rules that should be kept
in mind when constructing the response options. First,
positive and negative options should be balanced.
For example, if when asking about general wellbe-
ing (how do you feel?), results would not be the same
if the options are “very bad/bad/slightly bad/good”
or “bad/slightly bad/slightly good/good”. Secondly,
vague or subjective categories should be avoided. For
example, when asking about alcohol intake (how
much do you drink?), a list of options like “a little
bit/not too much/like any other/more that I should”
is completely dependent on the subjective concept of
how much alcohol intake is usual or appropriate.
Third, responses categories should be mutually exclu-
sive. For example, if when asking about the location
of abdominal pain, the individual can be provided
with the options of upper (above the navel) or lower
(below the navel), but persons with upper and lower
abdominal pain may be confused about how they
should answer. One solution for these questions is
using “check all that apply” options, but the authors
should then consider that it will force an analysis con-
sidering each response option as a yes/no question.

The final step in writing the questionnaire is the
creation of the form, which is especially relevant in
questionnaires intended as postal surveys. The order
of the questions is important for the success of a ques-
tionnaire; as a general rule, key questions should be
placed first and general questions (e.g. demograph-
ics) at the end of the questionnaire. Also, questions
directed to activities, habits or any issue that persons
may be reluctant to divulge (income, sexual activity,
use of recreational drugs) should be managed care-
fully, and placed in the last part of the questionnaire,
where persons may feel more comfortable answering
them. The time spent on other details of the question-
naire, such as title and lay-out, is usually well-invested
[9]. For example, it has been shown that the title of

the questionnaire may lead to a difference in response
rate of up to 10 % [10].

Adapting a questionnaire

Adaptation of an already developed questionnaire is
usually the best option in epidemiologic research in
non-English-speaking populations. Although adapta-
tion of a questionnaire is easier than developing a new
one, the process is more complicated than just trans-
lating it [11]. Nonetheless, translation of the ques-
tionnaire is the initial step, and it is usually done by
the translation and back-translation process. First, the
questionnaire is translated into the target language by
one or two natives with a fluent knowledge of the
original language (usually English); translators should
focus on the usual wording and sentence construction
of the target language and adapt it to the cultural envi-
ronment (when appropriate) whilst trying to keep the
meaning of the original questions, rather than produc-
ing an exact translation [12]. The translation is then
back-translated to the original language by a native.
After this process, all participants meet to evaluate if
the back-translated questionnaire has kept the orig-
inal meaning and intent of the questionnaire. Some-
times, this preliminary version of the questionnaire is
presented to an expert (physician, linguistic expert,
expert in education) in order to obtain feedback as
to how it could be improved. If this process is suc-
cessful, questions should then be presented to a small
group of subjects, representative of the population, to
assess if questions are understandable and whether the
answers are appropriate. As with a newly developed
questionnaire, it is advisable to undertake a validation
process with the adapted version of the questionnaire.

Validation of a questionnaire

Whether the questionnaire has been newly developed
or adapted it should be validated, which is a way of
measuring how much it can be trusted. The two key
concepts are reliability and validity, but a prior and
necessary step is feasibility [13–15].

Feasibility

The first condition for a questionnaire to work prop-
erly is whether or not it is feasible to use. Usually,
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it is easy to test the feasibility of a questionnaire. It
should be administered to a small group to be sure
they can actually complete it without confusion. The
time to completion is measured in order to assess the
responder burden as this will affect response rates.
The questionnaire should be reviewed to assess for
missed questions or blank answers [16]. The per-
son can be interviewed to assess for misunderstood
questions. Often questionnaires have “go to” direc-
tions that allow people to skip questions. The issue is
whether those instructions are easily understood.

Several additional aspects should be kept in mind
while testing feasibility. First, feasibility testing should
fit the method of administration; for example, some
questions may be difficult to understand in self-
administered questionnaires making them unfeasi-
ble, but the same questions are feasible in face-to-
face interviews, when a well-trained interviewer can
resolve doubts. Secondly, the population targeted
should be considered; for example, a questionnaire
intended for use with the very elderly should not be
tested on the general population; cognitive and physi-
cal abilities are not the same and even issues like font
size may alter what is feasible.

The goal is to make questionnaires measure patient-
reported outcomes with the accuracy and precision
that are expected of any other measure in medicine.
In psychometrics, the terms validity and reliability are
used in place of accuracy and precision. Once it is
known that the questionnaire is feasible, whether or
not it is reliable and valid should be tested.

Reliability

A questionnaire is reliable if it provides the same
result on repeated measurement under stable condi-
tions (precision). There are several types of reliabil-
ity, but test–retest reliability is commonly evaluated.
Test–retest reliability can be measured by administer-
ing the questionnaire on two separate occasions close
together [17]. The goal is to make the interval long
enough so that the respondents cannot remember their
answers, but short enough that no change in their con-
dition will have occurred. These two answers can then
be compared. However, one must remember that high
levels of agreement can occur by random chance if a
question measures an issue for which just 5 % of peo-
ple say “yes” then 95 % will say “no.” This is like
flipping a coin that has only a 5 % chance of heads.

If flipped a second time, the coin will give the same
answer 90 % of the time [(0.05 × 0.05) + (0.95 ×
0.95)]. A high level of agreement has occurred just
by random chance. Therefore a different standard is
needed to decide if this question is reliable. The kappa
statistic is a chance-corrected measure of agreement
that is used to assess such dichotomous (e.g. yes/no
type) answers. A weighted kappa statistic can be cal-
culated for multilevel responses. This statistic is calcu-
lated as:

(Observed − Expected Agreement)/

(1 − Expected Agreement)

A value of 0.4 or above is satisfactory. Kappa statis-
tics will be low for infrequent answers; questions that
have closer to 50–50 responses will have better results.

The kappa statistic is useful to test reliability of
questions with nominal answers, but it is not adequate
to test consistency in numerical answers. In that case,
the responder to the questions is considered to be an
“observer”, and one should test as though estimating
a numerical measurement. For example, a question
that refers to the severity of a symptom with seven
options ordered from no symptoms to unbearable can
be viewed as a numerical estimation. In this case, the
appropriate statistic for evaluating test–retest reliabil-
ity is the intraclass correlation coefficient, which takes
into account not only random error (like the ordinary
correlation coefficient) but also systematic error (e.g.
tendency to score higher than others).

The other type of reliability is internal consistency.
The agreement among different items that measure
the same thing within one questionnaire can be tested.
This approach is most useful in longer questionnaires;
otherwise the respondents will clearly notice that they
are being asked the same thing twice. The correlation
between the answers to these similar questions can
then be assessed, using Cronbach’s alpha statistic.

Validity

A questionnaire is valid if it measures what it intends
to measure (accuracy). Validity has several forms and
is best thought of as a continuum – that is, a mea-
sure is not simply valid or invalid, but rather has a
degree of validation. One should not ask whether the
questionnaire is valid, but rather, how valid is it? Face
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validity, content validity, criterion validity, discrim-
inant validity, construct validity, and responsiveness
are all features that an instrument can have, and these
issues need to be addressed as the instrument is devel-
oped and tested.

Face validity represents the degree to which a ques-
tionnaire appears to be measuring what it is supposed
to measure. It is a rather simple concept: does the ques-
tionnaire look valid to an expert? Often this is the only
level of validity that a questionnaire has; people just
make up questions to suit the purpose of the study.

The next level is content validity; content validity
refers to the degree to which the items of the question-
naire are representative of the characteristics being
investigated. In other words: does the questionnaire
measure the appropriate issues? For example, after
wording a questionnaire intended to measure diges-
tive symptoms, one should think: Does a reflux ques-
tionnaire measure heartburn and acid regurgitation?
Does it measure chest pain, dysphagia, dyspepsia and
respiratory symptoms? Does a bowel questionnaire
measure all the elements of diarrhea and constipa-
tion? Content validity is also typically determined by
panels of experts.

Therefore, in a practical setting, face and content
validity are usually done as the first step after con-
structing the questionnaire, no matter how expert a
research group is in developing questionnaires. The
feedback from a panel of experts may warrant: (i)
an external evaluation of the work that was done,
sometimes providing improvements; (ii) an evaluation
before undergoing further validation studies.

The next level is concurrent validity, also called cri-
terion validity, which is the ability of the question-
naire to identify a characteristic known to be associ-
ated with the characteristic intended to be measured.
In essence, it represents how well a new questionnaire
compares with the gold standard. The gold standard
in this case should not be confused with the diagnostic
gold standard in clinic. For many symptom surveys,
the gold standard is a face-to-face physician inter-
view. In some situations the gold standard may be
a long survey from which a newer shorter version has
been derived. For example, the sickness impact profile
(SIP) has over 100 questions and was later modified
to create the Short Form-36 (SF-36), which in turn
was further modified to give the Short Form-12 (SF-
12). However, often no gold standard exists. The new
questionnaire is designed to be better than existing

instruments. This makes assessing concurrent validity
much more difficult. What is the truth? In this case
multiple measures can be used to develop a consensus
definition of the truth and then the new questionnaire
can be compared to that standard.

Perhaps the most difficult concept to understand
is construct validity. In this case the designer devel-
ops a construct of how the questionnaire should per-
form. Based on this construct some patients should
have worse scores than others; and then the survey is
administered to see if this holds true. The question-
naire needs to perform in a predictable fashion.

Discriminant validity refers to the concept that
a questionnaire should be able to identify distinct
groups. Can the survey responses distinguish one
group from another? Responsiveness is yet another
attribute a questionnaire should have; especially one
that will be used in a clinical trial. For instance, is the
questionnaire sensitive to a change in symptoms? The
challenge to testing responsiveness is that there must
be an intervention or something that leads to a change
in the person’s condition. Typically, responsiveness is
assessed in the setting of a clinical trial. Most respon-
sive questionnaires must be developed in one clinical
trial before they can be used to assess the effects of
therapy in another.

Not all questionnaires need to be tested and shown
to fulfill all these forms of validity. In some situations
a discriminant questionnaire is needed; for others the
questionnaire needs to be responsive. The questions
needed to address these two tasks may be quite dif-
ferent. At a minimum, questionnaires must have face
and content validity. However, an assessment of con-
current validity is preferred.

Using questionnaires in research

Developing a questionnaire is a hard task, as detailed
in earlier sections. However, one should realize that
questionnaire development is just a path to a research
objective. The questionnaire is only the instrument.
For example, it may be hypothesized that sympa-
thetic/parasympathetic imbalance is the reason behind
dizziness in patients with IBS; a machine may be devel-
oped that is able to monitor these parameters dur-
ing a one-week period but which requires subcuta-
neous implantation. Its accuracy and precision could
be tested in some patients; however, it is unlikely that
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it could be used in a long clinical study because most
patients will not accept its implantation just for a
study; and therefore even though this may be the best
instrument, it will be useless for this purpose. Simi-
larly, a good questionnaire requires a well-designed
development and validation process but it should also
fit the research needs. For example, a long 16-page val-
idated questionnaire designed for community postal
surveys will be useless if most subjects in a specific
population will not respond to it; however, the same
questionnaire in the same population may be useful if
it is administered by telephone.

How the questionnaire will be used is an important
issue that should guide the process of development
and validation, always keeping in mind the targeted
population and the way it is going to be used.

Conclusions

Many physicians and researchers conducting clini-
cal studies do not need to know all these details
of questionnaire development. The key messages of
this chapter are (i) a questionnaire is a measurement
instrument, and like any other, should provide reliable
results; (ii) making up the questions is not enough –
when using a questionnaire, researchers need to be
sure that the instrument they are using was developed
rigorously.

Fortunately, well-validated measures exist to assess
most GI symptoms and diseases. Additional measures
exist to assess quality of life, physical functioning,
work productivity, and other outcomes. A catalog of
these is beyond the scope of this chapter but such
instruments can easily be found. Sometimes the actual
questionnaires are published as appendices to a jour-
nal article. This places them in the public domain
and available for use. Most often the authors need
to be contacted for permission. Some questionnaires
are proprietary and can only be used for a fee.

The goal of this chapter was to familiarize the
reader with the steps required to develop and test a GI
questionnaire rigorously. Alternatively, one can and
should search the literature for existing measures and
write to the authors to obtain permission for their
use. By using well-tested measures the physician and
researcher can be assured that they know what is
being measured when they ask people “How are you
doing?”

Multiple choice questions

1 A questionnaire that provides the same result when
it is administered repeatedly over a short period of
time is said to have high: (choose one)

A Reliability
B Face validity
C Content validity
D Responsiveness

2 The concepts of reliability and validity are similar
to the concepts of accuracy and precision, which one
of these two statements is correct?

A Reliability is similar in concept to accuracy;
validity is similar in concept to precision.
B Reliability is similar in concept to precision;
validity is similar in concept to accuracy.

3 Disease-specific quality of life measures offer what
advantage over generic measures? (choose one)

A Ability to compare across conditions
B Rigorous testing in thousands of patients over
time
C Sensitivity to change in a patient’s condition
D Ability to compare to community norms

4 If you want to measure change over time in a clinical
trial, above all else you need a questionnaire that is:
(choose one)

A Reliable
B Valid
C Responsive
D Discriminative

5 Many studies have used the medical outcomes study
Short Form-36. What type of instrument is this?
(choose one)

A A disease-specific health utility measure
B A disease-specific health status measure
C A generic health utility measure
D A generic health status measure
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1. A
2. B
3. C
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Key points
� Population-based studies can be either obser-
vational (descriptive) or analytical (cohort, case-
control, cross-sectional, or longitudinal). Iden-
tifying the correct community/residential area
and using an appropriate sampling method is
necessary.
� Data collection is usually made through a
structured questionnaire.
� The survey method used to collect data should
be tailored to the study population, with estab-
lished methods such as face-to-face interview,
postal survey, telephone interview, or via elec-
tronic mail.

Introduction

Population-based studies, as opposed to hospital-
based studies, offer the only means of estimating the
true prevalence or incidence, and determining the
epidemiology, of gastrointestinal (GI) or any other
chronic diseases that affect a particular community.
Information obtained from population-based stud-
ies has wide implications. For example, knowledge
regarding the prevalence or incidence of a particular
disease will enable healthcare providers to budget and
plan for service provision at both primary and sec-

ondary care levels. Furthermore, increased recognition
of the burden of a particular illness to both employ-
ers and healthcare providers can facilitate enhanced
resources in tackling such a condition in order to
improve the overall management of this condition.

Several methods of conducting population-based
medical research are available, ranging from
questionnaire-based surveys to detailed physical
examinations and simple laboratory investigations. As
the aim of population-based research is to obtain as
much information from as many individuals as possi-
ble, surveys have become a popular means of obtain-
ing this data.

Population-based surveys

Large-scale population-based surveys can be expen-
sive to undertake. Hence, prior planning is an essen-
tial component to any such study. Some of the basic
issues that need to be addressed before embarking on
a population-based survey are:
� a clearly defined research question
� type of study – e.g. observational (descriptive) or
analytical (see later)
� study area (location and type of community to be
studied)
� a clearly defined sampling frame
� sample size calculation – this will depend on whether
a disease is rare or common

GI Epidemiology: Diseases and Clinical Methodology, Second Edition. Edited by Nicholas J. Talley et al.
C© 2014 John Wiley & Sons, Ltd, with the exception of original artwork which is C© Mayo Foundation for Medical Education and Research.
Published 2014 by John Wiley & Sons, Ltd. Companion website: www.wiley.com/go/talley/giepidemiology
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� type of instrument used to collect data
� timing of survey
� logistics to be calculated

◦ amount of staff required to collect data
◦ funding available to conduct the study.

Research question and aim of the study

One of the major pitfalls in population-based surveys
is that either the research question or the aim of the
study is not clearly defined. Stating these early on will
enable the researcher to be clear in selecting the type
of methodology (study design), as well as anticipating
the types of statistics that need to be applied to the
data collected, so that the research question can be
answered.

Location of survey and engaging
the population of study

Theoretically, population-based samples can be
obtained from various places where large sections of
the community reside, such as places of employment,
schools, community centers, or even shopping malls.
However, data obtained from such “convenience”
samples are usually biased in their selection. Unless
the aim of the survey is to target a particular section
of the community, for example individuals of younger
age in schools or adults in employment in offices, spe-
cific locations such as these are not desirable due to
the obvious bias of the type of individuals who will be
residing in these locations. To obtain data from a more
representative sample of the population in general, the
household is usually utilized as the commonest sam-
pling unit.

Depending on the region and part of the world
where the study is conducted, it is usually necessary
to seek and obtain permission from an appropriate
administrative authority responsible for the commu-
nity before commencing the survey. In a city or urban
area, this will normally be the local town or city coun-
cil, but this may vary in rural areas in various parts of
the globe.

Apart from administrative authorities, it is generally
advisable to engage the community leaders or mem-
bers of the residential association. Spending some time
and effort in gaining the trust of such members of
the community will greatly enhance cooperation for
the study when it commences. In addition to seeking

approval, as some surveys can be time-consuming and
inconvenience people in their daily routines, it may be
advisable to reward individuals for their participation
in the survey. Depending on the study’s budget, the
reward can range from anything as simple as a token
(e.g. towel, stationery, and so on), to offering a free
screening check-up at the nearest health center. This
can be invaluable in maximizing participation in a
community survey, particularly in urban areas, where
most individuals lead extremely busy lifestyles.

Sampling

It is more economical to study a sample of, rather
than the whole, population but this sample should be
representative of the entire population, at least from
a sociodemographic perspective. Sampling is a tech-
nique where a group of subjects from a larger popula-
tion are selected. In sampling, each person or house-
hold should have an equal chance of being selected
from the sample. Once an ideal community that is rep-
resentative of the entire population has been selected, a
sampling frame has to be chosen. The sampling frame
refers to a listing of the members of the population
from which the sample for the study is to be drawn.
For example, if one wanted to study the incidence of
dyspepsia amongst adults in a population, then the
sampling frame would be all the adults in the commu-
nity under study. There are several accepted sampling
methods that are commonly used [1]:
A Simple random sample
In this method, a number is usually assigned to each
household in the sampling frame. Using a table of ran-
dom numbers, households are randomly selected for
inclusion in the study. This method ensures appropri-
ate randomization and provides the greatest number
of possible samples. Also, each household has an equal
chance of being selected in the sample, thus minimiz-
ing bias in the study.
B Systematic random sample
Using this method, numbered households are selected
at regular intervals. For example, a randomly num-
bered house from 1 to 10 is chosen, and every fifth
household after that particular numbered household
is selected for the survey. This method enables each
unit within a sampling frame to be selected. However,
the total number of samples will be less than the ran-
dom sampling method in (A), as only a fixed number
of houses can be selected in a sequential order.
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C Stratified random sample
This method of sampling is usually used when trying
to capture data from different groups within the com-
munity. For example, in a multiethnic community, the
ethnic groups may not be equally distributed within
a particular residential area. Hence, based on avail-
able data (perhaps from the residents association or
the local council) a sample is deliberately drawn to
capture equal areas of representation of the various
ethnic groups within a particular residential area. For
example, if the population has a ratio of Chinese to
Indians of 4:1, then the population can be stratified
into two groups (Chinese and Indians) and individu-
als from the two ethnicities can be selected randomly
in that ratio.

Whilst a sample taken from any population is
thought to best represent the entire population, sam-
pling error is inevitable, due to possible differences
between different samples from the same population.
From a practical perspective, the only means of reduc-
ing sample error would be by enrolling as large a sam-
ple size as possible in the study.

Data collection in a survey

There are several methods by which data can be
obtained in a population-based study. Most investi-
gators use a structured questionnaire.

Questionnaires in surveys
When designing a questionnaire that will be applied in
the community, a balance has to be obtained between
obtaining as much data as possible, and not making
the questionnaire too long, such that potential partic-
ipants in the survey become either bored or irritated.
Details of how to develop such questionnaires are cov-
ered in Chapter 7. When using a questionnaire that has
been developed in a language foreign to the popula-
tion of study (e.g. using an English questionnaire in a
rural population in Asia), it is vital that a proper pro-
cess of translation and validation is performed before
conducting the study. Prior to using the questionnaire
in the population, a pilot study among a convenient
sample of subjects, using the various language versions
of the questionnaire should be conducted. In this pilot
study, the investigator has to determine how easily the
questionnaire is understood, and the average duration
taken to complete the entire questionnaire. The lat-
ter information is vital when planning the details and

total duration of study when the survey commences
in the community. Any modifications and subsequent
re-testing of the questionnaire should be conducted
at this stage, before applying the questionnaire in the
community to avoid major problems later.

Methods of data collection

Several methods can be employed to administer a
questionnaire in a survey. In general, the method uti-
lized depends on the level of development of a par-
ticular society and its communication network. All
methods have their pros and cons.

Direct interview. A direct, or face-to-face, interview
method is usually employed in less developed coun-
tries. This method is labor-intensive, requiring a set of
paid data collectors who have to be trained to ensure
familiarity with the questionnaire, and to ensure that
all interviews are conducted in a standardized manner.

Advantages of this method are:
� any queries about the survey questionnaire items
can be resolved immediately
� individuals with lower educational levels are more
likely to complete the questionnaire appropriately
� there is generally a greater participation rate among
respondents, due to a sense of obligation to, or trust
gained by evidence of official documentation from,
data collectors.

Disadvantages of this method are:
� the total sample size is usually smaller, as data col-
lectors require funding, which may be limited
� there is a lack of anonymity among respondents,
which may affect the accuracy of data collected.

Postal survey. Mailed questionnaires are usually
utilized in a country with an established and exten-
sive postal network.

Advantages of this method are:
� it is less labor-intensive, and cheaper
� a larger number of the population can be reached.

Disadvantages of this method are:
� a lot of motivation from participants is required to
complete and mail back questionnaires. Hence, the
yield tends to be lower using this method;
� queries about questionnaire items cannot be
resolved, and may lead to inaccurate data;
� a higher level of literacy is required from respon-
dents. Hence, data from individuals with lower edu-
cation levels may be missed in this survey method.
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Telephone interview. In countries with an extensive
telecommunications network, this method of inter-
view may be employed. Once again, trained data col-
lectors will need to be employed to facilitate this type
of study.

Advantages of this method are:
� a larger number of the population can be reached
� any queries about the survey questionnaire items
can be resolved immediately
� data collectors do not have to physically go out into
the field to collect data
� repeat calls for individuals missed earlier can be
made without difficulty.

Disadvantages of this method are:
� participation rate may be variable as the trust gained
from respondents may be less.

E-mail/Internet survey. In the current technological
era, with increased availability of personal electronic
mails (e-mails) for many individuals in various parts of
the world, communication via the Internet has become
another method of conducting surveys.

Advantages of this method are:
� rapid dispersion of questionnaires can be performed
within a short duration of time
� no need for paper and stationery
� data from questionnaires completed can be stored
without difficulty
� data analysis from electronic forms may be per-
formed faster
� minimal funding is required provided the Internet is
readily available.

Disadvantages of this method are:
� limited to populations that have readily available
Internet access
� e-mail addresses within a given population may not
be readily available
� motivation from participants is required to complete
and e-mail back questionnaires, although this may be
easier than via normal post.

Examples from the GI literature
In Malaysia, Mahadeva et al. [2] conducted a popu-
lation survey in a rural community to determine the
prevalence of dyspepsia using a face-to-face direct
interview method. A total of 2260 adults from 1642
households, identified by a systematic random sam-
pling method, were approached by trained data col-
lectors and invited to participate in the study. Two
thousand (88.5 %) individuals completed the survey
in this study.

In Hong Kong, Hu et al. undertook a population-
based survey to investigate the prevalence of GI
symptoms, and their association with healthcare-
seeking behavior, using a telephone interview
method [3]. Random telephone numbers were
generated by computer and dialed automatically.
Only numbers corresponding to ethnic Chinese
households were used in the study. Office numbers,
facsimile machines, and non-Chinese households
were excluded. The telephone interview was
conducted by a team of 15 trained telephone
interviewers. A total of 2640 individuals were
contacted, and 1649 (62 % response rate) were
able to complete the survey.

In the United Kingdom, Ford et al. conducted
a follow-up postal survey to examine the effect
of quality of life on subsequent development of
dyspepsia in the community [4]. From an original
cohort of 8407 individuals, 6416 could be traced
10 years later and were mailed a set of GI and
demographic questionnaires. Of the 8407 individu-
als originally included, 4003 (48 %) responded by
completing and mailing back the questionnaires.

In Japan, Hongo et al. conducted a population-
based survey of GI symptoms using an electronic
internet survey [5]. Registered members of a
survey organization were selected as the sample,
and a stratified random sampling method was
applied to obtain equal distributions of age groups,
gender, and residential area. In the survey, 6000
questionnaires were e-mailed out, and 2125 (35 %
response rate) individuals returned a completed
questionnaire.

Design of population-based studies

Thus far, we have described the “nuts and bolts”
of undertaking a population-based study. One of the
most important steps in getting the study done will be
deciding on the research strategy or the study design of
the population survey. The study design of most pop-
ulation surveys can be broadly categorized as either
descriptive or analytical [6].

Descriptive design

This type of study design is aimed at generating
hypotheses, rather than testing them. Typical exam-
ples include clinical or demographic features of a
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particular disease in the community or community-
based disease registries.

Analytical designs

These types of study design are usually aimed at test-
ing hypotheses. There are several types of analytical
designs and we will elaborate on these further:
� Cohort study – prospective and retrospective
� Case-control study
� Cross-sectional study
� Follow-up studies – longitudinal or cross-sectional
at repeated intervals.

Cohort studies
In the cohort design, groups of both exposed and non-
exposed individuals in the population are recruited,
and then followed up prospectively for a period of
time. The development of the disease of interest, also
known as the incidence, is then compared between
exposed and nonexposed individuals (Figure 8.1). The
selection of a study population can be on the basis of
exposure to a particular risk factor, or by selecting
a defined population before individuals are exposed.
It is generally expected that the group with exposure
to the risk factor will have a higher incidence of the
disease compared with the group with no exposure.

Example from the GI literature
In Japan, Uemura et al. conducted a prospective
cohort study to investigate whether Helicobacter
pylori had a direct causal link with gastric cancer
[7]. Among 1526 patients with various benign

Study population

Time frame

Sample selection

Exposed
population

Disease DiseaseNo disease No disease

Nonexposed
population

Figure 8.1 Design of a population-based cohort study.

upper GI conditions diagnosed by endoscopy, 1246
had H. pylori infection and 280 did not. After a
mean duration of follow-up of 7.8 years, 36 (2.9 %)
patients with H. pylori infection developed gastric
cancer, whereas no cancers were found in the non-
infected patients. This prospective cohort study has
provided one of the strongest causal links between
H. pylori and gastric cancer.
An alternate approach is to begin the study with a

pre-existing population and use historical data from
the past to determine individuals who are, and those
who are not, exposed to the particular risk factor. This
is known as a retrospective cohort study. The design
of both a prospective and retrospective cohort study
is essentially the same: that is, a comparison between
exposed and nonexposed individuals.

Example from the GI literature
In Taiwan, Chang et al. investigated the link
between mass hepatitis B vaccination, which had
been introduced in 1984, and development of hep-
atocellular carcinoma in later life [8]. Using a well-
developed national disease registry over a 20-year
follow-up period, investigators were able to observe
that 64 hepatocellular cancers developed among
37,709,304 person-years in the vaccinated birth
cohorts compared with 444 cancers in 78,496,406
person-years among the unvaccinated birth cohort.
This retrospective cohort study provided further
evidence for the link between hepatitis B infection
and development of hepatocellular carcinoma in a
population.
Advantages of a cohort study:

� the time sequence in the cohort study strengthens
the inference between exposure and outcome
� they enable a more precise measurement of prog-
nostic or risk factors (no recall bias)
� fewer confounding factors.

Disadvantages of a cohort study:
� period of study can be long in diseases that are slow
to develop following exposure to risk factors
� large cohorts with prolonged follow-up are required
in diseases with a low incidence rate
� identifying a population cohort with exposed and
nonexposed individuals to a particular risk factor can
be difficult, even when such evidence is available.

In view of some of these difficulties, other study
designs may be employed to demonstrate an asso-
ciation between a particular factor and a specific
disease.
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Time frame

Population with
disease

“CASES”

Population with
no disease

“CONTROLS”

Not exposed
to

risk factor

Not exposed
to

risk factor

Exposed
to

risk factor

Exposed
to

risk factor

Figure 8.2 Design of a population-based case-control study.

Case-control studies
In case-control studies the outcome (disease) is iden-
tified first and the exposure is determined retrospec-
tively (Figure 8.2). Therefore in these types of studies
the population with a particular disease (cases) is first
identified, and then compared with a group without
the disease (controls). Ideally, the controls should be
from the same population, and should be “matched”
to the cases by basic sociodemographic parameters
(e.g. age, gender or educational level), provided these
demographic factors are not the risk factor being stud-
ied. The ratio of cases to controls can be similar, that
is, 1:1, or multiple, that is, 1:2 or 1:4, and so on. By
using multiple controls per case the power of the study
is increased. This type of study design may be confused
with that of a retrospective cohort study. However, in
the latter a group of individuals with something in
common from the same population (cohort) are ret-
rospectively assessed for their exposure and nonexpo-
sure to a particular risk factor and then observed for
disease development (as in the example given earlier).
A case-control study begins with a diseased popula-
tion and their controls, who are not necessarily from
the same population, (not a cohort), with exposure
assessed retrospectively in both groups.

Example from the GI literature
In Sweden, using a comprehensive hospital reg-
istry, Lagergren et al. captured all new cases of
esophageal and gastric cardia adenocarcinoma (i.e.
cases) between 1994 and 1997 [9]. At the same
time, age- and sex-matched adults from the popula-
tion identified from the Swedish population register,
and individuals with newly diagnosed squamous
cell esophageal cancers served as controls. Weekly

GERD symptoms were found to be higher in cases
(60 %) compared with controls (16 %). The inves-
tigators further calculated that adults with persis-
tent GERD symptoms were seven times more likely
to develop esophageal adenocarcinoma later in life
compared with those without any symptoms. This
study provided a strong, although not necessarily
causal, association between GERD symptoms and
esophageal adenocarcinoma.
Advantages of a case-control study:

� usually less expensive to conduct
� study duration is often quite short.

Disadvantages of a case-control study:
� recall bias in both cases and controls can influence
data analysis
� precise temporal relationship between exposure and
disease cannot be ascertained.

Cross-sectional studies
One of the simplest study designs in population-based
surveys, a cross-sectional study, involves taking a
“snapshot” view of a particular population at a point
in time. In this type of study, both disease presence
(outcome) and exposure to a particular factor are
determined simultaneously (Figure 8.3). Hence, the
proportion of the population with a particular dis-
ease identified in a cross-sectional study represents the
“prevalence” of that disease in that population at that
moment in time. These are sometimes known as preva-
lence studies.

Study population

Sample selection

Data collection

Time frame

Not exposed
to risk factor

+
With disease

Not exposed
to risk factor

+
No disease

Exposed
to risk factor

+
No disease

Exposed
to risk factor

+
With disease

Figure 8.3 Design of a population-based cross-sectional
study.
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Advantages of cross-sectional studies:
� fairly quick and easy to perform
� low cost, compared with case-control and cohort
studies
� useful in determining the prevalence of the disease.

Disadvantages of cross-sectional studies:
� unable to determine the temporal relationship of
cause and effect
� unsuitable for studying severe or rapidly fatal
disease
� problems with recall bias in some cases.

Example from GI literature
In Malaysia, Mahadeva et al. conducted a cross-
sectional survey in a rural Asian population to
determine the prevalence and epidemiology of dys-
pepsia [2]. A systematic random sampling method
was used to survey a total of 2000 adults in the
community. The prevalence of dyspepsia in the pop-
ulation was found to be 14.6 %, and was strongly
associated with higher socioeconomic factors, use of
regular analgesia, and the presence of other chronic
illnesses.

Follow-up/longitudinal studies
A longitudinal study involves a prolonged observa-
tion of a particular population over a period of time,
in order to study disease development. This form of
observation can be conducted continuously (or ongo-
ing), or it can be done by repeated cross-sectional sur-
veys at different points in time. In medicine, this type
of study is useful for determining the natural history
or survival patterns of a particular disease.

Example from GI literature
In the United States, a community-based research
project in Olmsted County, Minnesota, identified
426 patients with nonalcoholic fatty liver disease
(NAFLD) in the population between 1980 and 2000
[10]. This study population was followed up for a
mean of 7.6 years, and the natural progression to
cirrhosis, liver cancer, and other liver-related com-
plications was 5 %, 0.4 %, and 3.1 % respectively.
This study demonstrated that NAFLD was not an
entirely benign disease, and that progression to seri-
ous sequelae could occur within less than a decade.

Conclusion

Population-based studies, in the form of surveys, are
able to provide invaluable data on the epidemiology

of various GI diseases. However, detailed and careful
planning is required prior to the conduct of these stud-
ies. Various methods of data collection are currently
available, and investigators are advised to tailor the
method to the population being studied. Whilst the
cohort design provides the most precise link between
exposure and disease development, case-control or
cross-sectional studies are more often conducted for
economic reasons.

Multiple choice questions

1 Population-based surveys are usually conducted in
residential areas for the following reason:

A To capture data from individuals who are unem-
ployed
B To capture data from pre-schooling or retired
individuals
C To avoid bias among hospitalized individuals
D To obtain a representative sample of the popu-
lation in general
E It is easier than collecting data in public locations
such as community centers

2 In a multiethnic population, the best sampling
method to obtain representative data from all major
ethnic groups would be:

A Simple random method
B Stratified random method
C Systematic random method
D Direct sampling method
E Complex random method

3 A major disadvantage of the cohort population-
based study design includes one of the following:

A It provides a temporal relationship between an
exposed risk factor and the development of disease
in individuals
B Precise measurement of exposure is possible
C Incidence rates of disease can be calculated
D The duration of study can be prolonged
E There must be equal numbers of persons in both
exposed and nonexposed study groups

4 Case-control studies are often preferred to cohort
studies by investigators for the following reason:

A Incidence rates can be calculated precisely
B A greater proportion of exposed to nonexposed
individuals can be studied
C Recall bias is usually not a problem
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D They are better for studying diseases with a low
occurrence rate
E The study groups start with diseased and nondis-
eased persons, as opposed to exposed and nonex-
posed persons.
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2. B
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9 How to find and apply large
databases for epidemiologic
research
Jonas F. Ludvigsson, Joe West, Jessica A. Davila,
Timothy R. Card, & Hashem B. El-Serag

Key points
� Large databases can be a powerful source of
information to examine the clinical epidemiol-
ogy and outcomes of digestive and liver disor-
ders.
� Research using large databases requires the
same essential skills needed to conduct research
studies using other data sources. These include
a rigorous study design, expertise in analytic
methods, and relevant research questions.
� The completeness and accuracy of informa-
tion contained in each particular database must
be assessed. Methods for improving the quality
and completeness of this information should be
considered.
� Despite similarities among large databases,
gaining insight and experience into the structure
and content of each database is essential.
� Examples of commonly used large databases
are presented with a synopsis of informa-
tion contained in the database, as well as
strengths and limitations of using the database
for research.

Introduction

Although a simple Excel spreadsheet containing infor-
mation on a few subjects is technically a database,

this discussion is restricted to large databases with
thousands (or millions) of records. These databases
may be collected primarily for research purposes
(e.g. disease registries or large health surveys), but
might have other primary purposes such as admin-
istrative purposes (e.g. healthcare claims), or indeed
be a collection of electronic clinical notes. The pri-
mary purpose for which data is input will, to a large
extent, determine the nature and quality of the data
collected.

“Database study” and “data mining” are terms
often used to describe research that utilizes large
datasets. We feel these terms inaccurately describe
many studies that utilize large databases, and underes-
timate the complexity and rigor of the methods used
to conduct these studies. We recommend a system-
atic approach to utilizing large databases to address
research questions, which includes:
1 developing specific research questions and deter-
mining the best possible study design to answer the
question;
2 evaluating all potential data sources, which may
include a pre-existing database, cross-sectional survey,
or medical record review;
3 selecting the most appropriate data source based on
the study question and design.

Several types of studies have been performed using
large databases, including the evaluation of temporal
(secular) trends, geographic variations, economic
burden of disease, outcomes of disease management,

GI Epidemiology: Diseases and Clinical Methodology, Second Edition. Edited by Nicholas J. Talley et al.
C© 2014 John Wiley & Sons, Ltd, with the exception of original artwork which is C© Mayo Foundation for Medical Education and Research.
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Table 9.1 Databases and their web links

Data source Website∗

World Health Organization http://www.who.int/healthinfo/statistics/
mortality/en/index.html

Cancer incidence and mortality worldwide in 2008 (GLOBOCAN) http://globocan.iarc.fr/
Surveillance, Epidemiology and End Results Program (SEER) www.seer.cancer.gov
Medicare www.cms.hhs.gov
Department of Veterans Administration (VA) www.virec.research.va.gov
SEER-Medicare www.healthservices.cancer.gov/seermedicare
American Medical Association (AMA) www.ama-assn.org
Healthcare Cost and Utilization Project (HCUP) www.hcup-us.ahrq.gov
National Hospital Discharge Survey (NHDS) www.cdc.gov/nchs
Behavioral Risk Factor Surveillance System (BRFSS) www.cdc.gov/brfss
Medical Expenditure Panel Survey (MEPS) www.ahrq.gov
United Network for Organ Sharing www.unos.org
United Kingdom Clinical Practice Research Datalink www.cprd.com
Swedish National Registers http://www.socialstyrelsen.se/statistics
National Health and Nutrition Examination Survey (NHANES) www.cdc.gov/nchs/nhanes.htm
Canadian Institute for Health Information http://www.cihi.ca/CIHI-ext-portal/internet/

EN/ApplicationIndex/applicationindex/
applications_index_main

Medicaid www.cms.hhs.gov

∗ All websites accessed May 2013.

resource utilization, determinants of disease, and
pharmacoepidemiologic studies. The most commonly
used study designs include cross-sectional, cohort,
case-control, and ecologic studies.

Commonly used databases

For each database, we will provide a brief description
of the contents, highlight strengths and weaknesses,
and provide links for more detailed information (see
Table 9.1).

Global death and cancer registries

World Health Organization mortality database
The data available on the WHO mortality database
website comprise deaths registered in national civil
registration systems, with underlying cause of death
as coded by the relevant national authority. Underly-
ing cause of death is defined as “the disease or injury
which initiated the train of morbid events leading
directly to death, or the circumstances of the accident

or violence which produced the fatal injury” in accor-
dance with the rules of the International Classification
of Diseases.

Death registration coverage and cross-national dif-
ferences in coding practices, particularly in the use
of codes for ill-defined and unknown causes, must
be taken into account to validly compare mortality
rates for specific causes across countries. Addition-
ally, where coverage is less than 100 %, the cause of
death distribution for the uncovered population may
differ from that of the covered population.

GLOBOCAN
For the last 30 years, the International Agency for
Research on Cancer (IARC) has published regular
estimates of the incidence of, and mortality from can-
cer worldwide in broad areas of the world and more
recently at the country level through its GLOBOCAN
series [1]. The most recent set of estimates have now
been updated to 2008 using new sources of data
and improved methods of estimation. Facilities for
the tabulation and visual description analysis of the
full dataset of 182 countries and 30 world regions
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by sex can be accessed via the IARC home page
(www.iarc.fr).

Incidence data derive from population-based can-
cer registries. These may cover entire national popula-
tions but more often cover smaller, subnational areas
and, particularly in developing countries, only major
cities. For example, only 21 % of the world popula-
tion is covered by cancer registries and for data of
good quality it is even lower: only 8 % of the world
population is covered by cancer registries that meet
international standards. While the information from
most of the developing countries may not meet a spe-
cific criteria for quality set, this information is still of
unique importance as it often remains the only rela-
tively unbiased source of information available on the
profile of cancer.

Population-based cancer registries can also produce
survival statistics by following up their vital status
of cancer patients. Survival probabilities can be used
to estimate mortality from incidence in the absence
of mortality data. Mortality data are generated from
the WHO mortality database described earlier and
national population estimates for 2008 were extracted
from the United Nations population division.

Inevitably, therefore, there is error in the estima-
tion of cancer occurrence using these data due to the
inherent problems of accurate collection. However, in
terms of gaining the best estimates of worldwide can-
cer incidence over time, by age, sex, and geographical
distribution, these data are second to none.

United States of America databases

SEER program

The Surveillance, Epidemiology and End Results
(SEER) program is an important source of population-
based cancer incidence and survival in the United
States. It currently covers approximately 25 % of
the US population. The SEER program of the
National Cancer Institute (NCI) provides support for
population-based tumor registries in seven metropoli-
tan areas (San Francisco/Oakland, Detroit, Atlanta,
Seattle, Los Angeles County, San Jose–Monterey
Counties, and the Greater California area) and
eight states (Connecticut, Iowa, New Mexico, Utah,
Hawaii, Kentucky, New Jersey, and Louisiana).

The SEER database contains information on more
than 2.5 million cancer cases, and approximately
160,000 new cases are accessioned each year. Rou-
tinely collected information includes patient demo-
graphics, primary tumor site, tumor morphology,
stage at diagnosis, first course of treatment, and
follow-up for vital status.

SEER registries hold the highest level of certifi-
cation of data quality [2–4], including completeness
of case ascertainment, accuracy of data recording,
and reliability of data abstraction. The SEER pro-
gram’s standard for the completeness of case ascer-
tainment is 98 % [5]. SEER public use data can
be accessed at no cost through the SEER website
(http://seer.cancer.gov). In addition, reports on cancer
statistics are available from the SEER website. SEER
also offers three free software programs (SEER∗Prep,
SEER∗Stat, and Health Disparities Calculator) which
can be used to analyze SEER public-use datasets.

Several studies have examined digestive and liver
malignancies using the public-use SEER database. For
example, we examined temporal trends in the inci-
dence and survival of hepatocellular carcinoma [6],
cholangiocarcinoma [7], esophageal adenocarcinoma
[8], and malignant gastrointestinal tumors [9–11].

Medicare claims files

The Medicare Claims Data System collects informa-
tion on all services provided to Medicare beneficia-
ries under its hospital (Part A) and supplemental (Part
B) insurance plans. All Medicare beneficiaries receive
Part A benefits and 95 % of beneficiaries subscribe to
Part B coverage [3,4]. The former covers inpatient
hospitalizations and care in skilled nursing homes,
whereas the latter covers physicians’ services, hospital
outpatient services, durable medical equipment, home
health services, and other outpatient medical services
such as diagnostic X-rays and laboratory tests.

Several individual files are included as part of the
Medicare database. Denominator files contain data on
enrollment information, demographics (date of birth,
race, zip code of residence), month-by-month eligi-
bility information, HMO membership, and date of
death.

The Medicare Provider Analysis and Review (Med-
PAR) File contains inpatient hospital and skilled nurs-
ing facility stay records. Information contained in this
file includes dates of admission and discharge, up to
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10 diagnosis codes (International Classification of Dis-
eases (ICD)-9-CM), and up to 10 procedure codes.

The Physician/Supplier File consists of claim records
and includes some beneficiary demographic infor-
mation, dates of service, procedure provided (such
as office visit, surgical procedure, administration of
chemotherapy), place of service (e.g. office, home,
outpatient hospital, skilled nursing facility, emergency
room), and diagnosis codes in ICD-9-CM format.

The Outpatient Standard Analytic File (SAF)
includes dates of outpatient hospital service, revenue
center codes, and up to 10 fields for diagnoses (ICD-9-
CM) and current procedure terminology (CPT) codes.

CMS routinely monitors and reports the accuracy
of Medicare claims and payments. Public reports
about data accuracy and quality are available at
www.CERTprovider.org.

Medicare claims files have been utilized to exam-
ine issues in digestive disease. For example, a study
was done to examine the polyp detection rate of
colonoscopy using Medicare claims files [12].

Department of Veterans Affairs (VA)
administrative databases

VA Patient Treatment File
Since 1970, the Patient Treatment File (PTF) has cap-
tured information about inpatient hospitalizations at
approximately 127 VA facilities across the United
States. The PTF contains medical diagnoses as well as
inpatient medical and surgical procedures. Diagnostic
(ICD-9-CM) and CPT codes are based on information
contained in the medical record, such as healthcare
provider progress notes, imaging studies, and labora-
tory reports. The PTF does not contain information
about pharmacy, pathology or laboratory results.

VA Outpatient Care File
In 1996, the Outpatient Care File (OPC) was estab-
lished to track visits to VA outpatient clinics. This file
contains information on clinic specialty, date of visit,
provider type, ICD-9-CM diagnosis codes, and CPT
codes [13].

The Beneficiary Identification and Records
Locator Subsystem (BIRLS) Death File
The mini-Beneficiary Identification and Records Loca-
tor Subsystem Death File has dates of death reported
by the VA, the Social Security Administration, the

Department of Veterans Affairs cemetery system, and
funeral directors. Information on cause of death is gen-
erally not available [13]. Due to various incentives, up
to 90–95 % of deaths among veterans are captured by
the BIRLS file as compared with the National Death
Index [14–16].

VA-Medicare linked database
This database contains VA administrative data and
Medicare claims files for all Medicare-enrolled vet-
erans who use the VA system. Data are currently
available for calendar years 1999–2003. Researchers
with institutional review board (i.e. an indepen-
dent ethics committee) -approved protocols can
request VA-Medicare linked data through the Vet-
erans Administration Information Resource Center
(VIReC; www.virec.research.va.gov).

VA databases have been used to examine the tempo-
ral trends of cases of hospitalization as a result of gas-
troesophageal malignancies [17] and colorectal cancer
[18], and to examine the outcomes of fundoplication
[17,19,20].

SEER-Medicare linked database

Data from the SEER tumor registries for cancer cases
diagnosed from 1973 through 2002 have been linked
with Medicare claims data from 1986 through 2003.
The SEER-Medicare linkage is updated every three
years.

Several studies have been conducted using the
SEER-Medicare database, including ones examining
risk factors for hepatocellular carcinoma [21,22]
and cholangiocarcinoma [23], as well as the extent,
patterns and therapeutic outcomes of hepatocellu-
lar carcinoma [24]. Other studies have examined
the use of upper endoscopy prior to esophageal
adenocarcinoma [25]. A complete list of published
studies can be found on the National Cancer Institute
website (http://healthservices.cancer.gov/seermedicare/
overview/publications.html).

SEER-Medicare data are not public-use files, and
therefore investigators must obtain approval prior to
requesting the datasets. Research protocols and data
requests can be submitted to the SEER-Medicare con-
tact, listed on the National Cancer Institute website
(http://healthservices. cancer.gov/seermedicare).
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Healthcare Cost and Utilization Project (HCUP)

The Healthcare Cost and Utilization Project is a
collection of healthcare databases supported by the
Agency for Healthcare Research and Quality. Data
are collected by state data organizations, hospital
associations, private data organizations, and the Fed-
eral Government to create a resource for patient-level
healthcare data.

National HCUP databases include the Nation-
wide Inpatient Sample (NIS) and the Kids Inpatient
Database (KID). The NIS contains inpatient data from
a national stratified sample of over 1000 hospitals
(20 % of all US community hospitals) and is currently
available for the period 1988 to 2009. It contains data
from approximately eight million hospital stays on all
patients, regardless of payer. Data elements in the NIS
include primary and secondary diagnoses, procedures,
admission and discharge status, patient demographics,
expected payment source, total charges, length of stay,
and hospital characteristics.

State-specific HCUP databases are also available
for those states that have agreed to participate.
These include the State Inpatient Databases, State
Ambulatory Surgery Databases, and State Emer-
gency Department Databases (http://www.hcup-us.
ahrq.gov/sidoverview.jsp). HCUP databases are avail-
able for purchase through the HCUP Central Dis-
tributor. An online application form is available at
www.hcup-us.ahrq.gov.

The NIS database has been utilized previously for
gastrointestinal (GI) research. One recently published
study examined differences in risk factors between
black people and white people for hepatocellular
carcinoma [26].

National Hospital Discharge Survey (NHDS)

The National Hospital Discharge Survey is a national
probability survey, conducted annually since 1965
and designed to collect information on inpatients
discharged from non-Federal, short-stay hospitals in
the United States. The NHDS collects data from a
sample of approximately 370,000 hospital discharges
acquired from a national sample of approximately
more than 400 hospitals.

Two data collection procedures are used. One is a
manual abstraction of data from the medical records
performed by hospital or National Center for Health

Statistics (NCHS) staff. The other is an automated
system in which medical record data are purchased
from commercial organizations, state data systems,
hospitals or hospital associations. Patient characteris-
tics contained in the database include age, sex, race,
ethnicity, marital status, and expected source of pay-
ment. Information about dates of inpatient admission
and discharge, and discharge status, as well as diag-
noses and procedure codes are also available. Quality
control procedures and edit checks are used to main-
tain data quality. A detailed review is also conducted
for most variables for each hospital.

Several studies have been conducted using NHDS
data. For example, published studies using NHDS
data examined examined trends in hemorrhoids and
constipation [27,28].

Data from NHDS are released annually and can
be obtained free of charge at the NCHS web-
site (www.cdc.gov/nchs). Data files are available on
public-use data tapes, or can be downloaded from the
ftp (file transfer protocol) server.

Medical Expenditure Panel Survey (MEPS)

The MEPS program conducts three separate but
related surveys, including the Household Component
Survey, the Medical Provider Survey, and the Insur-
ance Component Survey. The Household Component
Survey collects information at the person and house-
hold level on health conditions, use of medical care ser-
vices, charges and payments, access to care, satisfac-
tion with care, health insurance coverage, income, and
employment. The Medical Provider Component Sur-
vey supplements and validates information on medi-
cal care events by contacting medical providers and
pharmacies identified by household respondents. The
Insurance Component Survey collects data on health
insurance plans obtained through private and public-
sector employees. MEPS public-use data are available
for download directly from the MEPS website or can
be ordered on diskette or CD-ROM from the Agency
for Healthcare Research and Quality (AHRQ). MEP-
Snet is an interactive statistical analysis program for
MEPS data and is available from the MEPS website
(http://meps.ahrq.gov/mepsweb/).

Other US databases
Other databases that have been used exten-
sively for research purposes include the United

87

http://www.hcup-us.ahrq.gov/sidoverview.jsp
http://www.hcup-us.ahrq.gov/sidoverview.jsp
http://www.hcup-us.ahrq.gov
http://www.cdc.gov/nchs
http://meps.ahrq.gov/mepsweb


CHAPTER 9

Network for Organ Sharing (www.unos.org/),
National Health and Nutrition Examination Survey
(http://www.cdc.gov/nchs/nhanes.html), and Medi-
caid (http://www.cms.hhs.gov/MedicaidDataSources
GenInfo/).

Swedish national registers

The structure of national registers in the Nordic coun-
tries (Sweden, Finland, Denmark, and Norway) are
similar and we have chosen to present Swedish reg-
isters as examples. Nordic national registers are usu-
ally organized around different health events such as
death, cancer, pregnancy and birth, and other hospi-
tal care. These registers have virtually 100 % cover-
age, since private health care only represents a small
part of Nordic health care and since each individual
in the Nordic countries is assigned a unique personal
identity number (PIN) [29]. The PIN is the key for
all linkage between registers, and when the PIN is
not stored (as in the Swedish register of congenital
metabolic disorders (e.g. the phenylketonuria regis-
ter)), large-scale linkages are not possible. The follow-
ing databases have all been used extensively to inves-
tigate the epidemiology of digestive disease [30–39].

The Total Population Register

This register [40] includes information on the PIN
[29], area of residence, sex, age, civil status, and dates
of emigration of all Swedish residents. The register
was computerized in 1967, and data are collected and
updated continuously by the local tax offices.

Swedish Conscription Register

A similarly population-based register is the Swedish
Conscription Register. This register began in 1901
and contains information about young men examined
for military service. Roughly 95 % of all conscripts
are aged 18–19 years. Until recently, conscription has
been mandatory and stipulated by law (exemptions
were only made for men with severe handicaps or
congenital malformations). The conscription register
includes data on IQ test, vision, hearing, and also
physical examination including blood pressure mea-
surements [41], body mass index (height and weight)
[42], resting heart rate, maximum muscle strength

tests, physical endurance tests, and also visual acuity
[43]. The coverage of the Swedish Conscription Reg-
ister has varied over time but was probably around
90 % until the late 1980s when it started to decline.
Since 2010 (but informally since the late 1990s) con-
scription is voluntary and therefore the register only
covers a proportion of young Swedish men.

Cause of Death Register

The Cause of Death Register [44,45] has existed since
1749 when a nationwide report system was initiated,
and annual reports have been published throughout
the twentieth century. In 1995, the National Board
of Health and Welfare received death certificates on
99.7 % of all deaths. Since 1997, the Cause of Death
Register is also matched with the Total Population
Register to ensure that all deaths are recorded. In
some 0.5 % of the deaths, no underlying cause of
death is reported to the board, and the patient is then
assigned the ICD-code R99.9. Of note, the Swedish
Cause of Death Register uses the ICD system and not
the Swedish translation of ICD. This register has been
used to examine mortality in, for example, celiac dis-
ease [32] and hereditary hemochromatosis [46].

Cancer Register

The Cancer Register was established in 1958 [47].
Ninety-nine per cent of all cancers are morphologi-
cally verified, and almost 100 % of all malignancies
are reported to the Cancer Register each year. More
than 50,000 cases of cancer were reported to the Can-
cer Register in the year 2005 alone. Physicians report-
ing to the Cancer Register today report the ICD-10
code, the type and the location of the malignancy in
plain text, as well as data on morphology according to
the ICD for Oncology, 3rd Edition, from the pathol-
ogist. The Cancer Register then centrally supplements
these data with the corresponding ICD-7 code.

A landmark study using the Cancer Register was
the New England Journal of Medicine paper on ulcer-
ative colitis and colorectal cancer [48]. This was later
followed up by a paper (also taking advantage of the
cancer register) showing that first-degree relatives to
patients with inflammatory bowel disease were at no
increased risk of colorectal cancer, suggesting that the
two diseases do not have a common cause.
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Hospital Discharge Register (HDR) and
Outpatient Register

The HDR contains individual data from hospital-
based discharges in selected parts of Sweden since
1964 (for a review of the HDR see [49]). The regis-
ter has covered all of Sweden since 1987. Some 99 %
of all hospital discharge records contain at least one
diagnosis. When 900 diagnoses in the HDR were eval-
uated in 1994, 36/36 (100 %) of recorded myocardial
infarctions, and 20/21 (95 %) hip fractures were cor-
rect [50].

The Outpatient Register started in 2001 (a day-
surgery module started in 1997) and includes data
on all outpatient visits to hospitals but not in primary
care. The Outpatient Register allows healthcare per-
sonnel and researchers to identify patients with dis-
eases that do not necessitate hospital admission. Dur-
ing 2001–2006, 74 % of outpatient visits in ambula-
tory care were reported to this register.

The Hospital Discharge Register and the Outpatient
Register together make up the national Patient Reg-
ister in Sweden. The Patient Register is often used in
comorbidity studies and to identify cohorts of patients
with a certain disorder. For instance, Andersson et
al. used it to examine whether appendectomy pro-
tects against ulcerative colitis [37]; and whether gas-
tric ulcers are related to stomach cancer [38], while
a Swedish-Danish study used it when examining the
relationship between celiac disease and primary biliary
cirrhosis [51].

Medical Birth Register

The Medical Birth Register contains antenatal and
perinatal data on �98 % of all births in Sweden since
1973 [52]. Data collection starts at registration for
antenatal care, which occurs by the 12th week of ges-
tation in more than 90 % of the pregnancies [53].
During a first interview, the pregnant woman is asked
about demographic information, smoking habits, and
previous medical, obstetric and gynecologic history.
Thereafter, a pregnant woman generally visits the
antenatal care unit around 12 times before delivery.
From 1973 to 1982, specific “Medical Birth Reports”
were constructed and utilized for register data. Since
1982 data are collected prospectively on standardized
forms starting at the first prenatal health visit, and
variables include smoking. A recent validation of the

Medical Birth Register found that the majority of the
variables in the register are of high quality [53].

As part of the Medical Birth Register, all congenital
malformations (1964 to June 30, 2008: from gesta-
tional week 28 and above; since July 1, 2008: from
gestational week 22 and above) must be reported to
the Swedish Surveillance for Congenital Anomalies.
This later registry is formally a part of the Medi-
cal Birth Register. Coverage of anomaly surveillance
varies between counties (this is not the case with the
main Medical Birth Register). In 2009, 17.5/1000
newborns were reported to have a congenital anomaly
or chromosomal defect (http://www.socialstyrelsen.
se/publikationer2010/2010-11-16).

The Medical Birth Register contains data on var-
ious measurements antepartum. Stephansson et al.
used this register to examine the relationship between
hemoglobin levels in pregnant woman and risk of still-
birth [54]. It has also been used to investigate the
relationship between gestational duration and cardia
adenocarcinoma [55].

Multigeneration Register

The Multigeneration Register contains information on
the parents and children of all individuals in Sweden
born from 1932 onwards and surviving until 1961.
Adoption or other nonbiologic relations are flagged in
the register. This register allows researchers to explore
not only fertility but also mortality and morbidity in
first-degree relatives.

The Multigeneration Register is mostly used to
study familial associations [34,56,57].

Other registers

Other national registers that may be of importance
to GI epidemiologists include the Educational Reg-
ister (as a measure of socioeconomic position), and
registers that will allow for correct calculations of
follow-up time and number of person-years such as
the Register of Emigrations and Immigrations.

There are also a large number of Swedish
National Quality Registers (n = 89 in 2011)
(www.kvalitetsregister.se, accessed May 30, 2011).
These are maintained by local counties (although some
of these quality registers are nationwide). Among the
oldest and most explored of these registers is the Reg-
ister of Information and Knowledge about Swedish
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Heart Intensive Care Admissions (RIKS-HIA). It con-
tains data on individuals with myocardial infarction,
but also data on hypertension, smoking, and medica-
tion in individuals with myocardial infarction. This
register started in 1991. In 1995, 21 hospitals had
joined the register, and in 2005, 73 of 76 hospi-
tals that managed individuals with acute ischemic
heart disease reported to the RIKS-HIA. Of special
interest to GI epidemiologists are the national qual-
ity registers SWIBREG (Swedish inflammatory bowel
disease registry); Gall-RIKS (gallbladder disease reg-
istry); National abdominal hernia register; National
hernia register, and SoReg – the Scandinavian Obesity
Surgery Register.

UK databases

UK primary care databases

Various electronic primary care databases exist in
the United Kingdom and they are in essence similar.
In the UK National Health Service (NHS) primary
care provides both a gate-keeping and referral role
for healthcare utilization. Since the early 1990s the
majority of primary healthcare contacts and written
prescriptions have been recorded and stored electron-
ically. This development was driven by the ease of use
and security provided by electronic systems. Along-
side this practical development an opportunity for
research utilizing these data was taken and since that
time the use of primary care electronic healthcare data
for research purposes has grown exponentially. One
example is the Clinical Practice Research Datalink:
www.cprd.com/ (formerly known as the General Prac-
tice Research Database (GPRD)), which was one of
the first such databases to be developed [58–60]. This
database contains diagnostic and prescription data
for over 13 million people of the general popula-
tion in the United Kingdom as recorded in primary
care. The database consists of observations, diagnoses
made by, and therapies prescribed by GPs plus infor-
mation sent to them from hospitals such as pathology
and radiology reports, and discharge letters. With the
development of direct linkages to pathology laborato-
ries results of blood tests are often directly linked to
the practices. This database has been used extensively
to investigate the epidemiology of digestive disease
[61–68].

Hospital Episode Statistics (HES)

HES data contain details of all admissions to NHS hos-
pitals in England comprising demographic data along
with information about discharge diagnoses and pro-
cedures. There are similarly available data for Wales
and, in a slightly different guise, Scotland (Scottish
Morbidity Records). HES diagnostic and procedural
data are coded using ICD-10 and the Office of Popula-
tion, Censuses and Surveys Classification of Surgical
Operations and Procedures, 4th Revision (OPCS-4),
respectively. For each episode and admission, there-
fore, a reasonably complete record of the illnesses
that occurred and the therapeutic or investigative pro-
cedures undergone during any given hospital admis-
sion are available. Additional information is available
about the NHS provider and the patient. For example,
which consultant or specialty the patient was admit-
ted under and treated by, which region the provider
resides in, and the socioeconomic status of the
patient’s residence from which they were admitted. An
NHS cost is assigned to discharge information based
on Health Care Resource groupings. Abstracts of the
data are freely available at www.hesonline.nhs.uk,
and sets of individual records can be obtained by
application. This database has been used extensively
to study the epidemiology of digestive disease [69–74].

Office for National Statistics for England
and Wales (ONS)

The ONS uses a combination of census, surveys, and
administrative sources to produce its data. Teams of
statisticians, researchers and analysts produce series
of data to inform users in their particular area of
expertise. Information that is available from ONS for
epidemiologic research includes data from cancer and
death registration giving absolute numbers of events
and populations, and therefore the ability to calculate
incidence and mortality rates. There are also details of
cancer diagnosis date, type, site, histology, and stage
of disease. In many of these aspects ONS data is sim-
ilar to that provided by Statistics Sweden described
earlier. Data can be accessed in aggregated forms at
www.statistics.gov.uk.

Socioeconomic status information

Data linked to the hospital admissions data and pri-
mary care through postcodes contains information
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from the 1991 and 2001 census. This includes derived
indices of socioeconomic status such as the Index of
Multiple Deprivation, Townsend score, and other geo-
graphically based data at the level of Super Output
area which represents a small area of around 400
homes.

Linked UK electronic data

In 2010 linkages were made between the GPRD, HES,
ONS and socioeconomic data. For the first time, pri-
mary and secondary care electronic data were linked
alongside that from ONS relating to cancer incidence
and cause and fact of death. This gives a full health-
care record for about 5 % of the population in England
and Wales from the year 2000 onwards. Added to that
the recent linkage between HES and ONS gives death
records linked to the entirety of hospital admissions
for England from 1998 onwards. The linkage of these
datasets is an ongoing process and it is therefore to be
expected that data will become increasingly rich with
the passage of time.

Other UK data

Numerous large bespoke cohort studies and cross-
sectional surveys carried out in the twentieth and
twenty-first centuries in various parts of the United
Kingdom are available at the UK Data Archive
(www.data-archive.ac.uk/).

Personal identity numbers

PINs, or National Identification Numbers, make up
suitable linkage keys when matching large datasets.
PINs typically consist of an individual’s date of birth
and a unique birth number that makes it possible
to differentiate between two individuals born on the
same day. The Swedish PIN consists of year-month-
day and a three-digit birth number that is odd for
men (e.g. 999) and even for women (e.g. 998) and a
control digit (that is calculated based on the date of
birth, and the birth number) [29]. The control num-
ber reduces the risk of errors, and entry of the wrong
person number into digital systems.

The other Nordic countries also have PINs,
although both Finnish and Norwegian PINs are made
up of 11 characters (not only figures). Many countries

also have systems to identify immigrants, and people
with transitional work in a country. In the Nordic
countries these extra identity numbers are often called
coordination numbers.

Many countries, including France and New
Zealand, have social insurance numbers or a national
health index number; that is, a national identifica-
tion number used for taxation purposes, employ-
ment, health care or social security. In some coun-
tries, only adolescents/adults (e.g. Hong Kong) or
adults (China) receive an identity card. It should be
noted that in some countries the use of personal iden-
tity numbers is seen as a threat to personal free-
dom. The Hungarian constitutional court has forbid-
den the use of national PINs. In the United States the
social security number has become a de facto PIN
(http://www.ssa.gov/pubs/10002.html), and is used
for employment, to collect social security benefits, and
to receive certain government services.

Other databases

There are a myriad of other databases worldwide
that it is beyond the scope of this chapter to describe
in detail. We have concentrated on those about
which we have acquired specific knowledge, and
which are accessible widely, at least within our
nations. A number of other data sources have had
some prominence in recent gastrointestinal research,
however, and we will briefly mention some of them.
A number of administrative/claims databases have
been used among which the datasets from the Kaiser
Permanente and the Manitoba Health insurance plan
have been prominent. Canadian health data is in fact
collected in almost the entire population, and some
of it is linked and available through the Canadian
Institute for Health Information (www.cihi.ca). In
Denmark, data which are constructed under very
similar conditions to the Swedish data described ear-
lier has, in addition, linked prescription information,
thereby making it similar in some respects to the
primary care data from the United Kingdom, and this
has also been published on repeatedly.

In countries outside North America and Europe
fewer databases of the types discussed have been used
for epidemiologic research. Data which could be used
in this manner are likely to exist, however, in many
other nations. One example in Asia is the Taiwan
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National Health Insurance claims database. This
database covers 99 % of Taiwan’s population and
contains records of inpatient and outpatient care, as
well as costs, demographic data and all prescriptions
issued.

Web links for many of the data sources discussed
are provided in Table 9.1.

Recommendations for the use of large
databases for research studies

Most caveats described in this section are extensions
of sound design and analysis of clinical or epidemio-
logic research studies, irrespective of the data source
(Box 9.1).

Because the information collected in most admin-
istrative databases has not been collected with a spe-
cific research question in mind, the completeness and
accuracy of information for exposures and outcomes
of interest, as well as potential confounders and effect
modifiers, should be evaluated. The included data and
its quality will almost inevitably reflect the motivation
for the existence of the data in the first place. Often
this is for the purposes of purchasing and providing
health care on a country-wide basis, counting persons
alive, dead, born each year, and so on. Understanding
why the data exist, and how they came to do so, is
crucial to their correct use for epidemiologic research,
and cannot be underestimated as a use of time.

Completeness of the database

The investigator has to ask the question: does this data
source capture all patient encounters? For example, in

Box 9.1 Basis for successful conduct of
studies using large databases

� Advanced knowledge of study design and
analysis
� Detailed knowledge of the content research
area (e.g., the clinical and epidemiologic aspects
of the disorder)
� Knowledge of the database structure and its
contents
� Computer programming skills

the United States patients enrolled in a health main-
tenance organization (HMO) are likely to receive all,
or most of, their care within the constraints of their
HMO, as long as they are enrolled, and therefore the
majority of their healthcare utilization is likely to be
captured. Similarly, the great majority of individuals
aged 65 and over will have their healthcare claims
recorded in Medicare, and once enrolled, most per-
sons remain in Medicare. Conversely, Medicaid is a
less stable engagement, where persons qualify based
on income-related criteria and are reviewed period-
ically. They may therefore lose their Medicaid cov-
erage from time to time and more frequently. In
the United Kingdom, by contrast, nearly all of the
population is registered with a general practitioner,
who provides a gate-keeper role for healthcare uti-
lization. In this context, contact with both primary
and secondary care is recorded within the primary
care data, with the purpose of having as complete
a record as possible. Clearly, individuals can move
from practice to practice, so some loss of continu-
ity is therefore inevitable. Another example of possi-
ble incomplete data ascertainment is for death. While
death may intuitively be considered a robust out-
come for any study, some populations at great risk of
death will inevitably be excluded from many health-
care databases, such as the homeless. This can lead
to an underestimate of the true population mortality
rate.

Representativeness of the database

The investigator will also often need to consider
of which population a database is representative. A
national, and essentially universal, health system as
found in Canada, Taiwan, or the United Kingdom will
provide data likely to be generalizable to the whole
population. In a more fragmented system, as in the
United States, it will be necessary to consider whether
the findings can be generalized beyond the population
using a particular provider.

Accuracy of information

Many administrative databases use the ICD, in some
form or another, to code diagnoses. Many other cod-
ing structures exist such as the Read and Oxford Med-
ical Information Systems (OXMIS) codes in the NHS,
Systematized Nomenclature of Medicine (SNOMED)
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in many other parts of the world, and so on. Equally,
procedures may be coded with a variety of methods.
These codes are selected based on information con-
tained in the medical record. The presence and accu-
racy of codes that are specific for the condition of
interest is a potential limiting factor of studies that
use administrative databases, and therefore should be
evaluated prior to using these codes for research. Not
all conditions have specific codes; for example the
codes for pancreatitis (acute and chronic) may not
distinguish between alcoholic and biliary causes.
Moreover, the accuracy of these codes can vary
depending on the disease, as well as the database.
Positive and negative predictive values can be calcu-
lated for each code to determine its accuracy. The
positive predictive value refers to the presence of dis-
ease when the code is present, while negative pre-
dictive value refers to the absence of disease in the
absence of the code. The accuracy of codes varies
depending on the condition, even within the same
database, and therefore has to be dealt with individu-
ally, one disease or procedure at a time. For instance,
rapidly symptomatic and easily diagnosed conditions
(e.g. esophageal cancer) are unlikely to remain undi-
agnosed and therefore the negative predictive value
of these conditions is likely to be high. Conversely,
the positive predictive value, although intuitively high,
may not be specific enough to distinguish between
esophageal adenocarcinoma, esophageal squamous
cell carcinoma, and other gastro-esophageal junction
cancers.

To evaluate the accuracy of diagnostic and proce-
dure codes, an advisable approach is to conduct a sur-
vey or chart validation study of subjects nested within
the study cohort that was identified in the database.
For example, in a study of esophageal peptic strictures,
one would identify a randomly selected group of indi-
viduals in the database with and without the ICD-9-
CM code 150.3 (esophageal stricture) [75]. The med-
ical records for these subjects are then manually or
electronically reviewed for the presence (or absence) of
esophageal peptic strictures. Agreement between the
medical record “gold standard” and the databases can
then be evaluated and estimates of accuracy reflecting
both positive and negative predictive values for ICD-
9-CM code 150.3 can be calculated. The investigator
may then decide not to pursue the study question any
further due to poor accuracy of the crucial codes in
the database. Alternatively, if accuracy is very high,

the study can be conducted with great confidence. A
likely scenario is that the accuracy is intermediate; in
which case, algorithms can be constructed to improve
the accuracy of those codes. For example, while codes
for upper GI bleeding might be low if only these codes
are examined, an algorithm using a logistic regression
model that incorporates the presence of hospitaliza-
tion, an upper GI endoscopy, and blood transfusion
into the definition is likely to increase the accuracy of
the original codes (under the condition that such pro-
cedures are recorded in the database). Such an algo-
rithm also allows the investigator to conduct sensitiv-
ity analyses that account for possible miscoding.

It is the responsibility of the investigators to develop
a comprehensive, accurate and updated list of codes
to indicate a disease condition or a medical/surgical
procedure because these codes change over time, with
new codes appearing and old codes disappearing. The
number of available fields per record in which diag-
noses/procedures can be entered should also be con-
sidered. For example, a spurious increase in the rate
of a disease condition (especially conditions that are
unlikely to be the primary reason for the encounter
with the healthcare system) may be seen as a result of
increasing the number of fields per encounter in which
diagnoses can be recorded.

Use of publicly available statistical calculators

For several databases described above (e.g. SEER),
there are publicly available calculators to perform sta-
tistical computations (e.g. SEER∗STAT, which is con-
nected to a Health Disparities Calculator). Although
these calculators are convenient to use, it is important
to verify that data are being inputted properly into
the software program, and that calculations are being
correctly performed. We advise investigators to emu-
late the calculation of previously known figures/rates,
even if they do not pertain to the question of interest,
to ensure that the program is being used correctly.

Determining patient comorbidity

Patient comorbidity can be captured and adjusted
for by calculating one of several disease comorbid-
ity indices [76–83] stemming from the seminal work
of Charlson [83]. Ideally, we recommend the use of
an index that includes conditions recorded in both
inpatient and outpatient files if possible. Older indices
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have relied on inpatient diagnoses, but as hospitaliza-
tions for most conditions have declined steeply, the
amount of comorbidity that can be captured through
hospitalization records is relatively limited. Primary
care data therefore provides an excellent opportunity
to measure comorbidity. Nevertheless, often, a minor-
ity of patients in studies that use a comorbidity index
have no recorded comorbidity at all. Therefore resid-
ual unmeasured comorbidity may still be present, and
may confound the observed associations. Diagnosis-
based measures, however, are subject to the many
known limitations of administrative claims data, such
as incomplete or inaccurate coding [84,85]. A growing
body of literature has examined the use of pharmacy
prescription-dispensing information to create comor-
bidity measures, where the use of drugs indicates the
disease condition of the patient [86,87]. The rationale
for their use is that pharmacy prescription records may
not have the same weaknesses as diagnostic informa-
tion. For example, pharmacy measures are based on
the actual fill record, and are not subject to variations
of coding diagnoses. However, this approach is sub-
ject to the availability of complete pharmacy data.

Robustness of findings

Given the various reasons for misclassification and
incomplete recording of exposure and outcomes of
exposures, outcomes and confounders, one has to be
convinced that the results are consistent or robust.
Therefore, we recommend performing sensitivity anal-
yses to test the robustness of findings, given different
assumptions for accuracy and completeness of disease
outcome and exposures. The source for assumptions
included in the sensitivity analyses can be derived from
the chart validation studies described in the previous
section. Given that it is highly unlikely that any code
or combination of codes will yield 100 % accuracy,
one can define the variables using the worst- and best-
case scenario for accuracy and then repeat or rerun
the analysis using both assumptions. If the findings
are consistent with the main analyses then confidence
is given to the findings, otherwise the results should
be interpreted cautiously.

Power and sample size considerations

An advantage of using administrative databases is the
ability to examine a very large number of subjects

using one data source. This large sample size enables
the detection of small differences in rare outcomes.
The potential disadvantage is that statistically signifi-
cant differences can be detected that may not be clin-
ically meaningful. One should not confuse large sam-
ple size with the number of outcomes of interest. For
example, a study with a sample size of one million
subjects that has only 30 outcome events (i.e. a rare
cancer) is still underpowered. The ability to adjust for
potential confounders and effect modifiers is depen-
dent on the number of outcome events, not on the
entire underlying sample size. As a rule of thumb, 10
outcome events are required to adjust adequately for
one predictor variable.

In conclusion, large databases represent a poten-
tially valuable source of information for research stud-
ies that examine the epidemiology and outcomes of a
variety of digestive and liver disorders. Regardless of
the data source, it is important to begin with an impor-
tant research question, and a study design that prop-
erly addresses that question. If the research question
and study design lend themselves to utilizing a partic-
ular database as the data source, it is the responsibility
of the investigator to consider the strengths (e.g. large
sample size, long duration of follow-up, relative low
cost and short time required to conduct the study)
versus the weakness (issues related to accuracy and
completeness of information, and the availability of
appropriate expertise in the particular database and
advanced computer programming skills) in deciding
whether to use the database for their research.
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41 Johansson S, et al. Risk of high blood pressure among
young men increases with the degree of immaturity at
birth. Circulation 2005;112(22):3430–6.

42 Olen O, et al. Coeliac disease and body mass index:
A study of two Swedish general population-based
registers. Scand J Gastroenterol 2009;44(10):1198–
206.

43 Mollazadegan K, Ludvigsson JF. Coeliac disease does
not affect visual acuity: A study of young men in the
Swedish national conscripts register. Scand J Gastroen-
terol 2009:1–6.

44 Johansson LA, Westerling R. Comparing Swedish hospi-
tal discharge records with death certificates: implications
for mortality statistics. Int J Epidemiol 2000;29(3):495–
502.

45 de Faire U, et al. A validation of cause-of-death certi-
fication in 1,156 deaths. Acta Med Scand 1976;200(3):
223–8.

46 Elmberg M, et al. Increased mortality risk in
patients with phenotypic hereditary hemochromatosis
but not in their first-degree relatives. Gastroenterology
2009;137(4):1301–9.

47 Mattsson B, Wallgren A. Completeness of the Swedish
Cancer Register. Non-notified cancer cases recorded
on death certificates in 1978. Acta Radiol Oncol
1984;23(5):305–13.

48 Ekbom A, et al. Ulcerative colitis and colorectal can-
cer. A population-based study. New Engl J Med
1990;323(18):1228–33.

49 Ludvigsson JF, et al. External review and validation of the
Swedish national inpatient register. BMC Public Health
2011;11:450.

50 Nilsson AC, et al. [Reliability of the hospital registry. The
diagnostic data are better than their reputation]. Lakar-
tidningen 1994;91(7):598, 603–5.

51 Sorensen HT, et al. Risk of primary biliary liver cirrho-
sis in patients with coeliac disease: Danish and Swedish
cohort data. Gut 1999;44(5):736–8.

52 Cnattingius S, et al. A quality study of a medical birth
registry. Scand J Soc Med 1990;18(2):143–8.

53 The Swedish Medical Birth Register: A summary of con-
tent and quality (2003). Available from www.sos.se; (full

text pdf at /fulltext/112/2003-112-3) (last accessed May
21, 2013).

54 Stephansson O, et al. Maternal hemoglobin concen-
tration during pregnancy and risk of stillbirth. JAMA
2000;284(20):2611–17.

55 Akre O, et al. Perinatal risk factors for cancer of
the esophagus and gastric cardia: a nested case-control
study. Cancer Epidemiol Biomarkers Prev 2006;15(5):
867–71.

56 Hemminki K, et al. Familial association of inflammatory
bowel diseases with other autoimmune and related dis-
eases. Am J Gastroenterol 2010;105(1):139–47.

57 Hemminki K, et al. Effect of autoimmune diseases on
mortality and survival in subsequent digestive tract can-
cers. Ann Oncol 2012; doi: 10.1093/annonc/mdr590
(first published online: January 6, 2012).

58 Hollowell J. The General Practice Research Database:
quality of morbidity data. Popul Trends 1997(87):
36–40.

59 Walley T, Mantgani A. The UK General Practice
Research Database. Lancet 1997;350(9084):1097–9.

60 Garcia Rodriguez LA, Perez Gutthann S. Use of the
UK General Practice Research Database for phar-
macoepidemiology. Br J Clin Pharmacol 1998;45(5):
419–25.

61 Armstrong RG, West J, Card TR. Risk of cancer in
inflammatory bowel disease treated with azathioprine:
a UK population-based case-control study. Am J Gas-
troenterol 2010;105(7):1604–9.

62 Card T, et al. Hip fractures in patients with inflamma-
tory bowel disease and their relationship to corticosteroid
use: a population-based cohort study. Gut 2004;53(2):
251–5.

63 Card TR, et al. Is an internal comparison better
than using national data when estimating mortality in
longitudinal studies? J Epidemiol Community Health
2006;60(9):819–21.

64 Crooks CJ, et al. The epidemiology of haemochromatosis
– a population based study. Aliment Pharmacol Ther
2009;29:183–92.

65 Grainge MJ, West J, Card TR. Venous throm-
boembolism during active disease and remission in
inflammatory bowel disease: a cohort study. Lancet
2010;375(9715):657–63.

66 Solaymani Dodaran M, et al. Risk of oesophageal cancer
in Barrett’s oesophagus and gastro-oesophageal reflux.
Gut 2004;53:1070–4.

67 West J, et al. Fracture risk in people with celiac dis-
ease: a population-based cohort study. Gastroenterology
2003;125(2):429–36.

68 West J, et al. Malignancy and mortality in people with
coeliac disease: population-based cohort study. BMJ
2004;329(7468):716–19.

96

http://www.sos.se


HOW TO FIND AND APPLY LARGE DATABASES FOR EPIDEMIOLOGIC RESEARCH

69 West J, Card TR. Reduced mortality rates following
elective, percutaneous liver biopsies. Gastroenterology
2010;139(4):1230–7.

70 Jeyarajah S, et al. Diverticular disease hospital admis-
sions are increasing, with poor outcomes in the elderly
and emergency admissions. Aliment Pharmacol Ther
2009;30(11–12):1171–82.

71 Thomson SJ, et al. Chronic liver disease – An increas-
ing problem: A study of hospital admission and mor-
tality rates in England, 1979–2005, with particular ref-
erence to alcoholic liver disease. Alcohol & Alcoholism
2008;43(4):416–22.

72 Faiz O, et al. Traditional and laparoscopic appendectomy
in adults: outcomes in English NHS hospitals between
1996 and 2006. Ann Surg 2008;248(5):800–6.

73 Kang JY, et al. Diverticular disease of the colon – on the
rise: a study of hospital admissions in England between
1989/1990 and 1999/2000. Aliment Pharmacol Ther
2003;17(9):1189–95.

74 Tinto A, et al. Acute and chronic pancreatitis – dis-
eases on the rise: a study of hospital admissions in
England 1989/90–1999/2000. Aliment Pharmacol Ther
2002;16(12):2097–105.

75 El-Serag HB. Temporal trends in new and recur-
rent esophageal strictures in Department of Vet-
erans Affairs. Am J Gastroenterol 2006;101(8):
1727–33.

76 Quan H, et al. Updating and validating the Charlson
comorbidity index and score for risk adjustment in hos-
pital discharge abstracts using data from 6 countries. Am
J Epidemiol 2011;173(6):676–82.

77 Khan NF, et al. Adaptation and validation of the Charl-
son Index for Read/OXMIS coded databases. BMC Fam
Pract 2010;11:1.

78 Yan Y, et al. Comorbidity indices to predict mortality
from Medicare data: results from the national registry of
atrial fibrillation. Med Care 2005;43(11):1073–7.

79 Quan H, et al. Coding algorithms for defining comor-
bidities in ICD-9-CM and ICD-10 administrative data.
Med Care 2005;43(11):1130–9.

80 Sundararajan V, et al. New ICD-10 version of the Charl-
son comorbidity index predicted in-hospital mortality. J
Clin Epidemiol 2004;57(12):1288–94.

81 Klabunde CN, Warren JL, Legler JM. Assessing comor-
bidity using claims data: an overview. Med Care
2002;40(Suppl 8):IV-26-35.

82 Schneeweiss S, Maclure M. Use of comorbidity scores for
control of confounding in studies using administrative
databases. Int J Epidemiol 2000;29(5):891–8.

83 Charlson ME, et al. A new method of classifying prog-
nostic comorbidity in longitudinal studies: development
and validation. J Chronic Dis 1987;40(5):373–83.

84 Iezzoni LI. Assessing quality using administrative data.
Ann Intern Med 1997;127(8 Pt 2):666–74.

85 Clark DO, et al. A chronic disease score with empirically
derived weights. Med Care 1995;33(8):783–95.

86 Johnson RE, Hornbrook MC, Nichols GA. Replicating
the chronic disease score (CDS) from automated phar-
macy data. J Clin Epidemiol 1994;47(10):1191–9.

87 Von Korff M, Wagner EH, Saunders K. A chronic disease
score from automated pharmacy data. J Clin Epidemiol
1992;45(2):197–203.

97



10 How to do genetic and molecular
epidemiologic research
Yuri A. Saito
Division of Gastroenterology and Hepatology, Mayo Clinic College of Medicine,
Rochester, MN, USA

Key points
� Genetic and molecular epidemiology are fields
that take laboratory-based discoveries and
translate their utility, through epidemiologic
methods, to the population.
� In contrast to traditional epidemiology stud-
ies most, although not all, genetic and molec-
ular epidemiology studies require collection of
biospecimens to obtain genotype or protein
expression as markers of exposure or disease.
� Careful study design and application of epi-
demiologic principles are required in genetic and
molecular epidemiology studies.
� Study designs can incorporate families or can
use unrelated cases or controls.

Genetic epidemiology (GE)

The field of genetics has evolved significantly over the
past several decades. Previously, diseases were thought
to be either exclusively genetic or environmental in ori-
gin. “Genetic diseases” were typically caused by one
or a few highly penetrant mutations in select genes that
presented at birth or early in childhood. Other “envi-
ronmental” diseases were the result of environmental
exposures such as infection or chemical exposures.
Increasingly, the medical and scientific community is

realizing that there are a number of common diseases
and disorders with both genetic and environmental
contributors, called “complex genetic diseases” (Fig-
ure 10.1). Complex genetic diseases are frequently
observed in the general population, are thought to
explain many chronic diseases, and may present clini-
cally in quite heterogeneous ways due to the presence
or absence of various environmental and genetic risk
factors and their gene–environment interactions. In
contrast to the older “Mendelian” diseases that were
caused by rare but significant mutations, complex
genetic diseases are thought to be due to minor varia-
tions in the DNA sequence, such as single nucleotide
polymorphisms (SNPs), which may result only in more
subtle protein function change, or a subtle change
in encoded protein quantity that affects overall bio-
logic processes. Because these genetic effects are more
subtle, and because there are many genetic variants
present in the genome, discovering the genetic suscep-
tibility loci for common disorders is challenging, but
not futile. Sound research methods are vital in elu-
cidating the potential role that these genetic variants
may play in disease presentation. Laboratory-based
discovery of these genetic variants is becoming easier
due to improved genotyping platforms. The blend of
genetics and epidemiology is important to clarify the
role of these variants in people. Thus, the relevance of
GE as a field has increased with our growing knowl-
edge and understanding of the human genome, as well
as due to advances in sequencing technology.
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Figure 10.1 Spectrum of disease etiology.

Molecular epidemiology (ME)

Molecular epidemiology also represents a blend
between laboratory science and epidemiology. This
area incorporates molecular and biochemical concepts
and techniques with epidemiology designs and meth-
ods. Although much of the field has focused predom-
inantly on carcinogenesis, toxicology, or infections,
its principles can be applied to any disease or disor-
der. Measured biologic substrates include DNA, pro-
teins, hormones, molecules, chemicals, as well as food
derivatives. As such, ME frequently utilizes biologic
measurements, often referred to as “biomarkers”.
These biomarkers may be used to measure exposure,

identify mechanisms of disease itself, or even char-
acteristics of individuals that may make them more
or less vulnerable to exposures or pathogens. Similar
to GE, ME also attempts to identify the interactions
between environmental exposures and host factors
that result in disease development. In addition, ME
evaluates the contribution of genetic and/or molecu-
lar factors with environmental risk factors, even those
that are identified at a molecular or biochemical level,
to determine how they affect disease etiology, devel-
opment, or distribution of disease in populations and
families. Biomarkers identified in ME studies can then
be used clinically for disease diagnosis, staging, prog-
nosis, or predicting drug response.

Epidemiology principles

GE and ME share many features in common with
traditional epidemiology. Through a combination of
descriptive and analytical methods, identifying risk
factors for disease development and disease progres-
sion are at the heart of the three types of epidemiology
studies (Figure 10.2). However, where traditional epi-
demiology has evaluated only environmental risk fac-
tors and their interactions leading to disease in hosts,
GE and ME focus on the evaluation of genetic risk fac-
tors, and their interactions with environmental risk
factors in the development of disease in susceptible
individuals. Thus, the research questions are framed
slightly differently between the two disciplines, in con-
trast to conventional epidemiology, which asks ques-
tions such as “Who gets the disease?”, “Why does an

Epidemiology     Genetic and molecular epidemiology

Exposure 1   Exposure 2

Host

Disease

Exposure 1 Exposure 2

Host

Disease

Effect 

Gene(s)

- Antibodies 
- Molecular markers 
- Genetic mutations 

Figure 10.2 A comparison of traditional epidemiology and genetic and molecular epidemiology.

99



CHAPTER 10

individual get the disease?” or “How does one prevent
getting the disease or complications of the disease?”
With GE and ME, the question may be “What are
the genetic factors that lead to the development of dis-
ease?”, “What is the risk of the disease in families with
genetic susceptibility loci?”, “How does that genetic
marker predict risk of disease in the general popula-
tion?”, or “Does molecular protein expression predict
disease prognosis or natural history?”

There are many other additional inherent differ-
ences between classic epidemiology and GE and ME
as well. In general, epidemiology focuses on the study
of diseases or epidemics in the general population,
or a clustering of disease in a community. Although
GE and ME studies may ultimately be conducted in a
population-based setting, early GE studies may focus
more on families, or ethnic or geographic clusters,
which share similar genetic backgrounds. It follows
that factors such as age of onset, penetrance and car-
rier state, and expressivity are terms and concepts that
may be of greater interest in genetic studies rather than
traditional epidemiology. Nonetheless, neither GE nor
ME studies need be family-based, and as with epidemi-
ologic studies, they may be clinic-based or population-
based.

An important difference between GE and ME with
traditional epidemiology is the greater emphasis on
biospecimen collection and genetic, laboratory-based
testing. Clearly, epidemiology is not laboratory-based.
Epidemiologic studies typically require interviews,
questionnaires, or databases to collect clinical data
about risk factors and disease presentation. Similar
data collection methods may also be used in GE and
ME studies, but these usually require collection of
biospecimens such as buccal swabs, blood, serum, or
even tissue in order to measure genetic and/or molec-
ular markers. As such, GE techniques can be used to
answer specific questions such as identifying where a
gene is in the genome map, how much this gene can
explain disease in the population, and providing the
causal link between the gene and the disease. As a
consequence, a greater understanding of the biology
of the disease, of genetics, and of genotyping tech-
nologies is required for GE studies, and a team con-
sisting of a clinical researcher, genetic epidemiologist,
statistical geneticist, and laboratory-based geneticist
are usually required in order to conduct these types
of studies. Similarly, ME studies also require multi-
disciplinary partnerships between clinical researchers,

molecular geneticists, molecular biologists, and statis-
ticians. This multidisciplinary approach can be very
important as the relationship between genetic and
molecular variants may not be a direct one, and is
likely to involve a complex interaction between sev-
eral variants and environment.

Error in GE and ME studies

As with any epidemiologic study, careful study design
is an important consideration for GE and ME stud-
ies. Inappropriate study design, participant selection,
or measurement error can affect the true relation-
ship between an exposure and disease of interest (Fig-
ure 10.3). Random error, as well as systematic error
including bias and confounding, remain important
considerations, as in traditional epidemiologic stud-
ies. Random error (chance) is typically due to sam-
pling variability. It can occur during data collection,
data transfer, or analysis. Random error can be dif-
ficult to quantitate and hence, correction for random
error is not feasible. The two main ways to reduce
random error are to increase sample size and to select
precise measuring instruments.

Systematic errors are consistent errors that affect
the true value of the relationship between exposure
and disease in the observed sample compared to the
“truth”. If recognized, the error may be quantifiable
and generally should be reproducible, although the
error may not be correctable. Measurement error that
results from inaccurate measure of exposure and/or
disease is an example of a systematic error that could
affect the estimate of association between these two

       Effect modifiers 

 Disease    Exposure 

    Systematic error      Random error 

- Bias 

- Confounding

Figure 10.3 Factors affecting the association/relationship
between exposure and disease.
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factors. Selection and participation bias are also forms
of systematic errors that may affect study outcomes.
Confounding variables correlate with both the expo-
sure and disease outcome, and can result in spuri-
ous associations if not taken into consideration in the
study design and analysis.

In addition, for ME studies, validation of biomark-
ers is an important step. Biomarkers can be markers
of exposure, biologic effect, susceptibility, or disease.
Biomarkers offer an objective means of qualitatively
or quantitatively measuring exposure or disease that
overcome some limitations of traditional epidemio-
logic studies. As biomarkers are a measure of exposure
or disease, the validity, precision, reproducibility, and
stability of these biomarkers are important. Biomark-
ers can include genetic polymorphisms and mutations,
chromosomal aberrations, viral DNA, proteins, hor-
mones, or metabolites. Sources of imprecision include
interindividual variation, intraindividual variation,
measurement error from sampling (e.g. circumstances,
timing, methods, etc.), variation from processing (e.g.
storage, time to processing, etc.), laboratory tech-
nique, or interlaboratory variability. Biomarker inac-
curacy or misclassification can lead to either overesti-
mation or underestimation of risk. Thus, careful selec-
tion of biomarkers as well as careful lab measurements
and assays are needed for ME studies.

Study designs and approaches

Collection of biospecimens (e.g. blood, buccal swab,
or serum), followed by collection of detailed clinical
information, are important first steps in the conduct
of a GE or ME study. Nonetheless, the types of study
designs vary considerably, and many options are avail-
able. Similar to traditional epidemiology studies, GE
and ME studies can utilize case-control designs or
prospective cohorts. However, GE studies do differ
from traditional epidemiology and ME studies in that
historically, family studies were often used. A sum-
mary of study designs that are commonly used in GE
are summarized in Table 10.1.

Molecular epidemiology study designs

Study design in molecular epidemiology is no different
from that in traditional epidemiology. The primary

Table 10.1 Genetic epidemiology study designs

� Clinical and historical studies
◦ Age of onset, race, geography, migration studies

� Descriptive family studies
◦ Familial aggregation studies
◦ Twin studies
◦ Adoption studies

� Segregation analyses
� Genome-wide studies

◦ Linkage analysis
◦ Genome-wide association studies

� Candidate-gene association studies

difference is that biomarkers are used to character-
ize exposure, susceptibility, or disease status. The
markers used in ME studies may be genes, viruses,
antibodies, genetic mutations or variants, or simply
protein expression. More efficient, less expensive
high-throughput genotyping is now allowing for
greater characterization of an individual’s genetic sus-
ceptibility for disease. Phenotypic assays may include
measures of DNA repair capacity. Epigenetic studies
that evaluate how environmental exposures and con-
ditions can lead to DNA changes, including methyla-
tion or histone deacetylation, that subsequently affect
DNA transcription and protein expression can also be
incorporated into ME studies to track susceptibility
as well as disease progression and/or natural history.

Genetic epidemiology study designs

Clinical and historical studies

Clinical and traditional epidemiologic studies may
be required prior to proceeding with other lines of
inquiry. Clinical studies may indicate features of a
disease that are suggestive of a genetic basis for the
disease of interest. These features include association
with other known genetic diseases, racial differences
in predisposition, or a family history of disease. Asso-
ciation with other diseases that have a known genetic
basis certainly provides one form of evidence for any
genetic basis of that disease. If the disease of interest
appears race-specific, additional migration or admix-
ture studies may be helpful to determine whether the
predisposition is due to genetics or cultural factors.
Similarly, a positive family history of disease may
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indicate the need for further family-based studies, to
determine whether the clustering is due to genetics,
shared environmental exposures, or lifestyle. Positive
results from these descriptive studies are encourag-
ing, but certainly are not conclusive for an underlying
genetic basis for the disease of interest.

Family studies

Three main types of epidemiologic family studies exist:
family history studies, family case-control studies, and
twin studies. Family studies may simply consist of
comparing the frequency of cases with a positive fam-
ily history with the proportion of controls with a
positive family history of the disease of interest. The
most basic type of study collects family history data
from affected cases, and compares the proportion with
a positive family history with either the population
prevalence rate or, more ideally, with age-, gender-,
and race-matched controls. This study design is no dif-
ferent from a conventional case-control study and is
also referred to as the family history approach. How-
ever, collecting family medical data from cases and
controls can be fraught with error, particularly if the
disease of interest is not visible or easily recognizable
by lay people, has many causes, is in an early or mild
stage, has a stigma associated with it, or has an onset
late in life when the individual is not sharing a house-
hold with siblings or children. For example, relatives
are more likely to be aware of a diagnosis of cancer or
cirrhosis in the family, but may be less knowledgeable
about whether the cancer is primary or metastatic, or
whether the liver disease is due to primary biliary cir-
rhosis or nonalcoholic fatty liver disease. Family mem-
bers may also not feel comfortable discussing their
bowel habits with others, and thus, irritable bowel
syndrome may be under-recognized by cases and con-
trols alike. Thus, there is a danger of misclassification
of the relative’s affected/unaffected status based on
proband report alone.

Rather than collecting the relatives’ medical data
from probands, a better alternative approach for
familial aggregation studies is the family case-control
design or family study approach. This consists of
direct survey of the relatives themselves, and may
involve review of their medical records, or even clini-
cal evaluation and diagnostic testing. Therefore, mis-
classification of “affected” and “unaffected” status of
relatives can be minimized. The disadvantage of this

approach is that not all relatives may wish to partici-
pate in the study, not all relatives may be alive to par-
ticipate in the study, and not all relatives may be able
to participate in the study due to the presence of other
medical comorbidities such as dementia. These factors
may lead to much “missing” information. However,
missing data can be minimized by asking next-of-kin
or those with power of attorney for deceased individ-
uals or individuals unable to participate to provide
consent and release of medical information for that
relative.

With the data collected from family members, var-
ious analyses may be performed. First, pedigree con-
struction (manually or using software such as Progeny
[1] or Pedigree-Draw [2]) may be illustrative to iden-
tify interesting families worthy of greater study. Sec-
ond, comparison of proportion of positive family his-
tory of disease between cases and controls may also
be illustrative of the risk that family members of cases
have for the disease of interest, given that there is an
affected family member (i.e. recurrence risk). Third,
because different relative types may have different pat-
terns of risk, risk or heritability for specific relation-
ship may be calculated. Fourth, evaluation and detec-
tion of relevant gene–environment interactions may
be performed using this study design. Thus, confirma-
tion of familial aggregation represents an important
line of investigation to determine whether additional
genetic studies are warranted in searching for disease
etiology.

Twin studies represent a specific type of family
study, and represent a classic genetic versus environ-
mental approach whereby a genetic basis for disease
is assumed if there is greater concordance of disease
in monozygotic (identical) twins than in dizygotic
(nonidentical) twins. Environment is thought to play
a greater role if there is greater or equal concordance
of disease in dizygotic twins than monozygotic twins.
If there is evidence for a genetic basis for disease, these
studies can provide a quantitative estimate of general
liability for disease by calculating the difference
in concordance between monozygotic twins and
dizygotic twins. However, twin studies have several
limitations, including the inability to adjust for
prenatal differences between twins (position in utero,
manner of delivery, shared or nonshared placental
circulation), postnatal differences in upbringing, and
ultimately further study is warranted to identify
disease gene loci. Nonetheless, twin studies often
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provide additional evidence supporting a genetic basis
for disease and provide justification for additional
investigation.

Segregation analyses

Segregation analysis is another family-based study,
but at a relationship level. Pedigrees are constructed
and family members are assigned an affected or
unaffected status. Segregation analysis compares the
observed distribution of affected and unaffected indi-
viduals in a series of families under a specific genetic
hypothesis (e.g. autosomal recessive model) to the dis-
tribution that would be expected under specific genetic
or nongenetic models. For example, for a recessive dis-
ease, if the father is unaffected, the mother is affected,
and some of the children were affected, one would
expect that the father is heterozygous for the disease
gene, the mother is homozygous, and thus, 50 % of
offspring would have disease. Comparison between
actual rates of disease prevalence among offspring
in the accrued families and expected rates of disease
would provide an estimate of how well the postulated
recessive model fits actual data. Segregation analysis
tests multiple genetic models, and determines which
model best fits the observed data. Segregation analy-
sis studies thus answer questions such as whether or
not a major gene contributes to disease expression,
whether multiple genes with small effects can result,
or whether nongenetic factors contribute to disease
etiology. Segregation studies are helpful not only in
providing a genetic model for disease transmission,
but also in estimating the penetrance and attributable
frequency required for parametric analysis in follow-
up linkage studies.

However, special considerations regarding segre-
gation analysis must be made. This method iden-
tifies the best-fitting model of the ones tested, but
does not necessarily reject an incorrect model (type
II error). In addition, it is not immune to type I errors
(i.e. incorrectly rejecting the correct model). Further-
more, segregation analysis is particularly susceptible
to a form of selection bias called ascertainment bias;
that is, the families studied may not be representa-
tive of those in the general population. In this sit-
uation, while adjustments for ascertainment can be
incorporated in the analysis, the conclusions drawn
may be distorted. Confounding by other factors, such
as environmental exposures, must also be taken into

account. Many of these points apply to any obser-
vational epidemiologic study, but this is particularly
important because segregation analysis often provides
the parameters and assumptions needed for linkage
studies.

Linkage analysis

Linkage studies are performed if no gene has been
firmly tied to disease causation and the investigator
is trying to narrow the region in the genome map
where the disease gene may lie. Approximately 500–
6000 genetic markers with known genomic location
are selected spanning the human genome, then these
markers are genotyped in family members. Parametric
or model-based linkage uses set penetrance estimates
and an inheritance model (that may be derived from
segregation analyses), and the observed transmission
of each marker with disease status is compared to
determine which genetic marker appears to be the
most closely linked to the disease of interest. Alter-
natively, linkage analysis can be performed without
such estimates (model-free linkage or nonparametric
linkage analysis). It is hoped that a genetic marker
will identify a region up to 10 Mb (megabases) in
size, and additional markers can then be used to nar-
row the region of interest even further. The concept
behind linkage is that genetic recombination is more
likely between loci that are far apart, thus separating
them during meiosis, and by looking at the recom-
bination rate between family members (who should
share large regions of the genome inherited from the
same recent ancestor), the position of the disease gene
relative to the marker can be estimated. Linkage stud-
ies do require the participation of families that may
be extended multigenerational families, nuclear fami-
lies, or specific subunits, such as affected sibling pairs.
Genetic markers of study include restriction fragment
length polymorphisms, variable number of tandem
repeats, microsatellites, and single nucleotide poly-
morphisms.

The main limitation of parametric linkage meth-
ods is that the genetic model must be specified, and
if incorrect, may result in false positives as well as
false negatives. Any error in the model leads to incon-
sistent parameter estimates and lack of power. For
these reasons, nonparametric, model-free methods are
also utilized. In addition, because of the low rate of
recombination events within most families, linkage
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analyses may not be able to narrow the genomic region
of interest below several Mbs. Furthermore, although
linkage studies are a tried and trusted method, which
has been immensely successful in identifying disease
susceptibility loci for Mendelian diseases, these stud-
ies are less powerful when studying a complex, non-
Mendelian, genetic disease caused by multiple genes
of modest genetic effect. In this situation, association
studies may be a better alternative to identifying a
specific disease-causing gene or genes.

Genome-wide association studies

Genome-wide association studies (also referred to as
whole-genome association studies) offer investigators
the opportunity to physically localize areas of interest
on the genome by analyzing genotyping data from
genetic markers spanning the genome. Association
studies typically use classic epidemiologic case-control
designs to compare the allele frequency of a genetic
marker in disease cases and unrelated healthy con-
trols with the goal of identifying markers with allele
frequencies that differ between the two groups. Asso-
ciation studies are thought to be advantageous when
studying common alleles with modest disease risk,
and do not require the assembly of pedigrees and
collection of DNA from family members, as it is
typically easier to collect DNA from a large series
of unrelated cases and controls than it is to col-
lect DNA from family members, some of whom may
be deceased or unwilling to participate. However,
because the number of shared markers between unre-
lated individuals will be fewer, more (thousands to
possibly hundreds of thousands) high-density mark-
ers will need to be genotyped among thousands of
study subjects. Although high-throughput genotyping
technology advances have resulted in decreased costs,
this method is still resource-intensive, and therefore,
remains expensive to conduct, limiting the number
of these studies that can be performed. Furthermore,
genome-wide association studies, due to multiple test-
ing issues, do result in many positive results, many of
which may be false positives. As such, interpretation
of positive findings must be somewhat cautious tak-
ing into account the P-value (the smaller the value, the
better) and whether the findings were reproduced in
an independent sample.

Candidate gene-disease association studies

Similar to genome-wide association studies, candi-
date gene-disease association studies compare allele
frequencies of a given polymorphic genetic marker
between cases and controls, and if an allele is found
to be more common in cases, this finding suggests
that this polymorphism may be involved in the devel-
opment of disease. These studies may involve study-
ing from only one to a few polymorphisms, using
chi-square analysis or Fisher’s exact test, and thus,
are quite simple to perform and analyze. However,
they require a priori knowledge of a putative candi-
date gene, and selecting the right polymorphism may
not be easy with an estimated 20,000–30,000 genes
in the genome, and over 25 polymorphisms in the
form of single nucleotide polymorphisms, restriction
fragment length polymorphisms, variable number tan-
dem repeats, and insertion and deletions in an aver-
age 27 kb (kilobase) gene. Nonetheless, this method
represents a direct test of association, which may be
quite powerful if the polymorphic marker is carefully
selected on the basis of biologic plausibility and poten-
tially linkage studies. Ideally, candidate gene associa-
tion studies should also include a replication cohort to
provide an additional level of evidence that the posi-
tive findings were real and not due to chance.

Conclusion

Based on rapid growth in the fields of molecular
biology and genetics, there has been a necessary “mar-
riage” between these disciplines and epidemiology.
The stringent methodology of traditional epidemiol-
ogy is necessary to ensure that the voluminous data
being generated in labs is not misrepresented due to
improper study design, analysis, or interpretation.
Furthermore, it is clear that many diseases or physi-
ologic traits are based not only on inherent genetic
coding, but also on environmental factors that atten-
uate disease presentation. Teasing out the genetic and
environmental contributors to these complex diseases
is not easy, but unraveling the respective genetic
etiologies for each disease can be performed using
sound genetic and molecular epidemiology methods
and techniques. Those interested in pursuing this
line of investigation are encouraged to obtain addi-
tional training, and collaborate with colleagues in a
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multidisciplinary team that includes genetic and
molecular epidemiologists, laboratory-based scien-
tists, and statisticians with expertise in interpreting
genetic and molecular data. Clearly, these fields will
continue to evolve as new discoveries are made and
new technologies are developed.

Multiple choice questions

1 Which of the following factors can affect the true
relationship between an exposure and disease?

A Measurement error
B Selection or participation bias
C Study design
D All of the above

2 In molecular epidemiology studies, biomarkers can
be used to measure exposure, biologic effect, suscep-
tibility, or disease. Which of the following is not an
example of a biomarker?

A Genetic polymorphisms
B Viral DNA
C Metabolites
D Smoking history

3 Of the following genetic epidemiology study
designs, which requires collection of DNA?

A Twin studies
B Genome-wide association studies
C Family history studies
D Segregation analysis

4 Which of the following does NOT apply to segre-
gation analysis studies?

A They identify the gene and its location on the
genome
B They can provide evidence for a major gene con-
tributing to a disease
C These studies yield mode of inheritance (e.g.
autosomal dominant)
D Yield estimates of penetrance of the disease gene

5 Which of the following study designs can NOT help
identify environment and genetic contributors for a
given disease?

A Linkage analysis
B Migration studies
C Familial aggregation studies
D Twin studies
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Answers to multiple choice questions

1. D
2. D
3. B
4. A
5. A
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11 Diagnostic studies
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Key points
� The diagnostic utility of a test should be
expressed in terms of sensitivity and specificity,
positive and negative predictive values, and/or
positive and negative likelihood ratios.
� Single measures of the diagnostic utility of a
test such as accuracy, diagnostic odds ratio, or
area under the receiver operator curve are usu-
ally not recommended.
� The positive and negative predictive values of
a test vary with the prevalence of a disease in
the population under study.
� Selecting a reference standard to compare with
a new diagnostic investigation can be a problem
when there is no test that is sufficiently accurate.
In this setting using a combination of tests or
evaluating data using latent class or Bayesian
analysis may be helpful.
� As with almost all study designs there are a
number of biases that can be introduced into
diagnostic studies and threaten their validity.

Introduction

Making an accurate diagnosis is a critical part of med-
ical practice. An accurate diagnosis allows the patient

to understand the nature of their illness and also the
likely prognosis. The clinician can then suggest treat-
ment that is most likely to benefit the patient accord-
ing to evidence-based medicine principles [1]. We are
often taught in medical school that 90 % of all diag-
noses are made through taking a careful history. That
may have been true 50 years ago but modern medicine
relies heavily on tests to inform the diagnostic process.

A gastroenterologist relies on a diverse menu of
investigations from blood tests, breath tests, pH and
manometry studies, radiological tests, and endoscopic
procedures. Unfortunately there is no test that is
100 % accurate so it is important that clinicians under-
stand the implications of a positive or negative test
result. Furthermore the advertised accuracy of a test
will be based on diagnostic studies and these can have
limitations that can either reduce or inflate (usually
the latter) the apparent utility of a test [2]. This chap-
ter will outline measures used to describe test perfor-
mance as well as outlining how the choice of popu-
lation, gold-standard test, and study design can influ-
ence accuracy.

Measures of test accuracy

Any test performance can be described using a
2 × 2 table that compares a positive or negative test
with whether the disease is truly present or absent
(Box 11.1). It is astonishing that such a small table
can give rise to so many measures of test performance
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Box 11.1 Depiction of a 2 × 2 table used
for a diagnostic test

Disease

Present Absent

Test result Positive a b
Negative c d

and how these are calculated is given in Table 11.1.
There are advantages and disadvantages to each
measure.

Sensitivity and specificity

The accuracy of a test in detecting or excluding a given
disease is usually expressed in terms of sensitivity and
specificity. Sensitivity tells us the proportion of false

negatives we should expect of those who truly have
the disorder, whereas specificity defines the propor-
tion of false positives among those without the disease
(Table 11.1). It can be useful to graphically represent
how these metrics relate to each other in a summary
receiver operator curve (sROC), which plots the sen-
sitivity against 1-specificity (Table 11.1).

These terms are widely understood, but do not
express the information that is most helpful in making
clinical decisions [3]. In the clinical setting, what we
really want to know are the chances that the patient
actually has the disease if the test is positive. Simi-
larly, if the test is negative, what are the chances that
the patient does not have the disease? A test that has
a sensitivity and specificity of 90 % would seem to be
reasonably accurate, but a positive test would not be
diagnostically useful if the prevalence of the disease
was very low. If the probability of having a disease is
1 %, then a positive test only increases the probability
of having the disorder to 8.3 % (Table 11.2) [3].

Table 11.1 Descriptions of terms used to describe the utility of a diagnostic test

Measure Word definition Mathematical definition

Sensitivity Proportion of people with the disease that the test
correctly identifies as positive

a/(a + c)

Specificity Proportion of people without the disease that the
test correctly identifies as negative

d/(b + d)

True positive (TP) Correct positive result a
True negative (TN) Correct negative result d
False positive (FP) Incorrect positive result b
False negative (FN) Incorrect negative result c
Positive predictive value Proportion of people with a positive test that have

the disease
a/(a + b) or TP/(TP + FP)

Negative predictive value Proportion of people with a negative test that do
not have the disease

d/(c + d) or TN/(TN + FN)

Positive likelihood ratio (LR + ) Describes the odds of a person having the disease
if the test is positive

(a/(a + c))/(b/b + d) or
sensitivity/(1-specificity)

Negative likelihood ratio (LR−) Describes the odds of a person not having the
disease if the test is negative

(c/(a + c))/(d/(b + d)) or
(1-sensitivity)/specificity

Test accuracy The proportion of correct results that the test gives (a + d)/(a + b + c + d)
Diagnostic odds ratio (DOR) Overall measure of diagnostic test accuracy.

Describes the ratio of the odds that a person has
the disease if the test is positive versus the odds
a person does not have the disease if the test is
negative

ad/bc or LR + /LR−

Summary Receiver Operator
Curve (sROC)

A plot of the relationship between the sensitivity
and 1-specificity of the test

Log(DOR)
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Table 11.2 Variations in positive predictive value and
negative predictive value with prevalence of disease for a
test that is 90 % sensitive and specific

Positive Negative
predictive predictive

Prevalence value value

99 % 99.9 % 8.3 %
95 % 99.4 % 32.1 %
90 % 98.8 % 50 %
80 % 97.3 % 69.2 %
50 % 90 % 90 %
20 % 69.2 % 97.3 %
10 % 50 % 98.8 %
5 % 32.1 % 99.4 %
1 % 8.3 % 99.9 %

Source: Moayyedi and Axon 1999 [3]. Reproduced with per-
mission of Nature Publishing Group.

Similarly, if the disease is very common, a negative
test with a sensitivity and specificity of 90 % is not
clinically helpful (Table 11.2) [3].

Positive and negative predictive values

To overcome this problem, positive and negative pre-
dictive values (PPV and NPV) are often quoted to
describe the accuracy of a test. This is clinically more
useful but has the disadvantage that these will vary
with the prevalence of the disease. In the example
cited earlier, the test has a PPV of 97.3 % and a NPV
of 69.2 % when the prevalence of the disease under
study is 80 %, whereas these change to 50 % and
98.8 %, respectively, if the prevalence falls to 10 %
(Table 11.2) [3].

Likelihood ratios

What is needed is a test characteristic that expresses
results in terms of the probability of patients hav-
ing a disease, and one that does not vary dramati-
cally with the prevalence in the population. The likeli-
hood ratio [4] fulfills these criteria and can be derived
from sensitivity and specificity according to formu-
lae given in Table 11.2. The odds of a disease being
present after the test can then be derived from the
equation:

post-test odds = pre-test odds × LR

Likelihood ratios can be divided in to a positive
likelihood ratio, when evaluating the odds of a patient
having the disease when the test is positive, and a neg-
ative likelihood ratio, when determining the odds of
a patient being disease-free when the test is negative.
Likelihood ratios are a more clinically relevant method
of expressing the accuracy of an investigation, and yet
they are not as popular to quote as either sensitivity
and specificity or predictive values. The reason for this
is that clinicians are used to dealing with probabilities,
whereas likelihood ratios express result in terms of
odds. The odds are the probability of an event occur-
ring divided by the probability that it will not occur.
The odds are similar to the probability when the event
is rare but as the event becomes more common it is
necessary to switch back and forth between probabili-
ties and odds (see Box 11.2). This can be cumbersome
to calculate, which may explain why this metric is
not as popular as other approaches. However, there
are applications for smart phones that can perform
this conversion. Alternatively, for those who are more
at home with pieces of paper, a simple nomogram
is available that obviates the need to perform any
calculations (Figure 11.1) [4]. This inconvenience is
worth the effort, as likelihood ratios can provide valu-
able information on the clinical utility of a diagnostic
test.

Single measures of test performance

Single measures of a test’s performance are attractive
to clinicians because of their simplicity. We are used
to thinking in terms of a person being well or ill and
it is intuitive to think that a test is either accurate or
inaccurate. This can only be achieved with a single
measure and the commonest approach to this is accu-
racy. Previously in this chapter I have used this term
colloquially but it does have a precise mathematical
definition (Table 11.1) that describes the number of
times the test gives the correct result divided by the
total of number of people tested.

Box 11.2 Calculations of odds and
probabilities

Odds = probability/(1 − probability)
Probability = odds/(1 + odds)
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Figure 11.1 Fagan’s nomogram for calculating post-test
probability of disease when the pretest probability and
likelihood ratios are known. Source: Deeks and Altman [4],
reprinted with permission of BMJ Publishing Group Ltd.

Whilst single measures of accuracy are intuitively
attractive to quote they are less useful than the other
measures described earlier. This is because a test can
be valuable in identifying the disease when it is present
but not useful at excluding it, or vice versa. A single
measure will not capture this nuance and is only use-
ful if the test is very accurate at identifying both those
with and without the disease. It is therefore prefer-
able to quote sensitivity and specificity, PPV and NPV
or positive and negative likelihood ratios, rather than
unitary measures. This applies to the diagnostic odds
ratios and area under the curve of sROC (Table 11.1)
as well as accuracy.

The influence of choice of population
on diagnostic test performance

The prevalence of disease in a population predictably
influences the PPV and NPV as described earlier [3].

Variations in the proportion of people with disease
can also influence sensitivity and specificity, but not
as dramatically or as predictably [5]. Layered on
this issue is the impact of bias in the sample stud-
ied. There are a variety of biases that can influence
the results of a diagnostic accuracy study, but the
most important of these are spectrum and selection
bias [6].

Spectrum bias occurs when a diagnostic test is val-
idated in one population and then applied to another
with a different clinical spectrum of disease. Popula-
tions with large numbers of well subjects, as seen in
screening programs, will have only a few people with
disease. Furthermore, usually there will be a higher
proportion of early disease compared to a population
referred because of abnormal symptoms. Such early
disease may be more difficult to detect, and this may
lower the sensitivity of the test. An example of this
would be screening colonoscopy. Endoscopy is usu-
ally extremely accurate at diagnosing colorectal can-
cer, but when used as a screening tool it is possible
that early subtle flat neoplastic lesions may be missed
[7]. The impact of spectrum bias on sensitivity and
specificity is not usually as notable as the effect of
prevalence on positive and negative predictive values,
except in extreme circumstances [5].

Selection bias occurs when there is an association
between the test result and the probability of being
included in the study that is validating the test [6].
For example, colonoscopy is accurate at diagnosing
ulcerative colitis but if a study evaluated this pro-
cedure in inpatients with diarrhea the proportion of
those with ischemic colitis, graft versus host disease,
and Clostridium difficile colitis would be much higher
than seen in the outpatient setting, and may lead to
misdiagnosis, lowering the apparent sensitivity and
specificity of the test compared with the same study if
it had been done in the latter setting. Another exam-
ple is the specificity of right lower quadrant tender-
ness in the diagnosis of acute appendicitis, which
fell from 89 % in primary care to 16 % in tertiary
care [8].

Spectrum and selection biases therefore will impact
on the sensitivity and specificity of the test. These are
often unavoidable as there is no “perfect” popula-
tion. Studies should, however, ensure that the disease
spectrum that is most commonly seen when the test
is used in clinical practice is mirrored by the study
design.
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The choice of a reference standard

Ideally a new test should be compared with a refer-
ence standard test that is 100 % sensitive and specific.
This is rarely possible, but often a single test is suf-
ficiently accurate to be used as the “gold standard”
to which the new test is applied. A fecal antigen test
to diagnose Helicobacter pylori infection may use a
carbon-13 urea breath test as the gold standard as
this has a sensitivity and specificity of 98 %, which
many would consider sufficiently accurate [9]. If no
single test is accurate enough to use as a “gold stan-
dard” a number of different tests can be applied, and
a predetermined algorithm used to define the pres-
ence or absence of disease [10]. For example, there
is no gold-standard test for gastroesophageal reflux
disease (GERD) so investigators assessed patients pre-
senting in primary care with upper gastrointestinal
symptoms with endoscopy, 48-hour esophageal pH
studies, as well as symptomatic response to proton
pump inhibitor (PPI) therapy [11]. All patients with
esophagitis at endoscopy were considered to have
GERD. If they did not have esophagitis but had
�5.5 % pH �4 and/or a symptom associated prob-
ability of ≥95 % then they were also considered to
have GERD. Finally, if the pH data were equivocal
(3.5–5.5 % pH �4) but the patient had a dramatic
response to PPI therapy then again the patient was
considered to have GERD [11].

There are many examples of gastrointestinal dis-
eases where there is no test that can be used to
define those with and without the disease. This issue
has bedeviled the diagnosis of functional GI diseases
and resulted in numerous iterations of expert bod-
ies in defining the disease according to various symp-
tomatic criteria. This is not a unique problem as this
issue is faced by all psychiatric diagnoses. Psychia-
try researchers have overcome this dilemma by using
techniques that avoid the need for comparison with
a single accurate test [12]. These techniques can be
broadly divided into latent class analysis (LCA) and
Bayesian analysis. Both have been used widely in psy-
chiatry as well as other disciplines, but, as yet, have
not been widely applied to gastroenterology.

Latent class analysis

Traditional regression techniques describe relations
between observed variables. For example, a logis-

tic regression model may suggest a relation between
H. pylori and stomach cancer that is independent of
other variables in the model, such as smoking, sex, or
social class. Any variation of the data in this model
that is not explained by these observed variables is
assumed to occur at random. LCA postulates the
existence of an unobserved categorical variable that
divides the population of interest into classes (hence
the term “latent class”) [6]. Members of the popula-
tion with a set of observed variables will respond dif-
ferently, depending on the latent class to which they
belong.

This technique can be applied to the problems
related to diagnostic testing, with the unobserved cat-
egorical variable being “disease present” or “disease
absent”. The observed variables might typically be the
results of diagnostic tests, none of them being a gold
standard. LCA could then be applied in an attempt to
divide the population into “true” positives and nega-
tives. This approach has been shown to require at least
three different types of diagnostic test [13]. LCA can
then be applied to derive the proportions of patients in
each latent class (i.e. estimated to be diseased or free
of disease), and the sensitivity and specificity of each
diagnostic test. Computer-intensive statistical meth-
ods are used to obtain standard errors of estimated
parameters and the robustness of the data will, in part,
depend on the sample size [14]. This type of analysis
has been applied to a number of diagnostic problems
but is rarely used in gastroenterology [15].

Bayesian analysis

Standard statistical tests assume that there are no prior
expectations of the study results, in adherence with
the principle that science is objective. This approach
has been questioned because, in most scientific exper-
iments, there is an expectation of what the outcome
will be from prior knowledge, which should be incor-
porated in the analysis [16]. Indeed this is exactly
what is done when calculating risk of disease using
positive and negative likelihood ratios described ear-
lier. Thomas Bayes proposed a theory over 200 years
ago to try and overcome this problem. Bayes’ theorem
is a formula that describes how our existing beliefs
(described as probability distributions) are changed by
new study data [6]. Distributions of beliefs before new
information becomes available are known as priors;
those after the assimilation of new information are
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posteriors. Prior distributions can be obtained from
existing research evidence, expert opinion, or be set
to be “uninformative” (a flat distribution that does
not influence the analysis). Posterior distributions are
described as means (or proportions) and credible inter-
vals. Credible intervals are the Bayesian equivalent of
confidence intervals [17].

The effect of study design on diagnostic
test performance

All epidemiologic research has to contend with the
design of the study introducing bias into the results.
Diagnostic studies are no exception and there are a
variety of biases that can influence the estimate of
diagnostic test performance [18].

The study design can impact on the spectrum of
disease in the population as discussed earlier. One
approach to evaluating a diagnostic test is to conduct
a case-control study. This is particularly useful where
the disease is rare and is a much cheaper approach
to analyzing test performance than evaluating a con-
secutive cohort of subjects that is representative of
the population being studied. The problem is that
case-control studies will almost certainly overestimate
the sensitivity and specificity of the test because the
subjects “with disease” are more clearly delineated
from those “without disease” [19]. Case-control stud-
ies are useful as proof of concept for a new test, but
consecutive patients in the correct setting are needed
before the test can be used in clinical practice. Thus
it may be appropriate to initially test a screening test
for hemochromatosis in a tertiary care center, where
these patients are overrepresented, but a study must
be conducted in the general population before this test
is used in a routine screening program.

Verification bias is another example of where the
population being studied can be skewed so that
patients with more clearly delineated disease are
included [20]. This describes a protocol where only
certain participants are subjected to the gold-standard
test and the rest are assumed not to have the disease.
An example of this would be only certain pancreatic
lesions being referred for surgery where a definitive
diagnosis is made from pathologic assessment of the
resected specimen. This approach will only identify
those with the most advanced disease and furthermore
patients that do not have the gold-standard test will

be assumed to be disease-free, whereas a few patients
with more subtle indolent disease will be misclassi-
fied. There are also some studies that exclude patients
as “equivocal” when the test under investigation does
not give a clear result. This is an intuitive solution to
the problem, but again is artificially structuring the
sample to more clearly delineate those with and with-
out the disease.

Lack of blinding is another key problem that can
bias results [21]. The investigator applying the gold-
standard test should be different from the researcher
evaluating the test being studied, and both should
be blinded to the results of the other. If this is
not achieved then there is the possibility that the
researcher could be influenced in their interpretation
of the result, usually causing an overestimation of the
accuracy of the new test [19,21].

Conclusions

This chapter has focused on objectively establish-
ing the accuracy of a test. This is important as it
informs the patient and the clinician of the diagno-
sis so that appropriate treatment can be instituted and
the patient can be given some idea of the likely prog-
nosis. Ultimately, however, a diagnostic test only has
real value if it can be shown to improve more direct
patient-related outcomes [22]. Establishing that the
test leads to greater patient satisfaction, more cost-
effective management or better health outcomes must
be the true goal of any investigation.
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Key points
� Randomized controlled trials (RCTs) mini-
mize confounding and bias provided they are
properly randomized, allocation of randomiza-
tion sequence is concealed, all those involved in
the trial are blinded, and all are followed to the
completion of the trial.
� All these criteria cannot always be met and so
whilst the RCT is the most rigorous study design
individual trials may still be open to bias.
� Drug trials are divided into four phases
depending on the stage of drug development.
� All trials must be run according to good clini-
cal practice guidelines.
� There are many designs of RCTs including
parallel group, factorial, crossover and cluster
randomized trials.

Introduction

Previous chapters have described case-control and
cohort studies. These are termed observational studies
as subjects are simply “observed” and the researcher
does not determine any intervention they receive. If
the researcher decides which intervention a participant
receives this is termed an experimental design [1]. In
theory, a researcher could make a conscious decision

as to what treatment a patient receives and this would
be very similar to an observational study. For this
reason this approach is rarely taken and usually the
intervention is administered in a random fashion. This
is the most powerful experimental design, as all con-
founding factors will be roughly equally distributed
between groups if the sample size is sufficient and the
intervention is truly random. A randomized design can
also eliminate bias if the participants and researchers
are masked as to the intervention received [2].

This type of design is not appropriate for all clinical
questions [1]. There are numerous factors that impact
on health and disease that simply cannot be random-
ized; for example, one cannot randomize someone to
be old or young in order to study the effect of age on
risk of colon cancer. Similarly, there are other inter-
ventions that could theoretically be randomized, but
to do so would be unethical or inappropriate. For
example, whilst one could randomize subjects to take
10 units of alcohol per day or abstain and measure
the effect of this intervention on risk of cirrhosis, such
a trial would not pass any ethical review. Neverthe-
less, there are many healthcare interventions where
an RCT is the most robust form of evidence, and for
this reason the RCT is considered the “gold-standard’
experimental design [3].

The concept of an RCT is relatively straightforward
but in practice the design and conduct is highly com-
plex [4]. There are a number of books that describe the
nuances of RCT design and it is not possible to cover
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all of these in one chapter. We will therefore focus on
key aspects of randomized control design, phases of
trial development, and different trial designs.

The key building blocks of randomized
controlled design

The key feature of an RCT is highlighted in the
first word of the methodology; the interventions
are randomized. This seems straightforward enough,
but is actually more complex than many clinicians
appreciate. Randomization has two key components:
sequence generation and concealment of allocation
[5]. Sequence generation refers to how the random-
ization list is created [6]. This list must be truly
random and this can be achieved by using random
number tables or computer-generated randomization
sequences. The toss of a coin or drawing certain
cards from a well-shuffled pack are in theory ran-
dom but are rarely used in modern trials with easy
access to computer-generated random lists. Meth-
ods such as first letter of the last name or date of
birth are not random and such approaches are not
recommended.

This approach will ensure the interventions are
given in a random sequence but this on its own will
not ensure that the groups are truly random. If the ran-
domization list is placed on the clinic wall, for exam-
ple, the investigator will know what treatment the next
patient is going to be given. This may be in the form
of drug A or drug B, so initially this will not help the
researcher. However, as experience accumulates, the
clinician can influence the trial by entering patients in a
nonrandom fashion. For example, he or she may real-
ize that most people getting drug A get better, whereas
those receiving drug B do not. If he knows that the next
treatment a patient entered into the study will receive
is drug B, he or she may consciously or subconsciously
decide that a patient with more severe disease is not
eligible or should wait before being entered into the
trial, and will wait until a patient with milder dis-
ease presents and then place them in the study. This
approach will lead to unbalanced groups over time.
To avoid this happening there must be concealment of
allocation [7], so that the investigator does not real-
ize what the next treatment is going to be. This is
achieved by contacting an independent person or trial
center that is not involved in any other way with the

study for the next randomization code. If this is not
possible then sequenced, sealed, and opaque envelopes
containing the code can be used.

Correct sequence generation and concealment allo-
cation will lead to roughly similar patients in each
group, but only if the sample size is sufficiently large
(a sample size of 100 for each group is usually con-
sidered sufficient). For smaller trials it is advisable
to use a restricted randomization design to ensure
that the groups are balanced for key characteristics
[8]. Permuted-block stratified randomization is the
standard restriction method. The investigator deter-
mines one or more factors that are important to bal-
ance between the randomized groups (e.g. severity
of disease, age, or sex). Eligible patients are strat-
ified by these factors and randomization is then
conducted in a pre-specified block size between the
groups. For example, in an RCT stratified for age with
block sizes of four, participants might be stratified as
�50 years or ≥50 years of age and then each block of
four patients under the age of 50 would be random-
ized, with two allocated to treatment A and two to
treatment B.

Randomization will minimize the risk of confound-
ing factors influencing the outcome of the trial, and
will also help to reduce some biases. However, bias
will still occur with this approach if participants,
researchers, or those looking after the patient are
aware of what intervention has been allocated [9].
This is particularly the case when the main outcome
being assessed is subjective (e.g. improvement in dys-
pepsia symptoms). If the participant or researcher (or
indeed both) knows that they have been allocated to
the “new” treatment they may want the trial to suc-
ceed and feel that their symptoms have improved when
there has, in fact, been little change.

It is ideal for all those involved in the trial to be
masked as to the intervention the participant is receiv-
ing. This is achieved by using an identical placebo (or
alternative treatment) that is the same size, shape, and
taste as the active intervention. There are RCTs where
this is not ethical (e.g. in a trial comparing fundo-
plication with proton pump inhibitor therapy in gas-
troesophageal reflux disease it would not be ethical to
do a “sham” surgery procedure in those allocated to
the drug) or would not be appropriate, for instance
when the aim of the study is to assess the effect of
knowledge of the intervention to which patients have
been allocated on the outcome (e.g. when evaluating
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whether having a helpline for inflammatory bowel dis-
ease patients improves patient satisfaction, it makes
little sense to “blind” patients to the fact they have
access to a helpline). Whilst it may not be feasible
to blind participants or clinical staff to the treatment
allocation it is usually possible to blind researchers
assessing the outcome [9]. This will help reduce some
biases, so the study should try to blind researchers even
if they cannot successfully blind all involved in the
trial.

Bias in the trial may also occur if participants drop
out during the course of the study and the character-
istics of those lost to follow-up is different between
the groups. The only way to absolutely ensure that
this does not happen is to have 100 % or close to
100 % follow-up and analyze in an intention-to-treat
manner (i.e. analyze all participants in the trial
according to the group they were originally allocated
to, irrespective of what treatment they actually
received). Complete follow-up may not be realistic,
particularly with large population studies that follow
up participants over many years. To guard against the
possibility of differential drop-outs the investigator
can impute missing data in the analysis or do a sen-
sitivity analysis (e.g. assume all those that are lost to
follow-up are treatment failures, or assume all those
that are in the active group are treatment failures and
all those in the placebo group are treatment successes)
to see what impact this will have on conclusions.

The fundamental principles of human research and
ethics govern the conduct of RCTs. These include
respect for the individual, the security and wellbe-
ing of the individual, to accrue benefit to society and
the patient, and lastly justice (or treating subjects or
patients fairly, sharing risks and benefits equally).

The accepted principles of medical ethics apply to
the conduct of the actual study and are guided by
good clinical practice guidelines [10]. These include a
proper research design, randomization, and an appro-
priate and ethical use of placebo with careful and
safe monitoring of the trial for its entire duration.
This may include the appointment of an indepen-
dent safety monitoring committee. The trial should
be run by skilled and experienced clinical investiga-
tors who understand the harms and benefits of par-
ticipation in the study. The trial should use carefully
prepared informed consent, give fair and equal oppor-
tunity in the selection of subjects or patients, and
offer fair and appropriate remuneration for time and

costs incurred. However, this remuneration should
avoid any possibility of it being perceived as an
incentive. Appropriate monitoring and medical super-
vision should be in place for the duration of the
study, with a physician available at short notice if
necessary.

All volunteers or patients who agree to participate
in a clinical trial should give their informed consent.
This requires the investigator to explain in careful
detail the purpose of the study and outline the premise
on which the protocol is based. A detailed explanation
of what will be involved and any possible risks dis-
cussed, including the expected rate of adverse events.
They should also explain that the study will be con-
ducted in accordance with the Declaration of Helsinki,
which was originally published by the World Medi-
cal Association in 1964, and has provided the frame-
work of ethical principles for the conduct of medical
research. It has been updated by eight amendments,
the most recent in 2008. It is helpful to explain the
benefits that will result from a successful study and
how this will likely fit into the overall management of
the disease. It is good practice for informed consent
to be obtained by an experienced investigator rather
than a junior research assistant.

Stages of drug trial development

To evaluate a new drug requires several stages of eval-
uation in humans after the preclinical and toxicology
studies predict human safety and the appropriate ini-
tial dose to test. Thus, traditionally, initial drug test-
ing in humans has been divided into four trial phases,
I to IV [11].

Phase I studies explore the effects of a new drug
in humans for the first time, usually in a small group
of healthy volunteers. This offers the opportunity to
determine the safety, tolerability, and the pharmaco-
dynamic effect(s) of the drug, while obtaining essential
information on the pharmacokinetics. These studies
are usually performed in a small clinical investigation
unit where all aspects of safety can be properly mon-
itored. Phase I studies also include single ascending
and multiple ascending dose evaluations and studies
of possible food interactions.

Phase II studies follow phase I studies and provide
the opportunity to study larger groups of healthy vol-
unteers and also introduce patients to the prospective
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evaluation of efficacy. The larger numbers also
increase the knowledge about the drug, especially the
safety profile. Phase II studies are increasingly referred
to as phase IIA or IIB studies. Phase IIA studies refer
to those which are designed to determine the optimal
dose of the drug while phase IIB studies are designed
to determine how well the drug works at the chosen
dose. In an attempt to reduce the development time
and costs, some phase II trials attempt to combine
both phase I and phase II studies to explore the safety,
tolerability, dosing, and efficacy together.

Phase III trials are usually conducted on large num-
bers of patients and are prospective randomized con-
trolled trials involving multiple centers. These stud-
ies are designed to assess the effectiveness of the new
treatment in comparison with the current gold stan-
dard. Their size depends on the disease being treated,
the calculated numbers required to determine a differ-
ence with the current treatment, and they often run
over one or more years, making them time-consuming
and very expensive. It has been usual for regulatory
authorities to require two positive phase III trials,
which have demonstrated a new drug’s efficacy and
safety, in order to approve the drug.

Phase IV studies are not RCTs but a description
of the pharmacologic surveillance that is conducted
to ensure that the drug is safe once it is released on
the market. These usually rely on databases and are
conducted to identify rare but serious adverse effects
that may relate to the drug, but which are too rare to
be detected in phase III RCTs.

Key issues relating to phase II and
phase III trials

Objective

The objective of each study should be clear and
uncomplicated. However, the objectives for phase II
and III are somewhat different. Phase II studies usually
evaluate pharmacokinetics and pharmacodynamics of
a drug as well as measuring dose response. They often
evaluate mechanistic primary endpoints rather than
key clinical variables. For example, initial proton
pump inhibitor studies to treat gastroesophageal
reflux disease would focus first on efficacy of sup-
pression of gastric acid measured through intragastric
pH, and then healing of esophagitis, before finally

evaluating resolution of heartburn symptoms as part
of phase III studies.

These objectives often overlap so there are instances
where phase II and III studies are combined. This
may be appropriate when the sample sizes to meet
the needs of phase II and III questions are similar
but often the pressure to combine these phases relate
to market forces on pharmaceutical companies. The
financial consequence of a delay in release of a suc-
cessful drug can be enormous. There are pressures to
move to phase III trials for regulatory approval as
soon as possible, and whilst pharmaceutical compa-
nies will be concerned with safety there may be the
pressure to truncate phase II development and incor-
porate some of the aims with phase III before safety
is fully established or the optimum dose completely
elucidated.

Number of subjects

The sample size in phase II studies is generally much
lower than in phase III studies. The number depends
on the design and whether the study is an early phase II
or later study. Moreover, placebo is often used as the
comparator in phase II studies. For the simpler single
stage design the numbers will also be less than a two
stage, multiple stage or group-sequential study design.
The usual principles of number calculations apply to
phase II studies, as in other studies, with respect to the
significance levels, power, confidence intervals, and so
on. A randomized phase II study design may involve
more than one dose of the test drug in addition to
placebo or an active comparator such as the standard
treatment. With such a design the patient numbers will
increase substantially.

Inclusion/exclusion criteria

When undertaking phase II studies of a new drug treat-
ment only a small number of patients will have been
exposed to the drug during the initial phase I studies,
and so it is common to do at least the early phase
II studies in healthy volunteers. Each should be sub-
jected to an extensive medical history and full physical
examination, comprehensive blood work to exclude
abnormalities of the hemopoietic, immunologic, hep-
atic and renal systems, and an EKG as minimal crite-
ria for inclusion. It may be necessary to exclude past
conditions, depending on the drug and systems being
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evaluated. The aim of these strict inclusion criteria is
to achieve internal validity; ensuring that participants
are as similar and as well characterized as possible
so that the trial is as well controlled and as rigorous
as possible. The problem with narrow entry criteria
is that the results then tend to apply to a very select
group of individuals and may not relate to the general
population.

In later phase II studies patients may be included,
although the pharmacokinetic and pharmacodynamic
endpoints are the same, or similar, to those conducted
in healthy volunteers. The advantage of phase II stud-
ies in patients is that they can determine whether the
pharmacokinetics or pharmacodynamics differ in the
presence of disease, where the pathophysiology is dif-
ferent to that in healthy volunteers, such as the dias-
tolic pressure in hypertension, or basal and stimulated
gastric acid secretion in patients with duodenal ulcer.
Phase III studies typical have less restrictive inclusion
criteria, as the purpose is to evaluate whether the drug
will be effective in a wider group of patients. Here
external validity becomes more important; namely,
that the trial evaluates whether the drug will be effec-
tive in a more general population.

Types of randomized controlled trial

There are a number of different designs for RCTs
depending on the aim of the study; examples include
parallel group, factorial design, or crossover and clus-
ter randomized trials [12]. This list is not exhaustive,
but these examples have been chosen as they are the
most commonly used. The most classic design is the
parallel group trial. Patients are randomized to two or
more intervention groups and remain in those groups
until the end of the trial, when outcomes are assessed.
This design is usually used to establish whether one
intervention is equivalent or superior to another (or
to placebo).

A factorial design is similar to a parallel group
design in that two or more interventions are evalu-
ated separately but they are also evaluated together.
For example, in a 2 × 2 factorial design evaluating
drug A and drug B, one group will get all placebos,
another will be given active drug A and placebo drug
B, the third group will be allocated placebo drug A
and active drug B, and the fourth group will be given
both active drugs. The advantage of this design is that

it is a more efficient approach to assessing a number of
interventions at the same time and it can also evaluate
whether there is interaction between treatments.

A crossover design is different from the paral-
lel group trial in that the same patients are given
both interventions, one after the other in a random
order, usually with an intervening washout period.
The advantage of this design is that the patients act as
their own control. This reduces the number of sub-
jects needed for the trial and, furthermore, as the
patient obviously has the same characteristics from
one treatment period to the next there is less variabil-
ity in participants and so the statistical analysis has
more power. This approach is useful for rare disease
for these reasons, but has the disadvantage that there
may be a carry-over effect of the previous treatment.
The washout period, where the patient is receiving no
drug is designed to minimize this, but sometimes it is
not possible to know if a carry-over effect still exists.
For example, if one is evaluating antidepressant ther-
apy versus placebo in irritable bowel syndrome, some
of the observed effects may relate to the treatment
of anxiety or depression. If the patient is allocated
to receive the antidepressant first, the impact on psy-
chological parameters may be long-lasting and, when
the participant is switched to placebo, the benefit may
continue, giving the spurious impression that placebo
is also effective. Indeed if the treatment one is assessing
permanently cures the disease then a crossover design
cannot be used.

A cluster randomized trial refers to designs where
the unit of randomization is not the subject, but
some other variable such as a primary care center
or a clinician. This is an appropriate design where
the intervention is not at the subject level but the
outcome is related to the patient. For example, an
investigator may want to assess whether primary
care clinician education regarding the best approach
to managing risk of nonsteroidal anti-inflammatory
drug complications reduces peptic ulcer bleeds. The
best design for this is a cluster randomized trial
where primary care doctors are randomized to have
an education package or no intervention. The trial
will then follow up whether patients treated by
clinicians having the education package have less
peptic ulcer bleeds than those receiving no education.
The important point to take home from this type of
design is that the analysis is more complex as one
cannot treat this as an individual patient trial.
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Conclusions

The RCT has transformed the evaluation of medi-
cal interventions. Its conduct and design depends on
the question being evaluated, and choosing the right
methodology can be challenging. Nevertheless, this
approach is more rigorous than any other type of study
design, and can allow the clinician to be confident that
a treatment is effective even when the impact is rela-
tively modest.
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Key points
� The prevalence of GERD is increasing world-
wide but it remains greater in Western countries
than in other regions.
� The incidence of esophageal adenocarcinoma
continues to increase worldwide.
� The risk of esophageal adenocarcinoma in
nondysplastic Barrett’s esophagus is lower than
had been reported previously.
� Epidemiologic studies of GERD and Barrett’s
esophagus are hampered by the absence of stan-
dardized criteria for the diagnosis of symp-
tomatic GERD and the finding of erosive reflux
esophagitis and Barrett’s esophagus in asymp-
tomatic individuals.
� Further epidemiologic and mechanistic stud-
ies are needed to elucidate the role of obesity,
alongside lifestyle and environmental factors in
the pathogenesis of GERD and its sequelae.

Introduction

Gastroesophageal reflux disease (GERD), the most
common cause of esophageal symptoms and injury,
affects about 10–20 % of the population [1] although

there are widespread geographical differences in
diagnosis, incidence, and sequelae [2]. GERD is
associated with impaired health-related quality of
life [3], decreased global health and productivity and
burgeoning societal costs. GERD may progress to Bar-
rett’s esophagus (BE) and, subsequently, esophageal
adenocarcinoma (EAC); the prevalence of EAC and
esophagogastric junction adenocarcinoma (EGJAC)
is increasing more rapidly than any other common
malignancy. GERD is not a risk factor for esophageal
squamous cell carcinoma (ESCC) which is more preva-
lent worldwide, but less prevalent in the Western
world than EAC or EGJAC.

Gastroesophageal reflux disease

GERD occurs “when the reflux of gastric contents
causes troublesome symptoms and/or complications”
[2]. Epidemiologic studies in GERD are hampered by
the absence of a diagnostic gold standard. Diagnosis
is, generally, based on the presence of heartburn or
regurgitation [2,4,5] but GERD is associated with a
range of symptoms and neither symptom-based strate-
gies nor objective tests deliver more than modest accu-
racy [6]. A systematic review of symptom-based stud-
ies reported a GERD prevalence ranging from 6.5 to
9.5 % when the diagnostic criterion was GERS at least
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weekly up to nearly 30 % when various other criteria
were used [7].

Prevalence of GERD

Gastroesophageal Reflux Symptoms (GERS)
and Erosive Reflux Esophagitis (ERE)
Symptom-based epidemiologic studies cannot deter-
mine whether subjects have injury and endoscopy-
based studies cannot determine that a normal
endoscopy precludes prior ERE, especially if there
has been prior acid suppression therapy. Patients with
ERE and nonerosive reflux disease (NERD) differ with
respect to esophageal acid exposure, histology [8],
cytokine profiles [9], and clinical features [10,11].
However, it is difficult to diagnose NERD or func-
tional heartburn (FH) definitively and determine their
prevalence [12]; thus, although FH may constitute less
than 10 % of the population with heartburn, it is diffi-
cult to ascertain whether ERE and NERD are different
conditions.

The reported prevalence of GERD ranges from
about 5 % in Asia to 10–20 % in the Western world
[1]. The prevalence of GERS, occurring at least
weekly, varies from 2.5 % to 6.6 % in eastern Asia,
from 9.3 % to 20 % in western and southern Asia,
from 10.3 % to 25.9 % in northern Europe, from
7.7 % to 9.8 % in southern Europe, and from 13.8 %
to 28.8 % in North America [13].

Secular trends in GERD

In Norway, GERS prevalence increased by 47 %
between 1995–1997 and 2006–2009, cumulative inci-
dence rates exceeding the cumulative spontaneous
loss rates [14] (Figure 13.1). In the United Kingdom
GPRD, GERD prevalence increased with age [15]
although this finding was not supported by later stud-
ies [16]. In Asia, GERD prevalence increased two- to
fourfold over 10 years (Figure 13.2) [17]; in Taiwan,
GERD incidence increased over 6 years [18] and, in
Japan, too, GERS prevalence increased from 1990 to
2006 [19].

In a prospective German cohort study, 24.7 % of
NERD patients developed ERE over 5 years whilst
60.8 % of ERE patients regressed to NERD [20]; how-
ever, as most patients received therapy, this, like other
reported trends, may not reflect the natural history of
GERD.

Figure 13.1 Increase in the prevalence of gastroesophageal
reflux symptoms (GERS) (upper panel), related to the
spontaneous incidence and loss of symptoms (lower panel)
between 1995–1997 (95–7) and 2006–2009 (06–9) for all
study subjects, women and men in Norway. Adapted from
Ness-Jensen et al. 2012 [14].

Figure 13.2 Increases in the prevalence of erosive reflux
esophagitis (ERE) in various Asian countries between 1992
and 2005. Source: Goh 2011 [17]. Reproduced with
permission of John Wiley & Sons.
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Overlap between GERD and other diseases

Diagnostic overlap between GERD, dyspepsia, func-
tional dyspepsia (FD), and irritable bowel syndrome
(IBS) [21] may arise due to the coincidence of com-
mon unrelated conditions, the presence of common
pathogenetic mechanisms, the generation of symp-
toms typical of multiple different conditions [22],
or a lack of symptom specificity. Pathologic acid
exposure, reported in 31.7 % of Chinese FD patients
[23] suggests that these patients’ true diagnosis may
have been GERD, atypical FD or both GERD and
FD, despite their symptom profile. Strict application
of diagnostic criteria in Japanese individuals led to
reduced diagnostic overlap (1 %) for GERD and FD
and a diagnosis in 25 % whereas less strict applica-
tion increased both the diagnostic rate (54.3 %) and
the overlap (21.7 %) [24]. Currently, neither objec-
tive tests nor validated questionnaires can differentiate
reliably between NERD, FH, and FD [25].

Risk factors for GERD

Reported risk factors for GERD include age, sex, eth-
nicity, obesity, smoking, alcohol, dietary factors, Heli-
cobacter pylori, NSAIDs, hiatus hernia, and nation-
ality (Figure 13.3), but the presence and strength of
the associations have been inconsistent [26–31] and
unhelpful in elucidating the pathogenesis of GERD.

Figure 13.3 The prevalence of gastroesophageal reflux
symptoms (GERS), Barrett’s esophagus, erosive reflux
esophagitis (ERE), hiatus hernia and Helicobacter pylori
infection in three population-based endoscopy studies
[28–31].

Seasonal variations in GERD incidence in Tai-
wan [18] were associated, in some individuals, with
changes in humidity but other factors, such as intake
of nitrates [32], ascorbic acid, and fruit and vegeta-
bles [33] may also vary seasonally and with respect to
geographical location [34].

GERD, asthma, and post-traumatic stress disorder
(PTSD) were reported in persons exposed to the World
Trade Center (WTC) terrorist attacks of 11 Septem-
ber 2001 [35]. Exposed individuals reported cumula-
tive incidences for new onset and persistent GERS of
20 % and 13 %, respectively, at 6 years [36] whilst
rescue and recovery workers reported a cumulative
incidence of 39.3 % for GERD, 42.3 % for sinusi-
tis, and 27.6 % for asthma [37]. GERS were asso-
ciated, in both groups, with greater exposure to WTC
debris but the relative importance of environmental
exposure and stress was unclear. In the United King-
dom, patients with depression had a higher incidence
of GERD than controls and tricyclic antidepressants
were associated with a greater risk of GERD [38].

Helicobacter pylori may protect against GERD by
inducing gastritis and reducing the acidity of GER
[39]. H. pylori prevalence is often associated inversely
with GERD [40] but there is significant heterogene-
ity between studies [41]. In Japan, H. pylori eradica-
tion was associated with reduced GERS [19]. A meta-
analysis identified no association between H. pylori
eradication and new onset GERD [42] although ERE
was associated with H. pylori eradication in patients
with prior peptic ulcer disease [42] suggesting a com-
plex, time-dependent relationship between H. pylori
infection and GERD, ERE, BE, and EAC. Because
upper GI symptoms are not diagnostic, there may be
misattribution of symptoms and diagnoses in studies
of H. pylori eradication or NSAID use [26].

GERD is more prevalent and more severe in older
individuals and in males [14,27,43] but the reported
magnitude of the risks differs between studies.

Many studies have reported an association between
obesity and ERE in adults [44,45] and between obesity
and GERS [46]. Furthermore, increased BMI over time
is associated with a greater incidence of new onset
GERS [47]. BMI, waist circumference, and waist-to-
hip ratios may prove to be suboptimal indicators of
obesity if visceral adiposity [48] or insulin resistance
[49] are confirmed as risk factors for GERD.

Diet is implicated in the pathogenesis of GERD
[50,51] but no single factor or food group is dominant
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or readily identifiable [52]. Dietary fiber may reduce
GERS [53,54] whilst starch intake is positively- and
sugar intake is negatively associated with ERE [55].
GERS are more common in newly diagnosed celiac
disease patients than controls but, despite a diet-
related decrease in anti-TTG titres [56], the associated
reduction in GERS may be attributable to reduced
intake of dietary carbohydrates. Because of the diag-
nostic overlap between GERD, EoE, and other GI dis-
orders, GERS may respond to dietary modification for
EoE [57] or other food sensitivities [58] even if dietary
factors do not affect GER.

Familial clustering occurs for GERS and increased
acid exposure in relatives of BE patients [59] and the
prevalence of ERE is higher in patients who have
a family history of GERD [60]. Concordance for
GERD is higher in monozygotic than in dizygotic
twins [61,62], and although the underlying mecha-
nisms are unknown, genetic studies have linked GERD
to polymorphisms for interleukin-1 gene (IL-1B) and
IL-1RN associated with H. pylori-related inflamma-
tion [63] as well as for 4-aminobutyrate aminotrans-
ferase (ABAT) related to LES function [64].

Barrett’s esophagus

Barrett’s esophagus is defined, in North America,
as “a change in the distal esophageal epithelium of
any length that can be recognized as columnar type
mucosa at endoscopy and is confirmed to have intesti-
nal metaplasia by biopsy of the tubular esophagus”
[65] and, in the United Kingdom, as “an endoscopi-
cally apparent area above the oesophagogastric junc-
tion that is suggestive of Barrett’s which is supported
by the finding of columnar lined oesophagus on his-
tology. The presence of areas of intestinal metapla-
sia (IM), although often present, is not a require-
ment for diagnosis” [66]. Endoscopic features of BE
in the absence of histological confirmation have been
termed “endoscopically suspected esophageal meta-
plasia (ESEM)” [2]. Differences in definition [2] are
important considerations when comparing BE preva-
lence data between studies.

Prevalence of BE

Generally, BE presents in older adults [65] and is
more prevalent in Western countries, ranging from

10.3 % (Sweden) and 3.6 % (Italy) to 1.8 % (China) in
population-based endoscopy studies and from 0.0 %
to 3.4 % in Asian health-check studies [28]. For indi-
viduals without symptom-defined GERD, the preva-
lence of ESEM was 9.4 % (Sweden), 2.8 % (Italy) and
1.8 % (China) [28] making it difficult to estimate the
true population prevalence of BE.

In a computer simulation, the US population BE
prevalence was estimated at 5.6 % [67]; this esti-
mate needs confirmation as it is, for example, higher
than the prevalence of ESEM (5.1 %) and BE (2.4 %)
in Canadian primary care patients [68] and higher
than the prevalence of histologically confirmed BE in
Sweden (1.6 %) [69], Finland (1 %) [70] and Hol-
land (0.8 %) [71]. Some variability may be due to
national differences, as histologically confirmed BE
is less prevalent in Swedish GERD patients (2.5 %)
[28] than in German GERD patients (4.9 %) [72].
The reported prevalence of BE in Asia – ranging from
less than 1 % in China [73], Japan and Korea [74],
to 1–2 % in Malaysia, Singapore and Turkey, 3.7 %
in Iran, 3.8 % in Taiwan [75], and 7.3 % in Egypt
[76,77] – may have been affected by the definition
of BE; for example, depending on diagnostic crite-
ria, short segment BE prevalence in Asia ranges from
0.04 % to 37.4 % whilst long segment BE prevalence
ranges from 0.02 % to 6.6 % [17].

In Germany, progression to endoscopic or con-
firmed BE occurred, over 5 years, in 9.7 % of GERD
patients who had had NERD or ERE at baseline [20]
suggesting an incidence of about 1.8 % annually.

Risk factors for BE

GERD is associated with an increased risk of BE, as
are bile reflux, hiatus hernia, impaired LES function,
and GERS frequency. ERE is associated with a greater
risk than NERD of developing BE in Korea [74], the
United Kingdom [78] and Sweden (Relative Risk ratio:
5.2; 1.2 to 22.9) [79]. GERS are associated with a
fivefold increased risk of long segment BE but not of
short segment BE [80].

Males have a two- to threefold greater risk of BE
than females [43,78]; age [78] and obesity are also
associated with BE [81]. Risk factors for BE are similar
to those for ERE [43].

In the CORI endoscopic database, BE was more
prevalent in Whites (5 %) than Hispanics (2.9 %),
Asians and Pacific Islanders (1.8 %), and Blacks
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(1.5 %) [82]. Ethnic differences in BE prevalence may
be environmental in origin, rather than genetic; other
factors including diet, fiber intake [55], body habitus,
and geographic effects may also be relevant. Tobacco
smoking is, generally, considered to increase the risk
of BE although this was not supported by a US case-
control study [83]; similarly, alcohol is not a consis-
tent, independent risk factor [84,85].

The role of dietary factors remains unclear [86], per-
haps because dietary assessments are imprecise. In a
US study, high consumption of vegetables or fruit was
associated with a lower BE risk [87], but in North-
ern Ireland, combined intake of vitamin A, vitamin C,
carotenoids, and selenium was not [88], whilst in Aus-
tralia, folate intake was associated with an increased
risk of BE or EAC [89].

Overweight and obesity are associated with BE [45]
although there is evidence of a threshold effect rather
than a dose-response relationship for obesity and BE
[81]. Central obesity and metabolic syndrome are
more common in long segment than in short segment
BE [90].

NSAIDs and statins are associated with a reduced
risk of progression to EAC but there is no clear evi-
dence that they affect the development of BE [91,92].

BE is more common than expected in first-degree
relatives of patients with BE [93,94] and those with
EAC or high-grade dysplasia (HGD) [95].

H. pylori is associated with a decreased risk of BE
[96]; however, although H. pylori is associated with
a lower risk of BE (OR 0.27), particularly for Cag A
+ ve strains (OR 0.08), its effect may be indirect as
it is not an independent risk factor for BE compared
with GERD controls [97].

Esophageal cancer

Esophageal cancers are divided, based on histologi-
cal criteria, into squamous cell carcinoma and adeno-
carcinoma although they differ, also, with respect to
etiology, epidemiology, and natural history.

Prevalence of esophageal cancer

Esophageal cancer is the eighth most common can-
cer worldwide, with 481,000 new cases (3.8 % of the
total) estimated in 2008, and the sixth most com-

mon cause of death from cancer with 406,000 deaths
(5.4 % of the total) [98].

Until 40 years ago, ESCC was the most common
esophageal malignancy but the incidence of EAC has
increased in the United States, from 0.4 to 3 per
100,000 person-years over the last 35 years [99], and
across the Western world [100], as has the incidence
of EGJAC [101,102].

The age standardized incidence rates (ASIR) of
esophageal cancer vary internationally more than 15-
fold in men (22.3 per 100,000 in southern Africa com-
pared to 1.4 in western Africa), and almost 20-fold in
women (11.7 in southern Africa compared to 0.6 in
Micronesia/Polynesia) [98] (Figure 13.4).

EAC is now the most common esophageal malig-
nancy in the West; in Asia, ESCC remains domi-
nant although EAC incidence is increasing. In the
US, esophageal cancer incidence has increased only
in Whites, between 1977 and 2005; ESCC rates have
decreased in virtually all racial and ethnic groups dur-
ing the same period [99] whilst EAC has increased in
both white and black males [103].

In Singapore, the ASIR (per 100,000 persons) for
ESCC fell from 8.3 to 3.9 for men and from 3.4 to
0.81 for women, whilst those for EAC rose from 0.0
to 0.54 for men and from 0.03 to 0.13 for women
[104]. In Sweden, the incidence of EAC increased by
2.6 % annually from 1970 to 1993, and by 11.5 %
annually from 1993 to 2001; however, the incidence
has been stable since 2001 (1.1 % annually) with a
decrease over the last few years [105]. Data from the
US SEER database suggested that the incidence had
decreased from 8.2 % annually before 1996 to 1.3 %
annually in subsequent years [106]. However, subse-
quent analyses concluded that EAC incidence in men
had increased between 1994 and 2008 in Australia
and between 1998 and 2008 in the United States whilst
remaining stable in Sweden, and that EAC incidence
in women had increased steadily from 1994 to 2008 in
all three countries [107]. Regional cancer registry data
from England and Wales showed a threefold increase
in incidence for men and women between 1971 and
2001 [108].

Risk factors

The incidence of both ESCC and EAC [109] increases
with age although ESCC generally presents about
a decade later than EAC [110]; both cancers are
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Figure 13.4 International trends in the incidence of
esophageal cancer (age-standardized rate per 100,000
population) for men (upper 3 panels) and women (lower 3
panels). Source: Adapted from Ferlay J, Shin HR, Bray F,

et al. GLOBOCAN 2008, Cancer Incidence and Mortality
Worldwide: IARC CancerBase No. 10 [Internet],
International Agency for Research on Cancer, Lyon,
France; 2010.

more common in males [98,110] but the rela-
tive risk is lower for ESCC than for EAC [101]
(Table 13.1). Breastfeeding may be protective against
EAC [111].

Lifestyle factors, including obesity, smoking, and
alcohol have been implicated as risk factors for the

development of EAC although the role of alcohol is
less clear for EAC than for ESCC [112–114]. Data
from Northern Ireland confirmed the increased risk
of EAC in current smokers but did not show an
increased risk related to alcohol ingestion [109]. In an
Australian study, heavy smokers had a higher risk of
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Table 13.1 Potential risk factors for the
development of esophageal cancersEsophageal squamous cell carcinoma Esophageal adenocarcinoma

(ESCC) (EAC)

Geography/Race
� Southeastern Africa
� “Esophageal cancer belt”

◦ Turkey
◦ Southern Russia
◦ Northern China

� USA: black > white males

Geography/Race
� Western Europe
� Australia
� North America
� USA: white > black males

Gender
� Male

Gender
� Male

Age Age
Tobacco Tobacco
Alcohol Obesity

� Increased BMI
� Central obesity

Helicobacter pylori
� Presence

Helicobacter pylori
� Absence

Nutritional factors
� Thermal injury
� N-nitroso compounds (nitrates)
� Betel quid
� Vitamin and mineral deficiencies
� Decreased fruits and vegetables

Nutritional factors
� N-nitroso compounds (nitrates)
� Vitamin and mineral deficiencies
� Decreased fruits and vegetables
� Decreased fiber and antioxidants

Heredity
� Tylosis

◦ Howel–Evans syndrome
� Family history of ESCC

Heredity
� EGF polymorphisms
� Family history of EAC or BE
� MEN Type 1 or Zollinger–Ellison

syndrome

Medical history
� Caustic injury
� Achalasia of the cardia
� Current or prior ESCC
� Plummer–Vinson syndrome
� Zenker diverticulum

Medical history
� Gastroesophageal reflux disease

◦ Duration, symptom frequency
� Barrett’s esophagus

◦ Length, dysplasia
� Medications

◦ No ASA, NSAIDs or statins
◦ LES inhibitors

� Myotomy or dilation of LES
� Scleroderma

EAC than did nonsmokers in the presence of frequent
GERS [115].

Based on the hypothesis that vitamin D reduces
cancer risk, Australian subjects enrolled in a national,
population-based, case-control study were evalu-
ated for lifetime exposure to solar ultraviolet (UV)
radiation; patients with EAC (OR 0.59; 95 % CI

0.35–0.99) or EGJAC (OR 0.55; 95 % CI 0.34–0.90)
but not those with ESCC (OR 0.91; CI 0.51–1.64)
were less likely than population controls to have high
levels of lifetime exposure to solar UV radiation [116]
(Figure 13.5).

Overweight and obesity are associated with an
increased risk of EAC [45] although the magnitude of
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Figure 13.5 The association between cumulative lifetime
ultraviolet radiation (UVR) exposure and the risk of
esophageal adenocarcinoma (EAC), esophagogastric
junction adenocarcinoma (EGJAC), and esophageal
squamous cell carcinoma (ESCC) presented as odds ratios
(95 % CI) relative to low exposure (reference), adjusted for
age, sex, body mass index, education, state, reflux
symptoms, smoking, alcohol, and H. pylori. Source: Tran
et al. 2012 [116]. Reproduced with permission of Nature
Publishing Group.

the risk in individual studies is quite variable [117],
ranging from 2.27 [118] to 11.3 [119]. Although obe-
sity is associated with a number of malignancies, the
association with EAC is greater suggesting that there
may be a specific pathogenic mechanism (e.g. GERD)
by which adiposity increases risk. The association bet-
ween obesity and EGJAC is weaker and, if anything,
obesity is inversely related to the risk of ESCC [117].

Data from 1940 to 2007 in Connecticut suggest that
the initial rise in EAC incidence predated the increase
in obesity in the United States by over a decade [120].
In addition, a computer simulation model suggests
that only a small proportion (6.5–7.6 %) of the rise in
EAC incidence is attributable to secular trends in obe-
sity [121]. However, weight and BMI may be subopti-
mal indices of obesity; abdominal obesity, defined by
waist circumference, was associated with an increased
risk of EAC, even for subjects with a normal BMI
[122] suggesting that other obesity-related factors,
possibly related to the metabolic syndrome, may pro-
mote EAC and other cancers [117].

The role of dietary factors in the pathogenesis
of EAC is poorly understood. The risk of EAC is
related, inversely, to dietary fiber intake and total
carbohydrate intake, but foods with a high glycemic
index are associated with an increased risk [55].

Higher toenail clipping concentrations of the trace ele-
ments zinc and cobalt were associated with BE but
not EAC, whilst there was no risk reduction with
increased levels of selenium [123]. In a population-
based, case-control study, frequent GERS were associ-
ated with 6.4-fold (EAC), 4.6-fold (EGJAC), and 2.2-
fold (ESCC) increased risks of cancer [115]. A meta-
analysis indicated that the risk of EAC was increased
in individuals who had weekly (OR 4.92) or daily (OR
7.40) GERS [124].

Consistent with a recent meta-analysis [125], a
population-based, case-control Australian study [126]
reported a reduced risk of EAC (OR 0.45) and EGJAC
(OR 0.41) but not ESCC (OR 1.04) in association
with H. pylori. However, unlike previous studies on
H. pylori and gastric cancer [127,128], IL-1B or TNF-
a polymorphisms did not modify the H. pylori-related
risk of EAC or EGJAC [126].

ASA and NSAIDs were associated with reduced
risks for EAC, EGJAC, and ESCC in an Australian
study [129] and with reduced risks of EAC alone [130–
132]. However, ASA and non-ASA NSAIDs [133],
celecoxib [134] and ASA [135] have shown mixed
results or no benefit in other studies although a meta-
analysis did conclude that ASA or non-ASA NSAIDs
were associated with a lower rate of esophageal can-
cers [133]. In two studies [131,132], statins were
associated, independently, with decreased progression
from BE to EAC. A subsequent, prospective cohort
study, adjusted for NSAID use, also demonstrated a
lower risk of EAC in BE patients taking statins [136].
Further studies are needed to elucidate the relevant
mechanisms and determine, prospectively, whether
ASA or statins affect progression from BE to EAC
and there is an ongoing randomized control trial eval-
uating whether aspirin reduces the risk of EAC in BE
patients [137].

Although polymorphisms for IL-1B and TNF-a
were not associated with EAC, other single nucleotide
polymorphisms in cancer-related genes involving
apoptotic pathways (NOS3, BCL2, and CASP8) are
associated, in a cumulative “dose-dependent” man-
ner, with the early onset EAC [138]. Similarly, indi-
viduals who are homozygous for the A/A TNF-beta
genotype have a greater risk of developing BE and
EAC than the healthy population [139].

Esophageal squamous dysplasia (ESD) is a precur-
sor lesion to ESCC [140] whilst intestinal metaplasia
(IM), characteristic of BE, is a precursor lesion to EAC
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[141]. The risk of EAC is 30 to 40 times greater in BE
patients than in the general population [142]; how-
ever, pooled estimates of EAC incidence in BE, rang-
ing from 0.41 % to 0.61 % annually, have been sub-
ject to publication bias and lack of adjustment for
baseline dysplasia [141,143]. A recent meta-analysis,
excluding patients with baseline dysplasia, reported
lower pooled EAC incidence rates of 0.33 % annu-
ally for all BE and 0.19 % annually for short segment
BE [143]. The risk of EAC increases 10- to 20-fold if
HGD is present with a weighted annual incidence of
6.58 % [144] although progression from BE to EAC is
not inevitable. Data from the Netherlands suggest that
progression is slow and that the “incubation period”
for EAC in BE is greater than 30 years [145].

Multiple choice questions

1 Epidemiologic studies of the prevalence of gastroe-
sophageal reflux disease:

A Indicate that the prevalence of GERD is increas-
ing predominantly in Asia
B Use standard criteria for diagnosis of GERD
C Indicate that the prevalence of GERD is increas-
ing worldwide
D Use standard criteria for recording the frequency
of GERD symptom occurrence
E Indicate that the prevalence of GERD is increas-
ing predominantly in North America and Europe

2 Which of the following has been identified, unequiv-
ocally, as a risk factor for Barrett’s esophagus:

A Helicobacter pylori infection
B Symptomatic gastroesophageal reflux disease
C Folic acid deficiency
D Body mass index
E Alcohol consumption

3 The pooled incidence of esophageal adenocarci-
noma in Barrett’s esophagus, in the absence of dys-
plasia or short-segment disease, is:

A Greater than 1 % per annually
B Between 0.6 % and 1.0 % annually
C Between 0.4 % and 0.6 % annually
D Between 0.2 % and 0.4 % annually
E Less than 0.2 % annually

4 The incidence of esophageal adenocarcinoma:
A Is greater in women than men
B Is decreasing to a greater extent than that of
esophageal squamous cell carcinoma in Asia

C Is now stable in Sweden, having decreased
steadily over the last 20 years
D Is now greater than any other esophageal malig-
nancy in the West
E Is now greater than esophageal squamous cell
cancer in Asia
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Key points
� Approximately half of all humans harbor
Helicobacter pylori.
� Persistent H. pylori infection is a cause of pep-
tic ulcer, gastric adenocarcinoma, and MALT
lymphoma.
� H. pylori prevalence in each birth cohort
reflects the risk of acquisition that prevailed dur-
ing the cohort members’ childhoods.
� Peptic ulcer may affect, at some point in life,
4–12 % of the adult population, and the popu-
lation attributable risk (PAR) for H. pylori has
been estimated to be 48 %.
� Due to its poor prognosis, stomach cancer
(adenocarcinoma) ranks number two among
all causes of cancer death (10 % of all cancer
deaths), with more than two-thirds of the cases
occurring in developing countries.
� There has been a steep downward trend for
distal stomach cancer in white men and women,
but this decline does not seem to include cardia
cancer.

Helicobacter pylori infection

Clinical microbiology and expression

Helicobacter pylori infection is an established cause
of both peptic ulcer disease and gastric cancer. The

Helicobacter genus consists of over 20 recognized
species, including H. pylori. The latter is a curved bac-
terium, 2.5–4.0 �m long, that produces urease, which
is thought to make short-term survival possible in the
highly acidic intragastric environment. In contrast to
many other bacterial pathogens, H. pylori is genet-
ically heterogeneous, a result of several mechanisms
for DNA rearrangement, including introduction and
deletion of foreign sequences. The genetic heterogene-
ity is thought to reflect the microorganism’s extraor-
dinary ability for adaptation, both to the inhos-
pitable acidic environment and to various attacks from
the host’s immune system [1]. Some regions of the
1.7-Mbp bacterial genome are more variable than oth-
ers. A striking example is the cag pathogenicity island
(cag PAI), a 37–40-kb genetic element that contains
the cagA gene [2]. It is present in approximately 50–
70 % of H. pylori strains and was linked early on
to a higher inflammatory response and to a particu-
larly elevated risk of manifest diseases such as peptic
ulcer or cancer in the host [3]. The entire island may
be restored or lost through transformation [4]. The
genes on the cag PAI encode 27–31 proteins, among
them CagA and the components of a type IV secre-
tion system (TFSS). The latter injects CagA into the
host’s epithelial cells [5], where it is phosphorylated
and interacts with a range of host signaling molecules.
This, in turn, leads to morphologic changes and pro-
liferation of the epithelial cells. The intimate interac-
tion of the microorganism with the host cells results
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in the induction of potent proinflammatory cytokines
such as interleukin 8 (IL-8) through the activation of
the intracellular innate immune receptor Nod1 and
nuclear factor kappa B (NF-�B) [6]. The cag PAI may
be incomplete, and thus not fully functional. Compar-
isons between cancer or precancer-related H. pylori
strains and noncancer strains have indicated that the
cancer-related ones tend to have more complete cag
PAIs [7,8].

The primary histologic lesion caused by H. pylori
is gastritis. As opposed to the acute gastritis that fol-
lows initial colonization and that tends to be asso-
ciated with transient nonspecific symptoms, the ensu-
ing chronic gastritis is essentially symptomless in most
individuals.

Persistent H. pylori infection may lead to peptic
ulcer, gastric adenocarcinoma, and mucosa-associated
lymphoid tissue (MALT) lymphoma. Although several
known and yet unidentified cofactors may be required
for these respective outcomes, the causal relationships
with the infection are widely accepted [9–11]. In the
case of peptic ulcer and MALT lymphoma, the causal-
ity is supported by eradication studies demonstrating
disease control after H. pylori eradication [12,13]. It
is estimated that H. pylori-positive patients have a
10–20 % lifetime risk of developing peptic ulcer dis-
ease and a 1–2 % risk of developing gastric cancer
[14]. Hence, the overwhelming majority of infected
individuals will never develop any clinically mani-
fest H. pylori-related disease. Numerous studies have
explored possible associations between the infection
and a variety of extragastric conditions, but with the
possible exception of iron deficiency anemia, no con-
clusive evidence has emerged [10,15,16].

Distribution of H. pylori infection in the
general population

Phylogeographic studies indicate that humans have
been colonized by H. pylori for more than 58,000
years, before their migration from east Africa [17].
Nowadays, approximately half of all humans harbor
H. pylori [18], but the prevalence shows large geo-
graphic variations. Whilst generally less than 40 % of
people in industrialized countries are H. pylori posi-
tive, the prevalence of the infection in various devel-
oping countries is more than 80 % [19]. The range is
even greater among child populations, with prevalence
rates varying from below 10 % to over 80 % in high-

income and low-income countries, respectively [20].
This means that children in many impoverished coun-
tries rapidly – typically before adolescence – reach the
prevalence prevailing in the adult population. In sev-
eral such populations, a prevalence of 50 % is reached
by the age of 5 years [21–23]. However, pediatric
prevalence studies need to be interpreted with caution.
Compared to adults, young children demonstrate sig-
nificant variability in their immune response to this
infection. As a result, serologic assays for H. pylori
antibodies are less accurate, with particularly low sen-
sitivity in young children [24]. Furthermore, longitudi-
nal studies have unveiled complex dynamics; in a US-
Mexican cohort of infants, who were followed with
13C-urea breath tests during the first two years of life,
the initial acquisition of detectable H. pylori infection
occurred at a rate of 20 % per year, but most of these
infections did not persist [25].

Whereas in developing countries the prevalence ceil-
ing is reached before or during adolescence, H. pylori
prevalence continues to rise with age in the adult pop-
ulation of industrialized countries. At the same time,
there are strong indications that the overall preva-
lence in the latter countries is rapidly declining over
calendar time [26]. Studies on stored sera suggest that
this fall in prevalence is mainly explained by a birth
cohort-wise decline in early acquisition of the infection
[27,28]. Accordingly, the H. pylori prevalence in each
birth cohort (generation) reflects the risk of acquisition
that prevailed during the cohort members’ childhood.
Because this risk seems to have fallen dramatically in
developed countries during the twentieth century, the
subsequent prevalence in any given calendar year is
expected to be inversely related to year of birth and,
consequently, positively related to age. Nevertheless,
the H. pylori prevalence among children in developed
countries may not continue to fall at the same rate as
previously. A recent study from the Netherlands sug-
gested that the H. pylori prevalence in birth cohorts
of children remained stable (around 9 %) from 1993
to 2005, despite a previously documented decreasing
trend from 1978 to 1993 [29].

The seroconversion rate, marking the incidence of
new H. pylori infections in these adult populations,
has been estimated to be 1–2 per 200 persons and year
[18,30], thus contributing little to the age effect. There
are also seroreversions, that is, serologic indications
of H. pylori disappearance. This rate was approxi-
mately 3 per 200 persons and year in both Sweden
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and Japan [30,31]. Hence, spontaneous disappear-
ance of H. pylori will tend to balance the addition
of new infections in adult populations. Interestingly,
the prevalence of CagA( + ) H. pylori strains among
young adults and children in Western countries seems
to be decreasing much faster than that of CagA(−)
strains [29,32].

Transmission of H. pylori

The mode of transmission of the infection has
remained elusive, as have the mechanisms involved.
Decades of intense research have failed to identify
any important reservoir for the microorganism other
than the human stomach. This implies that direct
human-to-human transmission is the principal – per-
haps the only – way by which the H. pylori species
secures its continued existence. However, although
challenged in some studies [33,34], the infectivity in
adulthood seems to be limited [18,35]. Most infected
individuals, no doubt, have contracted their infection
during childhood [36], but a Swedish study revealed
strain concordance upon molecular typing in approxi-
mately one-fifth of married couples [37]. H. pylori has
been detected in saliva, dental plaque, vomitus, gastric
refluxate, and feces, but there is no conclusive evidence
for predominant transmission via any of these vehicles
[14]. Thus, it appears that the transmission can occur
via both the oral-oral and fecal-oral route.

The family stands out as the most important frame-
work for transmission, at least in developed countries
[36]. Family size (both while growing up and as an
adult), presence of infected family members, familial
connections to high-prevalence regions, and residen-
tial crowding are all factors that are associated with an
increased risk of being infected [22,38–41]. Cluster-
ing of H. pylori infection in sibships is consistent with
transmission between siblings [22,37,40]. Presence of
infected siblings was an independent strong risk fac-
tor for infection among 11- to 13-year-old children
in Sweden, even after control for parental infection
status [38]. Furthermore, in a molecular typing study
from Sweden, siblings were frequently infected with
the same strains [37]. However, in these families, it
was common that the mother also carried the same
strain. Thus, it is still possible that the mother might
have been the common source. An H. pylori-infected
mother is a much stronger risk factor for the child
than an infected father [39,38], suggesting that close

contacts are more important than possible genetic pre-
disposition. Interestingly, close contacts with infected
children outside the family, such as with peers at day-
care centers or at school, were not associated with an
increased risk of infection in studied index children
in Sweden [39], while day-care attendance was a risk
factor in urban Sardinia [42] (Figure 14.1).

Although exposure opportunity in the form of close
contacts with an infected family member may be more
important than genetic factors, this does not mean that
the host’s genetic predisposition is unimportant. The
concordance within adult twin pairs with regard to
H. pylori seropositivity was considerably greater in
monozygotic (81 %) than in dizygotic (63 %) twins

?

?

Figure 14.1 Data from affluent Western populations point
to the family as the most important framework for
H. pylori transmission. An H. pylori-infected mother is a
much stronger risk factor for the child than an infected
father. As uninfected adults rarely contract the infection,
transmission between spouses is rare. Clustering of
H. pylori infection in sibships is often observed and siblings
are frequently infected with the same strains, but the
mother may be the common source. However, presence of
infected siblings seems to be an independent strong risk
factor for infection even after control for parental infection
status. Close contacts with infected children outside the
family, such as with peers at day-care centers or at school,
do not seem to be associated with an increased risk of
infection in well-developed countries.
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[43], suggesting that genetic mechanisms in the host
may be involved. The exact nature of these mecha-
nisms remains to be clarified. Although not universally
confirmed, studies in Japan and Sweden have demon-
strated that presence of the ∗0102 allele of the human
leukocyte antigen (HLA) class II DR-DQA1 locus is
inversely and significantly associated with H. pylori
seropositivity [44,45]. An Italian study of polymor-
phisms in the interleukin (IL) gene cluster (IL1B,
IL1RN), interleukin-10 gene (IL10), tumor necrosis
factor alpha gene (TNF-A), and interferon gamma
gene (IFNG) found the TNF-A –308AG genotype to
be associated with an increased overall prevalence of
H. pylori infection, and the IFNG + 874AA genotype
to be linked specifically to cagA-positive infections,
while the other studied polymorphisms were unrelated
to H. pylori status [46]. As these studies were all of
a cross-sectional nature and conducted among adults,
the genetic predisposition could equally well pertain
to persistence of the infection as to initial acquisition.
Because blood group antigens mediate bacterial adhe-
sion to the gastric mucosa, and H. pylori strains may
have adapted their binding affinity in accordance with
the blood group antigen expression of different human
populations [47], the blood group phenotype of the
host is potentially of interest. However, the results of
a handful of studies on Lewis genotypes and pheno-
types, as well as ABO phenotypes, are inconsistent.

Risk factors for H. pylori infection in the
adult population

The literature on risk factors for H. pylori seroposi-
tivity in adult life is large but generally cross-sectional
and therefore unable to distinguish between effects on
H. pylori acquisition and persistence. The possibility
of reverse causation must also be borne in mind, for
instance when anthropometric measures and dietary
habits are considered as risk factors. Among the stud-
ies that can be characterized as population-based,
there is overwhelming consensus about the impor-
tance of age (or, indirectly, birth year) and socioe-
conomic status (including various indices of domestic
crowding and/or underprivileged home during child-
hood). In the United States (USA), young African
Americans have more than a threefold increased
H. pylori prevalence compared with their Caucasian
peers [48]. It also appears that men, when compared
with women, generally have a slightly higher risk of

being infected, at least in Western populations [49,50].
Although not confirmed by all investigators, family
size during childhood may be important, but data on
the significance of birth order are conflicting. Smoking
has generally been found to be unrelated to H. pylori
status, but a few exceptions exist. Some investigators
have found that a moderate alcohol intake may be
associated with a decreased H. pylori seroprevalence
[51–53], while others found no association, or even
an increased seroprevalence [54]. Low intake of fruit
and vegetables tended to be a risk factor in a number
of studies [55–57], but the strength of the relation-
ships varied widely, from small nonsignificant asso-
ciations to up to 19-fold risk gradients. As ascorbic
acid inhibits the growth of H. pylori in animal models
[58], the link between serum ascorbic acid levels and
H. pylori seroprevalence has attracted much atten-
tion, but most clinical studies were unable to establish
a clear relationship.

Peptic ulcer

Clinical outline

Peptic ulcers in the stomach or duodenum are defined
as benign mucosal lesions that penetrate deeply into
the gut wall, beyond the muscularis mucosae, and
form craters surrounded by acute and chronic inflam-
matory cell infiltrates. Criteria for size of the lesion
vary, but ≥5 mm is a common cutpoint. Duode-
nal ulcers are located in the upper portions of the
duodenum and are generally associated with antrum-
predominant gastritis, which contributes to a high and
somewhat dysregulated acid output from the stomach.
Gastric ulcers are located in the stomach, frequently
along the lesser curvature and, in particular, in the
transition zone from corpus to antrum mucosa. As
opposed to duodenal ulcer disease, gastric ulcer tends
to be preceded by pangastritis (affecting the entire
stomach), often atrophic in character, resulting in low
acid production.

Peptic ulcers tend to have a chronic remitting
course; the ulcers come and go, often with imper-
fect correlation between symptoms and presence
of an open crater. Among 224 community-based
Australian patients with duodenal ulcer followed for
up to 7 years, dyspepsia was present during 20 % of
the time if untreated, and during 15 % if they were on
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antiulcer treatment [59]. Asymptomatic ulcer occur-
rences are quite common, and complications may arise
without any forewarning.

H. pylori eradication is the preferred treatment
when definite cure and elimination of ulcer recurrence
is the goal. Such treatment is associated with three- to
fivefold higher success rates compared with placebo
for both duodenal and gastric ulcer recurrence, and it
is superior to pharmacologic acid suppression in duo-
denal ulcer healing [12].

Bleeding and perforation are the main complica-
tions. Gastric outlet obstruction is an increasingly rare
complication, mainly restricted to duodenal ulcers.
While the overwhelming majority of ulcer patients do
not die of their disease, it has been estimated that the
cure of active peptic ulcer increases life expectancy by
2.3 years in persons aged 40–44 years and 121 days
in persons aged 70–74 years [60]. Among cases with
newly diagnosed uncomplicated peptic ulcer in Funen
County, Denmark, during 1993–2002, the standard-
ized mortality ratio (SMR), which can be seen as the
cases’ relative risk of dying in comparison with the
matching general population, was 2.5 (95 % confi-
dence interval (CI) 2.3–2.7) during year 2–10 after
initial diagnosis [61]. The corresponding SMR among
new cases with complicated ulcer (bleeding or perfo-
rated) was 2.6, suggesting that if a patient only sur-
vives the acute phase of the complication, the survival
is similar to that among patients with uncomplicated
disease.

Occurrence of peptic ulcer in the
general population

There are a number of problems involved in the assess-
ment of incidence and prevalence of peptic ulcer. In
particular, many ulcers are asymptomatic. What is
observed in health care may only be the tip of an
iceberg. Moreover, dramatic changes in the manage-
ment of peptic ulcer in the past decades have imposed
calendar period-dependent selection forces that com-
plicate comparisons of hospitalizations or outpatient
visits over time. Mortality from peptic ulcer is low
and confounded by age distribution among affected
individuals, comorbidity, and changes in management
practices. Because only a minority of individuals with
dyspepsia suggestive of peptic ulcer do in fact have
the disease, and invasive tests in the form of radiol-
ogy or gastroscopy are needed for a reliable diagno-

sis, self-reports form a shaky basis for calculations of
incidence and prevalence. The superior way of investi-
gating these matters is by means of population-based
endoscopic surveys. Such surveys, on the other hand,
may be severely biased unless a high participation
rate is attained. The only such study that reason-
ably fulfills high-level quality requirements was con-
ducted in northern Sweden [62]. The prevalence of
peptic ulcer was 4.1 %, with an equal contribution
of gastric and duodenal ulcers. Interestingly, epigas-
tric pain/discomfort was not a significant predictor of
peptic ulcer disease. It should be noted that the accu-
mulated nonparticipation rate corresponded to 46 %.
The final participants were, on average, older and were
more likely to have symptoms, compared with the ini-
tial sample. Therefore, the prevalence may have been
somewhat overestimated, but the proportion of all
ulcers that were asymptomatic was presumably under-
estimated.

Secular trends in peptic ulcer occurrence

To summarize the secular trends as reflected by statis-
tics of complications and mortality, the rates of peptic
ulcer increased among successive birth cohorts in the
nineteenth century to reach a peak among people born
in around 1870–1920 (somewhat varying between
populations), with an earlier peak among men than
among women, and with the peak for gastric ulcer
preceding that for duodenal ulcer (Figure 14.2) [63].
The subsequent calendar time-wise occurrence of
ulcer deaths and complications is largely consistent
with the birth cohort pattern, with falling rates among
younger age groups, irrespective of gender and ulcer
type, and a general – albeit not universal – tendency
for downward trends also among elderly men, while
the rates among women do not yet seem to diminish
(Figure 14.3). This has also shifted the much-cited
2:1 male-to-female ratio towards unity. However,
increasing overall death rates, particularly attributed
to complicated ulcer among women, in several
populations in which the most risky birth cohorts
are expected to be disappearing, suggest that another
trend is superimposed on the pure birth-cohort
pattern. This trend could tentatively reflect external
exposures that were introduced or increased during
the last decades of the twentieth century; implicated
factors include aspirin and other nonsteroidal anti-
inflammatory drugs (NSAIDs), estimated to account

139



CHAPTER 14

1000

100

10

1

0.1D
ea

th
 r

at
e 

pe
r 

m
ill

io
n 

liv
in

g

20

0% S
ta

nd
ar

di
ze

d 
co

ho
rt

 m
or

ta
lit

y 
ra

tio
 (

S
C

M
R

)

20%

40%

60%

80%

100%

120%

140%

160%

180%

200%

19
25

19
35

19
45

19
55

19
65

19
75

19
85

19
95

19
05

19
15

19
25

19
35

19
45

19
55

19
65

19
75

30

40

50
60

70

80

(A) (B) (C)

0.01

Period of death

18
45

18
55

18
65

18
75

18
85

18
95

19
05

19
15

19
25

19
35

19
45

19
55

19
65

18
45

18
55

18
65

18
75

18
85

18
95

Period of birth Period of birth

Figure 14.2 Age-specific death rates from duodenal ulcer in
the USA between 1921 and 1998 plotted as (a) period-age
contours, (b) as cohort-age contours, and (c) as
standardized cohort mortality ratios. Every point of the
standardized cohort mortality ratio curve represents an
average (standardized) death rate among individuals of
different ages born during the same time period. Thus (c)

shows how successive birth cohorts during the early and
mid-nineteenth century showed increasing duodenal ulcer
mortality up to the birth cohort born around 1885.
Subsequent birth cohorts experienced successively falling
mortality. The different lines (full, dashed, dotted, etc.) refer
to the same ages in both (a) and (b). Source: Cucino 2002
[63]. Reproduced with permission of Blackwell Publishing.

for one-third of the overall risk of bleeding ulcer and
its complications [64–67], antiplatelet agents includ-
ing clopidogrel and low-dose aspirin [65–68], selective
serotonin reuptake inhibitors (SSRIs) [69,70], and
oral anticoagulants [65,67]. Although smoking may
also be a risk factor for ulcer disease [71], it has not
been consistently shown to be an independent risk
factor for ulcer-related complications [67].

Incidence and prevalence of peptic ulcer from the
healthcare perspective

Studies of peptic ulcer incidence, that is, the frequency
of new disease occurrences among individuals with-
out a previous history, have been based on self-reports
of physician-diagnosed ulcers, searches in healthcare
archives, or a combination of both. The informa-
tion is typically obtained through follow-up of defined
cohorts/populations. A recent systematic review and
meta-analysis of 31 studies that were published in the
last three decades provided estimates regarding the
incidence of peptic ulcer or peptic ulcer complications
in the general population [72]. The pooled incidence
per 1000 person-years was 0.90 (95 % CI 0.78–1.04)

for peptic ulcer (with higher rates among men than
among women), 0.57 (95 % CI 0.49–0.65) for pep-
tic ulcer bleeding, and 0.10 (95 % CI 0.08–0.13) for
peptic ulcer perforation. There was a statistically sig-
nificant trend for a decrease in incidence rates by pro-
gressing calendar year. The variable sources of infor-
mation contributed at least as much to the variation in
study results as the genuine geographic variability. It
is notable that studies that identified cases exclusively
by medical records data or inpatient hospitalizations,
or required validation of case ascertainment tended to
report smaller incidence estimates for peptic ulcer.

Prevalence rates of peptic ulcer tend to be higher
when based on self-reports of physician-diagnosed
ulcers than when the information is obtained through
searches in medical archives. This may reflect a higher
sensitivity of self-reports, but it is also conceivable that
their specificity is poorer. A recent systematic review
[73] indentified only two studies that had assessed
lifetime period prevalence of peptic ulcer in the gen-
eral population. Both studies were conducted in the
USA and were based on self-reports of physician’s
diagnoses from the National Health Interview Sur-
vey [74,75]. Lifetime prevalence of peptic ulcer was
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Figure 14.3 Hypothetical distribution of peptic ulcer cases
across calendar years and age groups in a Western male
population. There has been a peak among men born around
1900. These birth cohorts have accounted for the peak in
all subsequent years, but for each consecutive year, the peak
shifted towards older age groups as the high-risk birth
cohorts grew older. The birth cohort phenomenon is visible
as an oblique ridge in the 3D chart, marked with a dashed
line. The occurrence increased with age in each consecutive
year of observation, but declined in the oldest age groups
because the oldest were dying off. However, because of the

birth cohort effect, with declining rates in younger age
groups and a shift of the high-risk birth cohorts into older
ages, combined with a general increase in life expectancy,
elderly people are presently much more dominating in the
peptic ulcer population than they were in the distant past.
Because the birth cohorts with the highest risk came
approximately 20 years later in women than in men, the
“peptic ulcer epidemic” does not yet seem to have
culminated among elderly women, and there are so far no
certain indications of a downward trend.

estimated to be 10.4 % (95 % CI 10–10.6 %) from the
1989 survey, and 8.4 % (CI was not reported) from
the 1997–2003 surveys.

Healthcare utilization

Rates of hospitalizations and outpatient visits may
only partly mirror the true epidemiology of the dis-
ease but are nonetheless of interest because they are
indicators of the burden falling on health care. In
1995, 4 million physician visits for peptic ulcer were
recorded (each patient could have visited a physician
more than once), corresponding to a rate of 1500 per
100,000 of the US population per year [76]. This rate
represents a marked decline since 1958, mainly due
to a reduction of the visits for duodenal ulcers, while
visits for gastric ulcer remained largely unchanged.
Between the mid 1990s and 2005/2006 hospitaliza-
tion rates for all ulcer types fell noticeably in the

USA [77,78]. This downward trend was evident also
in other Western countries during the same period,
including Spain [79] and Sweden [80]. During this
period, 30-day case-fatality from complicated peptic
ulcers remained stable or changed slightly (not always
in the same direction among studies). A recent system-
atic review found that the weighted mean of 30-day
case-fatality from complicated peptic ulcers was 8.6 %
(95 % CI 5.8–11.4) [67].

The average direct medical costs of peptic ulcer
disease based on estimates from several Western
countries were US$163–866 per patient; the costs
of complicated peptic ulcers were US$1883–25,444
per patient [81]. The overall direct medical costs
attributed to peptic ulcers was US$3.1 billion in the
USA in 2002 [82], and US$29–94 million in Sweden
in 2001 [83]. The indirect cost of work loss due to
peptic ulcer disease was equivalent to US$1.37 billion
in the USA in 1993 [84].
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Peptic ulcer in Asian populations

Most of the literature on peptic ulcer epidemiology
emanates from Western countries, but the disease
occurs at an approximately equal rate also in the East.
It appears that the rapid rise that was seen in the
West around the turn of the century (when the birth
cohorts with the highest risks came into their “ulcer
ages”) occurred simultaneously in the East. However,
the decline in the East appears to have started consid-
erably later than in the West [85]. The male-to-female
ratio is higher and the duodenal-to-gastric ulcer ratio
exhibits a greater variation in the East, compared to
the West.

Risk factors for peptic ulcer: environmental
exposures

A large body of literature concerns risk factors for
peptic ulcer. Increasing age, male gender, and low
socioeconomic status/income/educational attainment
or underprivileged race/ethnic group are consistently
linked to a higher risk, suggesting that factors linked to
these circumstances, like H. pylori infection and smok-
ing, may be etiologically important. Indeed, H. pylori
infection, smoking, and aspirin/NSAID use are the
overshadowing risk factors for both gastric and duo-
denal ulcer. In an excellent systematic review and
meta-analysis of the literature up to 1995, Kurata and
Nogawa [71] reported that the overall risk ratio for
total peptic ulcer among H. pylori-infected individu-
als relative to uninfected was 3.3 (95 % CI 2.6–4.4).
The risk ratio for serious upper GI events (bleeding,
perforation or other GI events related to peptic ulcer
disease resulting in hospitalization or death) among
NSAID users relative to nonusers was 3.7 (95 % CI
3.5–3.9) with little variation between sexes and across
age groups. The smoking-related overall risk ratio for
peptic ulcer was 2.2 (95 % CI 2.0–2.3), again remark-
ably similar among men and women and among
younger and older people. Using exposure prevalence
rates from US populations, Kurata and Nogawa esti-
mated population attributable risk percent (PAR) for
H. pylori at 48 %. PAR expresses the percent of the
studied outcome disease that can be attributed to the
exposure under study, or in other words, the percent
of all cases that might be prevented by eliminating this
risk factor. The corresponding statistics for NSAID
use and smoking, respectively, were 24 % and 23 %.

Taken together, these three risk factors were thus
deemed to be responsible for 89–95 % of the total
peptic ulcer-related risk in the US general population
[88]. The studies published after 1995 do not mate-
rially change the risk ratio estimates [67,86], but due
to decreasing rates of H. pylori infection and smoking
the PARs for these exposures are likely to be falling.

Indeed, recent studies have shown that up to 50 %
of peptic ulcers in North America were H. pylori-
negative, while in areas with higher prevalence of
H. pylori infection, such as southern Europe and
Asia, less than 5 % of the ulcers were H. pylori-
negative [87,88]. The characteristics of patients
with H. pylori-negative ulcers have not been ade-
quately defined. The majority of these patients use
aspirin or NSAIDs, surreptitiously on some occa-
sions. Other recognized causes of ulceration in the
upper GI tract (other ulcerogenic medications, malig-
nancy/lymphoma, Crohn’s disease, unusual infectious
agents, gastrinoma) probably account for only a small
proportion of H. pylori-negative NSAID/aspirin-
negative ulcers, most of which currently remain “idio-
pathic”. H. pylori prevalence is reportedly particu-
larly low in complicated ulcer disease [89–91]. How-
ever, the prevalence of the infection may have been
underestimated in patients with bleeding ulcers, due to
reduced sensitivity of diagnostic tests during or soon
after the bleeding episode [92].

Diet

Associations of duodenal and gastric ulcer with liver
cirrhosis and pancreatic diseases suggest that alcohol
may be a common underlying risk factor [93]. A simi-
lar link with high blood pressure and stroke indirectly
implicates salt intake [94]; although difficult to quan-
tify on an individual level, studies with direct assess-
ment of salt intake support the importance of salt in
the etiology of gastric ulcer [95,96]. No association
between self-reported alcohol intake and risk of duo-
denal ulcer was found in a Swedish population-based
case-control study [97], nor could alcohol intake be
confirmed as a risk factor for any peptic ulcer type
in a cohort of American men of Japanese ancestry in
Hawaii [95]. An association between duodenal ulcer-
ation and a low fiber intake and a high refined car-
bohydrate diet has been reported, but the associa-
tion with fiber intake was attenuated after control
for confounding in a British study [98]. In a Swedish

142



EPIDEMIOLOGY OF H. PYLORI INFECTION, PEPTIC ULCER DISEASE & GASTRIC CANCER

cross-sectional study with careful dietary assessment
[99], the presence of verified peptic ulcer was asso-
ciated with a low intake of fruit and vegetables and
consequently a low fiber and vitamin C intake, but
no adjustments were made for potentially confound-
ing factors. The latter study, further, found a positive
association with regular intake of milk, possibly an
expression of reversed causation. Intake of fermented
milk, on the other hand, was associated with a reduced
prevalence of peptic ulcer [99]. The consumption of
fermented milk is relatively high in Sweden, and it
has been speculated that lactobacilli in these products
might have suppressed H. pylori growth. Analyses of
the possible association of peptic ulcer with intake of
fat and essential fatty acids have yielded conflicting
results.

Psychological factors

Is psychological stress an important cause of pep-
tic ulcer as has been widely believed? The evi-
dence remains meager [100,101]. A population-based
Swedish case-control study was unable to confirm any
links with psychiatric morbidity, marital status, per-
sonal worries, type-A behavior, or experience of a hec-
tic or psychologically demanding job in either sex [97].
Results from a Danish occupational cohort study indi-
cated that low employment status and non-daytime
work were associated with an increased risk of gastric
ulcer [102], but confounding from socioeconomic sta-
tus, particularly during childhood with possible con-
sequences for H. pylori status, is difficult to rule out.

Genetic predisposition

Possible genetic components in the etiology of peptic
ulcer disease have been addressed in several ways. A
Finnish twin study found no more than modest famil-
ial aggregation but unveiled a significantly higher con-
cordance among monozygotic than among dizygotic
twin pairs [100]. Thirty-nine percent of the liability
to peptic ulcer disease was explained by genetic fac-
tors and 61 % by individual environmental factors.
Very little of the liability was explained by shared
environmental factors. Thus, the familial aggregation
was attributable almost solely to genetic factors, while
environmental effects not shared by family members
were dominating predictors of disease. Investigators
of associations between genetically determined phe-

notypic expressions and presence of peptic ulcer dis-
ease noted in the 1950s a modest excess ulcer preva-
lence among subjects with the ABO blood group O,
and among subjects with ABH nonsecretor status. A
more recent Danish study [103] showed that carri-
ers of ABO blood group A have a risk elevation that
is comparable to that among individuals with blood
group O. These investigators, and a Finnish group
alike [104], found that people with the Lewis (a+ b−)
phenotype also have an increased risk of the same
magnitude. The role of functional polymorphisms in
genes that code for various cytokines involved in
the inflammatory response to H. pylori infection has
attracted considerable attention in recent years, but
published studies have yielded mixed and partly con-
tradictory results. Therefore, it appears that the rela-
tionship between polymorphisms of the IL1 gene clus-
ter and risk of peptic ulcer is incompletely understood
at present. With the need for confirmation in rigorous
epidemiologic studies in mind, it is worth mentioning
that two studies have shown a positive association of
carriage of the variant A allele of the IL8 –251 locus
with prevalence of gastric [105] and duodenal ulcer
[106]. The gene product, IL-8, a major host mediator
inducing neutrophil chemotaxis and activation, plays
an important role in the pathogenesis of H. pylori
infection.

Gastric cancer

Clinical outline

This section will only discuss adenocarcinoma, which
is the dominating gastric neoplasm. Other types,
such as lymphomas, carcinoids, and leiomyosarcomas
account for less than 5 % of gastric neoplasms.

There are several classifications of gastric adeno-
carcinoma, but the one most used in epidemiologic
research is that proposed by Laurén [107]. It distin-
guishes between two main histologic types: (i) the
intestinal type, with glandular epithelium composed
of absorptive cells and goblet cells; and (ii) the dif-
fuse type, with poorly differentiated small cells in a
dissociated noncohesive growth pattern. In addition,
mixed and unclassifiable tumors occur. Adenocar-
cinomas occurring in the gastroesophageal junction
or immediately below are referred to as gastric car-
dia cancers. There is no unanimous agreement about
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which cancers to include in the latter category, and
the definitions of cardia cancer vary between authors.
The cardia cancers seem to behave differently com-
pared with noncardia gastric cancer, both in terms
of secular trends and risk factor pattern. This may
be at least partly explained by heterogeneity among
the cardia cancers; the cardia cancer category likely
consists of a mix of genuine cardia cancer emanat-
ing from cardia epithelium (in view of the typical
length of the segment occupied by such epithelium,
the proportion of genuine cardia cancer is likely to
be small), proximal noncardia gastric cancers that
invade the gastroesophageal junction from below, and
low esophageal adenocarcinomas that invade the same
area from above. Unfortunately, there are no good
morphologic or biochemical markers to help us dis-
tinguish between these tentative subgroups.

Stomach cancer has long belonged to the most
deadly cancers. Five-year relative survival (i.e. survival
adjusted for expected normal life expectancy) varied
between 10 % and 20 % among patients diagnosed
during the 1980s in the USA and Europe. This means
that the survival at 5 years was no more than 10–
20 % of the survival among the age-, sex- and calendar
period-matched general population. Despite the lack
of major therapeutic breakthroughs, there has been
a noticeable improvement in the past 30 years [108].

In the USA, the 5-year relative survival has increased
from 16 % in 1975–77 to 27 % in 1999–2006 [109].
This increase was statistically significant.

A disappearing disease?

As opposed to peptic ulcer, the incidence of stomach
cancer is relatively easy to study thanks to the exis-
tence of well-functioning cancer registration in sev-
eral countries or regions. In the USA it is easy to get
the impression that stomach cancer is disappearing
entirely. After having been the most common cancer
until the 1940s, stomach cancer now ranks number
12 among men and number 14 among women as far
as incidence is concerned [109]. In 2011, an estimated
13,120 and 8400 new cases of stomach cancer were
diagnosed in men and women in the USA, respectively.
In terms of deaths, stomach cancer ranks number 11
and 9 among US men and women, respectively, with
6260 and 4080 deaths [109]. Falling rates have been
noted in most populations (Figure 14.4). The decline
in the age-specific incidence of stomach cancer seems
to have begun in the early 1930s in the Western Hemi-
sphere and thereafter spread eastward. The secular
trend seems to fit well with a log-linear model, that is,
the incidence decreases by a fixed percentage each year
[110]. As for peptic ulcer, the decline is best explained
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Figure 14.4 Swedish data on gender-specific incidence of
stomach cancer 1960–2004. There is an unabated decline
among both men and women. The secular trend seems to fit
well with a log-linear model, that is, the incidence decreases
by a fixed percentage each year. Source: Reproduced with

permission from Cancer Incidence in Sweden 2005. Centre
for Epidemiology. National Board of Health and Welfare.
Official statistics of Sweden. Health and diseases 2005:9.
Published at http://www.socialstyrelsen.se/Publicerat/2005/
9042/2005-42-9.htm [January, 2006].
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by a marked fall in incidence in successive birth cohort
[110,111]. Notwithstanding this remarkable sponta-
neous global decline, stomach cancer, with an esti-
mated 989,000 new cases in 2008, is still the fourth
most frequent cancer worldwide, surpassed only by
cancer of the lung, breast, and colorectum [112]. Due
to its poor prognosis stomach cancer ranks second,
after lung cancer among all causes of cancer death. In
fact, with approximately 740,000 deaths annually, it
accounts for 10 % of all cancer deaths. Over 70 % of
the cases occur in developing countries. The world-
wide estimates of age-adjusted incidence (22.0 per
100,000 person-years in men and 10.3 per 100,000
person-years in women in 2002) are about 15 % lower
than the values estimated in 1985.

Geographic distribution

With reservations for possible differences in the avail-
ability of medical services, diagnostic methods and
registration practices, the national incidence rates of
stomach cancer vary approximately 10-fold, with
the lowest reliable rates observed among North
Americans (age-standardized incidence of 5.8 per
100,000 person-years in men and 2.8 per
100,000 person-years in women, 2008) and the
highest in Japan, where screening is ongoing.
The age-standardized incidence in East Asia was
42.4 per 100,000 person-years in men and 18.3 per
100,000 person-years in women [112]. With few
exceptions, the incidence among women is approxi-
mately half that among men, regardless of geographic
area, culture, and religion. While the risk of stomach
cancer seems to co-vary with socioeconomic condi-
tions, there is no clear correlation between national
level of economic development and national inci-
dence rates. However, suspected underreporting may
have deflated figures from poorly developed countries.
Although the highest rates are observed in East Asia,
low rates (�10 per 100,000 person-years) are reported
from South and Southeast Asia and from Africa. High
incidence rates also are found in tropical Central and
South America and in Central/Eastern Europe [112].

Demographic distribution

In the USA the incidence is twice as high in African
Americans as in white people, and three to six
times higher among Japanese Americans than among

US-born white people [113]. Immigrant Koreans
have an incidence that is eightfold higher than that
among white people [114], while the incidence among
Filipino men, regardless of birthplace, is only 60 %
that of US-born white males [113]. Another example
of marked differences within a limited geographic
area comes from Singapore, where the incidence
rates among men of Malay and Chinese descent
vary more than threefold [115]. When people move
between populations with different risks of stomach
cancer, their risk patterns are usually retained or
only slightly modified, regardless of their country of
origin and country of destination. In the succeeding
generation, the rates adjust to that prevailing in
the new environment, but this adaptation appears
to be somewhat slower for stomach cancer than
for colorectal and some other cancers. Though the
patterns of risk in relation to migration are complex
and defy simple dietary or other interpretation, it
appears that early-life exposures are important for
the future risk of gastric cancer.

Opposing secular trend for cardia cancer?

While the decline in incidence of gastric carcinoma
overall has abated in the USA [116], a closer look at
the data reveals two coinciding trends: the steep down-
ward trend seems to persist for distal stomach cancer
in white men and women, but this decline is balanced
by an increase in the incidence of cardia cancer [117].
Increasing incidence rates of cardia cancer have been
noted in a number of cancer registers in Europe and
the USA in the past 20–30 years. However, consid-
erable misclassification of the site within the stomach
has been demonstrated [118]; following careful clas-
sification of all tumors, no increasing trend could be
confirmed for cardia cancer [119]. Some other stud-
ies have also failed to verify any upward trend, and
even in the USA, the trend seems to have leveled off in
the 1990s [116]. Regardless of whether the incidence
curve for cardia cancer is flat or turning up, it clearly
differs from the descending one for distal gastric
cancer.

Risk factors for stomach cancer

Helicobacter pylori
In the past 20 years, numerous observational studies
of various designs have demonstrated a positive
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association between presence of anti-H. pylori
antibodies and risk of stomach cancer. A review of
published meta-analyses [120] showed that serologic
evidence of H. pylori infection is associated with
pooled odds ratios of stomach cancer ranging between
1.92 and 2.56, with little heterogeneity. In other
words, carriers of antibodies to H. pylori allegedly run
a risk for stomach cancer that is 2–3 times higher than
among people without such antibodies. However,
because some infections disappear spontaneously due
to changes in the gastric microenvironment during
the precancerous stages, it looks as if the strength
of the association with stomach cancer risk may be
underestimated [121,122]. Moreover, it appears that
the association is confined to noncardia gastric cancer,
whereas the infection might even be inversely related
to the risk of cardia cancer [123,124]. In studies
that restricted the outcome to noncardia stomach
cancer and which took measures to overcome the
misclassification of exposure, the relative risk linked
to the infection was 20-fold or greater [122,125,126].
According to such studies, the PAR may be 70 % or
higher even in Western populations [122], while an
American case-control study with conventional
serotesting reported a PAR of 10.4 % [127]. The
risk seems to be particularly elevated among carriers
of CagA-positive strains (and among carriers of
CagA-positive strains in those with strains having the
“A-B-D-type” CagA typically seen in Asian high-risk
populations [128]), although CagA-negative strains
are not without risk [129]. The vacA gene of H. pylori,
encoding a vacuolating cytotoxin, comprises two
variable regions: the s (signaling) and the m (mid)
regions. H. pylori vacA type s1 and m1 strains appear
to be more carcinogenic than strains with other vacA
types [130]. Although the ultimate proof of causality
is still missing, a growing number of randomized
trials have either shown trends towards reduced
gastric cancer incidence or indications of slowing
progression of precancerous lesions after H. pylori
eradication [131–137], thus gradually adding to our
confidence in a causal inference.

Smoking
A relationship between smoking and risk of stomach
cancer is well established [138,139]. The excess risk
among current smokers is 1.5–2.5-fold and increases
with higher doses and/or longer duration of cigarette
smoking [140–142]. It appears that the risk returns to

baseline relatively soon after quitting smoking [143],
but in a pooled analysis of two Japanese cohorts, a
significant risk elevation remained for up to 14 years
after cessation [141]. While some studies suggest that
smoking is more strongly related to cardia cancer risk
[140,142,144,145], others indicate that the link with
distal stomach cancer is not appreciably weaker, and
in Japan it might even be stronger [141]. The PAR for
smoking varies with the exposure prevalence, and thus
between men and women, but within sexes the varia-
tion between American and European data is surpris-
ingly small; thus, the PAR among men varied between
21.5 % and 28.6 %, and among women between 11 %
and 14 % in three recent studies emanating from the
USA and Europe [127,140,146].

Alcohol
The most authoritative review of the literature pub-
lished up until the mid-1990s [147] noted that the
bulk of evidence weighed against the possibility of a
substantial effect of alcohol consumption on the risk
of stomach cancer. The literature on the relationships
between the different types of alcoholic beverages and
stomach cancer risk has been reviewed, but no consis-
tent pattern was found [148]. However, a recent large
multicenter prospective cohort study in Europe found
that heavy (but not light or moderate) consumption
of alcohol (mainly from beer) was associated with an
increased risk of intestinal type of noncardia gastric
cancer in men [149]. A meta-analysis in 2012 [150]
arrived at a modestly increased summary relative risk
estimate (1.14, 95 % CI 1.08–1.21; and 1.45, 95 %
CI 1.31–1.62, for intake of 50 g and 100 g alcohol
per day, respectively, relative to no intake).

Diet
Until recently, the most consistent nutritional epidemi-
ology finding in relation to stomach cancer has been
inverse associations with fruit and vegetable intake.
In 1997, an international expert panel at the World
Cancer Research Fund-American Institute for Can-
cer Research concluded that there was convincing
evidence that high intake of vegetables, particularly
raw vegetables and allium vegetables, reduces the risk
of stomach cancer [147]. A similar conclusion was
also drawn with regard to high fruit intake. A more
recent meta-analysis, however, noted that the protec-
tive effect seemed to be weaker in cohort investiga-
tions than in case-control studies [151], suggesting
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that recall bias might have pushed the relative risk
estimates away from the null value in the latter. The
estimated overall relative risks that were based on all
study types were 0.81 (95 % CI 0.75–0.87) and 0.74
(95 % CI 0.69–0.81) per 100 g intake per day of veg-
etables and fruit, respectively. Although heterogeneity
was observed in essentially all analyzed substrata, the
estimates for both fruit and vegetables were always
less than unity [151]. A recent large European multi-
national cohort study (European Prospective Investi-
gation into Cancer and Nutrition, EPIC) with careful
dietary assessments and a fairly wide range of expo-
sure [149], failed to verify any overall association of
stomach cancer risk with total or category-specific
vegetable or fruit intake. The most recent addition to
the literature, a large Dutch cohort study, also failed
to show a protective effect of total vegetable or fruit
intake on stomach cancer risk (an inverse association
was found only between citrus fruit and gastric cardia
adenocarcinoma) [152]. Even though the estimation
of portion size and frequency of consumption of a
wide range of vegetables is rather difficult and non-
differential misclassification may bias the relative risk
estimates toward the null value, it is reasonable to
assume that the more recent studies, particularly the
cohort studies with increasingly sophisticated dietary
assessments, are less affected by such bias compared
with earlier studies. Therefore, it must be suspected
that previous research may have overestimated the
protection conferred by these plant foods.

Moreover, whereas there is almost total consensus
among case-control studies that vitamin C intake
is strongly protective, only one [153] out of four
prospective studies [153–156] reported a significant
inverse association between estimated vitamin C
intake and stomach cancer. The summary estimate
of relative risk in a meta-analysis, however, was still
statistically significant (relative risk among subjects
with the highest intake, relative to those with the
lowest, was 0.77 (95 % CI 0.61–0.97) [157]. A
similar meta-analysis of the three prospective studies
concerned with pre-disease blood levels of vitamin
C [155,158,159] yielded a summary estimate that
was also statistically significant (RR 0.64; 95 % CI
0.41–0.98) [157].

Vitamin E (tocopherol), another important antioxi-
dant in plant foods, has been investigated with regard
to its relationship with stomach cancer risk in at least
18 case-control studies, close to half of which reported

a statistically significant inverse association while the
others were unable statistically to confirm any rela-
tionship at all. Among four prospective studies that
related estimated dietary vitamin E intake with stom-
ach cancer risk, only one – conducted among Finnish
smokers [154] – showed a significantly reduced risk of
noncardia stomach cancer among individuals with the
highest intake, but this study also noted an increased
risk for cancer of the gastric cardia. Six prospective
studies that proceeded from pre-disease blood levels
of tocopherols yielded mixed results; a recent large
European study reported a strong and statistically sig-
nificant inverse relationship with stomach cancer risk,
albeit seemingly limited to the diffuse histologic type
[160], while a Chinese study showed a positive asso-
ciation with noncardia cancer risk but no relationship
with cardia cancer [161]. Thus, the effect of vitamin
E on risk of stomach cancer remains uncertain.

At least 15 case-control studies have addressed the
relationship between intake of total vitamin A (retinol
and provitamin A carotenoids) and risk of stomach
cancer, and the overwhelming majority of them have
shown a trend towards an inverse association (in
five such studies this trend was statistically signifi-
cant) [157]. The results of prospective studies, par-
ticularly those that examined associations specifically
with retinol or �-carotene, have been somewhat less
persuasive [157].

Unfortunately, not even randomized intervention
trials have been able to provide an unambiguous
answer regarding the protective effect of the antiox-
idative vitamins in plant foods. Two such studies
argue in favor of a protective effect; a Chinese study,
performed in subjects who were likely to be vita-
min deficient, showed a reduced incidence of gastric
cancer mortality after administration of a combina-
tion of �-carotene, vitamin E and selenium [162].
In the other study, carried out in South America
[131], treatment with either �-carotene or ascorbic
acid significantly increased the rates of regression
of atrophic gastritis and intestinal metaplasia. How-
ever, two other randomized intervention studies, con-
ducted among Finnish male smokers [163,164] and
American male physicians [165], respectively, showed
no effect on prevention of stomach cancer inci-
dence during or after supplementation with either �-
carotene or �-tocopherol, the most active form of vita-
min E. Moreover, two additional randomized Chinese
intervention studies did not observe any significant
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reductions in stomach cancer incidence or mortality
after daily supplementation with 14 vitamins and 12
minerals for 6 years [166,167] or a combination of
vitamin C, vitamin E, and selenium every second day
for 7.3 years [136].

Fiber and carbohydrates
Several investigators have found a decreased risk of
stomach cancer among people with a high consump-
tion of fiber. A particularly strong inverse association
has been demonstrated between cereal fiber intake
and risk of cardia cancer [168], possibly attributable
to the nitrite scavenging properties of wheat fiber.
However, the only prospective study addressing the
relationship between intake of whole-grain foods and
stomach cancer mortality was negative [169]. High-
starch/carbohydrate diets, on the other hand, were
reportedly linked to an increased risk of stomach can-
cer in some studies, but others showed no association.
It is conceivable that the association noted in the posi-
tive studies may be explained by residual confounding
by socioeconomic status.

Salt
Most textbooks list salt intake as an established risk
factor for stomach cancer. Ecological studies provide
support for a relatively strong correlation between
urinary salt excretion and stomach cancer mortality
[170–172]. Further, there are abundant case-control
and cohort data on intake of salt or salty foods and
risk of stomach cancer. Although the results are some-
what divergent, the bulk of evidence weighs towards
a positive association, albeit not particularly strong.
However, confounding is a major concern; in some of
the studied populations, consumption of salted foods
may have correlated inversely with socioeconomic sta-
tus, access to refrigeration and consumption of fruits
and vegetables, and positively with the prevalence of
H. pylori infection. Moreover, salted foods tend to
contain significant amounts of N-nitroso compounds
(NOCs), which may be the true culprits. The relative
risk estimates in cohort and case-control studies are
mostly in the range where undetected confounding
might well explain the association. It should also be
noted that there is no laboratory evidence that salt per
se is a carcinogen for any site of the body [173].

N-nitroso compounds
N-nitroso compounds (NOCs) have been found to be
carcinogenic in multiple organs in at least 40 animal

species. Humans are exposed to NOCs from diet (pro-
cessed meats, smoked preserved foods, pickled and
salty preserved foods, and foods dried at high tem-
peratures such as the constituents of beer, whisky,
and dried milk), tobacco smoke and other environ-
mental sources, but a large proportion (typically more
than 50 %) comes from endogenous synthesis. The
results of epidemiologic investigations addressing the
possible association between estimated nitrite expo-
sure (the precursor substance) and stomach cancer
risk have been mixed. Similarly, studies of estimated
NOC intake in relation to stomach cancer risk have
yielded discrepant results, although the majority of
case-control studies suggested a positive association.
A recent analysis of data from the EPIC study [174]
estimated exposure to endogenously formed NOCs
and found a statistically significant association with
the risk of noncardia stomach cancer (relative risk
associated with a 40 �g day−1 increase in endogenous
NOC exposure was 1.42, 95 % CI 1.14–1.78) but not
with the risk of cardia cancer. Thus, the epidemiologic
literature has been unable to unequivocally confirm a
link between nitrite or NOC exposure and risk of gas-
tric cancer, but the data are clearly suggestive of such
a link.

Meat intake
Whilst meat consumption has been associated with
increased risks of cancer of the colorectum, breast,
and possibly prostate, the epidemiologic evidence for
a relationship with stomach cancer risk has so far been
considered insufficient. However, recent cohort stud-
ies have reported substantial risk elevations among
subjects in the highest intake categories, relative to
those in the lowest. A meta-analysis that encompassed
six prospective cohort studies and nine case-control
studies [175] arrived at a summary estimate of rela-
tive risk for stomach cancer per 30 g day−1 increase in
processed meat consumption of 1.15 (95 % CI 1.04–
1.27) among cohort studies and 1.38 (95 % CI 1.19–
1.60) among case-control studies. Thus, it appears
that high intake of processed meat should be added
to the list of known – but moderately strong – risk
factors for stomach cancer. In the EPIC cohort, the
association with processed meat was confined to non-
cardia stomach cancer, with a relative risk of 2.45
for every 50 g day−1 increase in processed meat intake
[176]. The latter study also noted positive associations
with nonprocessed meat.
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Aspirin and nonsteroidal anti-inflammatory
drugs (NSAIDs)
Several epidemiologic studies have noted small reduc-
tions in risk of stomach cancer among users of
aspirin and/or NSAIDs. A meta-analysis of obser-
vational studies (13 case-control studies and eight
cohort studies) yielded a summary adjusted risk ratio
of 0.81(95 % CI 0.73–0.89) [177]. The risk of gastric
cancer was significantly reduced in all subgroups anal-
yses (according to study design, type of drug, site of
cancer, or sample source). A placebo-controlled ran-
domized trial among 40,000 US women failed to pro-
vide evidence of a protective effect of low-dose aspirin
on the risk of stomach cancer over a duration of 10
years [178]. However, the study did not have enough
power to prove lack of an effect. The confidence inter-
val for the effect (RR 1.00; 95 % CI 0.42–2.40) was
not tight enough to rule out clinically important risk
modifications due to aspirin use.

Genetic risk factors
Familial aggregation of stomach cancer has been
reported in the epidemiologic literature. Typically,
a 50–130 % excess risk was observed among sub-
jects with a positive family history. In an analysis
of 44,788 Scandinavian twin pairs, the risk of stom-
ach cancer among dizygotic twins with a partner who
developed the same cancer was 6.6 times higher than
among dizygotic twins whose partner did not have
stomach cancer [179]. The corresponding excess was
10-fold in monozygotic pairs. It was estimated that
inherited genes contribute 28 % to the risk of stom-
ach cancer, shared environmental effects contribute
10 %, and nonshared environmental factors make up
the remaining 62 % of the risk. Therefore, studies on
twins predict the involvement of major environmental
factors plus minor genetic components.

An aggregation of two or more stomach cancers
in the same family is noted in about 10 % of all
stomach cancer cases. Among them, a number of syn-
dromes can be identified; the most notable is the hered-
itary diffuse gastric cancer (HDGC – requiring two or
more documented cases of diffuse stomach cancer in
first/second-degree relatives, with at least one diag-
nosed before the age of 50; or three or more cases
of documented diffuse stomach cancer in first/second-
degree relatives, independently of age) [180]. The term
“familial diffuse gastric cancer” (FDGC) is used for
families with aggregation of stomach cancer and an

index case with diffuse stomach cancer, but not oth-
erwise fulfilling the criteria for HDGC, for instance
due to unknown histologic type of the related cases.
In a recent review of the accumulated literature [181],
HDGC and FDGC accounted for 27 % and 24 %,
respectively, of 439 screened families with familial
aggregation of stomach cancer. Germline truncating
mutations in the gene for the cell–cell adhesion pro-
tein E-cadherin (CDH1) were found in 36 % of fami-
lies with HDGC and in 13 % of families with FDGC.
In about two-thirds of HDGC families, a large pro-
portion of FDGC families, and in the majority of fam-
ilies with aggregation not fulfilling criteria for HDGC
or FDGC, cancer susceptibility is caused by presently
unknown genetic defects.

The literature on genetic polymorphisms and stom-
ach cancer risk is limited by a common lack of appro-
priate control of potential sources of bias; few stud-
ies are population-based, and the sample sizes are
often insufficient even for the statistical verification
of moderate main effects, let alone gene–environment
interactions. Besides, information on exposure to rel-
evant cofactors such as H. pylori infection, diet, and
smoking is often lacking. The role of functional poly-
morphisms in genes that code for various cytokines
involved in the inflammatory response to H. pylori
infection has attracted considerable attention in recent
years. One of the key cytokines is interleukin-1 beta
(IL-1�), which is an important driving force in the
inflammatory responses and also a potent inhibitor
of gastric acid secretion. The IL1B gene encoding IL-
1� is highly polymorphic. Two of the polymorphisms
are in the promoter region at positions –511 and –31,
representing C→T and T→C transitions, respectively.
The variant alleles of these loci are associated with
more severe inflammation. Another cytokine that has
an important influence on IL-1� levels is the endoge-
nous interleukin-1 receptor antagonist (IL-1ra), whose
gene (IL1RN) is also known to be polymorphic. The
IL1RN gene has a penta-allelic 86-bp tandem repeat
polymorphism (variable number of tandem repeat,
VNTR) in intron 2, of which the less common allele
2 (IL1RN∗2) – associated with enhanced IL-1� pro-
duction in vitro – is linked to several chronic inflam-
matory conditions. In a landmark case-control study
from Poland, El-Omar and co-workers [182] demon-
strated that carriers of the C allele of IL1B –31 (in
positive linkage disequilibrium with IL1B –511T) and
homozygous carriers of the ∗2 allele of IL1RN had
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1.6- and 2.9-fold increased risks, respectively, of stom-
ach cancer, compared with noncarriers of these vari-
ant alleles. Carriers of the IL1B –31T/IL1RN∗2 hap-
lotype had an odds ratio of 4.4. These findings have
been more or less replicated in several populations,
among them Portuguese, American, Mexican, Italian,
and Chinese. A study from Portugal with genotyping
of archived gastric biopsies suggested that the com-
bination of proinflammatory genotypes in the host
with infection with high-risk H. pylori strains (see
previous section about H. pylori) might involve major
increases in risk, with relative risks as high as 87 [130].
However, others, including investigators from Japan,
China, Taiwan, Korea, Holland, Italy, Finland, and
Sweden, have failed to confirm any association of the
IL1B –31, IL1B –511 and/or IL1RN polymorphisms
with stomach cancer. It appears that the relationship,
if any, between polymorphisms in the IL1 gene cluster
and stomach cancer risk may be more complex than
first thought.

There is a large and rapidly expanding literature on
links between genetic variation in a number of poten-
tially important carcinogenic pathways (mucin pro-
duction, cytokines other than those in the IL1 clus-
ter, human leukocyte antigen (HLA) classes I and II,
metabolic phase I and II enzymes, DNA repair sys-
tems, cyclooxygenase system, oncogenes, and tumor
suppressor genes) and risk of stomach cancer [183].
Unfortunately, the overall results become increasingly
disappointing as the literature accumulates; notwith-
standing the often apparent biologic plausibility, the
results are remarkably divergent. Typically, promis-
ing reports of fairly large effects are followed by null
or opposite findings. Whether this diversity is mainly
due to an apparent variation in epidemiologic rigor,
laboratory measurement errors, or to effect modifi-
cation by race, ethnicity, or other external exposures
cannot be determined at present. The positive findings
that remain unopposed tend to be the ones that have
been tested in no more than one single study. And this
could, in turn, be a result of publication bias because
negative studies are difficult to get published. There
is an urgent need for more population-based studies
with meticulous attention to epidemiologic fallacies.
Carefully conducted meta-analyses of epidemiologi-
cally sound studies may also be helpful.

One notable exception is the literature on poly-
morphisms in the gene coding for the enzyme 5,10-
methylenetetrahydrofolate reductase (MTHFR). The

enzyme irreversibly converts 5,10-methylene tetrahy-
drofolate to 5-methyltetrahydrofolate, the predomi-
nant form of folate in the circulation. Folate is a
water-soluble B vitamin that plays an important role
in the maintenance of DNA integrity. Increasing evi-
dence suggests that a low folate intake and/or an
impaired folate metabolism may be implicated in the
development of gastrointestinal cancers. Two com-
mon functional polymorphisms of the MTHFR gene,
677C/T and 1298A/C, have been identified, associated
with up to 70 % and 40 % reductions, respectively, of
MTHFR activity among individuals who are homozy-
gous for the variant alleles. A recent meta-analysis of
11 case-control and two cohort studies that exam-
ined the association between dietary folate intake and
risk of stomach cancer arrived at statistically signifi-
cant 30 % risk reductions for stomach cancer of both
noncardia and cardia location [184]. However, this
inverse relationship was confined to studies conducted
in the USA and Europe, while studies done in other
populations were essentially negative. The summary
estimate of relative risk for stomach among individu-
als with the variant TT genotype of MTHFR –677, rel-
ative to those with the CC genotype, was 1.68 (95 %
CI 1.29–2.19) and the corresponding estimate for gas-
tric cardia cancer was 1.90 (95 % CI 1.38–2.60) [175].
Available studies of the 1298A/C polymorphism did
not provide any indications of a statistical relationship
with stomach cancer risk.

Multiple choice questions

1 The two most important risk factors for H. pylori
infection are:

A Acid suppression medication and alcohol
consumption
B Smoking and diet
C Age and socioeconomic status
D Race and gender
E Genetic factors and immune deficiency status

2 Peptic ulcer disease
A is inversely associated with regular milk
ingestion
B is more common among carriers of ABO blood
group B
C has a prevalence of less than 0.5 % among the
general population in Western countries
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D reached a peak prevalence in the early nineteenth
century
E leads to significantly less hospitalizations nowa-
days compared to the early 1990s despite the
increasing use of NSAIDs and aspirin

3 Gastric adenocarcinoma,
A worldwide, is the fourth most frequent can-
cer and ranks second among all causes of cancer
death
B worldwide, is the second most frequent cancer,
and ranks fourth among all causes of cancer death
C in the United States, is the fourth most frequent
cancer, and ranks second among all causes of cancer
death
D in the United States, is the second most frequent
cancer, and ranks fourth among all causes of cancer
death
E in most populations, is approximately twice as
common among women compared to men
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Key points
� Rome III criteria, divides functional dyspep-
sia into two separate syndromes: postprandial
distress; and epigastric pain.
� Between 5–40 % of the population suffer with
dyspepsia.
� Dyspepsia is associated with a reduction in
quality of life and those with dyspepsia take on
average almost 1 extra sick day per year com-
pared with those without epigastric pain or dis-
comfort.
� Clinicians are unable to reliably distinguish
organic from functional causes of dyspepsia.
� The majority of patients with dyspepsia have
a normal endoscopy so not all those with upper
gastrointestinal symptoms need invasive investi-
gations, unless they are over 50–55 years of age
or have alarm features.

Disease definitions

Dyspepsia is a hybrid word, derived from Latin and
Greek, meaning bad (dys) digestion (pepsis), and is a
complex of symptoms referable to the upper gastroin-
testinal (GI) tract. Over the last 20 years definitions of
the condition have been refined substantially, perhaps
because not all clinicians and researchers agree which

symptoms should be included in the syndrome of dys-
pepsia. The situation is further complicated by the
fact that the classification of dyspepsia depends upon
whether upper GI endoscopy has been performed
and, if so, whether there were structural abnormal-
ities. Individuals who have not undergone investiga-
tion are said to have uninvestigated dyspepsia, dys-
peptic patients who undergo upper GI investigation
and have findings that may be responsible for the
symptoms, such as peptic ulcer, are classed as having
organic dyspepsia, while those without a detectable
cause are labeled as having functional dyspepsia.

In the late 1980s a report from a working party
defined dyspepsia broadly according to the presence
of any symptom thought to be referable to the upper
GI tract [1]. However, in the early 1990s the Rome
Foundation was instrumental in changing approaches
to the classification of functional GI disorders, and
at this time the definition was restricted to a feeling
of pain or discomfort centered in the upper abdomen
[2], with symptoms that were suggestive of heartburn
excluded, as these were felt to be pathognomonic for
gastroesophageal reflux disease (GERD), which was
classified separately. The exclusion of these symptoms
from the definition of dyspepsia was intended primar-
ily for research purposes, in order to facilitate the
recruitment of individuals with homogeneous symp-
toms into clinical trials of therapies for these condi-
tions in secondary or tertiary care, as well as to enable
the conduct of studies whose aims were to elucidate
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potential underlying pathophysiologies. As a result,
this approach has been criticized by some because
this more restrictive definition of dyspepsia may not
be generalizable to primary care, where individuals
often present with numerous overlapping symptoms
[3], which are not necessarily predictive of underly-
ing pathology [4]. In fact, there is recent evidence
to suggest that even when individuals with Rome-
defined dyspepsia do undergo upper GI endoscopy,
the commonest organic finding encountered is erosive
esophagitis [5].

Despite these concerns, the Rome criteria have been
revised on two subsequent occasions [6,7], and are
considered to be the gold standard for defining the
presence of dyspepsia. The latest of these revisions,
the Rome III criteria [6], divides functional dyspepsia
into two separate syndromes: postprandial distress;
and epigastric pain. The former requires the pres-
ence of either bothersome postprandial fullness after
normal-sized meals, or early satiation that prevents
eating a regular meal. The latter consists of pain or
burning localized to the epigastric region of at least
moderate severity. In both cases symptoms need to
have been present for at least 3 months, with onset at
least 6 months prior to diagnosis, and there should be
no evidence of structural abnormalities at upper GI
endoscopy. These subgroups were created based on
the results of symptom clusters reported in factor anal-
ysis studies [8–11]. However, there is evidence to sug-
gest substantial overlap between these two syndromes
[12,13], as well as between dyspepsia and other func-
tional GI disorders, such as irritable bowel syndrome
(IBS) [14].

Incidence and prevalence

Dyspepsia is common in the general population,
yet the incidence of dyspepsia has not been widely
reported to date. A Swedish study that followed up
more than 1000 individuals from the community at
3 months, 1 year, and 7 years demonstrated inci-
dences of new-onset dyspepsia of 0.8 %, 1 %, and
3 %, respectively [15,16]. In a UK-based study that
followed almost 4000 individuals over 10 years, the
incidence of new-onset dyspepsia in those asymp-
tomatic at baseline was higher, at almost 3 % per year
[17]. Finally, in a follow-up of residents of Olmsted
County, Minnesota the onset rate for dyspepsia dur-

ing the 12-year time frame of the study was close to
5 % [18]. As the onset of dyspeptic symptoms in pre-
viously asymptomatic individuals in all these studies
was closely matched by the rates of symptom resolu-
tion in those who were symptomatic at initial study
entry, the prevalence of dyspepsia remains remarkably
stable over extended periods of follow-up.

There have been many cross-sectional surveys that
have reported the prevalence of dyspepsia in various
groups of individuals worldwide. A systematic review
and meta-analysis assembled all studies published up
to 2008 in order to estimate the worldwide preva-
lence of dyspepsia, identifying 157 eligible articles
[19]. Prevalence varied from less than 5 % to greater
than 40 % [17,20–22], depending on the criteria used
to define the presence of dyspepsia, as well as the char-
acteristics of the population under study. The majority
of identified studies were conducted in North Amer-
ica and Europe, with a dearth of data concerning the
prevalence of dyspepsia in Central America, Africa,
South Asia, and the Middle East [23–27]. When data
from all studies were pooled, the worldwide preva-
lence was 18 % using the Rome II criteria to define
dyspepsia, compared with 31 % when a broad defini-
tion was used [19].

The prevalence according to geographical location
of the studies identified in this meta-analysis, when
either a broad definition of dyspepsia or the Rome
II criteria were used, is summarized in Figure 15.1
and Figure 15.2. The striking variation in prevalence
throughout the world, even when the same diagnostic
criteria are used to define dyspepsia, highlights the
importance of other factors such as genetic, ethnic,
and cultural differences on the reporting of upper GI
symptoms.

One major limitation of the surveys to date is a lack
of detailed information on the relationship between
meals and upper GI symptoms; indeed, surveys may
not capture this relationship accurately and diaries
may be required. Experimental data suggest that a key
characteristic of functional dyspepsia is meal-induced
symptoms, when measured after a test meal, even
when this was not recognized by patients completing
a baseline questionnaire [28].

Risk factors

Proposed risk factors for dyspepsia include Heli-
cobacter pylori (H. pylori) infection, aspirin and
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Figure 15.1 Prevalence of dyspepsia worldwide using a broad definition.

nonsteroidal anti-inflammatory drug (NSAID) use,
tobacco and alcohol consumption, female gender,
and lower socioeconomic status. Numerous cross-
sectional surveys have examined the influence of these,
and other, sociodemographic variables [29–39]. A
large population-based study in the United Kingdom
suggested that 5 % of dyspepsia in the general pop-
ulation is attributable to H. pylori [31], but others
have not replicated these data [33,34]. In this study
[31], as well as another UK-based study [32], anal-
gesic drug use was significantly higher in those report-
ing dyspepsia, whilst Talley et al. demonstrated an
almost twofold increase in odds for aspirin use among

those with dyspepsia [37]. Tobacco use, but not alco-
hol, was also associated with dyspepsia in this study
[37], but another study conducted among German
blood donors did not demonstrate any association
between either tobacco or alcohol use and dyspep-
sia [40]. Finally, a survey of 15,000 Australian adults
suggested that dyspepsia was commoner among those
of lower socioeconomic status [41], but a UK-based
study showed no clear association [22].

These conflicting results from individual studies
emphasize that the interpretation of potential risk fac-
tors for dyspepsia in the population can be difficult.
A systematic review and meta-analysis conducted

<9.9% 
10.0–14.9% 
15.0–19.9% 
20.0–24.9% 
25.0–29.9% 
30.0–34.9% 
35.0–39.9% 
>40.0% 

Figure 15.2 Prevalence of dyspepsia worldwide using the Rome II criteria.
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Figure 15.3 Forest plot of studies
reporting on the effect of Helicobacter
pylori status on prevalence of
dyspepsia.

in 2009 attempted to synthesize all available data
for some of these risk factors [42]. The authors
identified 70 studies reporting on the effect of gender
on dyspepsia, 32 that examined influence of H. pylori
status, and 18 that studied NSAID or aspirin use.
The pooled prevalence of dyspepsia in females was
26 %, compared with 24 % in males, giving an odds
ratio for dyspepsia in females compared with males
of 1.2 (95 % confidence interval (CI) 1.1–1.4). In H.
pylori-positive individuals the prevalence of dyspepsia
was 34 %, compared with 30 % in H. pylori-negative
individuals, giving an odds ratio for dyspepsia in H.
pylori-positive individuals of 1.2 (95 % CI 1.1–1.4)

(Figure 15.3). Finally, the prevalence of dyspepsia in
NSAID or aspirin users was 39 %, compared with
30 % in nonusers, with an odds ratio for dyspepsia
of 1.5 (95 % CI 1.3–1.7) (Figure 15.4). Whilst this
study confirms that female gender, presence of H.
pylori infection, and NSAID or aspirin use are all
statistically significantly associated with dyspepsia,
causation cannot be implied from observational
studies such as these. In addition, these data highlight
how modest the absolute increase in the prevalence
of dyspepsia is when these risk factors are present,
suggesting there are other, perhaps more important,
underlying determinants of symptom status.
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Figure 15.4 Forest plot of studies
reporting on the effect of nonsteroidal
anti-inflammatory drug or aspirin use
on prevalence of dyspepsia.

There is good evidence to support the hypothe-
sis that acute bacterial or viral infection can trigger
chronic lower GI symptoms compatible with IBS in
some individuals [43–45], a phenomenon termed post-
infectious IBS. In a series of dyspeptic patients under-
going investigation, 17 % reported an acute onset of
symptoms accompanied by other symptoms suggestive
of an infective process, such as fever, myalgia, diar-
rhea, or vomiting [46]. These individuals were labeled
as having presumed post-infectious dyspepsia. Inter-
est in this phenomenon led other investigators to study
the association between acute enteric illness and dys-
pepsia [47–50]. In a follow-up of a cohort of over 300
individuals admitted to a single hospital with infec-
tive diarrhea, 12 % developed symptoms compatible
with a functional GI disorder at 5 years, and 12 % of
these individuals met diagnostic criteria for dyspepsia
[49].A case-control study reported that the odds ratio
for dyspepsia in cases with bacterial gastroenteritis,
confirmed by a positive stool culture, compared with
nonexposed individuals was 2.9 at 6 months post-
infection [48], although this did not reach statistical
significance, perhaps because of a small sample size. In
a 1-year follow-up of a Spanish community, some of
whom were exposed to an outbreak of Salmonella, the

odds of dyspepsia in infected individuals at 12 months
was 6 [47].

The largest study to examine this association, to
date, was conducted in over 1000 individuals from
the town of Walkerton, Ontario in Canada. Here,
the municipal water supply was contaminated by
livestock fecal residue, leading to an outbreak of bac-
terial dysentery in May 2000. When individuals were
followed up 8 years post-infection, the prevalence
of dyspepsia among exposed individuals was 49 %,
compared with 30 % in nonexposed individuals,
giving an odds ratio for dyspepsia in those exposed to
dysentery of 2.3 (95 % CI 1.7–3.0) [50]. The biologic
explanation for the increased prevalence of dyspepsia
in individuals following acute gastroenteritis is
unclear, but these studies suggest that acute enteric
infections have the ability to trigger symptoms that
affect the upper, as well as the lower, GI tract with
long-lasting consequences. One hypothesis is the
site of inflammation dictates the clinical outcome,
because of increased permeability and recruitment of
an inflammatory and cytokine response; if the distal
small intestine and/or colon is inflamed, IBS can
result, if only the proximal small intestine is involved,
functional dyspepsia can occur, and if the entire small
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intestine becomes inflamed then an overlap syndrome
may follow [51]. However, this hypothesis needs to
be tested rigorously.

Differential diagnosis

There are a myriad of diseases that lead to upper GI
symptoms that may be compatible with dyspepsia.
Some of these, such as biliary and pancreatic disor-
ders, do not relate to the esophago-gastro-duodenal
region at all. Some studies have suggested that there
is an increased prevalence of celiac disease in indi-
viduals that report symptoms compatible with dys-
pepsia [52,53]. A recent systematic review and meta-
analysis of case-control studies that examined this
issue reported that the prevalence of positive celiac
serology in individuals with symptoms suggestive of
dyspepsia was 8 %, compared with 4 % in controls
without [54]. The prevalence of biopsy-proven celiac
disease was 3 % in those with dyspepsia, compared
with 1 % in controls. Despite these differences in abso-
lute prevalence, neither were statistically significant,
with odds ratios of 1.9 (95 % CI 0.9–4.0) for positive
celiac serology and 2.9 (95 % CI 0.6–13.4) for biopsy-
proven celiac disease in individuals meeting criteria for
dyspepsia.

In terms of diseases of the esophagus, stomach, and
duodenum that may cause dyspepsia, there have been
several cross-sectional surveys that have reported the
prevalence of organic findings at upper GI endoscopy
in individuals with dyspepsia, as well as in con-
trols without dyspepsia [23,36,55–61]. A systematic
review and meta-analysis of these studies was per-
formed in 2010 [62]. Seven studies reported the preva-
lence of erosive esophagitis in 2067 individuals. This
was the commonest finding, with a pooled preva-
lence of 13 %. Six studies reported a pooled preva-
lence of Barrett’s esophagus in 1982 subjects of only
1 %. There was only one esophageal cancer reported
among 1982 individuals with dyspepsia undergoing
upper GI endoscopy, and four gastric cancers, giving a
pooled prevalence for upper GI malignancy of 0.25 %.
Finally, nine studies provided data for peptic ulcer in
2597 individuals with dyspepsia, with a pooled preva-
lence of 8 %. Six of these studies reported gastric and
duodenal ulcer separately, with a pooled prevalence
of 3 % for both.

When the prevalence of clinically significant endo-
scopic findings was compared between those with dys-
pepsia and those without, the prevalence of peptic
ulcer was significantly higher in individuals with dys-
pepsia, with an odds ratio of 2.1 (95 % CI 1.5–2.8),
although this was only the case for duodenal ulcer
(odds ratio 3.1; 95 % CI 1.8–5.3) There were trends
towards a higher prevalence of any clinically signifi-
cant endoscopic finding, erosive esophagitis, and Bar-
rett’s esophagus in those with dyspepsia, but these did
not reach statistical significance. When the effect of
definition of dyspepsia used in the studies on preva-
lence of endoscopic findings was studied, the pooled
prevalence of erosive esophagitis in individuals with
dyspepsia was 20 % when a broad definition was used,
compared with only 6 % when the Rome criteria were
used, and the pooled prevalence of peptic ulcer was
6 % in studies using a broad definition of dyspepsia,
compared with 11 % in studies that used the Rome
criteria.

These data highlight that the majority of individuals
with dyspepsia in the community have no structural
abnormality to explain their symptoms at upper GI
endoscopy, and that upper GI malignancy is present
in less than 1 % of people. Even when organic pathol-
ogy is found, in the majority of cases, this is no more
likely to be present in those with dyspepsia com-
pared with individuals without dyspepsia. In addi-
tion, despite attempts to classify dyspepsia and GERD
separately, one of the commonest findings encoun-
tered at upper GI endoscopy performed for dyspep-
sia is erosive esophagitis, although the prevalence
is lower when the Rome criteria are used to define
dyspepsia.

Clinical diagnosis

From the above data, it is clear that if the physician
could reliably distinguish between individuals with
symptoms suggestive of organic pathology, and those
who are likely to have functional dyspepsia, then
the need for upper GI endoscopy could be obviated
in more than 50 % of individuals with dyspepsia.
Unfortunately, there is little evidence to suggest that
gastroenterologists are capable of achieving this aim.
A systematic review and meta-analysis assembled
data from all studies examining this issue [63]. There
were five articles that reported the accuracy of a
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gastroenterologist in diagnosing organic dyspepsia.
When data from these studies, containing over 3500
patients, were pooled the positive likelihood ratio for
a gastroenterologist’s diagnosis of organic dyspepsia
being correct was 1.6, while the negative likelihood
ratio was 0.4.

These likelihood ratios are extremely modest, but
in studies that examined the performance of primary
care physicians or computer models the likelihood
ratios observed were almost identical. The positive
likelihood ratios for gastroenterologists in predicting
either peptic ulcer disease or erosive esophagitis were
slightly better at around 3.0, but negative likelihood
ratios were of similar magnitude to those for predict-
ing an organic cause of dyspepsia. These data empha-
size that clinicians perform only modestly in being able
to distinguish between organic and functional causes
of dyspepsia with any certainty.

Alarm features

When consulting with the dyspeptic patient it is usual
for the doctor to elucidate symptoms and signs that
may be indicative of underlying upper GI malignancy.
These red-flag, or alarm, features include new onset
dyspepsia in a patient aged over 50 years, dyspha-
gia, hematemesis, melena, persistent vomiting, unin-
tended weight loss, anemia, family history of gastric
cancer, or a palpable epigastric mass. There is evi-
dence to suggest that these features identify only those
patients with advanced, and therefore often incurable,
disease [64]. Some have therefore proposed that all
individuals with dyspepsia should undergo upper GI
endoscopy in order to detect early cancers that are
amenable to surgical cure, but in a recent study that
evaluated this issue in primary care, the cost per case of
upper GI cancer detected was estimated at US$83,000
[5]. Despite the concerns that alarm features only iden-
tify advanced disease, all current national guidelines
for the management of dyspepsia agree that patients
with these features require urgent referral for upper
GI endoscopy in order to exclude gastroesophageal
cancer [65–67]. However, there is conflicting evidence
that such items from the clinical history and physical
examination are able to predict upper GI malignancy.

Two prospective studies carried out in open-access
endoscopy departments in the Netherlands demon-
strated that alarm features were present in the major-

ity of individuals with upper GI malignancy [68,69].
After logistic regression, one study confirmed that
they were significantly associated with the presence
of upper GI malignancy at endoscopy [69]. In a rapid
access upper GI cancer service in the United Kingdom,
referral criteria for urgent investigation of dyspepsia
were examined prospectively in almost 2000 consec-
utive patients [70], and Kapoor and co-authors estab-
lished that dysphagia, weight loss, and age over 55
years were all significant positive predictors of malig-
nancy, but uncomplicated dyspepsia in those over 55
years was actually a significant negative predictor. A
prediction model was constructed, using these criteria,
which was applied to a similar number of subsequent
consecutive referrals. Use of these criteria would have
reduced referrals by almost one-third, and sensitivity
of the model in detecting upper GI cancer was over
90 %. In contrast to these three reports, one multi-
center study conducted in the United States, of simi-
lar design to that of Kapoor et al., failed to demon-
strate a significant association between classical alarm
features and upper GI malignancy [71]. Evidence of
anemia and bleeding were predictors but, when com-
bined with age in a prediction model, the sensitivity
and specificity were both poor.

One problem with reliance on the presence of alarm
symptoms is that, because upper GI malignancy is
rare, their positive predictive value is actually very
low, estimated at between 3 % and 10 % in these stud-
ies, meaning that large numbers of individuals would
still need to undergo upper GI endoscopy to detect
a small number of cancers. A systematic review and
meta-analysis published in 2006 identified 15 prospec-
tive studies, which evaluated the accuracy of alarm
features in the diagnosis of upper GI malignancy in
dyspeptic patients [72]. The presence of one or more
alarm features had a pooled sensitivity and specificity
of 67 % and 66 %, respectively. When the individual
alarm features of weight loss, anemia, and dyspha-
gia were examined, pooled sensitivities varied between
13 % and 49 %, whilst specificity ranged from 84 %
to 95 %.

Systematically analyzing all available data therefore
suggests that more accurate ways of predicting a diag-
nosis of gastroesophageal malignancy are required.
In a study published since this meta-analysis was
performed, which was conducted in a Chinese pop-
ulation with a high prevalence of H. pylori who were
therefore at higher risk of upper GI malignancy, alarm
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features still had limited predictive value [73]. Further
prospective studies are required to examine the accu-
racy of combinations of alarm features, or identify
those with a very high specificity which, if present, can
be used to rule in a diagnosis of upper GI malignancy.

Natural history and mortality

Few studies have described the natural history of dys-
pepsia. One Swedish study randomly selected over
1000 individuals, and sent them GI symptom ques-
tionnaires at baseline, and then again at 1 year, and
7 years [15,16]. The authors demonstrated that the
overall prevalence of the condition remained stable
with time, but that about 20 % of symptomatic indi-
viduals’ dyspepsia spontaneously resolved, whilst a
similar proportion of asymptomatic people developed
new onset of symptoms. Those with mild symptoms,
who had not needed to consult their GP, were more
likely to experience resolution of symptoms. When
those with dyspepsia at baseline were subcategorized
into ulcer-like, reflux-like, and dysmotility-like dys-
pepsia, less than 50 % who were still symptomatic at
1-year follow-up remained in the same symptom
subcategory. When the cohort of individuals were
followed-up at 7 years, the authors found that most
asymptomatic subjects remained symptom-free, those
with reflux continued with reflux-type symptoms,
whilst those with dyspepsia and IBS moved between
both of these symptom groups.

More recently, two studies have been published
with an even longer duration of follow-up [18,74].
In two surveys of almost 4000 individuals in the UK
community, conducted 10 years apart, one-third of
individuals with dyspepsia at study entry experienced
symptoms resolution at 10 years, whilst one-quarter
still met criteria for dyspepsia [74]. The remaining
individuals experienced a flux of their symptoms such
that they went on to meet criteria for either IBS or
GERD. In a study conducted in the United States, with
12 years of follow-up, 50 % of patients with symp-
toms of dyspepsia at baseline were asymptomatic at
study end [18].

In terms of the effect of dyspepsia on survival, there
are few published studies that have examined this
issue. In a recent population-based cohort study, with
over 30,000 years of follow-up, that reported data
from almost 4000 individuals, no association between

a diagnosis of dyspepsia at baseline and subsequent
survival was demonstrated (hazard ratio = 1.1; 95 %
CI 0.6–2.0) after controlling for age, gender, tobacco
use, comorbidity, and marital status [75].

Disability, quality of life, and
healthcare seeking

Considering the impact of upper GI symptoms on
activities of daily living, a large telephone survey of
over 20,000 adults in the United States confirmed
that upper GI symptoms were associated with signifi-
cantly higher rates of absenteeism from work, missed
leisure time, and reductions in activity around the
house [76]. More recently, in a retrospective analy-
sis of payroll data and health insurance claims, the
impact of functional dyspepsia on costs and produc-
tivity was estimated [77]. Functional dyspepsia among
employees was associated with significantly greater
medical and prescription medicine costs per year, an
additional 0.83 days of sickness absence per year, and
led to a 12 % reduction in unit productivity per hour,
when compared with employees without functional
dyspepsia.

A systematic review performed in 2003 highlighted
that, up to that point, there had been few studies
of dyspepsia and health-related quality of life con-
ducted among samples of the general population [78].
However, there have been several studies reporting
a reduced quality of life in patients with functional
dyspepsia attending secondary care compared to non-
symptomatic individuals, healthy controls, or the gen-
eral population [79–82], but it is not clear from these
studies whether dyspepsia symptoms cause a reduced
quality of life, or whether individuals with a poor qual-
ity of life develop dyspepsia symptoms. The negative
impact of dyspepsia on quality of life is well recognized
[79], although some of this association is thought to
be due to other psychological factors [80], and indeed
one large study suggested that psychiatric disorders
and recent major life events were commoner in those
who report the presence of dyspeptic symptoms [83].

It has always been assumed that symptoms of dys-
pepsia, and other chronic GI conditions, give rise
to psychological distress, rather than the reverse.
However, in a 10-year follow-up of individuals from
the general population, one of the strongest predic-
tors for the development of new-onset dyspepsia at
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10 years was a poor quality of life at baseline [17].
There was an almost threefold increase in odds of
dyspepsia amongst those with the lowest quality of
life at baseline, with the data from this study suggest-
ing that individuals in the lower half of the spectrum
of quality of life had a 30 % population attributable
risk for new-onset dyspepsia.

Previous studies have estimated that only one in
four individuals with dyspepsia will consult a pri-
mary care physician as a result of their symptoms
[22,84]. Numerous investigators have examined var-
ious sociodemographic variables that may influence
the decision to consult a physician with dyspepsia.
Factors demonstrated to predict consultation behav-
ior include female gender, increasing age, coexistence
of other functional GI disorders, concern or anxiety
about underlying pathology, frequency, severity, and
duration of symptoms, interference of symptoms with
activities of daily living, and lower socioeconomic sta-
tus [9,22,84–92], although the role of psychological
factors remains disputed [87,88,91,93].

Prevention

Preventing dyspepsia is problematic as many of the
proposed risk factors, such as gender and age, are not
modifiable. Minimizing the use of aspirin or NSAIDs,
or using prophylactic acid-suppression therapy when
these drugs are required may reduce dyspepsia, via
a reduction in the incidence of peptic ulcer disease
[94–97]. As 5 % of dyspepsia in the general popula-
tion may be attributable to H. pylori [31], screening
and treatment programs for the bacterium in the com-
munity could be another means of reducing the burden
of dyspepsia. There is evidence from large random-
ized placebo-controlled trials that this leads to a small,
but potentially significant, reduction in dyspepsia rates
[98,99], and one study demonstrated that the cost sav-
ings to the health service were sufficient to cover the
initial costs of screening and treatment amongst the
H. pylori-positive individuals enrolled [100].This did
not take into account that there may also be savings
from such a strategy, due to a reduction in the costs
of managing gastric cancer [101,102].

Areas for further study

Future studies should concentrate on incidence and
long-term natural history of the disorder, as well as

the effects on life expectancy, as data examining these
issues are sparse. We also require better ways of pre-
dicting who has organic versus functional dyspepsia,
and who has upper GI malignancy, and this means that
prospective studies that combine items from the clini-
cal history, as well as physical examination, in order to
increase accuracy, are needed. Finally, we need more
studies reporting on interventions at a population level
that may reduce the burden of dyspepsia in the com-
munity, and hence the health service-related costs that
arise from managing such a common disorder.

Conclusions

Dyspepsia is common in the general population, with
a prevalence of between 5 % and 40 %, depending
on the criteria used to define its presence and the
population under study. Risk factors are well char-
acterized, though many of these are not modifiable,
and their overall importance in the etiology of symp-
toms is questionable. Most individuals with dyspepsia
do not have a structural cause for their symptoms
when subjected to upper GI endoscopy, and upper
GI malignancy is a rare cause of dyspepsia. How-
ever, physicians are not able to discriminate between
functional and organic dyspepsia with any great accu-
racy, and alarm features have poor predictive value
for diagnosing upper GI cancer. The natural history
of the condition is chronic, with a relapsing and remit-
ting nature. Some individuals become asymptomatic,
whilst others experience an alteration of symptoms,
such that they go on to meet criteria for another func-
tional GI disorder. Despite its chronicity, there is no
evidence, to date, that dyspepsia impacts adversely on
life expectancy. Long-term prevention strategies for
the disorder remain a hope, rather than a certainty.

Multiple choice questions

1 Which of the following statements concerning the
prevalence of dyspepsia is correct:

A It does not vary according to the criteria used to
define dyspepsia
B It does not vary according to geographical loca-
tion
C It does not remain stable with time
D It varies between approximately 5 % and 40 %
in cross-sectional surveys
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E It is lower in magnitude than the incidence of
dyspepsia

2 Proposed risk factors for dyspepsia include:
A Male gender
B Helicobacter pylori infection
C Higher socioeconomic status
D Avoiding aspirin use
E Alcohol use

3 Which of the following conditions does not appear
to cause symptoms compatible with dyspepsia:

A Erosive esophagitis
B Gastric cancer
C Peptic ulcer disease
D Functional dyspepsia
E Celiac disease
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Answers to multiple choice questions

1. D
The prevalence is somewhere between 5 % and 40 %
in cross-sectional surveys. Prevalence varies according
to both the criteria used to define its presence and
geographical location, and usually remains remark-
ably stable during follow-up. Due to its chronic
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nature, prevalence of dyspepsia is greater than
incidence.
2. B
Proposed risk factors for dyspepsia include Helicobac-
ter pylori infection, female gender, lower socioeco-
nomic status, use of aspirin or nonsteroidal anti-
inflammatory drugs, and acute enteric infection.

3. E
In a meta-analysis of cross-sectional surveys and case-
control studies there was no association between
celiac disease and symptoms compatible with dyspep-
sia. All the other conditions should be part of the
differential diagnosis when a patient presents with
dyspepsia.
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Key points
� Nonvariceal upper gastrointestinal bleeding
has become a disease of the elderly with comor-
bid illnesses. This trend keeps the mortality of
the condition relatively high despite advances in
endoscopic and pharmacologic therapies.
� Although Helicobacter pylori-related peptic
ulcer is declining, increased usage of combina-
tions of preventative medications for ischemic
heart disease and cerebral vascular disease have
become an increasingly important cause of non-
variceal upper gastrointestinal bleeding. These
require a careful assessment of the evidence for
risks and benefits when prescribing for different
populations.
� The most important risk factors predict-
ing death in nonvariceal upper gastrointesti-
nal bleeding are old age, comorbidities, severe
bleeding as manifested by shock at presentation
or fresh hematemesis, continued or recurrent
bleeding, onset of bleeding while hospitalized
for other causes, and major stigmata of bleed-
ing.
� The incidence of variceal hemorrhage does not
appear to be increasing despite an increase in
cirrhosis, suggesting improving primary and sec-
ondary prevention strategies.

� The most important risk factor predicting
death in variceal upper gastrointestinal hemor-
rhage apart from age is the underlying severity
of the cirrhosis.

Clinical summary

Upper gastrointestinal hemorrhage defined as acute
bleeding into the lumen of the gastrointestinal tract
above the ligament of Trietz, leads typically to presen-
tation with hematemesis or melena. It is the common-
est emergency medical admission for gastroenterology
[1], has an overall 28-day case fatality in the range
2–14 % [2,3] and is associated with a significant bur-
den on healthcare resources. Upper gastrointestinal
bleeding is commonly categorized as variceal (from
esophageal or gastric varices) or nonvariceal bleed-
ing. Nonvariceal bleeding is more common and can
be further subdivided. The proportions of upper gas-
trointestinal bleeding admissions in each category are
shown in Table 16.1. Variceal bleeding is reported
in lower proportions in larger population-based stud-
ies than hospital-derived case series. However, com-
parisons between studies are difficult as many hospi-
tal studies only report cases that had an endoscopy
performed, therefore excluding a large proportion of
patients who remain undiagnosed.

GI Epidemiology: Diseases and Clinical Methodology, Second Edition. Edited by Nicholas J. Talley et al.
C© 2014 John Wiley & Sons, Ltd, with the exception of original artwork which is C© Mayo Foundation for Medical Education and Research.
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Table 16.2 Variations in incidence of upper gastrointestinal bleeding between studies

Year of estimate Country

Number of
bleeds for
estimate

Crude
incidence

per 100,000
person-years

Indirect age
standardized

incidence

95 %
confidence

interval Study type

2007 [4] Israel 864 17∗ 17 (16–18) National admissions database
2000 [7] Netherlands 769 48 45 (43–47) 10 hospitals in Amsterdam region
1991 [11] USA 3294 36∗∗ 71 (68–73) 139 military facilities
2003 [9] Canada 13,017 53∗∗∗ 50 (49–51) National admissions database
2006 [111] Spain 291 66 55 (49–62) Single hospital
2004 [8] Italy 21 74 59 (36–90) Single hospital
2006 [3] USA N/A 82∗∗∗∗ 89 (88–90) National inpatient sample
2007 [112] England 34,482 84 84 (84–84) National admissions database
1996 [113] France 2,133 84 73 (70–76) 29 hospitals in 1 region
1993 [76] England 3,508 89 77 (74–79) 74 hospitals in 4 regions
2005 [10] Greece 353 98 85 (76–94) 3 hospitals in 1 region
2002 [27] Scotland 211 99 83 (72–95) Single hospital
1999–2007 [54] Wales 22,299 119∗∗∗∗∗ 99 (98–101) National admissions database
1999 [110] Crete 21 149 137 (84–209) All hospitals in 1 region
1993 [53] Scotland 1720 157 135 (129–142) 19 hospitals in 1 region

∗No hematemesis or melena codes.
∗∗More restrictive definition requiring combinations of codes for non-ulcer codes.
∗∗∗Military population.
∗∗∗∗Estimates extrapolated from 20 % national sample, vulnerable to sampling biases.
∗∗∗∗∗Estimate only available as aggregate for all years.

This chapter will examine the occurrence, causes,
and outcomes of upper gastrointestinal hemorrhage
for both variceal and nonvariceal bleeding.

Incidence of acute upper
gastrointestinal bleeding

The reported incidence of upper gastrointestinal
bleeding varies widely as can be seen from Table 16.2.
Recent large European and North American stud-
ies suggest figures in the region of 50–100/100,000
person-years. Though some of the differences in inci-
dence around the world are doubtless genuine, some
of the variation in the figures may be a consequence of
different case definitions, management systems, timing
of studies, and study methodology. For example, the
highest incidence estimates were reduced when indi-
rectly standardized for age, and two of the lower inci-
dence studies used restrictive definitions of upper gas-

trointestinal bleeds [4,5]. Differences in clinical man-
agement may also have an effect if the case defini-
tion depends on hospitalization, for example within
the United States the proportion of patients managed
without a hospital admission varies by over twofold
between states (19–45 %) [6]. It is unclear to what
extent changes over time are similarly explained, and
to what extent they reflect disease changes such as
reduction in H. pylori carriage but over the last two
decades countries including the United States, Canada,
Israel, Netherlands, Greece, and Italy, have reported
reductions in overall upper gastrointestinal bleed-
ing admissions of between 10 and 40 % [3,4,7–10].
Finally, some studies report specific subsections of
the population with differing risk. For example, a
low incidence has been reported from a military
population [11]. There is little literature on the
occurrence of variceal hemorrhage separately from
nonvariceal bleeding. The proportions of variceal
hemorrhage reported in the larger population-based
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studies are between 3 and 9 % (Table 16.1) suggest-
ing an incidence of between 2.1 and 8.1 per 100,000
person-years.

Causes and their trends

Nonvariceal upper gastrointestinal hemorrhage

Peptic ulceration and erosion is the most frequently
identified cause of upper gastrointestinal hemorrhage.
Its incidence has been variously described as declin-
ing over the last two decades (e.g. Sweden (64–
35/100,000) [12], Spain (55–26/100,000) [13], USA
(71–57/100,000) [14]) or as decreasing among young
people and increasing in the elderly [7,8,15–17].
Changes in the occurrence of peptic ulcer bleeding
will reflect trends in underlying risk factors. For peptic
ulceration the risk factors with the highest attributable
fractions are NSAIDs and antiplatelet medications
[18] (Table 16.3). In addition H. pylori is associated
with a fivefold increase in bleeding episodes indepen-
dently of these medications [19].

Helicobacter pylori

H. pylori was historically the most important cause of
peptic ulceration. It is generally acquired during child-
hood, and prevalence is reducing with generations [20]
and among peptic ulcer bleeding admissions [14,21].
However, a recent systematic review suggested that H.
pylori prevalence in peptic ulcer bleeding is underesti-
mated and that the mean prevalence remains high at
72 % in study populations [22]. The lowest preva-
lence estimates in studies included were reported

Table 16.3 Estimated adjusted attributable fractions for
peptic ulcer bleeding [18]

Attributable fraction

Previous peptic ulcer 19 %
Smoking 2 %
Heart failure 5 %
Diabetes 4 %
Steroids 3 %
Anticoagulants 3 %
NSAIDs 22 %
Aspirin 11 %

Source: Data from Weil et al. 2000 [18].

from the United Kingdom, Italy, the Netherlands, and
Denmark (�50 %), though country was not found to
be a significant predictor of H. pylori prevalence in
multivariate analysis. H. pylori does not appear to fur-
ther potentiate the individual risks of medications such
as NSAIDS, rather the increased risk from H. pylori is
merely additive to that from medications [23].

Medications

As stated earlier, NSAIDs and antiplatelet agents are
important risk factors for upper gastrointestinal bleed-
ing. NSAID use carries a relative risk of gastroin-
testinal bleeding events of 3.8 (3.6–4.1) [24] which is
removed by cessation, and this translates for nonselec-
tive NSAIDS users in clinical trials into an incidence
of upper gastrointestinal bleeding of up to 560 per
100,000 person-years [25]. Selective cyclo-oxygenase-
2 inhibitors are associated with lower risks than non-
selective NSAIDs [26], but although there has been an
increase in their prescription over the last decade, there
has been minimal change in the overall prescription of
NSAIDS and it is unlikely the changes account for any
overall trends in bleeding incidence [10,27,28].

One percent of patients on low-dose aspirin (the
most commonly used antiplatelet agent) have a gas-
trointestinal bleed within 28 months (number needed
to harm per year = 248 [29]). With increasing use
of these drugs the contribution of aspirin to bleeding
is rising as shown by the near doubling over 6 years
of the rate of bleeding admissions prescribed aspirin
or anticoagulants in the northeast of Scotland [27].
Prescribing decisions are therefore a balance between
the risks and benefits of these drugs. For example,
low-dose aspirin given for low-risk primary preven-
tion (1 % cardiovascular risk over 5 years) prevents
1–4 myocardial infarctions a year and causes 2–4 gas-
trointestinal bleeding events with no improvement in
mortality [30]. For patients with high cardiovascular
risk or for secondary prevention antiplatelet and anti-
coagulants are increasingly given in combinations and
this can further increase risk. A recent meta-analysis
shows low-dose aspirin increases the risk of bleeding
from the gastrointestinal tract by 31 %, a further 81 %
when combined with clopidogrel, and a further 91 %
when combined with warfarin [31].

Proton pump inhibitors consistently reduce the risk
of bleeding associated with NSAIDS by 67 % [32] and
their use has a demonstratable cost benefit [33]. In
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patients on low-dose aspirin the risk of bleeding is sim-
ilarly reduced [31]; however, there has been some con-
cern about proton pump inhibitors reducing the effi-
cacy of clopidogrel when coprescribed. A large cohort
study reassuringly did not find an increased cardio-
vascular risk and estimated that only if the cardiovas-
cular risk was increased by more than 19 % would
the risks of proton pump inhibitors outweigh their
benefits [34]. A randomized controlled trial of pro-
ton pump inhibitors for patients on dual antiplatelet
therapy found a reduction in upper gastrointestinal
bleeding (HR 0.13 (0.03–0.56)) with no difference in
cardiovascular outcomes (HR 0.99 (0.68–1.44)) [35].

Other drug associations with bleeding that have
been reported include an up to threefold increased risk
from SSRIs [36,37,38], twofold increased risk from
spironolactone [39,40], 2.5-fold increased risk from
iron supplementation [41], two- to fourfold increased
risk from corticosteriods [42], and threefold increased
risk from bisphosphonates [43,44].

Comorbidities

It is difficult to ascertain with certainty the role
of comorbidities in causing gastrointestinal bleeding
independent of their therapies. It is widely assumed
that the 1–3 % incidence of gastrointestinal bleeding
during the month following an acute coronary syn-
drome (ACS) [35,45,46] is largely related to thera-
pies. However, this is not necessarily the case for all
comorbidities. Acute renal failure, for example, has a
high incidence of upper gastrointestinal bleeding 13 %
[47] with a subsequent increase in mortality (adjusted
OR 2.6 (1.3–5.1)), and following surgical procedures
at two university hospitals (n = 25,845), gastroin-
testinal bleeding incidence was reported in 0.39 % of
patients, with an associated mortality of 31 %. Most
of this bleeding was due to erosive gastritis (70 %) or
ulceration (18 %) and occurred in patients with sepsis,
multiorgan dysfunction, as well as in those who were
prescribed NSAIDS during the admission. It is possi-
ble therefore that an aging population with increasing
comorbidity may contribute to trends in gastrointesti-
nal bleeding directly.

Other

There are a number of other risk factors for gas-
trointestinal hemorrhage. Higher alcohol intake, for

example, is associated with a higher risk [48]. Ex-
drinkers, however, remain at a slightly lower yet still
elevated risk (after adjusting for smoking, previous
ulcers, aspirin, and NSAIDS) suggesting that there
is an underlying confounder associated with alcohol
excess [49]. Smoking is also a risk factor [18,50],
and its effect may be mediated through altering the
ulcerative effects of H. pylori [51]. It is possible like-
wise that smoking to some extent mediates a steep
socioeconomic gradient long shown to exist for peptic
ulcer disease [52] and more recently for upper gas-
trointestinal hemorrhage also [53,54]. This gradient
exists for all causes of upper gastrointestinal bleed-
ing [2], and may also be contributed to by differ-
ences in prescribing practices, alcohol consumption or
H. pylori prevalence. Finally high altitudes are asso-
ciated with an increased incidence of gastrointestinal
hemorrhage among migrant workers [55], as well as
among acclimatized people [56]. This is possibly as
part of the syndrome of both acute and chronic alti-
tude sickness [57], though interestingly in the latter
bleeding can actually be therapeutic in avoiding com-
plications of high blood cell counts.

Variceal hemorrhage

Esophageal and gastric varices are a complication of
portal hypertension usually due to cirrhosis. Among
cirrhotic patients admitted with upper gastrointesti-
nal hemorrhage 78–87 % are due to bleeding varices
[58,59]. The predictors of variceal hemorrhage there-
fore are the causes of cirrhosis and its progression,
and the subsequent development of portal hyperten-
sion. Acute precipitants of variceal hemorrhage in
patients with known varices include excess alcohol
consumption the week before admission, constipa-
tion, and vomiting [60]. However, whilst the preva-
lence and incidence of cirrhosis is increasing [61,62],
the occurrence of variceal hemorrhage is not [2,3,63].
This could be because of improved primary preven-
tion with increased use of banding and beta-blockers,
or because cirrhosis is being diagnosed earlier.

Natural history and risk stratification

The natural history of a condition is the course it
would take without intervention, and for a frequently
mortal condition such as upper gastrointestinal
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hemorrhage we cannot aim to study this. What we
can do is to look at the outcome of the condition
with treatment, and how changes in therapy have
altered this.

At the beginning of the twentieth century, hospi-
tal mortality from hematemesis and melena due to
peptic ulcers was reported to be be over 20 % for
patients over 40 years old [64]. Mortality was higher
in older patients and in those in whom bleeding
recurred. The first advance in bleeding management
was the use of generous blood transfusions guided by
measured hemoglobin concentration given in a con-
trolled intravenous drip [65]. Surgery was advocated
following resuscitation when bleeding continued or
reoccurred for those who were diagnosed with pep-
tic ulceration, though the selection of patients and
reported mortality varied widely and was controver-
sial [66,64]. Indeed generous early eating regimes
apparently demonstrated a strikingly low hospital
mortality [67].

However, comparisons of the mortality from these
early case series are difficult, as cases and deaths not
thought to be due directly to bleeding, such as those
from malignancy or cirrhosis, were often excluded
[64]. Concerning this Lewin and Truelove commented
“ . . . it is noteworthy that the literature shows that
most series with a low fatality rate have come from
interested single physicians presenting their own cases,
whereas studies of gross hospital figures commonly
indicate a much less favourable prognosis. . . . We
believe that mass hospital figures are more truly repre-
sentative of the dangers of haematemesis than are the
results obtained by a few specialists, provided that the
data are handled with an appreciation of possible fal-
lacies” [66]. Lewin and Truelove’s case series in 1949
(median age about 50 years) of all presentations with
hematemesis and melena in Oxford estimated a high
mortality of 19 % following chronic ulcers, 7 % fol-
lowing acute ulcers, 24 % following other diagnoses,
and 33 % where no diagnosis was made.

By the 1960–70s medical management was simi-
lar to that developed during the 1930s with early
feeding and generous blood transfusions guided by
hemoglobin measurement. Following medical man-
agement over 70 % of peptic ulcer bleeds and 44 % of
variceal bleeds resolved with no further bleeding [68,
69]. Surgery was mostly reserved for those with unsta-
ble ulcer bleeding, whereas other causes such as varices
and gastric cancer were not amenable to emergency

treatment. Gastroscopy was recommended acutely for
early diagnosis where a barium meal was inconclusive
[70]. In 1967–8 the overall mortality in Aberdeen was
reported to be 14 % for all admissions over 12 years
old with hematemesis and melena (median age about
60 years), but this increased to 29 % if further bleed-
ing occurred [69]. Age and comorbidity were consis-
tently predictors of further bleeding, and for specific
diagnoses mortality for peptic ulcer bleeding was 5 %,
for variceal bleeding was 24 %, for other causes was
47 %, and for undiagnosed bleeding was 12 %.

Over the last few decades improvements in endo-
scopic therapy have been shown to reduce risks of
rebleeding, for example the increased use of com-
bination therapies [71], variceal banding [72] and
the use of proton pump inhibitors to reduce stom-
ach pH and promote clot stability [73], (a similar
approach to that originally intended by early feeding).
For variceal hemorrhage the use of antibiotics and
glypression at the time of variceal bleeding has also
been shown to reduce mortality [74,75]. At the same
time that these improvements have been developed,
the age of those admitted has risen. The median age
of patients being admitted with bleeding from non-
variceal causes during the last two decades is around
70 years old [76,77], and for variceal patients around
55 years [2].

Nonvariceal hemorrhage

The consistent tendency noted at the start of the last
century for comorbidity and advanced age to pre-
dict worse outcome has been extended by a number
of authors to develop risk stratification strategies to
aid in selecting the appropriate level of care. Well-
validated scores include the Rockall and Blatchford
scores [78,79] which allow selection of the lowest
risk patients for early discharge [80,81,82]. Major
risk factors predicting death include old age, co-
morbidities, shock at presentation, continued or
recurrent bleeding, and onset of bleeding while hos-
pitalized for other causes. Ulcers with active bleeding,
or stigmata of recent bleeding such as a visible ves-
sel or an adherent clot also predict re-bleeding and
mortality risk.

At present, however, the evidence to suggest that
adoption of newer management strategies has changed
outcomes overall is disappointingly limited [83]. In
fact, although there has been a wide variation of
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Table 16.4 Short-term and inpatient mortality from
variceal hemorrhage from studies n � 1000

Year Country Size Mortality

1970–2000 [93] Many∗ 1475 55–40 %
1981–1991 [114] USA

(Veteran
Affairs)

4975 30–21 %

1988–2004 [115] USA (NIS) N/A 18–12 %
2004 [116] USA (NIS) 6000 11 %
1998–2005 [92] USA (NIS) 36,734 11 %
1999–2007 [2] England 14,682 25–21 %

∗Control groups in randomized controlled trials.

overall short-term mortality from nonvariceal hemor-
rhage with low estimates from the United States and
some of Europe and higher estimates from elsewhere
in Europe (see Table 16.4), mortality in a large cohort
of upper gastrointestinal bleeds in the United Kingdom
remains at about 14 % [2]. Causes of death, how-
ever, have changed. Papers published in the 1930s–
1960s suggested that about 50 % of patients were
dying from exsanguination before treatment or from
re-bleeding. However, following endoscopic therapy
more recent studies have found only 18–30 % of
deaths were bleeding-related [84–87], indeed a recent
trial has demonstrated that cardiovascular mortal-
ity is so important that patients with gastrointesti-
nal hemorrhage benefit from an early reintroduction
of aspirin [88]. The high proportion of nonbleeding-
related deaths over the last decade is consistent with
routinely collected English hospital data that demon-
strates a gradual reduction in mortality that has been
improving whether or not an endoscopy has been
performed [2]. The reductions occurred for all the
underlying causes of bleeding and it seems likely that
improvements in the management of coexisting ill-
nesses has caused the more recent reductions in mor-
tality, rather than changes in specific bleed manage-
ment. Following hospital discharge for upper gastroin-
testinal bleeding from peptic ulcers, mortality remains
elevated twofold for up to 6 years compared to the
general population [89–91]. Much of this long-term
increase in mortality is related to comorbidity, par-
ticularly cancer and cardiovascular disease [91], and
up to 50 % is due to smoking-related diseases [89].
As discussed earlier this suggests that upper gastroin-

testinal bleeding might itself be a marker for sicker
patients with more comorbidity.

Variceal hemorrhage

The inpatient mortality of variceal hemorrhage
remains on average higher than that of nonvariceal
bleeding with large studies suggesting a mortality of
11–40 % [92,93]. Estimates of short-term mortality
are generally limited by small sample sizes; however,
studies with more than 1000 patients show a persis-
tently higher mortality than for nonvariceal hemor-
rhage that is reducing over time (Table 16.5). Most
deaths occur within the first 2 weeks [59]. Variceal
bleeding is itself recognized as a prognostic indicator
of the progression of cirrhosis [94]. The outcomes fol-
lowing variceal bleeding are generally related to the
underlying severity of cirrhosis as demonstrated by
the fact that general prognostic scores for cirrhosis,
such as MELD or Child-Pugh, are useful predictors
of mortality and rebleeding following variceal hemor-
rhage [95–97].

Healthcare costs

Healthcare costs vary between countries, but upper
gastrointestinal bleeding is a consistently large con-
sumer of them. Nonvariceal hemorrhage is asso-
ciated with a median length of stay of 4–5 days
[2,6,98] and variceal hemorrhage 7–9 days [2,99].
Using the National Inpatient Sample from the United
States (restricted to patients who survived to dis-
charge), the costs for an uncomplicated nonvariceal
bleed were US$3402, and when associated with com-
plications US$5632 [100]. For variceal hemorrhage
the costs were US$6612 and US$23,207, respec-
tively. However, within the USA a higher propor-
tion of upper gastrointestinal hemorrhage admis-
sions are managed in an ITU setting [101]. In con-
trast, lower estimates were derived from Canada
for nonvariceal hemorrhage at $1883, and these
costs increased with age and decreased with previ-
ous history of peptic ulcer disease. In Ireland the
average cost for a nonvariceal hemorrhage admis-
sion is €2537; however, interestingly 75 % of the
expenditure is on patients with a Rockall score ≤3
[102]. Overal costs, based upon the incidence fig-
ures quoted above, suggest an expenditure of between
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Table 16.5 Thirty-day or inhospital mortality for nonvariceal upper gastrointestinal hemorrhage reported from
population-based studies with n � 1000

Year Country Size
NVGIB in patient
mortality (28 day)

1993–2003 [9] Canada 95,905 4 %∗

1993 [76] England 4486 14 %
1999–2007 [2] England 501,471 15–13 %
1996 [113] France 2133 14 %
2005 [117] France 1665 11 %
1996 2000 [118] France 1165 12–7 %
1996–2007 [4] Israel 12,074 8–7 %∗∗

1993–2000 [7] Netherlands 1582 14–13 %
1997 [53] Scotland 1882 7 %
2004 [6] USA (Medicare) 5617 (5 % stratified sample) 8 %∗∗∗

1998–2006 [3] USA (NIS) N/A (20 % stratified sample) 4–3 %
1999–2007 [54] Wales 24,421 10 %
1983–2004 [8] Italy 1126 16–9 %

∗Excluded melena; gastrointestinal bleeding, unspecified; hemorrhage of esophagus.
∗∗Excluded hematemesis; melena; nonspecific GI bleeding.
∗∗∗Excluded melena; nonspecific GI bleeding.

US$170,000 and US$563,000 per annum per 100,000
population in the United States.

Multiple choice questions

1 The incidence of nonvariceal upper gastrointestinal
hemorrhage in large recent population-based studies is

A Increasing rapidly
B 50 per 10,000 per annum
C 50 to 100 per 1000,000 per annum
D Declining rapidly
E 50 to 100 per 100,000 per annum

2 Mortality rates from nonvariceal gastrointestinal
hemorrhage are

A Very low
B Rapidly rising
C About 25 % in most series currently
D Little changed over four decades
E Less than 2 % for hospitalized cases

3 Important predictors of mortality from nonvariceal
gastrointestinal hemorrhage include

A Age
B Hemoglobin concentration at admission

C Gender
D A low resting pulse
E Only liver disease among comorbidities

4 Regarding variceal hemorrhage
A Its incidence is increasing rapidly due to the
increase in cirrhosis
B Costs are less per admission than nonvariceal
hemorrhage
C Case fatality continues to increase over time
D Patients are older than nonvariceal hemorrhage
patients
E Outcomes can be predicted from the severity of
the underlying cirrhosis

5 Variation in incidence and mortality estimates
worldwide

A Is increased when the age of the study popula-
tions is adjusted for
B Is affected by length of stay if only inpatient
deaths are recorded
C Is unaffected by different national and regional
management strategies
D Can all be explained by random error
E Shows evidence of selection bias in population-
based studies
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Polo F. [Upper digestive tract hemorrhage in the Peru-
vian Andes: report of 115 cases observed in Huaraz.]
Rev Gastroenterol Perú 1996;16(2):99–104.
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Key points
� Celiac disease (CD) is a global health problem.
� At present, “nonclassical” or screen-detected
cases of CD are the most frequent clinical pre-
sentations of the disease.
� Often greatly delayed diagnosis results in
many years of symptoms that could have been
improved by treatment of CD.
� Greater knowledge of CD epidemiology may
aid in the early diagnosis of CD.

Clinical summary

Celiac disease (CD) is defined as a permanent
intolerance to ingested gluten (the storage protein
components of wheat, barley, and rye) that damages
the small intestine by inducing crypt hyperplasia
and villous atrophy; and which resolves or at least
improves with removal of gluten from the diet [1]. CD
results from the interaction between the environment
(gluten intake) and genetic susceptibility, such as the
presence of human leukocyte antigens (HLA) haplo-
types DQ2 or DQ8, which drives an immune response
in the gut. The inflammation and perpetuation of
the immune-mediated process is induced by tissue
transglutaminase-mediated gliadin deamidation

(resulting in enhanced antigen presentation) and
complex interactions between the enterocyte,
cytokines, and inflammatory cells (principally T-cell
lymphocytes).

Clinical features vary by type of presentation
(classical vs. nonclassical), severity (mild vs. severe),
and patient age at diagnosis (child vs. adult). The con-
stellation of symptoms and signs includes steatorrhea,
weight loss or failure to thrive, as well as less-specific
gastrointestinal complaints – such as bloating,
abdominal pain, diarrhea, constipation, flatulence,
secondary lactose intolerance, and dyspepsia – and
nongastrointestinal complaints – such as fatigue,
depression, arthralgias, osteomalacia or osteoporosis,
abnormal liver function tests, and iron-deficiency
anemia. Furthermore, CD can be “asymptomatic”.
Thus, a high index of suspicion is necessary to estab-
lish the diagnosis in a wide variety of conditions and
settings [2].

The detection of CD most often begins with sero-
logic testing (detection of CD-specific antibodies)
[3,4]. Confirmation of the disease requires demon-
stration of intestinal lesions on duodenal biopsies and
ultimately a positive objective response to a gluten-free
diet (GFD). In selected cases, HLA genotyping may
provide adjunctive information, especially in patients
who do not respond to a gluten-free diet or in patients
where histologic or serologic determination has been
rendered insensitive by prior treatment with a gluten-
free diet.
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Figure 17.1 Concept of the celiac disease “iceberg.”

The absence of the susceptibility-associated geno-
type has a high negative predictive value. Empiric
treatment with a GFD is not recommended and ren-
ders most of the other tests inaccurate [5]. In most
cases, a presumptive diagnosis can be made when
serology and histology are both consistent with the
ultimate proof occurring with the measurable objec-
tive response to a GFD.

Disease definition

Wide clinical presentation in CD has been likened to
the iceberg model of disease (Figure 17.1). The tip
of the iceberg represents the most obvious part of
the clinical spectrum (classic malabsorption). If the
patient’s symptoms are characteristic of the malab-
sorption syndrome (diarrhea, steatorrhea, weight loss,
fatigue) then the adjective “classical” is used. There is
also “nonclassical” CD, these adjectives being applied
when patients have nonspecific symptoms such as
abdominal discomfort, bloating, indigestion or non-
gastrointestinal manifestations.

The definitely submerged portion of the iceberg
consists of “silent” patients who are clinically asymp-
tomatic (but have histologic evidence of CD if biop-
sied). Finally, there is an additional group of patients
who are genetically susceptible to CD, but without
symptoms or histologic evidence of CD. Some of
these will ultimately go on to develop CD (latent CD)
[5]. Such individuals are typically identified by repeat
testing those with persistently positive autoantibodies,
patients with dermatitis herpetiformis who initially
have a normal small intestine biopsy, or asymptomatic
family members of individuals with CD. Unfortu-

nately, most cases with CD remain undiagnosed below
the waterline.

Prevalence and incidence

CD is common in Western countries including North
America. Data from the US population demonstrated
an estimated prevalence of 0.8 % [6]. However, this
figure may underestimate the true prevalence of CD
due to lack of testing in all those with nonclassical
or asymptomatic or latent CD. Indeed, more recent
estimates using sequential serologic testing in a North
American population suggest a prevalence of CD of
1 % in Caucasians [7,8]. The total prevalence (clini-
cally diagnosed and unrecognized cases) of CD was
1.8 % in a population-based study in Sweden that
used parallel serology and histopathology for detec-
tion of CD [9].The total prevalence of CD was 2 % in
a Finland population in 2000–2001 [10]. The preva-
lence of CD in a select group of subjects born during a
well-described Swedish celiac epidemic had risen from
1 % at the age of 2 years to slightly less than 3 % by
12 years of age [11].

Other reported prevalence studies (mainly based on
serologic testing) indicate that CD could be a common
disease around the world, suggesting that it may be a
global health problem (Table 17.1).

The incidence of CD varies internationally. In
several countries, there has been a significant increase
in the overall incidence and, hence, prevalence of CD.
However, this change has not been uniform across the
age spectra. In the United Kingdom and the Republic
of Ireland, although childhood CD reached epidemic
proportions in the late 1960s and early 1970s, a
substantial decrease in childhood CD was observed in
the latter half of the 1970s. This decrease was ascribed
to a public health campaign to delay the introduction
of solids and to encourage breastfeeding in newborns.
Sweden also had a dramatic increase in CD incidence
in childhood through the 1980s (200–240 cases per
100,000 person-years) and into the 1990s followed by
an equally abrupt decline in incidence of symptomatic
CD (50–60 cases per 100,000 person-years) after
1995 [12]. This decrease was attributed to a change in
public policy whereby the quantity of gluten in infant
foodstuffs was reduced and a national recommenda-
tion was made to encourage breastfeeding during the
period when gluten-containing foods are introduced
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Table 17.1 Prevalence of CD in different countries based on selected serologic studies

Country Type of study Antibodies tested Intestinal biopsy Positive/tested Prevalence/1000

Algeria [13] PB EMA No 56/959 57
Tunisia[14] BD EMA, tTG Yes 2/1418 1.4
USA [15] BD AGA, EMA No 8/2000 4
England [16] PB EMA, tTG No 87/7527 10
Brazil [17] BD AGA, EMA Yes 3/2045 1.4
Italy [18] PB EMA Yes 17/3483 5
Israel [19] BD AGA, tTG, EMA Yes 10/1571 6.3
Argentina [20] PB AGA, EMA Yes 12/2000 6
Finland [21] PB tTG, EMA Yes 27/3654 7.3
The Netherlands [22] BD EMA Yes 3/1000 3
Egypt [23] PB tTG, EMA Yes 8/1500 5
Mexico [24] BD tTG No 27/1009 27
India [25] PB tTG Yes 14/4347 3
Iran [26] PB tTG, EMA Yes 9/2799∗ 3

BD, blood donors; PB, population-based study; EMA, anti-endomysium antibodies; AGA, antigliadin antibodies;
tTG, anti-tissue transglutaminase antibodies.
∗Nine individuals had positive tTG or EMA and Marsh score II–III.

into the diet. In contrast, the overall annual incidence
of CD in North America has shown a gradual
increase. A study from Olmsted County showed that
the incidence was 0.9 per 100,000 in 1950–1989, 3.3
per 100,000 in the 1990s, and 9.1 per 100,000 in
2000 and 2001 [27]. Serology prompted biopsy in a
substantial proportion of recently diagnosed subjects
suggesting that the increase in this population was
due in part to an increased detection rate arising from
increased physician awareness of the disorder and
thus higher rates of screening for CD, although a true
increase in incidence may have also occurred [27].
The prevalence of CD doubled in Finland over two
decades and quadruplicated in the United States over
a 50-year period [7,10]. These changes in prevalence
cannot be attributed to better detection rate alone.
This phenomenon could be present in other countries;
for example, a national prospective study in the
Netherlands showed a significant continual increase
in reported incidence of CD (0.1–0.4/1000 live births
from 1975 to 1990, to 0.81/1000 live births for 1993
to 2000) [28]. The reasons underlying the observed
increasing incidence (and prevalence) of CD will
require further study but are likely environmental and
multifactorial. Thus higher incidence of CD is due
to a true increase and along with increased testing

for CD has driven the dramatic increase in case
detection.

Risk factors for disease

Gender

Females predominate in clinically detected cases (by
about 2:1) [29–32]. Interestingly, a high male pre-
ponderance (3:1) was found among the new cases of
CD in members of nuclear families with two affected
children [33], while the female-to-male ratio among
patients with positive CD serology but normal small
intestinal mucosa was 3:2 [34]. In population screen-
ing studies there is closer to parity. Additionally, in a
US cohort of biopsy-proven adult patients with CD,
men show indirect evidence of greater malabsorption
than females and have female-predominant associated
autoimmune diseases [35].

Geography

CD is present in every continent although the preva-
lence may vary across countries [36]. The extent of CD
mirrors the coincidence of consumption of wheat and
a high frequency of the genetic susceptibility genotype
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DQ2. Ironically, wheat cultivation started in the fertile
crescent (a historical region in the Middle East related
to the origins of agriculture) wherein Caucasians also
originated, and the areas of the world that have the
highest prevalence of the CD susceptibility genotype
have relied on wheat and similar grains as major sta-
ples to enable population growth and civilization.

Socioeconomic factors

There appears to be little association between CD and
specific socioeconomic factors. CD may be associated
with more severe nutritional consequences in develop-
ing countries, as exemplified by lower height-for-age
and hemoglobin levels among CD-affected Saharawi
children [37]. It has been suggested that socioeco-
nomic factors may modify the risk of CD; specifically,
lower economic status and consequent inferior
hygiene environment may decrease the risk of CD
[38]. However, extensive evidence of high prevalence
of CD in several developing countries argues against
the “hygiene hypothesis” as sole explanation for
the observed differences in prevalence of CD among
countries.

Familial aggregation/genetics

CD occurs commonly in families. In a population-
based study, the prevalence of CD was 11 % among
first-degree relatives of biopsy-proven CD cases, sib-
lings had the greatest risk [39]. The risk is much higher
in relatives of affected sibling pairs (17 %) [33,40],
monozygotic twins (75 %), and HLA-identical sib-
lings (40 %) [41] These clinical studies strongly sup-
port the role of genetics in CD pathogenesis.

The inheritance pattern is complex and determined
by the effects of several genes and the environment.
CD is strongly associated with the HLA class II genes
DQA1∗05, DQB1∗02 that encode the molecule DQ2,
and less frequently DQAI∗0301, DQB1∗0302 that
encode DQ8. Such is the strength of the association
that these HLA haplotypes are virtually essential for
the disease to occur and they are a valuable tool for
diagnosis in selected cases [42]. Furthermore, homozy-
gosity for the DQB1∗0201 allele has been associated
with a more severe form of CD characterized by total
villous atrophy on small bowel biopsy, younger age
of disease onset, more severe diarrhea, and a lower
level of blood hemoglobin at the time of diagnosis

[43]. This allele has also been associated with a slower
recovery of villous atrophy after commencing a GFD
[43]. Other non-HLA genes have been reported to be
associated with CD and can improve identification of
high-risk individuals [44].

However, despite the fact that the majority of family
members will carry the at-risk HLA haplotype, far
fewer of these will actually develop the disease. This
indicates that genes other than HLA, or environmental
factors have a major effect on causation of the disease
in family members. This has important implications
for HLA testing in suspected CD. Few of those with
positive HLA have CD [45], and HLA-testing should
only be used to rule out CD (high negative predictive
value).

Other diseases

Several other diseases are associated with a high preva-
lence of CD (Table 17.2).

CD is strongly associated with type 1 diabetes mel-
litus [46–48], thyroid disease [49], Addison’s disease
[50], osteopenic bone disease [51–53], and Down syn-
drome [54]; but also with less common conditions
such as autoimmune heart disease [55–57]. The preva-
lence of CD among osteoporotic individuals (3.4 %)
is higher than that among nonosteoporotic individu-
als (0.2 %) [58]. Furthermore, female patients aged
�50 years with CD demonstrated a higher risk of

Table 17.2 Associated conditions and consequences of CD
(partial list)

Associated conditions Consequences

Isolated
hypertransaminasemia

Hyposplenism

Autoimmune thyroiditis Arthralgia or arthropathy
Microscopic colitides Ataxia
Autoimmune hepatitis Dental enamel hypoplasia
IgA deficiency Folate or iron deficiency

anemia
Psoriasis Recurrent pancreatitis
Primary biliary cirrhosis Oral aphthous ulcers
Dermatitis herpetiformis Lymphoma
Down syndrome Osteoporosis
Type 1 diabetes mellitus Bone fractures
Turner syndrome Vitamin deficiencies
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fracture [59]. Excess fracture risk in CD has been
confirmed in population-based studies [51,60]. Thus,
active investigation and management of bone disease
is advisable in CD.

Natural history and mortality

The natural history of CD recognizes that, at certain
points in time, the disease is not associated with clin-
ical manifestations. There may be a long latent phase
followed by a “silent” phase. At some point, intestinal
and/or extraintestinal symptoms develop and the diag-
nosis is made by demonstrating the villous atrophy
[61,62] and strongly positive anti-tissue transglutam-
inase (tTG) and anti-endomysial IgA autoantibod-
ies[63]. Celiac disease is a chronic disease and one that
will persist unless treated. Many patients may remain
undiagnosed and the ultimate outcome in these
individuals remains unknown.

The Denver studies have followed a birth cohort of
individuals who had HLA typing performed at birth.
Using tTG antibodies, this cohort was followed on a
yearly basis up to the age of 7 years. One percent of
these children, most of whom had the at-risk HLA
haplotype, developed evidence of CD [64], but most
of these had minimal or no symptoms. This is consis-
tent with the theory that CD starts in the first decade,
although the majority of patients are not diagnosed
until later (Figure 17.2). There is emerging evidence
that loss of tolerance may occur at any age by finding
“de novo” adult-onset CD in individuals with a prior
seronegative study [65,66]. In Finland, the preva-
lence of biopsy-proven CD increased from 2.13 % to
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Figure 17.2 Natural history of CD.

2.34 % within 3 years in individuals over 55 years
of age, 5 new cases were found among previously
seronegative subjects [65]. Nine previously seroneg-
ative subjects had evidence of CD 15 years after orig-
inal testing for CD in an American population (CLUE
cohort). The prevalence of CD increased twofold in
the CLUE cohort over a 15-year period [66].

In 2009, a Swedish cohort study of some 46,000
patients undergoing small intestinal biopsy with var-
ious degrees of histopathologic changes, showed an
increased risk of death in CD [67]. This risk was sim-
ilar in patients with Marsh 3 and individuals with
Marsh 0 but positive CD-related antibodies ( + 30–
40 % increased risk of death in both groups), while
excess mortality was more than 70 % in individuals
with Marsh 2 (inflammation) [67]. One potential rea-
son for the higher relative risk of death in patients with
Marsh 2 rather than Marsh 3 may be that patients
with Marsh 2 have traditionally not been assigned a
gluten-free diet.

The absolute mortality rate was 10.4 (95 % CI
10.0–10.8) per 1000 person-years in CD with an
excess mortality of 2.9 per 1000 person-years.
Importantly, the excess risk decreased with follow-up
after biopsy, but nevertheless remained almost 30 %
increased even 5 years after CD diagnosis [67].
The most common causes of death in patients with
diagnosed CD were cardiovascular disease and cancer
[67].

Enteropathy-associated T-cell lymphoma (EATL) is
a rare form of high-grade, T-cell non-Hodgkin lym-
phoma of the upper small intestine that is specif-
ically associated with CD [68–70]. EATL is a rare
neoplasm and a wide variety of other most common
histologic subtypes of lymphoma have been associ-
ated to CD [71]. Refractory celiac disease, a rare but
severe complication of CD characterized by persis-
tent or recurrent symptoms despite strict adherence
to GFD, is associated with a greatly increased mor-
tality risk especially when a T-cell clone is present in
the intestine (refractory celiac disease Type II) [72].
Simultaneously the lower body mass index in patients
with CD, may protect against breast cancer in women
with CD [31,73,74].

Studies of mortality in undetected CD (hence
untreated) compared with the general population give
contradictory results, suggesting either increased all-
cause mortality risk [7,75] or similar risk compared
with the general population [8,76–78]. The possibility
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of increased mortality risk of undetected CD affecting
young adults is worrisome [7].

Excess mortality may be especially high in patients
with malabsorption syndromes [79]. It is unclear if
patients with minor symptoms or identified through
antibody screening are at increased risk of dying than
the general population [79].

Both Swedish and British population-based data
study demonstrate that the increased risk of malig-
nancy (other than lymphoproliferative disease) is pri-
marily in the first year after diagnosis [31,80]. Ade-
nocarcinoma of the small intestine, nasopharyngeal,
melanoma and esophageal cancer are also more com-
mon in patients with CD than the general population
[81,82]. The risk of most GI cancers are only increased
in the first year after CD diagnosis, and it cannot be
ruled out that this increase is due to ascertainment
bias [82].

Fatal pneumococcal septicemia has been reported
in celiac patients with hyposplenism, and prophylac-
tic vaccination may be appropriate in this clinical sce-
nario [83]. Also tuberculosis [84] and influenza [85]
may be more common in patients with CD.

Disability and quality of life

As a chronic condition, symptomatic CD impairs
health-related quality of life. Before treatment onset,
63 % of patients report that their perceived quality of
life is less than good (“bad” or “fair”) [86]. Several
studies have shown that quality of life improves after
treatment with a GFD [87,88]. Longstanding clinical
experience reports that a GFD will generally result in
a dramatic improvement in what are often severe GI
symptoms, including symptoms other than the typical
ones of diarrhea, steatorrhea, and weight loss [89]. It
would be expected that such improvement in symp-
toms could result in improved quality of life. How-
ever, because (i) the disease is chronic and (ii) the
treatment is lifelong, the rather restrictive GFD may
have negative effects on quality of life. Careful stud-
ies, incorporating patients who have minimal or no
GI symptoms at the onset of treatment, need to be
performed to identify the degree of ultimate benefit
for overall quality of life of the early detection and
treatment of asymptomatic CD.

Adherence to a GFD for at least 1 year causes
82 % of classic CD patients to consider that they

reached a “well” or “very well” feeling of wellbe-
ing as assessed by a modified version of the Zung
Self-Related Depression Scale [87]. A Finnish study
demonstrated that after 1 year of following a GFD,
quality of life for patients with screen-detected CD
significantly improved as measured by a generic qual-
ity of life questionnaire (Psychological General Well-
Being Questionnaire) [88]. In a Spanish population,
it was found that CD impaired the perceived health
of affected individuals, and that their health improved
when on a GFD reaching levels comparable with the
general population, as assessed by administering two
generic health-related quality of life questionnaires:
EuroQol-5D and Gastrointestinal Quality of Life [90].
Another study found that, using the SF-36, adherence
to a GFD causes patients to perceive a health-related
quality of life comparable to that of the general pop-
ulation [91]. Patients with untreated CD also suffer
from fatigue [92], and this will affect their quality of
life negatively. It cannot be ruled out that the lower
quality of life contributes to the small excess risk of
suicide in CD [93].

It must be noted that no CD-specific quality-of-life
measure exists to date, and that this remains an open
area for development and research.

Economics of celiac disease

While it is self-evident that long delays of the diagno-
sis of CD may result in several years of suffering for
symptomatic patients and that following a GFD can
be expensive, there has been very little to address the
health-related cost of care in CD. Two studies have
shown a reduction in cost of health care that results
from the diagnosis of CD [94,95]. Healthcare costs
were greater in the years before the diagnosis of CD
as compared to age- and gender-matched controls in
the same community [95].

Prevention

Protective factors, such as breastfeeding and delayed
introduction of large amounts of gluten into the infant
diet, seem to reduce the likelihood of developing
CD at an early age. In Sweden, the prevalence of
symptomatic CD (clinically detected) declined after
a national change in infant feeding recommendations
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was proposed in 1996: a slow introduction to gluten
during weaning was stressed, and the recommenda-
tion was to maintain breast-feeding during the period
when smaller quantities of gluten are introduced into
the diet, beginning at the age of 4 months instead
of the introduction of larger amounts of gluten at the
age of 6 months. However, no difference was found in
undiagnosed CD between the screened children born
before and after 1996. Thus, a slow introduction of
gluten in infancy could protect some children against
developing symptomatic CD, but it may not protect
them from subclinical or silent forms of this disease
in childhood [96]. At the same time another Swedish
study prospectively collecting dietary data on breast-
feeding duration found no association with future
childhood CD [97]. A large European CD research
study (PreventCD) is underway to find new strategies
for the prevention of CD [98].

Serologic testing in high-risk populations, such as
type 1 diabetics, could be a good approach for early
detection of the disease [99]. However, the optimal
screening and management strategy for CD in chil-
dren with type 1 diabetes mellitus is unknown [100].
Although screening for CD was widely accepted in a
general population from Wyoming during an annual
health fair [101], the benefits and limitations of a mass
screening program and treatment of asymptomatic
patients require further study. Mass screening would
need to be carefully evaluated in terms of advantages,
caveats, risk, and cost before it is ready for introduc-
tion into routine practice.

Issues and gaps in epidemiology

There are several notable issues and unresolved ques-
tions in the epidemiology of CD. These include:
� What are the benefits and drawbacks of screen-
ing high-risk populations for CD? Are screen-detected
individuals at the same risk of complications as
patients detected through symptoms?
� Which populations are not affected by CD (Asians
etc.)? Who do we not need to test?!
� What is the clinical significance of CD detected by
mass screening?
� Why is the prevalence of undiagnosed CD changing
in the developed world and the developing world?
� What are the most appropriate CD-specific quality-
of-life measures?

� Are there benefits for an individual with undiag-
nosed celiac disease? (Patients with diagnosed CD
seem to be at a lower risk of breast cancer.)
� What environmental factors other than infant feed-
ing influence the development of CD?
� Does CD always develop in infant age (then remain-
ing undiagnosed until testing), or can it develop in later
age?

Recommendations for future studies

Much remains unknown about the natural history
of undiagnosed and, hence, untreated CD. Studies
that could address this topic, possibly examining his-
torical cohorts from patients with silent CD who
were not treated or patients in whom the diagnosis
could be established retrospectively in stored sera, may
give some helpful insights into the natural history of
untreated CD. Inherent in this evaluation of outcome
of untreated disease is the possibility that in some cir-
cumstances, such as societies where excess calories are
a major cause of morbidity, it may be reasonable to
consider the potential positive effects of subtle mal-
absorption on cardiovascular risk, especially because
research in this area is contradictory (increased risk of
cardiovascular disease [67,102,103]; lower risk of car-
diovascular disease [104]). It is imperative to under-
stand the benefits and limitations of mass screening
for CD because most patients with CD remain unde-
tected for years using the current diagnostic strategies
(e.g. case finding).

Conclusions

Over the last decade, the epidemiology of CD has
changed because of the emergence of a new generation
of serologic tools, permitting a better understanding
of the true incidence and prevalence of CD around
the world. It has also become apparent that CD can
have many faces on presentation, so clinicians must
be familiar with all of them in order to obtain an early
diagnosis of the disease before complications appear
or become irreversible. As a global health problem
that may affect millions around the world, CD war-
rants additional study to allow better detection of dis-
ease, as well as better prevention of the development
of disease and its complications.
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The Mayo Foundation retains copyright on all orig-
inal artwork.

Multiple choice questions

1 What is the prevalence of celiac disease in Western
Europe and North America?

A 1
B 10 %
C 0.1 %

2 Which of the following is likely to increase the risk
of celiac disease?

A High alcohol consumption
B Poor socioeconomic status
C Short breastfeeding

3 Which of the following statements are correct?
A Genetics play an important role suggesting that
first-degree relatives should be tested for celiac
disease
B All celiac patients have diarrhea at onset
C IgE against oats is a fundamental part of celiac
disease investigation
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Key points
� Research using administrative databases, clin-
ical registries, and electronic health record
(EHR) databases can complement randomized
controlled trials in providing real-life outcome
data for enhancing quality.
� While administrative databases play a central
role in epidemiologic evaluation because of their
wide availability, low cost, easy accessibility of
data, and ability to measure large samples of
the population, their usefulness for measuring
quality is limited.
� Clinical registries are designed for both
research and quality improvement, but signifi-
cant investment is required for data collection
and quality control.
� EHR databases can collect all the data needed
for outcome research and quality assessment,
but are subject to the same caveats as using any
large databases.
� Given the various limitations, these databases
should only be viewed as hypothesis-generating
tools.

Introduction

Gastrointestinal (GI) endoscopy has become a widely
available and routine technique for the screening,
diagnosis, and management of a variety of GI con-
ditions. The demand for colonoscopy has greatly
increased in North America and worldwide over the
past decade, largely in response to national colorec-
tal cancer (CRC) screening programs. In the United
States, an estimated 17 million lower GI procedures
(colonoscopy and flexible sigmoidoscopy) are per-
formed annually [1]. The safety and effectiveness of
colonoscopy depend critically on the quality of exam-
ination, and there is increasing evidence to suggest
that the quality of colonoscopy varies. For example,
cecal intubation rates vary substantially from 59 % to
98 % [2]. Miss rates were estimated to be 2–6 % for
CRC [2–5], and 2–26 % for polyps [4,6–8]. Despite
having evidence-based guidelines, colonoscopies are
frequently performed earlier than suggested [9–15].
These wide variations in practice underscore the
importance of improving the quality of colonoscopy
for enhancing the safety and cost-effectiveness of the
examination.

In 2002, the US Multi-Society Task Force
on Colorectal Cancer (MSTF-CRC) published
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recommendations to improve the quality of
colonoscopy [16] with key quality indicators for
use in the continuous quality improvement (CQI)
process for colonoscopy [17–19]. Suggested quality
indicators include preprocedural, intraprocedural,
and postprocedural metrics (Table 18.1). These indi-

Table 18.1 Colonoscopy quality indicators (adapted from
[17–19])

1 Appropriate indication
2 Informed consent
3 History and physical examination recorded
4 Risk stratification employed and documented
5 Sedation plan
6 Anticoagulants recorded
7 Team pre-procedure pause
8 Patient monitoring employed and documented
9 Medications are documented
10 Reversal agent used
11 Use of recommended postpolypectomy and post-cancer
resection surveillance intervals
12 Use of recommended ulcerative colitis/Crohn’s disease
surveillance intervals
13 Documentation of bowel preparation quality
14 Cecal intubation rates (documentation of cecal
landmarks with photo documentation)
15 Adenoma detection rate in asymptomatic individuals
16 Withdrawal time: mean withdrawal time should be
>6 min in colonoscopies with normal results
17 Biopsy specimens obtained in patients with chronic
diarrhea
18 Appropriate number and distribution of biopsy samples
in ulcerative colitis and Crohn’s colitis surveillance.
approximately 32 specimens per case of pancolitis
19 Mucosally based pedunculated polyps and sessile
polyps <2 cm in size are endoscopically resected or
documentation of unresectability is provided
20 Discharge criteria employed
21 Written procedure specific discharge instructions are
provided
22 Plan for post-procedure resumption of anticoagulants
provided
23 Procedure report complete
24 Pathology reviewed and communicated
25 Communication with referring provider(s)
26 Incidence of perforation by procedure type
27 Incidence of postpolypectomy bleeding
28 Postpolypectomy bleeding managed nonoperatively
29 Patient satisfaction surveyed

cators, however, should be considered as surrogate
markers that may correlate with the only true clinically
relevant endpoint in colonoscopy screening – CRC
incidence and mortality. Nevertheless, accurate, com-
plete, and standardized reporting of all these quality
indicators within and across practices is essential for
the CQI process of colonoscopy and benchmarking of
quality-of-care outcomes. To facilitate measuring and
monitoring of these quality indicators, the Quality
Assurance Task Force of the National Colorectal Can-
cer Roundtable (NCCRT) developed a standardized
Colonoscopy Reporting and Data System (CO-RADS)
[20]. The primary goals of this reporting system were
twofold: (i) to improve communication of test results
and coordination of care by ensuring appropriate
documentation of endoscopic findings and recommen-
dations; and (ii) to provide endoscopists with a CQI
tool to routinely monitor quality indicators in their
practice and benchmark their performance against
aggregate data from other physicians or groups. Qual-
ity improvement measures can then be instituted using
these data.

With increasing emphasis placed on measurement
of quality and patient-centered outcomes for medical
procedures including endoscopy, there is a growing
interest in collecting real-life effectiveness data. While
randomized controlled trials (RCTs) are the “gold
standard” for establishing efficacy, they are not a
panacea to answer all clinical questions. By operating
in a tightly controlled environment with strict inclu-
sion and exclusion criteria, RCTs can only measure
efficacy in limited populations. As such, they cannot
provide a true indication of effectiveness in real-world
settings. Furthermore, in many situations, RCTs are
not feasible because of practical, legal, or ethical rea-
sons. Therefore, real-life effectiveness data obtained
by other methods, such as databases, surveys, chart
reviews, cohort studies, and pragmatic clinical tri-
als, are often used. Databases, in particular, can be
very powerful tools for outcomes research and quality
improvement.

The purpose of this chapter is to explore the use of
databases in assessing the effectiveness and quality of
endoscopy, look for current examples of their use, and
consider the strengths and limitations of each. Specifi-
cally, data sources for quality assessment in endoscopy
including administrative databases, clinical registries,
and electronic health records (EHRs) that capture clin-
ical data at the point-of-care will be reviewed.
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Administrative databases

Administrative databases, also called claims data, are
computerized records of encounters that are used to
support the routine administration of healthcare pro-
grams by recording billing activities or healthcare uti-
lization. These data are often compiled by government
agencies or third-party payers responsible for funding
health care. Core data elements usually include demo-
graphic variables, diagnosis codes (e.g. International
Classification of Diseases, Ninth Revision, Clinical
Modification [ICD-9-CM]) and procedure codes
(e.g. Current Procedure Terminology, [CPT-4]).

Strengths and limitations

Administrative data can be used for assessing the
effectiveness of interventions in real-world settings.
Recent examples in endoscopy have included the use
of a national American database, the Nationwide
Inpatient Sample (NIS). The NIS includes inpatient
discharge data collected via federal–state partnerships,
as part of the Agency for Healthcare Research and
Quality’s Healthcare Cost and Utilization Project. As
of the year 2009, the NIS totaled administrative data
on approximately 8 million hospital stays each year
from 1050 hospitals within 40 states, approximating
20 % of community hospitals within the United
States, including public hospitals and academic
medical centers. It is the sole hospital database in the
United States with charge information on all patients
regardless of payer, including persons covered by
Medicare, Medicaid, private insurance, and the unin-
sured. Groups have used this database to demonstrate
a weekend effect on mortality with regards to the use
of endoscopy and patients presenting with upper GI
bleeding [21]. The advantages of using such databases
for outcomes research are their availability, low cost,
easy accessibility of data in electronic formats, and
ability to measure large samples of the population
over a broad geography. On the other hand, there are
many limitations of administrative data which could
potentially compromise their validity and reliability
for research and quality assessment. First, because the
data are maintained primarily for administrative and
financial purposes, they are often limited in clinical
details to inform quality assessment. In fact, most
administrative databases explicitly aim to collect

the minimum amount of information required to
perform the relevant function [22]. Second, diagnosis
(ICD-9-CM) and procedure (CPT-4) codes are often
used to identify patient populations and as surrogates
for clinical outcomes, but are infrequently validated
[23]. When administrative data are used to identify
target populations of interest, studies have shown fair
specificity, but low sensitivity [24–27]. In a recent such
example by Wyse et al., the authors collected data
on 689 patients who underwent colonoscopy during
the study period. The sensitivity of physician claims
for polypectomy in the administrative database was
84.7 % (95 % confidence interval (CI) 78.6–89.4 %),
the specificity was 99.0 % (95 % CI 97.5–99.6 %),
concordance was 95.1 % (95 % CI 93.1–96.5 %),
and the kappa value was 0.87 (95 % CI 0.83–0.91)
[28]. Conversely, when quality assessment is based on
administrative data alone, under-detection of quality
indicators has been reported [28–31]. This could be
because the algorithms for the identification of target
populations or clinical outcomes depend on the accu-
racy and completeness of coding. Unfortunately, cod-
ing inaccuracy can occur due to administrative errors,
imprecise or ambiguous definitions, or financial
incentives to “upcode” conditions to maximize reim-
bursement. Therefore, validation of administrative
data by comparison with other data sources (e.g. med-
ical charts, clinical registries, self-reported surveys) is
an important prerequisite for the use of claims-based
data. Third, the timing of diagnoses may be impossible
to ascertain. Being able to distinguish between a con-
dition that arises during treatment (a complication)
and a pre-existing condition that was present before
treatment (comorbidity) is essential for assessing the
quality of care.

Using administrative data for assessing colonoscopy
outcomes and quality: population-based studies

A series of population-based studies on screening
colonoscopy conducted in Canada highlight some of
the strengths and limitations of using administra-
tive databases [5,32–35]. In a study that assessed
colonoscopy completion rate and factors associated
with incomplete procedure in Ontario, administrative
databases were used to identify average risk screening
individuals who underwent colonoscopy [35]. Patient,
endoscopist and setting factors were evaluated for

198



MEASURING UTIL IZATION OF ENDOSCOPY IN CLINICAL PRACTICE

their association with incomplete colonoscopy. Of the
331,608 individuals who had a colonoscopy, 43,483
(13.1 %) were incomplete [35]. This is greater than
the quality targets of ≤10 % for all colonoscopies and
≤5 % for screening colonoscopies set by the MSTF-
CRC [16]. The analysis also found that increased
patient age (OR 1.20 per 10-year increment; 95 % CI
1.19–1.22), female sex (OR 1.35; 95 % CI 1.30–1.39),
and having the procedure done in a private office (OR
3.57; 95 % CI 2.55–4.98) were factors strongly asso-
ciated with incomplete colonoscopy [35]. In another
study, the pooled rates of colonoscopy-related bleed-
ing and perforation were found to be 1.64/1000 and
0.85/1000, respectively [33]. These rates were within
the target of ≤1/1000 for all colonoscopies set by the
MSTF-CRC [16]. However, older age, male sex, hav-
ing a polypectomy, and having the colonoscopy per-
formed by low-volume endoscopists were associated
with increased odds of these complications [33]. In
another study, the rate of new or missed CRC after
colonoscopy was found to be between 2 % and 6 %,
depending on the site of the cancer [5]. The analy-
sis also identified right-sided or transverse CRC as
one of the risk factors for new or missed CRC [5].
Concerns were, therefore, raised about the lower pro-
tective effects of screening colonoscopy for right-sided
CRC compared to left-sided CRC.

Because such type of information can only be deter-
mined from large unselected cohorts, these studies
thus provide important insights about the quality of
colonoscopy in usual clinical practice. Indeed, the
major strength of these studies is the use of large-scale
population-based cohorts because they more accu-
rately reflect usual practice than cohorts from single
centers. However, the results must be interpreted in
light of the strengths and limitations related to the use
of administrative databases. First, the procedure codes
have not been validated in those settings (although
they have elsewhere, such as in Quebec) [28], and
coding errors may have resulted in misclassification.
It is possible that some procedures coded as complete
were in fact incomplete. Therefore, the completion
rate could have been overestimated. This may also
be one of the reasons why colonoscopy appeared to
be less protective for right-sided CRC. Second, the
indications for colonoscopy were unknown. Although
inclusion and exclusion criteria were used to approxi-
mate screening colonoscopy cohorts, the investigators

could not distinguish screening from diagnostic
colonoscopies based on the limited clinical informa-
tion. If rectal bleeding was a common indication, the
likelihood of finding a left-sided lesion would be pre-
sumably higher. This in turn may lead to an apparent
stronger protective effect of colonoscopy for left-sided
CRC. Third, the investigators were not able to eval-
uate additional clinical factors such as comorbid ill-
nesses, medication use (e.g. aspirin, nonsteroidal anti-
inflammatory agents, warfarin), and quality of bowel
preparation – factors that could be associated with
the outcomes of interest. Quality of bowel prepara-
tion, in particular, can have a significant impact on
the completion rate and may explain the lower pro-
tective effects of colonoscopy for right-sided CRC.

Clinical registries

Clinical registries are databases of specific clinical con-
ditions, procedures, therapies, or populations. They
are set up to efficiently monitor patterns of care
and progression of disease, evaluate effectiveness and
safety, and improve outcomes and quality in real-
world settings. Detailed but selected information on
clinically important events is systematically captured
from clinical records, and entered into computer
databases in a structured manner on an ongoing basis.
Such registries not only allow clinicians to efficiently
monitor and treat patients with specific conditions,
but also expedite the identification of potential par-
ticipants for research studies. In addition, the data
can facilitate effectiveness research. Important obser-
vations of associations can be generated and utilized
as basis for prospective studies. By continuously cap-
turing data, registries have the potential to identify
variations in practice and drive quality improvement
by creating a continuous feedback loop.

Strengths and limitations

Clinical registries are ideal for assessing effectiveness
and quality of interventions in real-world settings.
They can enhance knowledge of clinical service pat-
terns, processes and patient outcomes and can capture
valuable, real-time patient data that are not present in
administrative databases. Data derived from clinical
registries are also devoid of many of the limitations of
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Figure 18.1 RUGBE participating sites. Image courtesy of Dr Alan Barkun.

administrative data. However, significant investment
is required for setting up and organizing the registry,
collecting the data and instituting quality control
measures. There are also many potential limitations
of registry data that can threaten their internal and
external validity. These include accuracy and com-
pleteness of data. Also, ambiguous data definitions can
lead to variability in data interpretation and misclassi-
fication. To assure data quality, all registry personnel
should be trained in a standardized fashion for data
abstraction, validation and verification. Range and
consistency checks as well as external validation of
data using alternative sources are required for quality
control. Because selection bias can arise with selected
or incomplete patient sampling, explicit inclusion and
inclusion criteria and sampling rules are required to
ensure accurate representation of the targeted popula-
tion in the registry. Finally, unmeasured confounding
factors may still be present despite comprehensive
and detailed data collection, which in turn can lead
to erroneous conclusions. Hence, any demonstrated
associations based on observational data should only
be considered exploratory and require prospective
confirmation.

Using clinical registry for assessing effectiveness of
interventions: the Canadian registry on nonvariceal
upper GI bleeding undergoing endoscopy (RUGBE)

The Canadian Registry on Nonvariceal Upper GI
Bleeding undergoing Endoscopy (RUGBE) initiative
demonstrates how observational data from a national
clinical registry can be useful adjuncts to RCTs in
determining whether efficacy under controlled con-
ditions in representative centers would translate into
effective treatment in routine practice (Figure 18.1).
The RUGBE is a multicenter retrospective registry that
collected descriptive data on 1869 randomly selected
patients with nonvariceal upper gastrointestinal bleed-
ing (NVUGIB) managed at 12 Canadian university-
affiliated and 6 community centers between 1999
and 2002 [36]. Extensive information was collected
for each patient including demographics, past medi-
cal history, medication intake, physical examination
findings, laboratory values, resuscitative efforts, endo-
scopic diagnosis and treatment, management, and
outcomes.

The RUGBE registry data provided important infor-
mation about the management and outcomes of
patients with NVUGIB in real-world settings. As
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shown previously in RCTs, the RUGBE data con-
firmed that both endoscopic therapy and PPI use
decreased rebleeding in patients with high-risk stig-
mata [37,38]. The data also suggested a mortality
benefit attributable to endoscopy in this subgroup as
reported by previous meta-analyses [38]. In addition,
the data provided some new findings. First, acute use
of PPI use was associated with decreased rebleeding
in all patients regardless of endoscopic stigmata (OR:
0.53; 95 % CI 0.37–0.77) [36]. The reasons for this
may include adequate statistical power to demonstrate
a small but significant benefit in low-risk patients.
Alternatively, high-risk stigmata may have been incor-
rectly diagnosed as low risk (ascertainment bias). Sec-
ond, PPI use (OR: 0.18; 95 % CI 0.04–0.80) was
independently associated with decreased mortality in
patients with high-risk stigmata [36]. In fact, the mor-
tality benefit with PPI use was supported at the time
only by observed trends from smaller randomized tri-
als, but was later confirmed by a large Cochrane sys-
tematic review [39]. Over the years, this database has
been used to drive many prospective studies and clin-
ical trials, as well as inform nonvariceal upper GI
bleeding patient care with issues such as early dis-
charge, process-related factors, and the predictive role
of inhospital onset of bleeding or that of the presenting
INR, and the development of international guidelines
on the management of NVUGIB [36,40–45].

Using clinical registry for assessing quality of
interventions: the GI Quality Improvement
Consortium (GIQuIC) and the Global Rating
Scale (GRS)

A key agenda for health systems worldwide is the
improvement of safety and quality of health care
provided to patients. As a result, a high priority has
been placed on measuring quality and using those
measurements to promote improvements in the deliv-
ery of care, to influence payment for services, and to
increase transparency [46]. Clinical registries provide
one of the most accurate and efficient means for mea-
suring quality, particularly for measuring outcomes
of endoscopy. There are now many national quality
improvement programs and benchmarking initiatives
around the world. For example, the GI Quality
Improvement Consortium (GIQuIC) was established
by the American College of Gastroenterology (ACG)
and the American Society for Gastrointestinal

Endoscopy (ASGE) to support quality improvement
efforts by creating a national GI endoscopy data
repository of quality measures. GIQuIC collects qual-
ity indicators electronically that have been abstracted
either manually or electronically, and provides bench-
marking reports to participating physicians and facil-
ities to support their quality improvement initiatives.
The data can also be used for conducting outcomes
research and quality initiatives. The colonoscopy mo-
dule with 84 quality indicators was launched in July
2010. It is anticipated that modules for endoscopy,
endoscopic retrograde cholangiopancreatography
(ERCP) and endoscopic ultrasound (EUS) procedures
will be available soon. The results of documented
performance improvement and quality participation
could set the stage for improved reimbursements
through Medicare and other third-party payers. In the
United Kingdom, a patient-centered quality assurance
program known as the Global Rating Scale (GRS) was
developed in 2004 to provide an assessment of the
quality of endoscopy services and to guide improve-
ment efforts [47]. Use of the GRS is facilitated by a
dedicated website for data entry of quality measures.
Acceptance of the GRS in the UK has been high, and
improvements in quality and reductions in waiting
times have been achieved [47]. It is important to note
that such scales may need to be adapted for a given
country, such as the case for the GRS in Canada [48].

Electronic health record databases

Electronic health record (EHR) databases are
computer-based health records that are used to docu-
ment all clinical activities related to endoscopy. They
are designed primarily to support clinical care by
recording endoscopic findings, storing images, and
generating reports. Unfortunately, many stand-alone
reporting systems suffer from poor accessibility of
data for research and limited abilities for extracting
or exporting data. A structured and comprehensive
electronic endoscopic database, however, can poten-
tially be used for research and quality improvement.

Using electronic health record databases for
assessing outcomes and quality of interventions:
the Clinical Outcomes Research Initiative (CORI)

The Clinical Outcomes Research Initiative (CORI)
experience is an example of how a national
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multicenter electronic database may be used to
advance the quality of patient care and facilitate
outcomes research. Under the auspices of the ASGE,
the CORI database was established in 1995 to study
utilization and outcomes of endoscopy in a wide
variety of practice settings distributed throughout the
United States. The practice sites include community or
private practices (80 %), academic centers (10 %), and
Veterans Affairs (VA) medical centers (10 %) [49].
All participating sites must use a structured, comput-
erized endoscopic report generator to complete all
endoscopic reports and comply with quality control
requirements. Based on guidelines from the ASGE
regarding the standard elements of an endoscopy
report [50,51], data including demographics, comor-
bidity using the American Society of Anesthesiologists
(ASA) classification, indications, sedation, procedure
completeness, endoscopic findings, details of endo-
scopic interventions, and immediate complications
are entered into all procedure reports in a structured
fashion. Encrypted data of each procedure is transmit-
ted electronically from each practice site to a central
data repository – the National Endoscopic Database
(NED). The data are then subjected to a series of com-
puterized quality control measures. After completion
of quality control checks, the data from all sites are
merged in the NED for analysis.

CORI receives about 250,000 endoscopic reports
annually from more than 65 adult and 12 pediatric
practice sites in 24 states with approximately 500 par-
ticipating physicians (representing approximately 1 %
of all endoscopies performed nationally in Medicare
patients) [52,53]. To date, CORI is the largest national
clinical data repository for GI endoscopy in the USA
with close to two million reports. The database has
been validated, and the data derived have been shown
to provide a representative picture of endoscopic prac-
tice patterns in the United States [53].

CORI has been a valuable resource for promoting
endoscopic clinical research with the goal of measur-
ing utilization and outcomes to improve the prac-
tice of endoscopy. Historically, most research stud-
ies are conducted in academic or tertiary care centers
which limit the generalizability of their findings to
broader populations. The obvious strength of CORI is
that it is representative of real-world practice patterns
across a wide variety of practice settings throughout
the United States [53]. For these reasons, the CORI

Table 18.2 Research goals of CORI

� Perform descriptive analyses of endoscopic utilization,
frequency and severity of endoscopic findings, endoscopic
treatment and medical management.

� Observe the natural history of chronic GI diseases for
which endoscopic surveillance is used.

� Determine the success and effectiveness of endoscopic
therapies

� Determine the impact of endoscopic diagnosis and
therapies on patient outcomes, such as morbidity,
mortality, quality of life, functional status, and healthcare
utilization.

� Evaluate the frequency of endoscopic complications, and
risk factors for complications.

� Prospectively monitor the results of new endoscopic
innovations.

� Assess the validation of quality indicators by studying the
relationship between specific indicators and key
endoscopic endpoints.

� Identify subjects for prospective research projects.

Source: Adapted from http://www.cori.org.

database not only provides a unique opportunity to
study and monitor the epidemiology of GI diseases,
but also provides essential data to characterize exist-
ing and evolving endoscopic practice patterns to allow
benchmarking of quality-of-care outcomes. Research
goals of CORI include analyses of practice over time to
identify areas for quality improvement, and to develop
interventions to improve quality (Table 18.2). As of
2011, these analyses have resulted in publications of
61 manuscripts in peer-reviewed journals covering a
wide range of endoscopic topics [49,53–100]. These
include studies of: (i) variations in trends and endo-
scopic practice patterns, (ii) effectiveness and safety of
interventions, (iii) appropriateness of procedures, and
(iv) quality indicators for endoscopic procedures. As
an example of how CORI database can be used for
outcome research and quality improvement, we will
examine the utilization of screening and surveillance
colonoscopy. Examples of other endoscopic databases
that have led to determinations of utilization or facil-
itated quality improvement initiatives can also be
found using adaptations of commercially available
software [101,102].
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CORI: Identifying variations in trends and
endoscopic practice patterns
Studies that have evaluated colonoscopy practice
trends in the United States have shown a signifi-
cant rise in the utilization of colonoscopy over time
largely because of increased rates of CRC screening
[69,86]. Since the introduction of Medicare cover-
age for average-risk screening colonoscopy in 2001,
the proportion of procedures performed for average-
risk screening has increased dramatically from 4.6 %
(before July 2001) to 14.2 % (after July 2001) [69].

Although CRC screening rates have increased over
time, there is evidence that CRC screening still remains
under-utilized [103]. National data on CRC screening
uptake showed that only 47 % of men and 43 % of
women over 50 years of age received CRC screening
[104], although more recent estimates now suggest
that 62.9 % of Americans aged 50–75 years are up to
date with CRC screening, however leaving more than
22 million adults untested [105]. Furthermore, there
still exist significant racial and ethnic disparities in
screening utilization [106]. For example, the CORI
data has shown that Blacks and Hispanics are under-
represented relative to their proportion in the popula-
tion [86]. Notably, asymptomatic screening was per-
formed more commonly in Whites than non-Whites
(36.2 % vs. 34.0 %, P � 0.001), while non-white
patients were more likely to have colonoscopy to eval-
uate symptoms (36.4 % vs. 27.1 %, P � 0.001) [86].
These findings may suggest that non-white patients
do not receive colonoscopy until they develop symp-
toms suggestive of serious pathology. Indeed, poten-
tial precancerous lesions (polyps sized �9 mm) were
found more commonly in Blacks than Whites (7.7 %
vs. 6.2 %, P � 0.001) with greater disparities seen
in black women (OR 1.62; 95 % CI 1.39–1.89) than
in black men (OR 1.16; 95 % CI 1.01–1.32) [87].
Similarly, Blacks undergoing screening colonoscopy
were found to have higher odds of tumors (OR 1.78;
95 % CI 1.14–2.77) and proximal tumors than Whites
(OR 4.37; 95 % CI 1.16–16.42) [107]. The reasons
for higher incidence rates of precancerous and can-
cerous lesions in Blacks are unclear; however, genet-
ics, dietary and nutritional factors, physical inac-
tivity, smoking, and under-utilization of screening
colonoscopy have been most commonly implicated
[85,87,108,109]. Apart from black race, multivariate
analysis also suggested that increasing age and male

gender were associated with increased risk of mass
or polyps �9 mm [85]. In other studies, individuals
older than 60 years, female sex, and patients with
a family history of CRC were more likely to have
proximal lesions [87,93]. The clinical implications
of these results would therefore push for complete
colonoscopy particularly for these patients because of
the proximal pathology.

These various examples illustrate how the CORI
database can provide data on incidence, prevalence,
and demographic factors that may yield clues to the
etiology of disease or help identify associations and
risk factors not previously known. Also, by exam-
ining the variation in existing and evolving practice
patterns, these data can help identify potential gaps in
clinical practice that can be utilized to guide decision
making and target resources and policies to popula-
tions that would benefit the most.

CORI: Assessing the effectiveness and safety
of interventions
Concurrent with the rise in the utilization of
colonoscopy, detection of significant colonic lesions
(masses and polyps greater than 9 mm) has declined
from 4.9 % (before July 2001) to 3.8 % (after July
2001) [69]. There was also a sharp decline in the endo-
scopic diagnosis of CRC from 109.9 (98.3–122.8)
to 72.2 (67.4–77.2) per 1000 colonoscopies between
2000 and 2003 [55]. These findings likely reflect a
general increase in public awareness of CRC screening
due to celebrity endorsement [57] and various promo-
tional campaigns as well as an expansion of Medicare
coverage. Additionally, these results may also support
the therapeutic benefit of polypectomy in reducing the
risk of CRC development. It is reassuring to note that
the risk of serious complications after screening and
surveillance colonoscopy was found to be low, with
an incidence of perforations of 0.19 per 1000 exam-
inations and GI bleeding requiring hospitalization in
1.59 per 1000 examinations [77]. Overall, screening
colonoscopy appears to be a safe and effective inter-
vention in real-world settings.

There are no RCTs of screening colonoscopy.
Although several case-control studies have demon-
strated the benefits of CRC screening [110–112],
few studies have examined the effectiveness of CRC
screening as it is used in real-world settings. Based on
the association between the utilization of colonoscopy
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and CRC diagnosis, the CORI data suggests that
screening colonoscopy may effectively and safely
reduce the incidence of CRC. Additional recent obser-
vational data from other groups appear to confirm
this finding although the effectiveness of colonoscopy
in improving the prognosis from right-sided colonic
neoplasias remains controversial [111,113,114]. It is
important to remember that observational data can-
not prove causality due to possible unmeasured con-
founding factors, and these results should therefore be
interpreted with caution and should only be used to
supplement RCTs.

CORI: Assessing the appropriateness
of procedures
The US Preventative Services Task Force and many
existing clinical practice guidelines strongly recom-
mend routine CRC screening for individuals aged
�/=50 years as an effective strategy for reducing CRC
incidence and mortality [115–119]. Despite these rec-
ommendations and Medicare coverage, rates of CRC
screening remain low [103,120]. Nevertheless, there
is evidence to suggest both under- and over-utilization
of colonoscopy in clinical practice. For example, anal-
ysis of the CORI data found that patients less than
50 years of age accounted for 20 % of colonoscopy
procedures performed [86]. Appropriate indications
were present in only 35 % of examinations in these
patients (positive family history of CRC, surveillance
of polyps/CRC, surveillance or evaluation of inflam-
matory of bowel disease, anemia or iron deficiency)
[86]. In the remaining patients less than 50 years of
age (65 %), the procedure indications may be contro-
versial [86]. Specifically, colonoscopy was often per-
formed for irritable bowel symptoms (23.8 %), hema-
tochezia (33.6 %), or average risk screening (12.8 %),
for which benefits are uncertain in younger patients
[86]. Overall, surveillance after polypectomy and can-
cer resection was the most common indication for
colonoscopy in clinical practice, accounting for 24 %
of all procedures [83].

To date, there have been no RCTs examining
the incremental benefits of surveillance examina-
tions after initial screening colonoscopy with polypec-
tomy. According to microsimulation modeling of
the US National Polyp Study data, initial polypec-
tomy as opposed to subsequent surveillance examina-
tions accounted for 80 % of the mortality reduction
resulting from colonoscopy [121,122]. Additionally,

population-based case-control studies have indicated
low risks for CRC to at least 5 years after polypec-
tomy [123] and to beyond 10 years after a negative
initial colonoscopy [124]. Consequently, recent guide-
lines have extended surveillance intervals based on risk
stratification for recurrent advanced adenomas. Yet,
poor adherence to these guidelines continues to be a
major barrier for cost-effective CRC prevention strate-
gies [10–12]. Indeed, survey studies based on physi-
cians’ self-reported practice patterns have suggested
that postpolypectomy surveillance is often done inap-
propriately at more frequent intervals than guidelines
recommend [9,13–15], a pattern which has been con-
firmed in clinical studies as well [10–12].

Analysis of the CORI data, therefore, suggested a
potential pattern of over-utilization of colonoscopy
which could expose patients to unnecessary risks with-
out providing benefits and divert scarce resources that
could be used for more cost-effective CRC prevention
strategies. These examples illustrate how the CORI
database can provide data on the appropriateness of
resource utilization that may lead to further studies
to measure optimal use of endoscopic procedures
and provide a basis for aligning resources with more
cost-effective practice. In the case of CRC screening
and surveillance, reductions in over-utilization in
low-risk populations can free up resources to improve
the under-utilization of cancer screening in high-risk
populations.

CORI: Monitoring quality indicators for
endoscopic procedures
The CORI database highlights some possible ways in
which a computerized reporting software may be used
to measure and improve quality. As most of the qual-
ity indicators proposed in CO-RADS are captured by
the CORI software [20], analysis of the CORI data
can provide a snapshot of colonoscopy quality across
practices. In a study on the quality of colonoscopy
reporting, the CORI database was queried to deter-
mine if specific quality indicators were recorded in
the procedure reports [52]. In addition, quality indi-
cators for the technical performance of colonoscopy,
including cecal intubation rates, polyp detection rates
and unplanned interventions for adverse events were
compared within and among practices in the CORI
consortium [52]. Of the 438,521 reports analyzed,
13.9 % did not include bowel preparation quality,
and cecal landmarks were not recorded in 14 % of
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reports [52]. Without these key elements in the report,
it would be impossible to determine the adequacy of
the examination. Also, polyp descriptors (size, mor-
phology) were not recorded in 4.9 % and 14.7 % of
reports [52]. This information is especially impor-
tant for determining surveillance intervals for repeat
colonoscopy. Inadequate reporting may in turn lead
to unnecessary repeated examinations. Overall, the
CORI data demonstrated significant variation in qual-
ity of colonoscopy reports across diverse practices
even with the use of a structured reporting system.

In terms of technical performance of colonoscopy,
analysis of the CORI data revealed that the cecal
intubation rate was 96.3 % when this was intended
[52]. Among average-risk individuals, the detection
rate of polyp (�9 mm) adjusted for age, gender, and
race, was between 4 % and 10 % in 81 % of prac-
tices [52]. These results were generally consistent with
other clinical studies in which the detection rates of
advanced neoplasia, defined by polyp size (≥10 mm)
or histology (villous or high-grade dysplasia), were
reported to be between 4 % and 10 % [125–128].
In this study, polyp �9 mm was used as a surro-
gate endpoint for advanced neoplasm [52]. This end-
point was validated by a previous CORI study which
demonstrated that a polyp �9 mm harbored an esti-
mated 82 % chance of being an adenoma and a 30.6 %
chance of having advanced histology [82]. Reporting
of unplanned interventions for adverse events during
the procedure varied from 0 % to 6.5 % [52]. These
differences among sites may be because of true vari-
ation in adverse-event rates or may reflect different
reporting thresholds [52].

The CORI project demonstrated how measurement
of quality can be facilitated by using a computerized
reporting system. Endoscopists using a database like
CORI can measure and monitor their practice to
determine if quality improves. In addition, CORI
can produce aggregate data from multiple sites for
benchmarking purposes. Discovery of quality or
lack of quality can result in hypothesis and promote
quality improvement measures. The hypothesis that
performance can improve by measuring and monitor-
ing quality indicators was tested in a prospective study
in which the impact of feedback on three key perfor-
mance indicators: cecal intubation rate, insertion time,
and withdrawal time, was assessed [129]. In this study,
anonymous feedback was provided to all endoscopists
by emails every 3 months. Individual endoscopists can

also compare their performance with the aggregate
data. Following the introduction of feedback, there
was a relative decline of 19 % in incomplete proce-
dures, while median insertion times declined from
10.6 mins to 9.5 mins (P = 0.02) without any effect
on median withdrawal times. These findings support
the utility of feedback in enhancing colonoscopy
performance.

Strengths and limitations of CORI

The main advantage of using EHR databases such as
CORI for research and quality measurement is the
easy accessibility of comprehensive data in electronic
formats. The databases can also be customized to cap-
ture structured data to answer any research questions.
By providing more than one way of triangulating the
data, EHR databases have been shown to be more
accurate in identifying target population than admin-
istrative databases [130,131]. Although the CORI
database facilitates large-scale observational studies
leading to an improved understanding of endoscopic
practice patterns and patient outcomes, there are sev-
eral notable limitations that are inherent in this type
of database. Similar to other EHR systems, missing or
incomplete data (except for mandatory data fields)
represents a limitation of CORI. Furthermore, the
data are only as accurate as the data provided by the
endoscopists. For example, clinical and demographic
data are entered at the discretion of the endoscopists
and therefore may be subject to misclassification bias.
In particular, information pertaining to race/ethnicity
is often based on the endoscopist’s impression rather
than the patient’s history. The recorded indications
may also be highly susceptible to misclassification
bias. This is due to the fact that endoscopists may
be more likely to enter an indication that is more
acceptable for third-party reimbursement. The most
important limitation of CORI is the lack of detailed
clinical information of patients such as specific comor-
bidities, patient characteristics, medication use, prior
diagnostic tests or treatments. As well, follow-up
of patients and assessment of complications may be
incomplete. In the case of surveillance colonoscopy,
data on the pathology of the baseline lesions or ade-
quacy of prior exams are not recorded in CORI.
These are factors which could strongly influence
the decision on surveillance and screening intervals.
Additionally, endoscopic findings are often based on

205



CHAPTER 18

subjective interpretation rather than objective confir-
mation by histopathology data. Hence, studies often
resort to the use of surrogate endpoints (e.g. key per-
formance indicators, polyp size) based on the assump-
tion that they correlate with clinically relevant out-
comes. The CORI system attempts to standardize
endoscopic reports with controlled terminology, but
does allow for unstructured free-text entry. As a result,
some useful information may be locked in free-text
and could be difficult to extract for analysis. There are
also no explicit definitions for some of the variables in
the database (e.g. bowel preparation quality). Finally,
although the CORI consortium was designed to repre-
sent the diverse practice settings in the United States,
the possibility of selection bias cannot be excluded.
Physicians who participate in the CORI consortium
are comfortable using an electronic endoscopic report-
ing system, and are likely to be highly motivated clin-
icians interested in improving quality and efficiency
of patient care. Based on national survey studies, it is
evident that EHR systems have only been adopted by
a small minority of US physicians [132–135]. Thus,
the CORI consortium may not be truly representative
of the “average” endoscopic practice in the United
States.

In summary, the use of CORI data is subject to
the same caveats as for conducting research by using
any large databases. While observational studies may
provide a powerful alternative for outcome research,
especially in situations where large RCTs may not be
a feasible option, it is important to remember that
observational data cannot prove cause-and-effect rela-
tionships. Investigators must be cautious that any pro-
posed associations may be due to confounding vari-
ables that are not captured in the database. RCTs
remain the gold standard for evaluating the effects of
any interventions or treatment strategies. There have
been many instances whereby the results of large RCTs
not only failed to confirm findings of observational
studies, but in some cases refuted them [136].

Conclusions

Administrative databases, clinical registries and EHR
databases are important tools for clinical outcomes
research and quality improvement initiatives. While
RCTs remain the accepted gold standard for deter-
mining the efficacy of interventions, they are costly

and cannot provide information about the effec-
tiveness and quality of interventions in real-world
settings. Research using administrative databases,
clinical registries and EHR databases can complement
RCTs in providing outcome data for enhancing qual-
ity. Administrative databases play a central role in
epidemiologic evaluation because of their wide avail-
ability, low cost, easy accessibility of data, and ability
to measure large samples of the population. However,
their usefulness for measuring quality of care is limited
due to lack of clinical details and coding inaccuracy.
Clinical registries are designed for both research and
quality improvement, but significant investment is
required for data collection and quality control. EHR
databases can be customized to collect all the data
needed for outcome research and quality assessment,
but are subject to the same caveats as for conducting
research by using any large databases including quality
of data, lack of clinical details, and use of unstruc-
tured free-text. Given these various limitations,
investigators should view these databases only as
hypothesis-generating tools that can: (i) stimulate fur-
ther investigations with prospective studies; (ii) con-
firm findings of RCTs; and (iii) assess implementation
and dissemination of evidence in real-world settings.
In the future, integration of clinical registries with
EHR systems and linking of clinical registries with
administrative databases may provide tremendous
opportunities for research and quality improvement.

Multiple choice questions

1 Administrative databases include the following data
elements except:

A Diagnosis codes
B Procedure codes
C Demographic variables
D Comorbid illnesses
E Admission and discharge dates

2 Clinical registries are ideal for assessing effective-
ness and quality of interventions in real-world settings
because they:

A Allow clinicians to efficiently monitor and treat
patients with specific conditions
B Expedite the identification of potential partici-
pants for research studies
C Facilitate effectiveness research
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D Identify variations in practice and drive qual-
ity improvement by creating a continuous feedback
loop
E All of the above

3 The following is NOT a limitation of electronic
health record databases:

A Coding inaccuracy
B Missing or incomplete data
C Lack of detailed clinical information
D Data inaccuracy
E Information may be locked in free-text and could
be difficult to extract for analysis
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Key points
� Worldwide, colorectal cancer is the third most
common cancer, with an increasing number of
cases diagnosed in both developed and develop-
ing countries.
� Risk factors which markedly increase the risk
for developing colorectal cancer include fam-
ily history of colorectal cancer, certain inherited
syndromes, prior personal history of colorectal
cancer, and inflammatory bowel disease. How-
ever, less than 30 % of individuals developing
colorectal cancer have any of these very high
risk factors.
� There are several well-established modali-
ties for colorectal cancer screening. A more
widespread use of these modalities should lead
to reduction in incidence and mortality due to
this disease.
� There is an urgency to improve detection and
screening for right colonic colorectal cancer, as
all of the current colon cancer screening modal-
ities have lower effectiveness in reducing risk of
right-sided colorectal cancer.

Epidemiology of colorectal cancer (CRC)

Worldwide, CRC is the third most common cancer,
following lung and breast cancers. In 2008, CRC was
responsible for 1.2 million out of 12.7 million new
cancer cases that occurred that year. Worldwide, it is
the fourth most common cause of death from cancer,
accounting for 608,000 deaths or 8 % of all cancer
deaths in 2008 [1]. CRC continues to be a disease of
the developed world where it remains the second most
common cause of cancer-related deaths (Figure 19.1).
However, the age-standardized CRC incidence and
mortality rates have been declining in most developed
countries over the last two decades, with the most
marked changes occurring in the United States (USA)
[2]. On the other hand, the CRC incidence rates have
been rising in developing countries [3]. With aging of
the population, the actual number of individuals diag-
nosed with CRC is expected to continue to increase
even in developed countries [4].

An interesting change in the colonic site localiza-
tion of CRC has been reported by several studies –
a higher proportion of CRC now occur in the proxi-
mal or right part of the colon, than was the case a few
decades ago. This has implications for CRC screening,
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Figure 19.1 Estimated age-standardized
incidence and mortality rates for
colorectal cancer, 2008. Source: Ferlay
et al. 2010 [1]. Reproduced with
permission of John Wiley & Sons.

as all modalities of screening for CRC have a lower
effectiveness for detecting and preventing right-sided
CRC [5]. As a result, currently there is an enormous
interest in enhancing the detection and prevention of
right-sided CRC.

Etiopathogenesis of CRC

Over 95 % of CRCs are adenocarcinomas, which
arise from the normal epithelium lining the colonic
mucosa. The development of most colonic adenocarci-
nomas is thought to involve the intermediate precursor
lesions of adenomatous polyps (adenoma-carcinoma
sequence). The adenomatous polyps, which are fur-
ther down this transformation pathway, are known
as advanced adenomas or advanced neoplasia (AN)
and are typically defined as adenomatous polyps larger
than 1 cm in size or ones with villous histology or high-

grade dysplasia. Multiple sequential genetic changes
are accumulated and drive this transformation. As per
the Vogelstein model proposed in 1990, the molecu-
lar basis of CRC is a multistep process in which each
genetic change leads to a growth advantage in the
modified cells.

Recently, an alternate pathway called serrated
polyp pathway has been recognized in which the pre-
cursor lesions are believed to be serrated polyps [6].
Morphologically, adenomatous and serrated polyps
are distinct, with adenomatous polyps characterized
by their dysplastic changes and serrated polyps by
their architectural alterations. It has been hypothe-
sized that some of the serrated polyps may have more
rapid growth and could be responsible for a large
proportion of CRCs that are diagnosed soon after
colonoscopy (interval CRCs) [6]. On colonoscopy,
some of the serrated polyps (sessile serrated polyps
(SSPs)) are flatter lesions, often with an overlying
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mucus plug that might conceal them so that these
lesions may be overlooked by endoscopists. A higher
proportion of SSPs occurs in the right side of the colon,
and a higher proportion of interval CRCs occurs in the
right colon.

In terms of the involved molecular pathways,
there are at least three distinct molecular pathways
to CRC [6]. The chromosomal instability pathway
is driven by mutational changes in oncogenes and
tumor suppressor genes, the microsatellite insta-
bility pathway by mutations in one of the DNA
mismatch repair genes and the epigenetic pathway
by hypermethylation-induced silencing of tumor
suppressor-like genes and/or DNA mismatch repair
genes. The mutations can be inherited or acquired
and underlie the inherited CRC syndromes and
sporadic CRC cases, respectively. Identification of
specific mutations in the cancer cells shed into the
fecal specimens is the basis of the fecal DNA tests, an
emerging method of CRC screening.

Clinical manifestations

Most symptoms, including bowel habit changes and
abdominal pain, have poor sensitivity and specificity
for CRC. Although dark red rectal bleeding and the
presence of palpable abdominal mass may have the
highest specificity, less than 15 % of individuals with
CRC present with these symptoms [7]. The lack of
sensitive symptoms is one of the rationales for screen-
ing asymptomatic individuals for CRC. According to
recent guidelines from the British Society of Gastroen-
terology [8], all individuals (other than menstruating
women) presenting with iron deficiency anemia (and
no significant overt nongastrointestinal blood loss)
should be investigated for gastrointestinal sources of
blood loss, including CRC.

Risk factors

Age and gender

The incidence and mortality rates of CRC rise with
increasing age, with exponential increases starting in
the 50s – over 90 % of CRC are diagnosed in individ-
uals over the age of 50 and the median age at diag-
nosis is in the early 70s [9]. At any particular age in

the developed world, men have a much higher risk of
being diagnosed with CRC compared to women – the
age-standardized incidence rate of CRC in women is
approximately two-thirds that in men [9]. Men also
have a higher prevalence of the high-risk precursor
lesion AN. In a meta-analysis [10] of 17 studies involv-
ing almost 925,000 participants, men were found to
have 83 % greater risk of AN than women, and the
risk was higher at all age groups studied (40–70 or
older). However, women tend to live longer than men.
Hence, the lifetime risk of CRC is very similar in men
and women. In Canada, based on current estimates,
one in 13 men and one in 16 women are expected to
develop CRC in their lifetime, and one in 28 men and
one in 32 women are expected to die from it [9]. This
emphasizes the need for equal attention for prevention
and screening in both genders to reduce the burden of
this disease.

Ethnicity

African Americans in the United States have a 20 %
higher incidence and a 50 % higher mortality due to
CRC [11,12]. They also tend to be diagnosed at an
advanced stage of the disease. The differences in rates
of CRC screening and healthcare utilization are likely
contributing to some of these disparities.

Family history and hereditary syndromes

Family history of CRC is one of the strongest risk
factors for the development of CRC and is present in
as many as 20–30 % of all CRC cases [13]. Approx-
imately 2–5 % of CRC cases occur in the setting
of well-defined inherited syndromes, including Lynch
syndrome (also known as hereditary nonpolyposis
CRC (HNPCC)) (2–4 % of all CRC), familial ade-
nomatous polyposis (FAP) (∼1 % of all CRC), and
MUTYH-associated polyposis (MAP) (�1 % of CRC)
[13]. The lifetime risk of CRC among individuals with
HNPCC is estimated to be 50–80 % and in those with
FAP and intact colon is close to 100 %. Both HNPCC
and FAP are inherited as autosomal dominant condi-
tions, and are associated with a variety of nonintesti-
nal manifestations. FAP is characterized by develop-
ment of multiple adenomatous polyps at a young age,
and HNPCC by rapid development of CRC. For indi-
viduals with HNPCC, screening with colonoscopy is
generally recommended to be initiated by 20–25 years
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of age and repeated every 1–2 years. For those with
FAP, flexible sigmoidoscopy is recommended every 1–
2 years starting at age 10–12 years.

Among the individuals with family history of CRC
(and no known hereditary syndromes), the risk of
CRC starts to increase about a decade earlier than
among those without such history [14]. Therefore,
it is recommended that screening for CRC should
be started a decade earlier among those with a
family history of CRC. However, if only second- and
third-degree relatives are affected, the risk is very
similar to those without a family history of CRC
[15]. The risk increases with increasing number of
family members affected and the younger the age of
those affected with CRC. As an example, the risk
has been estimated to be increased twofold among all
those with one or more affected first-degree relatives.
The specific recommendations for screening among
those with family history of CRC vary in different
jurisdictions. As an example, in North America, it is
recommended that individuals with one first-degree
relative affected with CRC at age less than 60 years
or two or more first-degree relatives with CRC should
be screened with colonoscopy every 5 years starting
at age 40 or when 10 years younger than the youngest
affected person, whichever is earlier [13].

Personal history of colorectal polyps and CRC

Individuals with prior history of AN or CRC are at
a three- to sixfold increased risk of developing addi-
tional AN or CRC [16]. Hence, regular surveillance
colonoscopy at shortened intervals is recommended
for such individuals.

Medical conditions, including inflammatory
bowel disease

Inflammatory bowel disease (IBD) is another strong
risk factor for development of CRC. Although IBD
accounts for only 1–2 % of cases with CRC, individ-
uals with IBD colitis have an approximately sixfold
increased risk of CRC [17]. Risk factors for devel-
opment of CRC among individuals with IBD include
the occurrence of pseudopolyps, coexistence of pri-
mary sclerosing cholangitis, family history of sporadic
CRC, young age at onset of colitis, and extent and
duration of colonic disease. There is no increased risk
among those with inflammation limited to the rectum.

The risk begins to increase approximately 10 years
after the onset of the colitis and has been reported
to be as high as 30 % after 35 years of pancolitis-
colitis involving the entire colon. Regular surveillance
colonoscopies at annual or biannual basis are recom-
mended starting at 8–10 years after the onset of colitis.

Although, individuals with coronary artery disease
and diabetes have been reported to have an up to
twofold increased risk of AN and/or CRC, it has been
suggested that this association may be due to concomi-
tant confounding conditions and/or shared risk factors
such as smoking, obesity, and physical inactivity [18].

Dietary and lifestyle risk factors

There are several dietary and lifestyle risk factors that
have been associated with CRC. These were recently
examined in detail in an excellent review by Chan
and Giovanucci [19]. Western diet consisting of high
intake of red and processed meats, high-fat dairy prod-
ucts, highly refined grains and starches, and sugars has
been related to increased risk of CRC. However, the
role of specific nutritional elements has not been con-
sistently demonstrated, and it is likely that the dietary
pattern as a whole is more important than the individ-
ual components. Although there have been concerns
that food fortification with folic acid (to prevent neu-
ral tube defects) could increase the risk of CRC, sev-
eral recent studies suggest that folic acid administered
at moderate doses (such as by food fortification) does
not increase the risk of CRC [20]. It is still unclear
whether dietary supplementation with calcium and
vitamin D or increased fiber intake could prevent
CRC [21].

Lifestyle factors that have been associated with
increased risk of CRC include cigarette smoking, alco-
hol intake, obesity, and physical inactivity. The evi-
dence is most consistent for smoking and physical
inactivity. In the United States, it has been estimated
that 15–20 % of CRCs could be attributed to smok-
ing. There is an approximately 30- to 40-year time
lag between exposure to cigarette smoking and CRC
detection. One meta-analysis found a significant effect
of dose (38 % increase risk for an increment of 40
cigarettes per day; 51 % increase risk for an incre-
ment of 60 pack-years) and duration (20 % increase
risk for an increment of 40 cigarettes per day) as well
as that of age of initiation (4 % decrease in risk for
each 10-year delay in initiation of smoking) [22].
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Worldwide, it is estimated that physical inactivity
causes about 10–16 % of cases of CRCs [23]. Phys-
ically active individuals have a 20–30 % lower risk
of adenomatous polyps [24] and CRC [25] than less
active individuals. Moderate levels of activity, leisure-
time or occupational activities are all associated with
decreased risk.

The association of obesity with CRC is stronger
among men than among women. Indeed, there are
studies that found no association between body mass
index and risk of CRC among women [26,27], includ-
ing a meta-analysis which corrected for publication
bias [28].

A pooled analysis of 8 cohort studies had found that
more than a moderate amount (≥30 g d−1 or 2 drinks
per day) of alcohol intake increased the risk of CRC
(relative risk (RR) 1.24; 95 % confidence interval (CI)
1.07–1.42) [29]. However, other recent studies have
found a decreased risk of CRC with moderate alcohol
intake [30].

Primary prevention

Primary prevention of CRC aims to reduce the devel-
opment of CRC and relies on the modification of the
dietary and lifestyle risk factors discussed in the pre-
vious section [19]. Since many of these proven and
putative risk factors for CRC are also risk factors for
other diseases, such as coronary artery disease, mod-
ification of these factors would lead to improvement
in overall health.

Another potentially attractive strategy for reducing
CRC incidence and mortality is the use of pharmaceu-
tical agents to prevent CRC development and/or mor-
tality, that is, chemoprevention. The evidence is most
conclusive for use of aspirin and other nonsteroidal
anti-inflammatory drugs and for postmenopausal use
of hormone replacement therapy; however, because of
the potential side effects associated with these agents,
they are not recommended for use in primary preven-
tion of CRC. Several other agents have been explored
including statins, bisphosphonates, angiotensin-
converting enzyme inhibitors, combination of diflu-
oromethylornithine (DFMO), and sulindac.

Secondary prevention: screening

Secondary prevention refers to interventions (e.g.
screening) that aim to detect diseases at their early

stages so as to improve intervention outcomes. Tradi-
tionally, cancer screening aims to reduce the mortality
due to specific cancers. For some cancers, such as CRC
and cervical cancer, screening can also lead to reduc-
tion in the incidence of the cancer through early detec-
tion and removal of the precursor lesions. Colorectal
cancer can be prevented by the detection and removal
of the pre-invasive polyps, and once cancerous, sur-
vival is significantly improved when diagnosis is made
early, while the lesion is still localized [31]. Screening
for both CRC and its adenoma precursors, therefore,
is acknowledged as an effective way to reduce mortal-
ity due to CRC [32].

There are several tests for CRC screening
among average-risk individuals (those without famil-
ial/hereditary risk factors or prior personal history
of CRC, AN, or IBD). The most commonly used
tests can be categorized as fecal specimen-based tests
and structural evaluation of the colon. The former,
which includes fecal occult blood test (FOBT), exam-
ines the stool for evidence of blood or other markers
being shed from CRCs and is used mainly for can-
cer detection. The structural approach is for both
cancer detection and prevention and includes opti-
cal colonoscopy (OC), flexible sigmoidoscopy (FS),
double-contrast barium enema (DCBE), and com-
puted tomography colonography (CTC) [31,32]. Bar-
ium enema may not detect up to half of the large
polyps and hence is no longer widely used for CRC
screening [33].

Many countries have recently instituted organized
national or regional screening programs for CRC
screening among average-risk individuals [34]. In
most countries, less invasive screening methods such
as different versions of FOBT are performed first (usu-
ally on a biannual basis), followed by colonoscopy
in those with positive results on the initial test. On
the other hand, in a few countries such as the United
States, Poland, and Germany, colonoscopy is often the
first-line method used [35]. The United Kingdom is the
first and only country so far to announce a national
FS screening program.

The most commonly used FOBTs can be divided
into hemoccult FOBTs and fecal immunochemical
test (FITs). Hemoccult tests rely on the pseudo-
peroxidase activity of hemoglobin in stool and are
also referred to as guaiac FOBTs (gFOBTs). The
FITs detect human globin, thereby improving test
characteristics.
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There are several advantages for FOBT. It is nonin-
vasive, can be performed in the privacy of a patient’s
own home and has no direct physical side effects.
Its disadvantages include the need for repeat test-
ing (annually or biennially) and limited ability to
detect adenomas, thereby resulting in limited efficacy
in preventing development of CRC. Four large ran-
domized controlled trials (RCTs) evaluated the effi-
cacy of the older version of the guaiac test, Hemoc-
cult II. The results from these tests were pooled in
a Cochrane meta-analysis [36], which suggested that
biennial screening with FOBT may lead to a 15 %
relative reduction in CRC mortality in an intention-
to-treat (ITT) analysis, and a 25 % reduction when
the analyses were adjusted for attendance for screen-
ing. Hemoccult Sensa, a newer version of the gua-
iac test, has improved sensitivity in detecting CRC.
However, it has a higher false-positive rate, and is
less well studied compared to the Hemoccult II. The
accuracy of the newer FOBTs was the subject of a
recent systematic review for the U.S. Preventive Ser-
vices Task Force [37]. The review concluded that
Hemoccult II was less sensitive than FIT for cancer
detection and that FIT had sensitivity similar to, or
less than, that of Hemoccult Sensa. The specificity of
Hemoccult Sensa was reported to be less than that of
FIT, which had specificity similar to that of Hemoc-
cult II. The review noted, however, that there are few
studies directly comparing different FITs with each
other or with regular or high-sensitivity hemoccult
tests (Hemoccult Sensa). There is no direct evidence
on efficacy of Hemoccult Sensa or FITs on preventing
CRC mortality or incidence. However, mathematical
modeling studies, using the test characteristics derived
from one-time performance of these tests, predict that
FITs maybe more cost-effective than endoscopic meth-
ods for screening for CRC.

There are four ongoing RCTs of FS for CRC screen-
ing. Three European trials [38–40] are evaluating
once-in-lifetime FS around the age of 60, and the
fourth, a US trial [41] FS once every 5 years. The ini-
tial results from these trials have established the effi-
cacy of FS in reducing incidence and mortality due to
CRC. For example, the large UK trial, after a median
follow-up of 11.2 years, reported a 31 % reduction in
CRC mortality in ITT analysis and a 43 % reduction
in CRC mortality among those actually having the FS
when adjusted for self-selection bias in the FS group.

The trial also reported a 23 % reduction in incidence
of CRC in ITT analysis and a 33 % CRC incidence
reduction in those having the FS. It is remarkable that
there was not much attenuation in the beneficial effects
of initial FS in the later years of follow-up reported in
this trial so far – a result that is consistent with ear-
lier observational studies that found no attenuation
in effect after follow-up of as long as 10–16 years
after sigmoidoscopy [42,43]. Therefore, more recent
guidelines recommend that individuals with a normal
FS do not need a repeat screening FS for at least 10
years [33], and indeed the UK will be offering once-
in-lifetime FS in its screening program. Of note, in
three of these trials, FS was not reported to have any
significant effect on right-sided CRC.

The efficacy of OC in reducing the incidence and
mortality of CRC has never been proven by RCTs.
However, there is considerable indirect evidence on
effectiveness of OC in reducing CRC incidence and
mortality. For example, there is now RCT-level evi-
dence for efficacy of FS for CRC screening [40,44],
and since OC examines more segments of the colon,
it is reasonable to assume that OC will be shown in
RCTs to be at least as effective as FS, if not more. The
results of OC cohort studies do suggest that an FS-
only screening strategy would fail to detect 21–65 %
of right-sided ANs, which were detected on OC [44].
On the other hand, OC requires greater operator skill
and a more intensive bowel cleansing regimen, and
therefore more manpower resources, than does FS.
OC is also more costly, requires more sedation, and
has a higher attendant risk of complications, including
bleeding, perforation, and death.

Several recent studies have raised questions on
the magnitude of incremental benefit of OC over FS
when colonoscopy is performed in the usual clinical
practice [45–48]. The limited effectiveness of OC in
usual clinical practice for right-sided CRC is likely
due to an interplay of the biology of the tumors and
technical performance of colonoscopy. Lesions in the
right colon are more often endoscopically subtle and
therefore may not be detected by some endoscopists,
especially those who have a lower rate of reaching
the end of the right side of the colon [49]. One of the
most disconcerting new evidence in the area of CRC
screening is the wide variation in performance of OC
by different operators. Irrespective of the initial test,
OC is a vital test for CRC screening, and so there is
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a renewed focus now to improve the performance of
OC in usual practice.

Other less widely used and rapidly emerging tech-
niques for CRC screening include computed tomog-
raphy colonography (also called virtual colonoscopy)
and stool DNA test.

Conclusions

In conclusion, CRC is one of the most common can-
cers with several well-defined risk factors and modal-
ities for screening and early detection. Additional
advances in screening techniques and management
of this disease are expected to lead to further reduc-
tions in disease burden due to this disease. However,
quality assurance and quality enhancement activities
are extremely important to avoid unintended conse-
quences of CRC screening, such as missed lesions and
complications due to the procedures performed.

Multiple choice questions

1 Which of the following measures has the highest
effectiveness in preventing development of right-sided
colon cancer?

A Colonoscopy
B Flexible sigmoidoscopy
C Fecal immunochemical test
D Chemoprevention
E Not known

2 The following have increased risk of colorectal can-
cer, except . . .

A Individuals with inflammatory bowel disease
limited to the rectum
B Individuals on a Western diet
C Individuals who are physically active
D A and C
E None of the above

3 Which statement(s) is/are true regarding the epi-
demiology of colorectal cancer?

A Colorectal cancer is traditionally a disease of the
developed world. As such, its incidence rates have
been rising over the last decade or two in most of
the developed countries

B A higher proportion of colorectal cancers now
occur in the distal part of the colon, as compared
to the colonic site distribution a few decades ago
C Colorectal cancer is traditionally a disease of the
developed world; nevertheless, its incidence rates
have been rising in the developing countries
D A and C
E All of the above

4 Which statement(s) is/are true regarding prevention
of colorectal cancer?

A Primary prevention refers to activities that aim to
detect diseases at their early stages so as to improve
intervention outcomes
B Barium enema is no longer widely used for col-
orectal cancer screening
C Screening is one measure that is in line with pri-
mary prevention
D A and C
E None of the above

5 Which statement(s) is/are true regarding the
etiopathogenesis of colorectal cancer?

A Mutational changes leading to colorectal cancer
are always inherited
B The molecular basis of colorectal cancer is a mul-
tistep process
C Sessile serrated polyps are easier to detect than
the adenomatous polyps and occur more often in
the distal colon, accounting for the higher effective-
ness of screening modalities in detecting left-sided
colorectal cancer
D A and C
E All of the above

6 Which statement(s) is/are true regarding risk factors
for colorectal cancer?

A It is recommended that an individual in North
America having two first-degree relatives with col-
orectal cancer, one of whom was 45 years old
at the time of colorectal cancer diagnosis, should
undergo colonoscopy every 5 years starting at
age 40
B The risk of colorectal cancer is very similar
between individuals without a family history of the
disease versus those who have only second- and
third-degree relatives affected
C The lifetime risk of colorectal cancer is higher in
men than in women
D A and C
E All of the above
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Key points
� About 10 % of the population has IBS at any
one time and about 200 people per 100,000 will
receive an initial diagnosis of IBS over the course
of a year.
� Environmental factors – such as diet, stress,
abuse, and infections – have clear links to IBS
development or exacerbation, yet the patho-
physiology of IBS still remains poorly under-
stood.
� IBS results in significant work absenteeism,
decreased productivity, and impaired health-
related quality of life, and results in high direct
and indirect healthcare costs.

Clinical summary

Irritable bowel syndrome (IBS) is a common and
chronic functional gastrointestinal disorder character-
ized by recurrent abdominal pain or discomfort associ-
ated with altered bowel habits, including symptoms of
diarrhea, constipation, or both. Typically, the abdom-
inal pain or discomfort is associated with a change
in stool consistency (harder or looser) or stool fre-
quency (increased or decreased), and is often relieved
by passage of stool. Other symptoms may include
abdominal bloating or distension, straining, sensation

of incomplete evacuation, or passage of mucus. Sub-
types of IBS exist, based on the predominant symp-
tom: constipation-predominant IBS (C-IBS), diarrhea-
predominant IBS (D-IBS), and mixed IBS (M-IBS).

The exact pathophysiology of IBS remains
unknown, although IBS is considered as a bio-
psychosocial disorder with disturbances of motor
function, heightened visceral sensitivity, and possi-
bly central nervous system disturbances. No diag-
nostic tests are presently available to diagnose IBS,
and symptom- based diagnostic criteria are used to
make the diagnosis. Individuals presenting with typi-
cal symptoms of IBS may not require additional labo-
ratory, radiologic, or endoscopic evaluation, but those
with severe symptoms may warrant additional testing
to rule out other disease. Treatment is usually selected
based on the predominant symptom. For example,
antispasmodics or visceral neuromodulators may be
used for those with significant pain; antidiarrheals
may be used in those with diarrhea; and laxatives
(fiber, osmotic, stimulant) or other prokinetic agents
may be used in those with constipation.

Disease definition

The definition of IBS has evolved over time, from a
diagnosis of exclusion to the symptom- based diagnos-
tic criteria including Manning, Rome I, Rome II, and
Rome III criteria. The Rome I criteria were originally
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based on clinical studies from Bristol (which defined
the Manning criteria) and Germany and were sub-
sequently modified by consensus [1,2]. The Rome II
criteria were subsequently also defined by consensus,
based on the Rome I criteria and the results of factor
analysis studies, which suggested that the previous cri-
teria could be simplified [3]. The most recent version
is the Rome III criteria. By Rome III criteria, IBS is
defined as “recurrent abdominal pain or discomfort,
at least 3 days per month in the last 3 months associ-
ated with 2 or more of the following: (i) improvement
with defecation, (ii) onset associated with a change in
frequency of stool, (iii) onset association with a change
in form (appearance) of stool” [4].

Two points should be made about the disease defi-
nition in IBS. First, because various diagnostic criteria
for IBS have been employed over the last three decades
(Manning criteria [5], Rome 1989 [6], Rome 1990[7],
Rome I (1992) criteria [8], and Rome II (1999) criteria
[9]), the majority of epidemiologic studies are based
on the older criteria rather than the most recent Rome
III criteria and disease burden estimates may vary due
to use of different criteria. Second, although published
diagnostic criteria are increasingly recognized and uti-
lized in clinical practice, there are several studies docu-
menting less than optimal knowledge of the diagnostic
criteria among gastroenterologists and general prac-
titioners [10–12], as well as poor agreement between
diagnostic criteria and physicians [13], suggesting that
many providers make the diagnosis based on clinical
impression alone, incorporating IBS with other func-
tional gastrointestinal disorders. Which disease def-
inition was utilized in a specific study may impact
conclusions [14], thus, any review of epidemiology
literature related to IBS must be cognizant of how IBS
was defined.

Prevalence and incidence

Many population-based surveys have estimated the
prevalence of IBS using the responses of surveys which
record bowel symptoms. The prevalence rates in these
studies have varied between 3 and 22 per hundred
[15–18]. Although this sevenfold difference may rep-
resent true differences in populations, it likely reflects
differences in the IBS definition. The earlier Manning
criteria are more generous and less restrictive than the
recent Rome criteria [19–21]. Higher prevalence rates

are identified using a threshold of two of six Man-
ning criteria [20]. Lower prevalence rates are identi-
fied using more specific criteria, either by increasing
the number of Manning criteria necessary to make the
diagnosis or utilizing the Rome criteria.

In a meta-analysis, Lovell and Ford [22] reported
the pooled prevalence of IBS in the community was
11.2 % (95 % CI 9.85–12.8 %), which was based on
data from 80 separate studies. In addition, they draw
the World map of IBS prevalence (Figure 20.1). How-
ever, this meta-analysis also found significant hetero-
geneity between studies attributed to different defi-
nition, population, response rates, or data collection
methods. The major IBS prevalence studies in Western
countries are summarized in Table 20.1. In addition,
the prevalence of IBS in Asia by the Rome II criteria is
shown in Table 20.2 [23–27].

The incidence of IBS is more difficult to estimate.
From one population study in the United States, which
was based on two surveys sent to a random sample of
the community one year apart, the IBS onset rate was
9 %. However, in another study using physician-based
clinical diagnosis of IBS in the same population, the
incidence rate of clinically diagnosed IBS was much
lower, 196 cases per 100,000 person-years [39]. A
study from Europe showed a similar annual incidence
rate of IBS, about 200 to 300 per 100,000 people [40].

Symptoms may come and go and change over time
[41]. Because studies that utilize physician-originated
clinical diagnoses will not include people who do not
seek care [38], the incidence of IBS from these clinical-
based studies likely is an underestimate of the true inci-
dence. Nonetheless, if only half seek care, the observed
incidence can be doubled to 400 per 100,000 per year
and then multiplied by a 20-year disease duration to
get a prevalence of 12 %, which is in keeping with
the data. Another population-based study conducted
in England and Wales, using first-diagnosis of IBS by
a general practitioner, found an estimated incidence
of 2.6 per 1000 person-years [42].

Risk factors for disease

Age and gender

Based on prevalence data, IBS appears to be more
common in women than men, with up to a 2:1 ratio.
The ratio may increase further when outpatient studies
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Figure 20.1 Prevalence of IBS according to country. Source: Lovell & Ford 2012 [22], figure 1. Reproduced with permission
of American Gastroenterological Association.

are examined; however, it is unclear if the higher ratio
in patients may reflect higher healthcare seeking by
women than men with comparable symptoms. More
interestingly, the female predominance reported in the
West has not been reported in some Asian countries
[32–35]. Notably, a higher prevalence of IBS in males
has been reported in some Asian countries [32,33].

As no real data exists regarding the age-of-onset
of IBS or age-specific incidence, it remains unclear
whether increasing age is associated with increased
or decreased risk of developing IBS. However, the sta-
ble prevalence of IBS across various adult age groups
[15,16,43] suggests that advancing age is not a major
risk factor for IBS.

Geography

IBS is a common disorder around the world, with stud-
ies reporting prevalence rates of 6–22 % in Western
countries and 1–15 % in Asian countries [23,38,44].
Although IBS has been studied in other continents such
as Africa and South America, population-based stud-
ies from these regions are lacking. A recent systematic
review evaluating geographical and ethnic differences
in IBS did not find real differences between countries
in the East and countries in the West with respect to

overall prevalence rate, but some Asian countries were
not included [44].

With regard to IBS bowel habit subtypes, one
systemic review [45] reported that population-based
studies from the United States using the Manning cri-
teria found similar distributions among constipation-
predominant IBS (IBS-C), diarrhea-predominant IBS
(IBS-D), and IBS alternating between diarrhea and
constipation (IBS-A), while European studies (Rome
I, Rome II, or self-reporting) showed either IBS-C or
IBS-A as the most prevalent subtypes. For example,
in one study approximately 16 % of the IBS patients
had IBS-C, 21 % had IBS-D, and 63 % had IBS-A
[46]. Whether the agreement between subtyping of
IBS patients based on Rome II versus Rome III crite-
ria is good or poor [47,48] is controversial. Very few
data by IBS subgroup based on the recent Rome III
classification system are available.

Race and ethnicity

Studies evaluating race within the same country
suggest that IBS may affect Caucasians more than
other ethnic groups. For example, studies of the
1987 National Health Interview Survey (NHIS), the
1976–1980 Second National Health and Nutrition
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Table 20.1 Prevalence of irritable bowel syndrome in Western countries

% IBS

Author, Country Year n Case definition Overall Men Women

Talley [16], USA 1987 835 Manning 2
Manning 3

15.8
12.8

15.8
12.1

18.2
13.6

Hahn [109], USA 1989 42,392 Manning 2
Rome I

3
12

–
–

–
–

Drossman [43], USA 1990 5430 Rome I 9.4 7.7 14.5
Saito [14], USA 1992 643 Manning 3

Rome I
15.7
8.4

13.5
8.4

17.7
8.4

Mearin [19], Spain 2001 2000 Manning
Rome I
Rome II

10.3
12.1
3.3

–
–

1.9

–
–

4.6
Brommelaer [110],

France
2002 8221 Manning

Rome I
Rome II

2.5
2.1
1.1

1.7
1.4
0.9

3.1
2.8
1.3

Thompson [111],
Canada

2002 1149 Rome II 12.1 8.7 15.2

Boyce [112], Australia 1997 2910 Manning
Rome I

13.6
4.4

–
4.4

–
9.1

Jones [17], England 1992 1620 Manning 21.6 18.7 24.3
Agreus [113], Sweden 1988 1290 Rome I 12.5 – –
Wilson [114] UK 2003 4807 Rome II 8.1 – –
Hungin [46], Europe

(UK, France,
Germany, Italy,
Holland, Belgium,
Spain, Switzerland)

2003 41984 Overall
Manning
Rome I
Rome II

9.6
6.5
4.2
2.9

7.1
–
–
–

12
–
–
–

Kennedy [83], UK 1998 3179 Manning 3 17.2 10.5 22.9
Icks [17], Germany 2002 1281 Patient report 12.5 – –
Kay [18], Denmark 1994 4581 Symptom criteria 6.6 5.6 7.7
Heaton [115], UK 1992 1896 Manning 3

Manning 2
9.5

21.6
5.0

18.7
13.0
24.3

Hillila [21], Finland 2004 3650 Manning 2
Manning 3
Rome I
Rome II

16.2
9.7
5.5
5.1

13.1
8.3
5.1
5.1

19.2
11.2

6.1
5.3

Jung [84], USA 2004 2273 Rome III 11 8 14
Olafsdottir [116],

Iceland
1996
2006

1336
799

Manning
Rome III
Manning
Rome II
Rome III

31
10
32

5.0
13

–
–
–
–
–

–
–
–
–
–
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Table 20.2 Prevalence of irritable bowel syndrome in Asian countries

% IBS

Author, Country Year n Case definition Overall Men Women

Gwee [24], Singapore 2000 2276 Manning
Rome I
Rome II

11
10.4
8.6

9.5
9.0
7.8

12.6
11.7
9.4

Xiong [25], South China 2002 4178 Manning
Rome II

11.5
5.7

9.7
5.0

13.0
6.3

Lau [26], Hong Kong 1996 1298 Rome II 3.7 3.6 3.8
Ho [27], Singapore 1990 696 Manning 2.3 – –
Kwan [28], Hong Kong 2000 1797 Rome II 6.6 – –
Danivat [29], Thailand 1988 1077 Manning 4.4 – –
Masud [30], Bangladesh 2000 2426 Rome I 8.5 5.8 10.7
Rajendra [31], Malaysia 2000 949 Rome II 14 – –
Ghoshal [32], India 2005 7285 Clinical 4.2 4.3 4.0
Han [33], Korea 2004 1066 Rome II 6.6 7.1 6.0
Husain [34], Pakistan 2006 880 Rome II 13.3 13.1 13.4
Lu [35], Taiwan 2001 2865 Rome II 22.1 21.8 22.8
Miwa [36], Japan 2006 10000 Rome III 13.1 10.7 15.5
Sorouri [37], Iran 2006 18180 Rome III 1.1 0.6 1.5

Examination Survey (NHANES II), and the 1985
National Ambulatory Care Medical Care Survey
(NAMCS) show that the rate of self-reported spas-
tic colon or mucous colitis was consistently greater in
Caucasians than Blacks or African Americans [15].
Data from other ethnic groups were not reported.
However, these figures were based on “being told”
of these diagnoses, and thus, these figures may reflect
lower access to health care rather than true differ-
ences in prevalence between race and ethnic groups.
Another study comparing prevalence of IBS among
US African Americans and Caucasians also found
Caucasians were over twofold more likely to report
IBS, after adjusting for age, education, and household
income [49]. Of note, the study sample was a conve-
nience sample (rather than population-based) raising
the question of participation and selection bias affect-
ing the final estimates, but recognizing the paucity of
data regarding race, suggests that even after taking
into account education level and socioeconomic sta-
tus, Caucasians may be at higher risk than African
Americans for IBS. Another non-population-based
study comparing Hispanics to non-Hispanics showed
that IBS-type symptoms were less common in His-
panics compared to non-Hispanic Whites, although a

significant ethnic difference was not found after con-
trolling for covariates [50]. The authors also reported
that Hispanics were less likely to see a physician for
their bowel symptoms [51]. In summary, studies sug-
gest IBS is more common among Caucasians than non-
Caucasians, but further study is warranted.

Socioeconomic status

Few studies reported the association between socioe-
conomic status and IBS [19,34,52,53]. The recent
meta-analysis study [22], which was conducted as a
pooled analysis of four studies [19,34,52,53] report-
ing the prevalence of IBS according to socioeconomic
status, found no significant association of socioeco-
nomic status with IBS status.,

Diet

Although many patients report dietary triggers for
their symptoms, various food substances have been
reported to be associated with exacerbating IBS symp-
toms, and some dietary elimination studies show pos-
itive symptom benefit, the role of diet and the spe-
cific dietary components in causing IBS is perplexing
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as there is considerable heterogeneity in response to
foods [54]. The only population-based study compar-
ing diet among cases and controls demonstrates lit-
tle difference in the dietary and nutrient composition
among those reporting IBS-like symptoms and those
not reporting symptoms, suggesting that food sensi-
tivity rather than dietary excess is associated with IBS
[55]. To date, food allergy has not clearly been shown
to be a cause of IBS [56]. In summary, there may be
select food substances that worsen or trigger symp-
toms, but in themselves do not cause IBS.

Psychological factors

Psychological and psychiatric comorbidity has been
frequently linked with IBS, and several treatments for
IBS are used either to directly treat the psychologi-
cal disorders or as nerve-modulating agents [18,57].
Some have suggested that the high level of comorbidity
observed in IBS patients may be a reflection of factors
that drive healthcare seeking. However, there is some
data arguing that consulters with IBS are not different
psychologically from nonconsulters with IBS [58,59],
and that neuroticism, psychological morbidity, and
abuse history are not predictors of healthcare seek-
ing [60]. Moreover, Choung. et al. [61] showed that
even in community-level individuals with IBS (and not
clinic-based individuals), somatization is significantly
associated with IBS and no IBS community subject
was free of psychological distress and somatic symp-
toms. Thus, psychological factors appear to be closely
linked with IBS.

Abuse

Many clinic-based studies have reported a higher
prevalence of abuse history in IBS patients compared
with controls [62–64], although it should be noted
that there are also several clinic-based studies that
have not found an association between abuse and
IBS [65,66]. One community-based study in Olm-
sted County affirmed the association between sexual
abuse, emotional or verbal abuse, and abuse in child-
hood and adulthood with IBS [67]. However, a simi-
lar study in Penrith, Australia conducted by the same
investigator, although finding an association between
childhood abuse and IBS, observed that the associ-
ation disappeared after controlling for age, gender,
and psychological factors [68]. This study suggested

that abuse may lead to higher neuroticism, and con-
sequently, higher healthcare seeking. Other studies
have shown that patients with past abuse demonstrate
higher levels of current psychological distress [65],
and that the abuse history, although not linked with
IBS specifically, may result in an increased number of
gastrointestinal and extra-gastrointestinal symptoms,
irrespective of the presence of an underlying functional
or organic disorder [66]. In summary, although abuse
has been linked to IBS, abuse may not lie in the causal
pathway to IBS, but this association remains an area
of relative controversy.

Infection

Several patient-based or outbreak studies have shown
that a subset of individuals with acute gastroenteritis
go on to develop persistent IBS [69,70,71–74]. One
population-based study utilized a database of clinical
diagnoses in the United Kingdom and observed that
the cohort with bacteriologically confirmed gastroen-
teritis were 12-fold more likely to develop IBS within
the next year [75]. Another population-based study of
patients presenting with bacterial gastroenteritis at a
primary care practice in the UK observed that after
excluding those with IBS at baseline [76], IBS was
10-fold more common in cases than controls [77].
Another study conducted in Walkerton, Canada fol-
lowing a large outbreak of acute E. coli 0157:H7 and
Campylobacter jejuni gastroenteritis yielded a three-
fold risk for the development of post-infectious IBS
after clinically suspected gastroenteritis [78]. Thus,
post-infectious IBS appears to be a real clinical entity.
However, it is unlikely that infection is the underly-
ing etiology for all IBS cases, and may represent the
major risk factor in only a small subset of patients.
Furthermore, psychological characteristics appear to
be independent risk factors for the development of
post-infectious IBS [69,70], and the role and interac-
tion of inflammatory mediators with IBS remains to
be determined.

Family history

Various clinical studies confirm that IBS appears to
aggregate in families [79–81]. In the small population-
based study [14], it was found that reporting a first-
degree relative with abdominal pain or bowel prob-
lems was associated with self-report of IBS, with an
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estimated odds ratio of 2.3 (95 % CI 1.3–3.9). In con-
trast, reporting a spouse with pain or bowel prob-
lems was not associated with IBS. More recently, a
large family study [82], which collected bowel habits
directly from IBS cases, controls, and their first-degree
relatives to construct pedigrees accurately, showed rel-
atives of a family member with IBS are at two- to three-
fold higher risk for IBS than control patient relatives.
These studies do suggest that a positive family history
of IBS remains a relevant risk factor for a diagnosis
of IBS; however, whether this is due to genetics or
shared environment (including learned illness behav-
ior) remains to be determined.

Overlap with other disorders

Several population and clinical studies [43,83–88]
have reported associations with other disorders,
specifically other functional gastrointestinal disorders.
For example, a community study [83] in the United
Kingdom showed that IBS, gastroesophageal reflux
disease (GERD) and symptomatic bronchial hyper-
responsiveness occurred more frequently together
than expected. In subjects with IBS, 47 % also had
GERD. Locke et al. [85] showed in a community-
based study that 4–9 % of the population had two GI
symptom complexes, and 1–4 % of the population had
three GI symptom complexes. The mechanism behind
these overlapping syndromes is not yet clear.

A subset of IBS patients also experience nongas-
trointestinal symptoms. IBS patients have two to three
times as many nongastrointestinal healthcare visits as
control subjects without IBS [43,81]. Nongastroin-
testinal nonpsychiatric disorders documented to be
associated with IBS in a detailed literature review
included chronic fatigue syndrome (51 %), chronic
pelvic pain (50 %), and temporomandibular joint
disorders (64 %) [89]. In referred patients with IBS,
psychiatric disorders have also been reported to be
very common, leading some to argue that IBS is a
part of the psychiatric disease spectrum and not a
unique condition [90,91]. Whitehead et al. [89] per-
formed a study comparing the comorbidities between
3153 patients with IBS and age- and gender-matched
controls in a health maintenance organization. They
argued that the elevated incidence of nongastrointesti-
nal disorders might occur in a subset because patients
with IBS are hyper-vigilant and consult much more

readily for problems than those without IBS. There
has been a recent movement to overhaul the classifica-
tion of somatoform disorder which may incorporate
IBS [92].

Natural history

Reviews of studies evaluating the natural history of
IBS demonstrate that it is indeed a chronic disorder
in clinic-based patients [93]. With long-term follow-
up, 20–50 % of patients have unchanged symptoms,
2–18 % of patients have worsening symptoms, and
in the balance, symptoms improve. For example, in a
large 1-year prospective, observational study of 400
primary care and gastroenterology clinic patients in
Spain, half of the patients and half of the physi-
cians considered their symptoms to have improved,
although objective review of diary data showed that
the improvement was small and that the major pre-
dictor of improvement was severe baseline symptoms
[94]. However, population-based studies that include
patients as well as nonconsulters, show considerable
fluctuation of IBS and non-IBS symptoms. For exam-
ple, a random sample survey in Sweden in 1988, 1989,
and then 1995 showed that among those with IBS at
baseline, 55 % continued to report IBS at both follow-
up surveys [95]; 3 % were symptom-free at year 1,
and 13 % were symptom-free at year 7, thus imply-
ing that among a small subset, there is perhaps com-
plete resolution of symptoms. Fifteen percent and 8 %
had changed from IBS symptoms to dyspepsia symp-
toms at years 1 and 7, respectively, suggesting that
other GI symptoms may develop or predominate in
the natural history of IBS. Further, a recent long-term
follow-up study from Olmsted County evaluated the
transitions amongst FGIDs over 12 years [41]. Halder
et al. [41] showed the substantial transition among
the categories, with about one third of subjects with
IBS developing another functional gastrointestinal
disorder.

The diagnosis of IBS appears also to be durable,
with only an estimated 2–5 % of IBS patients being
given an initial misdiagnosis that is subsequently
changed [93].

Disability and quality of life

A number of studies have been conducted to quan-
titate the disability that results from IBS. A recent
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systematic review of the available literature found that
the average number of days off work per year because
of IBS was between 8.5 and 21.6 [96]. Patients also
report being late for work or leaving work early, and
having to make other work–life adjustments includ-
ing working shorter hours, refraining from applying
for promotions or a new job [97], and/or selecting
work based on settings for reasons such as restroom
access (including working from home or being self-
employed). IBS also impacts the personal and social
lives of affected individuals resulting in avoidance
or reduction of activities, inhibited personal relation-
ships, interference with sex life, and embarrassment at
using public toilets [97–99].

Not surprisingly, health-related quality of life
(HRQoL) is lower in patients with IBS compared to
the general population. A number of studies have eval-
uated HRQoL in patients with IBS, many of which
were evaluated and summarized in a recent, well-
conducted systematic review [100]. This review found:
1 HRQoL is lower in patients with moderate to severe
IBS compared with healthy controls;
2 patients with IBS have impaired HRQoL compa-
rable to diseases such as moderate to severe GERD,
end-stage renal disease, peptic ulcer disease, inflam-
matory bowel disease, and liver disease;
3 patients with a response to therapy have a correla-
tive improvement in HRQoL;
4 the subtype of IBS does not affect the degree of
impact of IBS on HRQoL;
5 degree of impairment of HRQoL is directly related
to severity of bowel symptoms.

Healthcare utilization and costs

In 2002, the American Gastroenterological Associ-
ation (AGA) published findings of their study to
determine the burden of selected gastrointestinal dis-
eases [101]. Using publicly available and proprietary
databases to assess inpatient hospital stays, physician
office visits, emergency room visits, and hospital out-
patient visits, the study found that IBS was second only
to GERD as the most prevalent chronic gastrointesti-
nal disorder. In a separate study using the National
Ambulatory Medical Care Survey (NAMCS), com-
pared to non-GI disease, IBS-related outpatient physi-
cian visits occurred at the same rate as for asthma
and 2.6 times the rate of visits for migraine headaches

[102]. In a recent database analysis by Everhart et al.
[103] on the burden of digestive diseases in the United
States, IBS and chronic constipation are the most
commonly diagnosed functional intestinal disorders.
Thus, visits directly related to IBS care appear to be
extremely common in the United States.

Besides visits directly related to IBS, patients with
IBS utilize more healthcare resources overall. Studies
of managed care administrative databases [104–106],
administrative claims data from a national Fortune
100 manufacturer collecting information on medical,
pharmaceutical and disability claims for employees,
spouses, and retirees [107], and Medicaid administra-
tive databases [108] have demonstrated that overall
healthcare utilization was greater in patients with IBS
compared to controls without the syndrome.

Estimates for the direct and indirect costs attributed
to IBS have been evaluated in many settings. The AGA
figures estimated that the direct costs from inpatient
and outpatient visits and prescription medications for
IBS exceeded $1.6 billion in 1998, or $1.7 billion in
year 2000 dollars. The costs arose from 3.65 mil-
lion physician visits, 500,000 hospital inpatient stays,
150,000 hospital outpatient visits, and 87,000 emer-
gency room visits. Estimated indirect costs, based
exclusively on lost work days due to consumption
of health care, was estimated at US$205 million, but
using different methodology applying wage figures to
age, work loss was estimated at US$19.2 billion in
1998, or US$20.2 billion in year 2000 dollars.

Areas for further study

Until the pathophysiology of IBS is better understood,
there remain many lines of investigation to pursue
further study. Several gaps in our understanding of
the epidemiology of IBS remain:
� The accuracy of symptom-based diagnostic criteria,
such as the Rome criteria.
� The determination of whether IBS is one disorder, or
an etiologically heterogeneous collection of multiple
disorders.
� The identification of environmental and genetic risk
factors that lead to the clustering of IBS in families,
including the role of learned illness behavior in IBS.
� The determination of the long-term natural history
of IBS including better description of its onset (e.g.
incidence, age-of-onset), its evolution from childhood
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through adulthood, and its long-term consequences
(mortality, morbidity).

Conclusions

IBS is a common disorder that exists in individuals of
all ages and various ethnic and cultural backgrounds.
Because not everyone needs to seek care, population-
based studies are needed to truly understand the
epidemiology of IBS. Moreover, as it is one of the
most prevalent gastrointestinal disorders, results in
disability, decreased productivity, and absenteeism in
working-age individuals, and costs the healthcare sys-
tem considerable dollars, a better understanding of
the pathophysiology is needed. Several environmen-
tal risk factors – such as diet and stress – have been
well studied, but clearly are not the sole determinants
of disease development and exacerbation. Further epi-
demiologic studies are warranted to identify the envi-
ronmental, psychosocial, and genetic risk factors for
IBS occurrence and prognosis so that better diagnostic
tests and treatments may be developed.

Multiple choice questions

1 You read an epidemiologic paper in which the fol-
lowing result is given: “30 per 1000 report ever having
received a diagnosis of spastic colon or mucus colitis.”

What does this result represent?
A Incidence
B Prevalence
C Cumulative incidence
D Attributable risk

2 Which of the following is NOT a benefit of per-
forming population-based research?

A Avoids selection bias since not everyone seeks
care
B Avoids severity bias, some clinics see sicker
patients
C Provides more precise information than available
in clinic-based studies
D Population-based research using noninvasive
techniques can be cheaper

3 Which risk factor has NOT been identified for func-
tional gastrointestinal disorders thus far?

A Cigarette smoking
B Prior enteric infection

C Family history
D Mood disturbance

4 How common is IBS? The prevalence of IBS is . . .
A One in ten
B One in a hundred
C One in a thousand
D One in ten thousand
E One in a hundred thousand
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Key points
� Constipation is a highly prevalent disorder
affecting ∼15 % of the US population.
� The incidence of chronic constipation is
17.4 % in adults, 6.8/1000 person-years in chil-
dren less than 5 years, and 3.9/1000 person-
years from age 5–21.
� Risk factors include diet, gender, age, socioe-
conomic status, and medications.
� Primary causes include colonic inertia, nor-
mal transit constipation, pelvic floor dysfunc-
tion, and IBS-C. Secondary causes include med-
ications, neurologic or metabolic disorders, and
obstruction.

Introduction

Chronic constipation is a highly prevalent, heteroge-
neous disorder that significantly affects patients’ lives.
Estimates on the prevalence of constipation vary based
on how the disorder is defined; a recent review esti-
mated the overall prevalence of constipation in the
United States to be approximately 15 % [1]. Recent
studies have demonstrated that chronic constipation
reduces a patient’s quality of life and imposes a signif-
icant economic burden on the healthcare system [2,3].
In this chapter we will review the epidemiology of con-

stipation in adults, with an emphasis on the impact of
this disorder on patients and society, risk factors, inci-
dence, prevalence, and natural history. Information
on the pediatric population will be reviewed, where
available.

Constipation defined

The definition of constipation has evolved over the
last decade. Once simply defined by the limiting
criteria of infrequent bowel movements, the Rome
III criteria (see Table 21.1) now defines constipation
using a number of different symptoms, including
stool frequency, straining, feelings of incomplete
evacuation, the need for digital manipulation, and
rectal pressure or pain [4]. The use of the Rome
criteria for research protocols and in clinical practice
represents an important step forward in the field of
chronic constipation. Having a precise definition of
constipation is critical in order to accurately diagnose
the problem, appropriately assess the natural history,
and follow the response to treatment. In addition,
the use of a broader definition of constipation should
improve communication between patients and physi-
cians, since patients and physicians differ dramatically
in their definition of constipation. Physicians tend
to use objective measures to define constipation and
this invariably involves measuring stool frequency
[5]. Several large population studies have shown that
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most people have anywhere from 3 bowel movements
per day to 3 bowel movements per week [6,7]. As
such, many physicians define constipation as less than
3 bowel movements per week. Patients, however,
frequently define constipation using terms other than
stool frequency. For example, one study showed that
a patient’s definition of constipation agreed with
a physician’s definition only 50 % of the time and
most often focused on symptoms rather than stool
frequency [8]. In fact, patients use stool frequency as
a measure of constipation only 32 % of the time [9].
Patients are likely to report that they are constipated
if they have straining at stool (52 %), have hard stools
(44 %), have the urge to pass stool but cannot (34 %),
or have abdominal discomfort (20 %). Analysis of
the National Health Interview Survey data from
1999 found that, in 10,875 subjects older than age
60, straining and hard bowel movements were most
strongly associated with self-reported constipation
[10]. Another study found that in adults (age �18)
with self-reported constipation, the most bothersome
symptoms were straining and passing hard stools
[11]. The broader definition provided by the Rome
III criteria should enable physicians to communicate
more effectively with patients and identify and treat
a larger number of symptomatic patients.

Incidence

The incidence of constipation has not been well stud-
ied. Chitkara and colleagues found the incidence of
constipation in children �5 years old to be 6.8/1000
person-years, with a decreased incidence of 3.9/1000
person-years from age 5 to less than 21 in Rochester
County, Minnesota [12]. The incidence of constipa-
tion in adults over a 12-year period in the same county
was 17.4 % [13]. After three months of residency in
a nursing home, after removing all with a preceding
diagnosis of constipation, the incidence of constipa-
tion was 7 % [14]. Over an 8-year period in the US
military, postinfectious functional constipation was
found at a rate of 127/100,000 patient-years; seven
times higher in females compared to males (480 vs.
67/100,000 patient-years [15] (Table 21.2).

Prevalence

An accurate measurement of constipation prevalence
rates is problematic because self-reporting of constipa-

Table 21.1 Rome III definition of chronic constipation.

� Symptom onset at least 6 months prior to diagnosis
� Presence of symptoms for the last 3 months (see below)
� Insufficient criteria for IBS
� Loose stools are rarely present without the use of

laxatives
� Symptoms include two or more of the following during

at least 25 % of defecations:
◦ Straining
◦ Lumpy or hard stools
◦ Sensation of incomplete evacuation
◦ Sensation of anorectal obstruction or blockade
◦ Manual maneuvers to facilitate evacuation
◦ Less than 3 bowel movements per week

Source: Modified from Longstreth 2006 [4]

tion symptoms is very subjective, influenced by soci-
etal customs, does not correlate well with stool fre-
quency, and does not allow accurate discrimination
between constipation subtypes [16–20]. In addition,
researchers have used a variety of definitions and ques-
tionnaires to assess prevalence rates. Despite these
limitations, a number of studies have attempted to
measure prevalence rates in both children and adults.
The prevalence of constipation in children ranges from
0.7 % to 30 %. The largest study reported to date (n =
9660) involved Italian primary care pediatricians who
evaluated patients over a 3-month period and found
a prevalence rate of 0.7 % [20]. Constipation was
defined using Rome II criteria as defecation frequency
�3 per week. In contrast to this low prevalence, most
other studies have shown higher prevalence rates of
constipation (see Table 21.3). A prospective study of
1932 children (ages 2–14 yrs) in Greece identified a
prevalence rate of 6 % using a definition of constipa-
tion of �3 bowel movements per week or hard stools
with painful defecation [21]. A prospective study of
8341 children in southeast Sweden followed over 2.5
years found a prevalence rate of constipation of 6.5 %
[22]. A stepwise backward regression model identified
low maternal education, female gender, lack of older
siblings, and living in a community with more than
3000 people as risk factors for constipation. A study
of Turkish children (ages 5–9), which used the North
American Society of Gastroenterology and Nutrition
(NASPGHAN) definition of constipation (a delay or
difficulty in defecation present for 2 weeks or more),
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Table 21.2 Constipation: calculated incidence

Population Incidence Sample size Country Reference

Admission to nursing home 21,012 USA Robsun 2000
7 % incidence after 3 months

General population over a 12-year period
Children 5299 USA Chitkara 2007

<5 6.8/1000 person-years
5–20 3.1/1000 person-years

Military personnel, post-infectious USA Porter 2011
Total 127/100,000 person-years
Female 480/100,000 person-years
Male 67/100,000 person-years

reported a prevalence rate of 12.4 % [23]. A preva-
lence rate of 17.3 % was reported from a study involv-
ing 378 young children (17–19 months) when consti-
pation was identified by parental self-report and the
child underwent treatment by a pediatrician [24]. A
prospective study of 150 Italian pediatricians moni-
toring 2879 infants (birth to 6 months; 49 % female)
found that constipation was present in 17.6 % [25].
Constipation was defined a priori as one bowel move-
ment every 3 days or more. Breast-fed infants were less
likely to have symptoms of constipation than bottle-
fed infants (P = 0.007). A study of 5282 school chil-
dren in Japan (range 7–12; 51 % boys) found a preva-
lence rate of 18.5 % when constipation was defined
as �3 bowel movements per week [26]. Some of these
studies [26,27] demonstrated an increased prevalence
of constipation in girls, while others did not show any
gender-related differences [28].

In adults, prevalence rates range from 1.9 %
to 40.1 % [17,29–52; and see Table 21.4). The

mean prevalence rate is approximately 14 %. The
largest study published reported on questionnaires dis-
tributed by the American Cancer Society to 890,394
US adults during 1959 and 1960. The self-reported
prevalence rate was 27.1 % [33]. A telephone survey
study of 10,018 US adults aged 18 and older using self-
reported symptoms of constipation over a 3-month
period reported a prevalence rate of 14.7 % (16 %
of women and 12 % of men; [31]). A questionnaire
study of 835 adults in Olmsted County, MN (ages 30–
64) identified an identical prevalence rate of 14.7 %
(95 % CI 11.9–17.4; [35]). A telephone survey study
of 1149 Canadian adults (age 18 or older) found that
27.2 % reported symptoms of constipation over the
prior 3 months, while 16.7 % and 14.9 % met Rome
I and Rome II criteria for constipation, respectively
[43]. A large postal survey study of Australian women
(41,724) identified self-reported prevalence rates of
constipation of 14.1 % in young women (ages 18–
23), 26.6 % in middle-aged women (ages 45–50), and

Table 21.3 Constipation: prevalence rates in children

Author Study date Location Sample size Age range (yrs) Prevalence

Miele 1999 Italy 9660 0–12 0.7 %
Roma 1999 Greece 1932 2–14 6.0 %
Ludvigsson 1997 Sweden 8341 1–2.5 6.5 %
Uguralp 2003 Turkey 1377 5–9 12.4 %
Blum 2004 USA 378 1.5 17.3 %
Iacono 1999 Italy 2879 0–0.5 17.6 %
Kajiwara 2002 Japan 5282 7–12 18.5 %
Ip 2003 Hong Kong 561 3–5 29.6 %
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Table 21.4 Constipation: prevalence rates in adults

Author Study date Location Sample size Definition Prevalence

Hammond 1964 USA 890,394 Self-report 27.1 %
Everhart 1989 USA 11,024 Self-report 15.8 %
Sandler 1990 USA 15,014 Self-report 12.8 %
Talley 1992 USA 835 Self-report (BDQ∗) 14.7 %
Talley 1993 USA 690 Rome I 19.2 %
Drossman 1993 USA 5430 Rome I 3.6 %
Johanson 1994 USA NR∗∗ Self-report 1.9 %
Harari 1996 USA 43,375 Self-report 3.4 %
Talley 1996 USA 1375 Self-report 40.1 %
Frexinos 1998 France 6000 Self-report 35 %
Stewart 1999 US 10,018 Rome II 14.7 %
Chiarelli 2000 Australia 41,724 Self-report 14.1–27 % (all women)
Pare 2001 Canada 1149 Rome I 16.7

Rome II 14.9 %
Self-report 27.2 %

Bytzer 2001 Australia 8555 Self-report 6.3–10.3 %∗∗∗

Walter 2002 Sweden 1610 Self-report 19.8 % (in women)
Haug 2002 Norway 62,651 Self-report 20.2 %
Cheng 2003 Hong Kong 3282 Rome II 14.3 %
Talley 2004 New Zealand 924 Self-report 19.9 %
Garrigues 2004 Spain 349 Self-report 19.2 %

Rome I 14 %
Siproudhis 2006 France 7196 Self-report 22.4 %
Jun 2006 Korea 1029 Self-report 16.5 %

Rome II 9.2 %
Murakami 2006 Japan 1705 Self-report 26 % (all women)
Howell 2006 Australia 1673 Rome II 30.7 %
Murakami 2007 Japan 3835 Rome I 26.2 % (all women)

∗Bowel Disease Questionnaire.
∗∗NR, not reported.
∗∗∗Based on socioeconomic class, with increased prevalence rates in patients with lower socioeconomic status.

27 % in older women (ages 70–75; [42]). In contrast
to these studies, Johanson used data from the National
Health Interview Survey, which involved face-to-face
interviews, and identified a prevalence rate of 1.9 %
[38]. The direct interview, and absence of Rome crite-
ria, may have contributed to the low prevalence rate.
Other population-based studies reported the preva-
lence of constipation to range from 14 % to 29 % in
France, Spain, and Sweden [30,31,48].

Prevalence rates in the elderly are generally higher.
The prevalence of constipation in elderly adults resid-
ing in the community ranged from 11.6 % in Asian

men and women [53], to 20.3 % in the community
elderly in New Zealand [54], to as high as 39.5 % in
community-residing US adults [15] and 45 % in home-
bound elderly US adults (mean age = 79; [55]). Using
a validated self-report questionnaire, Talley and col-
leagues identified a prevalence rate of 40.1 % (95 %
CI 38.9–44.4) in a survey of 1375 adults, aged 65 and
older [40]. As noted above, Chiarelli and colleagues
noted a prevalence rate of 27 % in Australian women
aged 70–75 [42].

A few studies have focused on prevalence rates of
constipation in special populations. Active duty US
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Marines and Navy servicemen had constipation rates
of 7.2 % while at home, 10.4 % while on ship, and
34.1 % while deployed in the field [56]. Pregnant
women experienced constipation between 16–26 % of
the time during and immediately after pregnancy [57].
Fifty percent of patients undergoing thoracic surgery
experienced symptoms of constipation, with nearly
all restoring normal bowel function by postoperative
day 17 [58]. Finally, a single study of stroke victims
reported a 55.2 % rate of constipation after a first
stroke at four weeks of follow-up [59].

Risk factors

A number of risk factors associated with constipa-
tion have been identified (see Table 21.5). Some risk
factors, such as opioids and socioeconomic status,
have been implicated in worsening constipation symp-
toms, while others are considered protective, such
as fiber intake, tobacco and alcohol use. Opioid use
increases the risk of developing constipation with
an odds ratio (OR) 1.6–5.26 times above nonusers
[60,61]. Similarly, nonopioid analgesics worsen con-
stipation. Acetaminophen use of any kind has an
OR of 1.92, nonsteroidal anti-inflammatory agents
(NSAIDs) of 1.69 [62], and daily aspirin of 1.38 [63]
compared to nonusers. Many other pharmaceutical
agents including diuretics, iron and calcium supple-
mentation, antidepressants, and antispasmodics have
also been implicated in worsening constipation symp-
toms [60]. Female gender increases prevalence rates
of constipation in most studies, although the impact
varies widely with studies showing no influence on
constipation symptoms (OR 1.0 [50]) to a significant
impact on constipation symptoms (OR 2.9 [30]). The
majority of studies had OR ranging from 1.62 to 2.3
[13,31,60]. Non-Whites are affected by constipation
more frequently than Whites by approximately 50 %
[32]. The impact of BMI on constipation is unclear.
Chang et al. [62] showed that normal and overweight
people (BMI 24.2–30) have less constipation than
those with BMIs �24.2 or �30. Dukas and colleagues
[63] described a significant difference in constipation
in those with a BMI �29 compared to �21 (OR 0.48).
Conversely, a population study in Iran did not show
any difference in constipation based upon BMI [64].

Several factors appear to be protective against con-
stipation. Tobacco use is protective with ORs of about

0.9 for current or former users [62,63], while con-
stipation symptoms increase in the weeks following
cessation [65]. Alcohol is protective against constipa-
tion, more so in daily consumers, as is coffee [62,63].
Fiber intake appears to lessen constipation as well. In
a subset of females from the Nurse’s Health Study,
Dukas et al. showed that those who consumed �20 g
of fiber per day had less constipation compared to
those who ate �7 g day−1 (OR 0.66 [63]). Moderate
fiber intake was associated with improved odds of hav-
ing constipation versus either low or high fiber diets in
Spain [30], while in young Japanese women the use of
fiber did not change rates of constipation [66]. Being
married, graduating college, and higher income levels
lessen constipation [62]. Johanson showed that living
in the southern United States compared to the north-
ern areas carried a correlation coefficient of 0.291 to
−0.441 in about 11 million American discharge sum-
maries [67]. In the same study, living in metropolitan
areas decreased constipation rates by a coefficient of
−0.661. There is little good data on religion as a risk
factor for constipation.

Natural history

The natural history of chronic constipation has been
measured in several studies. In adults, one study,
which was of fairly short duration, found that 89 %
of patients with chronic constipation were still symp-
tomatic when surveyed 12–20 months after the ini-
tial diagnosis [35]. A larger study of 1365 adults
performed over a 12-year follow-up period found
that symptoms of functional constipation resolved
in 77.8 % of patients [68]. The latter study may be
overly optimistic, however, since some patients were
likely asymptomatic due to the use of medications. In
addition, many of these patients (up to 40 %) tran-
sitioned from one functional gastrointestinal disorder
(i.e. chronic constipation) to another (i.e. IBS-C or
functional dyspepsia). Thus, although their symptoms
of constipation resolved, other symptoms of func-
tional gastrointestinal disorders developed. In a lon-
gitudinal study of childhood constipation (n = 418;
median age = 8; median follow-up = 5 years), symp-
toms of constipation were still present in 30 % of those
children after puberty, despite the use of medications
[69]. A study of 47 children (60 % boys) with severe
constipation in their first year of life found that 69 %
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Table 21.5 Risk factors for constipation

Risk factor Odds ratio Sample size Country Reference

Sex (Female: Male) 2.9 349 Spain Garrigues2004
2.3 1610 Sweden Walter S 2002
2 (age �50) 5507 USA Choung 2004
1.0 1176 USA Chang 2007
1.62 20,795 UK Talley 2003

Age
�50 : �50 0.94 1176 USA Chang 2007
35–39 : �60 0.41 62,036 USA Dukas 2003
�40 rate (OR∗) 5.9 % (1.0) 43,375 USA Harari 1996
60–69 3.8 % (0.64)
�80 6.3 % (1.07)

BMI
�24.2 1.0 1176 USA Chang 2007
24.2–26.7 0.66
26.7–30 0.92
�30 1.09
�25, 25–30, �30 1.0 18,180 Iran Pourhoseingholi 2009
�29 : �21 0.48 62,036 USA Dukas 2003

Coffee drinker 0.94 1176 USA Chang 2007
Tobacco 0.89 (ever) 62,036 USA Dukas 2003

0.90 (current) 1176 USA Chang 2007
0.88 (past)

Opioid use 5.26 10,094 USA Pappagallo 2007
1.6 20,795 UK Talley 2007

Analgesics (nonopioid)
Acetaminophen 1.92 (any) 1176 USA Chang 2007
NSAIDS 1.69
Aspirin 1.38 62,036 USA Dukas 2003

Alcohol 0.89 (ever) 1176 USA Chang 2007
0.66 (�30 g d−1) 62,036 USA Dukas 2003

Fiber 0.64 (�20 g vs. �7 g d−1) 62,036 USA Dukas 2003
0.38 (moderate) 349 Spain Garrigues 2004
1.05 (large)
1.0 3835 Japan Murakami 2007

Exercise
Daily:�weekly 0.56 62,036 USA Dukas 2003
None 1.0 349 Spain Garrigues 2004
Sometimes 0.43
Habitual 0.31

Geography/Income
North : South 0.291: −0.441 ∼11,000,000 USA Johanson 1998
Metropolitan −0.688
Public aid 0.355

Pregnancy 1.3 20,795 UK Talley 2003
Marital status

Married 1.0 1176 USA Chang 2007
Single 1.44
Divorced 1.13
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Table 21.5 (Continued)

Risk factor Odds ratio Sample size Country Reference

Education 1176 USA Chang 2007
HS, some college 1.0
Not HS graduate 0.8
College graduate 0.7

Medications (nonanalgesics) 20,795 UK Talley 2003
Diuretics 1.7
Antidepressants 1.9
Antispasmodics 3.3
Iron 1.48
Calcium 2.49
Anticonvulsants 2.8
Antihistamines 1.9

had symptom resolution at the end of 6 months [70]. A
longer follow-up study found that half of constipated
children remain symptomatic at 5 years [71].

The impact of constipation on patients
and society

Quality of life

Health-related quality of life measures are multidi-
mensional constructs designed to capture the patient’s
subjective evaluation of how their medical condition
affects their physical, psychological, social function-
ing and well-being. Quality of life (QOL) measures
include generic questionnaires (i.e. SF-36, SF-12, SCL-
90-R, Peds QOL, Psychological General Well-Being
(PGWB), Short Portable Mental Status Questionnaire
(SPMSQ)) or disease-specific questionnaires (i.e. PAC-
SYM (Patient Assessment of Constipation – Symp-
toms), PAC-QOL (Patient Assessment of Constipation
– Quality of Life), Defecation Disorder List (DDL)).
Quality of life measures are important because they
may help predict healthcare seeking behavior and
response to therapy.

There is a limited amount of information regarding
quality of life and constipation in pediatric patients. A
survey of 80 constipated children (ages 5–18) using the
Peds QOL questionnaire found that QOL scores were
lower in children with constipation than in healthy
controls and those with inflammatory bowel disease

or gastroesophageal reflux disease [72]. Another study
using the Peds QOL found that Australian children (n
= 51; ages 8–18) with slow transit constipation had
significantly lower QOL scores than did healthy chil-
dren [73]. Lastly, a study conducted in Brazil evalu-
ated 57 children with functional constipation (Rome
II) using the CHQ-PF50 questionnaire, a 50-item sur-
vey instrument completed by the patient’s parents
[74]. Scores were lower in children with constipation
compared to healthy controls for both physical and
psychological domains.

More data is available regarding QOL in consti-
pated adults. Using the SPMSQ, Whitehead and col-
leagues found that psychological distress was greater,
and mental status poorer, in a study of US consti-
pated older adults (age �65; n = 209 [29]). A US
survey study of older adults living in the community
(age �65; n = 126) found that SF-36 scores were
lower in patients with constipation for mental health,
general health perception, physical functioning, and
bodily pain than those without constipation [75]. In a
prospective study to validate the PAC-SYM question-
naire, adult patients (ages 18–71; n = 216) with con-
stipation were found to have lower QOL scores than
healthy controls using both the SF-36 and PGWB [76].
A multinational prospective survey (SF-36) of 1435
adults with constipation (Rome III criteria) found that
QOL was markedly reduced compared to an identi-
cal number of nonconstipated controls. Constipated
women had lower QOL scores than did constipated
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men [77]. An analysis of the National Health and
Wellness Survey (NHWS) found that, using the SF-12
questionnaire, patients with constipation (n = 1430)
had lower physical and mental component scores
compared to matched controls (n = 1430) without
constipation [78]. These results confirm earlier stud-
ies involving Canadian adults (Rome II criteria), and
employees of a VA healthcare system (Rome I cri-
teria), demonstrating that constipation significantly
worsens QOL compared to nonconstipated individ-
uals [2,79]. Although data is limited, psychological
distress and QOL appears to be lower in patients with
normal transit constipation compared to slow tran-
sit constipation [11,79,80]. Lastly, appropriate ther-
apeutic interventions may lead to an improvement
in QOL. A small study of 16 patients (mean age =
54.5) with constipation due to puborectalis dyssyner-
gia found that, using the PAC-QOL, scores improved
along with symptoms after treatment with a guided
physical therapy program [81]. Patients with slow
transit constipation (n = 59; mean follow-up = 11
years) who underwent ileorectal anastomosis reported
an improvement in symptoms and overall QOL com-
pared to before surgery, although a direct comparison
of pre- and postsurgical QOL scores using identical
questionnaires was not performed [82]. Medical ther-
apy for constipation symptoms, using prucalopride,
tegaserod, lubiprostone, and linaclotide all led to an
improvement in QOL scores in a number of studies
[83–87].

Economics

A number of studies conducted over the past decade
have shown that functional gastrointestinal disor-
ders, such as chronic constipation, are associated with
increased healthcare costs. The significant economic
costs associated with treating chronic constipation
arise due to direct costs associated with evaluation
and treatment, as well as indirect costs, such as miss-
ing school or work (absenteeism) or not being as pro-
ductive at school or work as usual (presenteeism). In
the adult population, constipation was the primary
diagnosis or main reason to seek care for 5.7 mil-
lion patient visits in 2001, while the primary symp-
tom of constipation led to 6.3 million patient visits in
the United States in 2004 [88,89]. An analysis of the
National Ambulatory Medical Care Survey (NAMCS)
and the National Hospital Ambulatory Medical Care

Survey (NHAMCS) in the USA showed that ambu-
latory care visits for constipation increased from 4
million during 1993–1996 to 8 million during 2001–
2004 [90]. Martin analyzed three different US national
health surveys (2001 NAMCS, 2001 NHAMCS, and
the 2001 National Hospital Discharge Survey) and
estimated an annual cost of US$235 million directly
attributable to the primary diagnosis of constipation
for calendar year 2001 [88]. This figure did not include
costs of over-the-counter or prescription medications.
Although the vast majority of the visits took place in
the outpatient arena, 55 % of the costs were incurred
due to inpatient care. The authors determined that,
overall, 2 % of the US population had an ambula-
tory visit for constipation; women and patients resid-
ing in metropolitan areas had higher rates of ambula-
tory care utilization. A survey study of over 100,000
adult patients enrolled in the California Medicaid pro-
gram (mean age = 48.5; 65 % women) found that the
total direct costs for constipation over a 15-month
period was US$246 per patient [91]. The majority of
these costs were for gastrointestinal procedures and
laboratory tests. A study from a large West Coast
HMO (�525,000 members) found that, in a survey
of 1352 patients (mean age = 52.4; 73.4 % women),
annual healthcare costs for patients with chronic con-
stipation were US$7522 – nearly 50 % higher than
for patients with IBS (US$5049), and nearly equal to
those with abdominal pain (US$7646 [92]). Health-
care costs were not related to sex or race, were lower
for college graduates compared to those with less edu-
cation, and increased with advancing age. In a lon-
gitudinal, case-control study of women with consti-
pation (n = 168; mean age = 33.2), direct medical
costs were double those of controls over a 15-year
period (US$63, 591 vs. $24,529; [93]). The authors
noted that women with a diagnosis of constipation
used more of all types of services, ranging from out-
patient clinics to emergency department visits.

Although data from the pediatric population is lim-
ited, a representative household survey in the United
States found that 1.1 % of children reported symp-
toms of constipation during a 2-year period [94]. This
same study found that healthcare costs for children
with constipation were three times higher than chil-
dren without constipation, translating into additional
healthcare costs of US$3.9 billion annually. A longitu-
dinal study of children (n = 250; mean age at diagno-
sis = 11.6 years) with constipation found that, during
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an average 13-year follow-up period, both inpatient
(US$9,994) and outpatient costs (US$13,927) were
four times higher compared to matched controls [95].
Depression, anxiety, and a history of otitis media were
all associated with higher medical costs in the patients
with constipation.

Etiology

Mechanistically, constipation can be categorized into
primary or secondary causes (see Table 21.6). Primary
causes of constipation include IBS with constipation,
evacuation disorders, colonic inertia, and normal tran-
sit constipation [5]. Secondary causes of constipation
are more numerous and can be grouped into sev-
eral broad categories including medications, neuro-
logic disorders, metabolic disorders, and mechanical
obstruction. Unfortunately, individual symptoms are
neither sensitive nor specific enough to enable accurate
identification of the underlying pathophysiologic pro-
cess causing the constipation [80,96]. A brief overview
of the abnormal physiologic processes involved in the
development of constipation is provided in the next
section.

Table 21.6 Mechanistic classification of chronic
constipation

Primary causes
� Normal transit
� Slow transit (colonic inertia)
� Irritable bowel syndrome with constipation
� Evacuation disorders (i.e. pelvic floor dyssynergia,

descending perineum syndrome, intussusception)

Secondary causes
� Mechanical obstruction (masses, strictures)
� Neurologic disorders (Parkinson’s, multiple sclerosis)
� Metabolic disorders (elevated serum calcium, diabetes,

hypothyroidism)
� Medications (narcotics, high-dose tricyclic

antidepressants)
� Anorectal disorders (prolapse, descending perineum

syndrome)
� Psychogenic (anorexia, severe depression)
� Dietary/lifestyle (low fiber intake; ignoring call to stool)
� Iatrogenic (prior surgery)

Abnormal colonic and anorectal physiology

Constipation is a symptom, rather than a disease unto
itself. A number of different conditions may cause con-
stipation, and these secondary causes can be classified
as structural, mechanical, metabolic, or medication-
related (see Table 21.6). In the colon, a number of
different pathophysiologic processes may lead to con-
stipation [97–106]. Primary constipation is typically
categorized as normal transit constipation, slow tran-
sit constipation, obstructed defecation (pelvic floor
dysfunction), or irritable bowel syndrome.

Normal transit constipation can be a difficult con-
cept to understand in the evaluation of a patient with
constipation. These patients complain of constipation
(infrequent stools, bloating, fullness, abdominal pres-
sure), although there is no evidence of a mechanical
obstruction, and colonic motility and pelvic floor func-
tion are both normal. This is considered a functional
gastrointestinal disorder.

Slow transit constipation typically develops because
of a neuropathic process [102,103]. In slow transit
constipation, the number of HAPCs may be reduced
in the postprandial period, and thus colonic tran-
sit and the number of mass movements is reduced.
Alternatively, the number of HAPCs may be normal,
although they are uncoordinated. Abnormalities in
rectal function can also occur. In this setting, abnor-
mally strong rectal contractions can impede the flow
of colonic contents distally. Constipation may also
develop because of injury to the pacemaker cells in
the colon – the interstitial cells of Cajal, or abnormal-
ities in sensory processing [99]. In the latter situation,
injury to rectal sensory afferents prevents the initiation
of a normal rectal reflex. Finally, uncommon disorders
of smooth muscle (scleroderma, amyloidosis, hollow
visceral myopathy) may lead to a myopathic process
and loss of contraction within the colon.

Defecatory disorders encompass a variety of abnor-
malities in the pelvic floor [104,105]. A large rec-
tocele or sigmoidocele, rectal prolapse or intussus-
ception may all impede the normal evacuation of
stool. Less commonly, descending perineum syndrome
(descent of greater than 3 cm) can develop, or the rec-
tum may have diminished contractile function. Pelvic
floor dyssynergia, a condition where the internal anal
sphincter fails to relax properly or the external anal
sphincter inappropriately contracts during attempted
defecation, is primarily a disorder of women.

243



CHAPTER 21

Conclusion

Chronic constipation is a highly prevalent disorder
found worldwide. Risk factors for the development
of constipation are many, although diet, gender, age,
and lower socioeconomic status are some of the most
important. Constipation affects both young and old
alike, and is more likely to affect women than men.
As a symptom rather than a specific disorder, consti-
pation represents a number of different pathophysi-
ologic processes. Symptoms, unfortunately, are non-
specific and cannot be used to accurately predict either
the pathophysiology of the disorder or the response to
treatment. Similar to other functional gastrointestinal
disorders, symptoms are chronic in nature for many
patients. The chronicity associated with constipation
directly contributes to the negative impact of this dis-
order on quality of life and healthcare economics. The
success of future treatments should be judged, in part,
on improving quality of life and reducing the economic
impact of this common disorder.

Multiple choice questions

1 Which definition best fits chronic constipation as
defined by the Rome III criteria?

A Infrequent bowel movements for more than 3
months
B Straining at stool and feelings of incomplete evac-
uation for more than 6 months
C Active symptoms of constipation during the last
3 months (straining, incomplete evacuation, need
for manual maneuvers) present at least 25 % of
defecations, with onset 6 months ago
D The presence of lower abdominal pain or dis-
comfort with symptoms of constipation
E Symptoms of constipation present at least 3 days
per week, and not meeting criteria for IBS

2 The evaluation and treatment of chronic constipa-
tion is important because:

A Symptoms of chronic constipation for �15 years
increase the likelihood of colon cancer
B Symptoms markedly reduce patients’ quality of
life and increase healthcare costs
C The natural history of chronic constipation is
that nearly all children and adults remain symp-
tomatic

D Symptoms can be easily confused with IBS-C,
which is more difficult to treat
E Symptoms are nonspecific and frequently hide
serious underlying organic disorders

3 Risk factors for the development of constipation
include:

A Opioids, nonnarcotic analgesics, low socioeco-
nomic class, and high fiber intake
B Opioids, high socioeconomic class, BMI �33,
and low fiber intake
C Opioids, low socioeconomic class, tobacco use,
alcohol use, and BMI �35
D Opioids, nonnarcotic analgesics, low socioeco-
nomic class, and low fiber intake
E Opioids, low socioeconomic class, low fiber
intake, religion, and alcohol use

4 Analysis of chronic constipation prevalence rates
in adults has determined a mean prevalence rate of
approximately:

A 1.9 %
B 40.1 %
C 27.1 %
D 14 %
E 3.4 %

5 Mechanistically, chronic constipation can be cate-
gorized into primary and secondary causes. Primary
causes of constipation include:

A Opioids
B Normal transit, slow transit, irritable bowel syn-
drome with constipation, and evacuation disorders
(i.e. pelvic floor dyssynergia, descending perineum
syndrome, intussusception)
C Slow transit, IBS with constipation, and evacua-
tion disorders
D Slow transit constipation and IBS with
constipation
E Opioids, nonnarcotic analgesics, antibiotics, and
iron supplements
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22 Epidemiology of diverticular disease
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Key points
� Diverticulosis is a common gastrointestinal
disorder whose prevalence increases with age.
� The majority of patients with diverticulosis
will remain asymptomatic.
� The disease burden associated with diverticu-
losis and its complications are increasing.
� The mortality associated with the spectrum of
complicated diverticular disease is high.

Clinical summary

Diverticulosis and its complications represent a signifi-
cant burden on healthcare utilization [1]. The underly-
ing structural abnormality, diverticulosis is common
in Western populations, predominately affecting the
left side of the colon [2,3] which is in contrast to that
seen in Oriental populations where a predominantly
right-sided distribution is seen [4–6]. It is important to
be clear in defining the terminology used to identify the
various clinical manifestations of diverticulosis and
these are clarified in Table 22.1 [7]. The majority of
patients are asymptomatic [8]. The main disease bur-
den in primary care is those who present with diver-
ticular disease, common symptoms being a change in
bowel habit and abdominal pain. The principle bur-
den of disease in secondary care is from the compli-
cations associated with diverticulosis, which include

inflammation, perforation, stricture, fistula, bleeding,
and abscess formation. Diverticulosis becomes more
common with increasing age and complications are
more likely in those with significant comorbidity so an
increase in disease burden is expected with the aging
population. Diagnosis typically follows screening for
colorectal cancer in asymptomatic subjects or inves-
tigation for underlying symptoms such as change in
bowel habit, abdominal pain, or rectal bleeding and is
made by either endoscopic (colonoscopy/flexible sig-
moidoscopy) or radiological (computed tomography)
means. Current treatments for symptomatic improve-
ments in patients with diverticular disease are lim-
ited [7]. In those with complicated diverticular disease
treatment often involves surgical intervention [7].

Diverticulosis/diverticular disease

Incidence and prevalence

The underlying incidence and prevalence of diverticu-
losis is difficult to determine as the condition is asymp-
tomatic and requires either radiological or endoscopic
investigation to be confirmed. The prevalence of diver-
ticulosis has been reported in autopsy, endoscopy,
and radiological studies [8]. A small sample of 264
patients who were representative of the general pop-
ulation of asymptomatic patients from General Prac-
tices in Oxford (United Kingdom) underwent a barium
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Table 22.1 Disease definitions

Term Definition

Colonic
diverticulosis

The presence of one or more mucosal
outpouchings (diverticulum)
through the large bowel wall

Colonic
diverticular
disease

Colonic diverticulosis associated with
attributable symptoms such as
change in bowel habit or pain

Acute
diverticulitis

Acute inflammation associated with a
diverticulum

Complicated
diverticular
disease

Development of a complication
associated with the diverticulum of
perforation, bleeding, stricture,
fistula, or abscess formation

Source: Reproduced from Humes et al. 2011 [7].

follow-through study which identified 33 % (88/264)
as having diverticulosis over the age of 45 years [9].
The prevalence increased with age with 25 % (36/144)
under the age of 60 years and 43 % (52/120) in those
greater than 60 years [9]. A smaller study in Oxford of
109 subjects with no gastrointestinal symptoms who
underwent a barium follow-through study reported
a prevalence of 7.6 % (5/66) in those under the age
of 60 years, 34.9 % (15/43) in those over the age of
60 years [10]. There is therefore an increase in the
prevalence of diverticulosis associated with aging. An
autopsy study of patients in Belfast reported a preva-
lence of 37 % (111/300) with a female predominance
(42 % vs. 33 %) and an increase in prevalence with
increasing age [11]. An autopsy study from Norway
of 280 patients reported similar results with a female
predominance and an increase in frequency of divertic-
ulosis with increasing age, which was 46 % for those
aged �65 years [3]. Autopsy, radiological and endo-
scopic studies have reported widely on the anatom-
ical location of diverticulosis and there appears to
be a substantial difference in location with regard to
geographical location. Studies reporting anatomical
location from Singapore and Japan have confirmed
predominantly right-sided disease with studies from
Europe and North America confirming mainly left-
sided disease with the most common location being
the sigmoid colon [3,4,6]. A study of 12,335 barium
enemas in Edinburgh used census data to report on the
incidence of diverticular disease. The study reported

an incidence of 1.55 per 1000 population [12]. A
prospective cohort study of patients from the Euro-
pean Prospective Investigation into Cancer and Nutri-
tion (EPIC) Oxford cohort using record linkage to
Hospital Episodes Statistics (HES) data (see Chapter 9
for explanation of data source) reported an incidence
of diverticular disease which included all patients with
a hospital diagnosis of diverticular disease of 148 per
100,000 person-years of follow-up [13].

Those studies reporting the prevalence from endo-
scopic and radiological series have inherent bias as the
majority of these patients will have reported symp-
toms to initiate investigation of the colon. The two
small studies in Oxford attempted to account for
this by selecting asymptomatic individuals; however,
only a small sample of the population was assessed
in each study and the nature by which the sam-
ples were obtained was not clear. The results from
autopsy studies vary widely with reporting bias result-
ing from whether the autopsy was performed to
detail the occurrence of diverticulosis or for other rea-
sons. The study from Edinburgh only included symp-
tomatic cases and will have been biased by the selec-
tion of patients for testing. The record linkage study
by Crowe et al. gives an overall estimate of inci-
dence for diverticulosis and its complications. The
incidence quoted is high compared to the incidence
of, for example, perforated diverticular disease (4 per
100,000 person-years) [13,14]. It is likely the true
incidence and prevalence of diverticulosis will remain
unknown, though the recent adoption of colorectal
cancer screening in asymptomatic subjects may give
less biased data for those in the screened age group in
the future.

The occurrence of diverticular disease is difficult
to determine. Some authors have questioned whether
diverticulosis contributes to colonic symptoms result-
ing in diverticular disease [15]. A follow-up study of
261 patients diagnosed with barium enema proven
diverticulosis demonstrated that 36 % (94/261) expe-
rienced short-lived pain on a median of five days per
month with a median duration of 3 hours [16], though
when taking only those with nonpainful indications
for investigation (iron deficiency/family history of can-
cer) the proportion with chronic pain fell to 20 %.
These patients did not meet the strict Rome II criteria
for irritable bowel syndrome mainly because of lack
of relief of pain by defecation. It is likely that a per-
centage of patients do develop symptoms secondary
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to their diverticulosis [17]. It is difficult to determine
the prevalence and incidence of diverticular disease.
A study of hospital admissions using HES data coded
for diverticular disease using International Classifica-
tion of Disease (ICD) codes reported hospital admis-
sion rates of 28.0 per 100,000 population with a sig-
nificant increase in admissions for both men (16 %)
and women (12 %) over a 10-year period (1989/1990
to 1999/2000) [18]. Admission rates were lowest in
those under the age of 35 years (2.0 per 100,000)
and greatest in those over 85 years (250.9 and 314.2
per 100,000 for men and women, respectively). A fur-
ther study of HES data reported all admissions with
diverticular disease and reported an increase in admis-
sions from 0.56 to 1.20 per 1000 population per year
(1996/2006) with an increasing number of admis-
sions with increasing age [19]. These studies were
performed in secondary care only and it is likely the
majority of disease burden associated with diverticu-
lar disease occurs in primary care. There are as yet
no estimates of disease burden for primary care where
the majority of these patients will be treated. ICD-
10 coding identifies all cases with diverticular disease
but neither study was able to give specific admission
rates for diverticular disease and included admissions
with acute diverticulitis and complicated disease. Both
studies reported an increase in the number of admis-
sions with diverticular disease with the biggest change
identified in those having day-case procedures [19].
This increase in day-case procedures likely reflects
increased use of endoscopy and therefore an increased
ascertainment of the diagnosis of diverticulosis. How-
ever, the data does suggest an increase in both elective
and emergency admissions, the latter suggesting an
increase in disease burden.

Mortality

Mortality rates using HES data for England have
reported a 30-day mortality rate associated with an
admission for diverticular disease of 5.1 % and a
1-year mortality rate of 14.5 % between 2000 and
2005. The 30-day and 1-year mortality associated
with surgery for diverticular disease was 10.1 % and
15.5 % respectively, with those undergoing emer-
gency surgery having a 30-day and 1-year mortal-
ity of 15.9 % and 22.8 %, respectively [19]. The
independent predictors of mortality included increas-
ing age, comorbidity as indicated by the Charlson

index [20], surgery, and an emergency admission [19].
Age-standardized mortality rates from 1979 to 1999
remained constant but were significantly higher in
females than males at all time points [18]. In the
United States mortality rates from the National Cen-
ter for Health Statistics for 1998 reported a mortal-
ity rate of 2.5 per 100,000 population with a female
excess (1.74 vs. 0.76 per 100,000 population) [21]. All
these studies reported mortality rates coded for using
ICD codes which encompass all cases of diverticu-
lar disease including complications and diverticulosis.
It is likely therefore that they represent an overesti-
mate of the mortality associated with diverticulosis
and diverticular disease as the majority of the mor-
tality associated with diverticulosis is from its com-
plications, as confirmed by the excess mortality asso-
ciated with surgery for the condition and emergency
admissions [19].

Risk factors

Painter and Burkitt first hypothesized that refinement
of dietary carbohydrates resulted in a deficiency of
vegetable fiber from the diet which resulted in the
development of diverticulosis [22]. To support their
hypothesis they suggested that the increasing inci-
dence of diverticulosis in Western countries was seen
alongside a reduction of total dietary fiber and sup-
ported this by the low prevalence of diverticulosis
from autopsy studies in Africa where fiber intake was
assumed to be higher. Subsequently two small case-
control studies reported that low fiber intake was
associated with diverticular disease [23,24]. A small
cross-sectional study of diverticulosis in vegetarian
and nonvegetarians confirmed that diverticulosis was
more common among nonvegetarians than vegetari-
ans (33 % vs. 12 %) [9]. A prospective cohort study
demonstrated that dietary fiber intake was inversely
associated with risk of diverticular disease (relative
risk (RR) 0.58; 95 % CI 0.41–0.83 for men in the
highest compared with the lowest quintile of dietary
fibre) [25]. These findings have again been confirmed
recently in a large cohort study which reported a
41 % lower risk of acquiring a diagnosis of diver-
ticular disease when comparing the highest quintile
of dietary fiber intake to the lowest (RR 0.59; 95 %
CI 0.46–0.78) [13]. The initial paper by Painter and
Burkitt provided little direct evidence of an associ-
ation between diverticulosis and dietary fiber and
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subsequent studies have been small, liable to have
residual confounding and not include a baseline
assessment of the colon to establish the presence
of diverticulosis [26]. This has resulted in calls for
prospective studies and a wider examination of dietary
factors in the development of diverticulosis and diver-
ticular disease as their etiology is likely multifactorial
[26,27].

Consumption of red meat has been reported to
increase the risk of development of diverticular dis-
ease in two cohort studies with meat eaters having
a 1.4 % increased risk of hospitalization than non-
meat eaters [13,25]. The role of alcohol, caffeine, and
smoking in the development of diverticular disease
was studied in a prospective cohort study and no
relationship between the development of symptoms
and their use was found [28]. A subsequent study
in Sweden of a cohort of 35,809 women from the
Swedish Mammography Cohort reported an increased
risk in both smokers and ex-smokers associated with
symptomatic diverticular disease; however, the asso-
ciation did not reach statistical significance for current
smoking (RR 1.23; 95 % CI 0.99–1.52) [29]. Vigor-
ous physical activity has been reported to reduce the
risk of development of diverticular disease when com-
pared to those not undertaking physical activity (RR
0.60; 95 % CI 0.41–0.87) [30]. An increased body
mass index (BMI) in men has been reported to increase
the likelihood of diverticular disease [31]. A Swedish
cohort study of 7494 men who were followed up
by record linkage found that those with a BMI of
30 kg m−2 or greater had a fourfold increase in the
risk of hospitalization [32]. The evidence suggests that
lifestyle and dietary factors are important in both the
development of diverticulosis and subsequent symp-
tomatic disease. There is a clear need for larger well-
designed studies to try and answer these important
questions as on a population level this represents the
best opportunity for intervention to reduce the disease
burden associated with this condition [33].

Occurrence of other diseases

The patterns of occurrence of disease are similar for
both colorectal cancer and diverticulosis. Both tend to
occur later in life and may present with similar distur-
bances of bowel habit. There have been some reports
that have suggested an increased risk of colonic polyps
and colorectal cancer associated with a diagnosis

of diverticulosis or acute diverticulitis [34–37]. Two
endoscopic studies have not found an increased risk of
colorectal cancer or polyps in patients with divertic-
ular disease [38,39]. Three of these studies reporting
an increased risk used the same cohort, 7159 patients
from Central Sweden, using standardized incidence
ratios and then a case-control design. The finding of an
increased risk of colorectal cancer was greatest in the
first two years following diagnosis [34]. A recent case-
control study of all patients with colon cancer from
the Swedish Cancer Registry reported an increased
risk of having a colon cancer diagnosed in the first 12
months following an initial diagnosis of diverticular
disease but no subsequent increase in risk or mortality
[40]. The risk was greatest in the first 6 months follow-
ing a diagnosis of diverticular disease and the authors
stated that a screening effect could not be excluded
as the explanation of the increased occurrence. The
authors of this study advise that all patients with a
new diagnosis of suspected diverticular disease should
have investigation of the colon to ensure they do not
have a concurrent cancer which is in line with current
guidance [41].

Acute diverticulitis

Occurrence

Studies reporting the incidence of acute diverticuli-
tis have concentrated on hospitalized cases only. A
study of data from the US Nationwide Inpatient Sam-
ple (NIS) reported an increase in incidence of hos-
pital admissions coded for acute diverticulitis from
0.59 to 0.71 per 1000 population over the period
1998–2005 [42]. This represented a 26 % increase
in age-adjusted admissions from 1998 to 2005. The
incidence increased with increasing age but the great-
est increase in incidence came in those aged 18–44
years (82 %) and 45–74 years (36 %) [42]. There
was no increase in incidence among different ethnic
groups over this period. A second analysis of the
same dataset, which did not exclude colorectal can-
cer patients, revealed a similar increase in hospital
admissions with an increase from 61.8 to 75.5 per
100,000 population. The authors also noted a female
predominance to admissions except in the lowest age
group. A geographical difference in incidence rates
was noted with the Northeast having the greatest
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percentage increase in admissions and the West having
both the lowest rates of hospitalization and smallest
percentage increase in admissions [43]. A further study
of the NIS from 2002 to 2007 reported a 9.5 % year
on year rise in hospitalization for acute diverticuli-
tis with 85 % of these emergency admissions being
treated medically [44]. There were few changes in
the ethnicity of the patients admitted over the study
period but a substantial proportion of cases (25 %)
did not have this data available. An analysis of dis-
charge data from the Office of Statewide Health Plan-
ning and Development in California from 1995–2006
reported a 2.1 % estimated annual percentage change
for admissions with acute diverticulitis confirming
the observations in the NIS data [45]. The authors
also reported the largest increase in admissions in
those aged 20–34 years and 35–49 years although
they only contributed to a small number of the
overall cases.

These studies all fail to represent the true disease
burden associated with acute diverticulitis as many
cases will be treated in the community [7,46]. Pos-
sible explanations for this increase in acute divertic-
ulitis could be systematic biases in the data used due
to systematic coding errors. However, despite differ-
ences in coding from different institutions it is likely
that trends at a population level would represent an
underestimate of disease. There could have been sys-
tematic changes in the diagnosis of acute diverticuli-
tis over time resulting in an increase in the diagno-
sis of more mild cases of the disease being treated
in hospital. This should have resulted in changes
in diagnosis at all age levels and not the differen-
tial patterns of age-related increase that have been
described. The increase in hospital admissions noted
in these studies from the NIS for patients with acute
diverticulitis mirror increases in admissions reported
from UK HES data [18,19]. The studies from the
UK were unable to report directly on rates of acute
diverticulitis as ICD-10 fails to code it individually. If
these data are to be believed then further studies are
required to try and determine the underlying factors
responsible for this increase in disease occurrence and
thus allow the development of potential preventative
strategies.

Rates of recurrence of acute diverticulitis were first
reported by Parks from his study of 521 patients
admitted with diverticular disease [47]. A 26 %
(78/297) recurrence rate was reported for those

treated medically on their first admission with 46 %
(36/78) occurring in the first year after the initial
attack. A retrospective study of 672 patients admit-
ted with acute diverticulitis reported a 5-year recur-
rence of 36 % (95 % CI 31.4–40.6 %) with those with
a long disease segment and an abscess having the
greatest risk of recurrence [48]. A Swedish study of
234 patients admitted with a first episode of acute
diverticulitis reported an overall readmission rate of
20.8 % (46/221) following medical treatment [49].
A further study of 502 patients from New Zealand
reported a recurrence rate of 18.8 % (60/320) fol-
lowing conservative management for acute divertic-
ulitis with no increase in mortality related to recur-
rent episodes [50]. A recurrence rate of 42 % (234/55)
of patients treated nonsurgically for acute divertic-
ulitis was reported from a study from Finland [51].
In only 3.9–5 % of cases did complicated disease
arise following the initial attack [48,50]. These studies
are all small and have varying diagnostic criteria for
acute diverticulitis and its recurrence. A study of 314
patients treated nonoperatively for acute diverticulitis
from California reported a recurrence rate of 13.3 %
with age �50 years associated with a lower recur-
rence rate and those with higher comorbidity having
the greatest recurrence rate [52]. The rates of recur-
rence vary considerably and occur within a short time
period following the index admission. These studies
are all limited to episodes that are documented in
secondary care and mandate hospital admission and
thus may underestimate the true rate of recurrence as
mild attacks may be treated in primary care. Whilst
these cases will not represent a significant burden in
terms of mortality, they may well increase the bur-
den placed on healthcare resources from recurrent
episodes.

Mortality

A reduction in the mortality associated with a hospital
admission with acute diverticulitis has been reported
with a decrease from 1.6 % in 1998 to 1.0 % in 2004–
2005 and a reduction in mortality following surgery
for acute diverticulitis from 5.7 % to 4.3 % across the
same period [42]. A study on NIS data from 2002–
2007 reported a 55 % relative reduction in inhospital
mortality from 4.5 % to 2.5 % [44]. A further study
of the NIS data from 1999–2003 reported a 2.9 %
(1330/45476) mortality following surgery for acute
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diverticulitis [53]. These studies used only data cod-
ing inhospital mortality and one study failed to define
the mortality rate used [53]. The inhospital mortality
associated with an admission for acute diverticulitis
is relatively low with a significant increase if emer-
gency surgery is required. There are no population-
based estimates of the excess mortality compared to
the general population associated with acute divertic-
ulitis, and no estimates including community-treated
cases.

Risk factors

An increased BMI of greater than 30 kg m−2 resulted
in a relative risk of 1.78 (95 % CI 1.08–2.94) com-
pared to normal for diverticulitis in a cohort study of
male American healthcare professionals [31]. There
was also an independent association for waist circum-
ference and waist-to-hip ratio. This relationship has
been suggested in other smaller studies [54] and the
mechanism responsible for this are unknown but may
include the pro-inflammatory nature of adipose tis-
sue which secretes cytokines which may promote the
inflammatory response. Physical activity was reported
to decrease the risk of developing diverticulitis in
the same cohort by 25 % (RR 0.75; 95 % CI 0.58–
0.95) when comparing those in the highest quintile
of physical activity to those in the lowest [55]. The
consumption of nuts, popcorn, and corn had been
contraindicated for patients with known diverticu-
lar disease [56]. A recent report from the Health
Professionals Follow-up Study found no relation-
ship between consumption of corn, nuts, or popcorn
with the development of diverticulitis [57]. The diag-
noses of diverticulitis in these cohort studies included
patients with complicated disease as well as simple
acute diverticulitis. An increased risk of acute diver-
ticulitis has been reported from a Danish cohort of
inpatient alcoholic patients who were followed up
with record linkage from 1977 to 1993 [58]. The
study reported a two- and 2.9-fold increase in rel-
ative risk for men and women respectively follow-
ing diagnosis of alcoholism. The authors speculated
that the association could relate to the immunosup-
pressive effects of alcohol consumption resulting in
an increased likelihood of acute diverticulitis. How-
ever, this association could also be due to an ascertain-
ment bias due to increased investigation in alcoholics

requiring hospital admission compared to the general
population.

Complicated diverticular disease

Occurrence

There are few published studies detailing the occur-
rence of complicated diverticular disease. A national
audit of 196 cases of complicated diverticular disease
reported perforation as the most common complica-
tion (32 %) and fistula (14 %) as the least common,
excluding cases of a mass in the left iliac fossa [59].
In a 5-year audit of cases admitted to a single cen-
ter, bleeding (39 %) was the most common compli-
cation with fistula the least common (1 %) [60]. A
further study from the Mayo Clinic of patients requir-
ing surgery for complicated diverticular disease iden-
tified perforation (18 %) as the most common cause
for surgery with bleeding being the least common
(5 %) [61]. Clearly reporting bias in these small sam-
ples will alter the true occurrence of the disease but
even from these limited studies perforated diverticular
disease appears to be a common and severe presen-
tation of complicated diverticular disease. The major-
ity of studies therefore have focused on the incidence
and prevalence of perforated diverticular disease. A
study of 133 patients admitted to a hospital in north-
ern Finland reported an increase in the prevalence of
perforated diverticular disease from 2.4 per 100,000
in 1986 to 3.8 per 100,000 in 2000 [62]. A small
study of 58 cases of perforated diverticular disease
from Norwich (UK) reported an incidence of perfo-
rated diverticular disease of 4.0 per 100,000 per year
[63]. A subsequent follow-up study from the same
group identified 202 patients with perforated diver-
ticular disease and reported an incidence of 3.5 per
100, 000 per year [64]. They reported a standard-
ized female-to-male ratio of 1.3 (95 % CI 1.1–1.5)
[64]. These studies were small and based on iden-
tification of cases from hospital records retrospec-
tively. A subsequent population-based study using pri-
mary care data from the UK General Practice research
database (GPRD) (see Chapter 9 for explanation of
data source) reported an incidence of 2.66 per 100,000
person-years [65]. The incidence was higher in females
(3.1 per 100,000 person-years) than males (2.1 per
100,000 person-years) and increased with increasing
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Figure 22.1 Increasing incidence of
perforated diverticular disease.
Source: Humes et al. 2008 [65].
Reproduced with permission of
Elsevier.

age with the highest incidence in those aged 75–84
years (12.19 per 100,000 person-years). There was
a twofold increase in the incidence of perforation
over the time period of the study from 1990 to 2005
(Figure 22.1) [65]. This study identified cases from
primary care and as such it is likely to underestimate
the true incidence associated with the condition. The
only population-based study of the incidence of hospi-
tal admission for lower gastrointestinal bleeding was
a small study of 219 patients which reported an inci-
dence of 22.0 per 100,000 population, with 41.6 % of
the cases due to diverticular disease, an increasing inci-
dence with increasing age and a male predominance
[66].

Mortality

The mortality of complicated diverticular disease has
been reported in cases series, national audits, and from
population data. A study of all admissions to a single
center over a year of complicated diverticular disease
reported an inhospital mortality following surgery for
perforated diverticular disease of 20 % (10/51) [60].
A National Audit in the United Kingdom reported a
mortality of 11.3 % (34/300) overall with the greatest
mortality, 35 % (22/63), reported for those with peri-
tonitis secondary to perforation [67]. These studies
were small, retrospective and likely contained report-
ing bias. Morris et al. reported an overall inhospital
mortality of 24.3 % (49/202) from perforated diver-
ticular disease following admission to five hospitals in
East Anglia [64]. Mortality for complicated divertic-
ular disease was reported as higher in Black race and
uninsured patients when adjusting for age, sex, teach-
ing status of hospital, Charlson score, and colostomy

(OR 1.45; 95 % CI 1.08–1.94) using data from the
NIS [53]. Rates of mortality following admission with
lower gastrointestinal bleeding have reported rates of
between 0 % and 25 % [68]. The mortality associated
with diverticular bleeding has been estimated at 1.4–
8.8 % [69–74]. The mortality associated with bleed-
ing in these series has been largely due to other factors
such as surgery or comorbidity. A population-based
study using the UK GPRD with 953 incident cases
of perforated diverticular disease reported a twofold
increase (hazard ratio (HR) 2.2; 95 % CI 1.95–2.50)
excess mortality compared to the general population
with a sixfold excess in the first year following diag-
nosis (HR 5.63; 95 % CI 4.68–6.77). The majority of
this excess mortality occurred in the first 3 months fol-
lowing diagnosis with a 3-month mortality of 13.7 %
[14]. The absolute rates of mortality (263.1 per 1000
in Charlson group 2� vs. 176.6 per 1000 in Charl-
son group 0) were highest in those with most comor-
bidity but the relative risk of death was greatest in
those with no recorded comorbidity (HR 8.27 vs. 3.25
Charlson group 0 compared to Charlson group �2)
independent of age and sex. A 2.4-fold increase (HR
2.41; 95 % CI 1.86–3.11) in 1-year mortality was
reported following a diagnosis of diverticular stric-
ture compared to the general population. A 2.6-fold
increase (HR 2.61; 95 % CI 1.47–4.62) was reported
for those with a diverticular fistula [75]. The 1-year
mortality following a diagnosis of fistula was 8.6 %
and for stricture 10.3 %. These studies were large and
population-based and accounted for other confound-
ing factors such as comorbidity using the Charlson
index [20]. They were, however, unable to report on
operative mortality as they were limited to primary
care data for the majority of the cohort and some
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cases from secondary care may not have been cap-
tured. There is clearly a substantial inhospital mortal-
ity associated with a diagnosis of complicated diver-
ticular disease. This represents a significant increase in
mortality compared to the general population and this
excess appears to be limited to the first year follow-
ing diagnosis except in the case of fistula where there
is a continued increase in mortality compared to the
general population (HR 1.41; 95 % CI 1.04–1.91). As
expected those with the greatest comorbidity had the
highest absolute rates of death highlighting the impor-
tant effect of comorbid illness on mortality. As more
linked population data becomes available we may be
able to better understand other factors that are impor-
tant in predicting mortality following a diagnosis of
complicated diverticular disease.

Risk factors

Lifestyle factors (smoking/obesity/physical
activity)
Smokers have an excess risk of development of com-
plicated diverticular disease. Turunen et al. analyzed
a retrospective series of patients undergoing elec-
tive surgery for complicated diverticular disease and
reported an increased rate of diverticular stricture
amongst smokers and an increased risk of subsequent
recurrent acute diverticulitis [76]. A further small ret-
rospective study of 80 patients compared rates of
smoking among those with a diagnosis of complicated
diverticular disease and those with diverticulosis [77].
The study reported an odds ratio of 2.9 (95 % CI 1.1–
7.3) associated with current smoking and a diagno-
sis of complicated diverticular disease. A subsequent
study in Sweden of a cohort of 35,809 women from
the Swedish Mammography Cohort reported a near
twofold increase (RR 1.89; 95 % CI 1.15–3.10) in
the risk of diverticular perforation or abscess forma-
tion for smokers [29]. In a population-based study
of patients with diverticular perforation/abscess, fis-
tula, and stricture identified from linked primary and
secondary care data in the United Kingdom, patients
were more likely to be smokers than the general popu-
lation (41.5 % vs. 29.7 %, X2 P � 0.001) [75]. It does
appear that smoking represents a risk factor for the
development of complicated diverticular disease and
those patients with known disease should be advised
to stop smoking.

Several lines of evidence point to an adverse effect of
obesity on the development of complications of diver-
ticular disease. A small retrospective study of just 61
patients reported a significantly lower BMI in their
control population compared to those with complica-
tions of diverticular disease [78]. A much larger cohort
study of 47,228 male American healthcare profession-
als reported a relative risk of 3.19 (95 % CI 1.45–
7.00) for diverticular bleeding in those with a BMI
�30 versus those with a BMI of �21 kg m−2 [31]. A
population-based study of UK patients with compli-
cated diverticular disease including stricture, fistula,
and perforation/abscess reported a greater proportion
of patients with a BMI greater than 30 kg m−2 com-
pared to the general population (16.9 % vs. 12.1 %)
[75]. Physical activity has been shown to confer a
46 % (RR 0.54; 95 % CI 0.38–0.77) risk reduction
in the risk of diverticular bleeding when comparing
those in the highest quintile for physical activity to
those in the lowest [55]. As already detailed there are
biologically plausible explanations for the association
between complicated diverticular disease and obesity.
Weight reduction with an associated increase in phys-
ical activity in those with known diverticular disease
may be of benefit in preventing future complications
as well as conferring other health benefits.

Prescription medications
Drugs such as opiate analgesics, corticosteroids, and
nonsteroidal anti-inflammatory drugs (NSAIDS) have
been suggested as potential risk factors for the devel-
opment of perforated diverticular disease [79–82]
with aspirin cited as a potential risk factor for both
diverticulitis and diverticular bleeding [83], while cal-
cium antagonists have been reported to have a poten-
tially beneficial effect [84]. There are biologically plau-
sible explanations for why these associations may
occur [82,83]. The largest study detailing the excess
risk associated with these medications and perfora-
tion found a twofold (OR 2.16; 95 % CI 1.55–3.01)
increase in risk associated with current use of opi-
ate analgesics and a near threefold (95 % CI 1.63–
4.61) increase risk in those currently using corticos-
teroids, but found no association with current use
of an NSAID which was in contrast to prior studies
[82]. The authors suggested a possible reason for this
was failure to capture over-the-counter medication
use or previous studies being affected by recall bias.
The largest study detailing the excess risk in bleeding
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reported an increased risk of bleeding associated with
both regular use of aspirin (HR 1.74; 95 % CI 1.21–
2.39) and NSAIDs (HR 1.74; 95 % CI 1.15–2.64)
[83]. While these associations have been reported, the
absolute risk is very small with, for example, 5 bleeds
per year per 100,000 subjects on aspirin compared
to 3.6 per 100,000 in those not on aspirin, there-
fore advising patients with known disease to avoid
them should be balanced against their possible bene-
fit, which may outweigh the small risk.

Acute diverticulitis
Prior episodes of acute diverticulitis have long been
thought to predispose to the development of com-
plicated diverticular disease and therefore guidance
stated that prophylactic resection following two
episodes of acute diverticulitis was indicated [85].
Subsequent studies have found, however, that recur-
rence of acute diverticulitis is low [52], the majority
of patients presenting with complicated diverticular
disease have no prior history of acute diverticulitis
[75,86] and the outcomes for those with two prior
episodes of acute diverticulitis are no worse than those
with fewer episodes [87]. Therefore it has been sug-
gested that the indications for elective surgery should
be for those patients with complications of diverticu-
lar disease and the number of prior episodes of acute
diverticulitis should not be the only determining fac-
tor, with patients being assessed on an individual basis
[88–90]. This stance has been reflected in the current
guidelines from the American Society of Colon and
Rectal Surgeons [41].

Disability and quality of life

There are no data on the quality of life of patients
with diverticular disease and its associated complica-
tions. A cohort study of patients with a barium enema
proven diagnosis of diverticulosis who self-reported
short-lived abdominal pain showed that those with a
raised score on the Hospital Anxiety and Depression
Scale [91] were twice as likely to report short-lived
recurrent abdominal pain [92]. A further study of
somatization and healthcare use in patients with irri-
table bowel syndrome, healthy volunteers, and diver-
ticular disease found that those reporting short-lived
abdominal pain consistent with diverticular disease
had elevated scores on the Patient Health Question-

naire 12 [93,94]. These patients were also more likely
to visit their general practitioner. Those who reported
prolonged abdominal pain with a fever and requir-
ing antibiotic use had higher levels of somatization
and were likely to visit their general practitioner.
There is evidence therefore that with escalating symp-
toms there is an increase in both healthcare utilization
and associated psychological morbidity. These stud-
ies, however, were small and relied on self-reported
questionnaires. There is a clear need for larger stud-
ies to address the deficiencies in knowledge regarding
the disability and quality of life changes that result
from a diagnosis of diverticular disease or one of its
complications.

Healthcare costs

There is evidence of an increasing burden of dis-
ease associated with diverticular disease in terms of
hospital admissions and increasing incidence of com-
plications [14,18,19]. There is little published data
on healthcare-related cost associated with divertic-
ular disease from Europe. Sandler et al. detailed
direct and indirect healthcare costs associated with
17 selected gastrointestinal diseases using data from
publicly available and proprietary national databases
[21]. They estimated the total direct and indirect costs
associated with diverticular disease to be US$2.5 bil-
lion. This comprised mainly direct costs at US$2.4 bil-
lion, which represented the fifth largest expenditure on
gastrointestinal disease for the year 1998. They were
unable to report quality of life based assessments of
costs. Given the increasing incidence of complications
and rates of hospitalization associated with an aging
population the costs associated with diverticular dis-
ease can only be anticipated to rise [1].

Multiple choice questions

1 Which one of the following statements regarding
diverticulosis is true:

A Diverticulosis becomes less common with age
B The incidence of diverticulosis is 148 per
100,000 person years
C Diverticulosis is more common in the left colon
in those of Asian descent
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D Up to a third of patients with diverticulosis may
develop symptoms
E Diverticulosis is more common in those with a
high-fiber diet

2 Which one of the following statements is true
regarding acute diverticulitis?

A A BMI of greater than 30 kg m−2 is associated
with an increased risk of developing acute divertic-
ulitis
B The mortality associated with hospital admission
for acute diverticulitis is increasing
C There is no association between eating nuts, pop-
corn, or corn and an increased risk of acute diver-
ticulitis
D Hospital admissions with acute diverticulitis are
decreasing
E There are no associated geographical differences
in the occurrence of acute diverticulitis

3 Which one of the following statements is true
regarding complicated diverticular disease?

A Prior episodes of acute diverticulitis are associ-
ated with an increased risk of perforated diverticu-
lar disease
B Physical activity is associated with an increased
risk of development of complicated diverticular dis-
ease
C The incidence of perforated diverticular disease
is stable
D The mortality associated with complicated diver-
ticular disease is low
E Corticosteroids are associated with an increase
risk of perforated diverticular disease
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Key points
� Infectious diarrhea is a major health problem
in both the developing and developed world.
� Each year 1.5 million children die worldwide
as a result of diarrhea, much of which is infec-
tious. Diarrheal diseases mainly affect children
under two years old.
� Each year, 1 in 6 (or 48 million) Americans
gets a food-borne illness.
� Prevention through sanitation, education,
vaccination, and oral rehydration are high pri-
orities.

Introduction

From sporadic cases to familial outbreaks or epi-
demics, diarrheal disease is a common public health
problem worldwide and is one of the leading causes of
morbidity and mortality among infants and children
in developing countries. Data from the World Health
Organization from 2009 indicate that there are two
billion cases of diarrhea every year and that 1.5 mil-
lion children die every year as a result of diarrheal dis-
ease [1]. In the United States (USA), there are 76 mil-
lion cases of diarrhea per year, with 325,000 hospi-
talizations and 5000 deaths, according to data pub-
lished in 1999 [2]. Many cases of infectious diarrhea
are food-borne. The Produce Safety Project report,

“Health-related costs from food-borne illness in the
United States” showed that these illnesses cost the
USA $152 billion per year in health-related costs,
with an average cost of $1850 per illness [3]. Acute
diarrhea is defined as three or more loose or watery
stools per day lasting for up to 14 days or less;
persistent diarrhea lasts for 2–4 weeks, and chronic
diarrhea lasts longer than a month. Chronic diar-
rhea does not commonly have an infectious etiology.
The most common pathogens causing acute diarrhea
are shown in Table 23.1. Most acute infectious diar-
rhea is due to viruses such as noroviruses (formerly
called the Norwalk agent), rotaviruses, astroviruses,
and enteric adenoviruses. Typical symptoms of viral
gastroenteritis are watery stools, crampy abdominal
pain, nausea, vomiting, myalgia, fatigue, dehydration,
and low-grade fever. Bacteria such as Salmonella,
Shigella, Campylobacter, Yersinia, Aeromonas, and
Plesiomona can cause watery diarrhea, but they are
invasive bacteria and can cause bloody diarrhea, as
well as crampy abdominal pain, fever and signs of
systemic illness when severe. Protozoa that affect the
small bowel such as Giardia, Cryptosporidium, and
Cyclospora typically cause watery or malabsorptive
diarrhea. Any enteric infection can have a prolonged
course in immunosuppressed patients. Most diarrhea
is self-limited, so diagnostic tests and treatment are
not necessary. In some cases (e.g. extremes of age,
severe diarrhea, bloody diarrhea, fever, or immuno-
compromise) stool culture may be indicated as the

GI Epidemiology: Diseases and Clinical Methodology, Second Edition. Edited by Nicholas J. Talley et al.
C© 2014 John Wiley & Sons, Ltd, with the exception of original artwork which is C© Mayo Foundation for Medical Education and Research.
Published 2014 by John Wiley & Sons, Ltd. Companion website: www.wiley.com/go/talley/giepidemiology

262

http://www.wiley.com/go/talley/giepidemiology


EPIDEMIOLOGY OF INFECTIOUS DIARRHEA

Table 23.1 Common causes of infectious diarrhea

Etiology: Frequency by stool culture
pathogen (in USA)

Norovirus 8500 cases per 100,000 population
Rotavirus 1100 cases per 100,000 population
Giardia 750 cases per 100,000 population
Salmonella 14.7 cases per 100,000 population
Campylobacter 12.9 cases per 100,000 population
Shigella 5.1 cases per 100,000 population
E. coli 0157:H7 0.9 cases per 100,000 population

(Shiga toxin
E. coli)

Source: Adapted from Mead et al. 1999 [2].

likelihood of a pathogen being detected is higher than
in other cases of mild diarrhea. Complications of
enteric infection can include hemolytic uremic syn-
drome (HUS), usually associated with infection with
Shigella or Shiga toxin-producing E. coli (STEC),
Guillain–Barré syndrome (associated with Campy-
lobacter infection) and a post-infectious arthritis syn-
drome which can be associated with Campylobacter,
Salmonella, Shigella, or Yersinia. Other complications
include post-infectious irritable bowel syndrome, and
persistent or chronic diarrhea.

Incidence

Past data estimate that 211–270 million episodes of
diarrhea occur annually in the USA, with about 0.72
episodes per adult-year [3]. Of these, 76 million cases
of food-borne disease occur each year, 82 % with an
unknown etiology, and result in 3000 and 5000 deaths
per year [4]. The incidence of various pathogens
varies with reports to the Centers for Disease Con-
trol, reports to health departments, and how often
stools are tested. In 2004, the incidence of diarrheal
pathogens calculated using the laboratory-confirmed
infections is shown in Table 23.1 [5]. For some com-
mon pathogens there are no routine diagnostic tests.

In children, the incidence of parent-defined diar-
rhea is 2.2 episodes per person-year. Rotavirus is the
leading cause of hospitalization for diarrhea among
children worldwide. The median detection rate for
rotavirus among children hospitalized with diarrhea

ranges from 29 % to 45 %, with a peak during the
winter time [6]. A retrospective study of 402 chil-
dren hospitalized for acute diarrhea documented that
rotavirus was the most common cause (77 %), fol-
lowed by Salmonella (23 %) [7]. In the USA, fol-
lowing the introduction of rotavirus vaccination in
2006, there has been a significant decrease in all-
cause diarrhea-related hospitalizations as well as doc-
umented decreases in rotavirus diarrhea cases in chil-
dren [8]. Reductions have ranged from 29 % to 50 %
in various studies [9,10]. Persistent diarrhea accounts
for 8 % of diarrheal illnesses during childhood and can
be associated with Cryptosporidium, Giardia, enteric
adenoviruses, and enterotoxigenic E. coli.

Developing countries

In developing countries, there is a median of 3.2
episodes of diarrhea per child-year in children under
5 years of age [11]. The etiology is mostly viral but
the incidence of bacterial diarrhea is greater than
in developed countries. An interesting difference has
been noticed in the epidemiology of Campylobacter.
In developing countries, Campylobacter infections are
endemic among young children, asymptomatic infec-
tions are common and outbreaks are rare. In devel-
oped countries, asymptomatic Campylobacter infec-
tions are unusual and outbreaks are common [12].
However, worldwide, Campylobacter remains one of
the most common bacterial causes of diarrhea.

Risk factors

For any case of diarrhea, the epidemiologic history
may reveal important clues about the etiology. Specific
pathogens can be associated with specific risk factors,
as shown in Table 23.2. Epidemiologic surveys have
revealed several factors that may influence the risk
and incidence of infectious diarrhea. For some of these
factors, data remain very limited.

Age

Infants, toddlers and young adults (15–35 years old)
are prone to develop traveler’s diarrhea, which may be
related to hygiene and dietary habits. Younger age is
also a risk factor for rotavirus diarrhea and rotavirus-
related hospitalization; its incidence decreases with

263



CHAPTER 23

Table 23.2 Common risk factors for specific pathogens causing infectious diarrhea

Pathogen Risk factors

E. coli 0157: H7 Undercooked beef, unpasteurized milk or apple cider, visits to animal farms, petting zoos
Shigella Contaminated water and vegetables, day-care centers, custodial institutions
Campylobacter Undercooked poultry, contaminated milk, tuna salad, eggs
Salmonella Raw eggs, undercooked poultry and turkey, unrefrigerated dressing, reptiles as a pet, family

members with Salmonella
Noncholera Vibrio Raw/undercooked seafood
Giardia lamblia Contaminated water, recreational exposure in lakes, rivers or swimming pools, day-care

centers
Cryptosporidium International travel, contact with cattle, freshwater swimming, petting zoos, water parks
Rotavirus Winter outbreaks, in children under 2 years
Norovirus Winter outbreaks in adults, raw oysters consumption, cruise ships
Yersinia Pig intestine
Aeromonas Brackish water, fresh water

age, presumably due to developing immunity. Chil-
dren under 5 years also have the highest rate of HUS.

Gender

There is no significant difference in diarrhea inci-
dence rate according to gender; women and men have
the same risk of developing infectious diarrhea or
traveler’s diarrhea. Women may have a higher inci-
dence rate for HUS [24], although the incidence rates
of E. coli O157:H7 showed no differences by gen-
der. Women have a higher risk of developing post-
infectious IBS.

Ethnicity

Because data on ethnicity are incomplete, conclusions
cannot be made about differences in the epidemi-
ology of infectious diarrhea. However, Caucasians
have a higher incidence of diarrhea-related HUS and
ethnicity-specific hospitalization rates for rotavirus
diarrhea [13].

Geography and socioeconomic status

The country of origin and host country are important
determinants for traveler’s diarrhea. Coming from
developed countries and traveling to developing coun-
tries is associated with highest attack rates. Although
the pathogens causing diarrhea are the same world-
wide, the incidence of specific pathogens varies.

Seasonality

Rotavirus and norovirus infections occur more fre-
quently during winter months. Bacterial diarrhea is
most common during the summer possibly because
of traveling, swimming, and food choices. The higher
rate of HUS during summer and fall reflects the expo-
sure to E. coli 0157:H7 infections.

Genetics

Among blood types, certain ABO phenotypes have
been reported to be associated with susceptibility to
some enteric pathogens. Type O phenotype presents a
greater susceptibility to Vibrio cholerae [14] and pos-
sibly also to norovirus [15] infection. Post-infectious
arthritis as a complication of S. flexneri infection
occurs especially in persons with the genetic predispo-
sition human leukocyte antigen (HLA) B27. There is
also evidence of genetic factors associated with EAEC
diarrhea and increased level of fecal interleukin 8
(IL-8) [16]. Other studies have documented a genetic
predisposition to post-infectious IBS, identifying genes
in the toll-like receptor 9, IL-6, and cadherin 1
regions [17].

Environmental

Behavioral risk factors associated with diarrhea
include dietary habits (consumption of “risky” food
or beverages, unpasteurized milk), or environmental
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exposure (animal exposure, poor hygiene); these are
important determinants for traveler’s diarrhea. Trends
that lead to increase in food-borne infection include
a global market for foods, changing eating habits,
changes in diet, farming practices, climate change,
and an older population. Major issues in the food
chain need to be addressed to decrease food-borne
infections [18]. Globalization of the US food supply
is an additional factor as over 15 % of the food con-
sumed in the USA is imported. In the USA, the Food-
borne Diseases Active Surveillance Network (Food-
Net) reporting system showed that the leading causes
of laboratory-confirmed food-borne infections were
Salmonella, Campylobacter, Shigella, Cryptosporid-
ium, and Shiga toxin E. coli (STEC) 0157:H7 [19,20].

The Geosentinel Surveillance Network comprises
42 specialized travel medicine sites on all six conti-
nents. Data collected in this database provides inter-
esting epidemiologic information, as the spectrum of
patients includes self-referred outpatients as well as
hospitalized patients. An analysis of data on infec-
tious gastrointestinal diseases (IGD) was performed
between 1996 and 2005 [21]. IGD was more associ-
ated with female gender, younger age, and traveling
for tourism. Interestingly, of 2902 pathogens isolated,
65 % were parasitic (commonly Giardia, E. histolyt-
ica, and Strongyloides), 31 % were bacterial (com-
monly Campylobacter, Shigella, and Salmonella), and
3 % were viral. It should be noted, however, that these
studies did not include testing data for Enterotoxigenic
E. coli (ETEC) or common enteric viruses.

An increase in Salmonella infection in the 1980s
has been epidemiologically related to shell eggs and
poultry. The organism has adapted to survive in hen
oviduct and ovary, and infection in eggs has been
linked to the use of antimicrobials in food produc-
tion. Moreover, there is a marked increase in epi-
demics including Salmonella and STEC related to fresh
produce (fruit, vegetables, meat), soil, water, sewage,
human handling, infected meat [18] as well as para-
sitism from free-living parasites from the environment
(eggs, cysts).

Epidemiologic studies show that among travelers to
different areas of the world, the risk of traveler’s diar-
rhea is about 7 % in developed countries and 20–50 %
in the developing world, with a total of 15–20 mil-
lion cases annually [22]. For travel to high-risk areas,
such as Africa (excluding South Africa), Asia, South
and Central America, Mexico, and India, rates can

vary from 30 % to 50 %. Intermediate-risk areas are
the countries around the Mediterranean Sea (including
Israel), the Caribbean countries, and South Africa with
attack rates of 10–20 %. Low risk areas are southern
Europe and North America where traveler’s diarrhea
rates are less than 8 % [23]. Enterotoxigenic E. coli
is the main cause. A recent systematic review of 51
publications that included data on the etiology of trav-
eler’s diarrhea (from 1973 to 2008) showed that ETEC
and Enteroaggregative E. coli were the most common
pathogens. ETEC accounted for 30–33 % of traveler’s
diarrhea cases in Latin America, Africa, and South
Asia [23]. Enteroaggerative E. coli was second: 24 %
in Latin America; rates were lower in Africa and South
Asia. Campylobacter infection was more common in
Asia than Latin America and Africa. Vibrio and non-
cholera Vibrio, and Giardia and E. histolytica were
also more common in Asia. Shigella cases were more
common in Africa, and Salmonella cases were more
common causes of traveler’s diarrhea cases in Asia.
In many (40–50 %) of traveler’s diarrhea cases, no
pathogen is identified. In a study of enteric infections
in British Columbia, international travel accounted for
40 %, and rates were highest in 30–39-year olds [24].
Asia and Mexico were common destinations. In most
cases, diarrhea is mild with less than 6 bowel move-
ment per day, and resolves in 1–2 days. Severe cases
can occur, and require treatment with antibiotics. The
natural history is that 90 % of cases resolve within
1 week, and 98 % resolve within 1 month.

Tropical sprue can affect travelers in Asia, some
Caribbean islands, and parts of South America. It usu-
ally presents as persistent diarrhea. It is possible that
the disease is either initiated or sustained by a still-
undefined infection because it responds to antibiotics.

Medication, nosocomial infection and comorbid
conditions

Acid suppression medication increases the risk of
enteric infections and increasing evidence suggests that
proton pump inhibitors, in particular, are associated
with an increased risk of Clostridium difficile infection
(CDI) [25–28]. Diarrhea is a common side effect of
most antibiotics; antibiotic-associated diarrhea (AAD)
occurs in approximately 20 % of patients who take
antibiotics. It is estimated that 10–15 % of individ-
uals who develop AAD will have CDI. Since 2000,
the incidence of CDI in the USA, Canada, Europe,
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and other countries has been increasing, especially in
patients aged 65 years or older. Diarrhea due to C. dif-
ficile is more common in those who take clindamycin,
the second- and third-generation cephalosporins, and
more recently quinolones. Many outbreaks have been
associated with a hypervirulent strain (NAP1/BI/027)
that has a gene deletion that allows for increased
toxin production in vitro. It also has quinolone resis-
tance, and widespread use of quinolones over the past
decade may have allowed it to emerge. In the USA,
between 2000 and 2006, the incidence of CDI in adults
increased from 1.3/10,000 to 2.4/10,000, with higher
rates in older adults, up to 49/10,000, and even up
to 112/10,000 in those over 85 years old [29]. Rates
of nosocomial CDI have increased but also cases of
community-acquired CDI, although the incidence of
community-acquired C. difficile diarrhea appears to
be substantially lower than rates observed in hospi-
tals [30]. Recurrent CDI (RCDI) is CDI that recurs
after treatment, usually within 1–2 weeks of stop-
ping antibiotic treatment. Risk factors associated with
RCDI include older age, renal insufficiency, acquisi-
tion during hospitalization, concomitant antibiotics,
acid-suppressing medications, and antacids [31,32].

Rarely, other enteric infections can cause epidemics
in hospitals. A Camembert cheese contaminated with
Listeria monocytogenes caused a hospital outbreak –
17 patients were infected and 3 died [33]. Immun-
odeficiency conditions, inherited or acquired, increase
the risk of infections. Human immunodeficiency virus
(HIV) infection is frequently complicated by diarrhea.
In patients with �200 CD4 cells mm−3, the occurrence
of chronic diarrhea ranges from 8–10 % per year and
can be due to cytomegalovirus (CMV), cryptosporid-
iosis, microsporidia, or Mycobacterium avium com-
plex (MAC). Worldwide, the most common causes of
diarrhea in HIV-infected patients are enteric bacteria
including Shigella, Salmonella, and Campylobacter.
Common variable immunodeficiency (CVID) presents
with frequent bacterial infections, persistent diar-
rhea, and malabsorption caused by Giardia lamblia
infection.

Nutrition

The most important epidemiologic risk factor for
chronic diarrhea is malnutrition. In children, other
associated conditions are zinc deficiency, lack of

breastfeeding, and a history of intrauterine growth
retardation.

Natural history, prognosis, and
mortality

The natural history and the prognosis of infectious
diarrhea depend on etiology and host factors. In adult
patients with viral gastroenteritis, the illness usually
lasts 24–48 hours, but the shedding of the virus in
stools may continue for longer than a week and symp-
toms can present for up to a week. Norovirus infec-
tion may lead to a longer duration of diarrhea and
severe consequences in the elderly, patients with car-
diovascular disease, and recipients of renal transplant
or immunosuppressive therapy [34]. Asymptomatic
infection is very common. The case-fatality rate varies
from 0.01 % in the USA to 0.075 % in England or
as high as 2 % in Israel [35]. The highest mortal-
ity rate is associated with outbreaks in hospitals and
residential-care facilities so infection in hospitalized
persons may be more severe than that in other groups.
Rotaviruses, enteric adenoviruses, and astroviruses
sometimes cause gastroenteritis in adults; however,
they are less common, perhaps because protective
immunity for these viruses often develops in child-
hood, whereas the immune response to noroviruses is
generally short-lived or ineffective. Patients with bac-
terial infection are usually ill for longer, typically 3–
5 days but can be up to two weeks. Listeriosis can
be life-threatening in neonates, pregnant women, and
immunocompromised patients.

Most childhood diarrhea is mild, with complete
recovery. However, about 50,000 hospitalizations
in the USA may be attributable to rotavirus [36].
Rotavirus gastroenteritis requiring hospitalization
occurs most frequently in infants and young chil-
dren, aged from 6 months to 2 years. In developed
countries, rotavirus infection rarely results in death (a
total of about 20–40 cases in the USA). In developing
countries overall, diarrhea accounts for 21 % of all
deaths of children aged under 5 years, with 2.5 mil-
lion deaths per year [37]. Of these, about 500,000 chil-
dren die every year from rotavirus gastroenteritis, with
�80 % of these deaths occurring in these countries
[38]. For any etiology, interventions that can decrease
morbidity and mortality rates are breastfeeding up
to 6 months, improved sanitation, and use of oral
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rehydration therapy. The number of deaths of chil-
dren that could be prevented worldwide each year by
breastfeeding alone has been estimated to be more
than 1 million [39]. Oral rehydration reduces the
diarrheal mortality, especially among children under
1 year of age, in whom acute dehydration is the great-
est cause of death.

Disability and quality of life

Acute diarrhea

Acute diarrhea variably affects quality of life, from
the inconvenience of having symptoms to the inability
to leave home and function normally. Uncontrolled
diarrhea can lead to dehydration and chemical imbal-
ances that might be life-threatening in infants and
the elderly. Other post-infectious complications of
diarrhea are reactive arthritis, associated with 1–4 %
of the gastroenteritis caused by Shigella, Salmonella,
Campylobacter, and Yersinia. Guillain–Barré syn-
drome occurs in 1–2 cases per 100,000 population
per year but its incidence is �1 per 1000 infections
with Campylobacter [43]. HUS is caused in almost
all cases by STEC or Shigella infection in developing
countries. In the USA, Shiga toxin-producing E. coli
(STEC) is implicated in 72 % of cases of HUS, and
E. coli 0157:07 was the pathogen in over 80 % of
patients with STEC infection [40].

Chronic diarrhea

Chronic diarrhea can have a substantial impact on the
quality of life and health overall. In children, mor-
bidity is related to malnutrition, and physical and
cognitive abnormalities. Diarrheal illnesses occurring
during the first two years of life can have a pro-
found impact on growth, cognitive development and
educational performance [41]. In adults, the condi-
tion can be an inconvenience or it can be disabling,
causing malnutrition, weight loss, and increased
morbidity.

Chronic diarrhea is rarely infectious, but chronic
diarrhea can be associated with intestinal parasites,
or bacteria such as, Y. enterocolitica, Aeromonas, and
Plesimonas. The populations at risk for this are trav-
elers returning from tropical countries and immuno-
compromised patients, especially patients with HIV
infection whose CD4 cell counts are below 200 �L−1.

However, the introduction of highly active antiretro-
viral therapy (HAART) has decreased the diarrhea
caused by organisms such as microsporidia and cryp-
tosporidia by improving the immune system. In chil-
dren, persistent diarrhea accounts for 36–54 % of all
diarrhea-related deaths [41].

Post-infectious IBS (PI-IBS) is a well-recognized
complication of infectious gastroenteritis. Post-
infectious irritable bowel syndrome (PI-IBS) is defined
as a change in bowel habits or an onset of new abdom-
inal pain or discomfort following a recent exposure
to infectious organisms. PI-IBS has been reported to
occur after traveler’s diarrhea with ETEC and EAEC
and after gastroenteritis caused by Campylobacter,
Shigella, and Salmonella, in 8–10 % of cases [42], and
even after viral gastroenteritis. The development of PI-
IBS is influenced by host and microbial factors, and the
duration and severity of the acute infection. Known
risk factors have been described as female gender, long
duration of diarrhea with inciting episode, younger
age, and a history of prior anxiety or depression. Sev-
eral studies have shown that many patients with PI-
IBS remain symptomatic many years later. A severe
epidemic of infectious gastroenteritis in Walkerton, a
small town in Canada whose water supply became
contaminated with bacteria has provided important
epidemiologic information about PI-IBS. The Walker-
ton Health Study was established to enable the long-
term follow-up of a cohort of hundreds of individu-
als who had IGE [43]. The prevalence of PI-IBS was
28.3 % at two to three years, 21.4 % at four years, and
14.3 % at six years. At six years 14.3 % had PI-IBS
compared to 5.4 % IBS in controls. PI-IBS was greater
in those with acute bacterial gastroenteritis compared
to controls.

Healthcare utilization and costs

Diarrhea is an extremely costly disease. The yearly
cost of acute diarrhea in the USA is $5–6 billion in
direct medical expenses and lost productivity [44].

Indirect costs

With an estimate of 50,000 hospitalizations
attributable to rotavirus each year in the USA, the
average nonmedical cost per case of rotavirus disease
is about $448.77. The nonmedical costs of severe
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rotavirus infections may exceed $22 million annually,
with 80 % of the cost attributable to missed work [45].

Medication

According to an Australian study, the average cost
of prescribed medication per visit was A$6.83 and
the estimated cost of over-the-counter medication was
A$8.76 [46]. It has been estimated that in the USA
more than 30 % of the population with infectious diar-
rhea receives antidiarrheal medication. There are no
data available for medication costs in the USA.

Ambulatory care

A survey of a sample of the US population found
that each year 12 % of persons with diarrhea (about
25 million) visited a medical provider for their ill-
ness, and another 20 % (about 42 million) consulted
a provider by telephone. The estimate for the median
cost of diarrhea outpatient visits is $47–57 [47].

Hospitalization

Diarrhea-associated hospitalization has been decreas-
ing, with an estimate of 1.5 % of all hospitalizations
among adults in the USA. In children under 5 years of
age, diarrhea accounts for 2 % of all hospitalizations.
The median cost of diarrhea-associated hospitaliza-
tion can add several thousand dollars to the cost. C.
difficile-associated diarrhea causes death in 1–2 % of
affected patients, and the estimate for the US health-
care costs attributable to C. difficile-associated diar-
rhea is over $600 million in excess healthcare costs
and over 600,000 excess hospital days in nonfederal
facilities [48].

Prevention

For developed countries, the use of vaccination against
rotavirus has decreased the incidence of diarrheal ill-
nesses in children. Improvement in hygiene, use of
available vaccines and self-medication with bismuth
subsalicylate are the best prevention for traveler’s
diarrhea. Vaccines to prevent traveler’s diarrhea are
in development. For developing countries, prevention
should target vaccination and sanitation. A study in
the Netherlands looked at attack rates for hepatitis
A, Shigellosis, and typhoid fever in those traveling to
high-risk areas between 1995 and 2006. These are

all fecal-orally transmitted infections, and declining
attack rates may reflect improved hygiene in these
countries [49] although better education and preven-
tion strategies may have played a role. Oral killed
whole cell vaccines for cholera can prevent 50–60 %
of cholera cases for up to two years [50]. These would
have a great impact on acute illness, as well as on the
high rate of mortality and morbidity.

Topical issues

Certain aspects of infectious diarrhea continue to pose
intriguing questions for the epidemiologist.
1 Food safety:

◦ Research and epidemiologic tools such as elec-
tronic databases, for example FoodNet, are excel-
lent tools for epidemiology. The Food-borne
Viruses in Europe Network can enhance under-
standing of transmission of enteric viruses as there is
often little documentation of food- and water-borne
epidemics. Improved detection methods such as in
viruses in food will be valuable. Person-to-person
transmission is important. Molecular typing is an
important tool in evaluation of epidemics. Pulse Net
(the Foodborne Disease Outbreak Surveillance Sys-
tem) is a national US network to detect food-borne
disease outbreaks, launched in 1996, in which all
50 states now participate. They estimate that for
every case reported, many more go unreported.
◦ Expert advice and education are crucial. One
good example is the Codex Alimentarius (a WHO
website) [51].
◦ Current food safety standards in developed coun-
tries to protect bacterial infection are not adequate
to protect from viral contamination, nor from all
bacterial infections.

2 The epidemiology of tropical sprue remains
obscure. Antibiotic treatment in combination with
folate normalizes the mucosal structure and favors the
hypothesis of an infectious etiology. Further studies
may clarify its cause and the risk factors associated
with the high incidence of relapses.
3 Recently, community-acquired C. difficile diarrhea
has been increasing in incidence. Given its cost and
its impact on quality of life, early diagnostic strategies
and better therapy for severe cases are needed.
4 “Brainerd” diarrhea is another example of diarrhea
that is thought to be infectious but for which no agent
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has been identified. Six outbreaks have been reported
in the USA, but this may be an underestimate. Fur-
ther investigations to identify the etiology and the risk
factors would help in treating and preventing the con-
dition.

Recommendations for future studies

There is still much to do in areas of clinical research,
epidemiology, and public health in order to combat
infectious diarrhea more effectively.
� Research into understanding the biology of existing
and emerging pathogens continues to be important.
� Controlling the incidence of infectious diarrhea in
developing countries through educational programs
to promote hygienic behavior and food processing.
� Developing an enteric vaccine coupled with studies
of immunoprophylaxis.
� Defining rates and risk factors for PI-IBS as well as
the most common associated pathogens, and deter-
mining whether medical treatment makes a difference
to incidence or prevention.
� Investigating probiotics as a promising option in
treating a variety of diarrheal disorders, including
rotavirus diarrhea, C. difficile diarrhea, and traveler’s
diarrhea. Future studies should determine their effi-
cacy over the long term for prevention and treatment.

Conclusions

There are 2–4 billion cases of food-borne and diar-
rheal disease worldwide, resulting in 3.1 million
deaths, mostly of children living in developing coun-
tries. Despite expensive stool tests, most are of
unknown etiology. Identifying the risk factors and
the susceptible persons can lead to better strategies
of prevention. In recent years, a global effort has tried
to decrease the burden of this disease by improving
hygiene, developing vaccines, and formulating pro-
phylaxis guidelines. However, diarrheal diseases are
still a major challenge.

Multiple choice questions

Case 1
A group attends a school picnic. Six hours after the
picnic, several children and adults develop nausea and

vomiting that lasts for several hours. No one has fever
or chills, or any significant diarrhea.

1 Of the following foods, which is a likely pathogen?
A Staphylococcus aureus
B Shigella flexneri
C Campylobacter
D Norovirus

2 Of the following foods, which is most likely to be
implicated?

A Stir-fried beefsteak
B Coleslaw with mayonnaise
C Green beans with a vinaigrette dressing
D Apple pie with ice cream

3 The disease in this case is usually self-limited.
A True
B False

4 In this case there is a risk of spread to other family
members over the next few days.

A True
B False

Case 2
A 3-year-old boy complains of a stomach ache; he has
no fever or chills, no one else is sick at home. The
family had been to the county fair three days earlier
and visited the petting zoo, and eaten hamburgers and
French fries. The boy develops diarrhea; two days later
there is blood in the stools and he is hospitalized.

1 Which is the best next step in therapy?
A This is likely a rotavirus infection and he should
be given a vaccine
B He should be given loperamide and ciprofloxacin
C Other family members should be given a vaccine
D Intravenous fluids are the best first step

2 CT scan shows colon wall thickening, right colon
worse than left. In the hospital, the intern notes
petechiae and the nurses note anuria. Labs show a
hematocrit 32, WBC 12,500 with a left shift, platelet
count of 82,000, BUN of 45, and creatinine of 2.3.
Which statement is correct?

A Mortality is unlikely
B Seizures can be a complication
C Antibiotics would have prevented this complica-
tion
D Children are less likely to develop this
complication
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Answers to multiple choice questions

Case 1
1. A
The onset of vomiting several hours after eating a
meal suggests a preformed toxin; most likely would
be Staphylococcus aureus. If fried rice had been
eaten, Bacillus cereus would be another possibility.
Both Shigella flexneri and Campylobacter are inva-
sive pathogens so there would be a longer duration
between eating the contaminated food and the onset
of illness. Norovirus is another possibility but would
typically have both a longer duration and incubation
period.
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2. B
The most likely implicated food would be coleslaw as
it has dairy in it. Cooked beef that is not ground beef
is an unlikely cause for pathogens. The other foods
would not likely be implicated but something with a
dairy base is a good medium for the Staphylococcus.
3. A
The typical illness lasts less than 24 hours. The major
complication is volume depletion.
4. B
This is unlikely to spread to family members from the
person who is sick, unless they eat the same contami-
nated food that contains the preformed toxin.

Case 2
1. C
The illness suggests an invasive colonic pathogen, thus
rotavirus infection which affects the small bowel is

unlikely. This is very likely Shigatoxin E. coli, thus
antidiarrheals and antibiotics are not indicated as they
can increase the risk of hemolytic uremic syndrome.
This organism can spread from person to person by
the fecal-oral route.
2. B
The colon wall thickening and the development of
symptoms of hemolytic uremic syndrome again sug-
gest Shiga toxin E. coli. Seizures can be a complication
of this due to the cerebral vasculitis. Children and the
elderly are more likely to develop this complication.
Antibiotics would not prevent this complication and
might have made it more likely. This can be associated
with significant morbidity and mortality.
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Key points
� Crohn’s disease and ulcerative colitis, the two
major subtypes of inflammatory bowel disease,
remain idiopathic.
� The incidence of these conditions continues to
rise in both industrialized and developing coun-
tries, and as many as 1 in 200 persons has a
form of inflammatory bowel disease.
� Cigarette smoking is protective against the
development of ulcerative colitis and a risk fac-
tor for Crohn’s disease, while former smokers
are at increased risk of ulcerative colitis.
� A history of appendectomy for appendicitis is
protective against the development of ulcerative
colitis. Appendectomy may be a risk factor for
Crohn’s disease but this may be confounded by
the initial presentation of the latter.
� The hypothesis that growing up in a clean
environment with lack of exposure and “toler-
ization” to pathogens causes inflammatory
bowel disease is intriguing but unproven.
� Crohn’s disease and ulcerative colitis result in
substantial morbidity, with up to 30 % of colitis
patients requiring colectomy and between 60 %
and 80 % of Crohn’s disease patients requiring
at least one intestinal resection.

Clinical summary

Ulcerative colitis is a chronic inflammatory bowel dis-
ease characterized by mucosal inflammation of the rec-
tum and/or colon. Crohn’s disease, the other major
subtype of idiopathic IBD, is characterized by trans-
mural and sometimes granulomatous inflammation
of the gastrointestinal tract, most commonly in the
ileum and colon. Typical symptoms of ulcerative col-
itis include diarrhea, rectal bleeding, tenesmus, and
increased stool urgency and frequency, while the most
common symptoms of Crohn’s disease are abdom-
inal pain, fatigue, and diarrhea. Complications of
ulcerative colitis include toxic megacolon and col-
orectal dysplasia or cancer. Complications of Crohn’s
disease include intestinal stenosis, fistulas, abscesses,
and, less commonly, intestinal cancer. The pathogen-
esis of these conditions remains unclear, but they
are thought to arise due to a combination of defec-
tive mucosal immune regulation in the gut com-
bined with exposure to as-yet-undetermined environ-
mental factors or luminal antigens. The diagnosis of
ulcerative colitis is typically made by endoscopy and
biopsy of the colorectum. The diagnosis of Crohn’s
disease may be difficult, as there are no pathog-
nomonic features, and a host of modalities may
be required, including colonoscopy with ileoscopy,
small bowel radiography (barium-, computed
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tomography-, or magnetic resonance-based), capsule
endoscopy, or serologic markers. Treatment of these
diseases consists of one or more of the following
medication classes: 5-aminosalicylates, corticos-
teroids, antibiotics, immunosuppressive agents (thiop-
urines, methotrexate, or calcineurin inhibitors), or
biologic (anti-cytokine or anti-adhesion molecule)
agents. Survival in ulcerative colitis is essentially simi-
lar to the general population, although symptoms can
contribute to decreased quality of life, and, if symp-
toms are refractory to medical therapy, colectomy
may be required. Most patients with Crohn’s disease
require at least one intestinal resection (due to intesti-
nal complications or to medically refractory disease)
during the course of their illness. Overall survival in
Crohn’s disease is somewhat diminished compared to
the general population, with relative mortality rates
ranging from 20–100 % higher than expected.

Disease definition

The idiopathic inflammatory bowel diseases (IBD)
consist of two major subtypes, ulcerative colitis and
Crohn’s disease (aka “regional enteritis” or “granu-
lomatous colitis”). Disease classification can be trou-
blesome, since these diagnoses are clinical ones and
there is no single test that is pathognomonic for either
condition. Ulcerative colitis is characterized by a con-
tinuous, confluent mucosal inflammation of the large
intestine, almost always with rectal involvement, in
the absence of infection, ischemia, and radiation expo-
sure [1]. Crohn’s disease, a more heterogeneous disor-
der, requires one or more of the following for diagno-
sis: (i) granulomatous transmural inflammation of the
gastrointestinal tract (anywhere from mouth to anus);
(ii) discontinuous involvement with “skip areas”; (iii)
and a propensity for intestinal stenosis and/or fistula
[1]. One of the challenges in interpreting epidemio-
logic research in IBD is that disease definitions have
not been consistent. Further compounding the classifi-
cation problem is the use of “indeterminate colitis” in
some epidemiologic studies. Originally a term used by
pathologists to describe surgical resection specimens
with features of both ulcerative colitis and Crohn’s
disease, “indeterminate colitis” is now used by some
clinicians and epidemiologists to describe chronic col-
itis that does not readily fall into either one of the two
classic IBD subtypes. The Montreal Working Party

modification of the Vienna classification of IBD pro-
posed renaming indeterminate colitis to “inflamma-
tory bowel disease unclassified” or IBDU [2]. In some
population-based investigations, cases of indetermi-
nate colitis are tracked separately, while in other stud-
ies these cases are “forced” into one of two categories.

Incidence and prevalence

In high-incidence areas such as North America, the
incidence of ulcerative colitis ranges from 8.8 cases
per 100,000 person-years [3] to 14.6 per 100,000 [4],
and the incidence of Crohn’s disease ranges from 7.9
per 100,000 [3] to 14.8 per 100,000 [4]. In other
words, if we assume that the combined population of
the United States (USA) and Canada is 333 million
persons, between 29,000 and 49,000 Americans and
Canadians are diagnosed with ulcerative colitis annu-
ally, while between 26,000 and 49,000 are diagnosed
each year with Crohn’s disease.

The prevalence of ulcerative colitis in North
America in 2001 ranged from 191 cases per 100,000
persons [5] to 241 per 100,000 [4], and the prevalence
of Crohn’s disease ranged from 129 cases per 100,000
[5] to 270 per 100,000 [4]. The overall prevalence
of IBD was approximately 0.25–0.3 % in a northern
California health maintenance organization (HMO)
[6], 0.4 % in multiple US settings (Olmsted County,
Minnesota [3], a study of nine HMOs in the USA
[5], and in a geographically diverse insurance claims
database from the USA [7]), and approximately
0.5 % in Canada [8]. If these estimates from 2001 are
extrapolated to the current population of the USA
and Canada (348 million), they imply that between
665,000 and 839,000 American and Canadians suffer
from ulcerative colitis and that between 449,000
and 940,000 carry a diagnosis of Crohn’s disease,
for a combined total of between 1.1 and 1.8 million
persons.

In general, the incidence of inflammatory bowel dis-
ease has continued to rise since these clinical entities
were first recognized. There was a suggestion in some
high-incidence areas of a rapid postwar rise in inci-
dence until the late 1960s and early 1970s, and then
a stabilizing of the incidence rate in the 1980s and
1990s [9,10], but the finding of a “plateau in inci-
dence” was not universal. Furthermore, several recent
studies in areas with excellent longitudinal data have
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demonstrated a continued increase in incidence rates
[11–13]. As a consequence of rising incidence rates
and normal or near-normal life expectancy with these
conditions, the prevalence of both Crohn’s disease and
ulcerative colitis has continued to gradually rise.

Risk factors for disease

Age and gender

In a systematic review of the epidemiology of Crohn’s
disease from population-based cohorts from North
America, the mean age at diagnosis ranged from 33 to
39 years [14]. The median age at diagnosis of Crohn’s
disease among Olmsted County residents as of 2000
was 29 years (range, 4–91) [3]. Whether there still
exists a “bimodal distribution” in the age of onset
of Crohn’s disease is controversial, since a number of
population-based studies no longer demonstrate this
[3,15]. For ulcerative colitis, the average age at diagno-
sis tends to be slightly higher – in Olmsted County, the
median age at colitis diagnosis was 33 years (range, 1–
88) [3]. Some (but not all) recent studies have demon-
strated a gender divergence in incidence of ulcerative
colitis later in life [3,15], in that men are significantly
more likely to be diagnosed with colitis in the sixth or
seventh decades of life than women. The mechanism
for the divergence remains undiscovered, but some
have speculated that differential patterns of cigarette
smoking status might play a role.

Slight differences in IBD incidence by gender may
exist. Males are more likely than females to develop
ulcerative colitis [10], while there may be a very slight
female predominance in Crohn’s disease.

Geography

Ulcerative colitis and Crohn’s disease have been clas-
sically described most often in developed countries in
northern climates, such as northern Europe and Scan-
dinavia, the United Kingdom, and North America.
However, both ulcerative colitis and Crohn’s disease
are being described more often in other regions, such
as southern and eastern Europe [16], Asia [17,18],
Africa, and Latin America [19]. The major subtypes
of IBD are truly worldwide diseases. A north–south
gradient of incidence has been described in Europe,
but a multicenter study from the early 1990s sug-

gested that this has to some extent dissipated [15].
Geographic differences in incidence from east to west
have recently been identified in Canada – in general,
the highest incidence rates and prevalence are noted in
the Maritime province of Nova Scotia, while the low-
est are seen in the far western province, British Colom-
bia [8]. However, these differences may be attributable
to the higher proportion of ethnic minorities residing
in British Colombia. One interesting phenomenon that
has been observed in several areas with formerly low
incidence rates is that ulcerative colitis is first observed
in a region, followed a decade or two later by Crohn’s
disease [17].

Race/ethnicity

Differences in incidence and prevalence of IBD
between Caucasians and other racial and ethnic
groups seem to have lessened over time. A 2009 sys-
tematic review of 28 publications concluded that IBD
incidence and prevalence were rising in Hispanics and
Asians, that Hispanics and Asians were much more
likely to be diagnosed with ulcerative colitis while
African Americans were more likely to be diagnosed
with Crohn’s disease, and that fistulizing disease was
common among Crohn’s disease patients from all
three ethnic groups [20]. In Manitoba, Canada, it is
clear that aboriginal Canadians are significantly less
likely to develop IBD [21].

In military veteran studies that are now almost
50 years old, those of Jewish ancestry had a markedly
increased risk of IBD relative to non-Jewish Cau-
casians. A study from Wales, UK later confirmed
this difference [22]. Population-based investigations
in Israel suggested that Ashkenazi Jews from Europe
and the USA were more likely than Sephardic Jews
from the Mediterranean region to develop IBD, but
these differences have narrowed in succeeding gener-
ations [23,24].

Studies of migrant populations yield clues that envi-
ronmental factors and/or lifestyle play a role in risk
differences. South Asians who move to the United
Kingdom are within one generation actually at higher
risk to develop ulcerative colitis than those of Euro-
pean descent, and within the South Asian population
Sikhs may be at higher risk for colitis than Hindus
and Muslims [25,26]. Furthermore, South Asians who
move to Singapore are at increased risk of colitis rela-
tive to ethnic Chinese and Malays [27].
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Socioeconomic factors

The data are mildly conflicting, but in general there
is a positive correlation between socioeconomic class
and the risk of inflammatory bowel disease. For exam-
ple, in a study from Manitoba, incidence rates from
postal codes in the top tertile of income were 20 %
higher than rates from postal codes in the lowest ter-
tile of income [21]. Another study from Manitoba
incorporating census data on education and income
could not demonstrate a relationship between these
variables and IBD risk [28]. Nevertheless, the bulk of
available data suggests that those of higher socioeco-
nomic status are at increased risk for IBD.

Familial aggregation/genetics

Both familial aggregation studies and twin studies sug-
gest that genetic factors play a role in susceptibility to
these conditions. The relative risk of IBD for a sib-
ling of a proband with IBD ranges from 15 to 35 for
Crohn’s disease and from 7 to 17 for ulcerative colitis
[29]. Twin studies from Scandinavia and the United
Kingdom demonstrate a concordance for Crohn’s dis-
ease ranging from 20 % to 50 % for monozygotic
twins versus 0 % to 7 % for dizygotic twins [30]. For
ulcerative colitis, the concordance ranges from 14 %
to 19 % for monozygotic twins and from 0 % to 7 %
for dizygotic twins. Both types of studies suggest that
genetic influences are stronger in Crohn’s disease than
in ulcerative colitis.

The search for susceptibility genes in IBD has
employed both candidate gene investigations and
genome-wide scans. Several susceptibility loci have
been identified. In 2001, several groups reported that
NOD2/CARD15 was the gene at the IBD1 suscepti-
bility locus, and this association has been confirmed
in numerous populations [31–33]. Up to 30–40 % of
Crohn’s disease patients carry at least one of three
polymorphisms of this gene, which encodes for a pro-
tein that recognizes muramyl dipeptide, a bacterial
antigen. The relative risk of Crohn’s disease in het-
erozygotes for one of the mutations is 2 to 3, while
the risk in homozygotes or compound heterozygotes
may be 40 times that of the general population. How-
ever, the exact way in which gene expression results
in disease must be complex, since the vast major-
ity of persons with these mutations do not develop
Crohn’s disease. The advent of large genome-wide

association scans has resulted in the identification of
over 70 susceptibility loci in Crohn’s disease and over
45 in ulcerative colitis [34]. The implicated genes are
involved in a number of pathways including regulation
of innate immunity (pattern recognition), autophagy
(self-breakdown of cellular components), epithelial
barrier function, regulation of B- and T-lymphocytes,
oxidative stress, and immune tolerance [34]. It has
been estimated that the susceptibility loci identified to
date explain at most one quarter of the heritability of
these conditions, so the remainder must be explained
through rare loci, epigenetics, or pure environmental
factors [34].

Cigarette smoking

The curious inverse relationship between cigarette
smoking and ulcerative colitis has been recognized for
25 years. Current smokers are 20–90 % less likely to
develop ulcerative colitis than nonsmokers. A recent
meta-analysis using rigorous criteria pooled the results
of 13 studies and estimated a pooled risk reduction of
42 % [35]. Conversely, former smokers have an 80 %
higher risk of ulcerative colitis than never-smokers
[35]. The mechanism behind this association remains
unclear, but effects on rectal blood flow, colonic
mucus production, mucosal IgA production, and syn-
thesis of prostaglandins, leukotrienes, and cytokines
have been variously implicated. Smoking status may
affect the clinical course of ulcerative colitis. Current
smokers are half as likely to require hospitalization,
while ex-smokers are twice as likely to undergo colec-
tomy [36]. Transdermal nicotine is superior to placebo
for clinical improvement of ulcerative colitis, but it
does not appear to be superior to placebo for induc-
tion of clinical remission [37,38].

A number of studies have suggested that cigarette
smoking is a risk factor for Crohn’s disease. The
aforementioned meta-analysis pooled the results of
nine studies and estimated that current smokers are
76 % more likely than nonsmokers to develop Crohn’s
disease [35]. Moreover, active smokers who have
Crohn’s disease have a more severe clinical course
than nonsmokers, as measured by need for additional
surgery after resection and need for immunosuppres-
sive drugs [39,40]. Indeed, patients who quit smoking
actually have an improved clinical course, with fewer
exacerbations and less need for corticosteroids or
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immunosuppressives than those who continued to
smoke [41].

Appendectomy

Next to cigarette smoking, a history of appendec-
tomy is the best-established risk modifier in IBD. The
inverse association between appendectomy and ulcer-
ative colitis was first noted 20 years ago [42] and this
relationship has been confirmed numerous times. A
2002 meta-analysis of 17 case-control studies yielded
a pooled relative risk of 0.3; in other words, a nearly
70 % risk reduction in ulcerative colitis following an
appendectomy [43]. A large Swedish cohort study sug-
gested that the indication for appendectomy influ-
enced the magnitude of protective effect [44]. The
incidence of ulcerative colitis among the 212,000 peo-
ple who had undergone appendectomy was approxi-
mately 75 % that of the controls who had not under-
gone the procedure, but there was no protective effect
if appendectomy had been performed for abdominal
pain (i.e. no clear-cut evidence of appendicitis). Sev-
eral reports have also suggested that ulcerative colitis
occurring after appendectomy has a milder clinical
course, with lower likelihood of requiring immuno-
suppressive therapy or colectomy [45,46], but data
are conflicting [47].

The relationship between appendectomy and risk
of Crohn’s disease is less clear [48]. Although most
studies suggest that appendectomy increases the risk
of Crohn’s disease, one has to take into account the
fact that the highest risk is seen in the first year after
appendectomy, suggesting that the results may be con-
founded by patients presenting with acute abdominal
pain, undergoing appendectomy, but in actuality hav-
ing Crohn’s ileitis. If patients developing Crohn’s dis-
ease within one year of appendectomy are eliminated
from analyses, the relative risks are still elevated, but
not to the same magnitude [49].

Oral contraceptives

Analyses of oral contraceptives as a risk factor for
IBD have yielded conflicting results, with some stud-
ies suggesting as high as a fivefold elevated risk of
Crohn’s disease in women who had used oral contra-
ceptives for at least 6 years [50], but other studies
demonstrating no association. An outdated meta-

analysis estimated the pooled relative risk to be 1.4 for
Crohn’s disease and 1.3 for ulcerative colitis (the lat-
ter value was not statistically significant). Most subse-
quent studies have demonstrated similarly weak asso-
ciations, but the most notable recent study, employing
444 incident cases of IBD and 10,000 controls from
the United Kingdom, suggested a stronger association
[51]. Users of oral contraceptives were two to three
times more likely than nonusers to develop IBD. In the
same study, women on hormone replacement therapy
were more than twice as likely as women not on such
therapy to develop Crohn’s disease, but no associa-
tion with ulcerative colitis was detected [51]. A 2008
meta-analysis of 14 observational studies involving
over 75,000 patients yielded a pooled relative risk of
1.51 for Crohn’s disease for women currently taking
an oral contraceptive (95 % CI 1.17–1.96) and 1.53
for ulcerative colitis (1.21–1.94) [52]. Data on the
effect of oral contraceptives on the clinical course of
IBD are conflicting. Somewhat reassuring is a 2010
systematic review of five cohort studies examining the
relationship between oral contraceptive use and clini-
cal course of IBD [53]. The authors concluded that no
significant association between contraceptive use and
IBD relapses existed.

Antibiotics

Perhaps alteration of the intestinal microenvironment
could serve as a trigger for inflammation in suscep-
tible individuals. The role of antibiotics in the risk
of IBD has been explored in several studies, and sig-
nificant associations have been observed [42,54]. The
strongest of these studies was a nested case-control
study from a large database in the United Kingdom,
where all prescriptions were recorded prospectively
[55]. The use of antibiotics in the preceding 2–5 years
increased the risk of Crohn’s disease by 32 %, after
adjusting for age, gender, and smoking [55]. A nested
case-control study within a cohort of IBD patients
from Manitoba, Canada (where prescription data
could also be linked to individual patients) found that
58 % of cases with pediatric-onset IBD had received
at least one prescription for antibiotics in the first year
of life compared to 39 % of age- and sex-matched
controls [56]. Overall, patients receiving at least one
antibiotic prescription had a threefold increased risk
of IBD, while those patients receiving at least five pre-
scriptions were at a fivefold increase in IBD risk [56].
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Using the same database, Shaw and colleagues exam-
ined the association between antibiotic use and IBD
risk in the entire population (not restricted to pedi-
atric patients) [57]. Among 2234 IBD cases, 12 %
had received at least three prescriptions for antibi-
otics 2–5 years before diagnosis, while only 7 % of
controls had, yielding a 50 % increase in IBD risk for
those patients receiving at least three prescriptions for
antibiotics 2 years prior to the index date [57]. The
effect persisted even with antibiotic usage 5 years prior
to the index date. These studies indeed suggest that
manipulation of the enteric microflora may predispose
certain individuals to the development of Crohn’s dis-
ease and ulcerative colitis.

Diet

Although it is logical and tempting to blame dietary
factors on the increasing incidence of IBD, to date
there is no definitive proof that a particular diet is
protective or a risk factor. Studies examining this
relationship are difficult to perform, because attempts
to recall pre-diagnosis dietary intake are inaccurate.
The most consistent relationship has been between
Crohn’s disease and sugar – numerous case-control
studies have detected significant associations between
Crohn’s disease and intake of refined sugar [58], but
there has always been concern that this association
may be skewed by the fact that patients with Crohn’s
disease may have altered their diet in attempt to con-
trol their symptoms. A recent Japanese case-control
study suggested that higher consumption of sweets
was significantly associated with the risk of ulcerative
colitis, while higher consumption of sugars, sweets,
fats, and fish were associated with Crohn’s disease risk
[59]. The quality of such dietary studies has improved
of late because several have been performed within
the context of large prospective cohorts [60–62]. A
2011 systematic review of 19 studies involving over
2600 IBD cases and over 4000 controls, noted that
increased intake of total fats, polyunsaturated fatty
acids, omega-6 fatty acids, and meat were associated
with IBD risk [63]. In addition, a significant associ-
ation between mono- and disaccharides and Crohn’s
disease risk was noted. In contrast, high intake of fiber
and fruit were inversely associated with Crohn’s dis-
ease risk and high vegetable intake was inversely asso-
ciated with ulcerative colitis risk [63]. It is interesting

to speculate that diet might exert its effects on IBD
risk indirectly via changes in the fecal microbiome.

Hygiene hypothesis

The incidence of allergic and immune-mediated dis-
eases (e.g. asthma, multiple sclerosis) has risen in
industrialized countries. There exists in the asthma
and diabetes literature a “hygiene hypothesis”, such
that lack of exposure to pathogens predisposes one to
disease, perhaps because of a failure to induce toler-
ance [64]. The reverse corollary to this is that certain
infections in childhood, such as helminthic infestation
and Helicobacter pylori infection, might be protective.
Within the field of IBD, the term “hygiene hypothe-
sis” could be used as an umbrella term to encompass
several aspects of IBD epidemiology such as vaccina-
tion, early antibiotic use, breastfeeding, family size,
birth order, domestic hygiene, and socioeconomic sta-
tus [65]. Such a hypothesis might explain a higher
incidence of IBD in developed countries as well as the
association between higher socioeconomic status and
risk of IBD. Several studies have examined the influ-
ence of a clean household environment during child-
hood on the risk of IBD and have yielded conflicting
results [66–69].

Infection

The role of infection in promoting IBD risk is con-
fusing, since a number of studies suggest that certain
childhood infections may actually increase, not
decrease, IBD risk. Recurrent respiratory infections in
childhood, perinatal infections, and recurrent pharyn-
gitis in childhood, periodontitis, and hand-foot-mouth
disease have all been associated with Crohn’s disease
[42,54,70,71]. Two large cohort studies have found
that the risk of IBD, especially Crohn’s disease, was
between 40 % and 100 % higher among those devel-
oping acute gastroenteritis compared to unaffected
controls [72,73].

Mycobacterium avium paratuberculosis (MAP)
causes a granulomatous wasting disease in cattle
called Johne’s disease. MAP was first cultured from
the intestinal tissue of Crohn’s disease patients over
20 years ago, but confirmatory reports have been
inconsistent. Concerns about a lack of specificity
of this finding have been raised, because atypical
mycobacteria can be recovered from healthy controls.
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Polymerase chain reaction technology has been uti-
lized to recover mycobacterial DNA from the intesti-
nal tissue of Crohn’s disease patients, but the relatively
high rate of recovery from controls again raises ques-
tions about the specificity of this finding. A 2000
meta-analysis of seven relatively small randomized
trials of antimycobacterial therapy for Crohn’s dis-
ease suggested a modest benefit [74]. However, in
a placebo-controlled randomized study of 2 years
of clarithromycin, rifabutin, and clofazimine in 213
patients with Crohn’s disease, the rates of remission
at any of the three predetermined endpoints were not
significantly different between the two treatment arms
[75]. In a provocative study from Florida, MAP DNA
could be extracted from buffy coat preparations of
46 % of Crohn’s patients compared with 20 % in
controls, and viable MAP could be cultured from the
blood of 50 % of Crohn’s disease patients versus none
of the controls [76]. What cannot be explained by the
MAP theory of Crohn’s disease is why patients seem
to improve, not worsen, with anti-TNF agents, which
are known to cause reactivation of latent Mycobac-
terium tuberculosis.

Fecal microbiome

The science of understanding the constituents and
roles of the fecal microbiome in intestinal homeosta-
sis and disease pathophysiology is still in its infancy.
If IBD represents the end result of an abnormal inter-
play between luminal antigens and the gut immune
response in a genetically susceptible individual, then
it stands to reason that “intestinal dysbiosis” could
increase the risk of developing IBD. The fecal micro-
biome in patients with IBD appears to differ from
that of normal subjects in several ways, including
a reduction in diversity and numbers of commen-
sal microbes, reduction in members of the phylum
Firmicutes, and in particular Faecalibacterium praus-
nitzii [77–79]. The secreted products of F. praus-
nitzii have been shown to exhibit immunomodulatory
properties.

Bernstein and Shanahan speculated that several
aspects of our modern lifestyle, including improved
sanitation, decline in endemic parasitism, decreased
exposure to soil microbes, decline in Helicobac-
ter pylori infection, increased antibiotic usage, less-
crowded living conditions, refrigeration, and dietary
changes, have all contributed to changes in the fecal

microbiome which predispose to the development of
IBD [80].

Natural history and mortality

Ideally, natural history studies should be performed
in a population-based fashion, patients should be fol-
lowed from time of diagnosis, and follow-up should be
long enough and complete enough to measure the out-
come of interest. Since ulcerative colitis and Crohn’s
disease are diseases of a lifetime, and important events
such as surgery occur relatively infrequently, well-
designed natural history studies are scarce. The nat-
ural history of Crohn’s disease, including need for
hospitalization and surgery, intestinal cancer, extrain-
testinal manifestations, and mortality, has recently
been reviewed [81,82].

For Crohn’s disease, after the first 2 years following
diagnosis, the course is waxing and waning [83]. At
any given point in time after the first 2 years, approxi-
mately 30 % of patients have moderate to high disease
activity, 15 % have low disease activity, and 55 % are
in symptomatic remission. For individual patients, of
course, the disease activity may change from year to
year. Roughly 25 % have continuously active disease,
20 % remain in prolonged remission, and the other
55 % have a waxing and waning course [83]. The
cumulative probability of at least one surgical resec-
tion ranges from 64 % at 30 years from diagnosis [84]
to 82 % at 20 years [85].

For ulcerative colitis, at any given point in time,
40 to 50 % of patients who have not undergone
colectomy are in remission, and the remainder have
active disease [86]. Only about 10 % of patients will
experience prolonged symptomatic remission, but
only 1 % have continuously active disease. Ninety
percent have a waxing and waning course. For ulcera-
tive colitis, the cumulative risk of requiring colectomy
ranges from 28 % at 30 years from diagnosis [87] to
30 % at 30 years [88].

Colorectal cancer risk is increased in ulcerative
colitis, but recent studies indicate that the risk has
decreased markedly [88,89]. It is not yet clear if this is
due to more widespread use of aminosalicylates, more
frequent colonoscopic surveillance, judicious use of
colectomy, or other factors [90]. In Crohn’s disease,
the relative risk of small bowel cancer is elevated, as
is the risk of colorectal cancer in those with colonic
involvement [89,91].
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Recent mortality rates in Crohn’s disease, with
few exceptions, are higher than those seen in the
general population, ranging from 20 % higher than
expected [92] to almost twice as high as expected
[93]. There is as yet no satisfactory explanation for
these differences in relative mortality. Approximately
one third of Crohn’s disease patients die from disease-
related complications. In ulcerative colitis, mortality
rates have decreased significantly over time, such that
several recent studies have found either similar or
decreased mortality compared to the general popu-
lation [92,94,95]. Roughly 20 % of patients die from
colitis-related complications, and there is a suggestion
that colitis patients are less likely to die from cardio-
vascular causes, perhaps due to the inverse association
with cigarette smoking [92,95].

Disability and quality of life

Patients with IBD have higher rates of disability than
the general population, and quality of life for many
patients is diminished. A case-control study from the
Netherlands showed a full-time employment rate of
61 % for male Crohn’s disease patients and 65 % for
those with ulcerative colitis, compared to 75 % for
controls [96]. Overall disability rates for males were
33 % for Crohn’s, 28 % for colitis, and 12 % for the
controls, resulting in disability rates that were more
than twice that expected. In Norway, 25 % of women
with Crohn’s disease were collecting disability pen-
sions [97]. Among participants in the ACCENT I trial
of maintenance infliximab for Crohn’s disease, 39 %
were unemployed and 25 % were receiving disability
compensation [98]. Numerous studies have indicated
that health-related quality of life is diminished in both
Crohn’s disease and ulcerative colitis, and that this is
largely driven by disease activity.

Healthcare utilization and costs

Several reports indicate that IBD patients are more
likely than members of the general population to have
an outpatient visit, to see a specialist, and to require
an emergency room visit or overnight hospitalization
[99,100]. They are more likely than non-IBD patients
to use prescription medication. Much of the resource
utilization seems to occur in the first 5 years after

diagnosis [99,100]. The average annual direct costs
of Crohn’s disease have ranged from $6,561 in 1990
to $12,417 in 1994 [101]. Furthermore, in Sweden it
was estimated that indirect costs of these conditions
(lost work productivity, early retirement) account for
two-thirds of the total costs [102].

Recommendations for future studies

Many of the observations made in these retrospective
studies ideally should be confirmed in different pop-
ulations. A better understanding of the reasons for
disparities in outcomes between different regions or
countries is needed – are these due to differences in
disease severity (and if so, why), treatment strategy,
or quality of care? There are hints in recent literature
that biologic agents may be able to alter the occur-
rence of “hard outcomes” such as hospitalization and
surgery, and further studies are required to definitively
confirm these observations.

Conclusions

Although etiopathogenic hypotheses abound, Crohn’s
disease and ulcerative colitis remain idiopathic. The
incidence and prevalence of these conditions continue
to increase. Cigarette smoking and appendectomy are
well-established risk modifiers. The hygiene hypoth-
esis is intriguing but remains unproven. Over time
these conditions result in hospitalization, surgery,
disability, and sometimes mortality. There is hope
that newer treatment agents may be able to alter the
natural history of IBD.

Multiple choice questions

1 Which of the following statements is most accurate
regarding cigarette smoking and inflammatory bowel
disease?

A Ulcerative colitis is more likely to be diagnosed in
never-smokers and former smokers than in current
smokers
B Patients with ulcerative colitis who smoke are
more likely to require hospitalization than those
who do not smoke
C Former smokers are more likely than current
smokers to be diagnosed with Crohn’s disease
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D Transdermal nicotine patches were shown in
randomized trials to be modestly effective in the
induction of clinical remission in Crohn’s disease

2 Which of the following statements regarding the
descriptive epidemiology of Crohn’s disease is most
accurate?

A The prevalence of Crohn’s disease in North
America in the early 2000s was approximately
0.5 %
B The average age at diagnosis of Crohn’s disease
is approximately 25 years
C The female-to-male ratio in Crohn’s disease is
2:1
D The incidence rate of Crohn’s disease in North
America ranges from approximately 8 cases per
100,000 person-years to 15 per 100,000

3 Which of the following statements regarding the
natural history of Crohn’s disease is most accurate?

A The cumulative incidence of bowel resection in
Crohn’s disease ranges from 60 % to 80 % at 20 to
30 years after diagnosis
B The mortality rate in Crohn’s disease is lower
than that expected in the general population
C Up to 50 % of Crohn’s disease patients have a
continuously active disease course
D The risk of colorectal cancer in Crohn’s disease
is similar to that of the general population
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1. A
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25 Epidemiology of fecal incontinence
Adil E. Bharucha
Division of Gastroenterology & Hepatology, Mayo Clinic College of Medicine, Rochester,
MN, USA

Key points
� Fecal incontinence is a common symptom
among nursing home residents and also in the
community, where the prevalence varies from
2.2 % to 15 %.
� Though most attention has focused on
women, the prevalence of fecal incontinence in
men is comparable to that in women.
� Fecal incontinence results from weakness of
the pelvic floor muscles (i.e. the anal sphincters
and/or the levator ani) and/or diarrhea. Diar-
rhea and rectal urgency are the strongest risk
factors for fecal incontinence among women in
the community, in whom the symptom typically
begins several decades after vaginal delivery.
� Though the symptom significantly impacts
quality of life and is associated with psychoso-
cial distress, only a minority of patients will dis-
cuss the symptom with family members or a
physician, partly due to embarrassment.

Introduction

Fecal incontinence (FI) is the involuntary loss of feces –
solid or liquid. Anal incontinence includes involuntary
loss of feces and flatus. While incontinence for flatus
can be embarrassing, patients find it difficult to quan-
tify flatus incontinence, and there is no cut-off to dis-

criminate inadvertent expulsion of gas from inconti-
nence. Most epidemiologic studies and the Rome crite-
ria [1] are based on fecal rather than anal incontinence.
Some epidemiologic studies on FI excluded leakage
during short-term diarrheal illnesses (e.g. acute gas-
troenteritis) [2,3].

Our understanding of the epidemiology and patho-
physiology of FI is predominantly derived from
selected populations, (e.g. tertiary care centers), rather
than community patients. These studies suggest that FI
occurs in conditions associated with pelvic floor weak-
ness and/or altered bowel habits, particularly diarrhea
[4], and can impact nearly every aspect of daily life
[5]. At the extreme, individuals with FI may with-
draw from social contact and remain tethered to the
toilet in an attempt to minimize incontinence [6]. FI
may also contribute to institutionalization: up to 50 %
of nursing home residents in one survey had FI [7].
Despite these potentially devastating consequences, it
is unclear why only a small proportion of inconti-
nent patients discuss the symptom with a physician
[2,8,9]. Therefore, physicians tend to underestimate
the personal impact of FI [6]. Moreover, results of
clinic-based studies on FI cannot be extrapolated to
the entire population, and community-based studies
are essential to understand the risk factors, clinical
spectrum, and personal impact of FI. Where possible,
this chapter will focus on evidence derived from large
population-based studies on the epidemiology of FI.
See Table 25.1.
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Methodological considerations

Survey techniques

Most studies on the epidemiology of FI have used a
mailed questionnaire. Two large studies were con-
ducted by telephone [8,10]. In the Chicago Health
and Aging Project (CHAP) and National Health and
Nutrition Examination Survey (NHANES) surveys,
subjects were interviewed at home [11,12]. Patients
with FI are reluctant, perhaps embarrassed to discuss
the symptom [9] not only with physicians but also with
family members and friends, perhaps explaining why
the prevalence of FI was lower in surveys conducted
by interviewing only one member of the household by
phone (e.g. the Wisconsin survey) [10] compared to a
mailed questionnaire [2,13].

Assessing severity of fecal incontinence and its
impact on quality of life

There are several instruments for rating the severity
of FI. However, these scales suffer from one or more
limitations and there is no agreed threshold to identify
clinically significant FI. Most scales for rating symp-
tom severity in FI incorporate the frequency and type,
but not the amount of leakage [14–17]. Without the
latter, FI severity would be identical for two subjects,
one of whom had minor staining and the other a
large liquid bowel movement once a week. Second,
only one questionnaire (i.e. the St. Marks severity rat-
ing system) incorporates urgency, assigning a score of
0 to 4 for patients who can or cannot defer defeca-
tion for 15 minutes, respectively [16]. It is important
to incorporate rectal urgency in assessing the sever-
ity of FI because patients with urge FI and rectal
hypersensitivity have more frequent stools, use more
pads, and report more lifestyle restrictions compared
to patients with normal rectal sensation [18]. How-
ever, this threshold (i.e. 15 minutes) for discriminat-
ing normal from excessive rectal urgency is relatively
liberal, since clinical observations suggest a major-
ity of incontinent patients are unable or reluctant to
defer defecation for 15 minutes. Third, concerns have
been raised about the weighting of variables in exist-
ing scales, which assume that different components
(e.g. amount and frequency) are equally important in
determining the severity of FI [17]. However, patients
and colorectal surgeons disagree on the relative impact

of different symptoms. For example, patients assigned
a higher severity score to incontinence for flatus com-
pared to physicians; conversely, physicians assigned
a higher severity score for solid stool incontinence
compared to patients. Finally, most symptom sever-
ity scales do not shed light on the impact of FI on
quality of life (QOL). Thus, separate scales have been
devised for assessing the impact of FI on QOL [19].

To overcome these limitations, we developed and
validated a scale for rating symptom severity in FI
that includes four components (i.e. frequency of FI,
type of FI, amount of FI, and circumstances surround-
ing FI (i.e. urge or passive FI)) derived from a self-
report questionnaire (the Fecal Incontinence and Con-
stipation Assessment (FICA)) [20] (Table 25.2). The
symptom-severity score was devised a priori to be
user-friendly by assigning arbitrary weights (i.e. 0, 1,
2, and 3) for symptoms within each category (e.g.
frequency of FI). Subjects who reported they often
(i.e. >25 % of time) or usually (i.e. >75 %) experi-
enced an “urgent need to empty their bowels” making
them rush to the toilet were considered to have rectal
urgency. Subjects who often (i.e. >25 % of time) or
usually (i.e. >75 %) “leaked liquid or solid stool with-
out any warning” were considered to have passive
incontinence. Patients who did not report symptoms
of urge or passive incontinence were classified as “nei-
ther,” while those who had symptoms of urge and
passive incontinence were classified as “combined”
incontinence. In contrast to urinary incontinence [21],
this FI symptom-severity scale was strongly correlated
with a QOL-weighted symptom-severity score sug-
gesting that the symptom-severity score, which is sim-
ple to use in the office, is a reasonable indication not
only of the physical manifestations of FI (i.e. symptom
severity), but also its impact on quality-of-life [22].
This strong correlation dispels the concern that mea-
sures of stool leakage may underestimate the severity
of FI in people who avoid FI by staying close to a toilet
(e.g. by staying at home) [23].

Perry et al. characterized the severity of FI as rare
or no FI, minor FI, and major FI [24]. Those who
leaked several times a year or less were character-
ized as rare incontinence regardless of the extent of
soiling. Infrequent leakage was attributed to a coin-
cident acute illness rather than a chronic condition.
Minor incontinence was defined as staining of under-
wear several times a month or more often. Major FI
was defined as soiling of underwear, outer clothing,
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Table 25.2 Symptom-Severity Scale in Fecal Incontinence [19]

Score

Symptoms 1 2 3 4

Frequency <1 month−1 >1 month−1 to
several times per
week

Daily

Composition Mucus/Liquid
stool

Solid stool Liquid and solid
stool

Amount Small (i.e.
staining only)

Moderate (i.e.
requiring change
of underwear)

Large (i.e.
requiring
change of all
clothes)

Urgency or passive
incontinence

Neither Passive incontinence Urge incontinence Combined urge and
passive incontinence

The symptom-severity score (maximum score = 13) is calculated by summing scores for individual components in this scale.
Source: Rockwood et al. 2000 [19]. Reproduced with permission of Lippincott Williams & Wilkins.

furnishing, or bedding several times a month or more
often. However, the reliability and validity of this sim-
ple and rational approach has not been evaluated.

Perineal protective devices

It is possible to quantify the use of devices worn to
protect underclothes from FI by evaluating the type
of device (i.e. panty liner, pad or diaper), the dura-
tion for which the device was worn (i.e. all the time,
when awake away from home, when awake at home
or when asleep), and the number of devices worn when
awake (i.e. none, about 1 device per day, 2–4 devices
per day, 5 or more devices per day) [2]. Because FI is
associated with urinary incontinence, it is important to
specify that devices worn only to protect against leak-
age of urine be excluded when responding to these
items. Because the use of perineal protective devices
may reflect coping strategies rather than severity of
FI per se, this factor should not be used to gauge the
severity of FI. For example, it is conceivable that fas-
tidious people are more likely to use perineal protec-
tive devices even with mild FI.

Prevalence of fecal incontinence in
the community

Nelson comprehensively reviewed epidemiologic stud-
ies in FI up to 2004 [25]. Only eight of 34 surveys in

that review were community-based and sampled the
entire population, that is, were unrestricted by age,
residence, or underlying disease. However, four of
these eight studies surveyed �750 subjects, and only
two studies, conducted in a market mailing sample and
Wisconsin households [8,10], were from the United
States. Since that review, there have been five large
studies on the epidemiology of FI [2,11,26,27].

The prevalence of FI in the population has varied
among studies. Estimates range from 2.2 % in Wis-
consin households and 7 % in a sample of US house-
holders, to ∼11–15 % in Australia, in Sweden, and in
Olmsted County, Minnesota (Table 25.1). Different
prevalence rates among studies probably reflect vary-
ing definitions of FI, differences in survey methods,
and in the age distribution of the population surveyed.
For example, the minimum duration of FI required to
define cases was undefined in some studies, 1 month
in the NHANES study, and 1 year in most Olm-
sted County studies [2,12]. While most attention has
focused on FI in women, two studies suggest that the
prevalence in men is comparable to women [12,24].

The prevalence of FI among nursing home residents
(i.e. up to 50 %) is much higher compared to the
general population [25]. Community-based studies
demonstrate that the prevalence of FI increases with
age. However, age-related trends in the prevalence of
FI vary across studies. For example, in Leicestershire,
UK, the prevalence increased steadily from ∼4 % for
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any incontinence in women aged between 40–49 years
old to 7.8 % in subjects aged 70–79 years old and
sharply thereafter to 11.6 % in women aged 80 years
and older [24]. However, in Olmsted County and in
the NHANES, the age-specific prevalence increased
with age up to 22 % in the sixth decade and 15 % in
the eighth decade, respectively [2,12].

Onset of fecal incontinence

Studies conducted in specific populations followed
over relatively short periods of time who did not sus-
tain an iatrogenic insult (e.g. anal sphincterectomy
or obstetric injury) reported an onset rate of 7.5 %
in institutionalized elderly people at 1 year [28]and
5.4 % at 1 year after rehabilitation from acute brain
injury [29]. In a population-based study from Olmsted
County, 15 % of the population over 50 years of age
had FI at baseline and an additional 7 % developed FI
during the following 10 years [30]. In a multivariate
analysis which was limited by a relatively small sam-
ple size, rectal urgency was the only independent risk
factor for development of FI. However, the natural
history of women who had FI in the initial survey was
not assessed.

Severity of fecal incontinence and its
impact on quality of life

Severity of fecal incontinence

A majority of people with FI in the community have
mild symptoms. In Olmsted County, most women
with FI reported infrequent symptoms (55 % less than
monthly), and most reported only staining of under-
wear (60 % of those with FI) [2]. Thus, 50 % of
women had mild, 45 % had moderate, and 5 % had
severe symptoms. In contrast to the prevalence of the
condition, the severity of FI was not related to age.

Impact of fecal incontinence on quality of life

FI was associated with anxiety, depression, and phys-
ical disability in a community-based study of sub-
jects aged >65 years from the United Kingdom [31].
In the Wisconsin Family Health Study, 33 % of sub-
jects restricted their activities due to incontinence [10].

Studies from Leicestershire, UK and Olmsted County,
indicate that FI impacts quality of life (QOL) in the
community. In Leicestershire, 32 % of all subjects with
FI and over 50 % of those reporting major FI (i.e. soil-
ing of underwear, outer clothing, furnishing, or bed-
ding several times a month or more often) reported
that the symptom had “a lot of impact” on their QOL
[24]. In Olmsted County, 23 % of women with FI
reported that the symptom had a moderate to severe
impact on one or more domains of QOL [2]. More-
over, the impact of FI on QOL was clearly related
to symptom severity. Thus, 6 % of women with mild
symptoms, 35 % of women with moderate symptoms,
and 82 % of women with severe symptoms reported a
moderate or severe impact on ≥1 domain of QOL. The
proportion reporting moderate to severe impact for a
given domain ranged from 3–4 % (e.g. for family rela-
tionships, employment, sex life) to 12 % (for the abil-
ity to eat outside home or going out to eat). However,
differences in the impact of FI on specific domains of
QOL were not significant. FI was also associated with
worse health-related QOL at 6 months after vaginal
delivery [32].

Risk factors for fecal incontinence

FI occurs in conditions associated with pelvic floor
weakness and/or altered bowel habits, particularly
diarrhea [4] (Table 25.3). Several epidemiologic stud-
ies have evaluated the multiple putative risk factors
for FI by questionnaires (Table 25.4). In these studies,
advancing age, diarrhea, rectal urgency, cholecystec-
tomy, anal fistula, nonchildbirth anal injury, urinary
incontinence, chronic illnesses (e.g. diabetes mellitus
or stroke), and psychoactive medications were associ-
ated with FI [3,10,11,13].

We also used a questionnaire to assess individual
risk factors and the interaction among risk factors
(e.g. between risk factors for anal sphincter injury,
rectal urgency, and bowel symptoms) for FI in Olm-
sted County [33]. The symptom of rectal urgency was
the single most important risk factor for FI in women.
The risk of FI was higher among women with rec-
tal urgency whether or not they also had bowel dis-
turbances (i.e. constipation, diarrhea or abdominal
pain) (OR 8.3; 95 % CI 4.8–14.3) or had a vaginal
delivery with forceps or stitches (OR 9.0; 95 % CI
5.6–14.4). Though rectal urgency was associated with
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Table 25.3 Common causes of fecal incontinence

Anal sphincter weakness
Traumatic: obstetric, surgical (e.g. hemorrhoidectomy, internal sphincterotomy)
Nontraumatic: scleroderma, internal sphincter degeneration of unknown etiology

Neuropathy: peripheral (e.g. pudendal) or generalized (e.g. diabetes mellitus)
Disturbances of pelvic floor: rectal prolapse, descending perineum syndrome
Inflammatory conditions: radiation proctitis, Crohn’s disease, ulcerative colitis
Central nervous system disorders: dementia, stroke, brain tumors, multiple sclerosis, spinal cord lesions
Diarrhea: irritable bowel syndrome, postcholecystectomy diarrhea
Other: fecal retention with overflow, behavioral disorders

loose stools as previously reported [34], this symptom
was an independent, and much stronger risk factor
for FI compared to loose stools (i.e. functional diar-
rhea), extending previous observations that in patients
with functional bowel disorders, rectal urgency is not
always associated with loose stools [34]. Indeed, the
symptom of rectal urgency is associated with reduced
rectal capacity and reduced rectal capacity is associ-
ated with rectal hypersensitivity among women with
FI [35]. The NHANES (2005–2006) confirmed that
age (OR 1.20; 95 % CI 1.10–1.31), loose or watery
stools (OR 2.82; 95 % CI 1.95–4.08), more than 21
stools per week (OR 2.36; 95 % CI 1.09–5.12), mul-
tiple chronic illnesses (OR 2.20; 95 % CI 1.19–4.05),
and urinary incontinence (OR 1.62; 95 % CI 0.99–
2.66) were independent risk factors in women. In
men, age (OR 1.24; 95 % CI 1.09–1.41), loose or
watery stools (OR 4.76; 95 % CI 1.94–11.69), poor
self-rated health (OR 1.78; 95 % CI 1.18–2.66), and
urinary incontinence (OR 2.60; 95 % CI 1.44–4.67)
were independent risk factors. The NHANES survey
did not specifically ask about rectal urgency. Also,
with one exception [33], these studies did not address
the issue of obstetric trauma as a risk factor for FI.

However, vaginal delivery can damage the anal
sphincters and the pudendal nerve, and up to 10 %
of women develop FI after a vaginal delivery [4]. A
review of the literature observed that the incidence of
postpartum FI was considerably higher (i.e. 15–59 %)
in women who sustained a third-degree (i.e. anal
sphincter disruption) or a fourth-degree tear (i.e. a
third-degree tear with anal epithelial disruption) [36].
Similarly, FI was more prevalent in women who deliv-
ered vaginally with (17 %) than those without (8.2 %)
recognized anal sphincter tears, or women who deliv-
ered by cesarean section prior to labor (7.6 %) in

the Childbirth and Pelvic Symptoms (CAPS) Study
[37]. Moreover, the severity of FI and the preva-
lence of fecal urgency were also more pronounced
in women who had anal sphincter tears. A prospec-
tive study demonstrated that anal sphincter defects
and pudendal nerve injury after vaginal delivery were
often clinically occult and that forceps delivery was the
single independent factor associated with anal sphinc-
ter damage during vaginal delivery [38]. A systematic
Cochrane review concluded that maternal morbid-
ity was lower for assisted deliveries conducted with
a vacuum extractor than with forceps [39]. Another
Cochrane review concluded that restrictive episiotomy
policies were beneficial (i.e. less posterior perineal
trauma, less suturing, and fewer complications) com-
pared to routine episiotomy policies [40]. However,
there is an increased risk of anterior perineal trauma
with restrictive episiotomy.

In contrast to urinary incontinence, the risk of FI
was not significantly lower among women who had
a cesarean section only compared to a vaginal deliv-
ery [25,41]. Further studies are necessary to clarify
the risk of pelvic floor injury relative to the type of
cesarean section (i.e. emergency or elective) because
women who have an emergency cesarean section for
stalled labor may not, in contrast to women who have
an elective section, be protected against pelvic floor
injury.

While obstetric anal sphincter injury can cause FI,
FI typically begins 2–3 decades after vaginal delivery
among unselected women in the community. For
example, in one study, FI began before the age of
40 years in 31 %, between 41 and 60 years in 37 %,
and between 61 and 80 years in 32 % [2], suggesting
that obstetric pelvic floor injury is not the only risk
factor for FI among women in the community. Only
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Table 25.4 Risk factors for fecal incontinence (FI) in community-based studies

Survey Risk factors significantly associated with FI
Risk factors not significantly

associated with FI

Talley [52] None Age and gender
Drossman [8] Employment (OR, 0.8; 95 % CI 0.6 −1.0). Risks associated with other

sociodemographic features (e.g.
income) not specified

Nelson [10] Age, male sex, poor general health,
physical limitations

Race, marital status, employment
status, educational level, launderer
respondent

Reilly [3] Urgency, pelvic radiation, and rectal/anal
trauma

Unclear: published in abstract form
only

Kalantar [13]∗ Poor general health, perianal injury,
perianal surgery, sense of incomplete
evacuation, loose or watery motions,
urgency

Radiation treatment to abdomen and
pelvis (OR 2.7; 95 % CI 0.8–8.9),
diabetes mellitus (OR 2.1; 95 % CI
0.7–6.3).

Bharucha [33] Age, rectal urgency, prior anal surgery,
history of anal fissure, cholecystectomy

Vaginal delivery with forceps/stitches
alone (i.e. without bowel
symptoms), hysterectomy (OR 1.3;
95 % CI 1.0–1.7), contraceptive
use (OR 1.4; 95 % CI 1.0–1.9)

Melville [26] Age, major depression, urinary
incontinence, medical comorbidity,
operative vaginal delivery

Body mass index, h/o cesarean
delivery only, nulliparity

Quander [11] Age, low income and education, diabetes,
stroke, certain medications

Gender, certain medications

Varma [27] Obesity, chronic obstructive pulmonary
disease, IBS, urinary incontinence,
colectomy

Age, diabetes mellitus, parity, pelvic
organ prolapse surgery,
hysterectomy, cholecystectomy

Whitehead (2009) [12] In women: age, loose or watery stools, >21
stools week-1, multiple chronic illnesses,
and urinary incontinenceIn men: age,
loose or watery stools, poor self-rated
health, and urinary incontinence

Race/ethnicity, education, income, or
marital status after adjusting age

Bharucha 2010 [45] Current smoking, BMI, diarrhea, IBS,
cholecystectomy, rectocoele and stress
urinary incontinence

Obstetric events

Odds ratios are specified when the mean risk factor is >1.0 but the lower bound of the 95 % CI is ≤1.0.
∗Multiple variable analysis not performed.

three truly population-based studies have evaluated
the relationship between obstetric events and FI,
and that was also by questionnaires; operative
vaginal deliveries were [26] or were not [33,42] risk
factors for FI. However, maternal recall of distant
pregnancy events is variable. Recall is excellent
for certain items (e.g. cesarean section) but weaker
for other items (e.g. induced labor or problems

during delivery) [43]. Moreover a State-of-the-Science
Conference in Prevention of Fecal and Urinary
Incontinence in Adults highlighted the limitation that
most studies of fecal and urinary incontinence used
a cross-sectional design. “Such studies let us examine
associations with incontinence but not cause. We
cannot be sure that the associated factor comes before
the recurrence of incontinence or determine whether
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it is the cause of the incontinence and therefore
whether changing the associated factor would reduce
to eliminate the incontinence” [44]. To address these
limitations, we conducted a nested case-control study
of 176 randomly selected women with FI (cases; mean
age, 58 y) and 176 age-matched community controls
in a population-based cohort from Olmsted County
[45]. Risk factors for FI were evaluated by reviewing
inpatient and outpatient medical (including original
obstetric) records rather than by questionnaires. Anal-
yses focused on conditions that preceded the incidence
date of FI for case in each matched pair. In 88 % of
cases, FI began at age ≥40 y; severity was mild (37 %),
moderate (58 %) or severe (5 %). By multivariable
analysis, current smoking (OR 4.7; 95 % CI 1.4–15),
body mass index (OR per unit, 1.1; 95 % CI 1.004–
1.1), diarrhea (OR 53; 95 % CI 6.1–471), IBS (OR
4.8; 95 % CI 1.6–14), cholecystectomy (OR 4.2; 95 %
CI 1.2–15), rectocoele (OR 4.9; 95 % CI 1.3–19), and
stress urinary incontinence (OR 3.1; 95 % CI 1.4–6.5),
but not obstetric events, were independent risk factors
for FI. Taken together, these findings demonstrate
that bowel disturbances rather than obstetric events
are a primary determinant of late-onset FI and suggest
that, similar to urinary incontinence [46], obstetric
trauma (e.g. forceps use) is a stronger risk factor for
postpartum FI [38] than for delayed onset FI [47].
Hence, measures to ameliorate bowel disturbances
and other potentially reversible risk factors should be
implemented before anal imaging in women with FI.

In addition to obstetric trauma, other risk factors
for FI are also influenced by the age distribution of
the population. In a population aged 65 years and
older, self-reported diabetes mellitus (OR 1.7; 95 %
CI 1.4–2.1), self-reported stroke (OR 2.8; 95 % CI
2.2–3.5), and certain medications were also risk fac-
tors for FI after adjusting for age, sex, and race
[11]. It is unclear if FI preceded or followed dia-
betes mellitus or stroke. Because other medical con-
ditions and other putative risk factors for FI were
not assessed, it is unclear if the increased risk was
attributable to diabetes mellitus or stroke, or if these
conditions were merely markers for other risk factors.
In the same study, anti-Parkinsonian, hypnotic, and
antipsychotic medications were also associated with
a three- to fourfold increased risk for FI even after
adjusting for age, sex, race, stroke, and diabetes. On
the other hand, calcium channel blockers decreased
the risk of FI while estrogens, diuretics, antacids,

�-blockers, and benzodiazepines did not affect the risk
of FI.

FI is well documented to occur even after “minor”
operations (e.g. lateral internal anal sphincterotomy)
[4]. In Olmsted County, prior anal surgery, a history of
anal inflammation (e.g. abscess, fistula), and a chole-
cystectomy increased the risk for FI [25].

Health-seeking for fecal incontinence

In one study, only 10 % of women with FI had dis-
cussed the symptom with a physician in the preceding
year [2]. Although this estimate may not include sub-
jects who had discussed the symptom with a physician
at an earlier time, it confirms other studies in which
only ∼20–25 % of subjects with FI or IBS had dis-
cussed the symptom with a physician [8,48]. How-
ever 48 % of women with severe FI had consulted
a physician for the symptom. In addition to symp-
tom severity, general health status also independently
predicted physician consulting behavior for FI. Taken
together, these factors explained 15 % of the variance
in consulting behavior, which is similar compared to
previous population-based studies in IBS that have
addressed this issue [48,49].

Impact of fecal incontinence on
institutionalization and mortality

The contribution of FI to institutionalization was
recently assessed in a 10-year follow-up of 9008
community-dwelling participants in the Canadian
Study of Health and Aging aged 65 years and older
[50]. Among subjects who had FI at baseline (i.e.
4 %), mortality was higher (hazard ratio 1.19; 95 %
CI 1.00–1.41) even after adjusting for age, sex, cog-
nition, and functional independence but not after
adjusting for self-reported health. This suggests that
FI increased mortality by virtue of its association with
poor health status rather than independently. More-
over, while individuals with FI had an increased risk
of institutionalization (OR 1.79; 95 % CI 1.00–3.20)
independent of age and sex, this association was not
significant after adjusting for cognition, ADL depen-
dence, and self-reported health. Hence, these find-
ings suggest that while FI is often cited as a cause
for institutionalization, this risk is largely explained
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by other factors, particularly cognitive and functional
impairment.

Summary and a look to the future

Population-based studies in FI are important because
they (i) avoid the bias accompanying studies on the
epidemiology of FI in selected populations, (ii) under-
score that the symptom is common not only in nursing
homes but also in the community, (iii) quantify the
impact of FI on quality of life, and (iv) demonstrate
that the symptom generally begins 2–3 decades after
the initial insult to the pelvic floor, that is, vaginal
delivery. While most studies have focused on women,
there are limited data to suggest that the prevalence of
FI is comparable in men and in women. Epidemiologic
studies have also provided insights into the etiology of
FI. These findings are particularly important because
as the population ages, the number of women with FI
in the United States is anticipated to increase by 59 %
from 10.6 to 16.8 million between 2010 and 2050
[51]. Further studies are necessary to define the rela-
tionship between obstetric history, pelvic floor injury
and FI, to evaluate the incidence and natural history
of FI, and to explore the factors that influence health-
seeking behavior in FI.
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Multiple choice questions

1 Which of the following components are critical for
assessing the severity of fecal incontinence?

A Type of leakage (i.e. solid or liquid stool or both)
B Rectal urgency
C Quantity of stool leakage
D Frequency of leakage
E All the above

2 With respect to fecal incontinence in the com-
munity, which of the following statements is not
accurate?

A The prevalence across most studies ranges from
2–15 %

B The prevalence is much higher in women than in
men
C The prevalence is higher among nursing home
residents than in the community
D Severity of fecal incontinence is correlated with
its impact on quality of life

3 Which of the following statements regarding risk
factors for fecal incontinence among women in the
community is not accurate?

A Rectal urgency is an independent and important
risk factor, even after adjusting for diarrhea
B Obstetric history is an independent risk factor
in women who develop fecal incontinence in the
seventh decade or after
C BMI
D Current smoking
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Key points
� For gallstone disease, ethnic differences vary
from a high of 60–70 % in American Indians
to prevalences of 20 % in northern Europe and
6–17 % overall in Europe and North American
white adults. Very lowest rates occur in sub-
Saharan black Africans.
� The risks for developing gallstones include
both genetic and environmental factors. Modi-
fiable factors such as diet, activity, rapid weight
loss and obesity carry the potential for primary
prevention. Immutable factors like age, female
gender, genetics, and ethnicity cannot be altered.
� The risk factors for developing gallbladder
cancer include ethnicity, gender, age, a family
history, lifestyle, gallstones, chronic inflamma-
tion, and certain bacterial infections.
� Cholangiocarcinomas are uncommon in
developed countries except in a setting of pri-
mary sclerosing cholangitis. In Asia, cholangio-
carcinomas are more frequent, being associated
with liver fluke infestations, hepatolithiasis, and
chronic viral hepatitis.

Gallstone disease

Epidemiology

Gallstone disease is very common throughout the
world and constitutes a major health burden in
developed societies. The best epidemiology studies
use ultrasonography to screen for gallstones in large
populations. In the United States 10–15 % of the adult
population (20–25 million Americans) will someday
harbor gallstones [1], yet only 20 % ever develop
symptoms [2]. Gallstone disease is a leading cause of
hospital admissions for gastrointestinal problems [3],
while the overall all-cause mortality for those with
gallstone disease has increased compared with the
population (hazard ratio (HR) 1.30; 95 % CI 1.10–
1.50) [4]. The resultant direct and indirect cost of
gallbladder disease consumes ∼$6.2 billion annually
in the United States, constituting a major health bur-
den that has increased more than 20 % over the last
three decades. In Europe, the prevalence of gallstone
disease is similar, somewhere between 6 % and 22 %
[5]. Since the introduction of laparoscopic chole-
cystectomy, rates of surgery have increased on both
continents [6,7].

GI Epidemiology: Diseases and Clinical Methodology, Second Edition. Edited by Nicholas J. Talley et al.
C© 2014 John Wiley & Sons, Ltd, with the exception of original artwork which is C© Mayo Foundation for Medical Education and Research.
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Table 26.1 Characteristics of the types of stones that are associated with gallstone disease

Cholesterol stones Black pigment stones Brown pigment stones

Childhood Becoming more common Rare Rare
Ethnicity Developed countries Developed countries Asia
Composition 50–100 % cholesterol Calcium bilirubinate polymer Unconjugated bilirubin,

calcium soaps
(palmitate, stearate),
cholesterol and mucin

Size 0.3–3 cm 0.3–0.6 cm 0.5–1.0 cm
Radiodensity Lucent (10 % opaque) 50 % opaque Lucent
Low-protein diet No No Yes
Hemolysis/cirrhosis No Yes No
Color Yellow-brown Black Brown
Consistency Crystalline Hard Soft, greasy
Location Gallbladder ± common duct (∼10 %) Gallbladder ± common duct Bile ducts
Radiodensity Lucent (85 %) Opaque (>50 %) Lucent (100 %)
Recurrence Uncommon Frequent
Clinical associations Metabolic: family history (genetic

traits), obesity, female sex, aging
[excessive cholesterol secretion]

Increased red cell destruction
(hemolysis), cirrhosis, cystic
fibrosis, Crohn’s disease,
advanced age [excessive
bilirubin excretion]

Infection, inflammation,
infestation [stasis,
strictures]

North American Indians have the highest preva-
lence of gallstone disease with 64 % of females and
30 % of males being affected [8]. Among Pima Indian
females over the age of 30, the rates are as high as
73 % [9]. Other Aboriginal populations also exhibit
extraordinary frequencies of gallstone disease, includ-
ing the native Mapuche Indians of Chile: affecting
50 % of women and 13 % of men [10]. Conversely,
the lowest prevalence rates are in sub-Saharan black
Africans (less than 5 %); gallstones are almost nonex-
istent in the Masi and the Bantu [11].

Ethnicity is a key factor determining the type of
stones that form, why they develop and where they
reside in the biliary system [12] (Table 26.1). The
majority of stones in developed countries arise in
the gallbladder. Gallstones consist predominantly of
cholesterol (�85 %), whereas the remainder consti-
tute black pigment stones (i.e. composed of calcium
bilirubinate). In East Asia, brown pigment stones form
in bile ducts (choledocholithiasis) or hepatic ducts
(hepatolithiasis), secondary to stasis and inflamma-
tion, largely due to parasitic infestation causing par-
tial biliary obstruction. Stone type recently has shifted

in developing Asian countries from brown pigment to
cholesterol stones, likely from improved public health
and the adoption of Western dietary habits.

Risk factors

The numerous risk factors associated with the devel-
opment of gallstones in humans include both genetic
and environmental aspects. Modifiable factors such as
diet, activity, rapid weight loss, and obesity carry the
potential for primary prevention. Immutable factors
like age, female gender, genetics, and ethnicity cannot
be altered.

Age
Gallstone disease historically affects those over the age
of 40 years, earlier in populations at high risk like the
Pima Indians. With advancing age, more gallstones
are composed of black pigment material. Gallstones
once rare in childhood except for associated condi-
tions like chronic hemolysis are increasing, perhaps
related to the epidemic of obesity predisposing to
cholesterol stone formation [13].
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Female gender and sex hormones
This important element for gallstone formation places
women at high risk [1]. Women are twice as likely
as men to form stones; this gap narrows following
menopause after which men begin to catch up though
older age increases the risk substantially in both. Addi-
tional risk factors for the development of gallstones
among females include the use of oral contraceptives
and estrogen replacement therapy [14].

During pregnancy, biliary sludge (particulate mate-
rial that is composed of cholesterol, calcium biliru-
binate, and mucin) appears in up to one-third of
women. Resolution frequently transpires during the
postpartum period: sludge and small (�1 cm) stones
(microlithiasis) vanish in most, but definitive gall-
stones become established in as many as 5 %.

Obesity
Obesity (body mass index (BMI) ≥30 kg m−2) is a
well-established risk factor for development of gall-
stones and the risk is elevated in females, with those
who are extremely obese (BMI >35) having a sixfold
increased risk for developing gallstones [15]. Those
who are obese at an earlier stage in life, particularly
in their teenage years, are at the greatest risk of devel-
oping gallstones compared with those who are under-
weight, which appears to be protective [16].

Metabolic syndrome
Cholesterol gallstone formation and stone complica-
tions correlate with the metabolic syndrome: a combi-
nation of abdominal obesity, type 2 diabetes mellitus,
and hypertriglyceridemia, the common denominator
being insulin resistance [17]. Curiously, the develop-
ment of cholesterol stones in the gallbladder is not
associated with hypercholesterolemia; rather, low
HDL increases the risk of developing stones. Any rela-
tionship between diabetes and gallstones is unclear,
being confounded by age, obesity, and a family
history of gallstones.

Rapid weight loss
Substantial weight loss (�1.5 kg week−1) following
bariatric surgery or low-calorie dieting is associated
with the development of gallstones in 30–70 % of
individuals. Gallstones may be identified in the early
stages following bariatric surgery, when the rapidity of
weight loss is most extreme. Only a small proportion,
however, experience symptoms (�20 %) [16,18].

Diet
Dietary factors are complex and not easy to assess
in terms of gallstone formation [19]. Diets high in
cholesterol, fatty acids, carbohydrates, and/or legumes
appear to increase the risk of gallstone development,
whereas, the consumption of unsaturated fats, coffee,
fiber, ascorbic acid (vitamin C), calcium, and moder-
ate consumption of alcohol reduce the risk [1]. The
shift to a more Western diet, high in refined carbo-
hydrates and fat (triglycerides) and low in fiber, best
explains the increase in cholesterol gallstones amongst
American Indians (unmasking their presumed genetic
burden), in Europe following World War II, and more
recently in some developing Asian countries.

Socioeconomic status
The relationship between socioeconomic status and
the development of gallstones is unclear. Socioeco-
nomic status most likely represents a proxy marker
for another factor.

Lifestyle factors
These are important modifiable risk factors, with
increased physical activity reducing the risk of gall-
stone development and decreased physical activity
increasing this menace [20]. Currently, the role of
smoking in the development of gallstones is unclear.

Genetics and family history
The importance of genetics in the development of
human gallstones is a complex issue due to the
multifactorial nature of gallstone disease, which
makes identifying genetic defects problematic [21].
Identification of Lith genes (Lith 1, Lith 2) in mouse
models provides important information regarding
genetic susceptibility, but is obscured by the complex
interactions that humans experience with their
environment. Familial and twin studies reveal that
gallstone disease can cluster among relatives or be
increased in monozygotic compared to dizygotic twins
[22,23]. This genetic component accounts for about
25 % of the overall effect of the gallstone disease phe-
notype. The remainder is unique or exhibits shared
environmental factors, accounting for 62 % and 13 %
variances, respectively.
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Underlying chronic diseases

Liver disease
Advanced cirrhosis is a well-established risk factor
for gallstones with a prevalence of 25–30 % [24,25].
The majority of stones are the black pigment type due
to a combination of altered bilirubin metabolism and
abnormal gallbladder motility [26]. Hepatitis C also is
associated with gallstone disease [27] along with non-
alcoholic fatty liver disease (NAFLD), the connection
being the metabolic syndrome and obesity [28].

Crohn’s disease
A two- to threefold increased frequency of black pig-
ment stones occurs in patients with ileal Crohn’s dis-
ease [29]. The mechanism results from unabsorbed
bile acids which enter the colon and operate as a
biologic detergent to solubilize bilirubin, enhance
its absorption and enterohepatic cycling, and thus
increase pigment excretion, leading to stone forma-
tion [30].

Cystic fibrosis
The gallstone prevalence in cystic fibrosis is increased:
10–30 % versus �5 % in age-matched controls, the
result of bile acid malabsorption [31].

Other diseases
A recent meta-analysis found that gallstone disease
is associated with an increased risk of rectal cancer
[32], colonic adenoma [33], and colon cancer. Irrita-
ble bowel syndrome (IBS) has been linked to gallstone
disease and cholecystectomy; however, a recent large
population-based study has found that while individ-
uals with IBS have higher rates of cholecystectomy, it
is not due to an increased risk of gallstones, rather a
consequence of having abdominal pain [34].

Spinal cord injury is associated with a threefold
increase in gallstones, presumably related to gallblad-
der stasis (i.e. forming sludge) and intestinal hypo-
motility (by augmenting secondary bile acids, like
deoxycholic acid, which then adversely influence bile
formation) [35].

Biliary tract cancers

Biliary tract cancers are best divided into malignancies
of the gallbladder, the extrahepatic bile ducts, and

the ampulla of Vater, whereas intrahepatic tumors are
deemed primary liver cancers. Cholangiocarcinomas
refer to bile duct cancers that arise in the intrahepatic,
perihilar, or distal (extrahepatic) biliary tree, exclusive
of the gallbladder or ampulla of Vater.

Gallbladder cancer

Epidemiology

Gallbladder cancer is a rare malignancy. Many
patients are asymptomatic [36] often with advanced
metastatic disease and hence, a dismal prognosis. Ade-
nocarcinoma of the gallbladder exhibits great diversity
both geographically and by ethnicity [37]. Prevention
measures may be possible for this enigmatic malig-
nancy but necessitate further research to reduce its
mortality [38].

Geographic differences abound (Figure 26.1, Fig-
ure 26.2). The extraordinary frequency of gallstones
in South America correlates with the high rates of gall-
bladder cancer in Chile for both genders. For males,
the overall incidence of gallbladder cancer is highest
in two Asian countries – Korea and Japan, globally
ranked within the top10 incident countries. Females
differ geographically; high incidence countries include
Algeria, India, Korea, Peru, and Ecuador.

In the United States, the driving force behind the
variations in the incidence of gallbladder cancer relate
to ethnicity. High incidence areas for males include
Los Angeles (Korean and Japanese), New Mexico
(American Indian), Hawaii (Hawaiian), and Connecti-
cut (African American). A similar situation exists for
females with high incident areas for Los Angeles (His-
panic Whites, Koreans), and San Francisco (Hispanic
Whites). There also have been changes over time for
some ethnic groups like female Asian/Pacific Islanders
and male Hispanics, but no real change for African
Americans or non-Hispanic white females.

Mortality

The highest incidence countries also have the high-
est mortality for gallbladder cancer. In Chile this
involves the Mapuche Indians and Hispanics, while
in the United States the American Indians and Mexi-
can Americans carry this burden [39]. There appears
to be a decline in mortality related to gallbladder can-
cer in Europe, Canada, USA, and the United Kingdom,
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Figure 26.1 World standardized incidence rates for
gallbladder cancer for males. Source: Ferlay et al.
GLOBOCAN 2008 v1.2, Cancer Incidence and Mortality

Worldwide: IARC CancerBase No. 10 [Internet],
International Agency for Research on Cancer, Lyon,
France; 2010. Available from: http://globocan.iarc.fr.

whereas some countries like Iceland, Costa Rica, and
Korea have experienced increases in mortality [40].

Risk factors

The risk factors for developing gallbladder can-
cer include ethnicity, gender, age, lifestyle, gall-
stones, chronic inflammation, and infections such as
Salmonella typhi [41], Helicobacter bilus, and Heli-
cobacter hepaticus [42]. Genetic susceptibility is likely
with the risk being increased in those with a family his-
tory, but the responsible gene(s) are unknown at this
time.

Age
Gallbladder cancer increases with age, traditionally
affecting those over 65 years of age [43]. Recent anal-
ysis has found a substantial decrease in the age of those
now being affected; those under 50 years of age are
now developing gallbladder cancer [44]. The reasons
for this change remain unknown.

Gender and sex hormones
Studies highlight females generally being at a sub-
stantially greater risk of developing gallbladder can-
cer compared to males. There is conflicting evidence
linking female reproductive factors and the develop-
ment of gallbladder cancer. Some reports suggest that
parity, gravidity, oral contraceptive use, and hormone
replacement therapy (HRT) may be risk factors, but
other studies show no association [45].

Gallbladder disease
The relationship between gallstone disease and the
development of gallbladder cancer is close but not
absolute. Although gallstone disease increases the risk
of cancer, not all individuals with gallstones will
progress to develop gallbladder cancer [46].

Obesity
A meta-analysis exploring the relation between obe-
sity and gallbladder cancer found that increasing BMI
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Figure 26.2 World standardized incidence rates for
gallbladder cancer for females. Source: Ferlay et al.
GLOBOCAN 2008 v1.2, Cancer Incidence and Mortality

Worldwide: IARC CancerBase No. 10 [Internet],
International Agency for Research on Cancer, Lyon,
France; 2010. Available from: http://globocan.iarc.fr.

is associated with an increased risk of gallbladder can-
cer, with females having a slightly higher risk (RR
1.88; 95 % CI 1.66–2.13) than males (RR 1.35; 95 %
CI 1.09–1.68) [47].

Infection
Several bacteria are associated with gallbladder can-
cer. These include Salmonella typhi, Salmonella
paratyphi, and the Helicobacter species: Helicobac-
ter bilis, Helicobacter hepaticus, and Helicobacter
pylori [42]. Currently, there is no evidence implicating
viruses, parasites, yeasts, or fungi.

Cholangiocarcinoma

Epidemiology

Cholangiocarcinomas are not common, accounting
for only ∼3 % of all gastrointestinal malignancies,
yielding an incidence of 1–2 cases per 100,000 pop-

ulation in developed countries like the United States.
Due to the rare nature and geographic variation of this
cancer, there is inconsistent data on its natural history
and epidemiology.

The incidence of cholangiocarcinoma is highest in
regions of northeastern Thailand where liver flukes are
endemic [48]. There have been fluctuations in the inci-
dence of cholangiocarcinoma in the United States with
increases reported between 1973 and 1997. This per-
ceived increase may relate to changes in the classifica-
tion of cholangiocarcinoma which resulted in skewed
reporting and inflated rates [49].

In terms of gender, the incidence of this cancer
varies: intrahepatic cholangiocarcinoma is more com-
mon in men compared to women [50], whereas extra-
hepatic cholangiocarcinoma is similar in the two sexes
[50]. Ethnicity is also important in the epidemiology
of cholangiocarcinoma. In the United States, the inci-
dence is highest among Asian Americans and Pacific
Islanders, then American Indian and Hispanic, fol-
lowed by African Americans and Caucasians.
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Risk factors

Similar to gallbladder cancer, cholangiocarcinoma has
some key risk factors. These include: liver fluke infes-
tations, primary sclerosing cholangitis, chronic viral
hepatitis, choledochal cysts, and hepatolithiasis.

Liver fluke infestation
Clonorchis sinensis (Chinese liver fluke) and
Opisthorchis viverrini (Southeast Asian liver fluke)
are the key liver flukes that increase the risk of devel-
oping cholangiocarcinoma. Opisthorchis viverrini is
considered a definite carcinogen and Clonorchis sinen-
sis, a probable carcinogen [51]. Clonorchis sinensis is
predominantly found in Asia (southern China, Japan,
Korea, and Taiwan), related to the custom of eating
raw freshwater fish or shellfish. Chronic infestations,
occurring over 20 to 30 years, induce an inflamma-
tory response that progresses to cholangiocarcinoma.
Opisthorchis viverrini, endemic in Thailand and Laos,
results from ingesting undercooked fish.

Primary sclerosing cholangitis (PSC)
This progressive inflammatory disorder of the bil-
iary tract is the major cause (∼30 %) of cholan-
giocarcinoma in the Western world. Cholangiocarci-
noma can develop within a few years from the time
of primary sclerosing cholangitis diagnosis [52]. The
term “primary” distinguishes PSC from other sec-
ondary cholangiopathies such as bacterial cholangitis.
Its incidence is 1 per 100,000 person-years, higher in
men than women. PSC is particularly associated with
inflammatory bowel disease: 90 % have ulcerative col-
itis, more commonly in the form of a pancolitis than
distal colitis. Among patients with PSC, 0.6 to 1.5
% develop cholangiocarcinoma on an annual basis,
yielding a lifetime risk of 10–15 %.

Viral hepatitis
Both hepatitis B and C virus (HBV/HCV) infections
are risk factors for developing cholangiocarcinoma.
The carcinogenic mechanism is unknown [53].

Hepatolithiasis
Hepatolithiasis, another source for chronic, recurrent
infection and inflammation, is associated with cholan-
giocarcinoma [53]. Up to 10 % of individuals with
hepatolithiasis will develop cholangiocarcinoma [54].

The stones are characteristically located close to the
site of the tumor [55].

Alcohol
Heavy alcohol consumption appears to convey an
increased risk of developing cholangiocarcinoma,
despite some conflicting reports [56].

Cirrhosis
Individuals with cirrhosis are at a significantly (13-
fold) increased risk of developing cholangiocarcinoma
[57]. The interaction of cirrhosis with chronic hepati-
tis viral infections further increases the risk for intra-
hepatic cholangiocarcinoma [58].

Conclusions

The epidemiology of gallstone disease, gallbladder
cancer and cholangiocarcinoma is evolving with more
rigorous studies that better illuminate changes in their
frequency and attendant risk factors (Box 26.1). Gall-
stone disease is common; its prevalence varies sub-
stantially depending on geography and ethnicity. The
relationship between gallstone disease and genetics
remains unclear in humans. There are several mod-
ifiable risk factors for gallstone disease that provide
opportunities for primary prevention. Biliary tract
malignancies appear related to chronic inflammatory
processes. Gallbladder cancer is considered rare, but
can be endemic in certain populations that also have a
high prevalence of gallstone disease, such as American
Indians. Cholangiocarcinoma is a more geographi-
cally defined entity that affects predominantly Asians
and those with primary sclerosing cholangitis. Recog-
nition of the epidemiology of these conditions offers
the opportunity to identify primary and secondary
preventative measures to reduce their morbidity and
mortality.

Box 26.1 Risk factors for gallstone disease
and gallbladder cancer.

Gallstone disease
Obesity
Rapid weight loss
Low physical activity
Drugs
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Total parenteral nutrition (TPN)
Use of female sex hormones
Diet
Metabolic syndrome
Cirrhosis
Crohn’s disease
Family history of gallbladder disease
Ethnicity
Female gender

Gallbladder cancer
Increased parity
Salmonella typhi, Salmonella paratyphi infec-
tion
Helicobacter bilis, Helicobacter pylori infection
Family history of gallbladder disease or cancer
Ethnicity
Female gender

Cholangiocarcinoma
Liver flukes (Clonorchis sinensis, Opistorchis
viverrini)
Primary sclerosing cholangitis
Choledochal cysts
Viral hepatitis B and C
HIV
Cirrhosis
Hepatolithiasis
Toxins
Lynch syndrome
Diabetes
Obesity

Multiple choice questions

1 Which one of the following represents risks for
cholesterol gallstone formation?

A Old age
B Metabolic syndrome
C Black African
D Advanced cirrhosis
E Elevated total serum cholesterol

2 Gallbladder cancer is more common in which of the
following?

(More than one answer may be correct.)
A American Indians
B Rapid weight loss

C Cholelithiasis
D Caucasians
E Black Africans

3 Cholangiocarcinoma is associated with which of the
following?

(More than one answer may be correct.)
A Gallstone disease
B Primary sclerosing cholangitis
C Liver flukes
D Hepatolithiasis
E Cystic fibrosis
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1. B
2. A, C
3. B, C, D
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Key points
� The incidence of acute pancreatitis appears to
be increasing worldwide.
� The natural history of alcoholic chronic pan-
creatitis differs from idiopathic forms.
� Future studies on pancreatitis should focus
on host–environment interactions, factors deter-
mining quality of life and healthcare costs.

Acute pancreatitis

Clinical summary

Patients with acute pancreatitis (AP) typically present
with severe, continuous upper abdominal pain radiat-
ing to the back. Severe cases may develop organ fail-
ure, and local complications such as fluid collections
and pancreatic necrosis may occur. Treatment is pre-
dominantly conservative in the form of pain relief by
narcotics and aggressive fluid resuscitation. Patients
with severe AP may require monitoring and treat-
ment in the intensive care unit, prophylactic antibi-
otics, enteral nutrition, and debridement of infected
necrotic pancreatic tissue.

Disease definition

Clinically, AP is diagnosed when patients with upper
abdominal pain have a threefold elevation of serum
pancreatic enzymes (amylase and/or lipase) and/or evi-
dence of pancreatic inflammation on imaging studies
(e.g. computerized tomography scan). AP can recur in
up to one third of patients.

Incidence and prevalence

The annual incidence of AP over the past two decades
has been in the range of ∼20–40 per 100,000 popula-
tion [1–5]. The incidence varies widely between coun-
tries due to differences in the distribution of risk fac-
tors and the type of study design. Incidence rates have
been noted to be lower in Great Britain [3,6,7], the
Netherlands [8], and Germany [9], somewhat higher
in Denmark [10], Sweden [11], Norway [4], and Ice-
land [12], and the highest in the United States [1]
and Finland [13]. Studies using administrative datasets
report higher incidence rates than studies where the
diagnosis is validated by review of records. Studies
are beginning to examine the accuracy of administra-
tive data for AP. Use of hospital admissions to capture
incident cases is likely to be representative of true inci-
dence rates. Because AP is not usually a chronic con-
dition, all the population-based studies of AP describe
incidence and not prevalence.
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Temporal trends in incidence

A consistent observation in most population-based
studies is the rise in incidence of AP [5]. As an example,
the number of admissions for AP in the United States
increased from 101,000 in 1988 to 210,000 in 2003
[1]. The rising incidence is likely due to multiple fac-
tors of which the most important are an increase in the
rates of gallstone AP from rising obesity and increased
testing for pancreatitis among patients with abdomi-
nal pain. Other contributing factors would include
an increase in alcohol-related AP, medication-induced
AP, and post-procedure pancreatitis.

Demographics and risk factors

Increased risk of AP has been linked to particular sec-
tions of the population or certain factors.

Gender and race
While most studies report a higher incidence in
males [7–9,11,12,14,15], a Danish study [10] reported
a higher incidence in women. Temporal trends in
Danish and British studies show a more pronounced
increase in incidence rates in females compared with
males [7,10]; the British study also observed an
increase in the proportion of women who drank
�14 units of alcohol per week [7]. The rates of AP in
Blacks have been noted to be higher than in Whites [1].

Age
Many studies have observed increasing incidence of
AP with increasing age; the incidence reported per
100,000 population was �5–10, 10–30 and �20–30
in age groups �25 years, 25–60 years, and �60 years,
respectively [7,8,15]. In southern England, the more
pronounced increase in AP in younger men and
women is, at least in part, due to an increase in
alcohol-related AP [15].

Gallstones and alcohol
Gallstones are the commonest cause of AP [9,11,
12,14], and with alcohol abuse, account for �60 %
of cases. Gallstone-induced AP is more common in
women whereas alcohol-induced AP is more often
seen in men. Lindkvist et al. observed an increase
of 7.6 % per year in gallstone-induced AP in Sweden
and correlated this finding with increased obesity and

gallstone-related diseases [11]. The same authors also
found a decrease in alcohol-related AP of 5.1 % per
year and correlated this finding with a decrease in the
incidence of delirium tremens and mortality from cir-
rhosis, both markers of alcohol-induced diseases [11].

Drugs
A Danish study showing increasing incidence of AP
over time also observed an increase in the number
of prescriptions for potentially pancreatitis-causing
drugs such as azathioprine, estrogens, and estrogen-
progesterone combinations during the study period
[10]. However, it is not clear that the patients with
AP in this population were exposed to these drugs.

Healthcare costs

The health costs of pancreatitis care are substantial.
Using the Nationwide Inpatient Sample, a recent US
study estimated the direct cost of AP in 2003 to be
$2 billion [16]. In another analysis, the total cost of
care for all pancreatitis at nonfederal US institutions in
2004 was estimated to be $3.2 billion [17]. Although
this analysis did not separate AP from CP, a large
fraction of this is likely related to AP due to higher
incidence rates (several fold higher for AP then CP)
and need for inpatient care (almost all AP patients).

Natural history and mortality

Approximately 80 % of patients with AP will have
mild disease and recover without sequelae. The
remaining 20 % with severe AP will have a prolonged
hospital stay due to organ failure, local complica-
tions, and sepsis. While the overall mortality in AP
is reported to be low (∼2 %) [5], it increases with
age and with severe disease. In severe AP, the mor-
tality can be up to 15–25 %. Most deaths due to AP
(65 %) occur in the first 14 days [10[. In recent studies
the case-fatality rate (usually in the first 30 days) has
ranged from 3 to 10 % [18], with some studies show-
ing a decreasing case-fatality rate over time [8,10,15],
especially in younger patients [8,15]. This decrease
was not seen in population-based studies [7,8,15].
There was no difference in the mortality due to differ-
ent etiologies. Recurrent attacks are associated with
lower mortality compared with a first attack of AP
[8,12].
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Issues and gaps in the epidemiology

The very few prospective studies cover only a
short period of time. Hospital-based studies using
solely administrative data may overestimate incidence.
When compared to community hospitals, patients
treated at referral hospitals are sicker since many are
transferred from smaller hospitals for expert care.
Limited data exists on the epidemiology of AP in
regions other than the United States and Europe.

Recommendations for future studies

Epidemiology of AP should be studied in regions with
limited data to understand distribution and trends. In
defined populations, excluding cases transferred from
hospitals outside the area, recurrent attacks and flares
of chronic pancreatitis (CP), and all cases of con-
firmed AP should be prospectively studied for tem-
poral trends, etiology, clinical outcomes, and health-
care utilization costs. Such studies could perhaps be
done in centers with well-defined catchment areas and
a limited number of healthcare facilities.

Conclusions

Based on available epidemiologic studies (which are
mostly retrospective and hospital-based), it appears
that the incidence of AP is increasing (especially AP
due to gallstones and alcohol in some areas), and that
the case fatality rate is decreasing. Prospective, prefer-
ably population- based, studies are needed to confirm
these findings.

Chronic pancreatitis (CP)

Disease definition

Chronic pancreatitis (CP) is a progressive fibroin-
flammatory disease of the pancreas that, in its end
stages, is characterized by permanent loss of pancre-
atic parenchyma and consequent functional insuffi-
ciency (diabetes and steatorrhea) [19]. Three forms of
CP are currently recognized.

Usual CP, or calcifying CP (CCP)

This is characterized by severe abdominal pain, recur-
rent bouts of clinical AP, and eventual development

of intraductal calculi in a high proportion of cases.
On histology, there is perilobular fibrosis and acinar
destruction with acute and chronic inflammatory cells
[20]. The most frequent cause of CCP is alcohol and
tobacco use.

Obstructive CP

This form of CP develops upstream from an area
of ductal obstruction, often due to a tumor or post-
inflammatory AP pancreatic duct stricture. It is usually
painless but occasionally causes clinical AP. Persis-
tent obstruction leads to pancreatic atrophy upstream
from the area of ductal narrowing. The development
of steatorrhea and diabetes depends on the amount of
pancreas that becomes atrophied. Intraductal calculi
are generally absent.

Autoimmune CP

This systemic autoimmune fibro-inflammatory disor-
der afflicts the pancreas as well as other organs [21]. It
is a relatively painless disorder and clinical AP is not a
common presentation. Affected organs show infiltra-
tion of IgG4-positive cells and it dramatically responds
to steroid therapy. Intense fibrosis in AIP may lead to
permanent structural damage and functional insuffi-
ciency. Intraductal calculi are uncommon, but may
develop in the late “burnt-out” stage. More recently,
two forms of the disease have been recognized. Type
I or lymphoplasmacytic sclerosing pancreatitis is usu-
ally seen in older individuals, presents as obstructive
jaundice with focal or diffuse mass in the pancreas
and elevated serum IgG4 levels. On histology there
is lymphoplasmacytic infiltrate rich in IgG4-positive
cells, intense fibrosis and destruction of venules. Type
II is seen in younger individuals, is often associated
with inflammatory bowel disease and patients may
not have elevated serum IgG4 levels. On histology,
granulocyte infiltration of the duct wall with/without
acinar inflammation is present. IgG4 cell infiltration is
less prominent or absent.

Epidemiology of usual CP (or CCP)

Incidence and prevalence
Almost all literature on the epidemiology of CP relates
to CCP, mostly from Western countries and Japan,
with little information on the epidemiology of other
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forms. The annual incidence in Western countries
ranges from 4–9 per 100,000 [22]. The variability in
incidence rates depends on the study design, year of
study, and risk factor prevalence. Prevalence estimates
are available from Copenhagen (27.4 per 100,000 in
1979) [23], Japan (28.9 per 100,000 in 1994) [24],
and more recently from Olmsted County, MN, USA
(41.8 per 100,000 in 2006) [25].

Temporal trends

Longitudinal studies indicate a trend toward an
increase in incidence over time [25].

Risk factors

In most reports from Western countries between the
1960s–1990s, heavy alcohol use accounted for the
majority of CP cases (70–90 %). In recent studies,
the etiologic spectrum of CP has been noted to
be wider and the proportion of patients directly
attributed to alcohol is somewhat lower (∼50 %)
[25–27]. Smoking has been recognized as an inde-
pendent dose-dependent risk factor [28]. Alcohol and
smoking together likely have a multiplicative effect on
the risk of CP [29]. The risk of developing pancreatitis
increases significantly with consumption of 4–5 drinks
or more per day [29–31]. The absolute risk of pancre-
atitis with heavy drinking is ∼2–3 % [32]. The exact
role of diet in CP is still unclear. Structural abnormal-
ities of the pancreas, specifically pancreatic ducts are
associated with CP in some patients. Other less com-
mon associations of CP are hypertriglyceridemia and
hypercalcemia.

Genetic susceptibility to CCP is conferred by muta-
tions in the cationic trypsinogen, CFTR and SPINK1
genes. Hereditary pancreatitis is an autosomal domi-
nant disorder with high (80 %) penetrance caused by
mutations in the cationic trypsinogen gene. Mutations
in the CFTR and SPINK1 genes are associated with
apparently idiopathic CCP [33].

Demographics and presentation

Alcoholic CCP, which is more common in middle-
aged men with a long history of heavy alcohol and
tobacco use, usually presents in the fifth decade of
life with attacks of pain or AP. The presentation of
the idiopathic form of CCP, which affects both sexes

equally, is bimodal: the juvenile form (early-onset) is
painful, while over 50 % of subjects with senile-onset
idiopathic CP have painless disease [34]. Most patients
with hereditary pancreatitis are symptomatic by age
20 years, with pain and clinical AP [19]. Tropical pan-
creatitis is an early-onset form of idiopathic CP that
is endemic in south Asia, particularly southern India,
and in Africa and South America. It is characterized by
a high prevalence of pancreatic calcification, diabetes,
and pancreatic cancer [35]. Data on racial predispo-
sition for CP is limited but important observations
indicate that black people may have a greater risk
for alcoholic pancreatitis compared with white people
[36].

Natural history

Described mainly from centers specializing in pancre-
atic disease, the natural history of alcoholic CP may be
different from idiopathic CP [34,37,38]. Patients with
early-onset idiopathic CP have a much slower progres-
sion toward requiring pain relief, and to experiencing
exocrine and endocrine insufficiency compared with
alcoholic and late-onset idiopathic CP [34]. Approx-
imately 50–60 % of patients undergo surgery at some
point, primarily to achieve pain relief or to treat
complications from CP [34,37]. The mortality in CP
subjects is two- to fourfold higher compared to back-
ground population and is mostly from nonpancreatic
causes [25,38]. The cumulative risk of developing
pancreatic cancer is much greater in hereditary
pancreatitis (40 %) than in other forms of CP [39].

Disability and quality of life

Abdominal pain, which can be continuous and
intractable, is the most important determinant of qual-
ity of life in CP [40]. About 50 % of patients regularly
use pain medications and about a third have disability
from pancreatitis [41].

Prevention

Recent data suggest that progression from AP to CP is
not inevitable and occurs only in a subset of patients
(10–30 %) [42–44]. The risk is increased with contin-
ued alcohol consumption and smoking. Thus, the nat-
ural history of CP can be altered by aggressive coun-
seling and appropriate measures for abstinence from
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alcohol and smoking cessation. Currently, no preven-
tive strategies are available for other forms of CP.

Issues and gaps in the epidemiology

Despite the progress made in recent years in under-
standing the pathogenesis of CP, especially its inher-
ited forms, several questions remain unanswered. For
example, what is the role of cofactors (host, environ-
mental, or both) in individual susceptibility to develop
CP? What is the mechanism of pain in CP? Why do
only a small proportion of heavy-drinking alcoholics
develop CP? What is the role of alcohol at intermediate
levels of consumption? How does smoking increase
the risk and modify disease progression? What are
the determinants of resource utilization and disability
in subjects with CP? How accurate are administra-
tive datasets in identifying cases of CP? The current
classification of CP is based on morphology rather
than etiology. Because biopsy from the pancreas is
rarely obtained, classification systems providing an
improved understanding of both the etiology and pro-
gression of the disease are needed.

Recommendations for future studies

Future studies should focus on establishing inci-
dence and prevalence estimates and trends in general
and high-risk groups in different populations, factors
determining individual susceptibility to CP, mecha-
nisms of pain in CP, and determinants of quality of
life and healthcare utilization by subjects with CP.

Conclusions

Significant advances have been made in our under-
standing of the etiology, mechanisms and natural
history of CP. Most epidemiologic studies on CP
have originated from specialized centers and are not
population-based. Well-designed, preferably prospec-
tive, population-based studies are needed to under-
stand better the disease estimates and trends.

Multiple choice questions

1 The factors contributing to the increasing incidence
of acute pancreatitis include:

A Gallstones
B Increased use of serum pancreatic enzymes

C Alcohol
D Medications
E All

2 The overall mortality in patients with acute pancre-
atitis is:

A 1–2 %
B 5–10 %
C 10–15 %
D More than 20 %

3 The risk of developing pancreatitis in heavy alco-
holics is:

A 1–3 %
B 5–10 %
C 10–20 %
D �20 %

4 All of the following are true for chronic pancreatitis
except:

A Alcohol and smoking are independent risk fac-
tors
B The effects of alcohol and smoking on the pan-
creas may be multiplicative
C Cessation of alcohol and smoking does not pre-
vent progression from acute to chronic pancreatitis
D Only a small fraction of patients progress from
acute to chronic pancreatitis
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Key points
� An estimated 44,000 people were diagnosed
with pancreatic cancer in the United States, and
over 36,000 died from the disease in 2010.
� Symptoms of pancreatic cancer are nonspe-
cific, unreliable, and occur late in the disease
presentation.
� Treatment options for pancreatic cancer are
limited. Surgical removal of the tumor affords
the best prognosis, but is possible in less than
20 % of patients. Chemotherapy and radiation
are not very effective and are palliative.
� Pancreatic cancer has the highest mortality
rate of all major cancers. Ninety-four percent
of pancreatic cancer patients will die within
five years of diagnosis. Life expectancy with
metastatic disease is just 3–6 months without
treatment.
� Currently there are no screening strategies to
detect the disease early when surgical removal
of the tumor is still possible. Pancreatic cancer
survival has not improved substantially in the
last 40 years.

Disease definition

Neoplasms of the pancreas can be broadly classified
into exocrine and endocrine cancers. The vast major-
ity of pancreatic neoplasms tend to originate in the
exocrine pancreas (�95 %) with a small number orig-
inating in the endocrine part (∼5 %) [1]. The bulk
of the cancers originating in the exocrine pancreas
tend to be ductal adenocarcinomas (�90 %). The
small numbers of nonductal cancers are constituted
by acinar cell cancer, solid pseudopapillary tumors,
and pancreatoblastomas. The term “pancreatic can-
cer” usually pertains to pancreatic ductal adenocarci-
noma and hence in this chapter we will focus solely on
pancreatic ductal adenocarcinoma, the most common
cancer of the pancreas.

Incidence and prevalence

In 2010 in the United States, there were approxi-
mately 43,000 new cases of pancreatic cancer and
36,000 deaths due to pancreatic cancer (Figure 28.1).
These rates have been relatively stable since 1980
(Figure 28.2). Pancreatic cancer is the tenth leading
cause of cancer in men as well as women, comprising
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Figure 28.1 Estimated new cases and deaths from pancreatic cancer in 2010. Source: Jemal et al. [2]. Reproduced with
permission of John Wiley & Sons.

approximately 6 % of all new cancers [2]. Despite this,
it is the fourth leading cause of cancer death in the
United States, a testament to its poor prognosis [2].
Only lung, breast, and colorectal cancers supersede it
and the incidence of those cancers vastly outnumbers
cases of pancreatic cancer, which has the lowest 5-year
survival of any known cancer [2]. Worldwide there are
278,684 new cases and 266,669 deaths per year based
on a 2008 estimate. It was the eighth leading cause of
cancer death in the world [3].

Although the reasons for such a high case fatality
rate are many, a major source is the late stage at which
most pancreatic cancers are diagnosed. Despite the
availability of modern imaging techniques, the vast
majority of pancreatic cancers are inoperable at the
time of presentation (�80 %). Sudden onset obstruc-
tive jaundice with change in color of urine (dark) and

stool (pale) is the most common presentation. Back
pain, loss of appetite, weight loss, onset of diabetes
mellitus, and cachexia are the other major symptoms
of the disease. Such symptomatic patients either have
locally advanced cancer (invasion of major blood ves-
sels) or distant metastasis which precludes surgery.
Therefore this pattern of presentation assumes impor-
tance in the majority of patients as surgery affords
the best long-term survival for pancreatic cancer. The
median survival of inoperable pancreatic cancer is 3–
6 months. Surgery improves the median survival by
18–24 months. Although there is some correlation
of tumor size at the time of diagnosis and survival
times, the 5-year survival for even early stage cancer
(i.e. resection that is lymph node-negative for cancer)
is only 24–30 %. Five-year survival drops to 10 %
for resection that is lymph node-positive for cancer
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Figure 28.2 Incidence and mortality from pancreatic cancer
1987–2007. Source: Incidence and Mortality data:
Surveillance, Epidemiology and End results (SEER) and the
National Center for Health Statistics.

[4–6]. Recently, a chemotherapy regimen with a mul-
tidrug combination almost doubled the survival time
of patients with advanced pancreatic cancer when
compared to standard therapy alone [7]. Despite this,
the results of chemotherapy and radiation therapy
continue to be dismal at best. The few times that
asymptomatic pancreatic cancer is diagnosed, is when
it is serendipitously seen on abdominal imaging done
for an unrelated reason. Such patients have the best
long-term prognosis. Thus, cancer-specific symptoms
such as pain and dramatic weight loss portend a poor
prognosis even at the outset.

Most pancreatic adenocarcinomas arise in the head
and neck of the pancreas (�75 %) with the rest arising
in the body and tail of the pancreas. Most if not all

pancreatic cancers arise from precursor lesions called
PanIN (pancreatic intra-epithelial neoplasias) which
are further classified as PanIN 1, PanIN 2, and PanIN
3, with increasing levels of dysplasia and consequently
higher risk of cancer. Some pancreatic cancers arise in
the setting of cystic lesions such an IPMN (intrapan-
creatic mucinous neoplasm) or MCN (mucinous cys-
tic neoplasm). The cancer is classified according to the
TNM classification and staged from stage 0–IV [8,9].

Risk factors

The risk factors for pancreatic cancer can be broadly
classified as major and minor risk factors. The major
risk factors for pancreatic cancer are smoking, dura-
tion and presence of chronic pancreatitis, genetic fac-
tors, obesity, and physical inactivity. The minor risk
factors include age, sex, ABO blood group, diabetes
mellitus, dietary factors, postsurgical states (cholecys-
tectomy and partial gastrectomy), and Helicobacter
pylori infection.

Major risk factors

Numerous case-control and cohort studies have
demonstrated smoking to be an independent risk fac-
tor for pancreatic cancer. Studies demonstrate that
when compared with never smokers, current smok-
ers had a significantly elevated risk, with odds ratio
(OR) estimates ranging from 1.5–5.7, of developing
pancreatic cancer [10–15]. In addition, these stud-
ies also demonstrated a dose effect, that is, the risk
of pancreatic cancer increased with the number of
cigarettes smoked. In one recent study, when com-
pared with never-smokers, current smokers had an
OR of 1.7 (95 % CI 1.38–2.26). The risk increased sig-
nificantly with more smoking (duration and quantity),
that is, with greater than 30 cigarettes per day the OR
was 1.75(95 % CI 1.27– 2.42), duration greater than
50 years the OR was 2.13, (95 % CI 1.25–3.62), and
cumulative smoking dose greater than 40 pack-years
the OR was 1.78 (95 % CI 1.35–2.34) [13]. Stud-
ies have also demonstrated that the risk of pancreatic
cancer comes down with smoking cessation. The esti-
mates for the time to return to baseline risk vary from
10–15 yrs [14–16].

The other well-associated risk factor for developing
pancreatic cancer is presence of hereditary pancreatitis
and duration of chronic pancreatitis regardless of the
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cause. Hereditary pancreatitis is mostly due to an
autosomal dominant mutation in the serine protease
1 gene (PRSS1) which codes for a cationic trypsinogen
[17]. The rates of pancreatic cancer in patients with
hereditary pancreatitis are increased 50-fold, although
in absolute numbers, this is a rare cause of pancreatic
cancer [18–22]. The cumulative risk of pancreatic can-
cer by age 70 in patients with hereditary pancreatitis is
as high as 40 % [22]. The rates are even higher when
such patients smoke [19].

Chronic pancreatitis due to any cause also increases
the risk of pancreatic cancer. A multicenter cohort
study of 2000 patients in 1993 showed that the risk of
pancreatic cancer was significantly elevated in patients
with chronic pancreatitis independent of other known
risk factors [23]. This risk was as high as 26-fold
when compared to the general population. Subsequent
studies also showed an elevated risk in patients with
chronic pancreatitis, albeit at a much lower level of
around three- to fourfold elevation when compared
to the general population [24–28].

The pathways by which chronic pancreatitis leads
to pancreatic cancer are unknown. It is likely that
DNA damage due to chronic inflammation leads to
formation of cancer precursor lesions such as PanINs,
which then turn into pancreatic cancer with continued
inflammation [29,30]. Mutation in the gene Kras,
which is present in most if not all pancreatic adenocar-
cinomas, may be induced by chronic inflammation or
the chronic inflammation may accelerate the develop-
ment of pancreatic cancer in patients with a mutated
Kras gene [29,30]. A recent meta-analysis looking
at risk of pancreatic cancer and all types of chronic
pancreatitis concluded that over a 20-year period,
pancreatic cancer will develop in only about 5 % or
less of all patients with usual chronic pancreatitis [27].
However, it noted that risk is markedly increased in
those patients with hereditary pancreatitis or tropical
pancreatitis [27,31]. The most likely reason for this
is the early onset of pancreatitis in these two groups,
and consequently more at-risk years of chronic
inflammation [27].

A wide array of genetic abnormalities increases the
risk of pancreatic cancer. These genetic alterations can
be divided into syndromic and nonsyndromic abnor-
malities. Syndromic causes include germline mutation
in the STK-1 gene seen in Peutz–Jeghers syndrome
that increases the relative risk of pancreatic cancer
by as much as 132 times [32,33]. Other known asso-

ciations include BRCA2 mutation, atypical multiple-
mole melanoma (FAMMM) syndrome, familial ade-
nomatous polyposis (FAP), Lynch syndrome, von
Hippel–Lindau syndrome and multiple endocrine neo-
plasia [34–40]. In addition to the above syndromes, a
mutation in the PRSS1 gene, the cause of hereditary
pancreatitis, is a genetic risk factor for pancreatic can-
cer. That said, these genetic factors account for less
than 10 % of all cases of pancreatic cancer [40]. The
nonsyndromic causes account for “high-risk families”
which have an increased incidence of pancreatic can-
cer. These families have been defined as families hav-
ing at least two first-degree relatives with pancreatic
cancer. People with such family histories are being
enrolled in high-risk screening programs across a few
centers in the United States.

Two well-known cohort studies (the Nurses’ Health
Study and the Health Professionals Follow-up Study)
showed that the risk of pancreatic cancer increased
with obesity and decreased with more physical activ-
ity. The obese cohort (BMI of 30 kg m−2) had a 1.72
times increased relative risk (RR) of pancreatic cancer
as compared with the normal weight cohort (BMI of
23 kg m−2). An inverse relation was observed for mod-
erate physical activity (RR 0.45) for the highest versus
lowest categories [41]. These conclusions corroborate
with other studies which also show an increased risk of
pancreatic cancer with obesity and a protective effect
with physical activity [42–44].

Minor risk factors and association
A multitude of minor risk factors have been identi-
fied to increase the rate of pancreatic cancer. A well-
known association is diabetes mellitus [45–47]. Mul-
tiple studies have shown that the presence of long-
standing diabetes mellitus modestly increases the risk
of pancreatic cancer, and this was demonstrated in a
meta-analysis of these studies from 1974–1994 [48].
The pooled risk ratio of pancreatic cancer for dia-
betics relative to nondiabetics was 2.1 (95 % CI 1.6–
2.8). This risk was similar when only patients with
diabetes for more than 5 years were considered [48].
It is important to note that the association between
diabetes mellitus and pancreatic cancer may be con-
founded by the fact that new-onset diabetes may be
an early manifestation of pancreatic cancer (i.e. the
cancer causes the diabetes) [48–50]. When tested, up
to 80 % of pancreatic cancer patients have glucose
intolerance [50,51]. Thus, most of the diabetes seen
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in pancreatic cancer patients is due to the cancer. This
form of diabetes is called pancreatic cancer-associated
diabetes (PacDM). It is unique in that this diabetes
continues to worsen despite the dramatic weight loss
seen in pancreatic cancer [50].

It has been observed that people with blood group
O may have a lower risk of pancreatic cancer than
those with groups A or B [52–55]. This association
is consistent and may hold some insights in to inheri-
tance pattern of pancreatic cancer. Postsurgical states
such as partial gastrectomy and history of cholecystec-
tomy, to varying degrees, have been associated with
pancreatic cancer [56–58]. Finally, H. pylori infection
has been shown in some studies to increase the risk of
pancreatic cancer, especially the CagA strain [59,60].

Studies looking at red meat intake have been con-
flicting when it comes to added risk of pancreatic
cancer. Increased fruit and vegetable intake has not
been shown to be protective in a prospective study
[61–64]. Coffee consumption has been debunked as a
causal factor for pancreatic cancer after a flurry of ini-
tial reports [16]. Alcohol consumption is unlikely to
increase the risk of pancreatic cancer. Multiple large
studies suggest that there is no added risk including
a recent large European study of 478,400 subjects
[65–68].

Areas for further study

One of the biggest challenges in the field of pancreatic
cancer, as of today, is the need to diagnose/screen for
asymptomatic pancreatic cancer. As alluded to earlier,
by the time cancer-specific symptoms such as abdom-
inal pain, loss of appetite, or weight loss occur, the
cancer is too far advanced to alter its natural course.
Conversely, it has been shown that the smaller the
size of the tumor (�2 cm) at diagnosis, in addition
to being surgically resectable, the 5-year survival is
also better [69]. Unfortunately there is no established
screening modality for detecting asymptomatic pan-
creatic cancer. This need is of great significance to
high-risk kindred with multiple first-degree relatives
affected by pancreatic cancer. Studies of such fami-
lies have demonstrated an increasing risk profile with
more first-degree relatives afflicted by pancreatic can-
cer [70]. Screening for pancreatic cancer is further
compounded by the fact that there is no reliable serum
marker for resectability. In this regard, new-onset dia-

betes, defined as diabetes diagnosed within 24 months
of a diagnosis of pancreatic cancer, may offer a poten-
tial lead. It has long been recognized that new-onset
diabetes/impaired fasting glucose often precedes any
symptoms of pancreatic cancer such as weight loss or
abdominal pain. Despite this observation, screening
protocols outside the purview of clinical trials do not
exist as of today.

Multiple choice questions

1 Which of the following best define the symptoms of
pancreatic cancer?

A Pancreatic cancer symptoms occur late in the
disease
B Pancreatic cancer symptoms are unreliable for
early diagnosis
C Pancreatic cancer symptoms are vague and can
mimic other conditions
D Severe daily abdominal pain needing narcotic
pain medications is a bad prognostic factor
E All of the above

2 Mr. John Smith is a 55-year-old gentleman who
presents to you because he is worried about getting
pancreatic cancer. His father and aunt died of pan-
creatic cancer at age 83 and 64, respectively. He
has smoked one pack of cigarettes a day for the
past 30 years and has consumed two mixed alcoholic
drinks a day for a similar amount of time. He has
hypertension and type 2 diabetes mellitus, which are
well controlled. He does not exercise on a regular basis
and says he does not enjoy eating a lot of fruits and
vegetables. His BMI is 34.

Which of the following interventions has the great-
est impact in altering the patient’s risk for pancreatic
cancer?

A Schedule him for an endoscopic ultrasound now
and check serum Ca 19-9
B Schedule him for a CT scan of the abdomen and
check serum Ca 19-9
C Smoking cessation
D Increase his fruit and vegetable intake and avoid
red meat
E Diet and exercise regime to decrease his BMI
to 24

3 Mrs. Jane Dune is a 48-year-old female who
was recently diagnosed with metastatic pancreatic
cancer. She is completely asymptomatic except 2/10
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abdominal pain which is relieved by two tablets of
extra strength Tylenol. She wants to do everything in
her power to “beat the cancer” as she has two young
children.

The treatment option most likely to prolong her
survival is

A Neoadjuvant chemotherapy followed by a
pylorus-preserving Whipple operation
B Chemotherapy with single agent Gemcitabine
with radiation
C Chemotherapy with FOLFIRNOX with no
radiation
D Chemotherapy with Erlotinib along with
radiation
E Celiac Ganglia neurolysis followed by
chemotherapy with Gemcitabine, Erlotinib,
and radiation therapy

4 James Smith is a 45-year-old male who has a family
history of pancreatic cancer. His mother and paternal
grandfather died of pancreatic cancer. He is asymp-
tomatic but wants to know if you “can run some test”
to see if he has pancreatic cancer. Which of the fol-
lowing would you recommend:

A Endoscopic ultrasound (EUS)
B EUS and serum Ca 19-9
C EUS, serum Ca 19-9, and blood sugar
D No specific testing
E EUS, serum Ca 19-9, and HbA1c

5 Mary Joe is a healthy 76-year-old who was recently
hospitalized for acute pancreatitis. She had a chole-
cystectomy 35 years ago, does not smoke or consume
alcohol in excess. Her calcium, Ca 19-9 and triglyc-
eride levels were normal and she does not take any
prescription medications or supplements. Thus a pre-
liminary work-up during her hospitalization did not
reveal a cause for the pancreatitis. She had mild intesti-
nal pancreatitis on the CT scan on the day of her
admission. She is now ready to be discharged after
spending 3 days in the hospital. What follow-up test
would you recommend?

A EUS/CT with repeat Ca-19-9 in 6 weeks
B PET scan in 6 weeks
C Recheck amylase and lipase in 6 weeks
D No specific test at this time
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Answers to multiple choice questions

1. E
2. C
At this time, there is no proven screening test for pan-
creatic cancer hence choices A and B are not correct.
Although choices D and E are seemingly reasonable
as part of general healthy living, in this instance the
intervention that has the greatest impact in altering
this person’s risk for pancreatic cancer is smoking ces-
sation. It is estimated that up to 30 % of cases of
pancreatic cancer can be attributed to smoking.
3. Option C
This patient has “metastatic disease” hence option A,
which is for local disease, is not valid. The patient’s
pain is well controlled (no requirement for celiac gan-
glia neurolysis) and additionally there is no data to
suggest the use of erlotinib in this patient, hence
options D and E are not valid. As she is an otherwise
healthy patient with no other comorbidities, option C
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offers her the best odds to prolong survival as com-
pared to option B based on recent data, albeit with
more side effects.
4. D
At this time, there is no proven screening test for pan-
creatic cancer, hence choices A, B, C, and E are invalid.
The best option for asymptomatic relatives of patient
with familial pancreatic cancer is to enroll in clinical
registries.

5. A
This patient is an otherwise healthy woman who has
no clear cause for her acute pancreatitis. Hence option
A is a prudent choice as part of her follow-up care as
pancreatitis can be the presenting symptom of pancre-
atic cancer especially in the elderly. A PET scan and
rechecking amylase and lipase in 6 weeks will likely
not detect the tumor or afford a chance for tissue sam-
pling, and thus are suboptimal options.
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Key points
� Both hepatitis B and C viruses (HBV and
HCV) are transmitted parenterally via infected
blood or body fluids and may be com-
monly transmitted by contaminated needles and
unprotected sexual contacts. Perinatal exposure
is also an important means of transmission,
especially for hepatitis B in endemic popula-
tions.
� In the United States (USA), the incidence of
new infections with HBV and HCV has been
decreasing in the past two decades, largely due
to safer needle-using practices and universal
precaution in health care as well as exclusion
of blood donors with infection. For hepatitis
B, widespread vaccination programs have been
effective in reducing its incidence in children.
� Despite these decreases in acute infections,
the prevalence and burden of chronic HBV and
HCV infection remain substantial in the USA.
Population-based prevalence estimates indicate
that there are around 3–4 million persons in the
USA with chronic HBV and HCV infection.
� Globally, 600,000 and 350,000 deaths are due
to HBV and HCV, respectively. In the USA, an
estimated 3000 and 12,000 annual deaths are
attributed to HBV and HCV, respectively.

Disease definitions and clinical
diagnosis

Hepatitis B virus

Hepatitis B virus (HBV) is a DNA virus that belongs
in the hepadna virus family. Infected hepatocytes pro-
duce at least three types of viral proteins which are
utilized in the diagnosis of HBV infection (Table
29.1). The S protein constitutes the viral envelope
and is detected as HBV surface antigen (HBsAg) in
the serum. The C protein, a component of nucleo-
capsid of the virus, remains within hepatocytes and
is not detectable in the serum. However, antibodies
against this protein, namely, anti-HBc, are a marker
of exposure to the virus. HBeAg consists of the C
protein and pre-C protein. Presence of HBeAg con-
notes active replication of the virus. Patients who lack
HBeAg usually have detectable antibodies against it in
the serum (anti-HBe), which indicates either suppres-
sion of viral replication by the host immune system
or presence of the so-called pre-core mutation, which
allows active replication of the virus while not produc-
ing the pre-C protein. The most accurate marker of
HBV replication, however, is the serum level of HBV
DNA. Classically, serum levels �105 copies ml−1 has
been understood to represent active viral replication,
although more recent data indicate that liver damage
occurs at lower levels.
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Table 29.1 Diagnostic testing for HBV and HCV infection

Name Marker

HBsAg Active infection (acute or chronic)
Anti-HBs Immunity to HBV infection
Anti-HBc (total) Exposure to HBV
HBeAg Evidence of active HBV replication
Anti-HBe Low replication or precore mutant
HBV DNA Quantifies amount of virus

(replication)

Test Type of test

HCV antibody
(EIA)

Screening

HCV RNA
(Qualitative)

Confirmatory test

HCV RNA
(Quantitative)

Pre- and intra-treatment test to
assess response to therapy

Genotype Pre-treatment test to determine
duration of treatment

RIBA Confirmation of positive
anti-HCV antibody (rarely used
clinically)

Hepatitis C virus

Hepatitis C virus (HCV) is an RNA virus that belongs
in the flavivirus family, along with dengue fever and
yellow fever. The proteins generated by HCV may
be structural (envelope and core) and nonstructural
(polymerase, protease, etc.). The initial test in the
detection of HCV infection utilizes anti-HCV antibod-
ies directed against the core and nonstructural pro-
teins. Currently used anti-HCV testing is highly sen-
sitive and specific for these antibodies. Detection of
HCV RNA is the hallmark of the infection with HCV.
In population-based studies, 20–35 % of subjects who
have anti-HCV do not have detectable HCV RNA in
the serum, which indicates previous exposure to HCV
and recovery thereof. These individuals test positive to
RIBA (radioimmunoblot assays), as opposed to indi-
viduals in whom anti-HCV is false positive.

Transmission of hepatitis B and C

Both HBV and HCV are transmitted parenterally, that
is, by exposure to blood, blood products and tissue.
The incubation period of hepatitis B is 6–24 weeks

(average 16 weeks) and that of HCV 3–12 weeks
(average 7 weeks) [1,2].

Hepatitis B

HBV is transmitted by percutaneous and mucous
membrane exposures to infectious body fluids, such
as serum, semen, and saliva. Perinatal transmission is
thought to be a major route by which HBV infec-
tion perpetuates in endemic countries. The risk of
transmission in general correlates with the HBV DNA
level in the maternal serum [3,4]. The risk is greatest
for infants born to women who are HBeAg-positive
with high levels of HBV DNA (often �100 million
copies ml−1); in those children, 70 to 90 % are HBsAg-
positive at 6 months of age. The risk in infants born
to mothers with negative HBeAg (and low levels of
HBV DNA) ranges from 10 to 40 %. Fortunately,
the risk of perinatal HBV transmission can be signif-
icantly reduced by passive and active immunizations.
Although HBsAg has been found in breast milk, breast
feeding by an HBsAg-positive mother has not been
shown to pose an additional risk for the acquisition
of HBV.

Children born to HBsAg-positive mothers who
do not become infected during the perinatal period
remain at risk of infection during early childhood [5].
Up to 40 % of infants born to HBeAg-negative moth-
ers may become infected by 5 years of age. In this
setting, “horizontal” transmission of HBV is known
to occur during early childhood, in addition to the
potential mother-to-child transmission. Although the
exact mechanism by which this occurs is unknown,
frequent interpersonal contacts of nonintact skin or
mucous membranes with blood-containing secretions
or saliva is likely the route of transmission. Because the
concentration of virus in the blood is often extremely
high in children and because HBV remains infectious
on environmental surfaces for long periods of time
(�1 week) under ambient conditions, indirect inocu-
lation of HBV through inanimate objects may occur
among children relatively efficiently.

Among adults, high-risk sexual activity is one of
the most frequent routes of transmission for HBV [6].
Although homosexual men were one of the groups at
highest risk for HBV infection, historically heterosex-
ual transmission is the most common cause of acute
HBV infection in adults. Factors associated with an
increased risk of HBV infection among heterosexual
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men and women include number of sexual partners,
number of years of sexual activity, and history of other
sexually transmitted diseases. Thus, transmission of
HBV from persons with acute or chronic hepatitis B
to their homo- or heterosexual partners is an impor-
tant source of infection, because most persons with
chronic HBV infection are not aware that they are
infected.

Transmission of HBV via transfusion of blood and
plasma-derived products has been all but eliminated
in most countries through donor screening for HBsAg
and viral inactivation procedures. However, transmis-
sion of HBV may continue to occur in other healthcare
settings. For example, transmission of HBV among
chronic hemodialysis patients may occur when appro-
priate isolation guidelines are not followed, which
includes using dedicated equipment and staff in a sep-
arate room for patients with chronic HBV infection. In
addition to contamination of instruments and equip-
ment, direct person-to-person exposure may transmit
HBV [7]. Finally, nonsexual interpersonal transmis-
sion of HBV can occur, such as long-term household
(or institutional) contacts of chronically infected per-
son(s) contact over a long period of time. The precise
mechanisms of transmission are unknown, but it may
mirror the spread of HBV among children as described
above.

Hepatitis C

With regard to HCV, blood transfusion before 1992
and injection drug use have historically been the two
most important risk factors in the United States.
Presently, however, injection drug use is by far the
most common route of transmission for HCV. In
a recent report based on the National Health and
Nutrition Examination Survey (NHANES), 58 % of
participants aged 20–59 years who had used illicit
drugs (excluding marijuana) were positive for anti-
HCV (149 times more likely to have positive anti-
HCV compared to those with drug-use history) [8].
Respondents with ≥20 lifetime sexual partners were
five times more likely to be anti-HCV-positive com-
pared to those with 0–1 partners. Other factors asso-
ciated with positive anti-HCV included age at first
sexual encounter, lower family income and education,
a positive antibody to HSV-2, as well as a history
of blood transfusion prior to 1992. Among persons
aged 20–59 with HCV infection, 99 % had one of the

following risk factors: (i) a history of illicit drug use
(other than marijuana), (ii) transfusion prior to 1992,
(iii) ≥20 lifetime sexual partners, or (iv) abnormal
ALT [8].

Like HBV, HCV may be transmitted in the perinatal
period from infected mother to the newborn. The risk
of transmission is lower for HCV than HBV: less than
6 % of babies born to an infected mother have been
reported to acquire the infection [9]. Co-infection with
HIV increases the risk of perinatal HCV transmission.
Limited data suggest that HCV is not transmitted from
mother to baby by breastfeeding. Unfortunately, there
is no known means to reduce the risk of transmission
from mother to child.

Incidence

Hepatitis B

HBV and HCV are reportable infectious diseases in
the USA and the Centers for Disease Control and Pre-
vention (CDC) have put in place mechanisms to cap-
ture incident cases of HCV infection. These include
passive surveillance programs such as the National
Notifiable Disease Surveillance System and hepatitis-
specific active surveillance programs such as the Sen-
tinel Counties Study of Acute Viral Hepatitis.

Globally, there are approximately 4 million cases
of acute hepatitis B [10]. In the USA, according to the
CDC, the incidence of acute hepatitis B has steadily
declined over the last two decades (Figure 29.1) [11].
The number of reported cases of acute hepatitis B
decreased by 84.2 % from 21,277 cases (8.5 per
100,000) in 1990 to 3371 cases in 2009 (1.1 cases
per 100,000). The incidence decreased across all age
groups and the greatest decline was seen among per-
sons aged 20–39 years. In 2009, the highest rate was
observed among persons aged 30–39 years (2.3 cases
per 100,000). The incidence of acute hepatitis B
among men has been consistently higher than among
women, though the gap has recently narrowed. In
2009, the incidence was 1.6 times higher in men as
compared to women (1.4 and 0.8 cases per 100,000,
respectively). The rates for acute hepatitis B decreased
for all race/ethnicity groups between 1990 and 2009.
In 2009, the incidence of acute hepatitis B was highest
for non-Hispanic Blacks (1.7 cases per 100,000) and
lowest for Asian Pacific Islander (API) and Hispanics
(0.7 cases per 100,000 in both groups).
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Figure 29.1 Reported incidence of acute hepatitis B. Source: Zanetti et al. 2008 [10].

The reduction in HBV incidence in the USA may be
attributed to several measures implemented in 1991,
which include universal infant vaccination, univer-
sal screening of pregnant women and post-exposure
prophylaxis of infants born to infected mothers [1].
Between 1995 and 1999, the immunization strategy
was expanded to include vaccination of all persons
aged 0–18 years who have not been vaccinated pre-
viously. HBV vaccination increased from 73 % of
persons aged 6–19 in 1999–2002 to 91 % between
2007 and 2008 [12]. The most common risk factors
reported among adults with acute hepatitis B continue
to be multiple sex partners, homosexual activity, and
injection-drug use.

These trends are also seen globally. Immunization
is provided globally for about 60 % of the world pop-
ulation (2006) as compared to 1 % in 1990. There
has been a significant reduction in the incidence of
acute hepatitis B infection, carrier rate in persons who
are immunized, and a reduction in mortality related
to hepatitis B. For example, in Italy the incidence of
acute hepatitis B decreased from 11/100,000 in 1987
to 1.6/100,000 in 2006 [10].

Hepatitis C

The incidence of new HCV infection is very difficult
to estimate accurately. According to the World Health
Organization, approximately 3–4 million people are
infected with HCV each year. This is because many

patients with acute HCV infection are asymptomatic
and thus do not present themselves for diagnosis.
Underreporting by healthcare providers of diagnosed
cases is also thought to be common. Furthermore,
individuals at high risk of infection may not have
ready access to health care, decreasing the likelihood
of timely diagnosis of newly acquired HCV infection.
Because of these limitations, enumerating reported
cases of acute hepatitis C significantly underestimates
the true incidence of hepatitis C infection [13].

Given these limitations, the number of reported
cases of acute hepatitis C in the USA (Figure 29.2)
decreased 87 % from 6010 in 1992 to 781 in 2009
(0.3 per 100,000) [11]. The incidence decreased for
all groups. In 2009, the rates of acute hepatitis C
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Figure 29.2 Estimated incidence of acute HCV infection in
the United States. Source: Kim 2002 [13].
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were highest among persons aged 20–29 years (0.7 per
100,000). The incidence decreased for both men and
women. As compared to hepatitis B, the rates of acute
hepatitis C were similar for men and women in 2009
(0.3 per 100,000). Similar to hepatitis B, the rates
for acute hepatitis C decreased for all race/ethnicity
groups from 1992–2009. In 2009, the incidence
of acute hepatitis C was highest among American
Indian/Alaska Natives, AI/AN (0.5 per 100,000) and
lowest for APIs (0.04 per 100,000) [14].

The number of persons with transfusion-associated
HCV infection decreased significantly since the intro-
duction in 1985 of guidelines for selecting safer
blood donors. It declined further with the institu-
tion of screening of blood donors for anti-HCV
beginning in 1989 with the first-generation test and
with the second-generation assay introduced in July
1992. Much of the recent decline in incidence can
be accounted for by a decline in cases among inject-
ing drug users which may be related to safer needle-
using practices. Trends in other risk factors, including
sexual, household and occupational exposures, have
remained relatively stable over time.

Prevalence of HBV and HCV

On a global scale, HBV is vastly more common than
HCV. More than 2 billion people in the world have
been infected with HBV with active infection being
present in over 350 million [15]. This compares to
an estimated 170 million people currently infected
with HCV [16]. The geographic distribution of HBV
and HCV is not uniform. HBV is most common in
the Far East and Southeast Asia, sub-Saharan Africa,
the Amazon basin, and eastern Europe. HCV is more
evenly distributed throughout the world than HBV
and a significant number of people from North Amer-
ica and Europe have the infection [16].

The NHANES have been a valuable tool in estimat-
ing the prevalence of hepatitis B and C in the USA.
The NHANES are a series of cross-sectional national
surveys designed to provide representative prevalence
estimates for a variety of health measures and con-
ditions. Each survey is designed to be representative
of the US civilian noninstitutionalized population. In
studying the epidemiology of viral hepatitis, NHANES
conducted in five periods have been used. The first
was conducted between 1976 and 1980, the second

between 1988 and 1994, the third between1999 and
2002, the fourth between 2003 and 2006, and the fifth
between 2007 and 2008 [6].

Hepatitis B

The overall prevalence of hepatitis B core anti-
body (marker of exposure to the virus which does
not distinguish between prior infection or chronic
active infection) decreased from 5.4 % (1988–1994)
to 3.6 % (2007–2008). The prevalence of HBV infec-
tion decreased from 1988–1994 to 2007–2008 for all
ages. The decrease was significant for all age groups
except for persons aged 40–59 years. In this age group,
the prevalence of HBV infection has stayed around 6–
7 % over the last two decades. From 1988–1994 to
2007–2008, prevalence of HBV infection decreased
for both men (6.4 % to 4 %) and women (4.5 %
to 3.2 %). Though a decrease was seen across all
races/ethnicities, between 2007–2008 the prevalence
was highest among non-Hispanic Blacks (9.1 %) as
compared to Hispanic Americans (2.7 %) or non-
Hispanic Whites(1.8 %). As expected, persons born
outside the USA had a higher prevalence of hepati-
tis B core antibody as compared to US-born persons
(10.1 % vs. 2.4 %).

The prevalence of chronic HBV infection was
similar across the NHANES over the last two
decades. Similar estimates of age-adjusted prevalence
of HBsAg-positive individuals were observed in 1988–
1994 (0.38 %) and during 1999–2006 (0.27 %) sug-
gesting that there are 730,000 infected persons (95 %
CI 550,000–940,000) [17]. The prevalence was higher
among persons older than 50 years (0.5 %) and
higher among men as compared to women (0.35 vs.
0.19 %). It was higher among persons classified as
others (0.98 %) as compared to non-Hispanic Whites
(0.09 %) and higher among foreign-born (0.89 %) as
compared to US-born (0.16 %) individuals. In the
setting of increased immunizations for children,
the prevalence of HBV decreased among children in
the USA but remained relatively unchanged among
adults [17].

While the NHANES data are useful in the estima-
tion of HBV prevalence in the USA in general, the sur-
veys did not include statistically valid samples from
populations in which HBV is most common, such as
Asians, Pacific Islanders, and Alaskan Natives [6,18].
Thus, NHANES likely represent an underestimate of
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the true prevalence of HBV in the USA. In Asian and
western Pacific countries where HBV is endemic, esti-
mated prevalence of chronic HBV infection ranges
from 2.4–16 %. In a large systematic review, the
prevalence of HBsAg among intravenous drug users
was 5–10 % and upwards of 10 % in 10 countries sug-
gesting that worldwide 6.4 million intravenous drug
users are anti-HBc positive and 1.2 million have evi-
dence of chronic infection (HBsAg positive) [19].

A recent survey assessed the prevalence of chronic
HBV infection among Asian/Pacific Islander (A/PI)
populations living in New York City [20]. Of 925 sur-
vey participants who reported not having been tested
previously for HBV infection, 137 (14.8 %) were
HBsAg-positive, whereas another 496 (53.6 %) had
evidence of resolved HBV infection. The prevalence
of chronic HBV infection was higher among males
(19.7 %) compared to females (8.7 %) and among per-
sons aged 20–39 years (23.2 %) compared to those
aged �40 years (9.6 %). Prevalence of chronic HBV
infection varied by country of birth, from 21.4 %
among those born in China, to 4.6 % among those
born in South Korea, to 4.3 % among those born in
other Asian countries. Although this study was lim-
ited to New York City, screening programs in Atlanta,
Chicago, New York City, Philadelphia, and Califor-
nia have reported similar prevalence of chronic HBV
infection (10–15 %) among A/PI immigrants to the
USA, pointing to a disproportionate burden of chronic
HBV infection among A/PI and other immigrant
populations.

Hepatitis C

The prevalence of HCV infection (antibodies to HCV)
has been examined over serial NHANES. Overall,
the prevalence decreased from 1.8 % (1988–1994)
to 1.3 % (2007–2008), implying that an estimated
4 million people are anti-HCV positive. In 2007–
2008, the prevalence of anti-HCV was higher among
men (1.6 % vs. 1 % for women) and higher for non-
Hispanic Blacks (2.6 %) as compared to non-Hispanic
Whites (1.3 %) or Mexican Americans (1.1 %). Esti-
mates for number of persons who have chronic HCV
infection (HCV RNA positive) varies from 2.7–3.9
million people [8,21].

The comparison between the two estimates reveals
that little change occurred in the prevalence of chronic
HCV during the 1990s. While it lends support to the

data indicating a low incidence of new HCV infec-
tion, it also indicates that advances in HCV therapy
have not made a demonstrable impact in reducing the
burden of chronic HCV infection at the population
level.

According to the recent NHANES data, HCV
prevalence has increased linearly with age with peak
prevalence in the age group of 40 to 49 years.
Within this age group, non-Hispanic Blacks had a
higher prevalence at 9.4 % compared to non-Hispanic
Whites at 3.8 % (P � 0.001). A birth cohort analy-
sis indicated that the peak in age-specific prevalence
moved from 30–39 years to 40 –49 years between the
two NHANES data.

The limitation of NHANES data with regard to
HCV is that some of the population groups with high
HCV prevalence have been excluded. For example,
in a study on homeless veterans, the prevalence of
anti-HCV was as high as 41.7 %. Incarcerated per-
sons also have a higher prevalence of HCV than the
general population [22,23]. A recent study by Fox et
al. reported that the prevalence of anti-HCV among
incarcerated persons in California was 34.3 % [24].
In a systematic review of greater than 1000 sources,
the prevalence of anti-HCV among intravenous drug
users was 60–80 % and upwards of 80 % in 12 coun-
tries suggesting that 10 million intravenous drug users
worldwide may be anti-HCV positive [19]. These data
suggest that estimates of HCV prevalence based upon
the NHANES data likely represent an underestimate
of the true prevalence. A recent multicohort natural
history model predicts that the prevalence of chronic
hepatitis C-related cirrhosis and its complications will
increase in the next two decades. It will mostly affect
persons older than 60 years regardless of age at infec-
tion [25].

Natural history [26–30]

After acute infection with hepatitis B, a majority of
infants (approximately 90 %) and a minority of adults
become chronic carriers. Approximately 15–40 % of
chronic carriers develop serious complications. The 5-
year cumulative incidence of developing cirrhosis is 8–
20 % without treatment; once cirrhosis is established
the annual incidence of hepatocellular carcinoma is 2–
8 %. A majority of patients do not clear acute hepatitis
C (50–90 %). About 60–70 % of chronically infected
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persons develop chronic liver disease, 5–20 % develop
cirrhosis; the annual incidence of hepatocellular car-
cinoma is 1–5 %.

Mortality from HBV and HCV

Worldwide in 2008, there were 197,000 deaths due
to viral hepatitis (B or C). In addition, there were
1.54 million deaths that were attributed to liver cir-
rhosis or liver cancer. However, the latter estimate
does not specify the number of deaths resulting from
viral hepatitis as compared to other causes of liver
disease (http://www.who.int/evidence/bod). Hence, in
totality it is assumed that 600,000 and 350,000 deaths
are due to HBV and HCV, respectively [31]. In the
USA, an estimated 3000 and 12,000 annual deaths
are attributed to HBV and HCV, respectively [32].

Most mortality statistics in the USA are typically
based on death certificate data [32]. Further, reported
mortality estimates due to viral hepatitis (B or C) do
not include deaths due to liver disease resulting from
viral hepatitis deaths. Mortality from HBV-related
liver disease has been estimated to have increased in
the past two decades [33]. In 2007, there were 719
deaths (age-adjusted death rate 0.2 per 100,000) and
6571 (age-adjusted death rate 2.0 per 100,000) deaths
attributed to hepatitis B and hepatitis C, respectively.

The age-adjusted death rate for HBV increased from
0.1 per 100,000 in 1978 to 0.3 in 2007. The death
rate (per 100,000) was higher in men (0.4 for men,
0.1 for women) and in non-Whites (0.1 for Whites,
0.2 for Blacks and 0.9 for APIs). Rates were similar in
non-Hispanic and Hispanic ethnicities (0.2). Although
the increase in death rate over time was observed in
all races and both genders through 1998 especially in
men of other (non-White, non-Black) race, recent data
suggests that the rates may have decreased. However,
some of the decrease may reflect changes in coding
practices (Figure 29.3) [34].

The age-adjusted death rate for HCV increased
from 0.2 per 100,000 in 1978 (non-A non-B hep-
atitis) to 2.0 in 2007 (Figure 29.4) [34]. The death
rate (per 100,000) was higher in men (2.7 for men,
1.3 for women) and in AI/AN (3.4), Blacks (2.6), as
compared to Whites (2.0), and APIs (1.3). Rates were
higher among Hispanic ethnicities (3.5 vs. 1.9). Pro-
jection studies have suggested that the burden of liver
disease secondary to chronic HCV infection will con-
tinue to rise [35].

Conclusions

Hepatitis B and C viruses are both parenterally trans-
mitted and, thus, share some common epidemiologic
features. Both viruses may be transmitted by contami-
nated needles, unprotected sexual contacts, or perina-
tal exposure. Incidence of new infections with HBV
and HCV has been largely decreasing in the USA
and worldwide thanks to safer needle-using practices
and universal precaution in health care as well as
exclusion of blood donors with infection. In addition,
vaccination programs in children have resulted in a
profound decrease in acute HBV infection in adoles-
cence and young adulthood. Despite these decreases
in acute infections, the prevalence and burden of
chronic HBV and HCV infection remain substantial.
Chronic HBV is disproportionately high among Amer-
icans of Asian/Pacific Islander extractions. Chronic
HCV infection is peculiarly prevalent among peo-
ple born in the 1950s, especially among African and
Mexican Americans and those who are homeless or
incarcerated. In the USA as a whole, the burden of
HBV and HCV (i.e. mortality) has been increasing
in the recent past and focused epidemiologic atten-
tion is urgently necessary to screen, early diagnose
and treat those with existing chronic infection as well
as to continue prevention measures in children and
adolescents.

Multiple choice questions

1 Which statement is true regarding the prevalence of
hepatitis C?

A The prevalence of chronic hepatitis C-related cir-
rhosis will increase in the next two decades and
primarily affect older individuals
B The prevalence of hepatitis C is highest in persons
aged 20–29 years given intravenous drug use in this
age group
C The prevalence of chronic HCV infection is high-
est among Asian Pacific Islander immigrants to the
USA
D Worldwide, the prevalence of HCV is greater
than that of HBV
E The National Health and Nutrition Examination
Survey (NHANES) accurately represents the preva-
lence of chronic hepatitis C in the USA given that it
is a nationally administered sample
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Figure 29.3 Age- and race-specific
mortality from HBV-related disease in
the United States. “Other” includes all
decedents who did not belong in the
white or black race category. Source:
EASL-EORTC Clinical Practice
Guidelines: Management of
hepatocellular carcinoma 2012 [28].
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Figure 29.4 Mortality from HCV-related
causes in the United States. Source:
EASL-EORTC Clinical Practice
Guidelines: Management of
hepatocellular carcinoma 2012 [28].
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2 The incidence of acute cases of hepatitis B has
decreased in the USA for the following reasons except:

A Universal infant vaccination
B Universal screening of pregnant women
C Post-exposure prophylaxis of infants born to
infected mothers
D Promotion of safer needle-using practices
E All of the above

3 Which statement is false regarding the mortality
related to hepatitis B and C?

A Mortality related to hepatitis B has increased
B Mortality related to hepatitis C has increased
C The death rate is higher in men than women for
both hepatitis B and C
D Rates are higher among Hispanic ethnicities with
hepatitis B
E Mortality due to hepatitis B and hepatitis C is
underestimated

4 Which statement is true regarding the natural his-
tory of hepatitis B and hepatitis C?

A Acute hepatitis B infection is often cleared in
adults as compared to infants
B A majority of chronic carriers of hepatitis B
develop serious complications of end-stage liver dis-
ease
C Among hepatitis B cirrhotics, the annual inci-
dence of hepatocellular carcinoma is less than 1 %
D Acute hepatitis C develops into chronic hepatitis
C in a minority of patients
E All of the above

5 Which statement is true regarding transmission of
hepatitis B and hepatitis C?

A Among adults, high-risk sexual activity is a fre-
quent route of transmission of HBV and HCV
B Injection drug use is the most common route of
transmission for hepatitis C
C Transmission of HBV among chronic hemodial-
ysis patients may occur when appropriate isolation
guidelines are not followed
D Like HBV, HCV may be transmitted in the peri-
natal period from infected mother to the newborn
E All of the above
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Answers to multiple choice questions

1. A
HCV prevalence has increased linearly with age. A
recent multicohort natural history model predicts that
the prevalence of chronic hepatitis C-related cirrho-
sis and its complications will increase in the next
two decades. It will mostly affect persons older than
60 years regardless of age at infection.
2. E
All of the above factors have helped decrease the inci-
dent cases of hepatitis B.
3. D
Death rates (per 100,000) are higher among Hispanic
ethnicities (3.5 vs. 1.9) for hepatitis C but similar in
non-Hispanic and Hispanic ethnicities (0.2 vs. 0.2)
with hepatitis B.
4. A
Persons who acquire hepatitis B viral infection during
infancy due to vertical transmission are less likely to
clear the virus and are at a higher risk of developing
chronic hepatitis B.
5. E
All of the above
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Key points
� Alcoholic liver disease (ALD) is a major cause
of liver disease worldwide.
� The incidence and prevalence of ALD is likely
underestimated.
� Risk factors that may affect development of
significant ALD include pattern of alcohol con-
sumption, gender, ethnicity, genetic factors, and
coexisting liver disease.
� Worldwide in 2004, 3.8 % of all deaths were
attributable to alcohol. Of these, 16.5 % were
due to cirrhosis of the liver. In the United
States, chronic liver disease and cirrhosis was
the twelfth leading cause of death with a death
rate of 9.1/100,000 in 2007. Of these, ALD was
responsible for 4.5/100,000 deaths.
� Globally, alcohol was responsible for a loss
of 4.6 % of all disability adjusted life-years.
Of these, cirrhosis of the liver was responsible
for 9.8 % of all alcohol attributable disability
adjusted life-years.

Disease definition

According to the World Health Organization (WHO),
about 2 billion people consume alcohol worldwide
and upwards of 75 million are diagnosed with

alcohol use disorders [1]. Alcohol-related disease
results in approximately 2.5 million deaths each year
[2]. Almost 4 % of all deaths worldwide are attributed
to alcohol [2]. Liver disease related to significant alco-
hol consumption, alcoholic liver disease (ALD), is a
major cause of liver disease worldwide [3]. Further-
more, alcohol use can compound the extent of liver
injury when in coexistence with other factors (e.g. viral
hepatitis).

Clinical manifestations

ALD comprises a spectrum of disorders ranging from
asymptomatic liver test derangements, to severe acute
hepatitis and end-stage chronic liver disease [4–6]. The
diagnosis of ALD requires a strong index of suspicion;
other competing or concomitant causes of liver dis-
ease (e.g. viral hepatitis) should be considered. Under-
reporting of alcohol use is common and recognition
of alcohol dependence or abuse is often minimized
by patients and thus, not adequately addressed by
physicians [7]. The CAGE and AUDIT questionnaires
(Table 30.1) may be helpful tools to screen for mal-
adaptive alcohol use [8–10]. Mathematical models
(Table 30.2) such as the Model for end-stage liver dis-
ease (MELD) score, Glasgow alcoholic hepatitis score,
Lille model, ABIC score, and Maddrey discriminant
factor may help identify patients at highest risk of
mortality or complications from ALD [11–14].
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Table 30.1 Screening tools for alcohol dependence or abuse [8–10]

CAGE
1. Have you ever felt you needed to cut down on your drinking?
2. Have people annoyed you by criticizing your drinking?
3. Have you ever felt guilty about your drinking?
4. Have you ever felt you needed a drink first thing in the morning (eye-opener) to steady your nerves or to get rid of a

hangover?
An answer or yes to 2 or more questions is clinically significant.

AUDIT (The Alcohol Use Disorders Identification Test)

0 1 2 3 4

1. How often do you have a drink containing
alcohol?

Never Monthly
or less

2–4 times a
month

2–3 times
a week

4 or more times
a week

2. How many drinks containing alcohol do you
have on a typical day when you are drinking?

1 or 2 3 or 4 5 or 6 7 to 9 10 or more

3. How often do you have six or more drinks on
one occasion?

Never Less than
monthly

Monthly Weekly Daily or almost
daily

4. How often during the last year have you found
that you were not able to stop drinking once
you had started?

Never Less than
monthly

Monthly Weekly Daily or almost
daily

5. How often during the last year have you failed
to do what was normally expected of you
because of drinking?

Never Less than
monthly

Monthly Weekly Daily or almost
daily

6. How often during the last year have you
needed a first drink in the morning to get
yourself going after a heavy drinking session?

Never Less than
monthly

Monthly Weekly Daily or almost
daily

7. How often during the last year have you had a
feeling of guilt or remorse after drinking?

Never Less than
monthly

Monthly Weekly Daily or almost
daily

8. How often during the last year have you been
unable to remember what happened the night
before because of your drinking?

Never Less than
monthly

Monthly Weekly Daily or almost
daily

9. Have you or someone else been injured
because of your drinking?

No Yes, but not in
the last year

Yes, during the
last year

10. Has a relative, friend, doctor, or other
healthcare worker been concerned about your
drinking or suggested you cut down?

No Yes, but not in
the last year

Yes, during the
last year

A total ≥8 for men up to age 60, or ≥4 for women, adolescents, or men over age 60 is considered a positive screening test.

Incidence and prevalence

The incidence and prevalence of ALD is not well estab-
lished in population-based studies, especially in the
United States. There are striking differences depend-
ing upon geographic region, race, gender, ethnicity,
and socioeconomic strata. Studies are further limited
by referral bias (e.g. tertiary care center), composi-
tion of population under study (inpatient vs. out-

patient) and disease definition (e.g. alcoholic hepati-
tis vs. cirrhosis). In some studies, a large proportion
of patients have cirrhosis on presentation, possibly
biasing the estimate towards patients with advanced
fibrosis. Incomplete ascertainment of cases may also
play a role. The prevalence of ALD may be higher,
as noted by autopsy studies, given that underreport-
ing of alcohol-related disease is common [15]. Fur-
ther lack of standardized definitions (e.g. for alcoholic
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Table 30.2 Scoring systems for prognosis in patients with alcoholic hepatitis

1. Maddrey Discriminant Function (score ≥32 poor prognosis) [69]
MDF = 4.6 (Patient’s PT – control PT) + total bilirubin (mg dL−1)
2. Model for Endstage Liver Disease score (score ≥18 poor prognosis) [12]
MELD score = 3.8 ∗ loge (bilirubin mg dL−1) + 11.2 ∗ loge (INR) + 9.6 ∗ loge (creatinine mg dL−1) + 6.4
3. Glasgow alcoholic hepatitis score (score >8 on day 1 or day 7 poor prognosis) [13]

1 2 3

Age <50 ≥50 –
WCC <15 ≥15 –
Urea (mmol L−1) <5 ≥5 –
PT ratio <1.5 1.5–2.0 ≥2
Bilirubin (mg dL−1) <7.3 7.3–14.6 ≥14.6

4. Age, serum Bilirubin, INR, and serum Creatinine (ABIC) score (score >9 poor prognosis) [11]
ABIC score: (age × 0.1) + (serum bilirubin × 0.08) + (serum creatinine × 0.3) + (INR × 0.8).

hepatitis (AH)) also contribute. For example, in one
population-based study, a substantial proportion of
patients with AH were misdiagnosed in the commu-
nity (60 %) suggesting that the true burden of AH is
frequently underestimated [16]. Bearing these limita-
tions in mind, Table 30.3 summarizes available data
on the incidence and prevalence of ALD.

Risk factors

Several risk factors may affect development of signif-
icant ALD including pattern of alcohol consumption,
gender, ethnicity, age, genetic factors, and coexisting
causes of liver disease (e.g. viral hepatitis, obesity,
metabolic liver disease, etc.) [3,6].

The quantity, frequency, and pattern of alcohol
consumption are all significant determinants of ALD
[4–6,17]. It is unclear whether cirrhosis is related to a
cumulative dose of alcohol over the lifetime or occurs
after reaching a threshold dose of alcohol consump-
tion [4–6,17,18]. The relationship between the quan-
tity of alcohol ingestion and development of ALD may
not be linear [19,20].

Frequency
The National Epidemiologic Survey on Alcohol
and Related Conditions (NESARC) analyzed cross-
sectional drinking patterns in the US population
between 2001 and 2002; 65 % were current drinkers

(≥1 drink in the past year). Among current drinkers,
62 % were light drinkers (�3 drinks per week),
21 % were moderate drinkers, and 16 % were heavy
drinkers (men �2 daily drinks and women �1 daily
drink) [21]. Alcohol consumption varied by gender
and ethnicity with higher rates observed in men and
American Indians/Alaska Natives (AI/AN) [21]. The
limitations of the survey, however, include nonre-
sponder bias and underreporting of personal alco-
hol consumption. Similar results were reported by the
Behavioral Risk Factor Surveillance System (BRFSS),
an annual cross-sectional telephone survey [22].

Abuse and dependence
Globally in 2004, the 1-year prevalence of alcohol use
disorders (e.g. alcohol dependence and abuse) among
persons aged 15–64 was 3.6 % (worldwide range 0.3–
10.9 %) with a higher rate among men (6.3 % vs.
0.9 %) [2,3]. The highest rates were observed in the
eastern European region (10.9 %), lowest in the east-
ern Mediterranean region (0.3 %), and intermediate
in the Americas (5.2 %).

In the United States in 2001–2002, the cross-
sectional prevalence of alcohol dependence and abuse
was 3.8 % and 4.7 %, cumulatively affecting 17.6 mil-
lion Americans. Once again, rates were higher among
men and higher in AI/AN [21,23]. However, other
longitudinal studies have shown a lifetime prevalence
of alcohol abuse as high as 30 % [24].

334



T
ab

le
30

.3
In

ci
de

nc
e

an
d

pr
ev

al
en

ce
of

al
co

ho
lic

liv
er

di
se

as
e

St
ud

y
Po

pu
la

ti
on

ch
ar

ac
te

ri
st

ic
s

Pr
im

ar
y

re
su

lt
C

om
m

en
ts

IN
C

ID
E

N
C

E
B

ec
ke

r
et

al
.

C
op

en
ha

ge
n

H
ea

rt
St

ud
y

[1
9]

D
an

is
h

na
ti

on
al

ho
sp

it
al

di
sc

ha
rg

e
re

gi
st

er
(1

97
6–

19
78

)

In
ci

de
nc

e
of

al
co

ho
lic

ci
rr

ho
si

s
0.

2
%

pe
r

ye
ar

in
m

en
an

d
0.

03
%

pe
r

ye
ar

in
w

om
en

Se
lf

-r
ep

or
te

d
al

co
ho

lu
se

Su
rv

ey
re

sp
on

se
=

72
%

12
-y

ea
r

fo
llo

w
-u

p
A

sr
an

ie
t

al
.[

16
]

O
lm

st
ed

C
ou

nt
y,

M
N

,U
SA

(1
99

2–
20

07
)

In
ci

de
nc

e
of

al
co

ho
lic

he
pa

ti
ti

s
in

cr
ea

se
d

fr
om

10
.3

/1
00

,0
00

to
17

.1
/1

00
,0

00
Pr

ed
om

in
an

t
w

hi
te

po
pu

la
ti

on
,

vu
ln

er
ab

le
po

pu
la

ti
on

s
no

t
in

cl
ud

ed
B

el
le

t
al

.[
70

]
A

ll
ga

st
ro

en
te

ro
lo

gy
pr

ac
ti

ce
in

th
re

e
re

pr
es

en
ta

ti
ve

co
un

ti
es

in
C

on
ne

ct
ic

ut
,O

re
go

n
an

d
no

rt
he

rn
C

al
if

or
ni

a
(1

99
9–

20
01

)

In
ci

de
nc

e
of

ch
ro

ni
c

liv
er

di
se

as
e

(i
nc

lu
di

ng
A

L
D

):
63

.9
/1

00
,0

00
(r

an
ge

53
.7

–7
4.

3)
;4

5–
54

ye
ar

s
(1

27
.8

/1
00

,0
00

);
m

en
as

co
m

pa
re

d
to

w
om

en
(7

7.
7/

10
0,

00
0

vs
.5

0.
7/

10
0,

00
0)

R
ef

er
ra

lb
ia

s,
ex

cl
us

io
n

of
in

pa
ti

en
t

pr
ac

ti
ce

s,
an

d
lo

w
al

co
ho

l
co

ns
um

pt
io

n
ra

te
s.

A
la

rg
e

pr
op

or
ti

on
ha

d
ci

rr
ho

si
s

on
pr

es
en

ta
ti

on
.

PR
E

V
A

L
E

N
C

E
B

el
le

nt
an

ie
t

al
.

It
al

ia
n

D
io

ny
so

s
St

ud
y

[3
0]

E
nt

ir
e

po
pu

la
ti

on
of

tw
o

sm
al

l
It

al
ia

n
to

w
ns

Pr
ev

al
en

ce
fo

r
ci

rr
ho

si
s

=
28

9/
10

0,
00

0,
ch

ro
ni

c
he

pa
ti

ti
s

or
fa

tt
y

liv
er

=
33

68
/1

00
,0

00
an

d
ex

ce
ss

iv
e

dr
in

ki
ng

=
10

,2
21

/1
00

,0
00

13
.5

%
of

he
av

y
dr

in
ke

rs
de

ve
lo

pe
d

ci
rr

ho
si

s

N
at

io
nw

id
e

In
pa

ti
en

ts
Sa

m
pl

e
(N

IS
)

[7
1]

N
IS

,t
he

la
rg

es
t

al
lp

ay
er

in
pa

ti
en

t
da

ta
ba

se
,U

SA
(1

98
8–

20
04

)

A
lc

oh
ol

ic
ci

rr
ho

si
s

(p
er

10
0,

00
0

pe
rs

on
s)

in
cr

ea
se

d
by

52
%

fr
om

11
.9

(9
5

%
C

I
11

.0
–1

2.
8)

to
18

.1
(9

5
%

C
I

16
.8

–1
9.

4)
.T

he
ra

te
s

pe
r

10
0,

00
0

pe
rs

on
s

of
al

co
ho

lic
he

pa
ti

ti
s

di
ag

no
si

s
ch

an
ge

d
m

in
im

al
ly

,f
ro

m
4.

9/
10

0,
00

0
(9

5
%

C
I

4.
4–

5.
3)

to
4.

2/
10

0,
00

0
(9

5
%

C
I

3.
9–

4.
5)

.P
re

va
le

nc
e

of
al

co
ho

lic
ci

rr
ho

si
s

(p
er

10
0,

00
0)

w
as

16
.9

am
on

g
H

is
pa

ni
cs

ve
rs

us
11

.1
am

on
g

W
hi

te
s.

In
co

m
pl

et
e

ca
se

as
ce

rt
ai

nm
en

t,
de

co
m

pe
ns

at
ed

liv
er

di
se

as
e

m
ay

be
ov

er
re

pr
es

en
te

d,
ou

tp
at

ie
nt

pr
ac

ti
ce

s
w

er
e

ex
cl

ud
ed

an
d

th
e

un
iq

ue
nu

m
be

r
of

pa
ti

en
ts

w
er

e
no

t
an

al
yz

ed
.

N
at

io
na

l
E

pi
de

m
io

lo
gi

c
Su

rv
ey

on
A

lc
oh

ol
an

d
R

el
at

ed
C

on
di

ti
on

s
(N

E
SA

R
C

)
[2

1]

L
on

gi
tu

di
na

ls
ur

ve
y,

U
SA

(2
00

1–
20

02
)

Pr
ev

al
en

ce
of

ci
rr

ho
si

s
of

th
e

liv
er

w
as

2.
15

/1
00

0.
H

ig
he

r
ra

te
s

w
er

e
se

en
am

on
g

pe
rs

on
s

ag
ed

45
–6

4
(3

.6
8/

10
00

)
an

d
am

on
g

m
en

as
co

m
pa

re
d

to
w

om
en

(3
.1

7/
10

00
vs

.1
.2

2/
10

00
).

O
ve

ra
ll,

th
e

ra
te

w
as

hi
gh

es
t

in
fo

rm
er

dr
in

ke
rs

(4
.6

/1
00

0)
fo

llo
w

ed
by

cu
rr

en
t

dr
in

ke
rs

(1
.6

9/
10

00
)

an
d

lif
et

im
e

ab
st

ai
ne

rs
(1

.4
6/

10
00

).
It

w
as

hi
gh

er
fo

r
th

os
e

st
ar

ti
ng

dr
in

ki
ng

at
ag

e
le

ss
th

an
14

(8
.5

3/
10

00
)

as
co

m
pa

re
d

to
th

os
e

st
ar

ti
ng

af
te

r
ag

e
21

ye
ar

s
(1

.3
5/

10
00

).
A

m
on

g
th

os
e

w
it

h
an

al
co

ho
lu

se
di

so
rd

er
th

e
ra

te
w

as
5.

39
/1

00
0

an
d

am
on

g
th

os
e

co
ns

um
in

g
ha

rd
liq

uo
r

th
e

ra
te

w
as

3.
88

/1
00

0.
A

m
on

g
cu

rr
en

t
dr

in
ke

rs
,t

he
ra

te
w

as
hi

gh
er

in
he

av
y

dr
in

ke
rs

,
4.

64
/1

00
0

as
co

m
pa

re
d

to
m

od
er

at
e

dr
in

ke
rs

,1
.0

5/
10

00
,a

nd
lig

ht
dr

in
ke

rs
,1

.1
/1

00
0.

Su
rv

ey
re

sp
on

se
=

81
%

Se
lf

-r
ep

or
te

d
pr

ev
al

en
ce

of
ch

ro
ni

c
liv

er
di

se
as

e,
ra

th
er

th
an

A
L

D
,r

ec
al

l
bi

as

Fi
sc

he
r

et
al

.[
72

]
T

w
o

m
ed

ic
al

ce
nt

er
s

pr
ed

om
in

an
tl

y
se

rv
in

g
A

I/
A

N
,A

la
sk

a
(2

00
3–

20
04

)

14
96

(4
.9

%
)

ha
d

ch
ro

ni
c

liv
er

di
se

as
e.

O
ve

ra
ll,

41
.5

%
(6

21
/1

49
6)

ha
d

al
co

ho
l-

re
la

te
d

liv
er

di
se

as
e

al
on

e
an

d
9.

1
%

(1
36

/1
49

6)
ha

d
ch

ro
ni

c
he

pa
ti

ti
s

C
(H

C
V

)
an

d
al

co
ho

l-
re

la
te

d
liv

er
di

se
as

e.

R
ef

er
ra

lb
ia

s



CHAPTER 30

Per capita consumption (litres)
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Data not available
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Figure 30.1 Total adult per capita consumption of pure alcohol (liters) in 2005 [2].
Source: Reproduced from Global Status Report on Alcohol and Health, World Health Organization, 2011.

Alcohol type/quantity
The association between alcohol consumption of beer
and spirits and cirrhosis- related mortality trends has
been proposed [25,26]. In a survey of greater than
30,000 persons in Denmark, drinking beer or spirits
was more likely to be associated with liver disease than
drinking wine [27].

Globally, the amount of alcohol consumption had
remained steady since the 1980s but has increased in

recent years. Worldwide in 2005, the mean adult con-
sumption per capita was 6.1 liters (1.6 gallons) of pure
alcohol [2]. Overall, 45 % of total recorded alcohol is
consumed in the form of spirits, 36 % in the form of
beer, and 8.6 % in the form of wine [2]. Figure 30.1
shows the global consumption patterns in 2005. In the
United States (Figure 30.2), though alcohol consump-
tion decreased from a high of 2.8 gallons of ethanol in
1980 to 2.1 gallons in 1997, it has recently increased
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Figure 30.2 Apparent per capita alcohol
consumption in the United States,
1977–2006 [28].
Source: Lakins et al. 2008 [28].
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[28]. The per capita alcohol consumption of ethanol
in 2007 was 2.3 gallons (8.7 liters). The majority of
consumption was in the form of beer (1.2 gallons or
4.6 liters), followed by spirits (0.7 gallon or 2.8 liters),
and wine (0.4 gallon or 1.4 liters) [28]. In the Ital-
ian Dionysos Study, the relative odds ratio (OR) for
chronic liver disease increases with ethanol consump-
tion with an OR 0.8 (0.7–0.8) for consumption of
less than 30 grams of ethanol per day, OR 2.4 (95 %
CI 2.3–2.4) for consumption of 31–60 g of ethanol
per day, and OR 5.1 (4.8–5.4) for consumption of
greater than 120 g per day. The risk of chronic liver
disease was related to a total lifetime alcohol intake
of more than 100 kg, or a daily intake of greater
than 30 g [29,30]. However, only 13.5 % of per-
sons with significant alcohol consumption developed
cirrhosis.

Pattern
The pattern of alcohol consumption may also play a
role, especially binge drinking [31]. The severity of
alcohol use disorders is the same for persons with
binge drinking (5 drinks in one setting over 2 hours)
once a month as it is for those that consume 1 drink
per day [32]. According to NESARC and BRFSS
data, the frequency of binge drinking has increased
[21,22,33]. Unfortunately, the rates of progression to
ALD by pattern of alcohol consumption are not well
defined.

Age
Besides pattern of drinking, age at initiation of drink-
ing is associated with future maladaptive alcohol-
related behaviors [31,34]. According to the National
Institute on Alcohol Abuse and Alcoholism (NIAAA)
[35], the mean age at initiation of drinking in 2005
was 14.2 years, up from 13.8 years in 1991. The
prevalence of drinking in the past 30 days among
12–20 year olds was 28.3 % in 2005 (33.4 % in
1991). Males had a higher average frequency, quan-
tity, and volume of consumption in the past 30 days
than females. Alcohol use was highest in non-Hispanic
whites (32.6 %) followed by Hispanics (25.0 %),
AI/AN (22.7 %), African Americans (AA) (19.1 %),
and Asians (14.7 %). Amongst youth, 21.1 to 34.2 %
reported starting drinking at age less than 12 years.
Between 2005 and 2007, youth drank 5.8 days in the
past 30 days with 4.8 drinks on drinking days with an

average of 34.2 monthly drinks [35]. The prevalence
of binge drinking was 18.6–25.5 % [35].

Hepatitis C
The interaction between alcohol use and hepatitis C
has been well described [36]. In a population-based
cohort study, the overall incidence rate of end-stage
liver disease was 3.1 per 1,000 person-years. In this
select population, the incidence rate was 1.7, 2.7, and
6.4/1,000 person-years in chronic hepatitis C (HCV)
persons consuming �90 g (1 drink =12–13.6 g), 90–
260 g, and �260 g of ethanol per week [36]. Similar
results were seen in the Italian Dionysos Study [37].

Obesity
Emerging research highlights the interaction between
alcohol use and obesity [38–40]. For example, the
combination of obesity and an alcohol consumption
of more than 150 g of alcohol per week was associ-
ated with a fivefold increased risk of cirrhosis as com-
pared to obese women who drank less than 70 g of
alcohol a week [40]. In the United Kingdom, the inci-
dence of liver cirrhosis among nondrinking women
was 0.8/1000 in nonobese (BMI �25) and 1/1000 in
obese (BMI �30) women. Among persons consuming
more than 150 g, the incidence of liver cirrhosis was
2.7/1000 in the nonobese and 5/1000 in obese women.
The interaction between obesity and alcohol use in
the risk of developing significant liver disease may be
synergistic rather than additive. Similar findings were
observed in a population-based study of persons with
alcoholic hepatitis [38].

Genetic factors
Recently, genome-wide association studies have
shown that genetic polymorphism (rs738409 C�G)
in the PNPLA3/adiponutrin gene may be associated
with an increased risk of ALD and cirrhosis in Mes-
tizo Mexicans and European Caucasians with exces-
sive alcohol intake [41–43]. In multivariable analy-
sis of samples from a single center study, rs738409
was the strongest independent factor associated with
risk of cirrhosis (OR 2.08; 95 % CI 1.15–3.77). How-
ever, similar association with the allele in question
has also been observed with nonalcoholic fatty liver
disease-related cirrhosis [44]. Other targets are being
explored [45,46]. Hence, the genetic epidemiology of
ALD remains to be fully elucidated.
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Natural history and mortality

Worldwide in 2004, 3.8 % (n = 2,255,000) of all
deaths were attributable to alcohol. Of these, 16.5 %
(n = 373,000) were due to cirrhosis of the liver [3].
Though more deaths due to cirrhosis occurred in
men (297,000 vs. 76,000), the percentage of alcohol-
attributable deaths due to cirrhosis was higher in
women (17.1 % vs. 14.6 %) [3]. Globally between
2000 and 2002, alcohol-related liver cirrhosis mor-
tality was a significant cause of death ranging from
2.8/100,000 men in Singapore to 68.3/100,000 men
in Hungary. In the European Union, the mortality
was 33.8/100,000 in men and 5.9/100,000 in women
between 2000–2002 [47].

According to the National Center for Health Statis-
tics (NCHS), in 2007 the age-adjusted death rate from
any cause was 760.2 per 100,000 (2,423,712 deaths)
in the United States. Chronic liver disease and cir-
rhosis was the twelfth leading cause of death with a
death rate of 9.1/100,000 (29,165 deaths). Of these,
ALD was responsible for 4.5/100,000 deaths (14,406
deaths) [48]. In 2007, the ALD-related death rate (per
100,000) was higher in men (6.8 vs. 2.3) and high-
est among AI/AN (17.1) followed by Whites (4.7),
Blacks (3.4), and Asians (1.1). Mortality (per 100,000)
was greatest among persons aged 55–64 (13.2) fol-
lowed by ages 45–54 (11.7) and ages 65–74 (10.1).
In 2007, alcohol-related cirrhosis death rates (per
100,000) were 12.6 in Hispanic white males, 6.5 in
non-Hispanic white males, and 5.6 in non-Hispanic
black males. Among females, alcohol-related cirrho-
sis deaths were highest in non-Hispanic Whites (2.5)
followed by Hispanic Whites (2.3), and non-Hispanic
Blacks (1.8) [48].

Globally, variable trends in cirrhosis-related mor-
tality have been observed. For example, total recorded
alcohol consumption in Britain doubled between 1960
and 2002 and correlated with 104 % increase in cir-
rhosis mortality in men in Scotland and 69 % increase
in England and Wales. This was in contrast to an
apparent decline in cirrhosis mortality in other parts
of Europe [49]. However, actual cirrhosis related to
alcohol was not reported.

In the United States from 1970 to 2007, the age-
adjusted death rate from liver cirrhosis (all cause)
declined by 48.9 % from 17.8/100,000 to 9.1/100,000
[48]. The age-adjusted death rate from ALD-related
cirrhosis decreased by 28.6 % (6.3 deaths/100,000

population in 1970 to 4.5 deaths/100,000 in 2007).
From 1970 to 2005, rates of cirrhosis (all cause) and
alcohol-related liver cirrhosis were higher for males
as compared to females. Disparities in deaths in AA
and Whites attributed to ALD decreased during this
time [50]. Rates of alcohol-related liver cirrhosis for
white males, white females, AA males, and AA females
declined by 16.4, 22.5, 67.6, and 77.2 percent from
1970 to 2007, respectively [48].

The amount of alcohol consumption matters with
higher rates of mortality observed in those with
increased alcohol consumption [51,52]. Higher rates
are seen in persons with alcoholic hepatitis and cirrho-
sis as compared to cirrhotics or alcoholics alone [53].
Further, higher mortality rates are observed in cer-
tain minority groups (e.g. AI/AN) [54] and those co-
infected with HCV and concomitant alcohol use [50,
55], high-risk populations (e.g. prisoners) [56], and
by certain socioeconomic factors (e.g. urban residents,
unemployed, and nonprofessional employees) [57,58].

Disability, quality of life, and
healthcare seeking

Hospitalizations

In 2006, the rate of alcohol-related discharges per
10,000 population was 72.4/10,000 (1.7 million dis-
charges). Discharges due to chronic liver disease and
cirrhosis increased from 15.2/10,000 in 1989 to 16.1
in 1999 to 21.3 in 2006. Specifically, discharges due to
alcoholic cirrhosis increased from 7.4/10,000 in 1989
to 8.5 in 1999 to 10/10,000 in 2006 [59].

Transplantation

Between 1998 and 2007, 15–16 % of the candidates
on the waiting list were listed due to ALD and 6–
8 % of candidates were listed for both hepatitis C
and alcohol [60]. Between 1998 and 2007, the per-
centage of deceased donor transplant recipients with
ALD ranged from 11–13 % and for both alcohol and
hepatitis C ranged from 5–8 %. In 2007, 5 % of liv-
ing donor transplant recipients were transplanted for
ALD and 2 % were transplanted for both hepatitis C
and alcohol.

Costs

The costs attributed to alcohol abuse including
healthcare expenditure, alcohol services, medical
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International boundaries

WHO subregions*

Percentage
0–1.9

2–4.9

5–9.9

10–19

Not applicable

* WHO divides the world into six general regions: Africa, the Americas, the Eastern Mediterranean, Europe, South-East Asia and the Western Pacific.
  Countries within each of these regions are then divided into subregions based on levels of child and adult mortality (mortality strata).
  Detailed definitions of mortality strata and list of Member States by WHO region and mortality stratum are given at the end of
  the World Health Report 2004 and can be accessed at www.who.int/whr/2004/annex/topic/en/annex_member_en.pdf.   

Figure 30.3 Alcohol attributable disability associated life years, 2004 [2].
Source: Reproduced from Global Status Report on Alcohol and Health, World Health Organization, 2011.

consequences, loss of productivity due to premature
death or morbidity, and other impacts on society
increased from $148.0 billion in 1992 to $184.6 bil-
lion in 1998 in the United States. Adjusted to 2007 US
dollars, the global cost was $234.9 billion with a cost
of $837 per head. All countries spent more than 1 %
of their GDP, with the highest in the United States
(2.7 %) and in South Korea (3.3 %) [2]. Healthcare
cost was 12.7 % of total cost [3].

Years of potential life lost

The actual burden of disease was even higher.
Disability-adjusted life years is a composite measure
of years lost due to premature deaths and years spent
in unhealthy states [61]. Globally, alcohol was respon-
sible for a loss of 4.6 % (n = 70,910,000) of all
disability-adjusted life years (Figure 30.3). Of these,
cirrhosis of the liver was responsible for 9.8 % of all
alcohol-attributable disability-adjusted life years [3].

Areas for further study

Despite its global pervading influence, ALD is under-
studied [50,62]. There are limited population-based

cohort studies that determine the incidence, preva-
lence, and natural history of ALD, especially in the
United States. The lack of clinical research attention
may reflect the fact that ALD affects less affluent and
less influential populations of our society [62]. Fur-
ther, the stigma associated with alcohol abuse and
preconceived notions regarding individuals who have
ensuing liver disease may preclude objective research.
Many studies that report the “natural history” of ALD
tend to be single-center studies that follow a highly
selected group of individuals seeking attention for
their disease, mostly at a late decompensated stage.
The characteristics of this group of patients may be
systematically different from the representative patient
with ALD in the general population [63].

The impact of interventions aimed at decreasing
alcohol use among young adults needs to be assessed.
Finally, the contribution of genetic predictors of
propensity to develop significant ALD needs to be fur-
ther described.

Conclusion

The burden of liver disease attributed to alcohol is
significant and likely underestimated. For example,
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most of the survey data on the prevalence of chronic
liver disease attributed to alcohol is self-reported and
subject to nonresponder bias and recall bias. There is
heterogeneity in reporting on alcohol-related deaths
and inconsistent definitions of alcohol consumption
[64]. Finally, autopsy data would probably provide a
more reliable indicator of deaths due to cirrhosis [65].
Recently, it has been shown that if a more comprehen-
sive definition of liver-related mortality is used, in con-
trast to the declining trend in deaths, there has been in
fact little change in overall liver mortality since 1970
[66–68]. Hence, the pervasive effect of alcohol as a sig-
nificant cause of liver-related morbidity and mortality
requires continued attention. Despite the interest paid
to other important causes of liver disease (viral hep-
atitis or nonalcoholic fatty liver disease), the interest
in ALD needs to be revived.

Multiple choice questions

1 Which of the following is NOT a tool used to pre-
dict the severity of alcoholic liver disease?

A MELD score
B Glasgow score
C AUDIT questionnaire
D Lille model
E ABIC score

2 Which region of the world has the highest preva-
lence of alcohol use disorders?

A North America
B South America
C Western Europe
D Eastern Europe
E Southeastern Asia

3 Which of the following has been associated with an
increased risk in alcoholic liver disease?

A Average daily alcohol consumption of �30 g
B Younger age at the onset of alcohol use
C Obesity (BMI ≥30 kg m−2)
D Hepatitis C infection
E Polymorphism in the PNPLA3/adiponutrin gene

4 Which of the following groups has the highest death
rate due to alcoholic liver disease in the United States?

A Women
B Non-Hispanic Whites
C Persons aged over 65 years
D American Indian/Alaskan Native
E Asians
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Answers to multiple choice questions

1. C
The AUDIT questionnaire is a tool used to screen for
alcohol abuse disorders. The remaining choices are
mathematical models used to predict the severity of
alcoholic hepatitis.
2. D
The one-year prevalence of alcohol use disorders
(alcohol abuse and dependence) among persons
aged 15–64 was 3.6 % worldwide. The highest rate
(10.9 %) was observed in eastern Europe.
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3. B
Younger age at the onset of alcohol use as well as
a binge pattern of alcohol use are associated with
increased frequency of alcohol use disorders. The
other choices have been associated with an increased
risk of alcoholic liver disease.

4. D
Death rates due to alcoholic liver disease are highest
among American Indian/Alaskan Natives. The death
rate is higher among men than women and highest
among persons aged 55–64 years of age.
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Key points
� Alcohol is an important cause of cirrhosis in
the Western Hemisphere and Russia but world-
wide hepatitis B viral (HBV) infection is the
most common cause of chronic liver disease.
� The occurrence of cirrhosis worldwide effec-
tively mirrors the prevalence of both HBV and
alcohol consumption and the trends in these risk
factors.
� Relative risk of death in people with cirrho-
sis ranges from a hazard ratio of 5 in compen-
sated disease to 10 in decompensated disease
compared to the general population. The 1- and
5-year survival following a diagnosis is compa-
rable to that of some cancers.
� Cirrhosis underlies over 75 % of hepatocellu-
lar carcinoma (HCC) and about three-quarters
of cases are attributable to chronic viral hepati-
tis, which is highly prevalent in low- and middle-
income countries.
� The most effective global measures to prevent
both cirrhosis occurrence and liver cell cancer
are probably universal vaccination against HBV
of newborn babies and reduction of harmful
alcohol consumption.

Cirrhosis

Disease definitions

The term “cirrhosis” was first used by Laennec
around the turn of the eighteenth century to describe
the histologic appearances in the liver he observed [1].
Yet cirrhosis is far more than a histologic entity; it is
the final common clinical pathway for most, if not all,
chronic liver diseases. Despite marked structural and
architectural changes associated with its development,
cirrhosis does not necessarily result in symptoms that
are recognizable by those affected with it. Many live
with cirrhosis unhindered in the functions of their
normal lives and this is known as “compensated”
disease. Only when the consequences of architec-
tural changes lead to complications and functional
impairment of the liver do clinical problems become
apparent (“decompensated” disease). Aside from
nonspecific symptoms such as fatigue, cirrhosis man-
ifests primarily as the sequelae of portal hypertension
with gastroesophageal variceal formation, ascites,
and encephalopathy heralding a period of decom-
pensation. Almost all etiologies underlying cirrhosis
are also risk factors for the development of primary
liver cancers. Treatment of chronic liver disease is
aimed at reducing the progression of fibrosis and
hence, development of architectural changes. Once
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decompensated, management of cirrhosis is focused
on reducing the harmful effects of portal hypertension
but are essentially palliative. Without liver transplan-
tation, which is only feasible in a minority of patients,
mortality among people with decompensated cirrho-
sis and primary liver cancer is high and both account
for a substantial global burden of disease.

Occurrence

In contrast to cancer and infectious diseases, there
are not routinely collected data on the occurrence
of cirrhosis of the liver worldwide. For most of the
twentieth century epidemiologists have had to rely
upon mortality statistics to estimate the occurrence
of this disease. However, it must be borne in mind
that while many people with cirrhosis when diag-
nosed have decompensated disease and therefore a
short life expectancy, a fairly large proportion with
compensated disease may survive many years follow-
ing their diagnosis, so mortality statistics will not be
reliable in estimating incidence. Fortunately, recent
developments in the field of linked electronic health-
care databases and the publication of incidence rates
from inception cohorts have given some approxima-
tion of the contemporary occurrence of cirrhosis and
alongside this some picture of trends over time. How-
ever, estimating incidence through these methods also
has limitations. Given that cirrhosis is a chronic dis-
ease with a long sojourn time any reported measure of
incidence will only be an approximation of the truth.
In reality such a measure represents the number of
diagnosed new cases per unit time which of course
can be hugely altered depending upon definition of
disease, healthcare setting, access to resources, and
ability to make the diagnosis.

Incidence

Cirrhosis
Few population-based studies exist describing the inci-
dence of cirrhosis prior to 1970. However, since then,
data either prospectively collected or retrospectively
analyzed have given estimates of incidence (or diag-
nosis rate) from Iceland, Denmark, Sweden, and the
United Kingdom. Saunders et al. [2] gave an indica-
tion of the size of the problem around Birmingham,
England when they reported a rise in incidence rates
from about 5 per 100,000 population in 1959 to a
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Figure 31.1 Annual incidence of alcoholic, cryptogenic, and
other types of cirrhosis in West Birmingham 1959–1976.
Source: Saunders et al. 1981 [2]. Reproduced with
permission of BMJ Publishing Group Ltd.

peak of 15 per 100,000 in 1974. They also showed
the rise was predominately among people with cirrho-
sis related to alcohol use (Figure 31.1).

Another report using electronic primary care
records from the United Kingdom showed a con-
tinuing rise through the 1990s in both alcohol and
nonalcohol-related cirrhosis in both males and females
with an overall increase from 12 per 100,000 to 17 per
100,000 across a 10-year period [3]. Similar incidence
rates of alcoholic cirrhosis for men, women and over-
all have been reported from Denmark [4] for the same
periods although an increasing trend was not observed
between 1994 and 2005. Incidence was considered to
be decreasing reflecting mortality rates across Europe
[5]. By contrast, reports from Iceland indicate a far
lower overall rate of diagnosis (approximately 3 per
100,000) [6].

More recently still, a report from the Million
Women Study [7], which is a cohort study that
recruited women (average age 55 years) between 1996
and 2001 in England and Scotland, estimated the rate
of first hospitalization or death due to cirrhosis over
a mean follow-up of 6 years. A remarkably high rate
reported of about 120 per 100,000 person-years is
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probably related to the use of very broad categories
of ICD codes to define cirrhosis. Overall observa-
tions from these studies show that men have about
a twofold greater incidence rate than women and that
the age of diagnosis is slightly lower among males than
females.

Portal hypertension, esophageal bleeding,
and ascites
An alternative method of measuring incidence of any
disease is to focus instead upon the occurrence of
clearly defined serious complications. This has some
advantages in that the definition of cirrhosis itself
in observational studies differs markedly compared
to bleeding esophageal varices. In most countries an
event such as bleeding esophageal varices should result
in a hospital admission. There may still be some varia-
tion in the ascertainment of admissions for esophageal
varices, ascites, and hepatic encephalopathy depend-
ing on varying clinical practices as well as changes
in management that may have altered occurrence over
time [8]. Nonetheless, these indices are useful adjuncts
to the overall cirrhosis incidence figures.

Data from the United States from 1988–2002 using
their National Inpatient Sample showed no clear trend
in hospitalization for bleeding esophageal varices from
1994 onwards [9] and the reported absolute rate dur-
ing this period was 11 per 100,000. In Sweden, the
rate of hospitalization for esophageal varices was 5
per 100,000 population. However, this included both
bleeding and nonbleeding varices [10]. In both these
studies, the ratio of men to women was about 2:1.
More recent data from England shows no change
between 1999 and 2007 with a rate of bleeding
esophageal varices of 3 per 100,000 [11]. Unfortu-
nately, few population-based studies are available that
report the hospital admission rate related to ascites,
encephalopathy, or spontaneous bacterial peritonitis.

Prevalence

Prevalence of cirrhosis is key to understanding health-
care utilization due to the burden of morbidity. People
with cirrhosis do regularly seek or need both primary
and secondary health care. Recent database studies
from the United Kingdom and Denmark have esti-
mated the prevalence of cirrhosis. In the UK the esti-
mated point prevalence in 2001 was 87 per 100,000
in men and 66 per 100,000 in women. When applied

to the population demographics this approximated to
30,000 people living with the disease in the United
Kingdom at the time [3]. In Denmark the figures
for alcoholic cirrhosis during the period 2001–2005
were 132 per 100,000 in men and 70 per 100,000 in
women [4].

Risk factors

Alcohol is an important cause of cirrhosis in the West-
ern Hemisphere and Russia but worldwide hepatitis
B viral (HBV) infection is the most common cause
of chronic liver disease and it is particularly highly
prevalent in Southeast Asia and sub-Saharan Africa.
Chronic hepatitis C continues to add to a large health-
care burden worldwide with the incidence rates vary-
ing across the world. In most epidemiologic studies,
about 30 % of people diagnosed with cirrhosis do not
have an obvious etiology.

Alcohol
Across the United States and Europe, approximately
50–60 % of cirrhosis has alcohol as a central compo-
nent cause. This is perhaps unsurprising given the alco-
hol consumption per capita of these areas as shown in
the map of the world below (Figure 31.2). Equally, it is
unsurprising that rates of cirrhosis have been observed
to be rising in the United Kingdom as alcohol con-
sumption has been rising since 1948.

Viral hepatitis
Prevalence of HBV infection ranges from over 10 %
in Asia to under 0.5 % in the United States and
northern Europe. In untreated individuals with
predominantly HBeAg positive HBV infection, the
incidence of cirrhosis ranges from 2 to 5.4 per 100
person-years with a 5-year cumulative incidence of
cirrhosis of 8–20 % [13]. Older age at presentation
(or time of infection) and persistent viral replication
are predictors for development of cirrhosis as well
as mortality. The presence of any other independent
hepatotoxic factors such as alcohol ingestion or HCV
co-infection can contribute to progression to cirrho-
sis. About 180 million people worldwide are thought
to be infected by hepatitis C virus [14] and 3–20 % of
untreated patients develop cirrhosis [15]. Risk factors
that are considered to increase the risk of development
of cirrhosis include older age at time of infection, male
sex, coinfection with human immunodeficiency virus
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Figure 31.2 World alcohol consumption map. Source: World Health Organization 2011 [12]. Reproduced with permission
of the World Health Organization.

(HIV), or hepatitis B virus (HBV), and comorbid con-
ditions such as immunosuppression, insulin resistance,
nonalcoholic steatohepatitis, and schistosomiasis [16].

Other risk factors
Several other chronic liver diseases such as hemochro-
matosis, alpha-1 antitrypsin deficiency, Wilson’s dis-
ease, auto-immune hepatitis, primary biliary cirrho-
sis, primary sclerosing cholangitis, cystic fibrosis, and
hepatotoxic drugs are among the causes of cirrhosis.
When etiology underlying cirrhosis is not obvious, it
is termed “cryptogenic”. As around 75 % of patients
with cryptogenic cirrhosis have a history of type 2
diabetes or obesity, it is considered that much of what
is classified as “cryptogenic” cirrhosis could be the
end stage of nonalcoholic fatty liver disease (NAFLD)
[17].

Natural history

Although cirrhosis may have developed many years
prior to its identification, once diagnosed, cirrhosis
follows a typical course that includes a mostly asymp-
tomatic period (compensated disease) followed by
a symptomatic period (decompensated disease) [18].
The latter phase is essentially characterized by the

presence of complications related to portal hyperten-
sion. The rate at which compensated disease becomes
decompensated disease is less easy to quantify pri-
marily due to the variation in definitions, regularity
of surveillance programs for esophageal varices and
recording of this process routinely. Recent use of large
healthcare databases has allowed contemporary esti-
mation of the rate of decompensation among peo-
ple newly diagnosed with cirrhosis. Figure 31.3 shows
that once diagnosed there is a high rate of early decom-
pensation (defined as the occurrence of ascites or gas-
trointestinal bleeding in this study), which is likely to
be simply part of the workup and assessment of indi-
viduals initially. However, these data also show that
if individuals remain compensated after one year of
follow-up, they then have a rate of decompensation of
about 6 % per year.

Data reported from Denmark have recently detailed
the progression of disease in alcoholic cirrhosis in a
similar fashion and show high probabilities of progres-
sion to the specific consequences of portal hyperten-
sion. For example, among 114 patients with no com-
plications at diagnosis after 1 year, 68 % were alive
and complication-free, 15 % were alive but had devel-
oped complications, 10 % had died without develop-
ing complications, and 7 % had died after developing
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Figure 31.3 Rate of decompensation
among people with compensated
alcoholic and nonalcoholic-related
cirrhosis in the UK. Source: Fleming
et al. 2008 [3]. Reproduced with
permission of Elsevier.

complications. After 5 years, the corresponding pro-
portions were 28 %, 13 %, 22 %, and 35 %.

Depending on the population studied and at what
time point in the disease course, the proportion of peo-
ple with cirrhosis and gastroesophageal varices varies
considerably. Estimates vary from approximately 30
to 50 % of patients [19,20]. Patients without varices
develop them at a rate of between 4 and 8 % per year
[19–21] while variceal hemorrhage reportedly occurs
at a yearly rate of 5 to 15 % [22].

Survival

Overall
While progression of disease has been described in
various ways and in many studies [23], estimates of
the long-term survival of people with cirrhosis of the
liver following diagnosis that have been generated
from population-based studies are few and far
between. In 1981, Sanders et al. described the survival
of 512 people admitted to hospital with cirrhosis in the
West Midlands region of the United Kingdom between
1959 and 1976 [2]. They observed high mortality
rates in the first year following admission and 5-year
survival rates of 36 %, 14 %, and 14 % for groups
with alcoholic, cryptogenic, and post-hepatitic cir-
rhosis, respectively. More recently, case fatality rates
for people admitted to hospital with liver cirrhosis
have been described for the period 1968–1999 in the
Oxford region of the United Kingdom [24]. In the

first month following admission, the case fatality rate
was 15 % and at 1 year 33 % with no real change
over the period of the study. In Denmark, among
approximately 15,000 patients with cirrhosis identi-
fied through hospital registry data between 1995 and
2006 [25], poor 1- and 10-year survival figures were
observed of 65 % and 21 %, respectively. Broadly
these studies show concordance and disappointingly
little change in the reported survival over time.

Compensated versus decompensated disease
While overall survival has not changed much over the
course of the last 40 years there is some evidence
that it has when cirrhosis is divided into those with
compensated and decompensated disease. However,
this is dependent on the definitions of this categoriza-
tion. For example, D’Amico and colleagues in 1986
reported the 6-year survival of 54 % and 21 % in
patients with compensated and decompensated cir-
rhosis respectively from a small population in Sicily
[26]. These stark differences were also apparent in the
West Midlands in the period 1959 to 1976 but for
the compensated group the survival rates appear to
be somewhat improved. Data from the General Prac-
tice Research Database in the United Kingdom from
1992 to 2001 indicate that for those patients with
cirrhosis defined as compensated at diagnosis, the 1-
and 5-year survival rates are 87 % and 66 %, respec-
tively whereas for decompensated disease, the rates are
75 % and 45 %. Similarly, in people hospitalized with
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esophageal varices in Sweden between 1969 and 2002
[10] there also appears to have been some improve-
ment in survival over time. These figures suggest that
medical intervention whether as prevention or thera-
peutic has had a positive impact.

Comparisons to the general population
Given these poor survival figures, unsurprisingly, cir-
rhosis of the liver decreases a patient’s life expectancy
in comparison to the general population. Indeed the
survival figures are comparable to some common can-
cers such as those of the colorectum and breast. How
much extra risk people with cirrhosis are at compared
to the general population has been estimated in terms
of the relative increase in risk of death and ranges from
a standardized mortality ratio of 12 (12-fold increase)
[24] at 1 year following hospitalization to a hazard
ratio of 5 in compensated disease and 10 in decom-
pensated disease for those identified in primary care
in the United Kingdom. This increased rate of death
appears to be independent of other comorbidities [25].

Mortality

The great advantage of mortality statistics is that in
some parts of the world recording of fact, date and
cause of death has been routine for many years. It is
therefore possible to describe causes of death in, for
example, the United States and the United Kingdom
for most of the twentieth century. During this period
there have been numerous changes in the coding of
diseases, in particular chronic liver disease and cirrho-
sis, so interpretation of the figures presented must take
into consideration that definitions used varied consid-
erably. In 1967 Terris [27] summarized the available
mortality data from 1900 onwards for several coun-
tries and showed that from approximately the end of
World War II (1945) mortality rates had begun to rise.
In England, Wales, and Scotland these rates continued
to rise inexorably particularly in those aged 15 to 45
for the rest of the twentieth century, which is in direct
contrast to the rest of Europe [5,28]. From these mor-
tality figures the overall rate of death from cirrhosis
in England and Wales was seen to rise from 3.4 per
100,000 in men in 1957–1961 to 14.1 per 100,000 in
1997–2001 (i.e. a fourfold increase) [28]. There was
a similarly rapid increase among women. However,
the latter study used a broad definition of cirrhosis
that included ICD-10 coding for alcoholic liver dis-

ease (K70) and chronic hepatitis (K73) as a cause of
death, which may have inflated their estimates.

Hepatocellular carcinoma

Disease definition

Hepatocellular carcinoma (HCC) is the third leading
cancer-related cause of death and the seventh most
common form of cancer worldwide. Cirrhosis under-
lies over 75 % of HCC and the relative risk of liver
cell cancer varies according to the underlying etiol-
ogy of the cirrhosis. About three-quarters of HCC
are attributed to chronic HBV and HCV infections
and global variations in incidence rates of this can-
cer closely reflects the prevalence of HBV and HCV
infections. Alcoholic liver disease is the second most
common risk factor for HCC. With increasing preva-
lence of metabolic syndrome and diabetes mellitus,
nonalcoholic steatohepatitis (NASH) is likely to con-
tribute to the increasing proportion of cases of HCC.
In areas endemic for HBV, viral transmission occurs
at an early age, and affected individuals develop HCC
in mid-adulthood, their most productive years of life,
accounting for a substantial burden on the health ser-
vices. For most patients, liver cell cancer is a terminal
complication of cirrhosis without any access to poten-
tially curative interventions. Probably the most effec-
tive measure to prevent HCC is universal vaccination
of newborn babies; this has been shown to result in
dramatic reduction in HBV infection as well as reduce
the incidence of HCC.

Incidence

While cancer occurrence is recorded in many countries
worldwide, there is substantial variation in coverage
and quality of these data [29] and the coding used to
define the disease of interest is not consistent. Most
studies describing the occurrence of and trends in
primary liver cancer use ICD-10 code C22 and all its
subsidiary codes to allow international comparisons.
However, this grouping includes intrahepatic biliary
cancer and unspecified liver cancers. Using this def-
inition, liver cancer is the fifth most common cancer
in men worldwide (523,000 cases, 7.9 % of the total)
and the seventh in women (226,000 cases, 6.5 % of the
total). Most of the burden is in developing countries,

349



CHAPTER 31

where almost 85 % of the cases occur. This cancer
particularly affects men with an overall sex ratio
male-to-female of 2:4. The regions of high incidence
are eastern and southeastern Asia, middle and western
Africa, but also Melanesia and Micronesia/Polynesia
(particularly in men). Low rates are estimated in
developed regions, with the exception of southern
Europe where the incidence in men (Age Standardized
Rate 10.5 per 100,000) is far higher than in other
developed regions [29].

Risk factors

Cirrhosis
Over 75 % of HCC develops in chronic liver disease
with advanced fibrosis or cirrhosis [30]. All causes
of cirrhosis can be considered risk factors for HCC
although the relative risks may vary according to eti-
ology [31]. There are few good studies of the occur-
rence rates of HCC in people with cirrhosis and some
are detailed in Table 31.1. It would appear that HCV
infection is associated with the highest HCC incidence
in people with cirrhosis, with a 5-year cumulative
incidence of 30 % in Japan (17 % in Western coun-
tries). In HBV-related cirrhosis, the 5-year cumulative
HCC risk is 15 % in high endemic areas and 10 % in
Western countries. Co-infection with HCV and HBV
increase the risk of HCC two- to sixfold relative to
each infection on its own. Incidence of HCC is lower
in alcoholic cirrhosis (5-year cumulative incidence of
8 %), but excess alcohol is thought to increase the risk
of HCC by two- to fourfold in those with chronic
viral hepatitis. Traditionally, HCC has been consid-
ered a rare complication of cirrhosis secondary to pri-
mary biliary cirrhosis and autoimmune hepatitis. For
example, in patients with primary biliary cirrhosis the

absolute excess risk per year compared to the general
population is only 0.2 % [32] and HCC is estimated
to develop at an annual rate of about 1 % in cirrhosis
secondary to autoimmune hepatitis [33].

HBV infection
The development of HCC is one of the main causes
of death in people with HBV infection. Chronically
infected subjects have a 100 times increased risk of
HCC compared with noncarriers [34]. Several stud-
ies have indicated that male sex, age over 45 years,
longer duration of viral infection, positive HBeAg, co-
infection with HCV or hepatitis delta virus infection,
having a first-degree relative with HCC, consumption
of aflatoxin in diet, and the presence of cirrhosis are
independent factors for HCC in HBV-infected patients
[35–37].

Obesity
In a large prospective cohort carried out in the United
States of more than 900,000 adults, the heaviest men
and women (with a BMI ≥40.0), had a higher rate of
death due to cancer of the liver when compared with
men and women of normal weight [38]. The relative
risk of death from liver cancer in people with highest
BMI compared to normal was about 1.7 in women
and 4.5 in men. In men, the relative risk for liver
cancer was highest of all the cancers. Potential bio-
logic explanations for these observations include an
increased level of sex hormones, insulin and insulin-
like growth factor 1, which are associated with obe-
sity. Obesity also appears to interact synergistically
with alcohol and smoking to increase the risk of HCC
[39].

Table 31.1 Incidence of hepatocellular carcinoma in cirrhosis

Incidence
Number of patients (per 1000 person-years)
(number of studies) Geographic location [95 % CI]

Compensated cirrhosis 1284 (13) Europe, USA 37 [32,42]
Compensated cirrhosis 626 (7) Japan 71 [62,80]
HBV compensated cirrhosis 401 (6) Europe 22 [16,28]
Alcoholic cirrhosis (no HBV/HCV) 174 (3) Europe 17 [12,22]

Source: Adapted from Fattovich 2004 [31].
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Diabetes
Diabetes is associated with a two- to threefold increase
in the risk of HCC independent of HCV, HBV, alco-
holic liver disease, and hemochromatosis [40]. Dia-
betes, as part of the insulin resistance syndrome, has
been implicated as a risk factor for NAFLD, including
its most severe form NASH. NASH has been iden-
tified as a suspected cause of both “cryptogenic” cir-
rhosis and HCC. In addition, significant synergy exists
between heavy alcohol consumption and chronic hep-
atitis virus infection and diabetes mellitus in relation
to HCC development suggesting common pathways
of carcinogenesis [41].

Alcohol
Alcoholic liver disease is the second most common
risk factor for HCC in the United States, and alcoholic
cirrhosis is a major contributor to HCC in the United
Kingdom. In women, even low to moderate alcohol
consumption can increase the risk of liver cancer [42].
In addition, alcohol is thought to act synergistically
with other risk factors to magnify the risk of HCC.

Aflatoxin
Aflatoxins are naturally occurring mycotoxins that are
produced by many species of the fungus Aspergillus.
They can colonize grain before harvest or during stor-
age. Aflatoxins frequently contaminate food in sub-
Saharan Africa and eastern Asia. Crops frequently
affected include cereals, oilseeds, spices, and tree nuts.
Aflatoxins are metabolized by the liver to a reactive
epoxide that causes mutations in the p53 gene and
attenuates its tumor suppressor function [43]. Afla-
toxin can also act synergistically with HBV in the
pathogenesis of HCC [44].

Survival

Survival following a diagnosis of liver cancer is poor
and worldwide is probably only 5 % at 1 year. How-
ever, over the period 1971–1999 in England and
Wales 1-year survival has increased from around 5 %
to nearly 20 % for both men and women and survival
at 5 years for the same time period has increased from
almost zero to about 5 %. These improving figures
most likely reflect earlier diagnosis and therefore ear-
lier stage disease rather than radical improvements in
the therapeutic options for treating this cancer. That
said, access to therapeutic interventions such as trans-

plantation or ablation is likely to vary considerably
around the world.

Mortality

Worldwide there were an estimated 694,000 deaths
from liver cancer in 2008 (477,000 in men, 217,000
in women), and because of its high fatality (overall
ratio of mortality to incidence of 0.93), liver cancer is
the third most common cause of death from cancer
worldwide. Therefore the geographical distribution
of the mortality rates is similar to that observed for
incidence.

Trends in the incidence and mortality of HCC have
been described for the United States as well as England
and Wales. In the United Kingdom, the incidence has
increased in both males and females between 1975
and 2007 with a greater relative increase among men
with similar trends observed in the United States [45,
46]. These trends are presumably due to the linked
increase in cirrhosis described earlier in this chapter,
or to related risk factors. In the United Kingdom, HCC
represents the most common malignancy of the liver,
gallbladder, and biliary system. However, in contrast
to the worldwide figure of approximately 7 % of all
cancers, it represents only 1 % of all cancers diagnosed
in the UK.

Age

Across the world the incidence of this cancer increases
with age up to about age 80 where it then begins to
dip. In the United Kingdom, the greatest age-specific
increase in incidence over time has been seen in those
aged between 70 and 80 years.

Sex

Overall men have far higher absolute rates of pri-
mary liver cancer than women. For example, when
cancer data for England and Wales were restricted to
those with histology available and analyzed by type of
liver cancer a threefold increase in hepatocellular car-
cinoma was seen among men compared with only a
steady increase for women over the period 1971–2001
[45].

Ethnicity

From the available Surveillance, Epidemiology and
End Results (SEER) data from the United States it
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Table 31.2 Incidence rates of HCC by ethnicity and sex in the United States

Incidence rates by race

Race/ethnicity Male Female

All races 11.2 per 100,000 men 3.9 per 100,000 women
White 9.6 per 100,000 men 3.3 per 100,000 women
Black 15.1 per 100,000 men 4.6 per 100,000 women
Asian/Pacific Islander 22.1 per 100,000 men 8.4 per 100,000 women
American Indian/Alaska Native 17.4 per 100,000 men 7.8 per 100,000 women
Hispanic 15.8 per 100,000 men 6.2 per 100,000 women

Source: Howlader et al. (eds). SEER Cancer Statistics Review, 1975–2008, National Cancer Institute, Bethesda, MD;
http://seer.cancer.gov/csr/1975_2008/, based on November 2010 SEER data submission, posted to the SEER website, 2011.

appears that rates of liver cancer (C22) do vary con-
siderably by ethnicity in the USA for men and women
alike (Table 31.2), and this presumably reflects the
distribution of environmental risk factors for the dis-
ease given the lack of a specific genotype recognized
to cause this cancer.

Prevention

Probably the most effective measure from a world-
wide perspective to prevent both cirrhosis occurrence
and liver cell cancer is universal vaccination against
HBV of newborn babies; this has been shown to result
in a dramatic reduction in HBV infection as well as
reducing the incidence of HCC [47]. Clearly, among
high alcohol-consuming populations, efforts to curb
harmful alcohol intake are also likely to have a large
impact if successful. Among people at high risk of
HCC such as those infected with HBV, surveillance
with a combination of regular alpha-feto protein test
and ultrasonography to detect early lesions may have
the potential to reduce mortality from HCC [48].

Conclusions

Cirrhosis

Chronic liver disease and cirrhosis are among the 10
leading causes of deaths in the United States and in
the United Kingdom. Mortality from cirrhosis has
increased markedly over the last few decades, in strik-
ing contrast to falling mortality from heart, kidney,
and respiratory diseases, strokes, and cancers. Chronic
viral hepatitis, alcohol abuse, and nonalcoholic fatty

liver disease account for the vast majority of cases of
cirrhosis worldwide. Cirrhosis is associated with poor
survival with a relative increase in mortality rate of 5
for “compensated” and 10 for “decompensated” state
compared to the general population. Recent data on
survival for patients with evidence of portal hyper-
tension suggest that medical interventions whether
preventative or therapeutic have had some positive
impact.

HCC

HCC is the third leading cancer-related cause of death
accounting for a substantial burden on the healthcare
system. About three-quarters of HCC are attributed
to chronic viral hepatitis which is highly prevalent in
low- and middle-income countries. Alcoholic liver dis-
ease probably accounts for a substantial proportion of
HCC in high-income countries even though the inci-
dence is relatively low among those with alcoholic
cirrhosis compared to some other etiologies.

Multiple choice questions

1 Cirrhosis associated with marked structural and
architectural changes in the liver is the final common
clinical pathway for most, if not all, chronic liver dis-
eases.

With regard to the etiology of cirrhosis:
A Aflotoxin acts synergistically with chronic hep-
atitis C leading to cirrhosis
B Excess alcohol consumption globally is the com-
monest component cause of cirrhosis
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C Hepatitis A interacts with HBV infection increas-
ing the risk of developing cirrhosis
D If untreated HCV infection leads to cirrhosis in
the majority of patients
E Nonalcoholic fatty liver disease underlies the
majority of “cryptogenic” cirrhosis

2 Several chronic liver diseases are associated with
the development of progressive fibrosis which over
a period of years leads to cirrhosis. Lack of liver-
specific symptoms despite marked structural and
architectural changes within the liver makes it diffi-
cult to identify the point at which cirrhosis has been
established.

With regard to the natural history of cirrhosis:
A Extra risk of mortality associated with cirrhosis
has been demonstrated only when cirrhosis reaches
a “decompensated” phase
B Majority of the complications of cirrhosis are
related to the loss of its synthetic function leading
to decompensation
C Presence or absence of symptoms determines the
classification of cirrhosis into “compensated” and
“decompensated” phase of cirrhosis
D Rate of decompensation is higher in alcoholic
cirrhosis when compared with other etiology
E Rate of development of portal hypertension and
decompensation increases progressively every year
following the diagnosis of cirrhosis

3 Persistent inflammation in chronic liver diseases
markedly increases the risk of primary liver cell cancer.
Hepatocellular carcinoma (HCC) is the third leading
cancer-related cause of death and the seventh most
common form of cancer worldwide.

When considering the risk factors to HCC:
A Diabetes increases the risk of HCC by interacting
with obesity
B In patients with cirrhosis, HBV infection has the
highest cumulative incidence of HCC
C Majority of HCC develop in the liver with
advanced fibrosis or cirrhosis
D Risk of HCC is higher with alcoholic cirrhosis
when compared with cirrhosis from other etiology
E Women are at higher risk of developing HCC
compared to men

4 Recent developments in the field of linked electronic
healthcare databases and the publication of incidence
rates from inception cohorts have given some approx-
imation of the contemporary occurrence of cirrhosis
and its burden on health services.

With regard to the time trends in cirrhosis:
A Although hospitalization due to ascites has
remained constant, incidence of spontaneous bac-
terial peritonitis has increased
B Hospitalization for bleeding varices has fallen in
the United States over a period of two decades
C Incidence of cirrhosis has increased over a period
of two decades in the United Kingdom
D Incidence rate of cirrhosis in women has risen
more steeply changing the male-to-female ratio
E Mortality from cirrhosis has generally increased
in the majority of countries in Europe where data is
available

5 The development of hepatocellular carcinoma
(HCC) is one of the main causes of death in peo-
ple with HBV infection. Chronically infected subjects
have a 100 times increased risk of HCC compared
with noncarriers.

The following is associated with an increased risk
of HCC in HBV-infected subjects:

A Co-infection with hepatitis E virus
B Degree of inflammation on histology
C Family history of HBV infection
D Infection acquired after 45 years of age
E Male sex
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Answers to multiple choice questions

1. E
A False. Aflatoxin, a natural mycotoxin contaminat-
ing the food acts synergistically with HBV in the
pathogenesis of HCC.
B False. Across the USA and Europe approximately
50–60 % of cirrhosis has alcohol as the central com-
ponent cause; but globally, chronic viral hepatitis is
the most common etiology underlying cirrhosis.
C False. Interaction between HCV and HBV increases
the risk of cirrhosis. HAV is an acute infection and
does not cause chronic liver disease.
D False. Between 3 % and 20 % of untreated HCV
patients develop cirrhosis.
E True. As 74 % of patients with cryptogenic cirrho-
sis have history of type 2 diabetes or obesity, it is
presumed that much of that is classified as “crypto-
genic” cirrhosis is an end stage of nonalcoholic fatty
liver disease.
2. D
A False. In patients with cirrhosis identified in pri-
mary care in the UK, there is a fivefold increase in risk
of death in compensated disease and 10-fold risk in
decompensated disease.
B False. The majority of complications of cirrhosis
are related to the development and consequences of
portal hypertension.

C False. Cirrhosis manifests primarily as the seque-
lae of portal hypertension and appearance of por-
tal hypertension with gastroesophageal variceal for-
mation and ascites even if asymptomatic heralds the
period of decompensation.
D True. Rate of decompensation is higher in alcoholic
cirrhosis when compared with other etiology.
E False. Evidence of portal hypertension in the form
of varices is present in approximately 50 % of patients
with cirrhosis at the time of diagnosis. If individuals
remain compensated after one year of follow-up they
then have a rate of decompensation of about 6 % per
year.
3. C
A False. Diabetes is associated with a two- to three-
fold increase in the risk of HCC independent of HCV,
HBV, alcoholic liver disease, and hemochromatosis.
In addition, significant synergy exists between heavy
alcohol consumption and chronic hepatitis virus infec-
tion and diabetes mellitus in relation to HCC develop-
ment suggesting common pathways of carcinogenesis.
B False. Hepatitis C virus (HCV) infection is associ-
ated with the highest HCC incidence in people with
cirrhosis, with a 5-year cumulative incidence of 30 %
in Japan (17 % in Western countries). In hepatitis B
virus (HBV)-related cirrhosis, the 5-year cumulative
HCC risk is 15 % in high endemic areas and 10 % in
Western countries.
C True. Over 75 % of HCC develop in chronic liver
disease with advanced fibrosis or cirrhosis.
D False. Incidence of HCC incidence is lower in alco-
holic cirrhosis (5-year cumulative incidence of 8 %)
compared with cirrhosis due to chronic viral hepati-
tis.
E False. Overall men have far higher absolute rates of
primary liver cancer than women. In HBV infection
and obesity risk of HCC is higher among men.
4. C
A False. There are not sufficient data to assess the time
trends related to ascites, encephalopathy, or sponta-
neous bacterial peritonitis.
B False. Data from the United States from 1988 to
2002 using their National Inpatient Sample showed no
clear trend in hospitalization for bleeding esophageal
varices from 1994 onwards.
C True. Incidence of cirrhosis has increased over a
period of two decades in the United Kingdom.
D False. Overall observations from these studies show
that men have about a twofold greater incident rate
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than women which suggests that the age of diagnosis
is slightly lower among males than females.
E False. Incidence of cirrhosis has been considered to
be decreasing reflecting mortality rates across Europe.
5. E
A False. Co-infection with HCV or hepatitis delta
virus infection is an independent risk factor in HBV-
infected individuals.

B False. Presence of cirrhosis increases the risk of
HCC.
C False. Having a first-degree relative with HCC is an
independent risk factor.
D False. Age over 45 years, longer duration of viral
infection
E True. Male sex is an independent risk factor for
HBV-related HCC.
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Key points
� Nonalcoholic fatty liver disease (NAFLD)
encompasses a spectrum of pathology ranging
from simple steatosis, steatohepatitis, with a
potential to progress to cirrhosis.
� Prevalence of NAFLD has risen throughout
the world with urbanization, economic prosper-
ity, and increasing obesity.
� Incidence and severity of NAFLD correlate
with the components of metabolic syndrome.
� Nonalcoholic fatty liver disease is strongly
associated with risk of incident type 2 diabetes.
� There is evidence to suggest that NAFLD is
associated with increased risk of atherosclerosis
and cardiovascular events.

Introduction

Nonalcoholic fatty liver disease (NAFLD) is a term
that encompasses a spectrum of liver involvement
that, defined pathologically, ranges from isolated
steatosis to steatohepatitis (nonalcoholic steatohep-
atitis, NASH) which progresses indolently to crypto-
genic cirrhosis (CC) [1–3]. Although obesity associ-
ated with fatty liver has been known for a long time
[4], the histologic similarity of NASH with certain
“pathognomonic” features of alcoholic steatohepati-

tis delayed recognition of this condition until around
three decades ago [5]. This is responsible for the fact
that NAFLD is diagnosed by exclusion in an indi-
vidual consuming no or a negligible amount of alco-
hol [6]. Although hepatic steatosis and steatohepati-
tis can occur in numerous metabolic, nutritional, and
toxin-induced liver injuries, this chapter will focus
on primary NAFLD, which is currently considered
to be the hepatic manifestation of metabolic syn-
drome (MetS), a constellation of metabolic abnor-
malities including glucose intolerance, obesity (espe-
cially, central obesity), dyslipidemia, and hypertension
[7,8]. These abnormalities often congregate in indi-
viduals, more frequently than by chance alone, and
lead to increased risk of cardiovascular disease (CVD)
and mortality [8]. The burgeoning epidemic of obesity
and MetS in both developed and developing countries
[9,10] is making NAFLD a prime concern of hepatol-
ogists worldwide.

Disease definitions

NAFLD is a diffuse parenchymal liver disease defined
by both clinical (nonalcoholic) and histopathologic
(steatosis, steatohepatitis, cirrhosis) criteria after sero-
logic exclusion of other etiologies of liver diseases
(e.g. viral, autoimmune, hemochromatosis, etc.) and
secondary causes of hepatic steatosis (Table 32.1)
[11,12]. Diagnosis of NAFLD requires a person to
drink �20 g day−1 (about 3 drinks per day) [12].

GI Epidemiology: Diseases and Clinical Methodology, Second Edition. Edited by Nicholas J. Talley et al.
C© 2014 John Wiley & Sons, Ltd, with the exception of original artwork which is C© Mayo Foundation for Medical Education and Research.
Published 2014 by John Wiley & Sons, Ltd. Companion website: www.wiley.com/go/talley/giepidemiology

357

http://www.wiley.com/go/talley/giepidemiology


CHAPTER 32

Table 32.1 Secondary causes of fatty liver disease

Nutritional Protein-calorie malnutrition (PCM)†; Starvation†; Total parenteral nutrition (TPN) †;
Rapid weight loss†; Gastrointestinal surgery for obesity†

Drugs Glucocorticoids†; Synthetic estrogens†; Calcium-channel blockers†; Tamoxifen†;
Methotrexate†; Amiodarone¶; Perhexiline maleate¶; Aspirin‡; Tetracycline‡;
Valproate‡; Cocaine‡; Zidovudine†; Diadanosine‡; Fialuridine‡

Metabolic/Genetic Lipodystrophy†; Dysbetalipoproteinemia†; Weber–Christian disease†; Wolman’s
disease¶; Acute fatty liver of pregnancy (AFLP) ‡

Toxins Amanita phylloides mushroom†; Phosphorus‡; Petrochemicals†‡; Bacillus cereus toxins‡

Infections Human immunodeficiency virus infection†; Hepatitis C (predominantly genotype 3) †;
Small bowel diverticulosis with bacterial overgrowth†

†Cause macrovesicular steatosis (due to imbalance in the hepatic synthesis and export of lipids).
‡Cause microvesicular steatosis (due to defects in mitochondrial beta-oxidation).
¶Cause hepatic phospholipidosis (due to accumulation of phospholipids in lysosomes).

Steatosis, typically macrovesicular, defined by �5 %
fat accumulation in the liver by weight and estimated
in practice either as the percentage of fat-laden hep-
atocytes on light microscopy or by magnetic reso-
nance spectroscopy (H1-MRS), is the sine qua non
of NAFLD in noncirrhotic livers [12–14]. Steatosis
is necessary, but not sufficient, for the diagnosis of
NASH. In adults, NASH is characterized by a com-
bination of steatosis, hepatocyte ballooning, lobular
inflammation, and perisinusoidal or “chicken-wire”
fibrosis in a predominant zone 3 distribution [13].
In cryptogenic cirrhosis, all lesions of steatosis and
NASH may be absent [13].

The cut-off value of nonpathologic steatosis of
�5 % appears relatively arbitrary, based on chemi-
cal analysis of livers at autopsy and later supported by
H1-MRS quantification of the 95th percentile of intra-
hepatic triglyceride content (IHTG) in a multiethnic
adult US population having no risk of hepatic steato-
sis [12–14]. However, another H1-MRS study from
the United States, found the 95th percentile of nor-
mal IHTG to be 3 % in lean, nondiabetic, Caucasians
[15]. Moreover, obese nondiabetic individuals have an
abnormal metabolic profile, characterized by impaired
hepatic and systemic insulin-sensitivity and abnormal
lipid kinetics, at even �5 % IHTG levels [16,17].

Clinical diagnosis

A liver biopsy is currently the “gold standard” for
diagnosis of the full spectrum of NAFLD, despite
its limitations concerning sampling variability, quan-

tity of tissue obtained, surgical or nonsurgical speci-
men, experience of hepatopathologist, high interob-
server variability in interpretations of lesions even
among experts, and disagreement about minimal cri-
teria for diagnosis of NASH among hepatopathol-
ogists [13]. Although numerous attempts have been
made to develop noninvasive tests to predict NAFLD
with fibrosis [18], biopsy remains the only reliable
way to grade and stage NAFLD, including identifi-
cation of precirrhotic fibrosis or remodeling of liver
parenchyma which have a poorer prognosis [11–13].
Moreover, biopsy is the only way to exclude NASH
as a cause of unexplained elevated liver enzymes in
clinical hepatology practice [19].

Because of the cost, access, and potential complica-
tions associated with liver biopsy, it is not feasible to
use it as a screening tool for NAFLD in the general
population for epidemiologic studies [20,21]. Here
clinicians have relied upon indirect, often less sensi-
tive/specific, biochemical markers (e.g. liver enzymes
like alanine aminotransferase [ALT]) or radiologic
tests (e.g. ultrasound) to obtain prevalence and inci-
dence data about NAFLD [21]. Serum ALT estima-
tion is inexpensive, easily available, and a widely used
screening test for a variety of liver diseases, and if
ALT is used for the diagnosis of NAFLD, exclusion
of other chronic liver disease by serology is impor-
tant. Equally, NAFLD can be present with “normal”
ALT [19,22,23]. In addition, the normal range of ALT
values is controversial and the test is subjected to
numerous physiologic, intraindividual and interlabo-
ratory variability [24,25]. Although serum ALT has a
statistically significant correlation with intrahepatic
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Table 32.2 Comparison of radiological modalities for diagnosing hepatic steatosis

US
CT (Unenhanced/
contrast-enhanced) MRI 1H-MRS

Readily available? Yes Yes No No
Analytic method

difficulty
Simple Simple Complex Complex

Entire liver assessed? Yes Yes Yes No
Qualitative assessment Useful Useful Better than CT Not useful
Quantitative

assessment
Inaccurate Useful for steatosis

>30 %
Accurate for steatosis

>8–10 % depending
on protocol used

Very accurate

Differentiates fibrosis
and iron overload

No No Yes Yes

Radiation exposure? No Yes No No

Sensitivity
>5 % steatosis + ve

on biopsy
73.3 (62.2–82.1) 46.1 (22.2–71.8) 82.0 (63.7–92.2) 88.5 (76.6–94.7)

>10–20 % steatosis
+ ve on biopsy

90.5 (79.3–96.0) 57.0 (51.5–62.3) 90.0 (73.2–96.7) 82.6 (61.8–93.3)

>30 % steatosis + ve
on biopsy

85.7 (78.4–90.8) 72.0 (59.7–81.7) 97.4 (83.5–99.6) 72.7 (41.4–91.0)

Specificity
>5 % steatosis + ve

on biopsy
84.4 (76.2–90.1) 93.5 (86.2–97.7) 89.9 (81.0–94.9) 92.0 (80.5–97.0)

>10–20 % steatosis
+ ve on biopsy

69.6 (60.0–77.7) 88.1 (81.1–92.7) 95.3 (83.2–98.8) 94.3 (79.8–98.6)

>30 % steatosis + ve
on biopsy

85.2 (76.9–90.9) 94.6 (88.1–97.7) 76.1 (49.6–91.2) 95.7 (84.5–98.9)

Relative cost Inexpensive Moderately expensive Expensive Expensive
Factors determining

accuracy
Operator, equipment,

transducer, scanning
parameters, hepatic/
renal parenchymal
disease

Scanning parameters
(kVP, mAs), acute
liver injury, other
infiltrative diseases
of liver (e.g. iron,
amyloid, etc.)

Imaging parameters,
method of analysis

Acquisition
parameters, method
of analysis, location
of regions of interest

fat content (IHTG) as assessed by the highly sensitive
H1-MRS, it alone is a poor surrogate marker of hep-
atic steatosis, as it only explains 15–19 % of variability
of liver fat content, when controlled for age, sex, and
BMI [26,27]. Rather, other components of MetS, like
waist circumference, explain ∼50 % of variability of
liver fat content [26].

Radiologic tests such as ultrasound (US), computed
tomography (CT), and magnetic resonance imaging
(MRI) are widely used to diagnose hepatic steato-

sis in clinical practice (Table 32.2) [28,29]. For epi-
demiologic studies, US is frequently used as it is sim-
ple, relatively inexpensive, portable, and has good
accuracy to detect steatosis, especially if present in
�30 % of hepatocytes, but suffers from poor inter-
observer and intraobserver agreement [30]. In addi-
tion, only MRI and H1-MRS are capable of identi-
fying fibrosis and NASH to some extent, but both
have limited applicability as they are nonportable,
expensive, and resource-intensive. To overcome these
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Figure 32.1 Prevalence of NAFLD in the general population of different countries based on ultrasonography (except USA
which used H1-MRS) and ALT levels. The studies from Korea and Japan are based on people attending health check-ups.

limitations, a number of noninvasive biomarkers,
often combined to form a scoring system, and innova-
tive technological application systems (e.g. elastogra-
phy) are being investigated to predict hepatic steato-
sis and identify histologically advanced disease [18].
While “Fatty Liver Index” (FLI) has been used for
detection of hepatic steatosis [31], transient elastogra-
phy (TE), “NAFLD fibrosis score” (NFS) and “BARD
score” have been proposed as methods for the detec-
tion of advanced fibrosis [18].

Prevalence

Considering the above limitations in performing epi-
demiologic studies of NAFLD, the prevalence of

NAFLD using the most sensitive proton-MRS (H1-
MRS) is 33.6 % in a multiethnic urban Dallas cohort
in the United States [32]. However, most studies have
used US to detect steatosis, with prevalence ranging
from 8.7 % in rural India [33] to 32.6 % in urban
Sri Lanka [34]. Overall, the prevalence of NAFLD on
imaging is 6–32 % in Asia (lower in rural compared
to urban areas), 18–33 % in Europe–North America,
30 % in the Middle-East (Israel), and 23 % in South
America (Chile) (Figure 32.1). The reason for this
varied prevalence can be attributed to the varying
prevalence of obesity in the respective background
population (Figure 32.2). When ALT is used for
screening, the prevalence rates are usually low (Fig-
ure 32.1). However, the true prevalence of the full
spectrum of NAFLD, which requires histology, is
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Figure 32.2 The prevalence of fatty liver (by ultrasound,
except USA which used H1-MRS) in the general population
shows a linear relationship with respect to the prevalence of
obesity (defined as BMI �25 kg m−2 and �30 kg m−2 in
Asians and non-Asians, respectively) in the background
population.

unknown. In one study, where almost all subjects with
steatosis on US and persistently elevated ALT (preva-
lence 2.3 %) were subjected to liver biopsy, NASH
and cryptogenic cirrhosis were present in 31 % and
11 % respectively [33]. A similar biopsy study from
primary care in the United States (with a prevalence
of steatosis of 46 %), revealed a 29.9 % prevalence
of histologic NASH and 5.8 % prevalence of NASH
with advanced fibrosis, in those with steatosis on US
[35]. Moreover, in healthy prospective liver donors,
the prevalence of NAFLD varies from 15.9 to 51.4 %
and that of NASH from 1.9 to 15.5 % [36–39].

Incidence

True population-based estimates of the incidence of
NAFLD are not available. The incidence of NAFLD,
by US or ALT, has been studied in predominantly
Asian populations in cohorts of employees, often
exclusively males, undergoing regular health check-
ups (Table 32.3). Incidence rates have ranged from
10 % to 14.6 % (31 to 71.4 per 1000 patient-years)
over a follow-up ranging from 1.1 to 5 years. The
baseline risk factors for development of NAFLD in
these studies included male sex, having ALT in the
higher quintiles of the reference range, obesity (both
general and visceral), metabolic syndrome and/or
insulin resistance. Interestingly, weight gain and per-
sistent or rising insulin resistance over the follow-up
period were strong independent predictors of devel-

opment of NAFLD [40–47]. Chronologically, weight
gain was followed by low HDL and increased ALT,
ultimately culminating in glucose intolerance [40].
However, incidence data from non-Asians and/or
mixed-gender groups are lacking.

Importantly, regression of NAFLD can also occur in
16 % on US and in 45 % by ALT after 1 year [40,48].
Weight reduction was the most important predictor
of regression of NAFLD on US [40] or persistent nor-
malization of elevated ALT [48].

Risk factors

These include both modifiable as well as nonmodi-
fiable risk factors that are associated with NAFLD
(Table 32.4).

Age and sex

Although NAFLD is found in all ages, population-
based studies have demonstrated an increasing preva-
lence with rising age and a male preponderance in
Asians and Caucasians [32,33,42,49,50]. Male sex is
also an independent risk factor of new-onset NAFLD
[40,42]. However, postmenopausal women have sim-
ilar prevalence rates as men of the same age but higher
than that of premenopausal women [49,50].

Ethnicity

Ethnicity is also a significant risk factor of NAFLD
as demonstrated by the Dallas Heart Study [32]. His-
panics have a higher prevalence of hepatic steatosis
(45 %) when compared with Caucasians (33 %) and
African Americans (24 %). Interestingly, male sex was
not associated with a higher prevalence of steatosis
in Hispanics and African Americans. Hispanics also
had a higher median IHTG content (4.6 %) com-
pared with Caucasians (3.6 %) and African Americans
(3.3 %). African Americans show lower histologic
severity of lesions and probably have a lower preva-
lence of NASH and cryptogenic cirrhosis [51–54].
Others have demonstrated that among patients with
newly diagnosed chronic liver disease due to pre-
sumed NAFLD, Hispanics and Asians are overrep-
resented and the Asian patients have a lower BMI
and male preponderance [54]. In addition, increased
prevalence of insulin resistance in Asian Americans is

361



T
ab

le
32

.3
In

ci
de

nc
e

of
N

A
FL

D

C
ou

nt
ry

D
ia

gn
os

is
M

al
e

(%
)

M
ea

n
ag

e
(y

r;
SD

)
M

ea
n

B
M

I
(k

g
m

−2
;S

D
)

D
ur

at
io

n
of

fo
llo

w
-u

p
(y

ea
rs

)
In

ci
de

nc
e

R
is

k
fa

ct
or

s

Su
zu

ki
,2

00
540

Ja
pa

n
(n

=
52

9)
A

L
T

73
.2

35
(±

8)
22

(±
3)

5
31

/1
00

0
pa

ti
en

t-
ye

ar
s

(1
3.

4
%

)

A
ge

<
40

y:
M

al
e;

↓A
ge

;
↑

B
M

I;
H

yp
er

te
ns

io
n;

↓
H

D
L

;A
ge

>
40

y;
G

lu
co

se
in

to
le

ra
nc

e
L

ee
,2

00
141

K
or

ea
(n

=
68

46
)

A
L

T
10

0
38

.3
22

.6
4

14
.1

%
↑

B
M

I
at

ba
se

lin
e;

↑
W

ei
gh

t
ga

in
on

fo
llo

w
-u

p
H

am
ag

uc
hi

,
20

05
42

Ja
pa

n
(n

=
31

47
)

U
S

53
.8

47
.6

(±
8.

8)
22

.6
(±

3.
0)

1.
1

10
%

M
al

e
se

x;
W

ei
gh

t
ga

in
on

fo
llo

w
-u

p;
M

et
ab

ol
ic

sy
nd

ro
m

e
(A

T
P

II
I)

at
ba

se
lin

e
C

ha
ng

,
20

09
43

,4
4

K
or

ea
(n

=
42

46
)

U
S

10
0

36
.7

(±
4.

8)
22

.6
(±

2.
4)

4
74

.1
/1

00
0

pa
ti

en
t-

ye
ar

s
(1

4.
6

%
)

↑
A

L
T

(e
ve

n
w

it
hi

n
re

fe
re

nc
e

ra
ng

e)
;↑

B
as

el
in

e
B

M
I;

W
ei

gh
t

ga
in

R
he

e,
20

11
45

,4
6

K
or

ea
(n

=
49

54
)

U
S

50
.5

40
.0

(±
5.

9)
22

.4
(±

2.
5)

5
13

.0
%

↑
B

as
el

in
e

an
d

pe
rs

is
te

nt
ly

↑
Fa

st
in

g
in

su
lin

le
ve

l;
↑

B
as

el
in

e
B

M
I;

U
ri

c
ac

id
;M

al
e

se
x;

W
ei

gh
t

ga
in

X
u,

20
10

47
C

hi
na

(n
=

68
90

)
U

S
65

.2
44

.4
(±

12
.7

)
22

.4
(±

2.
7)

3
11

.8
%

↑
B

as
el

in
e

B
M

I;
W

ai
st

ci
rc

um
fe

re
nc

e;
D

ia
st

ol
ic

B
P;

A
L

T
(w

it
hi

n
no

rm
al

ra
ng

e)
;U

ri
c

ac
id

;
T

ri
gl

yc
er

id
e;

C
re

at
in

in
e

↓
ba

se
lin

e
H

D
L



EPIDEMIOLOGY OF NONALCOHOLIC FATTY LIVER DISEASE (NAFLD)

Table 32.4 Risk factors for NAFLD

Nonmodifiable Modifiable

Age Obesity
(BMI ≥25 kg m−2 in Asians and ≥30 kg m−2 in non-Asians)

Sex Metabolic syndrome (MetS): International Diabetes Federation definition, 2005
Central obesity: Waist circumference (ethnicity specific; e.g. Europids: Men ≥94 cm; Women ≥80 cm

South Asians: Men ≥90 cm; Women ≥80 cm)
Plus any two:
Raised triglycerides: >150 mg dL−1 (1.7 mmol L−1) or Specific treatment for this.
Reduced HDL cholesterol: <40 mg dL−1 (1.03 mmol L−1) in men; <50 mg dL−1 (1.29 mmol L−1) in

women or Specific treatment for this.
Raised blood pressure: systolic ≥130 mm Hg; diastolic ≥85 mm Hg; or On anti-hypertensive Rx.
Raised fasting plasma glucose: Fasting plasma glucose ≥100 mg dL−1 (5.6 mmol L−1) or Previously

diagnosed type 2 diabetes.
Ethnicity Hyperuricemia
Genetic Diet

Physical activity

associated with a twofold greater IHTG content than
Caucasians [15].

Genetic susceptibility

A genome-wide association analysis in 3383 African
American, Caucasian, and Hispanic participants of
the Dallas Heart Study identified a single-nucleotide
polymorphism, G allele, encoding isoleucine substi-
tution for methionine (I148M) in a gene designated
as patatin-like phospholipase A3 (PNPLA3), also
called adiponutrin-3 [55]. Hepatic fat content as mea-
sured by MRS was twofold higher in PNPLA3-148M
homozygotes than in noncarriers and the association
remained highly significant after adjusting for BMI
and diabetes status. Overall, variation in PNPLA3
contributed to ethnic and inter-individual differences
in hepatic fat content and susceptibility to NAFLD.
This PNPLA3 polymorphism is also associated with
steatosis severity and advanced histologic changes in
pediatric NAFLD [56]. The adiponutrins seem to play
cooperative roles in both lipolysis and its opposite
process of triglyceride synthesis [57,58].

Variants in the gene coding apolipoprotein C3
(APOC3) are associated with hypertriglyceridemia
[59] as well as NAFLD in Asian and non-Asian
men [60]. While variants of APOC3 and PNPLA3
account for 11 % and 6.5 % of the variance in the
risk of NAFLD respectively, the combination of both

accounts for 13 % of the risk suggesting that these
genetic factors may have an interactive effect [60].

Metabolic syndrome

Although when initially described, NAFLD was
regarded as a disease occurring in “obese, middle-
aged women with asymptomatic hepatomegaly who
are diabetic or hyperlipidemic” [61], it is now rec-
ognized that NAFLD can occur in all ages and both
sexes as well as in the nonobese (defined by BMI)
[33,62–64]. Nonetheless, obesity, not alcohol, is the
commonest cause of fatty liver in the community, with
the prevalence of NAFLD rising. However, alcohol is
a separate risk factor and with increasing BMI, the
highest prevalence of NAFLD is observed in obese
drinkers [65–67]. Weight gain is one of the most
important risk factors in the development of NAFLD
[41–46]. Still, not all obese individuals have hep-
atic steatosis [68] and not all morbidly obese per-
sons have histologically severe NAFLD [69]. Rather,
cross-sectional studies have revealed that the risk and
severity of NAFLD correlates more strongly with
central obesity (defined by sex and ethnicity-specific
waist circumference) than BMI [70,71]. A system-
atic review of clinical and epidemiologic studies also
found an independent association between central
obesity and hepatic steatosis; the association reflects a
strong link with visceral (intra-abdominal) rather than
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subcutaneous abdominal fat [72]. This relationship
has been found to hold true across diverse ethnicities
[73,74].

Moreover, the prevalence and severity of NAFLD
increases in parallel to progressive degrees of abnor-
mal glucose tolerance [66,75]. About 40–70 % of type
2 diabetics have NAFLD and they have 80 % greater
liver fat than age, sex, and weight-matched nondi-
abetic subjects on the H1-MRS [69–76]. Diabetics
with NAFLD are more insulin-resistant and have a
dysmetabolic phenotype with increased visceral adi-
posity [77,78]. In nonobese and nondiabetic subjects,
visceral obesity, dyslipidemia, and insulin resistance
were found to be independent predictors of NAFLD
[64]. Biopsy-proven NAFLD is associated with insulin
resistance even in nonobese and nondiabetic subjects,
with impaired insulin actions on both glucose and
lipid metabolism [79,80]. Increasing hepatic steatosis
in turn is associated with increasing degrees of hepatic
insulin resistance [16,77].

Visceral obesity and insulin resistance are regarded
to be the pathophysiologic bedrock of the constel-
lation of anthropometric and metabolic variables
grouped under the term of “metabolic syndrome”
(MetS) [81–84]. It has also been demonstrated in
several hospital and community-based studies that
the prevalence, incidence, and severity of NAFLD,
strongly correlate with MetS, independent of obesity
[7,66,67,85–90]. Moreover, NAFLD is a more sensi-
tive marker of MetS than its individual components
alone [91]. Individuals with MetS, independent of
age, gender, and BMI, have increased hepatic steatosis
and both hepatic and visceral/intra-abdominal steato-
sis strongly correlate with the cardinal components
of syndrome, including hepatic insulin resistance, in
these individuals [26,27].

Thus, hepatic steatosis appears to be a sensitive
marker of visceral adiposity and strongly correlates
with hepatic and peripheral insulin resistance, inde-
pendent of age, sex, and BMI. Hepatic steatosis results
in decreased insulin-mediated suppression of hepatic
gluconeogenesis and/or hepatic glucose output with
unabated lipolysis from peripheral adipose tissues and
increased serum free fatty acids (FFA). The increased
FFA flux into the liver promotes further steatosis
despite increased hepatic lipid oxidation and efflux
by VLDL-synthesis. Although it is increasingly clear
that peripheral IR, hepatic steatosis, and hepatic IR
are linked in a self-perpetuating vicious cycle, which

of these is the primary defect has not currently been
established [92].

In addition, hyperuricemia and gout have been
regarded as components of metabolic syndrome since
the 1920s [8]. Cross-sectional studies have shown
that hyperuricemia is an independent risk factor for
NAFLD after correcting for obesity and MetS [93].
Moreover, the incidence of future NAFLD is higher
with increasing levels of serum uric acid at baseline
[46,47].

Diet and physical activity

Economic prosperity correlates with increasing preva-
lence of NAFLD [33,94]. Industrialization throughout
the world has resulted in a shift in dietary and physical
activity pattern. Globally, our diet has become more
energy-dense and sweet, with higher consumption of
meat, partially hydrogenated fat, and sugar-sweetened
beverages (SSBs) with lower intake of fiber [95]. Simul-
taneously, activity patterns at work, home, leisure,
and travel are shifting towards lower energy expendi-
ture [95,96]. These changes are the driving force of the
global obesity pandemic [9,10]. A population-based
study of NAFLD from Israel, revealed a higher intake
of meat and sweetened drinks and lower intake of
food containing �-3 fatty acids (n-3 polyunsaturated
fatty acids (PUFAs)) in NAFLD subjects versus those
without NAFLD on US [97]. A higher intake of meat
and sweet drinks was associated with an increased
risk of NAFLD after adjustment for age, gender,
BMI, and total calorie intake [97]. A population-
based study from Japan revealed that higher intake
of n-3 PUFAs was associated with a lower prevalence
of US-diagnosed NAFLD, but the effect was specific
to men and not women [98]. Higher intake of sweet
drinks was again independently associated with more
severe fibrosis in NAFLD, after controlling for age,
gender, BMI, and total calorie intake [99]. In an Ital-
ian study, nondiabetic, nonobese, and normolipidemic
NASH patients again reported lower PUFA intake
which was associated with increased insulin resistance
and postprandial hypertriglyceridemia [100]. More-
over, the same Israeli study demonstrated that the risk
of NAFLD is lower in those who had a higher leisure-
time physical activity [101]. Among the dietary risk
factors for NAFLD, alcohol consumption is regarded
as exclusionary for diagnosis. However, recent data is
emerging that modest alcohol consumption, especially
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wine, may be associated with a reduced prevalence of
NAFLD, when diagnosed by elevated ALT [102,103].

Natural history and mortality

The important issues in the natural history of NAFLD
are the rate of progression from simple steatosis to
more advanced NASH with fibrosis and/or cirrhosis,
and the clinical outcome of subjects among the varied
histologic spectrum of NAFLD.

Natural history studies based on liver histology
are subject to publication and referral biases as
these depend on liver biopsies performed in special-
ist centers. Cross-sectional studies have shown age
(especially �50 years), BMI (�28 to 32 kg m−2),
insulin resistance/diabetes mellitus and abnormal
aminotransferases are associated with histologically
advanced stages of NAFLD [69,104]. A systematic
review of longitudinal studies with paired biopsy sam-
ples [104], showed that in those cohorts (n = 221)
consisting of predominantly female (63.8 %), obese
(median BMI 31.8 kg m−2), insulin-resistant (79 %
frankly diabetic) people, and in the fifth decade of life
(mean age, 47.4 years) on a mean follow-up period of
5.3 (SD: 4.2) years, 37.6 % progressed to a higher
fibrosis stage, 41.6 % had no change, and 20.8 %
showed improvement in fibrosis. One third (31.7 %)
of the cohort had stage 3 fibrosis and/or cirrhosis in
the final biopsy. Only older age and presence of any
inflammation on index biopsy, not obesity or diabetes
or metabolic syndrome, were independent predictors
of histologic progression, including cirrhosis [104].
Those with inflammation (either lobular or periportal)
on index biopsy had 2.5 times higher risk of progres-
sion and progressed more rapidly (median 4.2 vs. 13.4
years) compared with those without inflammation
(i.e. steatosis with fibrosis only). Severity of steatosis
decreased over follow-up in these cohorts [104].

Despite paired biopsy studies showing that about
two-thirds of patients with NAFLD have nonprogres-
sive disease, population and community-based cohort
studies of NAFLD (defined by biochemical, US or his-
tologic criteria) having a longer follow-up (median:
7.3 to 24 years), have shown that the pooled over-
all mortality in NAFLD is 57 % higher than that
of the general population (OR 1.57; 95 % CI 1.18–
2.10), with the burden of this excess mortality being
borne by those with histologic NASH or predomi-

nantly concentrated in those aged 45–54 years (hav-
ing adjusted standardized mortality ratios [SMR] of
4.40 and 8.15, for all-cause and cardiovascular mor-
tality, respectively) [105,106]. In these cohorts of indi-
viduals with NAFLD, however, liver disease is usu-
ally the third leading cause of death (6–19 % of all
deaths) after ischemic heart disease (25–30 % of all
deaths) and extrahepatic malignancies (24–28 % of
all deaths)[105,107–109].

When the cohorts of biopsy-proven NAFLD are
analyzed, the survival of those with steatosis alone
is similar to that of the general population [105],
and they have lower overall mortality compared to
those with NASH (Figure 32.3) [110]. During a
median follow-up period ranging 7.6–24 years, NASH
patients have a significantly higher risk of developing
cirrhosis and increased liver-related mortality (11–
17.5 %) as compared to those with steatosis (1.7–
2.7 %) alone (Figure 32.3) [105,110]. In addition,
the more advanced the stage of fibrosis in NASH, the
higher the liver-related mortality [105].

NAFLD as a risk factor for cardiovascular disease

Obesity and MetS are primary risk factors for car-
diovascular (CVS) mortality, the leading cause of
deaths globally [111]. However, not all obese peo-
ple are metabolically unhealthy and conversely not all
normal-weight people are metabolically healthy [112,
113]. Interestingly, obese and metabolically healthy
individuals, characterized by having remarkably high
insulin sensitivity, no hypertension, and normal lipid,
inflammation, and hormonal profiles (low triglyc-
erides and C-reactive protein concentrations and high
HDL cholesterol and adiponectin concentrations)
[112], have a lower hepatic steatosis and visceral adi-
posity compared with other obese individuals [114]
indicating that NAFLD is a critical component of
MetS. Hence, it is unsurprising that studies have inves-
tigated the contribution of NAFLD as an independent
risk factor associated with the development of type 2
diabetes as well as cardiovascular disease.

NAFLD is associated with endothelial dysfunc-
tion [115] and increased carotid intima-medial thick-
ness (CIMT), markers of early atherosclerosis, in
most, but not all, cross-sectional studies [116–118].
A meta-analysis revealed that individuals with US-
diagnosed hepatic steatosis have a 13 % higher preva-
lence of CIMT than those without steatosis [117]. In
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Figure 32.3 Prognosis of NAFLD:
community-based studies where
NAFLD was confirmed by imaging
and/or liver biopsy and with �5 years
of follow-up. The size of the cohorts/
subgroups and period of follow-up are
presented in the horizontal axis; the
vertical axis shows percentage of
patients with a particular endpoint.

prospective population-based cohort studies an
increase of 1 uL−1 of natural logged serum � -
glutamyltransferase (GGT), one of the liver enzymes,
is associated with a 20 % increase in the risk of coro-
nary heart disease (CHD), a 54 % increase in the risk
of stroke, and a 34 % increase in the risk of com-
bined CHD/stroke over a follow-up duration ranging
from 3.3–15.7 years [119]. In a recent meta-analysis,
GGT, even within normal laboratory range, was asso-
ciated with future CVS events and mortality, even after
adjusting for MetS [114]. Interestingly, US-diagnosed
hepatic steatosis improves the predictive power of
GGT for incident CVS events, even after adjusting for
baseline cardiometabolic factors [120]. Moreover, the
pooled odds ratio, in eight community-based cohorts
of US- or histologically diagnosed NAFLD, for inci-
dent and fatal CVS events was 2.05 (95 % CI 1.81–
2.31) and 2.16 (95 % CI 1.88–2.49), respectively
[105]. Consistent with this, CVS mortality is higher
in those with cryptogenic cirrhosis when compared
with HCV-related cirrhosis [121]. US-detected hep-
atic steatosis is an independent risk factor for CVS
disease even in type 1 diabetics, a group of individuals
who classically do not have insulin resistance [122].

However, when ALT is used as a biomarker of
NAFLD, no such increased risk of CVS events (fatal
or nonfatal) was discernible with increasing ALT
[105,119,123]. Although it can be argued that patients
with NAFLD can be considered as targets for lifestyle
modifications to reduce CVS risks [124], the question
that is as yet unanswered is whether adding NAFLD

to the already standard risk scores, for example Fram-
ingham Risk Score, improves the prediction of future
CVS events [125].

NAFLD as a risk factor for type 2 diabetes

Fatty liver (diagnosed on US) leads to a two- to four-
fold increased risk of incident diabetes even after
adjusting for confounding variables [126–128]. How-
ever, the risk may be greater in those who have
impaired fasting glucose at baseline [126]. On the
other hand, in contrast to dichotomy between the
effect of GGT and ALT for incident CVS outcomes,
both of these liver enzymes are strongly associated
with risk of incident type 2 diabetes in multiple,
prospective, population-based studies [105,128]. A
meta-analysis of all these studies revealed, after adjust-
ing for confounders, a 1 uL−1 increase in natu-
ral logged ALT and GGT was associated with an
85 % and 92 %, respectively, increase in diabetes
risk [128]. The multiple-adjusted risk of incident dia-
betes between the highest and lowest quintiles of
ALT and GGT were 192 % and 271 %, respectively
[105]. Although GGT appears to be a more sensitive
biomarker, ALT is more liver-specific. ALT shows a
strong association with insulin resistance but less so
with hepatic steatosis, in both nondiabetic and dia-
betic men and women [26,27,76,129]. On the other
hand GGT, but not ALT, strongly correlated with
IR in nondiabetic men but not nondiabetic women
[130]. Overall, the presence of NAFLD assessed
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biochemically or by imaging, carries an increased risk
of future diabetes.

Conclusions

Prevalence of NAFLD has risen throughout the world
with urbanization, economic prosperity, and increas-
ing obesity; it is now the commonest chronic liver
disease in Western countries. Pathology of NAFLD
ranges from isolated steatosis to NASH with a poten-
tial to progress to cirrhosis and its complication, hep-
atocellular carcinoma. Although a minority develops
symptomatic liver disease with consequent mortality,
the high prevalence of NAFLD accounts for the large
burden on health services. There is a strong associa-
tion between NAFLD and individual components of
MetS and hepatic steatosis is a critical step in the evo-
lution of insulin resistance. Therefore, NAFLD is a
risk factor for the development of type 2 diabetes; it
is associated with an increased risk of CVS events and
related mortality. The importance of NAFLD is due
to its impact upon liver-related outcomes as much as
on all-cause mortality.

Multiple choice questions

1 Which is the most specific radiologic noninvasive
modality to detect hepatic steatosis?

A Ultrasound
B Computed tomography (CT)
C MRI
D H1-MRS
E Transient elastography

2 The histologic variable that is the highest risk factor
for development of cirrhosis in an index biopsy from
an individual with suspected NAFLD is?

A Steatosis alone
B Steatosis with inflammation
C Steatosis with fibrosis only
D Fibrosis alone
E Portal inflammation

3 Which of the liver enzymes is the most sensitive
predictor of future development of diabetes and/or
cardiovascular mortality?

A AST
B ALT
C GGT
D ALP
E AST:ALT ratio
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Key points
� Tropical sprue is an illness manifested by
chronic diarrhea and malabsorption of uncer-
tain etiology.
� Parasitic infections are numerically among the
most significant causes of intestinal and hepatic
disease worldwide.
� Leishmaniasis, trypanosomiasis, schistosomi-
asis, echinococcosis, amoebiasis, and liver flukes
cause severe gastrointestinal morbidity and sig-
nificant mortality.
� Although predominantly tropical diseases,
migration has resulted in these diseases occur-
ring more frequently in temperate climates.
� Immunosuppression of asymptomatically
infected patients can result in life-threatening
disease.

Tropical sprue

Tropical sprue is an illness manifested by chronic
diarrhea and malabsorption of uncertain etiology.
It is an important cause of malnutrition in endemic
areas. It has a strictly limited geographical distribu-
tion between 30 degrees north and south of the equa-
tor [1]. Not all regions are affected equally, raising

the possibility of genetic susceptibility in some popu-
lations [2]. It is more common in India, Haiti, Cuba,
Puerto Rico, and the Dominican Republic, but rarely
observed in Africa, the Bahamas, and Jamaica. It
affects local inhabitants as well as visitors to tropi-
cal regions, but usually a 4–6 week stay in a high-risk
area is required to acquire the disease. Ingestion of
contaminated water and rancid fats has been associ-
ated with the disease in some studies. Recent data from
India indicate that tropical sprue remains an impor-
tant cause of malabsorption as 22–29 % of patients
evaluated in tertiary malabsorption clinics are diag-
nosed with this disease [3].

Diseases caused by trypanosomatida

Leishmaniasis

This disease is caused by the flagellate protozoa of the
genus Leishmania, of which at least 20 pathogenic
species have been identified. The global impact of
the disease is enormous, with an estimated prevalence
of 12 million cases worldwide with a global yearly
incidence of 2 million [4]. The illness is spread by
the female phlebotomine and lutzomyia sandflies in
tropical regions. Rarely, the disease can be acquired
through injecting drug use, blood transfusion, solid
organ transplantation, or in utero transmission.

GI Epidemiology: Diseases and Clinical Methodology, Second Edition. Edited by Nicholas J. Talley et al.
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N

Figure 33.1 Distribution of visceral leishmaniasis. Data
source and map production: WHO/NTD/IDM HIV/AIDS,
Tuberculosis and Malaria (HTM) World Health

Organization, October 2010. Source: http://www.who.int/
leishmaniasis/leishmaniasis_maps/en/. Reproduced with
permission of the World Health Organization.

Gastrointestinal manifestations occur in visceral
leishmaniasis (kala azar), and mucocutuaneous
leishmaniasis. Epidemics can also occur when con-
ditions are favorable (malnutrition and mass human
movement), as recently observed in Sudan in 1997 [5].
Different clinical manifestations observed in various
geographical regions are set out in Table 33.1.

Visceral leishmaniasis (VL)

The two dominant species causing VL are L. donovani
and L. infantum. L. donovani occurs in South Asia
and East Africa and transmission is mostly person-to-
person, as opposed to L. infantum where the major
reservoir is domestic dogs. L. infantum is more com-
mon in children aged less than 10 years. Ninety per-
cent of cases occur in Bangladesh, India, Nepal, Sudan,

and Brazil (see Figure 33.1). HIV infection increases
the relative risk of developing active VL after expo-
sure by more than 100 times [6]. The major gastroin-
testinal manifestations include hepatic and splenic
enlargement as well as anemia. Attempts at disease

Table 33.1 Variation in common manifestations and
geographic region of leishamaniasis

Manifestation Region

Visceral Bangladesh, Brazil, India, Nepal,
Sudan

Cutaneous Afghanistan, Brazil, Iran, Peru,
Saudi Arabia, Syria

Mucocutaneous Bolivia, Brazil, Peru

374

http://www.who.int/leishmaniasis/leishmaniasis_maps/en/
http://www.who.int/leishmaniasis/leishmaniasis_maps/en/


EPIDEMIOLOGY OF COMMON TROPICAL GI DISEASES

control are mainly aimed at vector control by use of
indoor insecticide spraying or insecticide-treated bed
nets. Early diagnosis and treatment also decreases the
human reservoir available for disease transmission,
but many affected persons cannot access nor afford
treatment.

Mucocutaneous leishmaniasis

Mucocutaneus leishmaniasis or espundia is seen
chiefly in persons infected by L. braziliensis and
related species, which are endemic from Mexico to
Argentina. The mucosal manifestations can occur
months, years, or decades after the initial infection
and can be locally destructive to all mucosal surfaces
and surrounding structures. The disfigurement that
results adds to the disease burden and social stigma.

American trypanosomiasis (Chagas disease)

Chagas disease is caused by the protozoan Try-
panosoma cruzi and is a major health problem in
Latin American countries with estimates ranging from
10 million to close to 20 million people affected [7].
It is estimated that 10,000 persons die from the dis-
ease annually. The disease is active in 18 countries in
the American continent but also affects close to 0.5
million people outside the endemic region with most
cases recorded in the United States and Spain. An esti-
mated 50,000 new cases occur annually in endemic
regions. Rural areas are high risk, with virtually no
vectorial transmission observed in urban, developed
countries. Chronic infection can lead to cardiac and
digestive tract malfunction with lethal outcome for
the human host. The most common gastrointestinal
manifestations of this disease are pseudoachalasia and
megacolon, which occurs in approximately 10 % of
chronically infected persons.

The infection is transmitted by a vector, usually a
species of the triatomine bug, an insect that survives
on blood meals from humans, wild rodents, and small
animals. Direct contact with the insect or its urine
and feces remains the dominant mode of transmission.
Other modes of infection include:
� congenital (estimated 15,000 cases annually)
� contaminated blood products
� organ transplantation
� contaminated foodstuff.

Changing trends in epidemiology primarily relate
to reducing vector exposure by improving housing

and sanitary conditions as well as insecticide treat-
ment of human dwellings. Also, major improvements
with screening of donated blood for T. cruzi has trans-
formed this major route of disease spread (formerly
the second most common mode of transmission) to
minor, isolated events over the last decade [8–10].
Latin American countries have now been declared free
of vectorial and transfusional transmission. Although
no vaccine is currently available, advances with vac-
cine technology, particularly DNA vaccines, may
emerge as future options for both disease prevention
and treatment. Migration from endemic regions to
developed countries has led to emergence of congeni-
tal Chagas disease in such countries and transfusional
spread is emerging as a potential health hazard requir-
ing routine screening of blood donors. Vector-borne
spread in urban, developed countries is exceedingly
rare.

Diseases caused by other protozoa

Entamoeba histolytica

This protozoal infection can lead to intestinal and
extraintestinal complications, most commonly dysen-
tery and liver abscesses respectively. Although over
90 % of infected persons are asymptomatic, more
than 40 million people worldwide develop clinical
disease annually and it is estimated that 100,000
deaths can be attributed to E. histolytica [11,12].
Two nonpathogenic species exist (E. dispar and
E. moshkovskii) and antigen, serologic, and molec-
ular testing can distinguish these from E. histolytica.
Although amebiasis occurs worldwide the prevalence
is much higher in developing countries due to poor
sanitation. Transmission occurs via ingestion of ame-
bic cysts, usually contaminated water or food. Vene-
real transmission (mainly fecal-oral contact) is rele-
vant mainly to men who have sex with men in both
developed and developing countries [13]. The main
targets of reduction of disease relates to avoidance
of untreated water and undercooked food in endemic
areas, and avoiding high-risk sexual behaviors.

Cystoisospora belli (formerly Isospora belli)

This coccidian causes self-limiting disease in immuno-
competent individuals, but can lead to chronic
diarrhea and weight loss among persons with
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immunodeficiency, mainly AIDS. Although reports of
infection occur worldwide, tropical, and subtropical
areas have the highest prevalence [14].

Cyclospora cayetanensis

This coccidial infection shares characteristics of being
a cause of food and waterborne diarrheal illness in
developing countries, but also has the potential to
cause major food- related outbreaks due to contam-
inated food from endemic areas. Several such out-
breaks occurred in the 1990s in the United States and
Canada, but also more recently, an outbreak related
to contaminated salad in central Europe occurred
[15]. Increasing globalization and international trade
of fresh food raises the risk of future outbreaks
unless sanitary systems are improved in developing
countries.

Sarcocystis

A rare cause of symptomatic human infection which
occurs due to ingestion of undercooked meat contain-
ing sporocysts. High rates of asymptomatic carriage
are observed on stool analysis of healthy persons in
endemic regions such as central and southeast Asia
[16].

Diseases caused by trematoda

Schistosomiasis [17]

Schistosomiasis is a parasitic infection which affects
over 230 million people worldwide with more than
90 % of infected persons residing in Africa [15,17].
Twenty million people suffer severe consequences of
the disease leading to more than 200,000 deaths annu-
ally in sub-Saharan Africa alone. Therefore its morbid-
ity and mortality ranks third after malaria and intesti-
nal helminths. The number of persons accessing treat-
ment rose from 12.4 million in 2006 to 33.5 million in
2010. Several species cause disease, but the majority
of human infections causing gastrointestinal disease
are caused by the intestinal schistosomes: S. mansoni
and S. japonicum.

The major intermediate host for Schistosoma are
snails. Exposure to infested fresh water through agri-
cultural work, domestic chores, and recreational activ-
ities is the dominant method of acquiring the infection.

In endemic areas 60–100 % of children and adoles-
cents become infected.

Immunologic reaction to Schistosoma eggs lodged
in tissues lead to a wide range of symptoms depending
on egg burden and location. Hepatic fibrosis, portal
hypertension, gastrointestinal bleeding, gastrointesti-
nal obstruction, and malnutrition are the commonest
gastrointestinal manifestations of disease.

Changing trends in epidemiology has seen the dis-
ease eradicated from Japan and the Lesser Antilles
islands. Transmission has been halted or markedly
reduced in Tunisia, Morocco, Saudi Arabia, and
Venezuela. Unfortunately targeted interventions to
prevent water infestation, control of the intermedi-
ate snail host and diagnosis and treatment of infected
persons has not yet decreased disease magnitude sig-
nificantly in Africa, although incidence and prevalence
is decreasing in Brazil, China, and Egypt. Changes
in agricultural practices and irrigation along with
migration are emerging as contributors to the disease
spreading to previously uninfected regions and popu-
lations.

Clonorchiasis and opisthorchiasis [18]

Clonorchis sinensis (East Asia), Opisthorchis viverrini
(Southeast Asia), and Opisthorchis felineus (former
Soviet Union) have similar life cycles and clinical mani-
festations. Eggs ingested by snails hatch into miracidia
which develop into the cercaria that are released into
water and infect carp, other freshwater fish, and crus-
taceans (C. sinensis only). Humans are infected by eat-
ing uncooked fish or crustaceans. Adult worms mature
in the bile ducts, causing cholangitis that can be com-
plicated by bacterial sepsis, liver abscess, and pancre-
atitis. Cholangiocarcinoma is strongly associated with
O. viverrini in Thailand. Millions are thought to be
infected, and in endemic regions, 20–80 % of the pop-
ulation may be infected.

Fascioliasis [18,19]

Fasciola hepatica, the common liver fluke, infects an
estimated 2.5 million people across 50 different coun-
tries in temperate regions. The reported incidence is
rising, but it is likely that this is due to improved
diagnostics and reporting in endemic regions. The
main hosts are sheep and cattle and infected persons
usually reside in regions where close interaction
between humans and ruminants occur. Humans are
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infected by ingesting metacercariae in uncooked food
such as watercress or ingesting infected water. Gas-
trointestinal manifestations are mainly hepatic, where
migration of flukes through the liver parenchyma
causes necrosis and fibrosis. Bile ducts are often
affected.

Disease prevalence is high in Latin America (Peru,
Bolivia, and Ecuador) where 10–80 % of persons are
infected. Fascioliasis was rarely reported in humans
in Vietnam until 1997. Currently, between 2000 and
4000 cases are diagnosed there every year. It is an
important cause of anemia in these regions, particu-
larly among children. In other regions human infesta-
tion is sporadic, and in developed countries the disease
is limited to travelers or immigrants.

Fasciolopsis

Fasciolopis buski the giant intestinal fluke, can cause
anemia, bowel obstruction, and chronic diarrhea. It
infects humans and pigs, and snails serve as the inter-
mediate host.

Infection reaches endemic levels in China, Taiwan,
Indonesia, and Malaysia. India is similarly affected.
It is estimated that the prevalence is over 10 million
persons, commonly school-aged children. Disease pre-
vention focuses on avoiding eating raw vegetables in
endemic regions, proper sanitation, and snail control.
The impact on incidence and changing trends in epi-
demiology are largely unknown.

Echinostomatidae

These tiny flukes are common in Southeast Asia, and
as opposed to many other trematodes, echinostomiasis
occurs mainly in urban areas. Humans are infected by
ingesting the intermediate host, molluscs, snails, and
crustaceans. Gastrointestinal manifestations depend
on fluke load and range from malnutrition and diar-
rhea to severe anemia and intestinal perforation. Epi-
demologic data are limited but a recent study from
Cambodia found that 23 % of schoolchildren were
positive for Echinostoma based on stool testing for
eggs and worms [20,21].

Heterophydae

These tiny trematodes infect fish-eating animals
including humans. Infection occurs when under-
cooked fish or shrimps containing metacercariae are

ingested, and leads to diarrhea, abdominal pain, and
nausea. Highest prevalence is observed in eastern Asia
where raw fish (sushi) is popular and disease control
is aimed at avoiding undercooked fish from endemic
regions [20].

Diseases caused by nematodes

Ascaris lumbricoides

This roundworm causes human infection worldwide,
but the prevalence of infection is highest in temperate
regions with high rainfall. The global impact of dis-
ease is enormous with an estimated 1 billion humans
infected worldwide [22]. Most infected persons live in
Asia (73 %), Africa (12 %), and South America (8 %).
Ascaris commonly infects infants and children leading
to malnutrition, growth retardation, and anemia. Fur-
ther gastrointestinal manifestations of disease include
gastrointestinal obstruction from high worm load and
pancreato-biliary disease from migration into the bil-
iary tree. It is estimated that 20,000 deaths from
complications of gastrointestinal obstruction occur
annually.

Transmission occurs via ingestion of water and food
contaminated with ova from human stool. The life-
cycle requires the ingested ova to develop into larvae
which penetrate the intestine and migrate to the lung.
Within the alveoli maturation occurs and migration
through the bronchial tree to the pharynx facilitates
a return to the small intestine where the further mat-
uration occur leading to production of ova. Multipli-
cation within the host does not occur.

Preventative efforts focus on improved sanitation
and changing farming practices to prevent contami-
nation of soil with human feces. Boiling of drinking
water in endemic areas can lessen worm burden. Mass
treatment among school-aged children has been found
to reduce disease intensity but not prevalence.

Hookworms

The two main hookworm species infecting humans are
Necator americanus and Ancylostoma duodenale. The
geographic distribution of these two worms is shown
in Table 33.2. It is estimated that up to 740 million
people worldwide are infected [23,24], most in devel-
oping nations. Transmission mostly occurs through
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Table 33.2 The geographic distributions of Necator
americanus and Ancylostoma duodenale

Necator americanus Ancylostoma duodenale

North and South America Mediterranean countries
Central Africa Iran, India, Pakistan
Indonesia
Parts of India Far East

direct contact with larvae that can penetrate skin
(often entering through soles of feet, arms, or legs) but
ingestion of larvae can also lead to disease. The life-
cycle is similar to Ascaris (described earlier) with mat-
uration in pulmonary vasculature and return through
the GI tract through migration up the bronchial tree
and subsequent swallowing. Gastrointestinal manifes-
tations of infection include nausea, diarrhea, and vom-
iting at the time of larval infestation of the small intes-
tine. Chronic malnutrition and anemia can develop as
a result of chronic blood loss due to worms feeding on
mucosal capillaries. Hookworm (typically transmitted
from a family dog) can cause eosinophilic ileocolitis.
Disease control focuses on preventing contamination
of soil with human feces and avoidance of direct con-
tact between soil and human skin in endemic areas.

Strongyloides species

Infection caused by Strongyloides stercoralis (and
rarely S. fuelleborni) occurs in all continents except
Antarctica but occurs mainly in tropical, subtropical,
and warm temperate regions. WHO estimates con-
servatively that 30–100 million people are infected
[25,26]. Strongyloidiasis has almost disappeared in
countries where sanitation and human waste disposal
have improved. In the United States, a series of small
studies in select populations have shown that between
0–6 % of persons sampled were infected. Studies in
immigrant populations have shown a much higher
percentage of infected persons ranging from 0–46 %.
Infection by penetration of the skin by filariform lar-
vae occurs through direct contact with contaminated
soil. The larvae migrate via the circulatory system
to the lung alveolae, thence by the bronchial tree
to the pharynx where they are swallowed and come
to the small intestine. There the larvae develop into
adult worms, the eggs of which produce rhabditi-

form larvae which are either excreted or develop into
autoinfecting filariform larvae which again cycle back
through the lungs. Infection is usually asymptomatic
but may cause abdominal, pulmonary and skin com-
plaints. Disseminated hyperinfection in the immuno-
suppressed is life-threatening.

Diseases caused by cestoda [27]

Four species of adult cestode tapeworms commonly
inhabit the human small intestine: Taenia saginata,
Taenia solium, Hymenolepis nana, and Diphylloboth-
rium latum. More rarely adult worm human intesti-
nal infections are caused by Hymenolepis diminuta
and Dipylidium caninum. These infections are often
asymptomatic but may result in bloating, abdominal
pain, diarrhea, and obstruction.

Larval cestode infections that result from con-
sumption of parasite eggs include cystic hydatid dis-
ease (Echinococcus granulosus), alveolar hydatid dis-
ease (Echinococcus multilocularis), and cysticercosis
(Taenia solium). Rarer larval cestode diseases affect-
ing humans include coenurosis (Taenia multiceps),
sparganosis (Spirometra mansonoides), and cysticer-
cosis caused by Taenia crassiceps. Clinical presenta-
tion depends on the location of the cyst which, with
the notable exception of hydatid liver disease, is most
often outside the gastrointestinal tract.

Taenia saginata

Beef tapeworm is endemic worldwide. It is especially
prevalent in some parts of Africa, Central and South
America, eastern and western Asia, and some coun-
tries in Europe. Ingestion of eggs from contaminated
pasturelands by grazing cattle results in development
in cattle tissues of the infective cysticercus stage. After
ingestion of the cysticercus in raw or inadequately
cooked beef, it takes approximately 2–3 months for
the infection to become patent in the human host.
The Southeast Asia species (Taenia saginata asiatica) is
morphologically similar to T. saginata but the cysticer-
cus stage occurs in the liver of pigs more frequently
than in cattle. Patients usually exhibit no symptoms
with these Taenia species but may notice passing
proglottids. The mature worm can also cause abdom-
inal discomfort, diarrhea, and occasionally intestinal
obstruction.
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Taenia solium

Pig tapeworm is endemic in Mexico, Central and
South America, southern Europe, Africa, India, South-
east Asia, and the Philippines. Adult tapeworm infec-
tion in the human intestine is asymptomatic unless
cysticercosis, caused by fecal-oral autoinfection with
parasite eggs and subsequent larval infection of
extraintestinal sites occurs.

Diphyllobothrium latum

While this fish tapeworm is generally associated with
Northern Hemisphere sub-Arctic climates, cases also
occur on the southwest coast of South America. In the
early 1970s, diphyllobothriosis was estimated to affect
million humans globally, with 5 million in Europe,
4 million in Asia, and the rest in America. More
recent data indicate that 20 million people are infected
worldwide, but no recent estimation concerning the
global prevalence of this parasitosis is available. Clin-
ical manifestations are mechanical bowel obstruction,
diarrhea, abdominal pain, and, mainly in northern
European populations, pernicious anemia resulting
from vitamin B12 deficiency [28].

Hymenolepis nana

H. nana is normally a parasite of mice with world-
wide distribution. Humans may acquire the infection
by ingestion of infected beetles (e.g. in dry cereals)
but direct infection is more common. H. nana usually
occurs in institutional and familial settings in which
hygiene is substandard. Internal autoinfection with
the parasite also occurs. Hymenolepiasis may cause
abdominal pain, diarrhea, headaches, or irritability,
probably in infections with heavier worm burdens.

Echinococcus species [29]

Human cystic hydatid disease caused by E. granulo-
sus an important cause of human morbidity, requir-
ing costly surgical and medical treatment. Liver and
lungs are commonly affected and more rarely heart,
brain, bone, or other locations. There are areas of high
endemicity in southern South America, the Mediter-
ranean coast, the southern part of the former Soviet
Union, the Middle East, southwestern Asia, northern
Africa, Australia, Kenya, New Zealand, and Uganda.

Sporadic local transmission occurs in Alaska and other
states in the United States. In many countries of the
endemic regions, national diagnostic incidence rates
of cystic echinococcus range from 5 to 20 per100,000
population but the risk is small for urban popula-
tions. Sheep are infected with the larval stage (cys-
tic hydatid) by ingesting infective eggs dispersed from
the feces of the tapeworm-infected dog. The major
risks are uncontrolled dogs living closely with peo-
ple, uncontrolled slaughter of livestock, and insani-
tary living conditions amongst populations involved
with sheep-raising. The adult worm of E. multiloc-
ularis, the cause of human alveolar echinococcosis,
lives in the small intestine of the definitive host, com-
monly Northern Hemisphere wild predators in parts
of Europe, Asia, Japan, and North America, including
Alaska. However, human infections (alveolar hydatid
disease) occur by accidental ingestion of the onco-
sphere by contamination with dog feces. Incidence of
disease even in endemic areas is low, ranging from
0.02–1.4 per 100,000. The coexistence of the sylvatic
cycle can make control difficult.

Conclusions

Despite aggressive efforts to halt transmission and
treat tropical GI infections, the magnitude and impact
of disease remains high. A multitarget approach,
focusing on improving sanitation, improving access
to diagnosis and treatment, as well as the develop-
ment of vaccines are required to lessen current disease
burden

Multiple choice questions

1 A 24-year-old US business traveler is reviewed 1
month after he returned from overseas travel. Four
weeks ago he spent 48 hours at a conference in Kuala
Lumpur. He rapidly develops diarrhea upon return.
There is no associated vomiting, fever, or chills. After
a few days his symptoms settle somewhat, but mild
diarrhea persists for another month. Stool samples are
collected and results are pending. He has no significant
previous medical background, and only occasionally
takes a multivitamin. He is worried about whether he
has contracted tropical sprue.
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Which of the following options is most likely?
A He has contracted tropical sprue and should
commence 6 months treatment with antibiotics and
folic acid supplementation
B He has probably attracted tropical sprue, but a
gastroscopy and colonoscopy should be performed
to exclude other causes prior to commencing treat-
ment
C He is unlikely to have contracted tropical sprue
and should be evaluated for other causes of diarrhea
D He is not at risk of tropical sprue due to the short
duration of stay in a tropical region
E His diarrhea is most likely due to a parasitic gut
infection and empirical treatment is warranted

2 A 27-year-old woman from rural Brazil is diagnosed
with American trypanosomiasis (Chagas disease.). She
lives on a rural property along with her parents and
works part-time at a farm. She recently received a
blood transfusion after a postpartum hemorrhage.

Which of the following alternatives is the least likely
explanation for her acquiring Chagas disease?

A Transfusional spread due to the blood transfu-
sion
B Congenital spread
C Bitten by triatomine bug
D Contact with triatomine bug urine or feces
E Ingestion of contaminated foodstuff

3 A 26-year-old male presents with diarrhea after a
two-week holiday in Mexico. He admits to high-risk
sexual behavior with men during his holiday. He is
afebrile, but is having six loose stools daily. He has no
previous medical history and was screened for HIV 3
months ago, which was negative. He takes no regular
medication or over-the-counter therapy. Stool culture
shows Entamoeba dispar.

Which of the following is the most appropriate next
step in management?

A Proceed with further investigation of the diar-
rhea
B Treat empirically for traveler’s diarrhea with oral
antibiotic
C Advice on gluten and lactose avoidance, reassess
symptoms in 2 weeks
D Treat E. dispar with parasitic therapy as most
likely cause of symptoms
E Perform flexible sigmoidoscopy to assess for
CMV colitis

4 A 9-year-old boy living in an Indian village develops
anemia, lethargy, and marked hepatosplenomegaly.

Investigations reveal infection with visceral leishama-
niasis (species L. infantum).

Which of the following is the major reservoir for
the L. infantum?

A Domestic dogs
B Humans
C Domestic cattle
D Bats
E Sandflies

5 Schistosomiasis is a parasitic infection that affects
over 230 million people worldwide. Which of the fol-
lowing statements correctly describes the transmission
and life-cycle of schistosomiasis?

A Transmission occurs via ingestion of contam-
inated water and food. The life-cycle requires a
migration from the intestine to the lung, and a
return to the GI tract via swallowing
B Exposure to contaminated fresh water through
agricultural work or similar is the most common
route of transmission, and the major intermediate
hosts are snails
C Humans are infected when eating undercooked
fish or crustaceans, and snails are the intermediate
host
D Humans are infected when eating undercooked
beef from regions where grazing cattle are exposed
to grass contaminated by eggs
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Answers to the multiple choice
questions

1. C
This gentleman is unlikely to have contracted tropi-
cal sprue, which usually affects travelers who spend
4–6 weeks in high-risk regions. Reports of disease
with shorter exposure do occur and hence option D is
incorrect. Treatment for tropical sprue is inappropri-
ate at this point in time and he should be evaluated for
other causes of chronic diarrhea. Parasitic gut infec-
tions could be a cause for his symptoms, but rarely
affect business travelers who visit urban areas. A stool
sample should guide management.
2. A
Latin American countries have now been declared
virtually free of transmission from blood products,
a major success towards halting transmission. The
other methods of transmission remain active although
improved sanitary conditions and pesticide use in
human dwellings is reducing transmission.
3. A
The most appropriate option is to further investigate
his diarrhea. Many men who have sex with men are
colonized with E. dispar and it is rarely the cause
for symptoms. Treating empirically for traveler’s diar-
rhea is sometimes appropriate, but in this patient with
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high-risk sexual exposures further investigation is
warranted. Advice on gluten and lactose is inappropri-
ate in this patient. Flexible sigmoidoscopy is an appro-
priate test if CMV colitis is considered. This patient
was HIV negative 3 months ago, and this makes CMV
colitis from immune failure very unlikely.
4. A
L. infantum is more common in children aged 10 and
above, and the major reservoir is domestic dogs. Infec-
tions with L. donivani, the other major species of VL,
is most commonly spread via direct person-to-person
contact as humans are the reservoir. Domestic cattle
and bats are not a reservoir for leishamaniasis; sand-
flies are a common vector, but not a reservoir.

5. B
Exposure to contaminated fresh water through agri-
cultural work or domestic chores is the most common
mode of transmission. The immunologic response to
ova deposited in tissues lead to disease. Snails are the
major intermediate hosts.

Option A is incorrect as this describes trans-
mission and life-cycle or ascaris, a roundworm.
Although snails are the major intermediate host
option C is incorrect as this describes transmission
of clonorchiasis and opisthorchiasis, a common infec-
tion in Southeast Asia. Option D is incorrect as this
describes characteristics of Tania saginata, the beef
tapeworm.
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Key points
� The choice of dietary assessment method
depends on the research question and the patho-
physiology of the disease.
� Long-term dietary patterns are most relevant
to estimate chronic disease risk.
� Most risk models will need to be adjusted for
total energy intake.
� Knowledge of potential sources of error in
nutritional assessment is essential.
� Statistical methods exist to estimate and to
minimize measurement error.

Introduction

One of the earliest applications of nutritional epidemi-
ology was to the study of gastrointestinal diseases. In
the late 1960s, Burkitt [1] observed differences in fecal
bulk between individuals in rural Africa compared
to industrialized Western countries and hypothesized
that this was due to the high fiber intake of the for-
mer. Subsequently, he hypothesized that dietary fiber
protects against the development of colorectal cancer.
To date, there are more than 1000 published accounts
on this topic.

Nutritional epidemiology is the assessment of diet
and its relationship to the causes of diseases in popu-

lations. Broadly speaking, diet includes the intake of
essential nutrients (e.g. vitamins, minerals, and amino
acids), energy sources (protein, carbohydrate, fat, and
alcohol), naturally occurring food compounds (e.g.
plant fiber, cholesterol, and caffeine), or derived com-
pounds such as the intake of chemicals formed in
cooking (e.g. heterocyclic aromatic amines formed in
well-done or charred meats) or from food processing
(e.g. trans fatty acids).

The investigator’s choice of dietary assessment
method will depend on his or her knowledge of
the disease pathology. Events that are acute and
occur over a relatively short period of time, such
as maternal dietary folate intake and risk of fetal
neural tube defects, requires methods that accurately
and precisely assess an individual’s intake over the
course of a few days. In contrast, events such as can-
cer that are chronic and are complicated by expo-
sure time, require methods that capture patterns of
consumption among populations over a period of
years, since dietary intake several years prior to dis-
ease manifestation likely represents the more rele-
vant exposure period for understanding these diseases.
Diet-disease associations may be confounded or mod-
ified by several factors, including body size, phys-
ical activity, other dietary factors and genetic sus-
ceptibility. Understanding the interplay among these
factors is crucial to derive unbiased estimates of
disease risk.

GI Epidemiology: Diseases and Clinical Methodology, Second Edition. Edited by Nicholas J. Talley et al.
C© 2014 John Wiley & Sons, Ltd, with the exception of original artwork which is C© Mayo Foundation for Medical Education and Research.
Published 2014 by John Wiley & Sons, Ltd. Companion website: www.wiley.com/go/talley/giepidemiology
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Dietary assessment instruments

Two methods of dietary assessment typically used in
clinical settings have been modified for use in epi-
demiologic studies. Both the 24-hour recall of dietary
intake and the diet record assess short-term dietary
intake, but when used as repeated measurements, can
inform usual patterns of intake over a longer period.

The 24-hour recall interview is administered in per-
son or by telephone. Subjects report their exact intake
in the preceding 24 hours guided by the interviewer’s
standard questions that may also rely on visual aids to
assist with recall of portion size. In its favor, memory
of recent intake may be more precise and quantities
may be estimated with greater accuracy with mini-
mal participant burden. Well-trained interviewers are
required, however, and the nutrient coding and analy-
sis of food intake can be laborious. Because individual
diets vary from day to day, a single day’s dietary recall
does not represent usual dietary intake for some nutri-
ents.

The diet record is similar to the 24-hour recall,
except that the subject records actual food and bev-
erage intake prospectively over several days. Subjects
are asked to provide detailed descriptions of prepara-
tion methods and food quantities, which are assessed
by weighing, volume/dimension measurements, or
estimation assisted by the use of photographs. The
prospective nature of diet recording reduces errors
associated with recall and minimizes omission of foods
consumed. However, the method requires a high level
of subject literacy, motivation and training, and can be
costly to code and analyze. Furthermore, consecutive
days of dietary recording may result in food intake
that is highly correlated from day to day (due to con-
sumption of leftover meals or intentional alteration
of usual diet), possibly introducing bias. A trade-off
is to collect fewer records per subject on a greater
number of individuals. Like the 24-hour recall, mul-
tiple days of records over several months or one year
can reduce day-to-day correlation of intake, improve
accuracy and precision of individual intake, and cap-
ture seasonal variation in food intake.

For investigations of several hundred or thou-
sand individuals such as those participating in large,
prospective studies, food frequency questionnaires
(FFQs) are a viable option to assess long-term diet.
These questionnaires consist of a pre-determined list
of foods and beverages that represent the major con-

tributors to the macro- and micronutrient content of
the diet of the population under study. Thus, they
are population or ethnic-specific [2,3]. For each food
or beverage item, the subject selects one of several
options that best defines their frequency of intake, typ-
ically over the past year, with or without a selection
for a portion size option (Figure 34.1). Photographs
of different serving sizes can be used to assist with
portion size recall. FFQs are easily administered in
person or by mail, provide information on the intake
of a large number of foods, food groups and indi-
vidual nutrients, and are substantially less expensive
to analyze particularly if optical scanning is used for
data entry. Repeated FFQ administrations over several
years can capture dietary changes over time.

Nutritional epidemiology of
gastrointestinal cancers

According to the most recent publication by the World
Cancer Research Fund/American Institute for Cancer
Research [4], “convincing” evidence between the asso-
ciation of foods, nutrients or dietary constituents and
various cancers affecting the GI system are few, while
evidence is weaker for other dietary components. The
WCRF/AICR panel comprised leading scientists in the
field of cancer epidemiology, as well as leaders in nutri-
tion and the biology of cancer. Strength of the evi-
dence was based on a systematic approach to review
all relevant observational and experimental evidence,
as well as expert judgment. Table 34.1 summarizes
the strength of evidence between dietary components
and various GI cancers based on the WCRF/AICR
report [4]. This section reviews selected findings
from the panel that have been updated with recent
studies.

Esophagus cancer

Alcohol

Alcoholic beverages and ethanol in alcoholic bever-
ages are carcinogenic to humans [5]. Convincing evi-
dence exists to support the association that alcohol
increases the risk of esophagus cancer. In a meta-
analysis of one cohort and 20 case-control studies by
the WCRF/AICR scientific panel, consumption of one
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Green beans or green peas

Green like collards, turnip greens,
mustard greens

Sweet potatoes, yams

French fries, home fries, hash browns

NEVER

A FEW
TIMES

per
YEAR

2-3
TIMES

per
MONTH

ONCE
per

WEEK

2
TIMES

per
WEEK

3-4
TIMES

per
WEEK

5-6
TIMES

per
WEEK

EVERY
DAY

How
much

How
much

How
much

How
much

How
much

A

A

A

A

A B

B

B

B

B C

C

C

C

C D

ONCE
per

MONTH

Spinach (cooked)

HOW MUCH ON THOSE DAYS
SEE PORTION SIZE PICTURES FOR A-B-C-D

Figure 34.1 Example of the format of the Block Food Frequency Questionnaire 2005.
Source: www.nutritionquest.com/. Reproduced with permission of Block Dietary Data Systems.

alcoholic beverage per week was associated with a
4 % increase in risk of esophagus cancer (RR 1.04;
95 % CI 1.03–1.05) [4]. The panel observed statisti-
cally significant differences in the relative risks across
studies that appeared to be attributable to the size,
rather than the direction, of the estimated effect.

In more recent prospective investigations with
refined phenotyping and adjustment for smoking, a
10 g day−1 increment of ethanol (approximately 9–

10 oz beer, 4 oz wine, or 1 oz spirits) was associated
with a 22–28 % increase in risk of squamous cell car-
cinoma among European men and a 31–62 % increase
in risk of squamous cell carcinoma among European
women [6,7]. Alcohol did not appear to be associ-
ated with esophageal adenocarcinoma [7,8]. Increased
risks seemed to be associated similarly with beer, wine,
and spirits [4,8]. At intake ranges of approximately
40–99 g day−1 ethanol, increased risks appeared to be

Table 34.1 Dietary components and their strength of evidence for association with GI cancers.

Dietary component and its strength of evidence*

Cancer site “Convincing” evidence “Probable” evidence

Colon and rectum Alcohol (men) ↑ Alcohol (women) ↑
Red and processed meats ↑ Foods containing dietary fiber ↓

Garlic ↓
Milk ↓
Calcium ↓

Esophagus Alcohol ↑ Non-starch vegetables ↓
Fruits ↓
Foods containing beta-carotene ↓
Foods containing vitamin C ↓
Hot maté intake ↑

Liver Alflatoxins ↑ Alcohol ↑
Pancreas Foods containing folate ↓
Stomach Non-starch vegetables ↓

Fruits ↓
Allium vegetables ↓
Salt, and salted and salty foods ↑

*The direction of the association is denoted beside each dietary component to be either an
increase (↑) or decrease (↓) in risk. Information is abstracted from Reference [4].
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higher among men of Asian compared to European
ancestry [6,9–11].

Risk estimates and their statistical significance are
influenced by the choice of reference category and
the cutpoints chosen for categories of consumption.
Two studies used more flexible modeling approaches
to estimate how the risk of esophagus cancer varies
across different levels of alcohol consumption. Pole-
sel et al. [12] showed that both linear and cubic
(Figure 34.2(a)) regression splines fit the data better
than categories of alcohol intake, with the highest
levels of consumption (�150 g day−1 ethanol) asso-
ciated with a relative risk of 10 among 343 men with
unspecified esophagus cancer histology. Rota et al.
[13] employed a two-step process of fitting two-term
fractional polynomial models to individual studies
followed by pooled random-effects analysis of squa-
mous cell carcinoma using 3000 cases. They reported
that �100 g day−1 ethanol intake was associated
with a relative risk of 11 (Figure 34.2(b)). As can
be seen in both figures, statistically significant risks
are observed for intermediate doses of alcohol, with
no apparent threshold. Furthermore, the relative risk
is underestimated by both the step function model
of approximate quintile categories of ethanol con-
sumption (Figure 34.2(a)), and the linear model (Fig-

ure 34.2(b)) particularly at moderate (�50 g day−1)
intake levels.

Alcohol, ADH and ALDH polymorphisms

Alcohol dehydrogenase (ADH) and acetaldehyde
dehydrogenase (ALDH) enzymes play critical roles in
the metabolism of ethanol in alcoholic beverages to
acetaldehyde, and of acetaldehyde to acetate, respec-
tively [14]. Polymorphisms in these genes, particu-
larly ADH1B (previously called ADH2) and ALDH2,
though rare in Caucasians, are common in indi-
viduals of Asian ancestry [15] and can modify
the speed at which ethanol is metabolized. Carri-
ers of the ADH1B*1/*1 variant genotype are slow
metabolizers of ethanol and experience prolonged
exposure to ethanol after drinking. Carriers of the
ALDH2*2/*2 variant genotype experience unpleas-
ant flushing responses and nausea induced by severe
acetaldehydemia [16]. In a meta-analysis of Asian
populations, the ADH1B*1/*1 variant vs *2/*2 wild-
type genotype was associated with a twofold increase
in risk of esophagus cancer of unspecified histol-
ogy (RR 2.17; 95 % CI 1.08–4.34), with a higher
risk observed among heavy drinkers (RR 3.22; 95 %
CI 2.27–4.57) [17]. The risk associated with the
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Figure 34.2 Nonlinear models of the association between
ethanol consumption and esophagus cancer. (a) Estimates
of ORs and 95 % CIs (upper and lower curves) using cubic
regression spline (—) and step function (—) models. The
referent category was never drinkers for spline models and
was the first quintile for the step function models [12]. (b)
Estimates of ORs and 95 % CIs by the linear model (solid

straight line) and the three second-order fractional
polynomials (curved lines) resulting in smaller Akaike’s
Information Criterion (AIC) values. Smaller AIC values
denote the best-fitting model compared to the linear model
[13].
Source: Comprised of data from: (a) Polesel et al. 2005
[12], and (b) Rota et al. 2010 [13].
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ALDH2*2/*2 variant vs *1/*1 wildtype genotype was
not statistically significant (RR 1.31; 95 % CI 0.52–
3.34), yet it was elevated among heavy drinkers (RR
7.12; 95 % CI 4.67–10.86) [17]. Thus, the main effect
of the genotypes without consideration of the modify-
ing influence of alcohol intake underestimated the risk
associations at high alcohol intakes.

The mechanisms of ethanol-induced carcinogene-
sis are closely related to the metabolism of ethanol,
and include the generation of DNA point mutations,
DNA adducts, and other mutagens [14]. The upper
and lower GI tract are particularly vulnerable to high
acetaldehyde concentrations owing to the oxidation
of ethanol by bacteria in saliva and the large intestine
following moderate alcohol intake [14].

Colorectal cancer

Alcohol

The WCRF/AICR panel determined that convincing
evidence exists to support the association between
alcohol intake and colorectal cancer [4]. A meta-
analysis of nine cohort studies from Europe, the
United States, and Japan reported that each 10 g day−1

increment in ethanol consumption was associated
with an increase in risk of colon cancer (RR 1.09;
95 % CI 1.03–1.14) and colorectal cancer (RR 1.06;
95 % CI 1.01–1.12) [4]. Similar relative risks were
reported from a large prospective cohort in eight Euro-
pean countries of over 2000 colorectal cancer cases
[18]. Stratified meta-analyses for colorectal cancer for
each 10 g day−1 ethanol increase gave summary effect
estimates of 1.09 (95 % CI 1.02–1.15) for seven stud-
ies for men and 1.00 (95 % CI 0.89–1.40) for three
studies for women [4]. A pooled analysis of data from
eight cohort studies of women and men from North
America and Europe, including over 4600 with col-
orectal cancer followed for 6 to 16 years, reported a
relative risk of 1.41 (95 % CI 1.16–1.72) for those
who consumed ≥45 g day−1 ethanol from alcohol
[19]. No increased risk was observed below intakes
of 30 g day−1, and no significant statistical hetero-
geneity was observed by study, sex, cancer site, or
specific alcoholic beverage [19], suggesting that the
positive association is attributable to ethanol intake
itself rather than to a specific beverage. Some stud-
ies reported stronger associations of higher alcohol

intake among men than women [18–20] despite a
similar dose-response relationship [20]. The weaker
association among women may be because of the gen-
erally lower consumption of alcohol among women
[4]. Others found stronger associations among men
than women for rectal cancer [20,21].

Red and processed meat

Differences in findings even among cohort studies
between the association of red and processed meat
with colorectal cancer may be due to various reasons,
including differences in the populations or in the end-
points studied (e.g. colon vs. colorectal carcinomas),
follow-up duration, and the range of intake captured
by the FFQ. For example, two national US cohorts
examined the ratio of red to white meat intake with
risk of colon cancer among women [22,23] (Figure
34.3). Higher intakes increased risk in both cohorts,
which were similar in sample size and duration of
follow-up (6–9 years). The overlap in intake distribu-
tions, however, suggests the full extent of increased
risk is observed only at very high intakes.

The WCRF/AICR panel classified the strength of
evidence between red and processed meat intake
and increased risk for colorectal cancer as “convinc-
ing” [4]; however, this was not without controversy
[24,25]. The panel based their decision on a meta-
analysis of seven cohort studies with a summary rel-
ative risk of 1.43 (95 % CI 1.05–1.94) for each time
per week that red meat was consumed, and a meta-
analysis of three cohort studies with a relative risk
of 1.29 (95 % CI 1.04–1.60) for each 100 g day−1

red meat intake [4]. In support of the panel’s rec-
ommendation is a meta-analysis of 19 cohort studies
including almost 8000 cases from the United States,
Europe, Australia, and Japan relating an increase in
risk of colon or colorectal cancer with 120 g day−1 red
meat intake (RR 1.28; 95 % CI 1.18-1.39) and with
30 g day−1 processed meat intake (RR 1.09; 95 % CI
1.05–1.13) [26]. No significant between-study statis-
tical heterogeneity was found. Although the relative
risks were lower among women compared to men,
the overlapping confidence intervals suggested no sig-
nificant differences in risk estimates [26]. Three large
investigations reported higher relative risks associated
with cancer of the rectum than of the colon, but all
report that the differences were either marginally or
not statistically significant [26–28].
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Figure 34.3 Ratio of red to white meat
intake and risk of colon cancer among
women in two national US cohorts.
NHS, Nurses’ Health Study [22];
CPSII, Cancer Prevention Study II
[23]. Vertical bars represent 95 %
confidence intervals.
Source: Comprised of data from
Willett et al. 1990 [22], and Chao
et al. 2005 [23].

The proposed mechanisms by which red and
processed meats may influence colorectal cancers
are, among other factors, through potentially mito-
genic fatty acid components, exposure to N-nitroso
compounds from food processing, the ingestion of
potent carcinogens formed during cooking, and/or the
increase in fecal iron that initiates the generation of
hydroxyl radicals [29].

Vitamin D

Dietary sources of vitamin D are largely from for-
tified foods including dairy products and breakfast
cereals, and also from fatty fish, fish liver oils, and
liver. Vitamin D is also synthesized from choles-
terol precursors in the skin by the action of UV B
radiation. Exposure to sunlight for 15 minutes at
wavelengths between 290 and 315 nm (found at the
equator or in peak summer months) is sufficient to sig-
nificantly increase the levels of pre-vitamin D3, which
is the form ingested from foods [30]. Pre-vitamin D3

is metabolized to vitamin D3, which then requires
two obligate hydroxylations in the liver (25(OH)D)
and kidney to form the biologically active hormone,
1,25-dihydroxyvitamin D (1,25(OH)2D) [31]. Con-
sequently, serum 25(OH)D concentration is the best
indicator for determining adequacy of vitamin D of an
individual since it represents a summation of the total
cutaneous production of vitamin D as well as ingested
vitamin D.

The WCRF/AICR panel concluded that the evidence
was “limited or suggestive” to support an association

between foods containing vitamin D and decreased
risk with colorectal cancer [4]. Analyses that rely
solely on dietary estimates of vitamin D can be con-
founded by other correlated food components, such as
calcium and animal fats that are also found in dairy
products, and which have been associated with col-
orectal cancer. These variables are not always adjusted
in analyses. Different fortification practices between
countries can further confound the interpretation of
associations. On the other hand, analyses of serum
vitamin D should take into account physical activity
level. Because physical activity may often be outdoors,
it is correlated with sunlight exposure.

Because case-control studies measure serum
25(OH)D after the diagnosis of cancer, when tumor
growth may have altered serum concentrations, these
studies were not summarized here. A meta-analysis of
10 prospective cohort studies that measured plasma
25(OH)D concentration prior to cancer incidence
reported a 15 % decrease in risk for colorectal can-
cer risk for a 10 ng mL−1 increase in serum 25(OH)D
(RR 0.85; 95 % CI 0.79–0.92) after controlling for
factors such as body mass index and physical activity
[32]. There was statistically significant heterogeneity
in risk estimates across the studies, and this appeared
to be due to the magnitude, rather than the direction,
of the effects [32]. Results from two recently pub-
lished prospective cohort studies reported conflicting
results: up to a 46 % decrease in risk of colorectal
cancer for plasma 25(OH)D above the second quin-
tile (≥16.8 ng mL−1) in one study [33] compared to no
association with colon cancer in another study [34].
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Clinical trials of vitamin D supplementation and
risk of colorectal cancer have been limited, and results
are equivocal for a beneficial effect at higher exposure
[35,36]. In the Women’s Health Initiative, the hazard
ratio for colorectal cancer incidence after 7 years of
supplementation with vitamin D (400 IU) and calcium
was 1.08 (95 % CI 0.86–1.34); however, participants
were permitted to self-supplement at up to 600 IU per
day, complicating the trial’s interpretation [35]. Sup-
plementation with vitamin D (1,100 IU) and calcium
was associated with a lower risk of developing various
nonskin cancers including colorectal cancer after four
years (RR 0.40; 95 % CI 0.20–0.82). The resulting
increase in 25(OH)D, per 1 ng mL−1, was suggestive
of lower risk for all cancers combined (RR 0.98; 95 %
CI 0.97–1.0) [36].

Vitamin D plays a role in calcium homeostasis,
and higher calcium intake has been associated with
reduced risk of colorectal cancer [37]. Higher vita-
min D status may protect against cancer by reducing
cellular proliferation and angiogenesis or inducing dif-
ferentiation and apoptosis [38]. Vitamin D could also
act locally in the colon to inhibit carcinogenesis, since
both 1-�-vitamin D hydroxylase, the enzyme that
metabolizes 25(OH)D to 1,25(OH)2D, and the vita-
min D receptor, which binds the active 1,25(OH)2D
hormone, are expressed in the colon and elsewhere
[38].

Methodologic issues in nutritional
epidemiology

Statistical adjustment for total energy

Statistical adjustment for energy intake in models
of diet and disease is important for several reasons.
Because intakes of nutrients, particularly macronu-
trients, are correlated with total energy intake, these
nutrients may be noncausally associated with dis-
ease from confounding by total energy intake [39].
Residual confounding from factors difficult to mea-
sure or measured with error that are associated with
energy intake, including body size, physical activity
and metabolism, can attenuate associations with dis-
ease risk. Failure to account for total energy intake
can obscure associations between nutrient intakes and
disease risk or possibly reverse the direction of the
association. Several disease-risk models are described

to control for energy intake in epidemiologic studies
[39], although studies show the superiority of one or
two statistical models over others [40].

Measurement error correction

While advances in nutritional epidemiology have
increased our understanding of the role that diet
plays in the etiology of a number of chronic dis-
eases, conflicting and inconsistent results have lead
to controversy, particularly with regard to the accu-
racy of dietary intake methods that rely on self-reports
[41–44]. This controversy is perhaps most relevant to
the role of diet in cancer prevention [45]. Mount-
ing evidence suggests important bioactive roles for
dietary components as determinants of cancer risk
and tumor behavior [46], yet few associations have
been classified as “convincing” or “probable” by the
joint WCRF/AICR review panel [4]. The large, well-
conducted prospective studies that have failed to find a
consistent relation between dietary components (such
as fat, fiber, and fruits and vegetables) and cancers
of the breast, colon, or rectum, or overall [47–50]
may be explained by a true lack of diet–cancer asso-
ciations or, alternatively, by serious methodological
limitations of the studies themselves, including mea-
surement error associated with self-reporting methods
such as the FFQ [44].

Over the years, investigators have recognized that
self-reporting methods of dietary intake are subject
to substantial systematic and random error and both
have profound implications for the design, analysis,
and interpretation of nutritional epidemiologic stud-
ies [51,52]. Dietary measurement error often attenu-
ates (biases toward one) the estimates of disease rela-
tive risks and reduces the statistical power to detect
their significance. Therefore, an important relation
between diet and disease may be obscured [51,53,54].
This concern has prompted researchers involved in
large epidemiologic investigations to re-examine cur-
rent dietary assessment methods and to explore the use
of new technologies and innovative analytical strate-
gies and methodologies [46,55,56]. Several options
that promise to advance nutritional epidemiology are
emerging [55]. These options include the use of: (i)
novel designs and new analytical methods to improve
the quality of dietary intake estimates; and (ii) objec-
tive biologic markers to calibrate diet–disease esti-
mates of risk.
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An area of great interest is the development of
cost-effective, self-administered tools that can provide
more valid measures of dietary intake. While there is
great enthusiasm for the use of cell phones, cameras
and other objective forms of capturing dietary
intake, these technologies may not be valid for the
ascertainment of habitual intake because they may be
“reactive”, meaning that they may promote behavior
change with their use. This assumption will need to
be tested as these technologies become available for
use in large studies with diverse populations [57].
Researchers at the US National Cancer Institute
have responded to the need for better cost-effective
dietary intake instruments by creating the web-based
Automated Self-administered 24-hour Dietary Recall
(ASA24TM) software program. The ASA24 builds on
the strengths of the 24-hour dietary intake method
and uses state-of-the-art automated computer tech-
nology with graphic enhancements and animated
characters to guide participants in reporting previous
day’s food intake [58,59]. Audio language and cues to
enhance use in low-literacy populations are also incor-
porated. The ASA24 is available on the NCI website
(http://riskfactor.cancer.gov/tools/instruments/asa24/).

Another advancement is the development of analyt-
ical methods to combine dietary intake data from mul-
tiple instruments. For example, statistical modeling is
currently being tested to incorporate the precision of
the 24-hour recall with estimates of usual or habitual
intake captured by the FFQ. Methods are being devel-
oped to improve upon dietary intake estimates at the
individual [60] and population levels [61–64].

The use of objective biologic markers that directly
reflect the intake of specific dietary constituents under
study has been proposed for correction of the atten-
uation of diet–disease risk that results from mea-
surement error in diet [65]. This was shown in
the Women’s Health Initiative randomized controlled
trial and observational study. In a sub-sample of the
subjects, the authors compared self-reported dietary
intake with the objective recovery biomarkers, dou-
bly labeled water and urinary nitrogen excretion [65].
Recovery biomarkers are based on the concept of the
metabolic balance between intake and excretion over
a fixed period and provide an estimate of absolute
intake levels [66]. The mean self-reported total energy
intake was estimated as 1477 kcal day−1 from the
FFQ, which grossly underestimated the mean intake
of 2141 kcal day−1 estimated using doubly labeled

water [65]. By “calibrating” the self-reported dietary
intakes with the biomarkers in regression analyses
that also included several other subject characteris-
tics, “adjusted” risk estimates of total energy and pro-
tein intake could be obtained in the larger cohort that
were closer to the true risk estimates. The WHI study
showed, for example, that prior to calibration of risk
estimates, the association of a 20 % increase in energy
intake with breast cancer risk was not statistically sig-
nificant (RR 0.99; 95 % CI 0.95–1.02). Following cal-
ibration, the association was RR = 1.25 (95 % CI
1.07–1.47), indicating that measurement error (ran-
dom and systematic) is common, substantial and may
have obscured diet–disease associations in previous
analyses [47–50].

Conclusions

Nutritional epidemiology has contributed significantly
to our understanding of the relationships between diet
and disease over the past four decades. Ongoing inves-
tigations that further characterize important exposure
periods (early life, in utero), clarify associations within
the context of genetic susceptibility, and incorporate
both biomarkers of exposure and outcome will con-
tinue to elucidate our understanding of the pathophys-
iology of complex diseases. Recent advances in dietary
intake measurement promise to facilitate our under-
standing of the role that this modifiable lifestyle factor
can play in reducing the burden of various chronic dis-
eases including cancer.

Multiple choice questions

1 The 2007 WCRF/AICR report concluded that
“convincing” evidence exists to support the associ-
ation between colorectal cancer and which of the fol-
lowing dietary factors:

A Alcohol
B Red meat
C Foods containing dietary fiber
D A and B only
E A, B, and C

2 The best indicator for determining adequacy of vita-
min D status of an individual is:

A Serum 25(OH)D concentration
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B Serum 1,25(OH)2D concentration
C Dietary intake
D A and B
E A, B, and C

3 To improve the accuracy of dietary assessment,
researchers have proposed:

A New electronic self-administered versions of
dietary assessment instruments
B Analytical approaches that combine dietary
intake data from more than one instrument
C Incorporation of biologic markers into diet–
disease risk models
D B only
E A, B, and C
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Key points
� Obesity is defined using body mass index
(BMI), a proxy measure of body fat based on
weight and height.
� Waist circumference, another anthropometric
measure, is used as a proxy for abdominal adi-
posity.
� The prevalence of obesity in the United States,
based on BMI, has not changed in recent years.
� Between 1999 and 2008 there was no change
in mean energy intake among US adults.
� In 2000, adults were less likely to walk to
work or have jobs that required high levels of
physical activity than in 1950.

Introduction

Reducing obesity prevalence is a public health priority
in the United States (USA) [1] and around the world
[2]. The prevalence of obesity among adults in the
USA doubled between 1980 and 2000 [3]. Although
the rate of increase has slowed, the prevalence of obe-
sity remains high at over one third of the population
[4]. Obesity has been linked to a variety of condi-
tions including type 2 diabetes mellitus, nonalcoholic
fatty liver disease (NAFLD), certain types of cancer,
and coronary artery disease [5]. Obesity has also been

shown to increase the risk for premature mortality
[6,7].

In this chapter we present a review of the epidemiol-
ogy of obesity among US adults. Obesity prevalence in
the USA is presented and trends are compared to those
in Canada and England. A discussion of the determi-
nants of obesity, which include dietary intake, physi-
cal activity, and the environment, is also included. The
chapter ends with a summary of the consequences of
obesity. All data on obesity and diet shown in the fig-
ures are based on previously published results from
the US National Health and Nutrition Examination
Survey (NHANES), a nationally representative sur-
vey containing direct measurements of weight, height
and body fat, and 24-hour dietary recall interviews
[8]. Except for body fat results, which are only avail-
able for 1999–2004, the data presented in the figures
are from 2007–2008. Detailed definitions for variables
can be found in the publications.

Definition of obesity

Obesity is defined as the excessive and abnormal accu-
mulation of fat in adipose tissue [9], although the
definitions of excessive and abnormal are not agreed
upon. Measuring body fat in individuals or popula-
tions is challenging.

Hydrodensitometry or underwater weighing is con-
sidered the gold standard in determining body fatness.
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Hydrodensitometry estimates body density by com-
paring the weight of an individual out of water (dry
weight) with that while fully immersed in water. An
individuals’ underwater weight will be smaller than
his or her dry weight because fat is more buoyant in
water compared to fat-free mass. The greater the dif-
ference between immersed weight and dry, the greater
the percentage of body fat. The technique is time-
consuming, cumbersome and expensive, making it dif-
ficult to implement in epidemiologic studies [10].

Body fatness can also be obtained from dual-energy
X-ray absorptiometry (DXA) imaging. The technol-
ogy is based on the concept of differential attenuation
in the intensity of X-ray as it traverses different tissue
types. These differences are then captured via a detec-
tor and are used to estimate lean body mass, fat mass,
and bone mineral density. A key advantage of DXA
methodology is its ability to provide information on
body fatness with high accuracy with less time and
expense than underwater weighing [11].

Because direct measures of body fatness using the
methods described earlier are difficult and expensive,
proxy measures based on anthropometric indices that
correlate with the measures mentioned previously are
often used in epidemiologic studies. One of the most
popular and widely used proxy measures for body fat
is body mass index (BMI, weight [kg]/height [m]2).
Weight and height are easy to measure and low cost
making these appealing for large population studies.
A major limitation of BMI is it fails to discriminate
between lean and fat mass.

BMI can be calculated based on measurements of
weight and height or based on self-reported values
of weight and height. Systematic bias in self-reported
weight and height has been shown to compromise the
validity of BMI [12]. Differences in reporting have
been seen by sex, race-ethnicity, weight status, and
age.

The National Institutes of Health and the World
Health Organization recommend the use of BMI
categories to classify individuals as underweight
(�18.5 kg m−2), normal weight (18.5–24.9 kg m−2),
overweight (25–29.9 kg m−2), obese (≥30 kg m−2)
and extremely (class III) obese (≥40 kg m−2) [9,13].

Waist circumference (WC), another anthropomet-
ric method, is also used to estimate abdominal adi-
posity. Because WC is a better estimate of abdominal
or central obesity than BMI, and because central adi-
posity is more predictive of morbidity and mortality

as opposed to peripheral adiposity, some studies have
recommended the use of WC as a substitute for BMI
[14,15]. However, BMI and WC have been shown to
be equally predictive of the risk for disease and mor-
tality in other studies [16,17].

A major limitation of WC estimation is that a com-
mon location for the measurement of WC is not
agreed upon. Different studies measure at different
locations [18–20]. These differences complicate inter-
study comparisons and make universal cut points for
excess WC difficult to identify. Nonetheless, the rec-
ommended sex-specific cut-offs for WC are �102 cm
for men and �88 cm for women [9].

In this chapter, obesity estimates are presented
based on the recommended BMI and WC cut points
described above. Mean percentage body fat as deter-
mined by DXA measurements within BMI categories
is also presented.

Obesity prevalence and trends

Published data from 2007–2008 indicate that approx-
imately 34 % or 72 million US adults are obese [4].
More than 5 % of the US population are extremely
obese [4], and 53 % have high WC [21]. Sex-specific
estimates of obesity, extreme obesity and high WC
are shown in Figure 35.1 and Figure 35.2 for each
race/ethnic group. Racial or ethnic differences in
prevalence of obesity or high WC are not the same
among men and women. Among men, the prevalence
of high WC is higher among non-Hispanic White
men than among non-Hispanic Black men. The preva-
lence of obesity, however, did not differ significantly
between race/ethnic groups. Among women, on the
other hand, the prevalence of obesity, extreme obe-
sity, and high WC was significantly lower among non-
Hispanic Whites compared to other race/ethnic groups
[4,21].

Mean percentage body fat varies by race/ethnicity
within BMI categories. Figure 35.3 and Figure 35.4
show mean percentage body fat for men and women
within BMI categories. Except in the highest BMI cate-
gory (BMI ≥ 35), non-Hispanic Black men and women
have lower mean percentage body fat than do non-
Hispanic White individuals [22].

During the period 1999–2008 there was no signifi-
cant trend in obesity prevalence among women; how-
ever, among men there was a significant increase in
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Figure 35.1 Prevalence of obesity,
extreme obesity and high waist
circumference by race/ethnicity, US
men, 20+ years, 2007–2008.
Source: CDC/NCHS, National Health
and Nutrition Examination Survey,
http://www.cdc.gov/nchs/nhanes.htm;
Flegal et al. 2010 [4]; Ford et al. 2011
[21].
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circumference is >88 cm for women and >102 cm for men. All estimates age-adjusted by the direct method
to the 2000 US Census population using age groups 20–39, 40–59, 60+years. 

Figure 35.2 Prevalence of obesity,
extreme obesity and high waist
circumference by race/ethnicity, US
women, 20+ years, 2007–2008.
Source: CDC/NCHS National Health
and Nutrition Examination Survey,
http://www.cdc.gov/nchs/nhanes.htm;
Flegal et al. 2010 [4]; Ford et al. 2011
[21].
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Figure 35.3 Mean percentage body fat
among US men by BMI category, 20+
years, 1999–2004.
Source: CDC/NCHS, National Health
and Nutrition Examination Surveys,
http://www.cdc.gov/nchs/nhanes.htm; Li
et al. 2009 [22].
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Figure 35.4 Mean percentage body fat
among US women by BMI category, 20+
years, 1999–2004.
Source: CDC/NCHS, National Health
and Nutrition Examination Surveys,
http://www.cdc.gov/nchs/nhanes.htm; Li
et al. 2009 [22].

obesity [4]. Figure 35.5 contains obesity prevalence
estimates for 1999–2000, 2001–2002, 2003–2004,
2005–2006, and 2007–2008. Estimates are shown for
each sex and age group.

An international context

The USA is not alone in experiencing concern about
obesity prevalence. Although the prevalence in Cana-
dian adults is not as high as among US adults
(Figure 35.6), there have been similar increases in
prevalence in Canada as seen in the USA [23]. Obe-
sity prevalence in England is lower than in the USA,
yet prevalence estimates appear to be leveling off in

England [24] similar to the trend seen in US women
(Figure 35.7).

Determinants of obesity

Obesity is a consequence of a prolonged energy imbal-
ance related to dietary intake and physical activity.
Dietary intake and physical activity can in turn be
influenced by environmental factors [25].

Dietary intake

The supply of dietary energy, measured in kilocalories
(kcal), available to the US population has increased
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Figure 35.5 Trends in prevalence of obesity,
US adults 20+ years, 1988–1994 to
2007–2008.
Source: CDC/NCHS, National Health and
Nutrition Examination Surveys, http://www
.cdc.gov/nchs/nhanes.htm; Flegal et al.
2010 [4].
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Figure 35.6 Prevalence of obesity, by
sex, adults aged 20–79 years, United
States (2007–2008) and Canada
(2007–2009).
Source: US: CDC/NCHS, National
Health and Nutrition Examination
Survey, http://www.cdc.gov/nchs/
nhanes.htm; Canada: Canadian Health
Measures Survey, http://www23
.statcan.gc.ca/imdb/p2SV.pl?Function
=getSurvey&SDDS=5071&Item_Id
=129548&lang=en; Shields et al.
2011 [23].

during the years that obesity prevalence increased in
the USA. The US Department of Agriculture reports
that the per capita daily food energy supply was 3200
kcal in 1980 and 3900 kcal in 2006 [26].

NHANES data from 2007–2008 on dietary intake,
indicate that the mean energy intake for men and
women in the USA was 2504 kcal and 1771 kcal
[27]. Non-Hispanic White men had higher energy
intake than non-Hispanic Black and Mexican Amer-
ican men; there were no differences by race/ethnicity
among women (Figure 35.8). As a percentage of total
energy intake, carbohydrates comprise approximately
50 % of the macronutrients consumed by adults (Fig-

ure 35.9). Among both men and women, total fat com-
prised approximately one third of calories and satu-
rated fat comprised approximately 11 %. The Dietary
Guidelines for Americans recommend that total fat
comprise 20–35 % of energy and saturated fat no
more than 10 % of energy in the diet of adults [28].

Secular trends between 1999–2000 and 2007–2008
suggest there were no statistically significant trends
in total energy intake (Figure 35.10) [27]. However,
over this time period, there was a decrease in aver-
age carbohydrate intake and an increase in saturated
fat among non-Hispanic Black men and non-Hispanic
White women [27].
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Notes: US estimates age-adjusted by the direct method to the
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Figure 35.7 Trends in prevalence of obesity
among adults, United States and England.
Source: US: CDC/NCHS, National Health
and Nutrition Examination Surveys,
http://www.cdc.gov/nchs/nhanes.htm; Flegal
et al. 2010 [4]; England: Health Survey for
England 2009, http://www.ic.nhs.uk/statistics
-and-data-collections/health-and-lifestyles
-related-surveys/health-survey-for-england/
health-survey-for-england–2009-trend-tables.
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Figure 35.8 Mean total daily kilocalorie
intake, by sex and race/ethnicity, US adults
20+ years, 2007–2008.
Source: CDC/NCHS, National Health and
Nutrition Examination Survey, http://www
.cdc.gov/nchs/nhanes.htm; Wright & Wang
2010 [27].

Physical activity

Physical activity data from the USA show that between
1950 and 2000 adults became less likely to walk to
work or have jobs that require high levels of physical
activity [29]. On the other hand, trends in leisure time
physical inactivity based on self-reported data show
a decrease in inactivity from about 30 % to about
25 % between 1988 and 2008 [30]. Significant age
differences in physical activity levels exist. Data from
the USA based on measurements from accelerometers
show that physical activity decreases with age and
women have lower levels than men [31]. Other coun-
tries have also reported declines in physical activity
related to employment [32,33].

The environment

A growing body of evidence is implicating envi-
ronmental factors in promoting overconsumption
of nutrient-poor foods, discouraging the intake of
nutrient-rich foods and hindering adequate levels of
physical activity [25,34].

Most of the evidence supporting an association
between the food environment and obesity comes
from cross-sectional studies [34]. Residential proxim-
ity to sources of affordable nutrient-rich foods may
be protective against obesity [25]. In one study, the
presence of chain supermarkets, which have a larger
selection of healthy food items at low prices as com-
pared to small individually owned grocery stores [35],
was associated with a lower prevalence of obesity [36].
Conversely, increased fast-food density has been posi-
tively associated with weight status [25,37]. However,

differences are small and some studies have reported
no association between residential proximity to fast-
food restaurants and obesity [38–40]. Lack of method-
ological homogeneity and the absence of clear met-
rics to define the food environment hinder cross-study
comparisons and may confound our understanding of
the role of environmental factors in obesity [34].

The built environment can promote or restrict phys-
ical activity [25,41,42]. The availability of accessi-
ble recreational spaces and walkable built environ-
ments that are perceived to be safe has been correlated
with an increased level of physical activity and low
prevalence of obesity [25,43]. However, the evidence
remains inconclusive with some studies reporting no
significant associations [34]. As is the case with studies
of the food environment and obesity, it is difficult to
establish causality from observational studies of the
built environment and its effect on physical activity
and obesity.

Consequences of obesity

Obesity is associated with a variety of health con-
ditions including hypertension, hypercholesterolemia,
diabetes, cancer, and NAFLD [9,44]. Premature mor-
tality can also be a consequence of obesity [45].

Hypertension is a risk factor for the development
of a range of diseases including coronary heart, cere-
brovascular, and renal diseases [46]. Prevalence of
hypertension in the USA increased approximately
5 % between 1988–1994 and 2005–2008 (25.5 % to
30.9 %) [47]. As a point of reference, prevalence of
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Figure 35.10 Mean total daily calorie
intake, US adults 20+ years, 1988–1994 to
2007–2008.
Source: CDC/NCHS, National Health and
Nutrition Examination Surveys, http://www
.cdc.gov/nchs/nhanes.htm; Wright & Wang
2010 [27].

obesity increased approximately 13 % and 10 % for
men and women between 1988–1994 and 2007–2008
[47]. Adults, and particularly younger adults, who are
obese have higher odds of hypertension than those
who are normal weight [48].

Adverse serum lipid concentrations, including ele-
vated low-density lipoprotein (LDL) and triglycerides,
and low high-density lipoproteins (HDL) choles-
terol, contribute to the process of artherosclerosis
[49]. Hypercholesterolemia among adults increased
between 1988–1994 and 2005–2008 from 22.8 % to
27.5 % [47]. Obese persons, and especially younger
obese persons, are more likely to have adverse serum
lipid concentrations when compared with those of a
normal weight [48].

Diabetes is more common among those with a
higher weight [50]. The age-adjusted prevalence of
physician-diagnosed diabetes was 5.5 % in 1988–
1994 and 7.9 % in 2005–2008 [47]. Previous anal-
yses of trends in diabetes prevalence from the 1970s
to the early 2000s had suggested the increase in dia-
betes prevalence during this time (5.1 % to 8.8 %) was
disproportionally comprised of individuals with BMI
≥35 [51].

Obesity has been associated with increased risk of
diseases such as NAFLD and certain cancers including
uterine, kidney, gallbladder, breast (postmenopausal
women), esophageal, and colon [9,52]. Some evi-
dence suggests that there may be obesity-induced hor-
monal changes [53], including sex steroids, insulin,
and insulin-like growth factors that could lead to these
cancers [54]. Population-based prevalence estimates
of NAFLD are not available. However, one review

article estimates its prevalence between 3–24 % [55].
The prevalence of NAFLD is higher among obese
adults than normal weight adults [44].

Obese adults have higher all-cause mortality than
normal weight adults, an association largely driven
by increased mortality from cardiovascular disease
(CVD) [45]. In addition to higher mortality from
CVD, compared to normal weight adults, obese adults
have higher cause-specific mortality attributed to dia-
betes/kidney diseases and cancers that have been epi-
demiologically linked to obesity [45]. However, obese
and normal weight adults do not differ in mortality
from cancers not epidemiologically associated with
obesity or in mortality from noncancer, non-CVDs
[45].

An emerging area of interest among both
researchers and clinicians is the so-called “obesity
paradox”. The obesity paradox refers to the better
prognosis among overweight and obese, compared to
normal weight, adults with similar health conditions,
including cardiovascular diseases [56]. The mecha-
nism for improved prognosis is not yet clear but sev-
eral theories have been cited including differences in
nutritional reserves and origins of disease [57].

Conclusion

Obesity has been linked to increased morbidity and
mortality in the United States and worldwide [2].
In 2008, an estimated 502 million adults globally
were obese [58]. Obesity is estimated based on BMI,
which is not a perfect measure of body fat. There are
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significant differences in body fat by race/ethnicity
within BMI categories [22]. Racial/ethnic dispari-
ties in the prevalence of obesity in the USA may,
in part, reflect these differences in body fat. Per
capita supply of food energy has increased while
employment-related physical activity has decreased in
recent decades. Moreover, the environment has been
implicated in promoting the consumption of foods
high in sugar and fat while hindering the ability to
be physically active.

Multiple choice questions

1 Which method is considered the “gold standard” in
determining body fatness?

A BMI
B Hydrodensitometry
C Waist circumference
D All of the above

2 Mean percentage body fat varies by race/ethnicity
within BMI categories.

A True
B False

3 Obesity is a consequence of:
A Increased energy intake
B Physical inactivity
C Environmental factors such as accessibility to
healthy food options
D All of the above
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