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Preface

Now it is the 4th pandemic era of COVID 19. Over 50% of the world popula-
tion are vaccinated while there is some variation depending on each country.
However, I wonder whether the effect of COVID vaccination is equally effec-
tive for a man with 185 cm height/110 kg weight and a woman with 145
cm/40 kg. Maybe it will be different in terms of pharmacokinetics and phar-
macodynamics which are affected by sex. In addition, the side effects seem to
be different depending on sex/gender. While physicians tend to agree that
children are not miniature adults, few recognize that women are not simply
smaller men. For many, women and men were considered the same except for
reproductive organs. In the 1980s and 1990s, the realization that medicine as
a whole—including the diagnosis and treatment of diseases—is male-
centered led to a focus on women’s health such as endocrine and reproductive
systems. With new studies of sex/gender differences in diabetes and cardio-
vascular diseases, sex became recognized as an important biological variable.
Although many researchers and clinicians believe that sex differences are
already well understood, experts point out that even where females and males
are included in a study in equal numbers, data are frequently not analyzed
according to sex. As a result, medical studies tend to present an “average” for
each disease—an average that may not accurately describe either females or
males. This issue is very important because studies that fail to disaggregate
and analyze data by sex miss specific disease mechanisms and treatments for
women, men, and non-binary people. For example, estrogen receptors (ERs)
have widespread effects in numerous cells throughout the body, not just in
reproductive organs. This means that differences between females and males
in estrogen levels impact cells well beyond the reproductive system. In light
of these findings, researchers have been actively investigating conditions
where the disease incidence is higher in one sex, or where clinical manifesta-
tion is different between women and men even in cases where the disease
incidence is similar.

While I have been a gastroenterologist for 30 years, I first encountered the
concept of “Gendered Innovation” or “Sex/Gender-Specific Medicine” in
2014 when I joined the GI Workshop cosponsored by Stanford University,
National Science Foundation, Korea Foundation of Women’s Science &
Technology Associations (KOFWST). The workshop was held at Stanford
University and colorectal cancer (CRC) was one of the topics in this work-
shop. In particular, the sex/gender-specific aspect of colon cancer was very
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impressive and attractive as a research topic. The incidences of gastrointestinal
(GI) cancers such as esophageal, gastric, colorectal, and hepatocellular carci-
noma are higher in men compared to women, suggesting the protective role
of estrogen in the GI cancers. Sex difference of GI cancers has two aspects
between sexual dimorphism (biological differences in hormones and genes)
and gender differences (non-biological differences in societal attitudes and
behavior). It is opposite in the case of functional gastrointestinal disorders
(FGID). FGIDs, such as functional dyspepsia and irritable bowel syndrome,
are more common in women than in men and are related to sociocultural fac-
tors such as stress, which tend to differ by gender. Various mechanisms of
FGID have been proposed, such as disturbed gastroduodenal motility and
visceral hypersensitivity. Women with FGID more commonly have visceral
hypersensitivity and are more strongly influenced by the brain-gut axis.
Physiological mediators such as ghrelin and transient receptor potential
vanilloid-1 (TRPV1) play a significant role in the pathophysiological mecha-
nism of functional dyspepsia in men, but factors related to the brain-gut axis,
such as depression and anxiety, play a larger role in women. Women and men
frequently are presented with different symptoms of FGID and respond dif-
ferently to treatment. These differences can be caused by the effects of sex
hormones or genetic predispositions on disease mechanisms (i.e., pathophys-
iology) and by sociocultural factors related to gender. This book highlights
the sex/gender differences in the diseases of entire GI organ. Especially
regarding the gut and oral microbiota, which affect various parts of a person’s
body from brain to gut, neurologists, psychiatrists, and dentists as well as
gastroenterologists collaborated to uncover the sex/gender difference of
depression, anxiety, cognitive disorders and Parkinson’s disease. These chap-
ters clearly show that studies must integrate both sex and gender analysis into
the research design and analyze how sex and gender interact with each other.

I would like to thank the co-authors of this book, Prof. Hee Young Paik and
Prof. Heisook Lee for their encouragement on publishing this book, and Prof.
Londa Schiebinger for her help with kind and accurate comments regarding
the “Why Is Sex/Gender-Specific Medicine Needed?” The quality of this
book was upgraded by Ji Hyun Park who played the role of manuscript editor
very well. Finally, I hope this book stimulates the interests of researchers and
clinicians worldwide in terms of “Sex/Gender-Specific Medicine.”

Seongnam, Korea (Republic of) Nayoung Kim



Introduction

Sex/gender-specific medicine (SGM) is defined as the practice of medicine
based on the understanding that biology and social roles are important in men
and women for prevention, screening, diagnosis, and treatment. Current
research demonstrates differences in disease incidence, symptomatology,
morbidity, and mortality based on sex and gender. Sex/gender-specific medi-
cine is a fundamental aspect of tailored therapy and precision medicine.
Therefore, the variables must be considered in medical education and prac-
tice as well as in research models ranging from human participants, animals,
and cells. Gastroenterology is very big and important division of Internal
Medicine, which include esophagus, stomach, small and large intestine, pan-
creatobiliary tract, and liver. Nowadays, estrogen is known to play a key role
in the prevention of colon cancer and progression of liver cirrhosis and hepa-
tocellular carcinoma, especially in women. In this book, I tried to cover the
sex/gender-specific medicine in the area of GI tract in the adults as well as in
the pediatrics and in the gut microbiota.

Nayoung Kim

vii
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Why Is Sex/Gender-Specific
Medicine Needed?

Nayoung Kim and Londa Schiebinger

1.1 Introduction

Medical researchers and clinicians recognize that
it is important to understand differences related
to age, for example, between young and old peo-
ple. Similarly, it is important to understand the
physiological/physical ~ differences  among
women, men, and non-binary people. The differ-
ences among women, men, and non-binary peo-
ple can be divided into sex differences, which
respond to hormones and genetic factors, and
gender differences, which are related to differ-
ences in women’s and men’s distinct social and
cultural roles. Importantly, these two aspects—
sex and gender—interact and together influence
health outcomes [1, 2]. Thus sex and gender are
modifiers of health, disease, and medicine [3].
For instance, emerging research reveals that les-
bian, gay, bisexual, transgender, and queer or
questioning (LGBTQ+) individuals experience
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higher rates of health disparities [4-6]. These dis-
parities may be driven, in part, by medical pro-
viders’ biases and lack of knowledge in
health-care settings [4—7]. There has been a tec-
tonic shift in the field of transgender health care
since the 2007 [8], but little is known about how
medical, nursing, or dental students are trained to
identify and reduce the effects of their own biases
toward LGBTQ+ individuals. New strategies are
needed to assess and mitigate implicit bias toward
LGBTQ+ patients [7].

Sex/gender-specific medicine refers to the
health-related differences between women and
men. Although many researchers and clinicians
believe that sex differences are already well
understood, experts point out that even where
females and males are included in a study in
equal numbers, data are often not disaggregated
and analyzed by sex. As a result, medical studies
tend to present an “average” for each disease—an
average that may not accurately describe either
females or males. This issue is very important
because studies that fail to disaggregate and ana-
lyze data by sex miss specific disease mecha-
nisms and treatments for women, men, and
non-binary people [9]. For example, estrogen
receptors (ERs) have widespread effects in
numerous cells throughout the body, not just in
reproductive organs. This means that differences
between females and males in estrogen levels
impact cells well beyond the reproductive sys-
tem. In light of these findings, researchers have

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2022 3
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been actively investigating conditions where the
disease incidence is higher in one sex or where
clinical manifestation are different between
women and men even where the disease inci-
dence is similar. Prominent examples include
brain development, cardiovascular disease in
women, osteoporosis in men, and stem cell
research [10].

It is important to understand that sex/gender-
specific medicine is part of the move toward
precision medicine. This review presents the his-
tory of sex/gender-specific medicine along with a
discussion of the definition, development, and
importance of sex/gender-specific medicine in
gastrointestinal (GI) diseases.

1.2  History of Sex/Gender-

Specific Medicine

Physicians tend to agree that children are not
miniature adults. However, few recognize that
women are not simply smaller men. For many,
women and men were considered the same except

for reproductive organs. In the 1980s and 1990s,
the realization that medicine as a whole—includ-
ing the diagnosis and treatment of diseases—is
male-centered led to a focus on women’s health
[11]. Initial interest focused on the endocrine and
reproductive systems, but with new studies of
sex/gender differences in diabetes and cardiovas-
cular diseases, sex became recognized as an
important biological variable. Further studies
emphasized the role gender plays as a sociocul-
tural variable in disease [12] (Fig. 1.1), and the
term ‘“gender medicine” was coined [13]. In the
2000s, the term “sex/gender-specific medicine”
was established as a concept that includes the
interaction of both biological and sociocultural
aspects in health outcomes.

1.3  What Is Sex/Gender-Specific

Medicine?

Sex/gender-specific medicine refers to the study
of medicine that integrates both biological and
sociocultural roles of females and males into the

Cumulative Life Course Risk Factors for Non-Communicable Disease
Highlighting the influence of sex and gender-related factor

Smoking
Obesity

Socioeconomic status

Maternal
nutrition
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~
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Fig.1.1 Risk factor analysis of non-communicable diseases by life stages with a focus on sex/gender elements (adapted

from Danton-Hill et al. [12])
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screening, diagnosis, treatment of disease, and
clinical practice. Recent studies have documented
significant differences between women and men
in the incidence, symptoms, morbidity, and mor-
tality of various diseases [14], highlighting the
importance of sex/gender-specific medicine to
precision medicine [8, 15]. It is important to
understand that sex/gender-specific medicine is
not women’s health, which focuses primarily on
women’s reproductive health. Rather sex/gender-
specific medicine analyzes differences between
men and women throughout the entire body and
recognizes that understanding these differences
will improve the precision and quality of health
care for both women and men.

The next step is to integrate sex/gender-
specific medicine into the medical curriculum. In
recent years, Western societies, such as the
United States, Germany, and Sweden, have incor-
porated sex/gender-specific medicine into clini-
cal training programs for medical students,
graduate students, and medical personnel [16].
There have been release of three online training
modules for integrating sex and gender in bio-
medical research; primary data collection with
humans; and the analysis of data from human
participants from the Canadian Institutes of
Health Research (CIHR). In addition, release of
sex as a biologic variable (SABV) primer con-
sists of four interactive courses with title of
SABYV and health of women and men, SABV and
experimental design, SABV and analysis, and
SABYV and research reporting from US National
Institutes of Health. These courses have been
evaluated positively [17]. From these experi-
ences, the experts found that sex/gender-specific
findings must be incorporated across the curricu-
lum—wherever relevant—at all levels education
for medical students, graduate students, resi-
dents, and fellows [18-20]. To achieve this goal,
more educational materials, case studies, and
clinical reports and studies are needed [16, 18].

From 2017 to 2019, South Korea experimented
with two courses. One was offered as an elective
for second-year medical students at the Seoul
National University College of Medicine and
received positive reviews. A second course was

offered to graduate students in translational medi-
cine in 2017 and 2019. This course employed the
text, Sex and Gender Aspects in Clinical Medicine
[15]. This foundational text reported finding for
sex and gender in circulatory, respiratory, diges-
tive, kidney, and autoimmune diseases, as well as
endocrinology, hematology, neurology, clinical
pharmacology, and pharmacokinetics [15, 21].
Faculty and students who took the course were
unfamiliar with sex/gender-specific medicine
before attending the classes, but by the end of the
semester, they were motivated to apply sex/gen-
der-specific analysis to their clinical research [22]
(Table 1.1). This experience was published as an
article entitled “Experiences with a graduate
course on sex/gender medicine in Korea,” [22]
which received considerable attention.

The Need for Sex/Gender-
Specific Medicine

14

Why is sex/gender-specific medicine necessary?
Ultimately, the reason is that sex/gender-specific
medicine improves health outcomes [15]. Women
and men may suffer from different diseases; they
may also present with different symptoms in the
same disease. Biologically, these differences may
be caused by the effects of sex hormones or
genetic predispositions on disease mechanism
(i.e., pathophysiology). Culturally, these differ-
ences may be traced to gender differences in
social roles, attitudes, and behaviors, which may
impact the incidence or expression of disease.
Some prominent examples of sex and/or gender
differences in disease include myocardial infarc-
tion, the clinical symptoms of heart failure, rheu-
matic disease, and autoimmune diseases. For
instance, myocardial infarction and sudden isch-
emic death is more common in men, meaning
that treatment is often delayed in women who
may present with atypical symptoms, such as epi-
gastric soreness or heaviness instead of pain in
the chest. Since coronary syndrome related to
stress is more common among women, exercise
stress testing is less effective for women than for
men.
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Table 1.1 Survey of participants in a graduate course on sex/gender-specific medicine in the graduate school of trans-
lational medicine in a Seoul-based medical school (adapted from Park et al. [22])

Items \ Pre class (n = 22) \ Post class (n = 20) p-value

1 am familiar with sex/gender differences in medicine <0.0001

Strongly disagree 1(4.5) 1(4.5)

Disagree 12 (54.5) 0

Neutral 8(36.4) 8 (36.4)

Agree 1(4.5) 9 (40.9)

Strongly agree 0 2(9.1)

I am familiar with the term “gendered innovation” <0.0001

Strongly disagree 6(27.3) 1(4.5)

Disagree 10 (45.5) 4(18.2)

Neutral 6(27.3) 7(31.8)

Agree 0 7(31.8)

Strongly agree 0 1(4.5)

Sex/gender-based medicine is a fundamental aspect of precision medicine or research 0.287

Strongly disagree 0 0

Disagree 1(4.5) 1(4.5)

Neutral 3(13.6) 0

Agree 8 (36.4) 7 (31.8)

Strongly agree 10 (45.5) 12 (54.5)

Sex/gender-based medicine is a fundamental aspect of precision medicine or research 0.724

Strongly disagree 0 0

Disagree 1(4.5) 1(4.5)

Neutral 5(22.7) 0

Agree 11 (50.0) 9 (40.9)

Strongly agree 5(22.7) 10 (45.5)

Differences are common in other diseases. 1.5 Need for Sex/Gender-

The ratio of women to men among patients with Specific Medicine

rheumatoid arthritis is 2 to 3:1. Although there
are no specific clinical differences, women tend
to evaluate their pain as more severe than do men,
meaning that disease activity is greater in women.
In addition, women suffer comorbidities, such as
depression, thyroid disorders, and fibromyalgia,
while men suffer more cardiovascular diseases.
Experts in these fields may be familiar with these
differences but students, interns, and residents
rarely are. Another example is sex/gender differ-
ence in prediabetes. Glucose intolerance occurs
quickly in women, but in men, fasting blood
sugar rises only gradually in these early stages.
The cardiovascular comorbidities of diabetes are
also different for women and men. Thorough
familiarity with these differences can assist in
diagnosis and treatment, underscoring the need
for sex/gender-specific medicine [15].

in Gastrointestinal Diseases

Functional gastrointestinal disorders (FGIDs),
such as gastroesophageal reflux disease, func-
tional dyspepsia (FD), and irritable bowel syn-
drome (IBS), are more common among women.
Stress is an important factor in these diseases,
and women are more susceptible to stress; there-
fore, considering gender differences in treatment
is important. Visceral hypersensitivity and mobil-
ity, important elements in the mechanism of these
diseases, are regulated by the brain-gut axis,
which is also influenced by gender. It is often dif-
ficult, however, to define gender and analyze it in
research. GI cancers (e.g., esophageal cancer,
gastric cancer, and colon cancer) are known to be
twice as prevalent in men as in women, but it is
not clear whether there are reasons for this
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beyond gender-specific discrepancies in smok-
ing, which is more common among men, and dif-
ferences in alcohol and food consumption.
Finally, liver fibrosis that progresses after hepati-
tis B or C infection is common in men, but rare in
women.

Estrogen plays a role in these and other dis-
eases. Interestingly, disease patterns and inci-
dence in men and women differ more before
menopause and become more similar after
menopause. Estrogen is a steroid hormone first
discovered as a substance that controls the
development and growth of human reproduc-
tive organs. Estrogen and estrogen receptors,
however, have been shown to be involved in
physiological and pathological processes
extending well beyond the reproductive organs
to the cardiovascular, skeletal, and neuroendo-
crine systems [23]. Research on estrogen
entered a new phase when two different types
of receptors (ERa and ERf) were discovered in
1996, which has prompted wider-ranging
research. Similarly, androgen receptors (ARs)
are a new target of research. ARs have been
found to be involved in cancer mechanisms in
tissues other than reproductive organs. AR
overexpression promotes carcinogenesis and is
related to lymph node metastasis and poor
prognoses [24, 25]. A study of neoplastic tissue
of the stomach showed that AR positivity was
independently associated with lower survival
rates; connections to other clinical and patho-
logical factors were not found [26, 27].

Colon cancer also displays both sex/gender
differences. Color cancer is more prevalent
among men. The low incidence of colon cancer
in women may relate to ERP which inhibits colon
cancer [28, 29], especially since, after meno-
pause, the incidence in women rises. Gastric can-
cer is also more common in men than in women,
with a 2:1 ratio [30]—a pattern that is consistent
across the world. Its incidence, however, may be
age dependent since gastric cancer in men differs
across age groups [31, 32]. Approaches from
various perspectives are necessary to understand
the factors that might explain a higher prevalence
of gastric cancer in men. Environmental factors

related to tumors should be comprehensively
analyzed along with genetic factors related to the
X and Y chromosomes, differences in sex hor-
mones, lifestyle factors including smoking and
drinking, Helicobacter pylori (H. pylori) infec-
tion [33], and the gut microbiome. Among the
known risk factors of gastric cancer are H. pylori
infection, alcohol consumption, and smoking.
These all contribute to a higher incidence in men,
but these factors do not fully explain the
difference.

Rates of AR positivity in gastric cancers are
not significantly different for women and for
men [34, 35], but studies have reported that the
occurrence of undifferentiated adenocarcinoma
are significantly more frequent than that of dif-
ferentiated adenocarcinoma in AR-positive
patients [35]. More recent studies have demon-
strated associations between AR status and can-
cer stage in gastric cancer [36, 37]. One study
also reported that AR expression was related to
diffuse gastric cancer and a lower disease-free
survival rate [38]. However, these studies fail to
fully explain sex/gender differences in gastric
cancer. In many clinical studies, sex was not
considered as a biological variable; therefore,
data regarding various factors related to sex hor-
mone exposure were not even collected. Thus,
analyses using big data or prospective data are
essential to demonstrate the theoretically likely
evidence of sex/gender differences in gastric
cancer. In vitro studies remain inconclusive
because the sex of experimental cells, tissues, or
animals is often not registered. For instance,
Taylor et al. [39] reviewed articles published in
2010 to determine the extent to which the sex of
cells was reported in cardiovascular studies.
They found that, among 191 articles published in
top cardiovascular journals, only 45 articles
(23.6%) reported cell sex [39]. Among these
studies, most (68.9%) used only male cells, and
none exclusively used female cells [39]. This
situation is not limited to any one research field.
Shah et al. [40] reported that only 25% of 100
articles randomly selected from the American
Journal of Physiology-Cell Physiology pub-
lished in 2013 described the sex of cells used in
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experiments [40]. An analysis of major cell
banks—e.g., American Type Culture Collection,
European Collection of Cell Cultures, and
Japanese Collection of Research Bioresources—
revealed that, of the human cell lines supplied
worldwide in 2013, 20% lacked any sex descrip-
tion. This failure to identify sex was worse
among non-human cell lines, with 92% of mouse
and 83% of rat cell lines being sold without sex
identification [41].

Many approaches to cancer research will
materialize in the coming years. From the per-
spective of homeostasis of cancer stroma and
organs, the regulation of angiogenesis or inflam-
mation by sex hormones is expected to be an
important foundation for understanding sex/gen-
der differences in cancer progression. As anti-
cancer therapy based on immune checkpoint
inhibitors increases, understanding how the
immune system differs by sex/gender will
become an essential area of research. Based on
successes reported for lung cancer and mela-
noma, clinicians may extend the survival period
of gastric cancer patients using programmed cell
death protein 1 (PD-1) and programmed cell
death-ligand 1 (PD-L1) inhibitor agents. Much
research is now focused on target groups that can
benefit from these drugs. However, studies have
failed to investigate potential interactions
between the immune response to cancer and sex
hormones. Estrogen and androgen may impact
the mechanism, treatment, and prognosis of GI
cancers, but research in this area is scarce, under-
scoring the need for sex/gender-specific analysis
in GI diseases. In spite of the promise of nano-
medicine to transform conventional medicine,
significant numbers of therapeutic nanomedicine
products have failed in clinical trials mainly
because most studies have overlooked several
important factors, including the significance of
sex differences at various physiological levels
[42]. Hajipour et al. suggested that more thor-
ough consideration of sex physiology, among
other critical variations (e.g., health status of
individuals), may enable researchers to design
and develop safer and more efficient sex-specific
diagnostic and therapeutic nanomedicine
products [42].

1.6  Conclusions

Health differences between women and men can
be divided into sex differences, grounded in hor-
mones and genetics, and gender differences,
related to social and cultural roles. These two
aspects are interconnected and impact the inci-
dence of various diseases. Sex/gender-specific
medicine refers to the medical study of these dif-
ferences between women and men. On the side of
sex, estrogen and estrogen receptors ERa and
ERp are involved in physiological and pathologi-
cal processes in the cardiovascular, skeletal, and
neuroendocrine systems—beyond the reproduc-
tive system [24, 25]. Similarly, ARs influence
various pathways related to carcinogenesis in tis-
sues other than reproductive organs. On the side
of gender, numerous functional GI disorders,
such as FD and IBS, are exacerbated by stress. It
is therefore imperative that researchers better
understand the mechanisms by which sex inter-
acts with gender, especially in non-communicable
diseases. To ensure the health of all of women,
men, and non-binary people, it will be important
to strengthen research into the sex/gender-spe-
cific aspects of GI diseases.
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2.1 Introduction

Men and women are alike in many ways, but the
biological and behavioral differences between
the two sexes/genders are of considerable impor-
tance. These differences impact the prevalence,
epidemiology, and pathophysiology of major
diseases, as well as access to healthcare. Despite
knowledge about these important differences, it
is not common for clinicians to provide tailored
medicine based on gender or to consider risk fac-
tors based on gender in the prevention, manage-
ment, and examination of diseases. Overlooking
these important factors interferes with effective
treatment, and standardizing all aspects of medi-
cal practice to focus on 170-cm-tall men weigh-
ing 65 kg constitutes a major obstacle to the
development of public health. To rectify this
problem, wide-ranging initiatives are necessary,
among which the most important is sex/gender-
specific medicine, which researches differences
between women and men from a medical stand-
point and applies the concept of gender in clini-
cal practice and pharmaceutical development.
Sex refers to biological differences, such as
reproductive functions, sex hormone levels,
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genetic differences expressed by the X and Y sex
chromosomes and their effects, and higher body
fat composition in females. In contrast, gender is
related to behavior, lifestyle, and experiences
[1]. Gender shapes healthcare access, healthcare
usage, and behavioral attitudes toward medical
professionals. Some examples of gender differ-
ences include the use of preventive methods,
prescriptions of medicines, health insurance
reimbursements, and receptive attitudes toward
artificial pacemakers or heart transplant surgery.
Sex/gender are closely related, which makes it
difficult to differentiate the effects of sex/gender
in reality. On the one hand, sex influences behav-
ior, as exemplified by the fact that testosterone
causes more aggressive behavior and leads to a
neglect of personal safety when exposed to dan-
ger. On the other hand, gender-based behaviors
can also change biological factors. For example,
stress, environmental toxicity, and poor nutrition
and lifestyle cause genetic or epigenetic changes
in adults, children, and even fetuses [1]. Sex hor-
mones influence gene repair and epigenetic
mechanisms; therefore, epigenetic variations
and their physiological effects are also different
in men and women [1] (Fig. 2.1). For this reason,
the effects of sex/gender should be considered in
medicine. Sex/gender-specific medicine or gen-
der medicine refers to an approach to medicine
that considers the effects of biological and socio-
cultural factors on women and men. This chapter
examines functional gastrointestinal disorders
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Fig. 2.1 Role of sex hormones. Since sex hormones influence gene repair and epigenetic mechanisms, epigenetic
changes and their physiological effects also appear differently in men and women (adapted from Regitz-Zagrosek [1])

(FGIDs) and alcohol-related gastrointestinal
(GI) diseases, for which the distinction between
sex/gender is clear, and presents considerations
necessary for effective treatment from the public
health perspective.

Effects of Sex/Gender
on Disease

2.2

Sex, which is determined by biological character-
istics, is generally categorized into female and
male. This categorization is based on the compo-
sition of the chromosomes that influence the
expression of phenotypic features, the reproduc-
tive organs, secretion of certain hormones, and
the biological functions caused by environmental
factors [2—4]. In contrast, gender is determined
by socially and culturally shaped attitudes and
behaviors and is generally categorized into femi-
nine/femininity and masculine/masculinity [2—
4]. Some females can have a more masculine
gender identity, and some males can have a more
feminine gender identity. Aspects of gender iden-
tity and presentation can change even in one per-

son throughout the stages of life due to changes
in the environment or the effects of hormones. In
recent years, diversity has been embraced, and
the absolute influence of parents has become rel-
atively weaker, making this tendency more evi-
dent. In the past, based on the idea that males
should be masculine and females should be femi-
nine, parents reinforced behaviors that fit this
idea and discouraged behaviors that did not.
However, in the modern era, when extended fam-
ilies have been replaced by nuclear families, the
phenomenon of discrepancies between sex/gen-
der has become more common as the influence of
parents has grown weaker. Gender-related termi-
nology varies across countries and cultures;
although the system used in one country [5] may
not be applicable to others, women are generally
referred to as females and men as males in arti-
cles. Sex is a fundamental factor in all life sci-
ences research, including medical research, and
plays an important role in the determination of
research priorities, the establishment of hypothe-
ses, and research design [1].

In contrast, gender analysis is applied in
research on topics for which sociocultural aspects
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play an important role, and it is an important
framework for diseases such as FGIDs in which
sociocultural aspects have a large impact.
However, inconsistencies in the definition of gen-
der have led to difficulties, such as the inter-
changeable use of the terms sex/gender in the
same paper or the use of different definitions by
different authors. Biological and social factors
related to sex/gender interact to influence the risk
of noncommunicable diseases until adolescence,
but as individuals enter adulthood and approach
old age, the importance of gender, which is
related to social factors, becomes greater than
that of the biological factor of sex [6].

2.3 Effects of Sex/Gender

on FGIDs

The gender-related (i.e., social) factors related to
FGIDs can be summarized as follows [7]. First,
psychological stress is associated with the symp-
toms and severity of FGIDs such as IBS [8].
Second, a history of sexual, physical, and emo-
tional abuse is more common in women with IBS
[9-13]. Third, women feel more embarrassment
related to losing control of their bodily functions
than men [4] because women consider their body
functions to be private and tend to think that body
functions should be kept a secret, according to
how they were educated [14]. For example, men
tend to experience abdominal bloating as simply
a form of physical discomfort. However, for
women, due to the social perception that women
should be pretty and thin, abdominal bloating
also becomes a cause of psychological stress
because it appears that they have a protruding
abdomen [15]. Beyond prejudices around appear-
ance, women usually have to take on caregiving
roles in social relationships and are raised with
the norm of pleasing others by sacrificing them-
selves [4]. Unlike men, women are perceived to
be hysterical when they express anger, make
demands, or question authority. Women’s opin-
ions are ignored, and their femininity is ques-
tioned. Due to these social expectations, women
might suppress certain thoughts, emotions, and
behaviors rather than express them and jeopar-

dize their relationships. For example, research
has found that women with IBS had a higher self-
silencing score than women with inflammatory
bowel disease [16]. In contrast, men were found
to struggle with losing control at work due to the
symptoms of IBS [15]. Fourth, many studies have
reported gender differences in the health-related
quality of life of patients with FGIDs [17, 18]. In
a European study, the quality of life was lower in
women with IBS than in men with IBS [19]. A
similar finding was also reported in a Chinese
study [20]. A study that compared the quality of
life of patients with FGIDs to that of healthy indi-
viduals reported that the quality of life among
FGID patients was lower than that among healthy
individuals, while the quality of life of women
with FGID was significantly lower than that of
men with FGID [18, 21].

24 Effects of Sex/Gender
on Alcohol-Related

Gastrointestinal Diseases

Alcohol consumption is an important health risk
factor in South Korea. A large proportion of the
South Korean population has a lower ability to
metabolize alcohol than Caucasians, which makes
South Koreans more vulnerable to alcohol.
Specifically, in 30% of the population, the capac-
ity to secrete the enzyme that breaks down acetal-
dehyde is less than half that of Caucasians. Some
individuals have only about a tenth of the capacity
to metabolize alcohol, to the point they cannot
break down even a single drink of alcohol. Even
in individuals who have a higher capability to
metabolize alcohol, toxicity occurs when an
amount greater than half a bottle of soju (tradi-
tional Korean alcohol) is consumed due to a delay
in breaking down alcohol. Females are known to
be more vulnerable to alcohol than males.
Diseases related to drinking alcohol include GI
diseases, such as liver and pancreatic disease, as
well as head and neck cancers, depression, and
dementia. Alcohol-related diseases manifest dif-
ferently according to sex/gender; therefore, to
treat these diseases well, it is important to under-
stand how they are influenced by sex/gender.
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Difference of Alcohol
Metabolism by Sex

241

Once ethanol, the psychoactive component of
alcoholic drinks, is absorbed into the body, it is
converted to acetaldehyde by alcohol dehydroge-
nase in the first stage and to acetate (the conju-
gate base of acetic acid, also known as vinegar)
by aldehyde dehydrogenase 2 (ALDH?2) in the
second stage. While nearly all Caucasians and
Southeast Asians carry the active ALDH2 *1/*1
genotype, the inactive ALDH2 *2 allele is fre-
quently observed in East Asian populations,
which have 30% ALDH?2 *1/*2 heterozygosity
and 5-10% ALDH2 *2/*2 homozygosity [22,
23]. It is known that there are considerable differ-
ences in alcohol metabolism according to the
ALDH? genotype [24]. For individuals who can-
not break down alcohol such as ALDH2 *2/*2
homozygosity, even one shot of soju can make
their face and body turn red, break out with hives,

and feel itchy. In severe cases, death can be
caused by respiratory failure or heart problems,
so caution is needed. If a low amount of ALDH2
is secreted or the level of enzyme activity is low
such as in people with the ALDH2 *1/*2 geno-
type, acetaldehyde, a toxic intermediate decom-
position product, accumulates in the body and
causes physical symptoms such as redness of the
face, headaches, and palpitations [25] (Fig. 2.2).
Individuals whose face turns red after drinking a
small amount of alcohol secrete lower levels of
ALDH?2 or have less active ALDH2 as a result of
genetic factors, and their blood acetaldehyde
level increases dramatically even after consum-
ing a little bit of alcohol.

There are sex differences in alcohol metabo-
lism. In general, 20-25% of the consumed alco-
hol is absorbed in the stomach, while 75-80% is
absorbed in the small intestines to be detoxified
in the liver [26] (Fig. 2.3a). Females weigh less
than males, have a higher proportion of body fat

Fig. 2.2 The mechanism of alcohol metabolism. When
an inadequate amount of aldehyde dehydrogenase 2
(ALDH?2) enzyme is secreted or its activity is low, acetal-
dehyde (an intermediate product of alcohol decomposi-
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tion) accumulates and causes toxicity. ADH alcohol
dehydrogenase, CYP2E] cytochrome P450 2E1 (adapted
from Lee [25])
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Fig. 2.3 Alcohol metabolism in men and women. In gen-
eral, 20-25% of the consumed alcohol is absorbed in the
stomach, while 75-80% is absorbed in the small intestines
to be detoxified in the liver (a). Women weigh less than in
men, have a higher proportion of body fat, and have a

and a lower body water percentage (around 60%
in females, 65% in males) (Fig. 2.3b), and secrete
less alcohol dehydrogenase enzymes; therefore,
the blood alcohol level is higher in females than
in males after drinking the same amount of alco-
hol (Fig. 2.3c), and more acetaldehyde (a toxic
byproduct) accumulates in females. As a result,
females have a shorter time period than males
from starting drinking to the onset of conditions
requiring treatment due to problems such as
heavy drinking or addiction.

2.4.2 Differences in Alcohol
Consumption Patterns by
Gender

Throughout the world—including South Korea—
alcohol consumption was traditionally consid-
ered permissible for men. In the feudal era, due to
discrimination against women’s consumption of
alcohol, women usually drank alcohol in private
spaces where they would not be seen by others.

lower body water percentage (around 60% in women,
65% in men) (b). Since women also secrete less alcohol
dehydrogenase, women have a higher blood alcohol level
than men after drinking the same amount of alcohol (c)
(adapted from van de Waterbeemd and Gifford [26])

In this situation, when drinking problems
occurred due to chronic alcoholism, there was
generally no opportunity to make appropriate
interventions. This historical trend relates to how
men drink in social situations, while women
drink to relieve stress. This trend is becoming
clearer as women become more stressed from
having to balance work and family. According to
2017 statistics, 79% of Korean men and 52.3% of
Korean women consume alcohol [27] (Fig. 2.4a).
When the prevalence of high-risk alcohol con-
sumption is estimated with the World Health
Organization standard of consuming more than
seven drinks for men and five drinks for women
once a week or consuming any amount more than
twice a week, 55.8% of men and 27.6% of women
have high-risk consumption [27] (Fig. 2.4b).

In recent years, alcohol consumption (both in
general and high-risk consumption) has steadily
become more common among women. The
increase in high-risk alcohol consumption among
women in their 20s and 30s has been particularly
rapid (2017 Health and Welfare Statistical Year
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Fig. 2.4 Trends in alcohol consumption from the 2017
Health and Welfare Statistical Year Book In total, 79% of
Korean men and 52.3% of Korean women consume alco-
hol (a). According to the World Health Organization stan-
dard of high-risk alcohol consumption (consuming more
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Fig. 2.5 Survey of alcohol consumption by age among
South Koreans above the age of 19. Alcohol consumption
is most often seen in men aged 30-59, but in women, alco-

Book). In a survey of the prevalence of alcohol
consumption by age among South Koreans above
the age of 19, drinking was found to be most
common in the 30-59 age group among men, but
in the 19-29 age group among women, after
which the prevalence declines [27] (Fig. 2.5).
The increase in alcohol consumption among
women is caused by greater exposure to drinking

40-49

than seven drinks for men and five drinks for women once
a week or consuming any amount more than twice a
week), 55.8% of men and 27.6% of women have high-risk
consumption (b) (adapted from 2017 Health and Welfare
Statistical Year Book [27])

m Total ®m Men m Women

50-59 60-69 70+

hol consumption is highest among those aged 19-29
(arrow) and declines afterward (adapted from 2017 Health
and Welfare Statistical Year Book [27])

due to the increased participation of women aged
19-29 in the workforce, the introduction of low-
proof and fruity soju targeting women, marketing
efforts by the alcohol industry, and the effects of
media. Delays in marriage and pregnancy are
another reason. Unlike in men, alcohol consump-
tion behavior and outcomes in women differ by
occupation, income level, and education level.
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Younger women with lower occupational and
income status have been found to engage more
frequently in high-risk alcohol consumption
behaviors.

2.4.3 Differences in Healthcare
Utilization by Gender Among
Patients with Alcoholism

Men and women are also different in their health-
care utilization behaviors when physical diseases
due to alcohol consumption occur. For several
reasons, men with alcoholism are often accompa-
nied by their spouses or other family members
when visiting the emergency room or outpatient
appointments. Women with alcoholism usually
visit alone. As a gender difference, men tend to
be more confident in front of medical staff, while
women are more ashamed. Barriers to treatment
exist for women, such as differences in mindset,
problems with children, postpartum care, comor-
bid psychiatric problems, and alienation from
social facilities [28, 29]. According to a report
from California in the United States, when alco-
holism was surveyed in a non-alcoholic clinical
sample after considering gender in the general
population, a greater proportion of women were

Fig. 2.6 Gender
differences in the
trajectories of
alcoholism. The time

period from the first Men

drink to first problem

and first treatment was First drink
shorter in women First drunk

compared to men
(adapted from Piazza
etal. [31])

First problem

First treatment

found to have issues with alcohol [30]. For exam-
ple, the relative risk of alcohol issues among
patients in mental health treatment compared to
the general population was 2.1 in men and 5.6 in
women [30]. Moreover, men were more likely to
have received related medical services in the past
compared to women. Even when women had
more severe symptoms, they were less likely to
ask for help [30], which demonstrates the need
for medical professionals and social workers to
consider gender when they approach issues with
alcohol.

2.4.4 Alcohol-Related Physical
Diseases

When alcohol is not broken down due to the lack
of ALDH2 secretion or reduced enzymatic activ-
ity, acetaldehyde accumulates in the body, caus-
ing various physical diseases. As described
above, females are more vulnerable to alcohol
and develop these diseases more quickly [31]
(Fig. 2.6).

2.4.4.1 Alcohol and Esophageal Cancer
Esophageal cancer is more common in males
than in females around the world, with 70% of

Telescoping of Alcoholism in Women Alcoholics
Average Age of Symptom Onset

— 10 — Women
— — First drink
— 20 —— First drunk
30 —
— First problem
— First treatment
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cases in males. In a study that analyzed data from
51,000,000 individuals in South Korea, people
who consumed even a small amount of alcohol
had a higher risk of GI cancer than people who
did not drink at all [29]. The risk for gastric and
colorectal cancer increased until the daily amount
of alcohol consumption reached 20 g [29].
However, after 20 g per day, a dose-dependent
increase was not observed while the risk for
esophageal cancer continuously increased [29].
Among the three GI cancers, esophageal cancer
was the most associated with alcohol consump-
tion as well as with the amount of alcohol con-
sumption [29]. In addition, consumption of both
tobacco and alcohol increased the risk of esopha-
geal cancer even further [29] (Fig. 2.7). The con-
sumption of both alcohol and tobacco is more
common among men than women. An interpreta-
tion of these findings is that due to unconfirmed
causes (perhaps related to hormones), the inci-
dence of esophageal squamous cell carcinoma or
esophageal adenocarcinoma is much higher in
men than women [29]. Further gender-stratified
analyses of the total duration of alcohol exposure
and the amount of alcohol consumed will shed

Hazard ratio
w

further light on the effects of alcohol on esopha-
geal cancer.

2.4.4.2 Alcohol and Gastric Cancer

Some studies reported no relationship between
alcohol and gastric cancer, but the lack of an
association in those studies may have been
because they did not consider poor ALDH2
metabolizers. Our team investigated the associa-
tion between alcohol consumption and the risk
for gastric cancer in the Korean population with
the ALDH?2 genotype [33]. Subjects with inactive
ALDH?2 *2 allele(s) showed a lower level of
alcohol consumption than ALDH2 *1/*1 homo-
zygotes (p < 0.001) [33]. Among the ALDH?2
*1/%2 carriers (n = 243), current/ex-drinkers had
a significantly increased risk for gastric cancer
compared with never/rare drinkers (odds ratio
[OR] 2.80; 95% confidence interval [CI], 1.51-
5.19) [33]. Among heavy drinkers (n = 115),
ALDH2 *1/*2 heterozygotes had a fourfold
increased risk for gastric cancer compared with
*1/*1 homozygotes (OR 4.26; 95% CI, 1.10-
16.47); however, no risk increase was seen among
never/rare drinkers. Furthermore, there was a

Esophageal cancer

2
___m Gastric cancer
------ a__ ez g Colorectal cancer
//’—‘ ~‘~..,—"’
1
0
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Fig. 2.7 Effects of alcohol on esophageal cancer. The combination of alcohol consumption and smoking further
increased the risk of esophageal cancer (adapted from Choi et al. [32])
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gender difference in the effect of alcohol. That is,
no significant differences were found in males,
but females showed large differences in the risk
of gastric cancer, with risk increasing from non-
drinkers, quitters, and light drinkers to heavy
drinkers [33] (Table 2.1). Recently we performed
the meta-analysis in a total of seven case—control
studies on ALDH?2 rs671 polymorphism consist-
ing of 3251 gastric cancer cases and 4943 con-
trols [34]. Inactive ALDH2 genotypes (G/A or
A/A) were associated with an increased risk of
gastric cancer (OR 1.26; 95% CI, 1.04-1.52;
p=0.02; P =64%), compared with active ALDH2
(G/G genotype) [34]. Subgroup analysis by alco-
hol consumption showed that inactive ALDH?2
increased risk for gastric cancer in moderate to
heavy drinkers (OR 1.85; 95% CI, 1.52-2.25;
p < 0.01; P = 6%) more than in non-drinkers or
mild drinkers (OR 1.19; 95% CI, 1.05-1.36;
p <0.01; P = 6%) [34]. Moderate/heavy alcohol
consumption increased gastric cancer risk in indi-
viduals with inactive ALDH?2 (OR 2.23; 95% (I,
1.63-3.05; p < 0.01; P = 30%) more than those
with active ALDH2 (OR 1.40; 95% CI, 0.98—
2.01; p =0.07; P = 85%) [34]. These results sug-
gest that the ALDH?2 polymorphism modifies the

risk of gastric cancer. However, most of studies
did not analyze the effect of gender difference on
the alcohol-induced gastric carcinogenesis. There
was a survey about alcohol flushing could be
used to measure ALDH2 activity levels [35].
Gender differences in alcohol flushing and dis-
ease need to be evaluated in the future.

2.4.4.3 Alcohol and Colorectal Cancer

In “Ten Ways to Eat and Manage Health to Beat
Colorectal Cancer” published by the Korean
Society of Cancer Prevention for the 2016 Cancer
Prevention Day, excessive drinking was identi-
fied as a risk factor of colorectal cancer. The risk
of colorectal cancer was 1.3 times [32] and 1.87
times [36] higher in heavy drinkers than in non-
drinkers in studies based in South Korea, and the
risk was 1.42 times higher in a Japanese cohort
study [37]. In a community-based study that
observed 6291 residents (aged 55 and older) of
Ganghwa-do for 20.8 years from 1985 to 2005,
mortality associated with soju was significantly
higher than that associated with makgeolli
(Korean traditional alcohol) among men, but this
difference was not significant among women.
The reason for this finding may be that the

Table 2.1 The effects of alcohol on gastric cancer by gender (adapted from Shin et al. [33])

| Cases (%) | Controls (%) | Adjusted OR® (95% CI) | p value®
All subjects (n = 815)
Never/rare drinker 213 (47.9) 240 (64.9) 1.00 (reference)
Ex-drinker 94 (21.1) 43 (11.6) 1.68 (1.07-2.64) 0.024
Light drinker 70 (15.7) 40 (10.8) 1.60 (0.99-2.58) 0.054
Heavy drinker 68 (15.3) 47 (12.7) 1.12 (0.70-1.81) 0.636
P ent 0.335
Males (n = 495)
Never/rare drinker 102 (33.2) 69 (36.7) 1.00 (reference)
Ex-drinker 80 (26.1) 36 (19.1) 1.29 (0.77-2.17) 0.337
Light drinker 60 (19.5) 36 (19.1) 1.14 (0.67-1.93) 0.622
Heavy drinker 65 (21.2) 47 (25.0) 0.88 (0.54-1.46) 0.629
P wend 0.965
Females (n = 320)
Never/rare drinker 111 (80.4) 171 (94.0) 1.00 (reference)
Ex-drinker 14 (10.1) 7 (3.8) 3.07 (1.14-8.28) 0.027
Light/heavy drinker® 13 (9.5) 4(2.2) 7.24 (2.12-24.70) 0.002
D trend <0.001

Logistic model adjusted for gender, age, H. pylori infection, smoking, and school education

"Light and heavy drinkers were combined among females because there were only three heavy drinkers in gastric cancer
cases and no heavy drinkers in controls. Never/rare drinker refers to a non-drinker or one who drinks <2 U/week; light
drinker <12 U/week; heavy drinker >12 U/week (1 U = 12 g of ethanol)
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amount of consumption was larger and the dura-
tion of consumption was longer in men [36].

2.4.4.4 Alcohol and Chronic Liver
Disease

Alcohol consumption is one of the main risk
factors for liver disease and causes various liver
diseases such as alcoholic fatty liver, alcoholic
hepatitis, cirrhosis, and liver cancer. Alcohol
can ultimately cause death by liver failure.
According to the 2017 Health and Welfare
Statistical Year Book, the number of patients
with chronic alcoholic liver disease was declin-
ing, but the total health expenditures associated
with alcoholic liver disease continued to
increase. For adult men, the risk of alcoholic
liver disease increased when 40-80 g of alcohol
(240-480 mL of soju) was consumed every day,
but in women, the risk increased with the daily
consumption of more than 20 g of alcohol, dem-
onstrating that women are more likely to develop
alcoholic liver disease with less alcohol con-
sumption than men [38]. Even when the same
amount of alcohol is consumed, the risk of cir-
rhosis is higher in women than in men, and cir-
rhosis can occur in women who consume only
one to two drinks per day [38].

2.4.4.5 Alcohol and Pancreatitis

The pancreas is an important organ that secretes
insulin and digestive enzymes. Excessive drink-
ing increases the viscosity of blood and deterio-
rates blood circulation. In response to increased
levels of cholecystokinin, which stimulates the
secretion of pancreatic fluid, digestive enzymes
that break down proteins do not flow into the GI
tract. Instead, these enzymes break down pancre-
atic tissue, causing pancreatitis. Females are at a
higher risk of acute pancreatitis, wherein the pan-
creas swells and form blisters that narrow or
block the pancreatic duct, through which pancre-
atic fluid flows. As alcohol consumption among
women in their 20s is increasing, the incidence of
pancreatitis is also increasing. Chronic pancreati-
tis becomes less common among men as they
age, but it becomes more common among
women. According to a Japanese study result, the
mean age of onset of acute pancreatitis was

50 years but was lower among women than
among men. There was also a small difference in
the mean age of onset of chronic pancreatitis,
with the mean age among women being
53.3 years, which was lower than that among
men [37]. Another Japanese study examined the
length of alcohol consumption until the incidence
of pancreatitis by gender. The time period from
exposure to excessive alcohol consumption to the
diagnosis of pancreatitis was shorter in women,
with 6.8 years for acute pancreatitis and 9.7 years
for chronic pancreatitis. The length from first
drink to the incidence of acute pancreatitis was
29.8 years for men and 22.2 years for women,
and the length from first drink to the incidence of
chronic pancreatitis was 34.3 years for men and
23.0 years for women [39].

2.5 Conclusions

From the perspective of the influence of sex/gen-
der on disease, biological and social factors inter-
act to influence disease. For noncommunicable
diseases, as individuals enter adulthood and
approach old age, the influence of gender, which
is connected to social factors, becomes greater
than that of sex, which is connected to biological
factors. In other words, factors related to gender,
which is shaped by the sociocultural environ-
ment, have a large impact. FGID serves as an
excellent example of conditions for the role of
gender is evident in patients’ responses to clinical
symptoms and from the perspective of quality of
life. When individuals have the same symptoms
of IBS, the deterioration in quality of life is more
severe for women than for men due to differences
in social norms and sexual identity. Other dis-
eases on which sex/gender have an important
impact are alcoholic liver disease, pancreatitis,
and esophageal cancer. The metabolic process of
alcohol is influenced by sex, but the consumption
of alcohol and patterns of healthcare usage are
influenced by gender. Due to physical
characteristics such as lower levels of ALDH?2
and body water percentage, females’ capacity to
break down alcohol is weaker than that of males.
The risk of toxicity due to the accumulation of
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acetaldehyde is higher in females than in males,
so females are more likely to experience various
alcohol-related diseases such as gastric cancer,
liver cirrhosis, and acute and chronic pancreatitis.
From the gender aspect, men with alcoholism
more actively use healthcare and other social
welfare facilities, whereas women tend to only
visit the hospital with alcohol-related diseases
after their symptoms deteriorate. Therefore, med-
ical professionals should consider sex/gender
when treating alcohol-related disorders.
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Metabolism of Estrogen
and Testosterone and Their Role
in the Context of Metabolic

Diseases

Chang Ho Ahn and Sung Hee Choi

3.1 Introduction

Sex hormones define the fundamental sexual dif-
ferences between men and women and form sec-
ondary sexual characteristics through puberty.
They are the most important hormones in the
pathogenesis of infertility, and sexual dysfunc-
tion, and also involved in glucose metabolism,
muscle function, bone metabolism, and obesity.
The production of sex hormones is regulated by
feedback system of the hypothalamus-pituitary-
gonad axis. Pulsatile release of gonadotrophin-
releasing  hormone (GnRH) from the
hypothalamus leads to the secretion of the
follicular-stimulating hormone (FSH) and lutein-
izing hormone (LH) in the pituitary gland. LH
and FSH stimulate the production and secretion
of testosterone in the testis and estrogen in the
ovary. Testosterone or estrogen is, then, delivered
to hypothalamus and pituitary gland for feedback
control (Fig. 3.1).

However, testosterone, a leading male sex hor-
mone, is also produced in women’s ovaries and
adrenal glands [1]. Although the production of
testosterone in women is only 1/7-1/10 of men,
women are more sensitivity to the small amounts
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of testosterone [2]. The role of testosterone in
insulin resistance in polycystic ovarian syndrome
(PCOS), which causes infertility in women, and
increased fat amount in obesity, has been
reported.

In this chapter, we would like to explore the
metabolism of estrogen and testosterone, their
role in each organ, and the difference between
women and men in the clinical aspect of meta-
bolic diseases. This basic understanding of sex
hormones metabolism could broaden the knowl-
edge for sex/gender-specific medicine.

3.2 Metabolism of Estrogen

Compounds with stereo nuclei, such as bile acid
and sex hormones, are called steroid hormones.
There are three types of natural estrogen pro-
duced by women: estradiol, estriol, and estrone.
They are mostly produced in the ovaries but can
also be produced by metabolism of adrenal
androgen. The main female hormone before
menopause is estradiol. After menopause, the
percentage of estrone increases. Estrone is a
weak estrogen, which is commonly used in post-
menopausal female hormone replacement ther-
apy. Female hormones play an important role in
women’s normal sexual maturation and growth
of women’s genital organs including vagina and
uterus and also affect other organs that express
estrogen receptors. Estrogen receptors are mostly
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\ Male Testes
Testosterone

Fig. 3.1 Regulation of sex hormones. The production
and secretion of sex hormones are regulated by feedback
mechanism of hypothalamic-pituitary-gonadal  axis
(adapted from https://en.wikipedia.org/wiki/Hypothalami

nuclear receptors, but G protein-coupled estrogen
receptor also exists. The main action of estrogen
exerts through nuclear receptors [3-6] (Fig. 3.2).

3.3  Effects of Estrogen
in the Context of Metabolic

Diseases

It is well known that estrogen hormones affect
bone metabolism. Estrogen contributes to the
accelerated bone growth and the closure of
growth plate in adolescence. In adults, the major
effect of estrogen on bone metabolism is the
inhibition of bone absorption. Osteoporosis, the
representative of postmenopausal diseases, is
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6-10 times higher in women than in men, which
is related to the significant reduction of estrogen
level after menopause [7, 8]. Estrogen reduces
inflammatory signals such as apoptosis, oxida-
tive stress, and NF-kB in osteoblast, while
enhances apoptosis of osteoclast. Thus, without
estrogen activity, bone absorption is enhanced
and rapid bone loss can occur in postmenopausal
women [9] (Fig. 3.3).

The effect of estrogen on bones is well dem-
onstrated. Treatment of female hormones reduces
spinal and non-spinal fractures in postmeno-
pausal osteoporosis [10]. Estrogen has proven to
reduce fractures even in women without osteopo-
rosis. However, large cohort studies including
women’s health initiative (WHI) study reported
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Fig. 3.3 Effects of
estrogen on bone
metabolism. RANKL
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nuclear factor-xB ligand
(adapted from Okman-
Klis [9])
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the possibility of serious side effects such as
breast cancer, endometrial cancer, cardiovascular
diseases, and increased death when hormone
replacement therapy was continued for a long
period of time [10, 11]. As a result, female hor-
mones are now rarely used as the primary treat-
ment for postmenopausal osteoporosis. Selective
estrogen receptor modulator (SERM) plays a
dual role in inhibiting the action of female hor-
mones in the breast or uterus and enhancing the
action in the bones. Based on these characteris-
tics, SERM is used as a treatment for osteoporo-
sis instead of estrogen.

There is still controversy over the effects of
female hormones on cardiovascular disease. The
prevalence of cardiovascular disease generally
increases with age, and in women, the age at
which cardiovascular disease occurs is about
10 years later than in men. In particular, the prev-
alence of cardiovascular disease (CVD) in
women increases significantly after menopause,
and 95% of women’s cardiovascular diseases
occur after menopause. It has been suggested that
the decrease of female hormones after meno-
pause contributes to the increase of CVD [12,
13]. The effects of hormone replacement therapy
in menopausal women was investigated to ensure
that exposure of female hormones over a long
period of time had a preventive effect on cardio-
vascular disease and safety of the treatment in
large randomized controlled trials, but the results
showed no significant reduction in cardiovascular
disease after hormone replacement therapy com-
pared to placebo [11]. Female hormones increase
plasminogen, which reduces platelet adhesion,
and increase high-density lipoprotein cholesterol
and triglycerides. On the other hand, female hor-
mones are known to reduce low-density lipopro-
tein cholesterol, the most important cholesterol
for atherosclerotic cardiovascular disease [14]. In
studies of blood coagulation, female hormones
increase the coagulation factor II, VII, IX, and X
in the liver, while reducing antithrombin III,
thereby enhances blood coagulability [14].
Studies have shown that female hormone therapy
in menopausal women increases deep vein
thrombosis. It has been reported that the risk of

thrombosis more than tripled in obese women
with body mass index greater than 30 kg/m? [11].
Despite female hormones in premenopausal
women have positive effects in lipid metabolism,
maintaining vascular structure, and reducing
platelet adhesion, long-term hormone replace-
ment therapy in postmenopausal women is
thought to have no significant benefits in cardio-
vascular disease.

Large clinical studies have reported that
female hormone treatment may decrease the inci-
dence of type 2 diabetes [15]. However, female
hormone therapy has not been used to prevent
T2DM by far. The WHI study also showed a 21%
reduction in the incidence of T2DM in the
estrogen-progesterone  combined  treatment
group. The risk of T2DM has also decreased by
12% in estrogen-only treatment groups. These
results supported the hypothesis that female hor-
mones play a positive role in insulin secretion
and sensitivity. Recent studies have also shown
that estrogen regulates FOXO1 signal to promote
insulin sensitivity, inhibits gluconeogenesis, and
eventually contributes to blood glucose homeo-
stasis [16]. Estrogen contributes to diabetes pre-
vention by directly affecting the insulin resistance
and secretion [17]. Previous studies showed that
increased hepatic gluconeogenesis leads to
impaired fasting glucose in male, while altered
glucose metabolism and absorption in the intes-
tine leads to postprandial hyperglycemia and
impaired glucose tolerance in female. This may
come from the differences in estrogen and andro-
gen between the sexes [18]. Polycystic ovary
syndrome, which is associated with the relative
increase of androgen in female, is a well-known
risk factor for T2DM. The relative increase of
androgen to estrogen may adversely affect blood
glucose control in women [19, 20].

Thyroid diseases are much more common in
women than in men. Many studies investigated
how estrogen affects thyroid function. Estrogen
increases the amount of thyroid hormone binding
protein, increasing the total amount of thyroid
hormone. However, the amount of active hor-
mones (free T4 and free T3) usually remains con-
stant [21]. Recent studies have reported that
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estrogen directly affects the growth of follicular
cells in the thyroid. The differentiation and prog-
nosis of thyroid cancer varies depending on the
distribution of estrogen receptor subtype alpha
and beta [22, 23]. Further research is expected on

the role of female hormones on thyroid disease in
the future.

Aforementioned differences between men and
women in metabolic disease is summarized in
Table 3.1 [24].

Table 3.1 Gender-specific differences of metabolic and endocrinologic diseases (adapted from Kautzky-Willer [24])

Disease

‘Women

Men

Diabetes

* Higher rate of impaired glucose tolerance
IGT)

* Higher rate of impaired fasting glucose
(IFG)

* Worse lipid profiles

* Increased insulin resistance and fatty liver
disease

* More pronounced endothelial dysfunction and
dysfibrinolysis

* Special risk groups: men with erectile
dysfunction, low testosterone

* Higher concentrations of inflammatory
markers (CRP, fibrinogen, PAI-1) and
adipokines (adiponectin, leptin)

* TIDM preponderance at younger age

e Uric acid levels and physical inactivity better
predictors of T2DM

* Special risk groups: history of gestational
DM; PCOS; high testosterone, low SHBG

* More comorbidities and more physical and
cognitive limitations

* More often associated with hypothyroidism

Obesity

* For a given BMI higher adiposity

« For a given BMI higher lean mass

* More peripheral or subcutaneous fat mass

* More visceral and hepatic adipose tissue

» Lower energy expenditure

* Metabolic syndrome more common

* Higher age-adjusted increase of Metabolic
syndrome (MS)

¢ Associated with increased lifetime risk for
alcohol abuse

¢ Associated with increased lifetime risk for
nicotine dependence

* More frequently associated with asthma

» Stigmatization more intense and more
common in childhood and adolescence

* More depression in bariatric surgery
candidates

Thyroid disease

e Three to four times more common

* Antithyroid antibodies more prevalent

* Increased prevalence of hypothyroidism in
particular in old women

Osteoporosis

* 51% remaining lifetime probability for
osteoporotic fractures at the age of 50 years

* 20% remaining lifetime probability for
osteoporotic fractures at the age of
50 years

* Much more common in postmenopausal
women

» Higher mortality rate after hip fractures

* Lower bone mass density and bone size

» Secondary osteoporosis more frequently
(alcohol abuse, glucocorticoid therapy, or
hypogonadism)

Cushing/adrenal
insufficiency

* Cushing’s disease preponderance

* Prepubertal Cushing’s disease more
common

* More often unspecific symptoms of adrenal
insufficiency

* More severe symptoms at clinical
presentation and earlier onset

CRP C-reactive protein, PAI-1 plasminogen activator inhibitor-1, DM diabetes mellitus, PCOS polycystic ovarian syn-
drome, SHBG sex hormone binding globulin
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3.4 Metabolism of Testosterone
Testosterone is the main androgen in men. More
than 95% of testosterone is produced by Leydig
cells in the testis. The rest of testosterone is pro-
duced in the adrenal gland. Androgen is also
produced in women’s ovaries and adrenal glands.
As with female hormones, testosterone secretion
is regulated by the hypothalamus-pituitary-
gonadal axis. Basically, the secretion and produc-
tion of testosterone is controlled by a negative
feedback (Fig. 3.1).

Most of the testosterone in the blood is bound
to proteins such as sex hormone binding globulin
and albumin, while only 1-4% of testosterone is
free testosterone. Only free testosterone, as most
hormones do, has been known to be biologically
active, but protein bound testosterone is also
capable of transmitting signal into cells and bio-
logically active [23, 25].

3.5 Physiologic Effects

of Testosterone

Testosterone is important for the development of
male genital organs and reproductive function.
Testosterone promotes sperm production in tes-
ticular Sertoli cells. The promotion of bone for-
mation and maintaining muscle mass is the main
metabolic effects of testosterone. Testosterone
enhances differentiation of osteoblasts to mature
osteocytes and inhibits apoptosis of these cells to
increase bone formation [26]. In large cohort
studies, serum testosterone level is significantly
correlated with bone mineral density. Testosterone
replacement for old men with hypogonadism
increased bone mineral density. Another study
reported that testosterone treatment increased
muscle mass and reduced fat mass [27, 28].
Testosterone plays an important role in hair
growth. Interestingly, testosterone makes beards
grow, but there is no significant effect on eye-
brows, and inhibits the growth of scalp hair. This
is called as “androgen paradox.” This is because
dermal papillae of each body part react differently
to testosterone. The dermal papillae of the chin
secretes the growth factor (IGF-1), while the der-

mal papillae of the scalp secretes the growth
inhibitor interleukin-6 in response to testosterone
[29]. In women with androgen excess, such as
congenital adrenal hyperplasia and polycystic
ovarian syndrome, hypertrichosis occurs in andro-
gen-responsive areas. Not all the hair on the skin
grows in response to androgen, but only the hair
on androgen-dependent area grows in response to
androgen. Hair loss due to excessive testosterone
is characterized by hair loss on the forehead or the
top of the head. Interestingly, even the scalp hair
reacts differently to testosterone.

Testosterone is known to affect emotions, alle-
viating the degree of anxiety and depression, and
being linked to violence. The tendency that
women are less violent and depression is more
often in women may be associated with lack of
testosterone in women. Testosterone is, some-
times, referred to as a causative agent that creates
personality differences between men and women.
The relationship between psycho-behavioral traits
and testosterone is still controversial [30, 31].

Effects of Testosterone
in the Context of Metabolic
Diseases

3.6

As mentioned in the previous paragraphs, low
testosterone levels increase the risk of type 2 DM
and are associated with insulin resistance and
dyslipidemia [32]. In large-scale cohort studies,
low testosterone was associated with increased
overall mortality rate, mainly due to cardiovascu-
lar disease [33]. It is not clear how testosterone
increases cardiovascular mortality and the preva-
lence of diabetes. Testosterone treatment for
male patients with diabetes has shown improve-
ments in insulin resistance indices. Previous
studies showed that obesity rates were high in
patients with low testosterone levels, and testos-
terone treatment for these patients reduced obe-
sity, especially visceral fat [34, 35]. The most
notable difference in obesity characteristics
between men and women is that visceral obesity
is more severe in men, which is linked to chronic
inflammation, insulin resistance, and cardiovas-
cular disease. The increase of muscle mass,
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which plays an important role in reducing vis-
ceral fat and insulin resistance, by testosterone
treatment could contribute to improved glucose
metabolism and cardiovascular mortality [36]
(Fig. 3.4).

Testosterone is converted to dihydrotestoster-
one by Sa-reductase in hair follicles and prostate,
which causes hair loss and prostatic hypertrophy.
This leads to the use of Sa-reductase inhibitors in
patients with prostate hypertrophy, prostate can-
cer, and alopecia. When androgen deprivation
therapy was used to treat prostate cancer, inci-
dence of diabetes and cardiovascular diseases
and  cardiovascular  mortality  increased.
Testosterone treatment reduced LDL cholesterol
in male patients with hypogonadism and showed
additional improvements in lipid metabolism
even in patients who were already taking statins.
These are the evidence for the metabolic benefits
of testosterone [37, 38].

Obesity leads to a decrease in androgen level,
and patients with hypogonadism are prone to
obesity. The rationale for this is that as adipocyte
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increases, the activity of aromatase increases, and
testosterone is converted to estradiol. This is the
basis for a decrease in testosterone levels in obese
patients, and it is also known that degradation of
testosterone increases the number of fat cells and
affect their distribution.

In women, androgen is also produced in adi-
pose tissues and adrenal glands. Although it is a
relatively rare disease, congenital adrenal hyper-
plasia has a defect in the production of steroid
hormones in the adrenal gland, which results in
the deficiency of cortisol and aldosterone, major
adrenal hormones, and increase of androgen pro-
duction. In women, the increased androgen leads
to virilization. However, it is not known whether
the increase of androgen in women increases
muscle mass and reduces obesity. Rather, consid-
ering the higher risk of diabetes and cardiovascu-
lar diseases in women with polycystic ovary
syndrome, in which androgen is increased, the
effect of androgen in women is not expected to be
the same as in men. The insulin resistance of
polycyclic ovaries promotes the production of
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Fig. 3.4 Role of chronic inflammation in adipose tissue for the development of cardiovascular diseases (adapted from
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androgen, which increases the secretion of LH in
the pituitary gland, resulting in a further increase
in androgen production. Oral contraceptives are
used as a treatment for PCOS to restore the bal-
ance of estrogen and testosterone, and metfor-
min, a antidiabetic medication, is used to reduce
insulin resistance in PCOS [39].

3.7 Conclusions

Estrogen and testosterone are the main sex hor-
mones that determine the difference between
women and men. Majority of estrogen and testos-
terone are produced and secreted in the ovaries
and testis, which is controlled by the
hypothalamus-pituitary-gonad axis but can also
be partially produced in adipose tissues and adre-
nal glands. The decrease of estrogen inhibits
bone formation and enhances bone resorptions
which leads to the progression of osteoporosis.
Testosterone is known to contribute to improving
insulin resistance and preventing diabetes by
reducing visceral fat and increasing muscle mass
in men. Conversely, testosterone deprivation
therapy and hypogonadism increase obesity, dia-
betes, and cardiovascular diseases. However, in
women with androgen excess, diabetes and insu-
lin resistance paradoxically increased. Further
studies are needed on the role of sex hormones in
metabolic diseases.
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Gastroesophageal Reflux Disease

Nayoung Kim

4.1 Introduction

Gastric acid has positive functions such as diges-
tion of proteins, absorption of minerals such as
calcium and iron, and sterilization of harmful
microorganisms in ingested food. However, gas-
tric acid is very acidic, with a pH of 1-2; there-
fore, excessive secretion or acid reflux can cause
gastroesophageal reflux disease (GERD) and
gastric ulcers; as described below, GERD is a
spectrum that encompasses reflux esophagitis
(RE) and non-erosive reflux disease (NERD).
GERD, which is becoming more prevalent,
refers to gastric or duodenal content entering the
esophagus and causing reflux symptoms or tis-
sue damage in the esophagus, pharynx, larynx,
or bronchi. Thick mucus exists in the gastric
mucosal surface as a defense mechanism to pre-
vent tissue damage from highly acidic gastric
juice (Fig. 4.1a), but this defense mechanism in
the esophagus is weak. Therefore, when refluxed
gastric acid remains in the esophagus, tissue
damage occurs. In countries where obesity is
relatively prevalent and the diet is centered on
meat rather than vegetables, GERD is highly
common—to the point that one out of four peo-
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ple over 60 years old experience GERD—and
the incidence of complications such as esopha-
geal adenocarcinoma is high, leading to societal
attention on GERD as an important health issue.
However, in Asian countries, GERD has not tra-
ditionally received much attention since the
prevalence was low and the symptoms were
mild. However, rapid social changes led to
increased stress and lifestyle changes resulting
in more widespread consumption of a
Westernized diet, obesity, tobacco use, and alco-
hol drinking. As a result, increasingly many indi-
viduals are experiencing epigastric burning
sensation, heartburn, epigastric pain, nausea,
vomiting, acid reflux, chest pain, sore throat, and
digestive problems. These symptoms can be due
to ulcers in the stomach or the duodenum, but in
light of recent trends, it is more likely that they
are due to GERD. The general category of
GERD includes structural changes such as RE
(Fig. 4.1b), esophageal stenosis, which is a com-
plication of RE (Fig. 4.1c), and Barrett’s esopha-
gus (Fig. 4.1d). However, NERD (Fig. 4.2),
which does not involve damage to the esopha-
gus, is much more prevalent among females [1].
Functional heartburn is diagnosed in patients
with similar symptoms to those of GERD, but
without acid reflux, in whom esophageal motil-
ity disorder should be ruled out. Functional
heartburn does not respond to proton pump
inhibitors and is more common among females
than among males. However, unless an
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Reflux esophagitis

Normal

Esphageal stenosis

Barrett’s esophagus

Fig. 4.1 Endoscopic findings of reflux esophagitis, esophageal stenosis, and Barrett’s esophagus. (a) Normal esopha-
gus, (b) reflux esophagitis, (¢) esophageal stenosis, (d) Barrett’s esophagus
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Fig.4.2 Endoscopic findings of non-erosive reflux disease (NERD) (a) and findings from 24-hour ambulatory esopha-

geal pH monitoring (b)

esophageal acidity test is conducted, it is diffi-
cult to differentiate NERD and functional heart-
burn. Between these two diagnoses, there are
ambiguous cases that are simultaneously acid
related and non-acid related. Recently, in Rome
IV Ceriteria, acid hypersensitive esophagus and
non-acid hypersensitive esophagus were com-
bined into the concept of reflux hypersensitivity,
which is positioned between NERD and func-
tional heartburn [2]. RE, where the esophageal

mucosal tissue damaged by acid reflux can be
observed endoscopically (Fig. 4.1b), has been
reported to be 3.61 times [1] or 2.28 times [3]
more common in males than in females, and sex/
gender differences have been found in the dis-
ease mechanism, symptoms, and response to
medication [4, 5]. In the Western literature, it has
been reported that GERD progresses into
esophageal stenosis (Fig. 4.1c), Barrett’s esoph-
agus (Fig. 4.1d), or—rarely—esophageal adeno-
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carcinoma, but the prognosis is not bad in Asian
countries including South Korea. In addition, in
the United States, it has been reported that
GERD is the most prevalent gastrointestinal dis-
ease and is associated with the highest direct
spending, as GERD-related expenditures exceed
those for peptic ulcers, chronic inflammatory
bowel disease, and colon cancer [6]. In this
review, the sex/gender differences in the epide-
miology, mechanism, symptoms, and response
to treatment of GERD are approached from the
perspective of sex/gender-specific medicine [7].

4.2 Epidemiology of
Gastroesophageal Reflux

Disease

Traditionally, functional gastrointestinal disor-
ders (FGIDs) including functional heartburn,
functional dyspepsia (FD), and irritable bowel
syndrome (IBS) are known to be more common
among women. One might assume that GERD is
also more common among women, but the epide-
miology of RE due to acid corrosion and NERD
is different. Therefore, when evaluating the prev-
alence of GERD, it is reasonable to distinguish
GERD studies that only observed symptoms
from studies that suggested the presence of RE
by conducting endoscopy [7].

4.2.1 Population-Based Studies

According to a study that analyzed GE reflux
symptoms (heartburn or acid reflux symptoms at
least once a week) without conducting endos-
copy, there were no sex/gender differences in the
prevalence of GERD. For example, the preva-
lence in studies on the PubMed database from
1997 to 2011 was 19.4% + 2.3% in men and
18.9% + 2.4% in women (p = 0.87) [8]. In a study
that was conducted in Asan, South Korea, no dif-
ferences were observed with a prevalence of
3.5% in both genders [9]. The prevalence of
GERD was 2.6% in men and 2.4% in women in a
2005 study conducted in the southern region of
China, corresponding to no significance differ-
ence [10]. No meaningful difference was found

(15% in men and 14% in women) in a study con-
ducted in Olmsted County, United States, where
obesity is common and GERD is more prevalent
[11]. The prevalence was higher among women
(14.1%) than among men (9.5%) in a study con-
ducted in Argentina, but the difference was not
statistically significant (p = 0.21) [12].

4.2.2 Endoscopy-Based Studies

In contrast, studies that measured the prevalence
of RE using endoscopy consistently reported a
significantly higher prevalence among males than
among females [7]. In a 2005 South Korean mul-
ticenter study that included 25,536 individuals
from 40 medical check-up centers, the prevalence
of RE was much higher among men (11.2%) than
among women (3.1%) (p < 0.001) [1] (Fig. 4.3).
In a 2011 multicenter study that included 4023
individuals from 8 medical check-up centers, the
prevalence was 2.28 times higher among men
(11.4%) compared to that among women (5.0%)
[2]. A study with 67,056 individuals included in
studies in the PubMed database from 1997 to
2011 also indicated that the prevalence was 2.61
times higher among men (15.9% =+ 2.5%) than
among women (6.1% + 1.6%) (p < 0.01) [8]. The
severity of RE was also significantly greater in
men than in women [13]. Conversely, most stud-
ies on NERD found a significantly higher preva-
lence among women [1, 14]. The frequency and
severity of symptoms were also higher among
women than in men [14-16], indicating a trend
opposite of that of RE (Fig. 4.3).

4.3 Pathophysiology of
Gastroesophageal Reflux

Disease

The mechanism of GERD is as follows. An elas-
tic muscle, known as the lower esophageal
sphincter (LES), between the esophagus and the
stomach acts as a latch. It relaxes to open when
food is ingested and closes after the food passes
to prevent acid reflux. RE occurs when the pres-
sure of the LES decreases, transient LES pressure
is frequent, and the refluxed gastric content is not
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Fig. 4.3 Comparison of reflux esophagitis and non-erosive reflux disease by gender (a) and age (b). * p < 0.01.

(adapted from Kim et al. [1])

properly cleaned and remains in the esophagus
for a long time. Symptoms are more important
for NERD than for RE; therefore, while the LES
is important as a structural factor, the anti-
inflammatory effect of estrogen, which is
involved in the protection of esophageal mucosa
cells, the increased expression of tight junction
proteins, and symptom sensitivity are more
important. When the gaps at intercellular junc-
tions widen and tissue resistance is reduced,
gastric acid (H*) enters through the gaps and
stimulates neuroreceptors. The brain then per-
ceives the symptoms due to visceral hypersensi-
tivity, and the symptoms become stronger when
the muscles are contracted through the reflex arc
[17] (Fig. 4.4). Until recently, factors related to
direct erosion of the mucous membrane, such as
gastric acid secretion and LES pressure, were
emphasized in explaining GERD. However, with
increasing recognition that NERD is distinct
from RE, is more common, and has a different
disease mechanism, aspects of sex/gender-
specific medicine such as estrogen factor are
being emphasized.

4.3.1 Anti-inflammatory Effect

of Estrogen on the Esophagus

As RE is more prevalent among men than women,
but the prevalence and severity among women
after menopause with increasing severity, estro-
gen has been identified as a protective factor of
the esophagus [18, 19] (Fig. 4.5). This finding is
supported by a study on the association between
menopause and RE with around 10,000 individu-
als who received health check-ups. As time passes
after menopause, body mass index (BMI), symp-
tomatic GERD, and RE were found to increase.
At 20-29 years after menopause, RE increased
dramatically [20] (Fig. 4.6). The anti-inflammatory
role of estrogen has been suggested in animal
studies [7, 21]. In mouse models of chronic RE,
estrogen protected esophageal mucosa and exter-
nally introduced nitric oxide (NO) caused neutro-
phil and lymphocyte infiltration and damaged the
esophageal mucosa in male mice; however, the
damage was reported to be minimal in female
mice [22]. Esophageal inflammation was more
severe among female mice that underwent
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ovariectomy, but when they and male mice were the secretion of cytokines such as tumor necrosis
injected with 17p-estradiol, esophageal damage factor-alpha decreased [22]. When 17a-estradiol
was reduced as cell toxicity from mast cells, and  was injected, a protective effect was not observed,
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indicating the importance of specifically
17p-estradiol [22]. In addition, estrogen was also
found to suppress esophageal macrophage migrat-
ing inhibitory factor (MIF) [23]. The low preva-
lence of RE among females is explained by this
finding as estrogen downregulates MIF when
wounds are healed [7, 24].

4.3.2 Protective Function
of the Esophageal Epithelium

If the protective function of the esophageal epi-
thelium is strong, esophageal tissue will not be
damaged even when subjected to noxious stimuli
such as gastric acid and bile reflux. RE is preva-
lent in men, who have low estrogen levels, and
menopausal women because estrogen promotes
the expression of tight junction proteins that
close gaps between cells and prevents esophageal
mucosa permeability and bacterial migration [19,

cally 20-29 years after menopause in around 10,000 indi-
viduals who received regular health check-up supports the
hypothesis that estrogen is a protective factor against RE
(adapted from Kim et al. [20])

25] (Fig. 4.5). When 17p-estradiol was injected
into rabbits for 2 weeks and an Ussing chamber
experiment was performed after removing the
esophagus, those treated with 17p-estradiol dem-
onstrated decrease of cell permeability from
stimulants such as gastric acid through enhanced
occluding expression [25]. In an analysis of the
endoscopy data of 45 patients with RE, 14
patients with NERD, and 16 healthy volunteers
conducted by our team, the level of occludin
mRNA was lower in male RE patients than in
healthy male participants, but there were no
changes in the expression of tight junction pro-
teins in female RE patients [16].

4.3.3 Nociception

An important mechanism when sensing symp-
toms such as heartburn from acid reflux is vis-
ceral hypersensitivity due to the transient
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receptor potential vanilloid-1 (TRPV1), which
is distributed in the esophageal mucosa [26-28].
When gaps in the intercellular junction of the
esophageal mucosa widen and tissue resistance
is reduced, gastric acid (H*) enters through the
gaps and stimulates TRPV 1. The brain then per-
ceives symptoms due to visceral hypersensitiv-
ity [17, 29]. It was reported that esophageal
mucosa TRPV1 was expressed more in individ-
uals who experienced GERD symptoms than in
those who did not have GERD symptoms and
that TRPVI1 expression was higher among
NERD patients than among RE patients [30,
31]. Some studies have connected TRPV1
directly to inflammation. In a study by our team,
TRPV1 and proteinase-activated receptor 2
(PAR2) were more activated in RE patients than
in NERD patients [26], and TRPV1 and PAR2
were directly related to inflammation and esoph-
ageal reflux symptoms but were not related to
extraesophageal symptoms [26]. These findings
demonstrate that TRPV1 activation is closely
related to the main symptoms of GERD, since it
causes inflammation in the cells and nerves by
increasing the secretion of substance P in pri-
mary afferent neurons and calcitonin gene-
related peptide (CGRP) [32] and causes
heartburn [30]. In contrast, in patients who had
24-hour ambulatory esophageal pH monitoring
after experiencing heartburn, the number of
reflux with a pH less than 4 and the duration of
reflux were smaller and shorter among female
patients than among male patients [33]. This
result indicates that a potential reason why
NERD is more common among women may
relate to the visceral hypersensitivity mecha-
nism after being exposed to weak acid.

4.3.4 Psychological and Emotional
Factors

The fact that psychological and emotional factors
are very important in the experience of GERD
symptoms such as heartburn is well-known [34,
35]. In both RE and NERD, acute stress signifi-

cantly increases the hypersensitivity toward gas-
tric acid. It was found that emotional responses to
the cause of stress and symptom experiences
were related [36]. In the general population,
depression and anxiety are more common among
women than among men [37] and NERD is more
common in women who have depression or anxi-
ety. It is clear that depression and anxiety influ-
ence NERD [38]. It has been hypothesized that in
women who show higher depression and anxiety
than men and experience severe GERD symp-
toms without endoscopic findings, their condi-
tion is related to afferent signals, hormones, and
the severity of GERD [39, 40]. In addition, the
quality of life (QoL) of GERD patients was found
to be highly associated with psychological and
emotional factors [41], and compared to male
GERD patients, QoL dropped significantly more
among female GERD patients, who experienced
sleep disorders and eating problems [16]. The
risk of sleep disorders and anxiety was higher
and QoL was lower among patients with NERD,
which is more prevalent among women, than
among patients with RE, and the GERD impact
scale score was also significantly higher in the
NERD group (9.2 + 0.4) compared to the score in
the RE group (6.5 £ 0.3) (p < 0.001) [41].
Moreover, NERD patients experienced difficulty
in their daily routines and had high anxiety mea-
sured by the Hospital Anxiety and Depression
Scale (HADS) [41].

The experience of NERD symptoms is cru-
cially linked to visceral hypersensitivity, for
which peripheral sensitization, central sensitiza-
tion, and psychoneuroimmune interactions are
important [28, 42-44] and the brain-gut axis
plays an important role, which is crucial in the
symptom experience of NERD. When the central
(through brain-gut interactions) and peripheral
sensitization mechanisms cause stimulation in
the esophagus, perception becomes more sensi-
tive, which causes the symptoms of NERD [37].
In summary, sensitivity to gastric acid is more
important than physical damage due to gastric
acid for NERD, which is more common among
women.
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4.3.5 Comparison of Risk Factors by
Type of Gastroesophageal
Reflux Disease

The risk factors of RE and NERD can be under-
stood in relation to their pathophysiology. In a
South Korean study with 25,536 participants
(15,180 males and 10,356 females), the risk fac-
tors of RE and NERD were very different [1]. A
multivariate analysis of risk factors of RE showed
that male sex, alcohol consumption, hiatal hernia,
treatment of Helicobacter pylori (H. pylori), and
BMI greater than 25 kg/m?> were risk factors,
while H. pylori positivity was a protective factor
(Table 4.1 and Fig. 4.7a). In contrast, female sex,
tobacco use, age under 40 or over 60, BMI lower
than 23 kg/m?, antibiotics use, slouched work

posture, and average monthly income below
1000 dollars were significant risk factors for
NERD [1] (Table 4.2 and Fig. 4.7b). In a Japanese
study with 10,837 individuals who received
health check-ups (6332 males and 4505 females),
the risk factors of RE were male sex, old age,
alcohol use, tobacco use, no H. pylori infection, a
high pepsinogen I/II ratio, and high BMI [14].
The risk factors of NERD were female sex, young
age, tobacco use, alcohol use, H. pylori infection,
a high pepsinogen I/II ratio, and high BMI [14].
In a 2011 study with 4023 individuals who
received health check-ups in South Korea (2087
males and 1082 females), risk factors of RE were
no H. pylori infection (odds ratio [OR] 1.91; 95%
confidence interval [CI], 1.48-2.46),
BMI > 25 kg/m? (OR 1.49; 95% CI, 1.08-2.06),

Table 4.1 Multivariate analysis of risk factors of reflux esophagitis in a 2006 national epidemiological survey (sample

size = 25,536) (adapted from Kim et al. [1])

Variable Normal (n =20,154) | Reflux esophagitis (n = 1810) | Odds ratio | 95% CI
Male (%) 11,401 (56.6) 1633 (84.2) 3.00 2.26-3.98
Alcohol consumption (%) 7681 (38.1) 1050 (58.0) 1.48 1.21-1.81
Body mass index > 25 (%) 6523 (29.8) 757 (41.8) 1.28 1.05-1.55
Hiatal hernia > 1 cm (%) 383 (1.9) 212 (11.7) 5.40 3.73-7.70
H. pylori eradication history (%) | 1572 (7.8) 223 (12.3) 2.20 1.60-2.75
H. pylori-positive (%) 12,173 (60.4) 832 (46.0) 0.47 0.39-0.58
Glucose > 126 mg/dl (%) 987 (4.9) 119 (6.6) 1.06 0.78-1.45
Triglyceride 150 mg/dl (%) 4655 (23.1) 653 (36.1) 1.15 0.94-1.41
Smoking (%) 4655 (23.1) 795 (41.0) 1.19 0.98-1.45
Medication for liver disease (%) | 504 (2.5) 65 (3.6) 1.07 0.75-1.47
Medication for heart disease (%) |2096 (10.4) 250 (13.8) 1.09 0.79-1.50
CI confidence interval
a Reflux esophagitis b Non-erosive reflux disease
Hiatal hernia —_ Antibiotic medication history ——
Male . Monthly income < $1000 H 1
Glucose 126 > mg/dL 1
H. pylori eradication history - Female o
Alcohol consumption | [HEF Age > 60 than 40-59 years | |3
Body mass index = 25 o Body mass index <25 | [}
Smoking | &
H. pylori-positive |l Stooping posture at work | |F
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0

—_
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Fig. 4.7 Multivariate analysis of risk factors of reflux esophagitis (a) and non-erosive reflux disease (b) (adapted from

Kim et al. [1])
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Table 4.2 Multivariate analysis of risk factors of non-erosive reflux disease (NERD) in the 2006 national epidemio-
logical survey (sample size = 25,536) (adapted from Kim et al. [1])

Variable Normal (n = 20,154) NERD (n = 996) Odds ratio 95% CI
Female (%) 8753 (43.4) 480 (48.2) 1.29 1.10-1.50
Age below 40 than 40-59 years 5502 (27.3) 299 (30.0) 1.24 1.06-1.45
Age > 60 than 40-59 years (%) 3003 (13.7) 170 (17.1) 1.25 1.02-1.54
Body mass index < 23 (%) 8384 (41.6) 498 (50.0) 1.22 1.06-1.41
Monthly income < $1000 (%) 1632 (8.1) 120 (12.0) 1.37 1.06-1.69
Glucose >126 mg/dl 987 (4.9) 82 (8.2) 1.34 1.04-1.73
Antibiotic medication history (%) 198 (1.0) 23 (2.3) 2.07 1.28-3.34
Smoking (%) 4655 (23.1) 270 (27.1) 1.21 1.03-1.43
Stooping posture at work (%) 3396 (16.9) 230 (23.0) 1.19 1.06-1.69
H. pylori eradication history (%) 1572 (7.8) 103 (10.2) 1.25 0.99-1.57
Hiatal hernia > 1 cm (%) 383 (1.9) 30 (3.0) 1.14 0.76-1.70
Medication of NSAIDs (%) 1380 (6.8) 86 (8.6) 1.25 0.97-1.62
NERD non-erosive reflux disease, CI confidence interval
triglycerides >150 mg/dL (OR 1.65; 95% CI, (e) Stinging sensation in the chest or chest pain

1.08-1.06), fasting blood glucose >126 mg/dL
(OR 1.72; 95% CI, 1.06-2.81), and esophagus
hiatal hernia (OR 3.10; 95% CI, 1.86-5.16).
Residence in a large city was a protective factor
(OR 0.59; 95% CI, 0.39-0.90) [2].

4.4

Symptoms of
Gastroesophageal Reflux
Disease

The following symptoms are characteristic of
GERD. The first and second symptoms are clas-
sified as esophageal symptoms, and the third
through fifth symptoms are classified as non-
esophageal symptoms.

(@)

(b)

(©)
(d)

Heartburn that is felt in the back of the ster-
num or substernal burning.

Reflux symptoms where gastric juices or
stomach context refluxes into the pharynx.
Patients generally describe a sour and bitter
taste. This symptom tends to occur after eat-
ing large quantities of food or lying down
immediately after eating.

Excessive salivation, dysphagia, and swallow-
ing pain due to stimulation from gastric acid.
Chronic laryngeal symptoms, throat discom-
fort (expressed as something stuck in the throat
or uneasiness), coughing, and hoarseness.

similar to pain experienced due to coronary
artery disease.

It was assumed that these symptoms are expe-
rienced when there is RE, but as endoscopy
became more widespread as part of health check-
ups, it was found that 50% of patients with RE do
not feel any symptoms [1]. In addition, there
were sex/gender differences in reflux symptoms.
Among patients who visited gastroenterologists
and received an RE diagnosis after gastroscopy,
the proportion of patients with GERD symptoms
was much higher among female patients, with
86.4% among female patients and 56.5% among
male patients [16]. Heartburn, gastric acid reflux,
and chest pain were found to be more common
among females; while 100% of females reported
throat discomfort, only 28.6% of males reported
this symptom [16]. A probable explanation for
this difference is that females have a lower pain
tolerance, but pain tolerance did not differ by
body size or the diameter of the esophagus in
both sexes [45]. When there is a burning sensa-
tion in the back of the sternum, burning or heat-
ing sensation, and pain (similar to GERD
symptoms), without evidence of reflux and with
the exclusion of esophageal motility disorder, the
symptoms are labeled as functional heartburn. If
GERD is viewed as a spectrum, on one extreme,
there is Barrett’s esophagus that entails severe
tissue damage, followed by RE, NERD where
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tissue damage is not observed, and functional
heartburn. Exposure to noxious gastric content is
greatest in Barrett’s esophagus, but esophageal
sensitivity is greatest in functional heartburn [46]
(Fig. 4.8). Functional heartburn is more prevalent
among females and they do not improve after
using proton pump inhibitors (PPIs) since the
symptoms are not caused by gastric acid reflux.
Taken together, sex/gender should be accounted
for in the approach to treatment for symptoms
that indicate GERD.

4.4.1 Differencesin Esophageal
and Extraesophageal

Symptoms by Sex/Gender

Esophageal symptoms such as heartburn and gas-
tric acid reflux are related to inflammatory mark-
ers such as TRPV1, PAR2, and IL-8, but
extraesophageal symptoms are not related to
these inflammatory markers [16]. This indicates
that esophageal symptoms occur as a result of
inflammation in response to gastric acid exposure
in the distal esophagus, but extraesophageal
symptoms are related to vasovagal reflex due to
gastric acid exposure in the distal esophagus

Exposure to noxious gastric content

Barrett’s esophagus Esophagitis

Fig. 4.8 Gastroesophageal reflux disease (GERD) spec-
trum and the relationship between tissue damage and
esophageal sensitivity. GERD can be classified into
Barrett’s esophagus, which entails severe tissue damage,
reflux esophagitis (RE), non-erosive reflux disease

[16]. An interesting study found that 87.5% and
12.5% of RE patients reported esophageal symp-
toms and extraesophageal symptoms, respec-
tively, as their main symptom, while 61.3% and
38.7% of NERD patients reported esophageal
symptoms and extraesophageal symptoms,
respectively, as their main symptom. NERD
patients, unlike RE patients, have a high propor-
tion of extraesophageal symptoms [3].

In a study where endoscopy, esophageal
manometry, and 24-hour ambulatory esophageal
pH monitoring were analyzed comprehensively,
heartburn, gastric acid reflux, and nighttime
symptoms were significantly more frequent in
females than in males [15]. Among females, diar-
rhea, epigastric pain, and constipation symptoms
were also more common (p < 0.01) beyond
GERD symptoms, indicating a sex/gender differ-
ence in how patients experience and report symp-
toms [15]. According to a phone survey conducted
in Brazil, females reported the symptom of acid
reflux more than twice a week 1.5 times more fre-
quently than males. Heartburn (p = 0.047), burn-
ing in the substernal area (p = 0.012), acid reflux
(p <0.001), dysphagia (p = 0.012), and swallow-
ing pain (p = 0.009) were all more common in
females than in males [47]. This finding showed

Esophageal sensitivity

NERD Functional heartburn

(NERD) (where tissue damage is not observed), and func-
tional heartburn. Exposure to noxious gastric content is
greatest in Barrett’s esophagus, and esophageal sensitivity
is greatest in functional heartburn (adapted from
Weijenborg and Bredenoord [46])
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that sex/gender differences in GERD symptoms
are a universal phenomenon. A report that extra-
esophageal symptoms were more frequent in
females than in males (OR 1.15; 95% CI, 1.03—
1.30; p < 0.0178) [48] can be interpreted in a
similar context. In addition, depression and anxi-
ety symptoms were also more common among
females than among males [38].

4.4.2 Differencesin Frequency
of Healthcare Usage by Sex/
Gender

Differences by country or culture can exist, but it
has been reported that when it comes to GERD,
females take the symptoms more seriously and
visit medical institutions faster [49, 50]. A simi-
lar finding was reported in a community-based
study in China [51]. Factors associated with fre-
quent healthcare visits were female sex
(p <0.001), frequency of heartburn (p = 0.032),
depression (p = 0.004), and social morbidity
(» < 0.001) [51]. Some hypothesize that as
females receive more tests to find the cause of
the symptoms and actively seek out endoscopic
treatment or surgery, Barrett’s esophagus and
esophageal adenocarcinoma are less common
among females [15].

Treatment of
Gastroesophageal Reflux
Disease

4.5

GERD is a chronic disease, and the established
consensus is that patients’ pain should be
reduced as much as possible through drug treat-
ments along with changes in dietary habits
including limiting tobacco, alcohol, coffee, and
tea, which promote reflux, as well as lifestyle
changes [52, 53]. The main focus of drug treat-
ment is to reduce secretion of gastric acid and
minimize damage in the esophageal mucosa due
to gastric acid. Common drugs for this purpose
are PPIs and histamine H, receptor antagonists
(H,RASs). Proton pump inhibitors are more
effective than H,RAs and are therefore selected

Table 4.3 Factors associated with poor symptom
improvement response to proton pump inhibitors in
GERD (adapted from Heading et al. [54])

Factor Logistic regression p-value

ERD/NERD <0.0001

HADS total score <0.0001
Anxiety sub-score <0.0001
Depression sub-score | <0.0001

IBS <0.0001

BMI <0.0001

Gender 0.0011

Geography 0.0052

H. pylori Not significant

Age Not significant

Esophagitis grade (A-D) | Not significant

as the first-line drug for GERD. However, 36.4%
of GERD patients were not satisfied with the
treatment result after 8 weeks of PPI use.
Satisfaction was especially low among Koreans
at 42.9% [54], and factors associated with low
satisfaction were female sex, NERD, depres-
sion/anxiety, low BMI, irritable bowel syn-
drome, and geography (Asia and Australia) [54]
(Table 4.3). Most factors were related to sensi-
tivity toward gastric acid such as visceral hyper-
sensitivity. Recently, potassium-competitive
acid blockers (P-CABs), such as tegoprazan and
vonoprazan, which address the disadvantages of
PPIs such as acid night breakthrough, have been
developed and are expected to improve treat-
ment satisfaction among female patients, NERD
patients, and patients with extraesophageal
symptoms. This review briefly discusses the
reasons for sex/gender differences in drug treat-
ment responses.

4.5.1 DrugResponse and Sex/Gender

PPIs are the most important drug for GERD [55],
but 17-32% of GERD patients report heartburn
and acid reflux symptoms that continue to reduce
their QoL despite treatment with PPIs at the stan-
dard dose. They also report GERD symptoms
that do not respond to higher doses of PPIs [56].
Sex/gender has been reported to be a very impor-
tant factor associated with nonresponse to PPIs
[38, 54, 56-58]. In a study of GERD patients
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newly diagnosed in primary care facilities,
incomplete response to PPIs was more common
among females (OR 1.20; 95% CI, 1.05-1.37)
[57], which was confirmed by a systematic
review. Females more frequently reported
continuing symptoms despite treatment with
PPIs than males (risk ratio [RR] 3.66; p < 0.001)
[58]. In contrast, a study limited to RE with fre-
quent heartburn found that symptom improve-
ment from PPI use was better in males than in
females (OR 1.35;95% CI, 1.14-1.59; p < 0.001)
[59]. In a study by the author with 100 NERD
patients and 71 RE patients, factors associated
with poor response to PPIs were BMI < 23 kg/m?
(OR 2.20; 95% CI, 1.12-4.34), having received
psychiatric treatment or taking psychiatric medi-
cation (OR 2.44; 95% CI, 1.23-4.85), a high
Pittsburgh Sleep Quality Index score (assessment
of sleep quality) (OR 1.20; 95% CI, 1.05-1.35),
and NERD (OR 3.30; 95% CI, 1.54-7.11). There
was no significant sex/gender difference
(p = 0.91) [4]. This finding may be due to the
small sample size or the possibility that GERD
symptoms were severe in both males and females
who visited a tertiary hospital. In a larger study
with 5796 patients with either RE or NERD,
female sex was associated with an increased dose
of PPIs [60]. In a 5-year post hoc test of the
LOTUS trial, factors associated with an increase
of the esomeprazole dose from 20 mg to 40 mg
per day were female sex, tobacco use, no H.
pylori infection, a long history of GERD, and
high gastric acid reflux into the esophagus when
lying down (p < 0.05 for all) [61]. In 683 GERD
patients excluding functional heartburn patients
using 24-hour ambulatory esophageal pH moni-
toring, the conditions associated with good
response to PPIs were male sex, obesity, typical
esophageal symptoms such as heartburn and
reflux, and alcohol use [62]. In summary, patients
who respond well to PPIs are those whose symp-
toms are directly caused by gastric acid reflux,
and patients who do not respond well to PPIs are
those with NERD, those who are sensitive to gas-
tric acid due to visceral hypersensitivity (as is
common among female patients), and those with
functional heartburn [2].

4.5.2 Effects of Hormone Therapy
for Gastroesophageal Reflux
Disease

Estrogen has anti-inflammatory properties and is
known to regulate aspects of immune system
activation, such as cytokines and wound healing
[19], indicating the possibility that estrogen may
be protective against GERD [63]. In post-
menopausal women, taking estrogen can prevent
mucosa damage due to gastric acid reflux and
suppress the progression to Barrett’s esophagus
or esophageal adenocarcinoma [63]. In a case-
control cohort study, consistent hormone therapy
over 5-10 years reduced esophageal adenocarci-
noma (hazard ratio [HR] 0.25; 95% CI, 0.07—
0.95), and the risk reduction was proportional to
time (HR 0.06; 95% CI, 0.01-0.43) [63].
However, it has also been reported that female
sex hormones increase gastric acid reflux by
relaxing the lower esophageal sphincter through
nitric oxide [64, 65]. A community-based study
found that hormone therapy was associated with
reflux symptoms, which were worse when
patients” BMI was >35 kg/m? than when it was
<25 kg/m? in both males (OR 3.3; 95% CI, 2.4—
4.7) and females (OR 6.3; 95% CI, 4.9-8.0) [66].
These conflicting results indicate that more stud-
ies are needed.

4.6 Conclusions

GERD can be categorized into RE, where the
esophagus is damaged, and NERD, in which
GERD symptoms occur without damage in the
esophagus. RE is 3.51 times more common in
males than in females, while NERD is 1.35 times
more common in females than in males. RE is
more common in males due to structural factors
such as the lower esophageal sphincter, the anti-
inflammatory effect of estrogen that is involved in
the protection of esophageal mucosa cells, and
under-expression of tight junction proteins.
Visceral hypersensitivity to gastric acid, rather
than physical damage from gastric acid, is more
important for NERD, which is more common in
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females. Heartburn, gastric acid reflux, and chest
pain are more common among females, and there
was a significant difference in throat discomfort,
as 100% of females reported this symptom, versus
only 28.6% in males. The most plausible explana-
tion for this difference is that females have a lower
pain tolerance. Females respond more poorly to
PPIs than males; the reason for this is most likely
that females’ esophageal mucosa is more sensitive
due to visceral hypersensitivity rather than gastric
acid itself, meaning that their response to PPIs is
relatively weak. Therefore, in order to deliver tai-
lored therapy, an approach that considers sex/gen-
der differences in the pathophysiology of GERD
and its response to PPIs is necessary.
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Esophageal Motility Disorders

JuYup Lee

5.1 Introduction

The esophagus consists of three functional
parts: the upper esophageal sphincter (UES), the
esophageal body, and the lower esophageal
sphincter (LES). Esophagus muscles include
striated muscles and smooth muscles. The prox-
imal esophagus, including the UES, comprises
striated muscles, which are voluntary muscles.
In the distal esophagus including the LES,
smooth muscles, which are involuntary muscles,
are present. Both smooth and striated muscles
are distributed between the proximal esophagus
and the distal esophagus. The outer layer of the
esophagus consists of longitudinal muscles,
with orbicular muscles observed in the inner
layer. Motility of these esophageal muscles is
controlled by intrinsic innervation of the esoph-
agus and extrinsic innervation by the central
nervous system, which results in peristalsis
from the proximal to distal esophagus. The har-
mony between contraction and relaxation of
esophageal muscles is important in the motility
physiology of the esophagus. Esophageal motil-
ity disorders are caused by alterations in normal
physiological movements of the esophagus or

J.Y. Lee (IX)

Department of Internal Medicine, Keimyung
University School of Medicine, Keimyung University
Dongsan Hospital, Daegu, Republic of Korea

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2022

by disorders in incongruity of esophageal motil-
ity [1-3] (Fig. 5.1).

Diseases of the UES and cervical esophagus
are caused by abnormal sequential excitation by
extrinsic nerves or by diseases involving striated
muscles. Movements of these esophageal parts
are completely dependent on extrinsic nerves.
The pathophysiology of disorders of the lower
esophagus and LES can be largely divided into
two categories: hypomotility and hypermotility.
Both motility disorders are often accompanied by
changes in propagation speed or disharmony in
esophageal motility.

Hypomotility of the esophagus is caused by
abnormalities in smooth muscles that result in no
response to neurological excitation, decreased
neurogenic excitability, or excessive activity of
inhibitory nerves such as non-adrenergic and non-
cholinergic neurons. In contrast, hypermotility of
the esophagus is caused by abnormalities in
smooth muscles, hypersensitivity to neurotrans-
mitters or hormones, or a decrease in the function
of inhibitory nerves. Additionally, esophageal dis-
harmony is caused by disorders in non-adrenergic
and non-cholinergic nerves. These nerves can
gradually delay the contraction of the esophagus
toward the lower esophagus to induce peristalsis.
Disruption of their functions can result in impaired
peristalsis of the esophagus [4, 5].

In the recent version 4.0 [6] of the Chicago
Classification based on high resolution manometry
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Fig. 5.1 (a) Esophageal motor innervation by the vagus
nerve, Auerbach’s plexus, and Meissner’s plexus. (b) The
striated muscle of the proximal esophagus is directly
innervated by somatic efferent cholinergic fibers of the
vagus nerve originating from the nucleus ambiguus. In
contrast, smooth muscles of the distal esophagus are
innervated by preganglionic vagus nerve fibers from the

(HRM) is a revision of version 3.0 [7], “disorders
of esophagogastric junction (EGJ) outflow” are
classified as achalasia and EGJ outflow obstruc-
tion (EGJOO), while “disorders of peristalsis™ are
classified as absent contractility, distal esophageal
spasm (DES), hypercontractile esophagus, and
ineffective esophageal motility [8] (Fig. 5.2).

This chapter will discuss the pathophysiology
and diagnosis of esophageal motility disorders
and review achalasia and lower esophageal
hypermotility disorders as representative esopha-
geal motility disorders. Sex/gender differences of
these diseases are also discussed.

5.2 Main Point

5.2.1 Achalasia

Achalasia is a representative primary esophageal
motility disorder characterized by incomplete
relaxation of the LES and a loss of peristalsis in
the esophageal body during swallowing.

Vagus nerve

l Dorsal motor nucleus

, Nucleus ambiguus

Upper esophagus

Ach
=

Striated muscle fiber

Lower esophagus

| N
e Achea (-
Qe

Ach@®.._ONo, VIP
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dorsal motor nucleus. Preganglionic vagal fibers can
release acetylcholine, a neurotransmitter that affects two
types of postganglionic neurons in the myenteric plexus:
excitatory cholinergic neurons and inhibitory nitrinergic
neurons. NO nitric oxide, VIP vasoactive intestinal poly-
peptide (adapted from Ates et al. [3])

Achalasia has been named by adding the prefix
“a,” which means “no” to the Greek word “khala-
sis” meaning “relaxation” [9].

5.2.1.1 Epidemiology

There are limited population-based epidemio-
logic data on achalasia. Most of previous studies
were retrospective studies [10]. According to
studies conducted in the 2000s, the incidence of
achalasia was increasing and does not differ
according to ethnicity. The incidence of achalasia
was 0.03-0.27 per 100,000 individuals per year
in developing countries [11, 12]. In a recent large
cohort study using health insurance data in the
Netherlands, the incidence of achalasia was 2.2
per 100,000 persons per year [10]. In another
study that used tertiary hospital data, the inci-
dence of achalasia was 2.9 per 100,000 persons
per year [13]. The prevalence of achalasia is also
marginally increasing. A study in the Netherlands
reported a prevalence of 15.3 per 100,000 per-
sons per year [10], while in other studies, the
prevalence of achalasia was 2.5-32.6 per 100,000
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Fig. 5.2 Classification  schemes for  Chicago
Classification version 3.0 and Chicago Classification ver-
sion 4.0. Key differences in Chicago Classification ver-
sion 4.0 include the inclusion of supine and upright
position and provocative manometric maneuvers (double
dagger, yen), the more stringent and refined criteria for
esophagogastric junction outflow obstruction (EGJOO)
and ineffective esophageal motility (IEM), and as the indi-
cation that EGJOO, distal esophageal spasm (DES), and
hypercontractile esophagus are manometric patterns of

persons per year [13, 14]. This increase in the
prevalence of achalasia might be attributed to
increased use of newer precise medical instru-
ments such as HRM, which has resulted in a
decreased rate of misdiagnosis of achalasia as
gastroesophageal reflux disease (GERD).
However, in a population-based study using a
Korean national health database, Kim et al. [15]
have reported that the incidence and prevalence
of achalasia are 0.4 and 6.3 per 100,000 persons
per year, respectively.

5.2.1.2 Cause and Pathophysiology

The pathophysiology of achalasia begins with
selective loss of inhibitory ganglion cells in the
myenteric plexus of the esophagus, which results
in an imbalance of excitatory and inhibitory
nerves. This causes an increase in the resting
pressure of the LES, insufficient relaxation dur-
ing swallowing, and loss of normal peristalsis
[16]. The cause of the initial decrease in inhibi-
tory neurons in achalasia remains unknown. The
initiation of neurodegeneration might be an auto-
immune process induced by viral infections (her-
pes or measles, etc.) in a genetically sensitive

A
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EGJ outflow
obstruction
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NO,
—>
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postitions + elevated
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Y ves
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unclear clinical relevance (asterisk). Patients with EGJ
obstruction and presence of peristaltic swallows fulfill
strict criteria for EGJOO and may have features sugges-
tive of achalasia or other patterns of peristalsis defined by
criteria for disorders of peristalsis: EGJOO with spastic
features, EGJOO with hypercontractile esophagus,
EGJOO with ineffective motility, or EGJOO with no evi-
dence of disordered peristalsis (dagger) (adapted from
Yadlapati et al. [8])

host [17]. An inflammatory response is associ-
ated with infiltration by T-cell lymphocytes,
which results in slow destruction of ganglion
cells [9]. The distribution and final outcomes of
this plexitis vary. They can be modified by host
responses and  etiological  stimuli  [9].
Inflammation of the myenteric plexus can lead to
degeneration or dysfunction of inhibitory post-
ganglionic neurons of the distal esophagus,
including the LES [18, 19]. These neurons use
nitric oxide (NO) and vasoactive intestinal pep-
tide (VIP) as neurotransmitters. Their dysfunc-
tion can result in an imbalance between excitatory
and inhibitory regulation of the sphincter and
adjacent esophagus [20] (Fig. 5.3). Such unop-
posed cholinergic stimulation can lead to
impaired relaxation of the LES, hypercontractil-
ity of the lower esophagus, and rapid contraction
of the lower esophagus [9].

Most cases of achalasia are of primary or idio-
pathic causes. In rare cases, achalasia might be
secondary to diseases. Such achalasia is called
secondary achalasia. One of the main secondary
causes is Chagas disease, a parasitic infection
caused by Trypanosoma cruzi. This disease is
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Initial insult: viral, toxin ?

[ Chronic infection

Fig. 5.3 Present hypothesis proposing virus-induced
autoimmune-mediated ganglionitis in achalasia. Insert
shows infiltration of myenteric ganglion with T-cells.

commonly observed in South American countries
such as Brazil. This parasite can invade various
organs and induce immune responses over sev-
eral years. Consequently, the esophageal plexus
is damaged, resulting in clinical manifestations
similar to those of achalasia [21, 22].

5.2.1.3 Symptoms

Primary symptoms of achalasia include dyspha-
gia, regurgitation, weight loss, chest pain, and
heartburn [23-25]. These symptoms are mostly
observed in patients aged between 20 and 50 years.
The key symptom of achalasia is dysphagia.
Cycles of worsening and improvement of dyspha-
gia for solid and liquid foods have been observed,
leading to an overall worsening of the condition.
Food regurgitation is another common symptom.

Immunogenetics:
HLA DQA1*0103 or
HLA DQBI*0603

l

Aberrant autoimmune
reponse

i

Cytotoxic T cells
Autoimmune antibodies

:

Ganglionitis or loss of
neurons

:
-

Arrow shows myenteric nerves and ganglion cells
(adapted from Boeckxstaens et al. [20])

Regurgitation of undigested food or saliva may be
observed at several hours after meals. Symptoms
of regurgitation are mainly observed at night. The
regurgitated food is characterized by the lack of
gastric acid or bile. Additionally, heartburn and
chest symptoms have also been commonly
reported. These are often mistaken for GERD. The
cause of heartburn or chest pain in achalasia is
unknown. Some hypotheses for the presence of
these symptoms include the following: (1) fermen-
tation of the undigested food retained in the esoph-
agus, which lowers the acidity; (2) ischemia,
which temporarily reduces the blood flow to the
esophageal mucosa while the circular and longitu-
dinal muscles of the esophagus continue to con-
tract; and (3) pain induced by retention of food in
the esophagus. In the past, weight loss was
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reported as a common symptom. However, in
recent studies, weight loss has not been commonly
observed because of increased frequency of intake
of high-calorie food.

The Eckardt symptom score is the most com-
monly used tool to evaluate symptoms of achala-
sia and the effectiveness of treatment [26, 27]. A
score of 0-3 points is given according to the fre-
quency and severity of dysphagia, regurgitation,
chest pain, and weight loss. Scores for each
symptom are summed to calculate a total score of
0-12 points. In the evaluation of response to
treatment, an Eckardt score of less than 3 points
indicates a successful treatment [26] (Table 5.1).

5.2.1.4 Diagnosis

5.2.1.4.1 Barium Esophagography
Fluoroscopy can detect barium not passing
through the esophagus and repeatedly moving up
and down within the esophagus due to non-
propulsive tertiary contractions or not moving in
the esophagus at all. When a sufficient amount of
barium is swallowed by patients, dilation of the
esophageal body and impaired relaxation of the
LES are observed, showing characteristic find-
ings like a bird’s beak. These findings may show
different patterns according to three subtypes of
achalasia [28] (Fig. 5.4).

Table 5.1 Eckardt symptom score for achalasia (adapted from Eckardt et al. [26])

Score Dysphagia Regurgitation Retrosternal pain Weight loss (kg)
0 None None None None

1 Occasional Occasional Occasional <5

2 Daily Daily Daily 5-10

3 Each meal Each meal Each meal >10

Fig. 5.4 Marked dilatation of the esophagus and bird’s
beak appearance are noted on the esophagogram (a).
Moderately dilated esophagus is noted and the proximal
esophagus is filled with air on esophagogram (b). The
associated esophagogram for type III achalasia is often
interpreted as esophageal spasm as this has an extreme
corkscrew with distal contraction (¢). Food stasis and flac-

cid esophagus are noted on the upper gastrointestinal
endoscopy (d). Narrow gastroesophageal junction is noted
on the upper gastrointestinal endoscopy and the scope can
pass through with resistance (e). Upper gastrointestinal
endoscopy findings are nearly normal in type III achalasia
(f). (adapted from Lee et al. [28])
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5.2.1.4.2 Endoscopy

Upper gastrointestinal endoscopy is essential in
the evaluation of esophageal mucosa before treat-
ment and to exclude other diseases despite typi-
cal findings of achalasia on esophagography,
such as relaxed esophageal body, lack of peristal-
sis, and contracted LES that opens with a slight
push with an endoscope. Differences in symp-
toms might be observed according to the subtype.
Typical endoscopic findings include markedly
dilated esophageal lumen, lack of effective con-
tractions, and retention of food [28] (Fig. 5.4). In
severe cases, a “sigmoid” type of esophagus
might be seen with heavy dilation of the esopha-
geal body and rightward curve of the esophagus
above the cardiac region.

5.2.1.4.3 Esophageal Manometry

Esophageal manometry is also essential in diag-
nosing achalasia. Main findings of manometry
include a loss of peristalsis of the esophageal
body and insufficient relaxation of the LES. These
two characteristic findings can confirm the diag-
nosis of achalasia. Using esophageal pressure

topography with HRM, achalasia has been
recently classified into three subtypes according
to the Chicago Classification [29]: (1) type I with
abnormally high integrated relaxation pressure
(IRP), which indicates relaxation of the LES
without esophageal body motility; (2) type II
with a loss of motility of the circular muscle layer
and partial motility of the longitudinal muscle
layer, which results in panesophageal pressuriza-
tion in more than 20% of swallowing; and (3)
type III with contraction of the lower esophagus
in more than 20% of swallowing [6] (Fig. 5.5). In
particular, it is known that in type II achalasia,
symptom improvement after treatment is signifi-
cantly higher than that in type II or III achalasia
[30, 31]. Additionally, cases with IRP > the upper
normal limit with normal esophageal peristalsis
are classified as EGJOO or are considered a vari-
ant or precursor of achalasia [6].

5.2.1.5 Treatment

Currently, there is no pathophysiology-based
treatment for achalasia that can fundamentally
restore the loss of esophageal nerve cells and
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Fig. 5.5 Achalasia subtypes. Type I achalasia: integrated
relaxation pressure (IRP) is elevated with failed peristalsis
(distal contractile integral, DCI < 100 mmHg-s-cm) with-
out panesophageal pressurization. Type II achalasia: IRP

is elevated with failed peristalsis and panesophageal pres-
surization. Type III achalasia: IRP is elevated with a nor-
mal DCI and a reduced distal latency. NA not applicable
(Adapted from Yadlapati et al. [6])
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abnormalities in muscle peristalsis. Prior to the
introduction of peroral endoscopic myotomy
(POEM), pneumatic balloon dilatation (PD) and
laparoscopic Heller myotomy (LHM) were main
treatments. These modalities can lower the pres-
sure of the LES, thus inducing the esophageal
excretory function and improving symptoms. PD
is the most widely used endoscopic therapy with
therapeutic effects of 80-90% at 1 year. However,
recurrence of symptoms is common, which
requires additional treatment in approximately
40-50% of cases within 5 years after the initial
treatment. Effects are less sustainable with repe-
titions of the treatment [32]. LHM can lead to
satisfactory outcomes in approximately 64—90%
of cases. Partial fundoplication is often per-
formed simultaneously to prevent complications
such as gastroesophageal reflux. Although sev-
eral current treatments are effective with long-
term improvements for symptoms, these are more
invasive than others. They also require a rela-
tively longer hospital stay. In addition, they are
expensive. Moreover, these treatments do not
lead to satisfactory outcomes for patients with
spastic esophageal diseases that accompany spas-
tic contractions [32].

POEM was first introduced by Inoue et al.
[33] in 2010. This endoscopic myotomy involves
the natural orifice transluminal endosurgery

(NOTES) technique, in which the LES is incised
by making a tunnel in the submucosal layer of the
esophageal wall through an oral endoscopic
approach without a skin incision. Previous stud-
ies have demonstrated therapeutic effects and
safety of POEM, and in a recent meta-analysis of
36 studies, improvement in symptoms was ana-
lyzed for 2373 patients. In approximately 98% of
patients (95% confidence interval [CI],
97-100%), Eckardt score improved to <3 points
with sustained improvements in symptoms for
>12 months [34]. Several studies have also
reported long-term clinical outcomes of
POEM. Improvements in symptoms were sus-
tained for up to 3-5 years in approximately
83-95% of patients, suggesting that POEM could
have highly satisfactory mid- to long-term treat-
ment effects [35-38]. Strengths and weaknesses
of POEM, LHM, and PD are summarized in
Table 5.2 [32].

5.2.2 Distal Esophagus
Hypermotility Disorders

Esophageal hypermotility, which leads to
increased motility of the esophagus, includes
DES, type III achalasia, and hypercontractile
(Jackhammer) esophagus [39]. Although these

Table 5.2 Strengths and weaknesses of treatments in achalasia (adapted from Youn et al. [32])

POEM LHM PD
Scarring No Yes No
Selective circular myotomy Possible No No
Concurrent anti-reflux procedure No Fundoplication No
Dissection and disruption of the No Yes No
diaphragmatic hiatus
Postoperative incidence of (+++) (++) (+)
gastroesophageal reflux disease 30-40% 15-20% 10-20%
Myotomy extension to the proximal Possible Difficult Impossible
esophageal body
Hospital stay Intermediate Relatively long Very short
3-5 days 5-7 days 1-2 days
Cost Intermediate (variable High Low
according to region)
Clinical response for achalasia Excellent Good Fair
95-98% 90-93% 80-90%
Clinical response for spastic esophageal | Good Fair Poor
disorders

POEM peroral endoscopic myotomy, LHM laparoscopic Heller’s myotomy, PD pneumatic dilatation
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diseases can be differentiated according to find-
ings on HRM, there are no differences in their
clinical symptoms or treatment [39].

5.2.2.1 Definition and Pathophysiology
Esophageal motility diseases were collectively
termed “diffuse esophageal spasm” in the past.
They mainly begin in smooth muscles of the
lower esophagus rather than skeletal muscles of
the upper esophagus. Therefore, the term “distal
esophageal spasm” has been used instead. The
pathophysiology of DES and type III achalasia is
functional loss of inhibitory ganglionic neurons
in the distal esophagus [40, 41]. Disruptions in
inhibitory regulation can lead to premature con-
tractions, rapid propagated contractions, and
simultaneous contractions of the distal esopha-
gus, which can result in an incomplete relaxation
of the distal esophageal sphincter during swal-
lowing. The pathophysiology of hypercontractile
(Jackhammer) esophagus is presumed to be cho-
linergic dominance [42, 43].

5.2.2.2 Clinical Symptoms

Esophageal hypermotility can be observed in all
age groups. However, it is most commonly
observed in patients between ages of 30 and
40 years and in women. Approximately 30-60%
of patients have dysphagia with varying severity
day-to-day. Regurgitation symptoms may also be
present, however, less common than in achalasia.
Chest pain is reported in approximately 80-90%
of patients and it is not directly related to dyspha-
gia. The pattern of chest pain is similar to that of
angina. Therefore, it must be carefully evaluated.
Chest pain is mainly related to diet rather than
exercise. It lasts for several hours. It can be
relieved by antacids. If symptoms such as heart-

burn, dysphagia, and regurgitation are also pres-
ent, then chest pain is highly likely to be caused
by esophageal motility disorders. However,
ischemic heart disease cannot be rolled out.
Additionally, in approximately 20% of patients
who complain of chest pain, it is mainly due to
hypersensitivity of the esophageal mucosa rather
than acid regurgitation. In other cases, various
functional gastrointestinal disorders, anxiety dis-
orders, and depression are observed.

5.2.2.3 Diagnosis

HRM allows for easier diagnosis of esophageal
hypermotility using indicators such as distal
latency (DL) and distal contractile integral (DCI).
The diagnostic criteria in HRM are summarized
in Table 5.3 [39, 44] (Fig. 5.6). DES can be diag-
nosed when at least more than 20% of premature
contractions are observed with normal relaxation
of the EGJ. DL is used as an indicator of prema-
ture contractions. It measures the time between
the point of relaxation of the UES and the con-
tractile deceleration point (CDP) at which the
contraction slope of the distal esophagus changes.
DL < 4.5 s indicates a premature contraction. The
only difference between DES and type III achala-
sia is the relaxation of the EGJ. In type III acha-
lasia, the LES does not relax during swallowing.
Jackhammer esophagus can be newly identified
using HRM as it can measure DCI, an indicator
of continuous contraction pressure of the distal
esophagus. Jackhammer esophagus is diagnosed
when DCI is >8000 mmHg-cm-s in more than
20% of swallowing. Jackhammer esophagus may
be associated with blockage due to EGJOO. It
often shows findings of multipeaked contrac-
tions. However, this is not an essential criterion
for a diagnosis of Jackhammer esophagus [39].

Table 5.3 High-resolution manometry patterns in spastic disorders (adapted from Roman and Kahrilas [39])

Spastic disorder EG] relaxation

Esophageal contractions

Distal esophageal spasm

Normal (mean IRP < 15 mmHg)

>20% premature contractions (DL < 4.5 s)

Type III achalasia

Impaired (mean IRP > 15 mmHg)

>20% premature contractions (DL < 4.5 s)

Jackhammer esophagus Normal or impaired

>20% DCI > 8000 mmHg-s-cm

EGJ esophagogastric junction, /RP integrated relaxation pressure, DL distal latency, DCI distal contractile integral
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Fig. 5.6 Disorders of peristalsis with esophageal spastic-
ity or hypercontractility. These include distal esophageal
spasm (DES) and hypercontractile esophagus. In this
example of DES, the DCI is normal with a reduced DL
and normal IRP. Hypercontractile esophagus includes
sub-groups of single peak hypercontractile swallow,

5.2.3 Differences in Esophageal
Motility Disorders Between
Sexes

5.2.3.1 Epidemiology of Esophageal
Motility Disorders and Differences
Between Sexes

In several large-scale epidemiological studies,
proportions of male and female patients with
achalasia were similar [10, 12, 15, 45]. Achalasia
can be observed in all age groups. However, it is
most common in patients between ages of 40 and
60 years [10, 12, 46]. DES is a rare disease. Only
a limited number of epidemiology studies have
assessed it. According to previous studies, the
prevalence of symptomatic DES ranges between
3% and 9%. The mean age of prevalence is
approximately 60 years. Its prevalence is slightly
higher in women at 55% [40, 47,48]. Jackhammer
esophagus is a newer esophageal motility disor-
der with limited data. In a recent meta-analysis of
38 studies, the prevalence of Jackhammer esoph-
agus was 1.97% [95% CI, 1.39-2.78%] in
patients referred to HRM [49]. The mean age at

| Center; and Mayo Clinic Arizona Motility Lab

hypercontractile with jackhammer esophagus, and hyper-
contractile with LES after-contraction. /RP integrated
relaxation pressure, DCI distal contractile integral, LES
lower esophageal sphincter, DL distal latency (adapted
from Yadlapati et al. [6])

diagnosis was 60.8 years [95% CI, 57.1-64.4]
and 65% [95% CI, 58-72%] of patients were
women [49].

5.2.3.2 Symptoms of Esophageal
Motility Disorders
and Differences Between Sexes

A prospective study conducted in Japan included
474 patients with achalasia (248 men and 226
women) who underwent LHM. In that study,
female patients with achalasia had a lower body
mass index (BMI) (p < 0.0001) and less dilation
of the esophagus (p = 0.0061). The frequency and
severity of chest pain before LHM were signifi-
cantly higher in females than in males (»p =0.0117
and p = 0.0103, respectively). Improvement in
chest pain was also higher in females (p = 0.0005
and p = 0.003, respectively) [50]. Other prospec-
tive studies have reported similar results. In a
prospective study that included 213 patients with
achalasia (110 men and 103 women) in Iran,
chest pain was more common in women than in
men (70.9% vs. 54.4%, p = 0.03). Furthermore,
chest pain decreased in both men and women
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after PD or botulinum toxin administration. The
decrease was greater in women than that in men
(32% vs. 20.9%, p = 0.04). In both men and
women, chest pain was not related to the symp-
tom duration, LES pressure (LESP), or type of
treatment [51]. However, in another study, chest
pain was reported to be independent of age and
sex [52]. The mechanism of chest pain in achala-
sia and the reason for its higher frequency in
women are not clearly established yet. However,
as in GERD, women have more sensitive esopha-
gus, which may lead to higher frequency and
intensity of chest pain.

A recent study has analyzed differences in
symptoms of achalasia between male and female
before POEM and HRM. Dysphagia was more
severe in females with achalasia while regurgita-
tion was more severe in males. Heartburn was
more frequently observed in males than in female
[53]. According to HRM findings, female patients
with achalasia had higher LESP and shorter
esophageal length than male patients with acha-
lasia. Therefore, the authors believe that this sex
differences might be related to the female hor-
mone estrogen. Further analysis was performed
by dividing females into pre-menopausal and
post-menopausal groups. Results revealed that
pre-menopausal females had higher LESP than

p=0.01

Female

Fig. 5.7 Baseline lower esophageal sphincter pressure
(LESP) in patients with achalasia before peroral endo-
scopic myotomy (POEM). (a) Comparison of resting
LESP between male and female patients; (b) comparison

male and post-menopausal women [53] (Fig. 5.7).
Further studies are necessary to assess effects of
estrogen on LESP.

5.2.3.3 Response to Treatment
Between Sexes

Patients who have demonstrated the greatest ben-
efit with PD are women, those over the age of
40 years, and those with type II achalasia [30,
54-65]. Additionally, patients with type III acha-
lasia, Jackhammer esophagus, and spastic esoph-
ageal motility disorders do not show good
responses to PD. Among different symptoms of
achalasia, only around 50% of patients experi-
ence improved chest pain after treatment [26, 44,
66, 67].

Farhoomand et al. [59] have reported that 88%
of patients with recurrence of achalasia within
3 months after PD using 3.0-cm balloons are
under the age of 45 years and most of them are
men. In a study comprising 126 patients, Ghoshal
et al. [66] have shown that the male sex, not age,
is independently associated with poor outcomes
after PD. A large-scale study by the Cleveland
Clinic (106 patients with 51 women) has reported
that age and sex are equally important variables
[63] (Fig. 5.8). It revealed that men under the age
of 50 years did not demonstrate good treatment

b
p=0.022
—0275 p=0.202
80- |p P
S 60+ ‘ ‘ ‘

T

Non  Menopausal Male
menopausal female
female

of LESP among non-menopausal female patients, meno-
pausal female patients, and male patients (adapted from
Xu et al. [53])
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Fig. 5.8 Effect of age and sex on early phase (within
6 months) outcome of single pneumatic balloon dilation
(PD), with 95% confidence intervals shown for each
curve. Younger patients, especially men, have a higher

response to a single 3.0-cm PD. However, only
young women under the age of 35 years
responded poorly to PD, with most women dem-
onstrating satisfactory clinical outcomes for at
least 5 years after undergoing a single PD. There
might be differences in properties of muscles and
tensile strength of the lower esophagus sphincter.
However, reasons for such age-related and sex-
related differences are unknown [68].

Young patient groups, men, and patients with
high LESP have demonstrated good treatment
outcomes after primary LHM [63, 69]. A key
point is that patients who have no response to PD
and Botox can be successfully treated with LHM
[63, 70]. However, another study has shown no
difference in outcomes of LHM or satisfaction of
treatment between sexes [50].

Based on these findings, a suggested treatment
algorithm includes LHD for young men and PD
for older women [68]. Additionally, Ghoshal
et al. [71] have suggested that men should be
treated using 3.5-cm balloons as they have poor

T T T T
50 60 70 80

Age

likelihood of early failure after a single (30 mm) PD.
dashed line, women; straight line, men (adapted from Vela
et al. [63])

treatment response to PD. In contrast, they have
suggested that women should be treated with 3.0-
cm balloons as women demonstrate good treat-
ment response to PD.

There is a lack of studies assessing differences
in POEM treatment outcomes between sexes. A
recent study has followed up patients who have
undergone POEM for more than 6 months and
found no differences between sexes in effects of
POEM, regurgitation symptoms, HRM findings,
or complications of POEM [53].

5.3  Conclusions

Esophageal motility disorders are relatively rare
diseases with various symptoms caused by imbal-
ances between excitatory and inhibitory nerves of
the esophagus. Representative diseases include
achalasia and lower esophageal hypermotility
disorders such as DES and Jackhammer
esophagus.
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There is no difference in the prevalence of
achalasia between sexes, although the prevalence
of lower esophageal hypermotility disorders is
slightly higher in women. The higher frequency
of chest pain in female patients with achalasia
might be related to esophageal sensitivity. Higher
LESP in female patients with achalasia might be
attributed to hormones. However, further studies
are necessary for detailed assessments and
confirmation.

Differences in the response to treatment of
esophageal motility disorders between sexes
have been reported. Women patients with achala-
sia responded better to PD than men patients in
the past. However, in recent studies, POEM has
resulted in better effects and long-term follow-up
outcomes, particularly for treatment of distal
esophageal hypermotility disorders. Therefore,
POEM is increasingly used as the initial treat-
ment of esophageal motility disorders. Future
studies must assess differences between sexes in
terms of outcomes, complications, and long-term
effects of POEM for optimal treatment of men
and women with esophageal motility disorders.
Based on these studies, treatment of esophageal
motility disorders is expected to be tailored for
men and women.
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Sex Difference of Esophageal
Cancer: Esophageal Squamous Cell
Carcinoma vs. Esophageal

Adenocarcinoma
Nayoung Kim
6.1 Introduction males. This disease ranks seventh in terms of

The effect of sexual disparity on cancer inci-
dence, etiology, and treatment has been rela-
tively overlooked until recently but may be a key
component of a precision medicine approach
[1]. Large epidemiological studies have demon-
strated that sexual differences exist in cancer
susceptibility and outcome with males having a
higher incidence and poorer outcomes of several
tumor types including esophageal cancer (EC)
[2, 3]. While some of the differences in cancer
incidence may be due to behavioral factors such
as smoking and/or hormonal influences [4], it
has also been suggested that differential sex-
based gene expression signatures [5] and differ-
ing immune responses [6] may be important [1].
In addition, the effect of treatment could be dif-
ferent. That is, sexual disparity also affects the
pharmacokinetic handling of cytotoxic chemo-
therapy drugs through differences in body com-
position [7], drug metabolizing enzyme
expression [8], and drug erythrocyte binding [9]
with the data suggesting that higher dose intensi-
ties may be achieved in females compared to
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incidence (572,000 new cases) and sixth in mor-
tality overall (509,000 deaths) [2]. Because EC
is characterized by rapid growth and early metas-
tasis, most of cases reported have been advanced
at diagnosis thus the prognosis is poor [10]. For
instance, the 5-year overall survival rate of EC is
only 20% in China [10]. Two most common his-
topathological cell types are esophageal squa-
mous cell carcinoma (ESCC) (Fig. 6.1e and its
endoscopic finding Fig. 6.1b) and esophageal
adenocarcinoma (EAC) (Fig. 6.1f and its endo-
scopic finding Fig. 6.1c) in comparison to nor-
mal (Fig. 6.1d and its endoscopic finding
Fig. 6.1a), and they vary significantly in geo-
graphical distribution [11]. Both types of EC are
frequent, for instance, 70% in male [10]. In addi-
tion, the incidence and mortality are three times
higher in male than in female [12] (Figs. 6.2,
6.3). EAC is the more common in Western coun-
tries such as the United States (Fig. 6.4a) and
Sweden [13] (Fig. 6.4b), and ESCC remains to
be the dominant type of EC worldwide, particu-
lar in East Asia including China [14], Japan [15],
and Taiwan [16] and Korea [17]. The ratio of
EAC among esophageal malignancies was as
low as 1-4% in Japan [15] and Taiwan [16] and
Korea [17]. Furthermore, different histological
types of EC have shown different risk factors. An
established risk factor for EAC is body fat and
that for ESCC is alcohol consumption according
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Fig.6.1 Endoscopic and histological findings of normal (a, d), esophageal squamous cell carcinoma (b, e), and esoph-
ageal adenocarcinoma (c, f), respectively

to a systematic review by the World Cancer
Research Fund/American Institute for Cancer
Research [18]. That is, alcohol intake above
170 g/week significantly increases the risk of
ESCC, but not EAC [19]. In case of smoking, it
increases risk for both EAC and ESCC [20, 21].
EAC is considered to be an obesity-related dis-
ease [21], but the relationship between body
mass index (BMI) is mostly limited in Western
societies, where overweight or obese population
is much higher than in Asian countries [22-24]
and where EAC is more common [25, 26].
However, this relationship with BMI in the
ESCC is controversial. The striking sex differ-
ence (EAC with a male-to-female (M:F) ratio in
incidence of up to 9:1 and ESCC 2-3:1) does not
seem to be explained by established risk factors,
given that the prevalence of the etiological fac-
tors and the strengths of associations between
these factors and ESCC or EAC risk are similar
between the sexes [27]. Sex hormonal factors
may play a role in the development of EC, espe-
cially EAC; estrogenic exposures may prevent

such development, whereas androgens might
increase the risk of EAC [27, 28]. In this chapter,
epidemiology, pathophysiological characteris-
tics arising from differences in hormonal or
other biological parameters, screening, and treat-
ment of EC were reviewed depending on ESCC
and EAC.

6.2 Esophageal Squamous Cell

Carcinoma

In 2012, EC was the eighth most common form
of cancer in incidence and the sixth common
cause of death from cancer worldwide, with
456,000 new cases and 400,100 deaths according
to the GLOBOCAN 2012 [29]. In 2016, EC
became the tenth most common cancer and the
sixth leading cause of cancer-related deaths
worldwide [30]. In 2018, EC ranks seventh in
terms of incidence and sixth in mortality overall,
the latter signifying that EC will be responsible
for an estimated 1 in every 20 cancer deaths. Its
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opment index (HDI) regions versus low/medium HDI
regions among (a) male and (b) female in 2018. The 15

] Mortality

most common cancers in the world (W) in 2018 are shown
in descending order of the overall age-standardized rate
for both sexes combined (Source: GLOBOCAN 2018.
Adapted from Bray et al. [2])
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worldwide incidence is believed to be increasing
[2]. Age-standardized incidence and mortality
rates of EC are the highest in Eastern Asia as well
as Southern and Eastern Africa, and around 80%
of the cases worldwide occur in less developed
regions [29]. Significant disparities exist between
sex/genders for the development, progression,
and mortality of ESCC, but there is very differ-
ence between ESCC and EAC; thus first we intro-
duce the ESCC.

(W) age-standardized rate among men, and the highest
national rates among male and female are superimposed
(Source: GLOBOCAN 2018. Adapted from Bray et al. [2])

6.2.1 Incidence and Mortality Rate
of Esophageal Squamous Cell

Carcinoma in the World

The incidence rate of ESCC is highest in Central
and South-East Asia, where approximately 80%
of all ESCC cases were estimated to have
occurred in 2012 [31]. Over half of all new cases
of ESCC in the world occur each year in China
alone [31, 32]. The incidence of ESCC in male
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Fig. 6.4 Incidence trends of esophageal squamous cell
carcinoma and esophageal adenocarcinoma in the United
States (a) and in Sweden (b). Data sources: the
Surveillance, Epidemiology, and End Results (SEER),

has decreased during the past few decades glob-
ally [13]. In female, the incidence has decreased
only slightly or stabilized in most regions, but
there also appears to be a rise in some countries,
including Japan, the Netherlands, New Zealand,
Norway, and Switzerland [33]. The incidence of
ESCC is substantially higher in rural areas than
in urban areas in China and some other Asian
populations [34, 35]. In 2011, the incidence of
ESCC as well as EAC has shown a male predilec-
tion, occurring 3—4 times more commonly in
male than female globally [36]. In 2018, approxi-
mately 70% of EC cases occur in male, and there
was a twofold to threefold difference in incidence
and mortality rates between the sexes worldwide
(Fig. 6.2) and between regions [2] (Fig. 6.3).
Among male, rates are also twofold greater in
higher human development index (HDI) coun-
tries, with mortality rates ranking fifth in these
countries [2] (Fig. 6.2). EC is common in several
Eastern and Southern African countries; it was
the leading cause of cancer mortality in Kenyan
male (Fig. 6.2a), whereas Malawi exhibited the
highest incidence rates globally in both male and
female [2], suggesting of the difference of envi-
ronmental factors.
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SEER 9 registries research data, November 2017 submis-
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etal. [13])

6.2.1.1 Incidence Rate of Esophageal
Squamous Cell Carcinoma
in Africa

To gain epidemiological insights into ESCC pat-
terns across the African continent, Middletona
et al. conducted a systematic review and meta-
analysis of male-to-female of EC age-
standardized incidence rates (ASR, world) in
Africa according to geography, time, and age at
diagnosis [37]. These data showed a consistent
male excess in incidence rates overall (1.7; 95%
CI, 1.4-2.0), and in the high-risk Eastern (1.6;
95% CI, 1.4-1.8) and Southern (1.8; 95% CI,
1.5-2.0) African regions [37]. Within the latter
two low risk regions, a male excess was not
observed [37]. The high degree of heterogeneity
in ESCC incidence implies a large fraction of the
disease is preventable and directs research enqui-
ries to elucidate early-age exposures among
young male in Africa [37]. Interestingly, in the
East African ESCC burden is the unusually high
number of young (aged <40 years old) patients
[38]. Investigating whether a sex difference is
evident in these young age groups, and at what
age it manifests, will be valuable in pointing to
potential contributions of early life exposures and
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inherited susceptibility [37]. The risk factors
have not been under active intervention so far and
incidence rates of ESCC is increasing consis-
tently in many Eastern and Southern African
countries [37]. A male excess of EC was observed
for the majority of countries investigated, includ-
ing the high incidence regions of Eastern and
Southern Africa, where a significant male excess
predominated [37]. Estimated regional ratios
were 1.6 (95% CI, 1.4-1.8) and 1.8 (95% ClI,
1.5-2.0) for Eastern and Southern Africa, respec-
tively [37].

6.2.1.2 Incidence Rate of Esophageal

Squamous Cell Carcinoma

in South Korea
In contrast to Africa, a decrease in incidence of
ESCC has been observed in both developing and
developed countries [39, 40]. Similarly, the inci-
dence of ESCC has decreased in Korea for the
past 15 years [39] (Fig. 6.5), where histological
type of EC is ESCC type (90.2%) in 2013 which
is very similar to Africa [39]. This EC incidence
data during 1999 to 2013 came from the Korea
Central Cancer Registry, covering the entire pop-
ulation reported [39]. The ASR decreased from
8.8 per 100,000 populations in 1999 to 5.9 in
2013 with an annual percent change of 2.6% in
male and 2.2% in female [39] (Fig. 6.5). The

same decreasing trends were observed for both
male and female with annual percent changes
(APCs) in the incidence rates of EC 2.6% and
2.2%, respectively [39] (Fig. 6.5b, c). More than
90% of all EC cases were male and the most fre-
quent was ESCC, constituting 75.5% of all cases
in 1999, gradually increasing to 90.2% in 2013
but after excluding unspecified histology cases,
the proportion of ESCC was 92.5% in 1999 and
96% in 2013 [39]. In male, the ASRs of all histo-
logical types significantly decreased, whereas in
female, the ASR of unspecified EC decreased,
but that of EC did not change between 1999 and
2013 [39].

6.2.1.3 Mortality Rate of Esophageal

Squamous Cell Carcinoma

in South Korea
A decrease in mortality of ESCC has been
observed in both developing and developed coun-
tries [39, 40]. In Korea 5-year relative survival of
ESCC improved from 12.1% (1993-1995) to
34.6% (2009-2013) [39]. This significant
improvement of 5-year survival rates may be
attributable to more effective detection of early-
stage disease with the increased proportion of
localized and regional cancer compared with that
of distant cancer [39]. This is originated from the
strategy of the Korean government. Endoscopy
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Fig. 6.5 Age-standardized incidence rates of esophageal cancer in (a) total (b) male and (c¢) female in South Korea

(adapted from Shin et al. [39])
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or upper gastrointestinal series has been covered
from the age from 40 years old biannually for the
early detection of gastric cancer by the Korean
government, which has been implemented in
2002 as a part of the National Cancer Screening
Program (NCSP). Trends of EC according to
Surveillance, Epidemiology, and End Results
(SEER) staging shows that the proportion of
patients diagnosed as localized stage increased
from 30.1% in 2006-2009 to 33% in 2010-2013
and that of regional stage increased to 37.8%
from 32.7%, respectively [39]. Consequently,
overall relative survival rate (RSR) markedly
improved during the observation period. Overall
5-year RSRs were 12.8% between 1993 and 1995
but increased to 33.4% between 2009 and 2013
[39] (Fig. 6.6). In terms of the tissue type of EC,
there was a slight difference. That is, between
1993 and 1995, the 5-RSRs for ESCC and EAC
were 12.1% and 15.7%, respectively, but between
2009 and 2013, the former was 34.6% and the
latter was 29.6% [39]. When comparing the
RSRs by sex, there was a remarkable improve-
ment in RSR of male with ESCC [39] (Fig. 6.6).

Improvements in RSR were observed in local-
ized and regional cancer patients diagnosed in
2009-2013 compared with patients diagnosed in
2006-2008 [39] (Fig. 6.6). Particularly, the
5-year survival rate of localized cancer was
49.5% during 20062008, and it improved sig-
nificantly to 58.5% between 2009 and 2013 [39]
(Fig. 6.6). Relative excess rates (RER) was 0.72
(95% (I, 0.65-0.80) in localized cancer and 0.88
(95% CI, 0.82-0.95) in regional cancer among
patients diagnosed in 2009-2013, compared with
those in 2006-2008 [39] (Fig. 6.6). Taken
together sex RER was most reduced in male with
localized stage [39].

6.2.2 Pathophysiology
of Esophageal Squamous Cell
Carcinoma

Lower socioeconomic status, as indicated by
lower income or education, has consistently been
associated with an increased risk of ESCC in
studies from both developing and developed

%100 B ,1-year; M ,3-year; M ,5-year;
80
60
40
20
0 . . . .
Overall Local Regional | Distant |Unknown Overall Local Regional | Distant | Unknown
55.38 70.04 58.41 35.33 44.79 60.61 78.31 63.81 31.06 47.02
33.9 55.61 31.2 11.6 24.46 39.17 65.49 35.68 10.38 25.14
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Fig. 6.6 Relative survival rates (%) of 1, 3, and 5 years of patients with esophageal cancer by period of diagnosis
according to Surveillance, Epidemiology, and End Results stage (adapted from Shin et al. [39])
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countries [32, 35]. A nationwide case-control
study in Sweden also found an approximately
fourfold increased risk of ESCC in skilled man-
ual workers compared with professionals, after
adjustment for tobacco smoking and alcohol use
[41]. Differences in socioeconomic status may
contribute to the rural-urban disparity in the inci-
dence of ESCC. Heavy drinking and smoking
and their synergistic effects are the major risk
factors for ESCC [42]. However, in lower-income
countries, such as in parts of Asia and sub-
Saharan Africa, the major risk factors for ESCC
(which usually comprises over 90% of all EC
cases) have yet to be elucidated [2]. In addition,
the high-incidence countries in Eastern and
Southern Africa have yet to be elucidated, and
research is needed to address the role of these
factors and other dietary components (e.g., nutri-
tional deficiencies, nitrosamines) [43]. However,
it is evident that several potential contributors,
e.g., tobacco and alcohol use, are more prevalent
among males [44] and fundamentally there is sex
hormone difference.

6.2.2.1 Sex Hormone

As ESCC prevalence is higher in male than in
female, androgen received more attention than
estrogen. In 1985, Kobayashi [45] investigated
the effects of sex hormones on the development
of ESCC in a rat model. The highest incidence of
ESCC was in male rats, followed by female rats
treated with testosterone. This fell to 0% in cas-
trated rats treated with estradiol [45]. Female rats
with no hormonal manipulation also had low
rates (8%) [45]. The authors concluded that
ESCC growth is inhibited by estrogen and stimu-
lated by androgens. However, the expression of
ARs was not addressed in this study. Matsuoka
et al. [46] were the first to detect ARs in a cell line
(KSE-1) derived from a male ESCC. The KSE-1
cell line had a binding content of 4.2 fmol/mg
protein for the ER and 2.2 fmol/mg of protein for
the AR in the cytoplasm [46]. Proliferation of this
cell line was suppressed by estrogen and acceler-
ated by testosterone. Ueo et al. [47] characterized
ARs and conducted treatment experiments in two
ESCC cell lines, KSE-1 and KSE-2. Similar to
Matsuoka et al. [46], the proliferation of KSE-1

was increased by dihydrotestosterone (DHT) and
decreased by estradiol, although sex hormones
had no impact on the growth of KSE-2. Receptor
analysis found KSE-1 to be positive for both AR
and ER, but KSE-2 was negative for both. In a
mouse xenograft model, KSE-1 tumor growth
was suppressed by estradiol, whereas no effect
was seen in KSE-2. Interestingly, no growth-
promoting effect was seen with DHT in either
cell line in vivo, which is consistent with the con-
cept of testosterone saturation in the context of
prostate cancer [48]. Tanaka et al. [49] further
investigated KSE-1 and found that the tumor
growth stimulation that occurs with AR activa-
tion is mediated by fibroblast growth factor 8
(FGF-8) signaling known as androgen-induced
growth factor. Furthermore, Yamashita et al. [50]
identified ARs in ESCC specimens from 21
patients. Two tumors were successfully xeno-
grafted into male nude mice and cultured as cell
lines, and the growth of the cell lines in the pres-
ence of sex hormones was assessed. Similar to
the other studies, testosterone stimulated growth,
whereas estrogen had no impact [50]. Tihan et al.
[51] used immunohistochemistry to determine
AR expression in ESCC resection specimens.
Positive staining for AR was found in 3 of 14
(21%) specimens [51]. No differences in survival
were found with respect to AR status, but the
study size was small [51]. Yang et al. [52] detected
ARs and ERs in ESCC specimens from 31
patients (26 male, 5 female) using a radio-ligand
binding assay method. Compared with the nor-
mal esophageal tissues, more ARs were detected
in the ESCC tissues (40.56 = 18.19 vs.
7.84 +3.21 fmol/mg) [52]. The expression of AR
correlated with sex, tumor differentiation, inva-
sion, and the lymph node metastasis status, but
not age of the patient or tumor location [52]. The
authors concluded that the expression of AR
impacts on the biological behavior and prognosis
of ESCC [51, 52]. Dietzsch et al. [53] investi-
gated androgen pathways in ESCC arising in
South African males by targeting AR mutations
which were known to occur in prostate cancer. As
in prostate cancer, known AR mutations were
associated with increased susceptibility to the
disease [53]. It suggested that the mutation in
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question (a short (GGC)n allele) increases AR
activity, which would explain the increased inci-
dence of this cancer in male with this mutation,
and also suggested the implication of AR signal-
ing in the pathogenesis of the disease, at least in
some patient populations [53].

6.2.2.2 Alcohol

Alcohol consumption is one of the most impor-
tant known risk factors for human cancers, and
there is convincing evidence that alcohol con-
sumption increases the risk of cancer in the col-
orectum, female breast, larynx, liver, esophagus,
oral cavity, and pharynx [10]. Ethanol from alco-
holic beverages is metabolized to acetaldehyde,
which was classified as a human carcinogen by
the IAARC. Ethanol itself can cause local irrita-
tion of the upper GI tract and could stimulate car-
cinogenesis by DNA methylation. Excess use of
alcoholic beverages has been consistently associ-
ated with an increased risk of ESCC [13]. The
association seems to be stronger in lower-
incidence Western countries than in higher-
incidence Asian countries [32]. Studies from the
United States have shown that overconsumption
of alcohol is associated with an as high as nine-
fold increased risk of ESCC and may explain
over 70% of all ESCC cases [54, 55]. Studies
from Asian populations have reported relative
risks of ESCC ranging from 1.6 to 5.3 associated
with alcohol consumption [32]. This wide varia-
tion in relative risk estimates may be explained
by differences in exposure patterns, vulnerability
of the study populations, study design, and abil-
ity to adjust for confounders [34, 35]. In terms of
joint effects of low BMI and alcohol consump-
tion on developing ESCC, our team performed a
Korean nationwide population-based cohort
study from a total of 264,084 individuals aged
40 years or older, who received healthcare check-
ups arranged by the national insurance program,
between 2003 and 2008 [10]. There were newly
diagnosed 278 EC during a median follow-up
duration of 7.9 years [10]. Alcohol consumption
increased risk for EC in a dose-dependent man-
ner and those who consumed alcohol daily
showed a 2.8-fold increase in the risk of EC com-
pared with never drinkers [10]. Heavy alcohol

consumption in individuals with underweight
increased the risk of developing EC dramatically,
suggesting underweight was a risk factor for
ESCC. Thus achieving normal range of BMI is
important to reduce the risk of ESCC, especially
in case of alcoholics [10].

6.2.2.3 Smoking

Tobacco smoking is a major risk factor for ESCC
in both developed and developing countries,
although the association seems to be stronger in
developed populations. A recent meta-analysis of
52 studies revealed an approximately fivefold
increased risk of ESCC in current smokers com-
pared with non-smokers in Western countries and
a corresponding threefold increased risk in Asia
and South America [56]. Over half of all ESCC
cases have been estimated to be attributable to
tobacco smoking in the United States [54, 57].
The use of tobacco products other than cigarettes
may increase the risk of ESCC with a seemingly
similar magnitude of association as cigarette use,
but more accurate population-specific estimates
are warranted before these findings can be estab-
lished [32]. Compared to individuals who con-
tinue tobacco smoking, those who stop smoking
have a gradually decreased risk of ESCC over
time, and this effect is more pronounced in
Western than in Eastern populations [56]. A
recent meta-analysis of 41 studies reported a
66% decreased risk of ESCC in individuals who
had quit smoking over 20 years ago (odds ratio
[OR] 0.34; 95% CI, 0.25-0.47), compared with
current smokers [56].

6.2.2.4 Dietary Factors

A large number of studies from all over the world
have investigated associations between various
dietary factors and ESCC risk. However, existing
evidence remains limited to associate ESCC risk
with any specific nutrients or food items [13].
This is due to the complexity of dietary assessment,
particularly inter-correlations between individual
items, and confounding from other risk factors,
e.g., tobacco smoking, alcohol use, and socioeco-
nomic status [13]. Numerous studies have
reported increased risk of ESCC associated with
high intake of pickled vegetables and low intake
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of fresh fruit and vegetables [32, 58, 59], but evi-
dence from high-quality prospective studies
remains largely lacking. The International Agency
for Research on Cancer (IARC) has concluded
that the evidence from humans is “limited”
regarding the carcinogenicity of pickled vegeta-
bles and the evidence from experimental animals
was “‘inadequate” [60]. The World Cancer
Research Fund Continuous Update Project for the
esophagus recently concluded that evidence
regarding intake of fruit and vegetables and a
decreased risk of ESCC is also “limited” [18]. A
large randomized intervention trial with 26 years
of follow-up in a nutrient-deficient population in
China found no benefit of multivitamins supple-
mentation in reducing EC-specific mortality [61].
Consumption of hot food and beverages has been
investigated in relation to ESCC risk in over 60
studies [62]. The most recent meta-analysis
showed a twofold increased risk of ESCC associ-
ated with consumption of hot food or drinks, and
the pooled odds ratios were stronger in develop-
ing countries (2.80; 95% CI, 2.05-4.02) than in
developed countries (1.65; 95% CI, 1.17-2.33)
[63]. However, most available studies on this
topic have had methodological limitations, i.e.,
inaccurate exposure assessment, insufficient
adjustment for confounders, or recall bias. [ARC
recently concluded that evidence in humans for
carcinogenicity of drinking very hot beverages
was “limited” [64]. A recent population-based
cohort study of over 450,000 participants in China
suggested an increased ESCC risk associated with
hot tea consumption, particularly when combined
with excess alcohol use and tobacco smoking
[65]. Yet, the causality of consumption of hot
foods and beverages in relation to the risk of
ESCC remains to be confirmed in more large and
well-designed prospective studies.

6.2.2.5 Lower Body Mass Index

While most studies have evaluated the associa-
tion between overweight or obesity and cancer,
the impact of underweight on cancer susceptibil-
ity has been relatively ignored. In terms with EC,
researchers have evaluated mostly smoking
tobacco, alcohol drinking, and poor diet (low
fresh fruit and vegetable intake) as risk factors for

EC rather than BMI. One report showed the evi-
dence for low BMI or leanness as a factor associ-
ated with an increased risk of ESCC in Western
and Asian populations [66]. In addition, our anal-
ysis showed that individuals with a BMI of less
than 18.5 kg/m? had a 73% increase in the risk of
developing ESCC compared with normal-weight
subjects (BMI 18.5-22.9 kg/m?), while individu-
als with a BMI of greater than 25 kg/m? had a
30% decrease in the risk of developing EC [10].
Poor diet leading to micronutrient deficiencies or
malnutrition reflected in low BMI has been impli-
cated as one of the underlying mechanisms
explaining higher risk of ESCC [67, 68]. Low
BMI can be a good indicator of long-term malnu-
trition, but specific micronutrients, which may
affect the development of EC, need to be discov-
ered. While other studies on the inverse associa-
tion between BMI and ESCC risk have paid
attention to the possible confounding effects of
smoking [66, 69-71], our team stratified the
amount of alcohol consumption to assess its pos-
sible impact on increased risk of ESCC and found
the synergistic effect of heavy drinking and
underweight on the vulnerability of EC [10]. The
carcinogenicity of alcoholic beverages in relation
to ESCC may most likely be due to both ethanol
itself and acetaldehyde, which is a carcinogen
derived from ethanol metabolism [72]. The
effects of this may further be amplified by under-
nutrition, which is usually associated with insuf-
ficiency of micronutrients from improper
maintenance of antioxidants and immune func-
tions [73-75]. There is evidence of protective
effects from diets that are rich in fruits, vegeta-
bles, and whole-grain cereals on both ESCC and
EAC [59, 76, 77]. When the preventive effect of
weight gain on development of EC was evaluated
by categorizing subjects according to change of
BMI between baseline and at 2- and 4-year health
check-up, weight loss was associated with devel-
oping of ESCC and weight gain was associated
with reduced risk of ESCC [10]. This finding that
BMI is inversely associated with the risk of EC—
mostly ESCC—when restricted to non-smokers
is in accordance with the results from two large
studies [66-68, 70]. Although current smoking
status did not significantly contribute to the
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inverse relationship between underweight and
EC development, there was a higher prevalence
of EC among those with lower BMI among
smokers [10].

6.2.2.6 Genetics

There are conditions with a genetic basis, such as
Tylosis, an autosomal dominant disease, that are
clearly related to the development of
ESCC. Familial aggregation in population of
high incidence of EC, such as northern regions of
China, has also been reported [78]. Four genome-
wide association studies (GWAS), three of them
conducted in Chinese population and one in
Japanese population, have shown genetic suscep-
tibility factors in the development of ESCC,
especially in heavy alcohol and tobacco users.
Two nucleotide polymorphisms (SNPs, single-
nucleotide polymorphisms) deserve special
attention because they encode enzymes metabo-
lizing alcohol: alcohol dehydrogenase 1B
(rs1229984, OR 1.79) and aldehyde dehydroge-
nase 2 family (rs671, OR 1.67) [79]. Other
GWAS found association at two loci, one located
in the enzyme phospholipase C and another in a
particular region of chromosome 20 (C200rf54)
[80]. Regarding association with ESCC, a GWAS
dataset that included 453,852 SNPs from 1898
ESCC patients and 2100 control subjects of
Chinese population was reviewed [81]. The
authors identified candidate causal SNPs, and
pathway (ICSNPathway) analysis identified
seven candidate SNPs, five genes, and seven
pathways, which together revealed seven hypo-
thetical biological mechanisms [81]. The three
strongest hypothetical biological mechanisms
were rs4135113, rs1800450, and rs3769823 [81].

6.3 Esophageal Adenocarcinoma

The incidence of EAC has increased rapidly dur-
ing the past four decades in many Western popu-
lations, including North America and Europe
[27]. The established etiological factors for EAC
include gastroesophageal reflux disease (GERD)
with Barrett’s esophagus (BE) and obesity, H.
pylori infection, tobacco smoking, and consump-

tion of fruit and vegetables. Strangely there is a
marked male predominance of EAC with a male
(M):female (F) incidence ratio in incidence of up
to 9:1. The striking sex difference does not seem
to be explained by established risk factors, given
that the prevalence of the etiological factors and
the strengths of associations between these fac-
tors and EAC risk are similar between the sexes
[27]. Instead sex hormonal factors may play a
role in the development of EAC; estrogenic expo-
sures may prevent such development, whereas
androgens might increase the risk of EAC [28].
However, continuing research efforts are still
needed to fully understand the reasons for the
male predominance of EAC.

6.3.1 Incidence and Mortality Rate
of Esophageal

Adenocarcinoma in the World

The past four decades have witnessed a markedly
increasing incidence of EAC in Western regions,
including Europe, Northern America, and
Australia, and the incidence of EAC has sur-
passed that of ESCC in many Western countries
[82-84]. The incidence of EAC is substantially
higher in whites than in other races in the United
States [85]. EAC has a striking male predomi-
nance in incidence, with a M:F incidence ratio of
6-to-1 in general and as high as 8-to-1 in some
populations, e.g., in the Unites States [27, 83]
(Fig. 6.4a). In addition, M:F ratios are ranging
from 5:1 in France, 6:1 in Australia and Sweden,
and 10:1 in the United Kingdom [86-88]. The
geographic distribution of EAC shows that
among 52,000 new cases of EAC (41,000 in male
and 11,000 in female) worldwide in 2012, a total
of 12,000 (22.8%) occurred in Europe and 11,100
(21.2%) in North America [31]. In addition, an
analysis of the SEER Registry in the United
States confirmed a significant rise in EAC among
males and a slower rise in females from 1973 to
2008, with an overall M:F ratio of 7.66 [88].
Mathieu et al. [88] analyzed the EC incidence
trends by histology and sex from 1973 to 2008 in
nine population-based cancer registries of SEER
9 Registry Database in the United States. When
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they used age as a proxy for estrogen exposure in
females, the collective age groups annual per-
centage change in EAC for females was positive
(0.03%, 95% CI, 0.02-0.03%) during the study
period [88] (Fig. 6.7a). Interestingly, the EAC
annual percentage change in incidence rates for
females during the same time period was signifi-
cantly negative from ages 50-54 to ages 60-64
[88] (Fig. 6.7b). Even though the incidence of
EAC rises in both males and females, the male-
to-female ratio across age peaks in the
50-54 years then decreased [88] (Fig. 6.7c).
Furthermore, the EAC age-adjusted incidence
rate in post-menopausal females age 80 and
above increased with age unlike their male coun-
terparts [88] (Fig. 6.7c). Taken together, these
data support the hypothesis that the endocrine
milieu in pre- and peri-menopausal females
serves as a protective factor against EAC, and
with loss of estrogen or due to the increasing time
period away from estrogen exposure, the rate of
EAC incidence increases in the older post-
menopausal female.

The prognosis in patients with EAC is worse
than that for most other types of tumors, with the
overall 5-year survival lower than 15% [27]. A
noteworthy sex difference in prognosis among
patients with EC has been consistently shown.
Female patients have longer survival than male
patents, which might be explained by the differ-
ences in extrinsic risk factors for mortality or
possibly sex itself [89-91]. However, the sex dif-
ference in survival was apparent only in ESCC
instead of EAC in a large register-based study in
the United States [89]. A large pooled analysis
using prospective randomized trial data showed
sex difference in the treatment and prognosis [1];
3265 patients were included for survival analysis
(2668 [82%] male, 597 [18%] female; 2627
(80%) < 70 years, 638 (20%) > 70 years) [1]. A
significant improvement in overall survival (OS)
(HR 0.78; p < 0.001) and disease-specific sur-
vival (DSS) (HR 0.78; p < 0.001) was observed
in females compared with males. However, no
significant differences in OS (HR 1.11; p < 0.045)
or DSS (HR 1.01; p < 0.821) were observed in
older patients compared with younger patients
[1]. For patients who underwent resection, older

patients (15% vs. 10%; p < 0.03) and female
patients (14% vs. 10%, p < 0.10) were more
likely to achieve favorable Mandard TRG scores
[1]. The role of sex itself in the prognosis of EAC
still needs to be verified in further independent
studies, considering the lack of information on
important possible confounders in previous
studies.

6.3.2 Pathophysiology
of Esophageal
Adenocarcinoma

EAC represents the majority of EC cases in high-
income countries, with excess body weight and
GERD among the key risk factors [42]. The
established etiological factors for EAC include
gastroesophageal reflux-related BE and obesity,
decrease of H. pylori infection, tobacco smoking,
and consumption of fruit and vegetables. A
marked male predominance of EAC with a M:F
ratio in incidence of up to 9:1 may be partly
explained by both extrinsic and intrinsic expo-
sures that are differentially distributed between
the sexes or more harmful in male than in female.
However, this sex difference does not seem to be
explained by established risk factors alone, given
that the prevalence of the etiological factors and
the strengths of associations between these fac-
tors and EAC risk are similar between the sexes.
Recent molecular evidence suggests hormonal
factors. That is, the preventive effect of estrogen
and provoking mechanism of androgens are help-
ful to explain this sex difference of EAC.

6.3.2.1 Sex Hormone

The male predominance in EAC may be caused
by a delayed development of, on average,
16 years in female compared with male [92], sug-
gesting a protective role of sex hormones and
reproductive factors in the development of
EAC. The hypothesis of sex hormonal influence
in the etiology of EAC has been tested in patients
diagnosed with sex hormone-related cancers,
namely, breast and prostate cancers. If sex
hormones play a role in the development of EAC,
an altered risk of EAC might be evident among
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patients who receive long-term sex hormonal
therapy. No significantly increased risk of EAC
has been observed in patients with breast cancer
using adjuvant antiestrogen tamoxifen therapy
[93-96]. Interestingly, however, two register-
based studies have found a decreased risk of EAC
in patients with prostate cancer who might have
received anti-androgenic treatment [97, 98]
although an earlier study did not [99]. Sex hor-
mones exert their biologic effects through the
ligation to nuclear receptors (i.e., the estrogen
receptors alpha [ERa] and beta [ERB] and the
androgen receptors [ARs]). These sex steroid
hormones, predominantly estrogens in female
and androgens in male, demonstrate sex/gender-
specific concentration profiles [28]. These hor-
mones regulate cell growth and behavior via a
variety of estrogen and androgen receptor sub-
types which are distributed widely throughout
normal and abnormal human tissues, including
cancers. The role of sex hormones in the develop-
ment of prostate and breast cancers is well known
[100, 101]. ARs are also widely expressed in
human tissues and have been identified in EC
[50, 51, 102-104]. Furthermore, circulating tes-
tosterone and DHT were higher in patients who
develop BE, the precursor lesion for EAC, even
after controlling age, BMI, and GERD symp-
toms. Regarding estrogens ERa is predominantly
expressed in female sex organs, such as the
breast, uterus, and ovaries, and is responsible for
estrogen-reduced mitogenic signaling in epithe-
lial cells in these organs [105]. In contrast, ERf
exists not only in sex organs but also in a wide
range of organs in both sexes [106] and has been
found to be expressed in EAC tissues and adja-
cent normal esophageal mucosa [107, 108].
Previous studies have shown decreased ERf
expression in various cancer tissues as compared
with benign tumors or normal tissues [109].
Possible mechanisms of the inhibition of ERf} on
EAC include induction of cell cycle and growth
arrest and initiating apoptosis in cancer cells
through ER ligands [110]. The expression of ARs
has also been confirmed in EAC tissue [51, 103],
and possible mechanisms for androgens/AR
involvement in the regulation of esophageal can-

cer growth are considered. In addition androgen
may induce overexpression of fibroblast growth
factors or members of their receptors, which have
an important role in hormone-dependent malig-
nancies [103]. Biological actions of androgens
and testosterone-activated extra-nuclear signal-
ing pathways [28] are similar to the ERp path-
way. That is, testosterone molecules translocate
via the plasma membrane and are transformed
into DHT by Sa-reductase [28]. Then DHT binds
to the AR and heat shock protein (HSP) is then
released. Ligand-AR complexes can be phos-
phorylated (and/or are modified by other post-
translational mechanisms) and these ligand-AR
complexes form homodimers and move into the
nucleus [28]. In the cell nucleus ligand-AR com-
plexes bind to specific DNA elements-androgen-
responsive elements (ARE), which are in target
gene promoters. A large variety of co-factors and
regulators can orchestrate AR-induced gene tran-
scription. Testosterone binds to undefined mem-
brane-associated androgen receptor(s) (mAR)
that might transduce signaling downstream to
phospholipase C (PLC) [28]. Activation of PLC
produces several second messengers including
Ins(1,4,5)P3 (IP3) and diacylglycerol (DAG).
Ca*" influx then leads to an increase in intracel-
lular Ca?*. In addition, testosterone binds to the
membrane-associated receptor, which associates
with and activates Src kinase [28].

The levels of all androgens increase at puberty
and peak during adolescence and then gradually
decrease with age [111]. Androgen deficiency in
aging males associated hormonal changes are
gradual, with bioavailable testosterone levels
declining 2-3% annually from approximately
30 years of age [112, 113]. There is at least a
tenfold difference in testosterone levels between
males and females of reproductive age [28]. The
plasma concentration of the hormone in males is
between 10 and 35 nmol/L and in females is
0.7-2 nmol/L. [114]. The SEER dataset has
shown a peak sex ratio of 11:1 in favor of males
in the 50-54 years age bracket, but falling to
4:1 in the 75-79 year age group [88].
Furthermore, in vitro evidence from cell culture
work and subsequent testing in murine models
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suggests a significant influence of sex hormones
upon cancer growth and that this effect is consis-
tent with expression patterns of the receptors.
However, the identification of ARs in human tis-
sue specimens has been less straightforward,
with expression reported by some authors, but
not by others [28]. While androgens and their
receptors probably do play a role in the carcino-
genesis of EC, more work is required to evaluate
this role and to understand their contribution to
the genesis of EC [28]. Although therapeutic
implications and novel therapies are desirable,
there is currently insufficient evidence to support
a clinical trial of androgen deprivation therapy in
this cancer [28].

6.3.2.2 Reflux Esophagitis and Barrett’s
Esophagus

The prevalence of GERD in the Western popula-
tion is about 10-20% and about 30-60 million
people in the United States. This entity is capable
of producing EAC directly or, more commonly,
through an intermediate pre-neoplastic lesion,
BE. The increased incidence of BE in the last
30 years is correlated with an increased incidence
of EAC in the same period. BE is a pre-malignant
lesion that develops in 6—14% of patients with
GERD and of which, around 0.5-1% will develop
adenocarcinoma [78]. In a study performed in
Spain, the incidence of adenocarcinoma during
follow-up of patients with BE was 0.48% per year
(95% CI, 0.006-2.62%), for an incidence of 1 per
210 patient-years [115]. The largest study is a
nationwide, population-based, cohort study con-
ducted in Denmark, involving all patients with BE
during the period from 1992 through 2009, using
data from the Danish Pathology Registry and the
Danish Cancer Registry [116]. The study included
11,028 patients with BE for a median of 5.2 years
[116]. The incidence rate for EAC was 1.2 cases
per 1000 person-years (95% CI, 0.9-1.5) [116].
As compared with the risk in the general popula-
tion, the RR of EAC among patients with BE was
11.3 (95% CI, 8.8-14.4) and the annual risk of
EAC was 0.12% (95% CI, 0.09-0.15) [116].
Current surveillance guidelines assume a risk for
EAC of 0.5-1%, far from the results obtained in

this study. Detection of low-grade dysplasia was
associated with an incidence rate for EAC of 5.1
cases per 1000 person-years compared to 1.0 case
per 1000 person-years among patients without
dysplasia. These data question the rationale for
ongoing surveillance in patients who have BE
without dysplasia [116]. A male-predominant sex
bias including reflux esophagitis (RE), BE, and
EAC allude to sex/gender differences in the vul-
nerability or resistance of the esophageal epithe-
lium to caustic compounds of gastroduodenal
contents [88, 117]. Decreased estrogen after
menopause might be related with the raise in the
incidence and severity of RE [117]. The esopha-
geal barrier function is important for the protec-
tion against reflux substance in RE [118-120].
Chronic exposure to gastric acid and other intra-
esophageal materials such as bile and alcohol can
disrupt the esophageal barrier function [120, 121].
Reduced levels of 17p-estradiol due to aging,
especially during women’s menopause, can
potentially increase epithelial permeability and
microbial translocation [119]. Recent studies sug-
gested that estrogen can increase esophageal
mucosal resistance by upregulating the expres-
sion of esophageal tight junction protein such as
occludin. Such mechanism of estrogen might
explain the male predominance of RE [120-122].
Honda et al. [120] have conducted an animal
study to identify the role of estrogen treatment on
esophageal epithelial barrier function and found
that 17f-estradiol administration reduced the dila-
tion of the intercellular space caused by luminal
irritants. Moreover, 17p-estradiol administration
increased the expression of occludin [120].
Adhesion between esophageal neighboring cells
could be enhanced by estrogen which can potenti-
ate the expression of the integral tight junction
protein [122]. Lack of these protective effects of
estrogen in male could possibly explain the higher
prevalence of RE in male than female [120]. Close
relation between female’s reproductive hormone
and the severity and prevalence of RE have been
reported [123]. During postmenopausal period,
the prevalence of GERD spectrum has raised rap-
idly. However, it is lower than that in male during
the reproductive age [124].
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6.3.2.3 Obesity

Obesity is a major and consistent risk factor for
the development of EAC. It has become a serious
public-related disease in developed countries. By
2015, an estimated 75% of the American people
will be overweight (BMI > 25) and 41% obese
(BMI > 30). The OR of developing adenocarci-
noma is 1.52 (95% CI, 1.33-1.74; p < 0.0001) for
those with BMI in the 25-30 rank compared with
those who have normal weight. A high BMI
(>25) was associated with an increased risk of
EAC (males, OR 2.2; 95% CI, 1.7-2.7; females,
OR 2.0; 95% CI, 1.4-2.9) [125]. Higher levels of
BMI were associated with increased risk of EAC
(overweight males, OR 1.8; 95% CI, 1.5-2.2;
obese males, OR 2.4; 95% CI, 1.9-3.2) [126].
Two main mechanisms have been proposed for
the development of EAC in obese patients. First,
obesity is a risk factor for increasing the inci-
dence of RE, and second obesity provokes a hor-
monal dependent mechanism which is mainly
mediated by inflammatory markers secreted from
adipocytes [78]. In several high-income countries
(e.g., the United States, Australia, France, and the
United Kingdom), incidence rates of EAC are ris-
ing rapidly in part because of increased obesity
and waist circumference [127].

6.3.2.4 Smoking and Alcohol
Alcohol is not related to the presence of EAC, but
smoking tobacco is a known risk factor, with an

OR of 2.7 (95% CI, 1.64-4.45) relative to non-
smokers [128]. Tobacco smoking is associated
with an increased risk of EAC in both sexes, but
these associations are weaker than the associa-
tions with ESCC [13, 79] (Table 6.1). A pooled
analysis of 12 population-based studies found an
approximately twofold increased OAC risk in
ever smokers compared with non-smokers with
an exposure-response pattern in terms of increas-
ing pack-years [129]. Smoking cessation has
been associated with a slight reduction of EAC
risk. A recent meta-analysis of 23 studies revealed
that compared to never-smokers, the risk esti-
mates of EAC were only slightly weaker in for-
mer smokers (relative risk [RR] 1.60; 95% CI,
1.48-1.85) than in current smokers (RR 2.34;
95% CI, 2.04-2.69), and a risk reduction was
seen only in participants who had stopped smok-
ing over 20 years ago (RR 0.72; 95% CI, 0.52—
1.01) [56].

6.3.2.5 Nutritional Factor

In a Swedish population study, an inverse rela-
tionship was found between intake of total dietary
fiber and the presence of adenocarcinoma of the
gastroesophageal junction [79]. Similarly, in a
US case-control study, it was found that a diet
rich in vitamins, fruits, and vegetables protect
against the development of this disease [78].
However, in general evidence regarding dietary
factors influencing EAC risk remains inconclu-

Table 6.1 Risk factors of squamous cell carcinoma and adenocarcinoma of esophagus (adapted from Arnal et al. [79])

Risk factor Squamous cell carcinoma Adenocarcinoma

Geography Southeastern Africa, Asia, Iran, South | Western Europe, North America (United
America States), Australia

Race Black > white White > black

Gender Male > female Male > female

Alcohol ++++ -

Tobacco ++++ ++

Obesity - +++

GERD - ++++

Diet: low fruits and ++ +

vegetables

Socioeconomic ++ -

conditions

Genetic aspects ++ +

GERD gastroesophageal reflux disease, + associated risk, — no risk associated
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sive. Studies have revealed a decreased risk of
EAC associated with higher intake of fruit and
vegetables, dietary fibers, and some dietary sup-
plements, i.e., B-carotene and vitamins C and E
[130]. However, the World Cancer Research
Fund Continuous Update Project for EC, which
was based on findings from cohort studies only,
recently concluded that no dietary aspect had
strong evidence for an association with EAC risk,
except for limited evidence of a reduced EAC
risk associated with vegetable intake [18].

6.3.2.6 Drugs

Observational studies with a large number of
patients showed that the use of non-steroidal anti-
inflammatory drugs (NSAIDs), proton pump
inhibitors (PPIs), and statins in patients with BE
reduced the progression to adenocarcinoma [78].
The most studied agents have been acid suppres-
sants. Our team also reported frequent regression
of BE by PPI treatment which was supported by
the immunohistochemical detection of mucin
phenotype, grade of specialized intestinal meta-
plasia (SIM), Ki67, and CDX2 expression in
Barrett’s mucosa [131]. A systematic review with
meta-analysis of studies evaluating the associa-
tion between PPIs and histamine receptor antago-
nists (H2RAs) and risk of EAC or high-grade
dysplasia (HGD) in patients with BE has been
recently published [78]. The authors identified
seven observational studies (2813 patients with
BE, 317 cases of EAC or HGD, 84.4% PPI users).
On meta-analysis, PPI use was associated with a
71% reduction in risk of EAC and/or HGD in
patients with BE (adjusted OR 0.29; 95% (I,
0.12-0.79) [78]. There was a trend toward a dose-
response relationship with PPI use for >2-3 years
protective against EAC or HGD (three studies;
PPI use >2-3 years vs. <2-3 years: OR 0.45;
95% CI, 0.19-1.06 vs. OR 1.09; 95% CI, 0.47-
2.56), but considerable heterogeneity was
observed [78]. Two studies reported the associa-
tion between H2RA use and risk of EAC and/or
HGD (1352 patients with BE, 156 cases of EAC,
25.4% on H2RAs), but they did not show a sig-
nificant effect [132]. The largest study was pub-
lished short after and challenged these results. In

such nationwide case-control study carried out in
Denmark, no cancer-protective effects from PPIs
were seen [133]. In fact, among 9883 patients
with a new diagnosis of BE, the authors identified
140 cases with incident EAC and/or HGD, with a
median follow-up time of 10.2 years [133]. The
relative risk of EAC or HGD was 2.2 (95% CI,
0.7-6.7) and 3.4 (95% CI, 1.1-10.5) in long-term
low and high adherence PPI users, respectively
[133]. Such results could partly be due to con-
founding by indication or a true negative effect
from PPIs. Based on these results, continuous
PPI therapy might not be necessary in all patients
with BE to prevent the progression to EAC and
could be directed at symptom control [133].

6.3.2.7 Genetics

Although the rapidly increasing incidence of
EAC in Western populations does not indicate a
prominent role of genetic factors in the etiology
of EAC, it has been estimated that up to one third
of EAC cases may be attributable to a combina-
tion of germline mutations [134]. GWAS have
identified a number of genetic variants associ-
ated with an altered risk of EAC or BE, includ-
ing those which may be associated with
embryonic development of the esophagus, onco-
genic activity, and body fat regulation [135-
140]. However, the associations with individual
SNPs have been modest with no more than a
20% increase in EAC risk [13]. The most signifi-
cant results were not only for cancer but also for
pre-cancer BE, suggesting that much of the
genetic basis for EAC lies in the development of
BE, rather than its to EAC [79]. They found
three novel genome-wide significant loci for
EAC and BE combined and extended existing
findings at the FOXFI and HLA loci. One of the
novel regions is chromosome 3p13, near FOXP1,
a gene encoding a transcription factor, which
regulates  esophageal development  [80].
Interestingly, two of the other regions
(BARX1/9922.32 and FOXF1/16g24.1) contain
risk-associated SNPs which disrupt binding of
FOXP1 [79]. Further dissection of these loci is
likely to lead to insights into the etiology of this
rapidly fatal cancer [79, 136] (Table 6.1).
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6.3.3 The Effect of Hormone
Replacement Therapy
on the Esophageal
Adenocarcinoma and Its
Prognosis Defending on Age
and Sex

Several studies observed moderately reduced
risk estimates associated with the use of hor-
mone replacement therapy in postmenopausal
women, and a recent meta-analysis based on five
observational studies found a 25% decreased
risk of EAC in postmenopausal women com-
pared with nonusers (RR 0.75; 95% CI, 0.58-
0.98) [141]. However, none of the previous
studies supported a reduced risk of EAC associ-
ated with use of oral contraceptives [142—-144].
Recent studies also suggest a decreased risk of
EAC associated with higher intake of dietary
phytoestrogens, including lignans, quercetin,
resveratrol, and flavonoids [145-147]. These
findings indicate a potential useful role of che-
moprevention of EAC if the sex hormone
hypothesis could be further confirmed [27].

A large pooled analysis using prospective ran-
domized trial data showed sex difference in the
treatment and prognosis [1]; 3265 patients were
included for survival analysis (2668 [82%] male,
597 [18%] female; 2627 (80%) < 70 years, 638
(20%) > 70 years) [1]. A significant improvement
in overall survival (OS) (HR 0.78; p < 0.001) and
disease-specific survival (DSS) (HR 0.78;
p < 0.001) was observed in females compared
with males [1]. No significant differences in OS
(HR 1.11; p <0.045) or DSS (HR 1.01; p < 0.821)
were observed in older patients compared with
younger patients [1]. For patients who underwent
resection, older patients (15% vs. 10%; p < 0.03)
and female patients (14% vs. 10%, p <0.10) were
more likely to achieve favorable Mandard TRG
scores [1]. Actually EAC are predominantly a
disease of older age with more than half of new
cancers each year being diagnosed in people aged
older than 75 years in the United Kingdom [148,
149]. However, there is usually discrepancy in
the use of treatment options compared with
younger patients, and outcomes are generally
poorer for older patients [150, 151]. The attribu-

tion of effects is complicated however by the
increased impact of comorbidities in the elderly
population, making it difficult to ascertain the
reason for poorer outcomes in this patient group
outside of clinical trials [1]. Similar to the differ-
ences in drug handling observed between males
and females, pharmacokinetic factors such as
changes in body composition, reduced hepatic
capacity, and reduced renal perfusion [152] can
also vary with increasing age, regardless of
comorbidities, and may influence drug distribu-
tion, metabolism, and clearance. During chemo-
therapy, females experienced significantly more
grade III nausea (10% vs. 5%; p < 0.001), vomit-
ing (10% vs. 4%; p < 0.001), and diarrhea (9%
vs. 4%; p < 0.001) than males, suggesting that
females had significantly improved survival
while experiencing more gastrointestinal toxici-
ties [1].

6.4  Conclusions

EC shows striking sex difference with males hav-
ing a higher incidence and poorer outcomes,
while some of the differences in cancer incidence
may be due to behavioral factors such as smoking
and/ or hormonal influences. ESCC is still the
most common histological type in the world and
the highest incidence are found in Africa and the
Middle East. There has been a shift from ESCC
to EAC in fundamental areas of Europe such as
Norway and the United Kingdom, in the United
States, and in Australia. The reasons for the
strong male predominance in EAC remain to be
explained, but recent molecular evidence sug-
gests the role of sex hormones. That is, estrogen
has preventive effect and androgens provoke
EAC, explaining this sex difference of
EAC. Furthermore, the risk factors for ESCC and
EAC are different. That is, tobacco smoking and
excessive alcohol use are the main established
risk factors for ESCC, particularly in Western
populations, while tobacco smoking only
moderately increases the risk of EAC and alcohol
does not influence this risk of EAC. Smoking
cessation substantially reduces the risk of ESCC
but has only a limited effect in the prevention of
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EAC. GERD and obesity are the main risk factors
for EAC, and anti-reflux therapy seems to prevent
EAC in the long term. Dietary factors may influ-
ence the risk of EC, particularly fruit and vegeta-
bles, but existing evidence remains limited.
Genetic factors may have limited influence on the
risk of developing EC. More research efforts
should be made for a better understanding of the
etiology of EC in terms of sex/gender difference
to support evidence-based prevention of this
deadly cancer in both the developed and develop-
ing parts of the world.
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Functional Dyspepsia

Nayoung Kim

7.1 Introduction

Dyspepsia is one of the most common gastroin-
testinal (GI) diseases, accounting for 5% of
patients diagnosed at primary care centers.
Patients with dyspepsia report various symp-
toms such as epigastric heartburn, epigastric
pain, postprandial discomfort, and bloating.
These symptoms are usually chronic, lowering
patients’ quality of life (QoL) and increasing
their social burden. Most patients with dyspep-
sia are diagnosed with functional dyspepsia
(FD), which refers to a cluster of chronic and
reoccurring GI symptoms, mainly in the upper
GI tract, in the absence of an organic disease
with a clear causal link, such as peptic ulcer, GI
malignancy, gastroesophageal reflux disease
(GERD), and pancreatic and biliary tract dis-
eases. In South Korea, organic diseases were
identified in 8-20% of patients with dyspepsia
who were referred to tertiary hospitals from pri-
mary care centers, while 70-92% of the patients
have FD [1]. FD is one of the most common
functional gastrointestinal disorders (FGIDs),
along with irritable bowel syndrome (IBS) [2]
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(Table 7.1). FD is often caused by interpersonal
stress, which results in gender differences and a
higher prevalence in women who are sensitive
to stress. Many studies have dealt with gender
differences in IBS, but in light of recent reports
of similar trends in FD, it is important to under-
stand the epidemiology of FD in relation to gen-
der, clinical trends, and QoL; such research will
shed light on the distribution of FD subtypes,
economic costs, treatment, drug development,
and medical resource allocation [3]. With this
background, this chapter explores gender differ-
ences in the epidemiology, pathophysiology,
and clinical trends of FD.

Definition of Functional
Dyspepsia

7.2

With the expanding understanding of FD in the
1990s and later, a classification system of FD
became necessary for research and clinical
treatment, and the Rome Foundation was
established. Given the absence of research-
based standards or evidence, diagnostic criteria
were established by reaching a consensus
through the Delphi approach. As new data were
gathered with time, more evidence-based
approaches were included as suggestions. The
Rome I diagnostic criteria (1994), Rome II
diagnostic criteria (2000), and Rome III diag-
nostic criteria (2006) were published sequen-
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Table 7.1 Rome IV functional gastrointestinal disorders published in 2016 (adapted from Drossman and Hasler [2])

A. Esophageal disorders

Al. Functional chest pain

A4. Globus

A2. Functional heartburn

AS5. Functional dysphagia

A3. Reflux hypersensitivity

B. Gastroduodenal disorders

B1. Functional dyspepsia

B3. Nausea and vomiting disorders

Bla. Postprandial distress syndrome (PDS)

B3a. Chronic nausea vomiting syndrome (CNVS)

B1b. Epigastric pain syndrome (EPS)

B3b. Cyclic vomiting syndrome (CVS)

B2. Belching disorders

B3c. Cannabinoid hyperemesis syndrome (CHS)

B2a. Excessive supragastric belching

B4. Rumination syndrome

B2b. Excessive gastric belching

C. Bowel disorders

C1. Irritable bowel syndrome (IBS)

C2. Functional constipation

IBS with predominant constipation (IBS-C)

C3. Functional diarrhea

IBS with predominant diarrhea (IBS-D)

C4. Functional abdominal bloating/distension

IBS with mixed bowel habits (IBS-M)

C5. Unspecified functional bowel disorder

IBS unclassified (IBS-U)

C6. Opioid-induced constipation

D. Centrally mediated disorders of gastrointestinal pain

DI. Centrally mediated abdominal pain syndrome (CAPS)

D2. Narcotic bowel syndrome (NBS)/opioid-induced GI hyperalgesia

E. Gallbladder and sphincter of Oddi (SO) disorders

El. Biliary pain

E2. Functional pancreatic SO disorder

Ela. Functional gallbladder disorder

E1b. Functional biliary SO disorder

F. Anorectal disorder

F1. Fecal incontinence

F3. Functional defecation disorders

F2. Functional anorectal pain

F3a. Inadequate defecatory propulsion

F2a. Levator ani syndrome

F3b. Dyssynergic defecation

F2b. Unspecified functional anorectal pain

F2c. Proctalgia fugax

G. Childhood functional GI disorders: neonate/toddler

Gl1. Infant regurgitation

G5. Functional diarrhea

G2. Rumination syndrome

G6. Infant dyschezia

G3. Cyclic vomiting syndrome (CVS)

G7. Functional constipation

G4. Infant colic

H. Childhood functional GI disorders: child/adolescent

HI. Functional nausea and vomiting

H2a2. Epigastric pain syndrome

Hla. Cyclic vomiting syndrome (CVS)

H2b. Irritable bowel syndrome (IBS)

H1b. Functional nausea and functional vomiting

H2c. Abdominal migraine

H1bl. Functional nausea

H2d. Functional abdominal pain—NOS

H1b2. Functional vomiting

H3. Functional defecation disorders

Hlc. Rumination syndrome

H3a. Functional constipation

H1d. Aerophagia

H3b. Nonretentive fecal incontinence

H2. Functional abdominal pain disorders

H2a. Functional dyspepsia

H2al. Postprandial distress syndrome

tially, and the Rome I'V diagnostic criteria were
published in 2016. Research on the concepts
and pathophysiology of FD is continuing, so

further updates regarding the conceptual defi-
nition and diagnostic criteria of this disease are
expected.
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Fig. 7.1 Definition of
functional dyspepsia:

Must include one or both of the following (B1a and B1b)

Rome IV criteria ¢ ¢ ¢ ¢
(adapted from Bothersome Bothersome Bothersome Bothersome
Stanghelhm etal. [4]) postprandial fullness early satiety epigastric epigastric
(severe enough to impact (severe enough to pain burning
on usual activities) prevent finishing
regular-size meal)
- J - s
e '
Subtype: Postprandial distress syndrome Epigastric pain syndrome
(PDS, meal-related FD) (EPS)

at least 3 days per week

at least 1 day per week

No evidence of structural disease to explain the symptoms (including at esophagogastroduodenoscopy)

AND

symptoms present for the past 3 months with onset at least 6months before diagnosis

The definition of FD [4] in the Rome IV diag-
nostic criteria published in 2016 added the term
“bothersome,” referring to the disease’s impact
on everyday life, and symptom frequency per
week from the definition of FD [5] in the Rome
IIT diagnostic criteria published in 2006 [4]
(Fig. 7.1). FD is diagnosed if patients experience
symptoms including epigastric pain from the
stomach or duodenum, epigastric burning, post-
prandial fullness, and early satiation that started
at least 6 months ago and continued for the past
3 months without clear organic, systemic, or met-
abolic cause identified on upper GI endoscopy,
imaging tests (e.g., epigastric ultrasound), and
various clinical pathology tests [4, 5]. More spe-
cifically, epigastric pain refers to pain or substan-
tial discomfort felt in the epigastrium, which is
the area below the breastbone and above the
navel; epigastric burning refers to a burning
sensation in the epigastrium; postprandial full-
ness refers to discomfort from feeling like food is
lingering in the stomach after a meal; and early
satiation refers to the status of not being able to
finish a meal due to feeling like the stomach is
full shortly after starting a meal despite not hav-
ing consumed a full meal. The Rome III diagnos-
tic criteria named the ulcerative subtype as
epigastric pain syndrome (EPS) and the func-
tional disorder subtype as postprandial distress
syndrome (PDS) based on the results of various
studies, and it was hypothesized that these two
clusters of symptoms have slightly different dis-
ease mechanisms and treatment directions. PDS is
diagnosed when patients feel bloated after con-

suming a regular meal portion more than three
times a week or when patients are not able to fin-
ish a regular meal due to the aforementioned early
satiation. Additional diagnostic criteria that indi-
cate PDS are discomfort in the epigastrium, nau-
sea after a meal, or excessive burping, which can
also be present in EPS patients. In contrast, EPS
refers to intermittent pain at a modest to severe
level or soreness limited to the epigastrium. The
pain should not be limited to other parts of the
stomach or chest and should not spread, amelio-
rate with defecation or passage of gas, or meet the
diagnostic criteria for gallbladder and sphincter of
Oddi disorders. An additional diagnostic criterion
that indicates EPS is pain that ameliorates or dete-
riorates with food consumption or that can occur
when the stomach is empty, which can also be
present in PDS patients [4].

7.3  Epidemiology and Prevalence

of Functional Dyspepsia

The prevalence of FD, based on large cohorts
around the world, is 10-30% [6]. The prevalence
varies by diagnostic criteria, region, sex, and age
[4]. Population-based studies [7-10] that
excluded structural diseases using endoscopic
findings reported that FD was 1.36-2.71 times
more prevalent among women than among men.
Similarly, women had higher prevalence rates in
all large studies of participants in health
check-ups [11-13]. Based on a 2016 meta-analy-
sis that reported a prevalence of 25.3% in women,
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which was higher than the prevalence of 21.9%
in men, it can be understood that FD is more
common among women [14]. The prevalence of
FD was found to be higher among women in the
United States, Western Europe, Southeast Asia,
and the Middle East, but this trend was not found
in South America, Australia, and Africa [14]. A
possible reason for this discrepancy might be that
the analysis was based on hospital patients. In a
study based on online surveys using the Rome IV
diagnostic criteria in the United States, the United
Kingdom, and Canada, the prevalence was higher
among women than among men for all ages
under 65, but this trend was not seen in ages over
65, which indicates the potential relevance of
decreasing levels of female hormones or changes
in sociocultural roles in old age [15]. The results
of multivariate analyses of risk factors of FD vary
by study [16]. The risk factors of FD reported in
some studies are female gender, low body mass
index, old age, Helicobacter pylori (H. pylori)
infection, smoking, history of non-steroidal anti-
inflammatory drug (NSAID) use, and low educa-
tion level [14, 17-19]. In a multicenter study with
participants of health check-ups, female gender
and an education level lower than a university
degree were identified as risk factors for FD [13].
When the data were analyzed by age and gender,
an education level lower than a university degree
was a risk factor for males, while female gender
was a significant risk factor among those younger
than 60 [14]. Therefore, it is necessary to analyze
the risk factors for FD according to age and gen-
der. Abuse history is especially common among
female patients [20-22], and when such abuse
occurs in childhood (i.e., when the brain areas
that control stress and nociception develop), the
risk of FD and the severity of symptoms increase
[20]. In such patients, delayed gastric emptying is
especially relevant [23].

7.4  Symptoms of Functional

Dyspepsia

When the symptoms of FD of men and women
are compared, men generally report soreness,
while women report discomfort [24-29]. When
women with FD experienced epigastric pain, it

was closely associated with anxiety [3], and
women with a history of gynecological surgery
had more severe epigastric pain than women
without a history of gynecological surgery [3].
Women experienced epigastric pain for a longer
duration than men [30], with greater severity, and
many women had relevant psychological factors
[31, 32]. However, some studies did not find such
differences, indicating that the results depend on
the circumstances of each study [3, 30, 33-35]. It
is common for GERD to exist together, which is
referred to as the overlap syndrome of FGID [12,
36-38]. The mechanism is not clearly known, but
it has been hypothesized that the overlap syn-
drome of FGID occurs due to common patho-
physiology including visceral hypersensitivity or
mobility disorder, issues in the brain-gut axis,
and psychological issues [39]. Among patients
with the overlap syndrome of FGID, young
female patients more often had GERD and FD
together [40]. According to a report from China,
patients with IBS and FD were more likely to be
women, be divorced or widowed, and have IBS
symptoms such as bloating, having difficulty def-
ecating, and experiencing diarrhea and constipa-
tion at the same time [41]. QoL was especially
low in patients with the overlap syndrome of
FGID [39, 40, 42], and when the overlap syn-
drome of FGID involved the esophagus, stom-
ach, and colon, QoL was low regardless of age
and gender [43]. The social and environmental
aspects of the QoL of FD patients are particularly
impaired, suggesting the need for early treatment
[3, 44], but related studies are scarce. One certain
fact is that depression and anxiety symptoms are
more severe and QoL is lower among women
with FD than among men with FD [3, 44, 45]. In
a community-based case-control study conducted
in Sweden, women with FD had significantly
lower QoL, including physical domain, physical
role limitation, physical pain, and overall health
awareness, than men with FD [45]. In an Asian
study with FD patients reporting poor QoL, the
risk factors were identified as female gender,
depression and anxiety symptoms, old age, severe
symptoms, and low education level [44]. Patients
with somatization disorder or psychological risk
factors such as a history of physical sexual abuse
visited hospitals more frequently [46]. However,
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no gender differences were found in a Taiwanese
study that used the Rome I or II diagnostic crite-
ria [12], suggesting that differences may exist
across countries and cultures.

7.5 Pathophysiology

of Functional Dyspepsia

The disease mechanism of FD includes altered
gastric motility, visceral hypersensitivity, brain-
gut axis, low-grade gastritis, H. pylori infection,
and genetic, social, and psychological factors,
but no single factor explains FD in a satisfactory
manner. Gender differences have also not been
studied sufficiently [31, 47]. This section explains
the main pathophysiology of FD, focusing on
gender differences in the disease mechanism.

7.5.1 SexHormones

Estrogen is directly and indirectly involved in
motor and sensory control via GI immunity,
endocrine and nervous pathways, and the intesti-
nal microbiota [48]. A well-known example of
the role of estrogen is slower digestive activity
during the luteal phase than during the follicular
phase and in pre-menopausal women than in men
[23, 49, 50]. Estrogen or the combination of
estrogen and progesterone is known to interfere
with the gastric emptying rate [51-53]. Estrogen
acts on neurotransmitters to affect pain reaction
in pain recognition pathways [54]. Estrogen also
influences women’s emotions and moods, caus-
ing premenstrual, postpartum, and menopausal
depression through extreme mood changes after
menopause, ovariectomy, or delivery [55, 56].
Taken together, female sex hormones seem to
play a causal role in FD by influencing visceral
pain and gastric motility [16].

7.5.2 \Visceral Hypersensitivity

Visceral hypersensitivity is an important patho-
logical mechanism of FD. The causes of hyper-
sensitivity related to EPS are sensitization after
inflammation or infection and amplification dur-

ing central nervous system processing.
Upregulation or sensitization of transient recep-
tor potential vanilloid-1 (TRPV1), which is a
capsaicin receptor, is hypothesized to play an
important role in GERD, FD, and IBS. When
capsaicin, which is the spicy component of hot
chili peppers, combines with TRPV 1, it activates
afferent C-fiber nerves, causing a burning sensa-
tion and pain. In a clinical trial where capsaicin
capsules were randomized, patients with FD
reported moderate to severe symptoms with
smaller amounts of capsaicin and had more
symptoms than healthy controls, demonstrating
that for a significant proportion of patients, FD is
related to visceral sensory hypersensitivity via
the TRPV1 pathway [57]. TRPV1 is controlled
by neurotropic factors such as nerve growth fac-
tor (NGF) and glial cell-derived neurotrophic
factor (GDNF) that are increased by inflamma-
tion, and TRPV1 can also be activated in acidic
environments [58]. Therefore, research has
explored the relationships between FD and the
TRPV1 pathway, inflammation due to H. pylori
infection, and acidity. It was hypothesized that
expression of TRPV1, NGF, and GDNF would be
high in women with FD who have high visceral
hypersensitivity; however, visceral pain-related
mRNA gene expression was found to be higher in
men with FD than in those without FD, but no
such difference was found in women, among
whom depression and anxiety symptoms were
more important factors instead [3]. In women,
visceral hypersensitivity can increase and cause
FD without visceral pain-related gene expression
when depression and anxiety are present, but
among men, the mechanism involves increased
expression of visceral pain-related genes.

7.5.3 Psychological Distress

Data suggest an association between emotions
and visceral function, and common psychiatric
disorders among FD patients are anxiety disor-
der, depression, and somatization disorder.
Compared to healthy controls, FD patients have
higher scores for anxiety, depression, neurosis,
tension, hatred, and health anxiety, but it remains
unclear whether these psychoneurotic disorders
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cause FD. The fact that no specific characteristic
of FD can be found suggests that no single char-
acteristic plays a significant role in the pathogen-
esis of FD. Stress is defined as the state of
threatened homeostasis or disharmony, and its
causes are classified as interoceptive stressors
(e.g., intestinal infection, mucosal inflammation,
and visceral bleeding) and exteroceptive stressors
(e.g., psychological stress). The brain reacts to
stimuli from the abdominal viscera. In healthy
individuals, interoceptive input is generally not
consciously recognized, but the control of input
can change due to stress and activity of the excit-
atory circuit, which affects the abdominal viscera
through feedback. Sometimes disruption of inter-

Stress, mood,
and cognitions

Perceptions ¢
and emotions

Adrenal glands

Glucocorticoids

|

Smooth muscle/ICC Immune cells

organ interactions of the brain and the abdominal
viscera can occur and sensitize the pain threshold
to cause FD due to severe psychic trauma, espe-
cially, in the early childhood. However, this dis-
ruption caused by psychic trauma can be healed
through central and peripheral neuroplastic
changes [59] (Fig. 7.2). Neuroplastic changes
refer to neurogenesis or regrowth of neurons
when the scars heal after psychological shock
severe enough to cause post-traumatic stress dis-
order, such as sexual abuse or experience of war,
damage the hippocampus, or destroy cortical
cells [59]. This concept indicates that emotional
changes caused by internal or external stimuli
can result in physiological changes and affect

Functional and
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brain changes

Interoceptive
feedback

Functional and
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- 3
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Microbiota

Fig.7.2 Bidirectional brain-visceral interactions. Disruption of the inter-organ interaction of the brain and the abdomi-
nal viscera can cause central and peripheral neuroplastic changes (adapted from Mayer and Tillisch [59])
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health. There is a general consensus that impor-
tant life events or emotional conflicts can cause
GI pain or other GI symptoms, and research on
gender differences in this process is being
actively conducted.

7.5.4 Brain-Gut-Microbiome Axis
and Gender Differences

The terms “brain-gut axis” or “gut-brain axis”
were used frequently in the past, but more
recently, as the role of the gut microbiome has
been emphasized, the concept of
brain-gut-microbiome axis is being established.
Since disturbances in the brain-gut-microbiome
axis can cause FD, gender differences in the
brain-gut-microbiome axis have been examined
in this section.

7.5.4.1 Brain Response to Stress

Responses to stress hormones are slightly differ-
ent by gender. Women are more vulnerable to the
corticotropin-releasing factor (CRF) and the
locus coeruleus (LC)-norepinephrine system,

Sex-Gender differences 7

* Sex hormone

* Psychological comorbidities

« Central signaling via CRH

* Amygdala functional
connectivity

* Gastric emptying

* Ghrelin

* Genetics

* Gut microbiome

* Response to luminal factor
(food)

which increases sensitivity to stress [60]. Among
men, even when CRF is oversecreted, the
response to CRF is weakened through the cellular
internalization of CRF receptors, but this inter-
nalization does not occur in women; as a result,
stress is transmitted to the whole body instantly
[60]. Estrogen also acts on estrogen receptor
alpha (ERa) in the hypothalamus to prevent the
negative feedback of cortisol, which influences
women’s vulnerability to stress [60]. Thus, when
women are exposed to severe and constant stress,
they are vulnerable to stress, as the CRF-related
component of the endocrine system and the
arousal system are not controlled [60]. As a
result, women report somatization disorders that
often co-occur with severe FD [16, 61] (Fig. 7.3).
These differences in CRF function affected drug
development. For example, CRF antagonists can
be expected to have an intense impact on women
[60]. Other than CRF connectivity, gender differ-
ences have been reported in altered functional
connectivity of the amygdala, which controls
postprandial satiety, food intake, emotion regula-
tion, and endogenous pain suppression. There
have been many reports of functional or structural

Sex-Gender differences

 Enteric nerve system activation * Prevalence
* Duodenal immune alteration

* Mucosal barrier dysfunction

* Symptoms
* Quality of life
* Duodenal low-grade * Socio-economic

inflammation impact

* Motility and sensitivity * Management

alteration

. Lymphocytes

™
e

Eosinophils Macrophages

Fig. 7.3 Sex/gender differences in the disease mecha-
nism of functional dyspepsia. Sex/gender differences in
sex hormones, brain signal transmission through
corticotropin-releasing factor (CRF), altered functional
connectivity of the amygdala, ghrelin, genetics, gut
microbiome, diet that affects the enteric nervous system,
duodenal immune system, mucosal barrier function, low-

grade duodenal inflammation, and intestinal motility and
sensitivity are determinants of sex/gender differences in
functional dyspepsia. Such differences influence the epi-
demiology of functional dyspepsia, symptoms, quality of
life, socioeconomic impact, and treatment (adapted from
Kim and Kim [16])
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differences in the default mode network and
salience network in brain areas of FD patients by
gender [61-64]. Particularly in women with FD,
severe disruptions in cognitive-affective process-
ing in the amygdala were reported [61]. When
brain imaging of the basolateral area of the amyg-
dala (BLA) among women with FD was com-
pared to those of women controls and men with
FD, the insular resting-state functional connec-
tivity (rsFC) was higher, while the medial pre-
frontal cortex and lateral and dorsal lateral
prefrontal cortex rsFC were lower [61]. These
results indicate that visceral afferent circuits are
more strongly activated and negative emotions
are increased in women patients with FD [61]; as
a result, women are more sensitive to pain than
men and report digestive pain/discomfort more
frequently.

7.5.4.2 Gut Microbiota

The gut microbiota, immune cells, enteroendo-
crine cells, and the enteric nervous system have a
complex interrelationship; regardless of the cause,
disorders of the gut microbiota are known to con-
tribute to FD [65]. The term “microgenderome,”
which emphasizes the interrelationship between
the gut microbiota and sex hormones, has recently
been proposed [66]. There are no gender differ-
ences in the gut microbiome until puberty, when
differences in the gut microbiome start to develop
[67]. The discovery that the composition of the
gut microbiota among women becomes similar to
that among men after menopause [68] has drawn
attention to the effects of sex hormones on the gut
microbiota. Differences in the gut microbiota by
gender have been reported in studies investigating
gender, age, and region in cohorts in the United
States, the United Kingdom, Columbia [69], and
Japan [70], developing the evidence base for age
and gender differences in the gut microbiota. I
also reported a review regarding the factors which
affect the gut microbiota and the interplay of
microbiota and GI diseases in terms of sex and
gender differences [71]. Evidence for an associa-
tion between gut microbiota and sex hormones
was strengthened by the discovery that the gut
microbiota influence the concentration of estro-
gen by deconjugating conjugated estrogen

excreted in bile and reabsorbing it through the
enterohepatic circulation [72]. What, then, is the
effect of the gut microbiome on FD? Given that
mice pups separated with their mother after birth
demonstrate symptoms of depression and anxiety
and their symptoms improve when they are fed
microbes beneficial for these symptoms, there
seems to be a close association between the gut
microbiome and the brain. Studies on FD and the
gut microbiota have been published [73-75], and
in a clinical study where rifaximin, an antibiotic
that is not absorbed by patients with FD, was
administered in a randomized manner, symptoms
of FD improved. The improvement was especially
noticeable in women, demonstrating a gender dif-
ference in the treatment effect of rifaximin for FD
[73]. It was hypothesized that the symptoms
improved due to the influence of rifaximin on the
microbes distributed in the duodenal mucosa, but
more studies are needed to investigate the mecha-
nism through which the gut microbiome affects
FD in men and women.

7.5.5 Gastroduodenal Dysfunction
and Ghrelin

GI distension and gastric emptying disorders are
commonly observed in patients with FD [76, 77].
A gastric emptying study using the '*C-acetate
exhalation test showed that gastric emptying took
longer among women than among men, and
women with FD reported gastric reflux symp-
toms more frequently, indicating that gastric
emptying disorders contribute to GERD [78].
The mechanism of decreased gastric emptying
function is not understood in detail beyond its
association with sex hormones, but based on the
fact that women rate pain as more intense than
men given the same pressure and volume of GI
distension, it can be inferred that women’s stom-
achs are more sensitive and responsive to smaller
gastric content [79]. In addition, studies using
barostats found that the gastric accommodation
reflex time was longer in women than in men
[80], indicating an association with vagal tone
[79]. Ghrelin is a digestive hormone that pro-
motes appetite and stomach movement [81-83].
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When acylated ghrelin levels decrease, gastric
emptying function is reduced [84], which causes
vomiting or FD [25, 85]. No difference was found
in fasting plasma acylated ghrelin levels between
healthy participants and FD patients, but ghrelin
levels were associated with self-reported diges-
tive symptom scores among women with FD
[86]. However, in a comparative study of patients
with the PDS subtype and healthy controls con-
ducted by the author’s research team, plasma
acylated ghrelin levels were lower in male
patients than in healthy controls, but this differ-
ence was not found among women [3]. Similarly,
mRNA expression for TRPVI and GDNF, which
are visceral pain-related genes, was found to be
higher in men with FD, while depression and
anxiety symptoms were more important factors
in women with FD [3]. Taken together, these
results indicate that there are gender differences
in both the symptoms and pathophysiological
mechanisms of FD.

7.5.6 Genetic Factors

Since there are familial trends in FGIDs, it has
been hypothesized that there are genetic factors
beyond the environmental factors to which all
family members are exposed, and genetic
research about FD has explored this possibility
[31, 87]. It has also been hypothesized that the
frequent occurrence of the overlapping syn-
drome, in which multiple FGIDs co-occur, sug-
gests a high probability of sharing similar genetic
polymorphisms. Genes with genetic polymor-
phisms that govern GI functions can be classified
into three broad categories, as follows:

A. Neurotransmitters
1. Serotonin
Cholecystokinin (CCK)
VIP
Substance P
. a2 adrenergic receptors
B. Cytokine
1. Pro-inflammatory: TNF-a, interferon
2. Anti-inflammatory: TGF-p1, IL-10
C. Corticotropin-releasing factor (CRF)

DR W

Many studies have investigated associations
between  single-nucleotide  polymorphisms
(SNPs) of genes related to neurotransmitters and
FD, but due to the nature of such studies, con-
trasting findings have been reported [88]. The
author also published SNP-related results about
FD in 2014, in a study finding that the S/S geno-
type of serotonin promoter gene SLCO6A4
5-HTTLPR had a negative correlation with H.
pylori-positive EPS [89]. The C/C genotype of
TRPV1 945G>C had a negative correlation with
both EPS and PDS, and the correlation was stron-
ger when patients were H. pylori-positive [89].
That study suggested the importance of genetic
factors in the pathogenesis of FD through SNPs,
underscoring the necessity of future studies
investigating the mechanism underlying the rela-
tionship between this SNP and H. pylori infec-
tion. No associations were found between the
GNB3 825C>T, ADRA2A -1291C>G, and
CCK-IR intron 779T>C SNPs and FD [89].
There were gender differences in this genetic ten-
dency. According to a Japanese report, the asso-
ciation between the COX-1-1676T allele and EPS
was found only in women but not in men [87].
However, more studies are required to draw con-
clusions about gender differences in genetic
polymorphisms and FD.

7.5.7 Low-Grade Duodenal
Inflammation and Tight
Junction Proteins

Duodenal mucosa permeability is increased in
FD patients [90], and this increase in permeabil-
ity has been hypothesized to cause symptoms of
FD by inducing hypersensitivity toward fat, cap-
saicin, and acid [91]. Tight junction proteins
(zona occludens, occludin, claudin 1, claudin 2,
claudin 4, etc.) play an important role in protect-
ing the intestinal mucosa; therefore, issues in
tight junction protein expression cause distur-
bances in the protection of the duodenal mucosa.
Studies have reported that sex hormones can
influence this process [92, 93]. A study conducted
by the author’s research team also found that
expression of CLDN2 mRNA, which encodes a
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tight function protein, was significantly lower in
men with FD than in healthy male controls
regardless of H. pylori infection. This difference
was not found among women with FD, indicating
that issues in claudin 2 are related to the patho-
physiology of FD among men [94].

7.5.8 Food

It is standard to recommend that FD patients
avoid smoking cigarettes, drinking alcohol,
taking NSAID medication, drinking coffee, and
consuming spicy food. However, there is no evi-
dence suggesting that tobacco or alcohol con-
sumption causes chronic FD. Coffee, as a
non-specific stimulant, can directly or through
gastric reflux cause heartburn, but there is no evi-
dence of direct associations between coffee or tea
and FD. These studies may not have stratified
participants by gender. A recent study on FD and
food reported that symptoms were caused by
consuming wheat and gluten regardless of the
subtype of FD, while fat caused PDS [95]. An
examination of gender differences in the symp-
toms of FD and food indicated that women
reported postprandial satiety more frequently
than men, and it is also well-known that women
crave food more [96]. It has also been reported
that vasovagal reflex occurs more easily in
women, who respond differently to lipoprotein
than men [96]. Gender differences in physiologi-
cal reactions to food consumption may furnish
explanatory evidence for gender differences in
FD. According to a study on the association
between symptoms of chronic dyspepsia and gly-
cemic index (GI) or glycemic load (GL) by gen-
der, symptoms were caused by high GI or GL in
men and participants in the normal weight group,
but not in women and participants in the over-
weight group [97]. Gender differences were
found in a randomized, parallel design study on
the postprandial response to consuming delicious
and comforting food [96]. As ongoing research is
adding details to our understanding of this issue,
it is expected that additional studies in the future
will shed further light on gender differences in
the impact of food on FD.

Treatment of Functional
Dyspepsia

7.6

Since most patients with FD have non-severe and
sporadic symptoms, their symptoms tend to
improve when they are told that they do not have
a severe disease, which provides some degree of
psychological comfort. However, some patients
are difficult to treat as they do not respond to
various treatments. Especially for female patients
who have underlying anxiety or depression or
who have severe anxiety about the symptoms
themselves, it is very effective for the doctor to
listen attentively to their descriptions of their
symptoms and to help patients identify stressors.
A tailored treatment approach based on under-
standing gender differences in the pathogenesis
of FD is necessary.

7.6.1 Rapport Between Patients

and Doctors

The placebo effect of medication is very high
(20-70%) for FD, and this placebo effect is usu-
ally derived from the rapport that patients have in
doctors. Therefore, patients’ trust in doctors is
vitally important. Trust can be built through the
following process, which is especially important
for female patients.

A. Understand the reason why the patient visited
the doctor and look for what the patient is
concerned about and fears specifically.

B. Do not demonstrate a critical attitude toward
the symptoms that the patient reports;
instead, listen carefully and perform an
examination.

C. Explain the necessary diagnostic process to
investigate patients’ concerns. Excessive test-
ing should be avoided unless there are
changes in symptoms or it is absolutely
necessary.

D. Provide an explanation emphasizing that FD
is not “neurotic” and that patients are not
experiencing symptoms in the absence of a
disease. In other words, FD is not a fictional
disease—it really exists.
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E. Explain the pathophysiology of FD, includ-
ing digestive tract motility, visceral hypersen-
sitivity, and the brain-gastrointestinal
interrelationship.

F. Help establish realistic goals and allow
patients to find their own disease manage-
ment behaviors, including adjustments in
lifestyle and symptom tolerance, since the
symptoms of FD are repetitive and chronic.

G. Explain that the medication used does not
cure the disease, but rather helps in symptom
improvement.

7.6.2 Adjustments to Lifestyle
and Diet

The extant evidence on lifestyle and diet adjust-
ments is insufficient, but it is generally recom-
mended that patients avoid coffee, spicy food, fat,
excessive drinking, and smoking and maintain a
regular schedule and adequate amount of exer-
cise. Food, emotional events, and environmental
factors that cause or exacerbate symptoms should
be identified and avoided. The principle of diet
adjustments is to avoid foods that cause or exac-
erbate symptoms.

7.6.3 Medication

Medications for FD overall have a slight advan-
tage over placebo, and since there are various dis-
ease mechanisms of FD, it is difficult for one
medication to be effective for all patients [98].
There are also gender differences in pharmacoki-
netics [99]. Women have reduced drug metabo-
lism as they generally have longer gastric
emptying time, lower gastric pH levels, and
smaller body mass but a larger plasma volume,
higher body-fat ratio, and lower cytochrome
P450 enzyme activity level. Due to these differ-
ences, women more frequently report medication
side effects, especially in pregnancy, menopause,
and old age [99]. This section summarizes the
gender differences in treatment effects for
patients with FD.

7.6.3.1 H. pylori Eradication

It was recently reported that extensive infiltration
of CD8* and CD4* T cells or macrophages
accompanies H. pylori infection and that symp-
toms continue even after H. pylori eradiation
among patients with H. pylori-positive FD, in
whom mucosal infiltration of inflammatory cells
was still observed; these findings indicate that H.
pylori infection plays a role in FD. There were no
differences in H. pylori prevalence between the
FD group and healthy control group [100], pos-
ing difficulties for this explanation. However, as
reports found that symptoms of FD ameliorated
after eradicating H. pylori [17, 100], chronic gas-
tritis due to H. pylori infection has been high-
lighted as the mechanism of FD. In other words,
it is difficult to explain FD in all patients in terms
of H. pylori infection, but chronic gastritis due to
H. pylori infection is the cause of FD in some
patients, who should be identified. The 2014
Kyoto consensus suggested that patients should
be classified as having FD due to H. pylori infec-
tion when their symptoms ameliorate after H.
pylori eradication and remain resolved for
6-12 months [101]. The reason why H. pylori
eradication is suggested first for FD in various
guidelines, including guidelines from the Asia
Pacific, the United States, Canada, and Japan, is
that several randomized controlled trials have
reported positive results regarding the effects of
H. pylori eradication [102—-108] (Table 7.2).

A 2019 meta-analysis of 18 randomized con-
trolled trials on H. pylori eradiation treatment
among patients with FD reported a risk ratio
(RR) of 1.18 (95% confidence interval [CI],
1.07-1.30; p < 0.01) in the eradication group
compared to the control group [109]. There was
moderate heterogeneity (I? = 34%) in the studies,
and the number needed to treat (NNT) was 15.0
[109]. Symptom improvement was related to
whether the H. pylori prevalence was below 50%
or above 50%. No significance was found in stud-
ies conducted in Asia, where the H. pylori preva-
lence is above 50% (RR 1.14;95% CI, 0.99-1.33;
p =0.08; > =37%). In studies conducted by the
author’s research team, symptoms of FD
improved after H. pylori eradication, but the
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response was not favorable in female patients
[17, 110]. Possible explanations include a longer
gastric emptying time [111], accompanying psy-
chological symptoms [56, 112], and more fre-
quent symptoms of FD [113], rather than
inflammation due to H. pylori infection, among
women. An interesting fact is that the mean val-
ues from the '*C-urea breath test, which is related
to the concentration of H. pylori bacteria, were
higher in women than in men [114]; this trend,
which has been observed in patients with FD
[115], may suggest gender differences in H.
pylori-host interactions.

7.6.3.2 Proton Pump Inhibitors

Most studies have found that gastric acid secre-
tion is normal in patients with FD, but it was
observed that when acid contacts the duodenal
mucosa, the proximal stomach is relaxed and
becomes sensitive to stomach expansion, indicat-
ing that gastric acid may be the cause of gastritis
and duodenitis in some patients. It has also been
reported that proton pump inhibitors lead to sig-
nificant symptomatic improvement in patients
with FD, especially epigastric pain syndrome.
According to a community-based cohort obser-
vational study investigating the effects of proton
pump inhibitors, men responded better than
women, and psychiatric medication was more
effective in women [116]. This finding is in line
with the mechanism of FD, through which men
are affected more strongly by TRPV1 or ghrelin
and women by anxiety and depression.

7.6.3.3 Prokinetics

A systematic meta-analysis of the randomized
controlled studies that support the guidelines for
FD in the 2017 joint guidelines issued by the
American College of Gastroenterology and the
Canadian Association of Gastroenterology
(ACG/CAG) reported that prokinetics were
effective regardless of subtype (EPS or PDS) (RR
0.81; 95% CI, 0.74-0.89; I = 91%; NNT, 7)
[108]. In terms of gender and sex difference,
there were gender differences in prokinetics that
demonstrated effectiveness for IBS, such as the
5-HTj; antagonist alosetron and the 5-HT, agonist
tegaserod [56], but there have been no studies on

gender differences in the effect of prokinetics on
FD. Since the gender differences in the mecha-
nisms of FD can be explained by men being more
affected by TRPV1 or ghrelin and women by
anxiety and depression, it is expected that the
effect of prokinetics on FD will be greater in
men.

7.6.3.4 Antidepressants

Several studies have investigated tricyclic antide-
pressants (TCAs) and selective serotonin reup-
take inhibitors (SSRIs) [31, 117]. In a
meta-analysis of 1241 patients in 13 randomized
controlled studies, antidepressants were effective
in treating FD [118]. Another multicenter ran-
domized controlled study reported that amitripty-
line, but not escitalopram, appears to benefit
some patients with FD, particularly those with
ulcer-like (painful) FD [119]. However, patients
with delayed gastric emptying did not respond to
these drugs [119]. In these two studies, there
were no analysis regarding the sex/gender differ-
ences of treatments. Augmentation therapy, in
which a drug with a different mechanism is added
to enhance the effect, has recently received atten-
tion as another treatment strategy for depression
for patients with severe symptoms. The idea is to
maximize effectiveness and minimize side effects
[120]. Many studies have suggested gender dif-
ferences in the effectiveness of TCAs and SSRIs
on depression [121-125]. For example, fluvox-
amine, which is an SSRI, was more effective
among young women than among men or women
over the age of 44. It is hypothesized that estro-
gen affects serotonin synthesis and activity by
binding with serotonin receptors [125]. Multiple
other studies found that women responded better
to SSRI antidepressants than men [126-129],
which may reflect the fact that FD is more closely
related to depression and anxiety among women.
Howeyver, further studies are needed due to incon-
sistent results; for instance, a recent study found
no gender differences in the effect of low-dose
antidepressants on intractable FD [123].

7.6.3.5 Targeting the Gut Microbiota
A recent study found that the concentration of
microbiota in the duodenal mucosa was correlated
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with the symptom severity of FD, suggesting that
antibiotics may be helpful for patients with FD
[130, 131]. Rifaximin, an antibiotic that is not
absorbed, has been reported to improve the gut
microbiome and thereby improve inflammation
in the intestine and reduce visceral hypersensitiv-
ity [130, 132]. A randomized study in China
found that overall symptoms of FD, postprandial
discomfort, and burping improved in a rifaximin
group compared to a placebo group among
patients with FD excluding those with IBS [73].
It is interesting that postprandial discomfort and
overall symptoms of FD improved in a lasting
manner among women compared to among men
[73]. The exact mechanism needs additional
research. In a study of yogurt containing
Lactobacillus gasseri OLL2716 and FD, symp-
toms improved in patients with postprandial dis-
tress syndrome, but no gender-stratified analysis
was conducted, possibly due to the small sample
size [133].

7.6.3.6 Psychotherapy

Psychotherapy can be an effective treatment for
FD. Therefore, for patients who do not respond to
medication at all, have psychiatric diagnoses or
experience difficulty in conducting everyday rou-
tines, or have somatization disorder, it is advis-
able to seek a psychiatric consultation.
Augmentation therapy is used frequently in psy-
chiatry [106] (Table 7.3), because various factors
cause FD and the effects of psychiatric medica-
tion can differ by brain area [106, 120]. Since the
brain structure is different in men and women
and symptoms of FD are influenced by depres-
sion and anxiety more among women than among
men, it is expected that psychotherapy will be
more effective among women.

7.7  Conclusions

FD affects up to 16% of otherwise healthy indi-
viduals in the general population [134].
Researchers have recently begun to understand
that men and women have different symptoms
and responses to treatment for each disease, and
tailored medicine is entering the spotlight,

Table 7.3 Medications used in augmentation therapy
(adapted from Sperber and Drossman [106])

Central drug with SSRI with TCA

central drug SNRI with SSRI

Central drug with SSRI with anticholinergic

peripheral drug TCA with pregabalin or
gabapentin

Non-pharmacological Hypnosis with TCA

treatment with central CBT with SSRI

drug

Non-pharmacological Hypnosis with

treatment with anticholinergic

peripheral drug CBT with pregabalin or
gabapentin

Central drug with Hypnosis with SSRI and

non-pharmacological anticholinergic agent

treatment and peripheral | CBT with SNRI and

drug pregabalin

SSRI selective serotonin reuptake inhibitor, SNRI selective
noradrenaline reuptake inhibitor, CBT cognitive-
behavioral therapy

increasing the interest in sex-/gender-specific
medicine. In most studies of FD, an important
FGID, it has been consistently reported that the
prevalence is higher in women than in men, pat-
terns of symptoms are different, and FD has a
particular impact on women’s QoL. Risk factors
of FD include psychological comorbidity, acute
gastroenteritis, female sex, smoking, use of
NSAIDs, and H. pylori infection [134]. The
pathophysiology remains incompletely under-
stood, but it is probably related to disordered
communication between the gut and the brain,
leading to motility disturbances, visceral hyper-
sensitivity, and alterations in GI microbiota,
mucosal and immune function, and central ner-
vous system processing [134]. There are gender
differences in the mechanism of FD [16], as
brain-gut axis related factors such as depression
and anxiety play a larger role in women, whereas
ghrelin and TPRV1 are more strongly implicated
in men. The therapy of FD includes multi-
modality approach. That is, eradication therapy
should be offered to patients with FD who test
positive for H. pylori. Other therapies with evi-
dence of effectiveness include proton pump
inhibitors, histamine-2 receptor antagonists, pro-
kinetics, and central neuromodulators [134].
Since the gender differences in the mechanisms
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of FD can be explained by men being more
affected by TRPV1 or ghrelin and women by
anxiety and depression, it is expected that the
effect of prokinetics on FD will be greater in
men, similar to proton pump inhibitors. To
develop effective medications, it is necessary to
analyze the effect of each drug on FD by gender.
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8.1 Introduction

Since Helicobacter pylori (H. pylori) was first
cultured from gastric mucosa in 1983, it has been
found to cause not only peptic ulcers and chronic
gastritis but also malignant gastric mucosal lym-
phoma and gastric cancer. Thus, peptic ulcers,
which had been classified as an intractable dis-
ease due to complications such as frequent recur-
rence and bleeding, have become a treatable
infectious disease. H. pylori is a gram-negative,
spiral bacterium that infects more than 50% of
the world population. The innate and adaptive
immune response proceeds vigorously after
exposure to H. pylori, but in most cases, the
infection lasts for a lifetime unless artificial erad-
ication is performed [1]. A 1998 study on the
prevalence of serum H. pylori among all ages in
South Korea reported that the prevalence
increased steadily until the age of 49 (Fig. 8.1a),
but when the prevalence according to sex was
compared, there was no difference in H. pylori
infection by sex until the age of 15, whereas H.
pylori infection became significantly more com-
mon among males than among females after the
age of 16 [2] (Fig. 8.1b). This phenomenon was
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also found in a 2016-2017 epidemiological study
[3]. Males also had a higher rate of H. pylori
eradication than females [3], but the rate of re-
infection after H. pylori eradication was also
higher among males than females [4], suggesting
that the disproportionately higher H. pylori infec-
tion rate among males will most likely remain
stable. Eighty percent of individuals infected
with H. pylori do not experience any issues for
their lifetime, but 1-3% develop gastric cancer,
which is twice more prevalent among males than
females worldwide. Environmental factors such
as consumption of tobacco or alcohol may be
responsible for this sex/gender difference, but it
has been hypothesized that a partial cause is the
sex/gender difference in gastritis due to H. pylori
infection. The higher prevalence of atrophic gas-
tritis and intestinal metaplasia among males sup-
ports this hypothesis [5]. In the past 15 years,
atrophic gastritis and intestinal metaplasia
decreased among females but remained steady
among males [6], indicating that environmental
factors such as tobacco and alcohol together with
H. pylori infection contribute to atrophic gastritis
and intestinal metaplasia. An interesting fact is
that H. pylori infection increases the risk of meta-
bolic syndrome [7]. Total cholesterol was signifi-
cantly higher among males, while a reduction in
high-density lipoprotein (HDL) cholesterol was
clearly observed in females [8], indicating that
the systemic effects of H. pylori infection are dif-
ferent by sex/gender. This section examines the
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Fig.8.1 (a) Prevalence of H. pylori by age and sex in the
1998 national epidemiological study. The prevalence of
H. pylori increased with age and peaked in the 40-49 age
group. (b) The serum prevalence of H. pylori among chil-

epidemiology of H. pylori infection, re-infection
after eradication, and atrophic gastritis and intes-
tinal metaplasia from H. pylori infection, as well
as sex/gender differences in lipid metabolism.

8.2 Sex/Gender Differences
in the Epidemiology

of H. pylori

A research society dedicated to H. pylori (cur-
rently the Korean College of Helicobacter and
Upper Gastrointestinal Research) conducted a
study with 102 nationally gathered researchers
and a total of 5732 participants (2336 individu-
als in the 0—15 age group and 3396 individuals in
the 16-79 age group) who were asymptomatic to
obtain insights into the prevalence of H. pylori
infection in South Korea in 1998 [2, 9]. The most
prominent strength of this study is that the study
sample included all ages from infants according
to the national demographic distribution. A high
percentage (24.4%) of infants showed H. pylori
immunoglobulin G (IgG) obtained from the
mother’s placenta until 6 months after birth. H.
pylori 1gG disappeared from 7 to 12 months,
with a prevalence of 7.4% in this age group, and
the prevalence was lowest at 6.5% from age 1 to
3 [2] (Fig. 8.1a). The prevalence increased again
until it peaked at 78.5% among individuals in

50- 60- 70-

Total

0-15yrs 16-79 yrs
B Male M Female

9yr 12yr 15yr 19yr 29yr 39yr 49yr 59yr 69yr 79yr

dren younger than 16 of age and those older than 16. The
prevalence among males was significantly higher than that
among females in the 16 and above age group. *p < 0.05;
M month, yr years (adapted from Kim et al. [2])

their 40s and decreased to 67.0% among those in
their 70s [2] (Fig. 8.1a). The prevalence of H.
pylori increased gradually from 7 months after
birth to the age of 9 years (12.7%), dramatically
to the 10-12 age group (27.3%), and by around
1.7% each year until the 31-40 age group
(74.0%). This trend was predominantly inter-
preted as reflecting a cohort effect (i.e., an effect
pertaining to a defined population group tracked
after estimation at a certain time point) by which
the infection occurs before the age of 5 and lin-
gers for a lifetime, rather than as indicating that
new infections steadily occurred [10, 11]. The
prevalence did not show a significant sex/gender
difference in individuals younger than 15 (18.0%
among males and 16.1% among females) but
was significantly higher among males than
females (69.4% and 64.2%) in individuals older
than 16 (p = 0.003) [2] (Fig. 8.1b). This finding
was confirmed repeatedly in epidemiological
studies conducted in 2005 [12], 2011 [13], and
2016-2017 [3], indicating that H. pylori infec-
tion continues to occur after the age of 15 [3]
(Fig. 8.2). A multivariate analysis of risk factors
related to H. pylori infection found that among
adults (older than 16), the number of people
sharing a room while growing up (during ele-
mentary or middle school age) and economic
status while growing up were associated with
significant differences in the prevalence of
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Fig.8.2 (a) Changes in the serum prevalence of H. pylori
among individuals older than 16 without a history of H.
pylori eradication in South Korea in 1998, 2005, 2011,
and 2016-2017. A sex/gender analysis shows that the

H. pylori infection, while among children
(younger than 15), the maternal education level,
household income, and drinking water showed
significant associations [9]. In both children and
adults, socioeconomic status and the living envi-
ronment in adolescence were found to be impor-
tant factors in H. pylori infection. This result is
similar to the findings from a study conducted in
Turkey among preschool-age and school-age
children that reported low income, density of
children per household, and use of a heater as
important risk factors [14]. In other words, it can
be inferred that H. pylori infection occurs directly
from person to person due to contacts in a dense
living environment and poor socioeconomic sta-
tus during adolescence. Higher H. pylori preva-
lence among men older than 16 years of age than
among women of the same age indicates that
close contacts are more common or that hygiene
is poorer among school-age boys compared to
girls. Another interesting finding is that the re-
infection rate after H. pylori eradication through
the standard triple therapy including a proton

prevalence was significantly higher in males than females
at all four time points. (b) Changes by age demonstrate
that the serum prevalence of H. pylori steadily decreased
(*p for trend <0.05) (adapted from Lim et al. [3])

pump inhibitor (PPI) was also higher among
males [4]. In that study, the re-infection rate was
calculated for 331 individuals who received the
standard triple therapy from 2003 to 2010 and
tested negative 1 year after eradication with
18-95 months of follow-up (average of
37.1 months). Risk factors for re-infection,
including sex/gender, age, tobacco consumption,
alcohol consumption, income, education level,
digestive symptoms, atrophic gastritis and intes-
tinal metaplasia, and resistance to clarithromy-
cin, were analyzed. Thirty-six of the 331
participants were re-infected, reflecting a 3.51%
re-infection rate per year [4]. The risk factors
identified in multivariate analysis were male sex
(hazard ratio [HR] 2.28; 95% confidence interval
[CI], 1.05-5.00; p = 0.037) and low income
(£$5000 vs. >$5000) (HR 3.54; 95% CI, 1.08-
11.67; p =0.038) [4]. As such, the risk factors for
H. pylori re-infection were identical to the risk
factors for H. pylori infection, suggesting that
infection and re-infection are both more active
among males above the age of 16.
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8.3 Sex/Gender Differences

in Chronic Gastritis

Gastritis refers to inflammation found through
upper gastrointestinal (GI) endoscopy or in the
GI mucosa and is categorized into acute gastritis
and chronic gastritis. Gastritis presenting with
acute inflammation or special types of gastritis
are not difficult to diagnose as they demonstrate
characteristic findings on endoscopy. However,
there are some controversies regarding the endo-
scopic diagnosis and categorization of chronic
gastritis, which is the most common type. In
1936, Schindler [15] categorized types of chronic
gastritis based on gastroscopy findings into
superficial gastritis, atrophic gastritis, hypertro-
phic gastritis, and post-gastric surgery gastritis
and stated that there are major differences in the
disease course and prognosis according to the
type [15]. As endoscopy developed after the
1980s, researchers suggested various categoriza-
tions, most of which were based on histopatho-
logical characteristics rather than gross findings.
The Sydney categorization [16], which was
revised in 1996, has relatively detailed descrip-
tions of the endoscopic diagnostic criteria of gas-
tritis, but it has not been widely used due to its
limits in expressing endoscopic findings and its
complexity. After H. pylori was first cultured in
1983, H. pylori infection was found to be an
important cause of peptic ulcers and a cause of
gastritis. The finding that chronic active inflam-
mation of the gastric mucosa is observed in most
patients with H. pylori infection increased inter-
est in chronic gastritis.

8.3.1 Sex/Gender Differences
in the Distribution of Chronic

Gastritis

The largest study about the distribution of gastri-
tis was based on endoscopic findings among
25,536 individuals who received upper GI endos-
copy at 40 hospital health check-up centers
around South Korea from January to June 2006,
conducted by the Korean College of Helicobacter
and Upper Gastrointestinal Research [17]

(Table 8.1). Among the 25,535 patients who
remained after excluding those who had a history
of surgery due to diseases related to the digestive
system or who received treatment for chronic dis-
eases other than hypertension and diabetes, 3593
(14.1%) had normal findings while 21,942
(85.9%) had at least one finding of gastritis find-
ing. Gastritis was diagnosed based on mucosal
erythema, exudate, edema, erosion, color change,
increased vascular fluoroscopy, and nodular
change. Superficial gastritis was most common
(7983, 31.3%), followed by atrophic gastritis
(6918, 27.1%), erosive gastritis (6054, 23.7%),

Table 8.1 Characteristics of 25,536 participants who
received upper gastrointestinal endoscopy at 40 hospital
health check-up centers around South Korea in 2006
(adapted from Park et al. [17])

Variable category n | %
Sex

Male 15,180 59.5
Female 10,356 |40.5
Age (y)

<39 6976 27.3
40-59 15,001 |58.8
>60 3549 13.9
Area (province)

Seoul 9525 37.3
Gyeonggi 3085 12.1
Kangwon 1965 7.7
Chungcheong 3094 12.1
Kyungsang 3646 14.3
Cholla 3759 14.7
Jeju 462 1.8
Social habitus

Current smoking® 6529 26.0
Alcohol (>once per week)* 10,479 |41.0
Medical history

NSAID medication for >1 month? 1616 6.0
Antibiotics history within 1 month? 253 1.0
Epigastric pain or discomfort during last 1 year®

Yes 12,921 | 51.6
No 12,143 1 48.4
Endoscopic findings

Normal 3593 14.1
Superficial gastritis 7983 31.3
Erosive gastritis 6054 23.7
Atrophic gastritis 6918 27.1
Intestinal metaplasia 1811 7.1

n number of subjects
*Some data were missing due to incomplete record
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and intestinal metaplasia (1181, 7.1%) [17]
(Table 8.2). There were no sex/gender differences
in superficial gastritis, which was the most com-
mon type. Superficial gastritis decreased signifi-
cantly with increasing age, with a prevalence of
36.8% (2556) in the age group of 40 and below,
31.3% (4704) in the 40-60 age group, and 20.4%
(723) in the above 60 age group (p < 0.001).
Unlike superficial gastritis (Table 8.2a), erosive
gastritis  (Table 8.2b), atrophic  gastritis
(Table 8.2¢), and intestinal metaplasia were more

Table 8.2 Distribution of gastritis among 25,536 partici-
pants who received upper gastrointestinal endoscopy at
hospital health check-up centers in 2006 by sex and age
(adapted from Park et al. [17])

Variable categories n | % | p-value®
a. Superficial gastritis

Sex

Male (n = 15,180) 4720 | 31.1

Female (n = 10,356) 3263 |31.5 0483
Age (y)

<39 (n = 6976) 2556 |36.8

40-59 (n =15,011) 4704 313

>60 (n = 3549) 723 204 | <0.001
b. Erosive gastritis

Sex

Male (n = 15,180) 3983  26.2

Female (n = 10,356) 2071 20.0 | <0.001
Age (y)

<39 (n=6976) 1396 |20.0

40-59 (n =15,011) 3744 1249

>60 (n = 3549) 914 25.8 | <0.001
c. Atrophic gastritis

Sex

Male (n = 15,180) 4215 |27.8

Female (n = 10,356) 2703 | 26.1 0.003
Age (y)

<39 (n = 6976) 1039 | 14.9

40-59 (n =15,011) 4335 1289

>60 (n = 3549) 1544 1435 |<0.001
d. Intestinal metaplasia

Sex

Male (n = 15,180) 1262 |83

Female (n = 10,356) 549 5.3 <0.001
Age (y)

<39 (n = 6976) 187 2.7

40-59 (n =15,011) 1187 7.9

>60 (n = 3549) 437 123 |<0.001

ap-values for y? test

prevalent among males than females (p < 0.001,
Table 8.2d). The prevalence was highest in the
above 60 age group, demonstrating an increasing
frequency with age (p < 0.001) [17] (Table 8.2).

8.3.2 Sex/Gender Differences
in Atrophic Gastritis
and Intestinal Metaplasia

Chronic inflammation damages cells and trans-
forms them into various stages. Precancerous tis-
sues associated with chronic inflammation are
characterized by neutrophils, macrophages,
monocytes, mast cells, eosinophils, dendritic
cells, and lymphocytes, which form the tumor
microenvironment [18]. The inflammation-
related cells that compose the tumor microenvi-
ronment produce cytokines, reactive oxygen, and
reactive nitrogen and become involved in the ini-
tiation, promotion, and metastasis of cancerous
mutations [18]. These factors contribute to carci-
nogenesis by promoting cellular mutations and
modifying the functions of enzymes and proteins
in tissues by damaging cellular DNA, RNA, and
proteins through chemical reactions such as oxi-
dation, nitrogenation, and halogenation. Many
factors are known to cause gastric cancer, but the
most important factor is H. pylori infection.
Other factors include old age, male sex, family
history of gastric cancer, salty food, smoked
food, tobacco consumption, alcohol consump-
tion, atrophic gastritis, and intestinal metaplasia
[19]. Many studies have been published on the
gastric cancer risk posed by atrophic gastritis and
intestinal metaplasia. For example, gastric cancer
incidence was 4.9 times higher among H. pylori-
positive atrophic gastritis patients than among H.
pylori-positive patients without atrophic gastritis
and 14.5 times higher than among H. pylori-
negative patients without atrophic gastritis [20,
21]. The risk was even higher among patients
with intestinal metaplasia. The incidence of gas-
tric cancer among H. pylori-positive intestinal
metaplasia patients was 6.4 times or 10.9 times
higher than that among H. pylori-positive patients
without intestinal metaplasia [21, 22], suggesting
that atrophic gastritis and intestinal metaplasia
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are important precancerous lesions of gastric
cancer. A 2011 national multicenter study with
4023 participants who received health check-ups
at 8 medical centers in South Korea confirmed
the 2005 results that atrophic gastritis and intesti-
nal metaplasia in endoscopic findings were more
prevalent among males than females [5] (Tables
8.3 and 8.4). In this national multicenter study,
the prevalence of atrophic gastritis confirmed by
endoscopy was 40.7%, and the prevalence of
intestinal metaplasia was 12.5%. The most
important risk factor was age, followed by sex.
The prevalence of atrophic gastritis (odds ratio
[OR] 1.38; Table 8.3) and intestinal metaplasia
(OR 1.88; Table 8.4) was significantly higher
among males than among females [5]. Another
interesting finding was that in participants with a

family history of gastric cancer, intestinal meta-
plasia (a risk factor of gastric cancer) was signifi-
cantly more common (OR 1.48; Table 8.3) [5]. A
Japanese study that conducted follow-up endos-
copy for 17 years also found that intestinal meta-
plasia was more common among males than
among females [23]. The gastric antral intestinal
metaplasia grade from the biopsy before H.
pylori eradication according to the Sydney sys-
tem was higher among males (0.67 + 0.94) than
among females (0.44 + 0.77) (p = 0.003). The
gastric body intestinal metaplasia grade was also
higher among males (0.20 = 0.62) than among
females (0.047 = 0.21) (p = 0.0027), a difference
that was consistently observed during the study
duration [23].

Table 8.3 Multivariate analysis of risk factors of atrophic gastritis diagnosed in 4032 individuals who received an
upper gastrointestinal endoscopy at health check-up centers in 2011 (adapted from Joo et al. [5])

95% confidence interval
Variables B S.E. p-value Exp(B) Lower limit ‘ Upper limit
Age (y)
<40 1.00
40-59 1.039 0.165 <0.001 2.55 2.05 3.18
>60 1.980 0.203 <0.001 5.00 3.71 6.74
Male 0.603 0.155 <0.001 1.38 1.17 1.64
H. pylori 1gG positivity 0.377 0.112 <0.001 1.41 1.19 1.66
Intestinal metaplasia 1.309 0.147 <0.001 4.29 3.35 5.50
Education below college —0.131 0.216 0.046 1.35 1.01 1.79

B estimate, SE standard error, Exp(f3) odds ratio, H. pylori Helicobacter pylori

Table 8.4 Multivariate analysis of risk factors of intestinal metaplasia diagnosed in 4023 individuals who received
upper gastrointestinal endoscopy at health check-up centers in 2011 (adapted from Joo et al. [5])

95% confidence interval
Variables B S.E. p-value Exp(p) Lower limit \ Upper limit
Age (y)
<40 1.00
40-59 1.150 0.205 <0.001 3.16 2.11 4.72
>60 1.178 0.236 <0.001 3.25 2.05 5.15
Male 0.631 0.154 <0.001 1.88 1.39 2.54
H. pylori 1gG positivity 0.775 0.119 <0.001 2.17 1.72 2.74
Atrophic gastritis 1.303 0.113 <0.001 3.68 2.95 4.60
Relatives of gastric cancer 0.395 0.143 0.006 1.48 1.12 1.96
Smoking 0.170 0.138 NS 1.19 091 1.55
Alcohol 0.112 0.131 NS 1.20 0.87 1.45
Education below college —0.384 0.162 0.018 1.47 1.06 2.00
Consumption of dairy product 0.338 0.116 0.004 1.40 1.12 1.76

B estimate, SE standard error, Exp(f3) odds ratio, H. pylori Helicobacter pylori
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8.3.3 Sex/Gender Differences
in 15-Year Changes
in Atrophic Gastritis

and Intestinal Metaplasia

With improvements in the socioeconomic condi-
tions of South Korea, H. pylori infections have
rapidly declined. When the sex/gender differ-
ences in atrophic gastritis and intestinal metapla-
sia diagnosed in biopsy were examined, the
decline was significant among women, but no
decline was found among men. This result can be
interpreted as reflecting the importance of
tobacco consumption, alcohol consumption, and
diet beyond H. pylori for the incidence of atro-
phic gastritis and intestinal metaplasia [6]. That
study was conducted among 2002 individuals
from 2003 to 2018, examined atrophic gastritis
and intestinal metaplasia through biopsies, and
analyzed risk factors such as sex, family history
of gastritis, alcohol consumption, tobacco con-
sumption, diet, and socioeconomic status in 3 dif-
ferent phases (2003-2007, 2008-2012, and
2013-2018). The prevalence of H. pylori infec-
tion declined over the 15-year period, from
49.2% t0 40.2% and 36.0% [6]. However, no sig-
nificant changes were found in the prevalence of
various atrophic gastritis and intestinal metapla-
sia grades from the histological examination of
the gastric antrum and gastric body (Fig. 8.3a).
Nonetheless, the grades of gastric body atrophic
gastritis (p = 0.048) and intestinal metaplasia
(p = 0.010) declined significantly among H.
pylori-negative women, and the grade of gastric
body intestinal metaplasia also declined signifi-
cantly among H. pylori-positive women
(p = 0.002) [6] (Fig. 8.3b). The changes in the
prevalence of atrophic gastritis and intestinal
metaplasia were similar to the changes in the
grades of atrophic gastritis and intestinal meta-
plasia. When only the prevalence, rather than the
grades, of atrophic gastritis and intestinal meta-
plasia was examined, there were no changes in
the prevalence of atrophic gastritis and intestinal
metaplasia among men (Fig. 8.3c), but the preva-
lence of atrophic gastritis (p = 0.024) and intesti-
nal metaplasia (p < 0.001) declined significantly
over the 15-year period in H. pylori-positive

women [6] (Fig. 8.3d). These differences in the
prevalence of atrophic gastritis and intestinal
metaplasia are caused by differences in tobacco
consumption, alcohol consumption, and diet,
indicating that lifestyle habits have a major influ-
ence on gastric cancer risk factors beyond H.
pylori infection. According to the Korea National
Health and Nutrition Examination Survey con-
ducted by the Ministry of Health and Welfare, the
percentage of smokers was 38.1% among males
and 6.0% among females in 2017 (http://www.
index.go.kr/unify/idx-info.do?idxCd=4237), and
the percentage of monthly binge drinkers was
52.7% among men and 25.0% among women
(http://www.index.go.kr/unify/idx-info.
do?idxCd=4238). According to national and
international literature, women tend to consume
more vegetables and fruit than men [24, 25].
According to a multivariate analysis of risk fac-
tors for atrophic gastritis and intestinal metapla-
sia, the risk of atrophic gastritis and intestinal
metaplasia increased with age and H. pylori
infection. Smokers had a particularly high risk of
intestinal metaplasia in the gastric antrum [6]. In
summary, H. pylori infection and tobacco con-
sumption are important risk factors for chronic
gastritis, and their effects accumulate over time
and with age. Recent South Korean public health
policy is shifting toward active interventions to
prevent gastric cancer through H. pylori eradica-
tion therapy. The results suggest that attention
should also be given to smoking cessation, mod-
eration in alcohol consumption, and diet.

8.3.4 Sex/Gender Differences
in Atrophic Gastritis
and the Reversibility
of Intestinal Metaplasia After
H. pylori Eradication

The exact mechanism of intestinal metaplasia is
not completely understood, but in recent studies,
expression of the CDX gene, which codes for a
specific transcriptional factor in the intestinal
tract from the duodenum to the rectum, has been
hypothesized as an important factor for both
intestinal metaplasia itself and its progression to
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Fig. 8.3 Changes in the grade and prevalence of atrophic
gastritis and intestinal metaplasia from histological exam-
inations of the gastric antrum and gastric body in three
phases over 15 years (2003-2007, 2008-2012, 2013—
2018). (a) There were no changes in the grades of atrophic
gastritis and intestinal metaplasia among men over
15 years. (b) Among H. pylori-negative women, the
grades of atrophic gastritis (p = 0.048) and intestinal
metaplasia (p = 0.010) in the gastric body declined signifi-

dysplasia or gastric cancer [26]. The author
investigated CDXI and CDX2 gene expression
using real-time polymerase chain reaction (PCR)
after categorizing 270 participants by H. pylori
infection status, intestinal metaplasia, dysplasia,
and gastric cancer. CDX/ and CDX2 were not
expressed in the normal gastric mucosa of the
control group but were expressed when there was

2003-2007 2008-2012 2013-2018

cantly. The grade of gastric body intestinal metaplasia
also declined significantly among H. pylori-positive
women (p = 0.002). (¢) There were no changes in the
prevalence of atrophic gastritis and intestinal metaplasia
among men. (d) The prevalence of atrophic gastritis
(p = 0.024) and intestinal metaplasia (p < 0.001) declined
significantly over 15 years in H. pylori-positive women
(adapted from Kwon et al. [6])

intestinal metaplasia. CDX2 expression was also
significantly higher in the gastric tissue of the H.
pylori infection group than in the non-infected
group [27]. CDXI and CDX2 expression
increased when the degree of intestinal metapla-
sia was more severe, and CDX2 expression was
significantly higher in incomplete intestinal
metaplasia [27]. CDX] was expressed more in
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the dysplasia group than in the control group, and
CDXI and CDX2 were both more strongly
expressed in the gastric cancer group compared
to the control group, supporting the hypothesis
that CDX1 and CDX2, which are transcriptional
factors, cause intestinal metaplasia and become
involved in the mechanism of gastric cancer [27].
A study with an average follow-up of 33.7 months
after H. pylori eradication reported that improve-
ment in gastric body intestinal metaplasia was
associated with reduced CDX2 mRNA expres-
sion [28], providing evidence for an association
between intestinal metaplasia and CDX?2 and the
reversibility of intestinal metaplasia through H.
pylori eradication. In addition to endoscopic atro-
phic gastritis and intestinal metaplasia, histologi-
cal atrophic gastritis and intestinal metaplasia
were also found to be more severe among males
than among females, suggesting that reversibility
after eradication might be greater in females than
in males.

A study analyzed a total of 24 factors that can
impact the improvement of atrophic gastritis and
intestinal metaplasia including environmental
factors, single-nucleotide polymorphisms in host
factors that regulate inflammatory responses, and
genetic polymorphisms in H. pylori virulence
factors by following up 778 participants for
10 years [29]. Since environmental factors, host
factors, and genetic polymorphisms—as factors
other than H. pylori eradication therapy or the
follow-up period after therapy—contribute to
improvements in atrophic gastritis and intestinal
metaplasia, 11 environmental factors (sex, age,
H. pylori infection and eradication status, tobacco
consumption, history of alcohol consumption,
blood type, salty food, spicy food, history of gas-
tric cancer, education level, and economic sta-
tus), 10 host genetic polymorphisms, and 3 H.
pylori virulence factor polymorphisms were
examined [29]. H. pylori eradication was statisti-
cally significantly associated with improvement
in atrophic gastritis in the gastric antrum and gas-
tric body, and gastric antrum intestinal metapla-
sia improved significantly in cytotoxin-associated
gene A (cagA)-positive patients and patients who
received H. pylori eradication [29]. H. pylori
eradication was significantly associated with

improvement of gastric body intestinal metapla-
sia [18]. When these findings were examined
according to H. pylori infection status, cagA pos-
itivity and age younger than 65 were significant
factors associated with improvements in atrophic
gastritis and intestinal metaplasia among H.
pylori-positive patients. In the H. pylori eradica-
tion therapy group, young age and economic sta-
tus were significant factors associated with the
improvement of atrophic gastritis and intestinal
metaplasia [29]. H. pylori infection usually
occurs at age 5 or below [30]; therefore, since the
total time of exposure to H. pylori is shorter for
younger individuals, it is suspected that atrophic
gastritis and intestinal metaplasia improve more
readily [29]. In order to confirm the significance
of other factors excluding H. pylori eradication,
which is the most important factor, further analy-
ses were conducted after grouping H. pylori-
positive patients, H. pylori-negative patients, and
patients in whom H. pylori eradication was suc-
cessful (Tables 8.5 and 8.6). In the H. pylori-
positive group, age and cagA were significantly
associated with the improvement of atrophic gas-
tritis and intestinal metaplasia [29] (Table 8.5).
Patients who were cagA antibody-positive had a
significantly higher prevalence of atrophic gastri-
tis and intestinal metaplasia [31]. Interestingly, in
that study, atrophic gastritis and intestinal meta-
plasia showed meaningful improvement in cagA
PCR-positive patients [29]. In the H. pylori eradi-
cation group, economic status had a significant
influence on the improvement of atrophic gastri-
tis, and age below 65 was a significant factor
associated with the improvement of intestinal
metaplasia [29]. Environmental factors such as
age and economic status impact not only the inci-
dence of H. pylori infection, atrophic gastritis,
and intestinal metaplasia but also their improve-
ment after eradication treatment [18]. H. pylori
eradication was found to be a common factor that
influenced the improvement of both atrophic gas-
tritis and intestinal metaplasia, but there were
factors not common to both. An explanation for
this finding is that the risk factors of atrophic gas-
tritis and intestinal metaplasia are different [18].
The risk factors of atrophic gastritis are H. pylori
infection, old age, H. pylori virulence factors,
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male sex, and education level, while the risk fac-
tors of intestinal metaplasia are H. pylori
infection, old age, male sex, history of tobacco
consumption, spicy food consumption, and fam-
ily history of gastric cancer [5, 32]. It was hypoth-
esized that improvements in atrophic gastritis and
intestinal metaplasia after H. pylori eradication
will be more likely among males than among
females whose atrophic gastritis and intestinal
metaplasia grades were lower, but sex was not a
statistically significant factor. This finding might
be related to fact that males more actively
received eradication treatment and that among
females, atrophic gastritis and intestinal metapla-
sia improved regardless of H. pylori infection [6].
A more definitive conclusion can be reached after
further research from multiple perspectives.

8.4 Sex/Gender Differences
in the H. pylori-Eradicated

Population

Comparing the eradication trends in 2005, 2011,
and 2016-2017 based on a national study that
reported the H. pylori-positive rate and the eradi-
cation rate for 18 years, it was found that a his-
tory of eradication became more common in the
older population, reflecting the trend for an
increasing number of patients to receive eradica-
tion therapy in the 4049, 50-59, 60-69, and
above 70 age groups [3] (Fig. 8.4a). This trend
could be explained by a greater interest in health
with increasing age, which might be accelerated
by health policies that actively promoted eradica-
tion by publicizing research results that found H.
pylori infection promotes gastric cancer.
Eradication in younger populations is desirable
to prevent gastric cancer. It is not recommended
to place an age limit on eradication therapy for
the following reasons: (1) H. pylori eradication
improves various indicators of the tumor micro-
environment (e.g., H. pylori eradication reduced
the proportion of patients with a pepsinogen I/I
ratio of 3 or less, a biomarker of atrophic gastri-
tis, in a group of patients with gastric cancer and
dysplasia [conditions that are more common in
the elderly] to the point that no significant differ-

ence was observed from a control group) [33];
(2) the survival rate of gastric cancer surgery
patients after H. pylori eradication has recently
increased [34]; and the average life expectancy in
South Korea continues to increase. The eradica-
tion rates were 15.4%, 21.3%, and 26.7% among
men in 2005, 2011, and 2016-2017, respectively,
which were significantly higher than the corre-
sponding rates of 12.2%, 16.8%, and 19.7%
among women, suggesting more active eradica-
tion among men [3] (Fig. 8.4b). This finding can
be interpreted as a result of more frequent health
check-ups, more H. pylori tests conducted, and
more exposure to information about the necessity
of H. pylori eradication among men. Insurance
coverage for H. pylori eradication in South Korea
expanded in January 2018, and atrophic gastritis
became a condition that prompts recommenda-
tion for eradication; therefore, eradication has
recently become active in the private sector. In
Japan, 600,000 individuals were treated with H.
pylori eradication drugs annually, and after H.
pylori-positive gastritis was covered by insurance
in March 2014, the population that received erad-
ication increased 2.3-fold to 1,400,000 [35].
Similarly, the proportion of the population receiv-
ing H. pylori eradication in South Korea is
expected to increase further from the proportion
of 23.5% in 2016-2017 [3].

8.5 Sex/Gender Differences
in the Changes of Lipid
Metabolism After H. pylori

Infection

In 1969, Gallin et al. [36] found that the bacteria-
induced systemic inflammatory response causes
changes in lipid metabolism. Studies based on
epidemiological research, such as various studies
that examined the relationship between H. pylori
infection and lipid metabolism, have been
reported since. A study reported that among
patients with coronary artery disease diagnosed
by angiography, there were no changes in total
cholesterol and low-density lipoprotein (LDL)
cholesterol, but significantly lower HDL choles-
terol levels, in H. pylori antibody-positive
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Fig. 8.4 Increase in the number of H. pylori-eradicated
population in South Korea in 2005, 2011, and 2016-2017.
(a) The rate of eradication increased rapidly with age. (b)
When the H. pylori-eradicated population was compared

patients [37]. Another study reported that H.
pylori infection was associated with higher
triglyceride levels and lower HDL cholesterol
levels [38], while a different study did not find
such association [39]. A study of healthy adult
males rather than patients found higher LDL cho-
lesterol levels and lower HDL cholesterol levels
in the H. pylori antibody-positive group than in
the negative group [40]. A recent study in South

by sex, the number was significantly higher among males
than among females. *p value for trend (adapted from
Lim et al. [3])

Korea analyzing 15,195 participants in health
check-ups reported that body mass index, waist
circumference, total cholesterol, and LDL cho-
lesterol levels were higher and HDL cholesterol
levels were lower in the H. pylori-positive group
than in the negative group [41]. Studies of the
association between H. pylori infection status
and lipid metabolism indicators are diverse in
terms of their designs, samples, and results.
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Summarizing studies that reported significant
associations between H. pylori infection status
and changes in lipid metabolism indicators, H.
pylori infection is associated with higher levels
of total cholesterol, LDL cholesterol, triglycer-
ides, and apolipoprotein B, and lower concentra-
tions of HDL cholesterol and apolipoprotein Al
[37, 38, 40, 41]. These results are explained by
the increase in the activity of lipoprotein lipase in
adipose tissue and fatty acid synthesis and lipoly-
sis in the liver caused by the increased release of
cytokines related to H. pylori infection such as
IL-1 or IL-6, IFN-a, and TNF-a [42, 43]. A study
reported sex/gender differences in such changes
[8]. A recent South Korean study of 1065 indi-
viduals reported that in the H. pylori-positive
group (663, 62.3%), total cholesterol (p = 0.003),
LDL (p =0.046), and triglyceride (p = 0.029) lev-
els were significantly higher, and HDL choles-
terol levels were significantly lower (p = 0.032)
[8]. In the multivariate analysis, males in the H.
pylori-positive group had higher total cholesterol
levels (OR 1.007; 95% CI, 1.002-1.011), while
females had lower HDL cholesterol levels (OR
0.983; 95% ClI, 0.968-0.998) [8]. This result is
related to the reports that metabolic syndrome is
more common in H. pylori-positive individuals,
males, and older individuals [44] and that diabe-
tes was more common only among males in the
H. pylori-positive group, suggesting a relation-
ship with sex hormones [45]. H. pylori infection
affects lipid metabolism and diabetes incidence
differently by sex/gender, and further studies are
needed in this area.

8.6  Conclusions

H. pylori is transmitted at a young age when the
immune system is not fully mature, and unless
artificial eradication is attempted, the infection
lasts for a lifetime. Sex/gender differences have
been found in the epidemiology of H. pylori,
chronic gastritis, the eradication rate, and lipid
metabolism. There were no sex/gender differ-
ences in H. pylori infection until the age of 15

according to a 1998 study of the serum preva-
lence of H. pylori in all age groups conducted in
South Korea, but the H. pylori infection rate
among males become significantly higher than
that among females after the age of 16. This phe-
nomenon was observed in the 2016-2017 epide-
miological survey as well. This finding cannot be
explained completely by a cohort effect and indi-
cates that H. pylori infections occur among
males, who have higher exposure after the age of
15. Moreover, in a 2006 national multicenter
study with 25,513 individuals, erosive gastritis,
atrophic gastritis, and intestinal metaplasia were
significantly more common among males than
among females. The same result was found for
atrophic gastritis and intestinal metaplasia in a
2011 national, multicenter study with 4023 par-
ticipants of health check-ups. The prevalence of
H. pylori infections is rapidly decreasing in South
Korea. The histological findings of atrophic gas-
tritis and intestinal metaplasia decreased among
females from 2003 to 2018, but they did not
decrease among males, indicating that tobacco
consumption, alcohol consumption, and diet are
important factors other than H. pylori infection
contributing to the incidence of atrophic gastritis
and intestinal metaplasia. The eradication rate of
H. pylori is higher in older age groups, as older
adults are more interested in maintaining health.
The eradication rates were 15.4%, 21.3%, and
26.7% in 2005, 2011, and 2016-2017 among
males, which were significantly higher than the
corresponding rates of 12.2%, 16.8%, and 19.7%
among females, suggesting active H. pylori erad-
ication among males. A systemic inflammatory
response to bacteria causes changes in lipid
metabolism. Total cholesterol levels were higher
in H. pylori-positive males, and HDL cholesterol
levels were lower in H. pylori-positive females,
indicating sex/gender differences in lipid metab-
olism post-H. pylori infection. Considering the
differences in epidemiology, chronic gastritis,
and lipid metabolism by sex/gender after H.
pylori infection, tailored therapy including deci-
sions about the timing of eradication therapy is
recommended.
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9.1 Introduction

Peptic ulcers are caused by attacks on the stom-
ach and duodenum by gastric acid and pepsin.
Histologically, an ulcer occurs when a defect of
the necrotic mucosa has progressed to below the
muscularis mucosal layer, whereas erosion is
defined as a defect limited to the mucosal layer.
In the past, it was hypothesized that peptic ulcers
occur when the aggressive factors of gastric acid
and pepsin outweigh the defensive factors. Many
studies have since clarified that Helicobacter
pylori (H. pylori) infection and nonsteroidal anti-
inflammatory drug (NSAID) use are important
causal factors of peptic ulcers. The incidence of
peptic ulcers peaked in 1910 according to Western
data and gradually decreased from 1950 to 1980.
Peptic ulcers were traditionally recognized twice
as common among males than females, and duo-
denal ulcer (DU) was more common than gastric
ulcer (GU). Due to the decreased prevalence of
H. pylori and increased uptake of H. pylori eradi-
cation treatment, it was expected that the preva-
lence of peptic ulcers would decrease along with
the decreased prevalence of H. pylori [1]
(Fig. 9.1a). However, it was not. That is, accord-
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ing to 1995, 2000, and 2005 data, there were no
changes in the prevalence of DU, but the preva-
lence of GU increased significantly [2]
(Fig. 9.1b). This finding is interpreted as result-
ing from the increased number of patients with
chronic diseases such as musculoskeletal or car-
diovascular diseases as the population ages,
resulting in the increased use of aspirin and other
NSAIDs. Therefore, the incidence of peptic
ulcers could differ by sex/gender if there is a dis-
proportionate pattern in NSAID use according to
gender. Summarizing studies on peptic ulcers
published in South Korea from 1990 to 2007 [4],
patients’ age increased, the proportion of male
patients and those with H. pylori decreased, and
the proportion of bleeding increased from 17.8%
in 1996-1997 [5] to 35.5% in 2007 [6] (Table 9.1)
[4, 7, 8]. Reports from Western countries and
Hong Kong have described a rising incidence of
peptic ulcers among patients without identifiable
causes of peptic ulcers such as H. pylori infection
and NSAID use and have stated that mortality is
high in this patient group [9]. When patients with
peptic ulcers were followed up for 1 year after
being classified according to H. pylori infection
and NSAID use in South Korea, the rate of recur-
rence and direct fees associated with treatment
were higher in peptic ulcer patients without
known causes than patients with H. pylori infec-
tion or a history of NSAID use (p = 0.002) [10].
This result suggests that when peptic ulcers are
discovered, H. pylori infection status and NSAID
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Fig. 9.1 Changes in the seroprevalence of H. pylori and
the prevalence of peptic ulcers in 1995, 2000, and 2005.
(a) The seroprevalence of H. pylori among individuals
older than 16 and with no history of eradication therapy
steadily decreased from 1998, 2005, and 2011 to 2016—
2017 (*p for trend <0.05) (adapted from Lim et al. [1]).
(b) According to the prevalence of peptic ulcers in 1995,
2000, and 2005, there were no changes in the prevalence

2011 m 2016-2017

of duodenal ulcers, but the prevalence of gastric ulcers
increased (adapted from Kim et al. [2]). (¢) The preva-
lence of gastric ulcers and duodenal ulcers was 4.1% and
2.2%, and the prevalence of gastric ulcers was higher than
that of duodenal ulcers. In 2016-2017, the prevalence
rates were 1.6% (p < 0.001) and 1.2% (p = 0.005), respec-
tively, demonstrating significant reductions from 2011
(adapted from Nam et al. [3])

Table 9.1 Changes in the clinical characteristics of patients with duodenal ulcers in South Korea (adapted from Shim
and Kim [4])

1990 | 1995 | 1996 |1996-1997 |2000 2005 | 2006
Year [7] [2] [7] [5] [2] 2003-2008 [8] [2] [7] 2007 [6]
Number (1) 60 1518 |80 180 1980 | 475 2042 |61 310
Age (yr, 478 |- 50.8 |53.8+13.7 |- 582+ 149 - 58.1 |61.5+£15.0
mean + SD)
Aged patients (%) | — - - 32.2 - 29.6 (>70 yr) - - 48.1
(=60 yr) (>65 yr)

NSAID and - - - 26.1 - 23.6 (NSAID), 28.0 |- 21.0
ulcerogenic drugs® 22.5 (aspirin)
(%)
H. pylori infection |- - 68.1 | 82.8 59.7 |72.6 572 |- 48.0
(%)
Male (%) 82.6 |- 754 772 - 70.3 - 66.7 |66.7
Location of ulcer

Gastric ulcer 524 |533 |573 |- 59.1 |56.0 56.0 |52.0 |61.2

(%)

Duodenal ulcer |40.4 |46.7 (444 |- 40.9 |44.0 44.0 |40.7 |38.8

(%)
Smoking (%) - - - 58.9 - 34.3 - - -
Alcohol (%) - - - 439 - 35.8 - - -
Bleeding (%) - - - 17.8 - - - - 35.5

NSAID nonsteroidal anti-inflammatory drug, H. pylori Helicobacter pylori
aUlcerogenic drugs include aspirin, clopidogrel, warfarin



9 Peptic Ulcer Disease

133

a b
200 1.0
,,,,,,,,
o 180} & Total
'-% --H-- Male -
2 o 1601 o. Female 09r Age 80 and older
5 — —_—
= S 140} - S
88 g
5T 120t / 708t
23 ] > %5
S o 100f >
bl o =
S o 80f “1 g07
g e b A8
7y 2 60} d o Age - Under 60
§ € 40 ) o ’ o6t e 60-79 years
< e e 80 and older
o 20t o
< | w T e o
— = - e . . . ]S —
- & @ 5 © © N 2 0 5 10 15 20 25 30
e Q & = 3 3 R Days since peptic ulcer bleeding

Age (years)

Fig. 9.2 Prevalence and mortality of peptic ulcer bleed-
ing by age. (a) From 2006 to 2007 in South Korea, peptic
ulcer bleeding among 21,107 individuals increased pro-
portionately with age and was more than three times more

use history should be elucidated first, and when
the patient is negative for both, particular caution
is needed. Bleeding [11] or perforation [12] due
to peptic ulcers is more prevalent in older popula-
tions (Figs. 9.2a and 9.3a), and the associated
mortality also increases dramatically in those
older than 80 (Figs. 9.2b and 9.3b). The reason is
that the defense mechanism of the gastric mucosa
is damaged in the older population, making them
vulnerable to damage by aspirin and other
NSAIDs [13, 14]. Sex/gender differences in
bleeding [11] and perforation [12] (Fig. 9.3a),
which are complications of peptic ulcers, have
been observed, with incidence rates higher in
males than females for both. This sex/gender dif-
ference may be related to the female sex hormone
estrogen, which increases the expression of tight
junction proteins that close the gap between cells
and reduce the mucosal permeability and bacte-
rial movement [15]. This chapter describes the
increasing incidence of peptic ulcers due to the
aging population, even though the H. pylori
infection rate has continued to decrease [1], and

prevalent among males. (b) Mortality within 30 days after
peptic ulcer bleeding increased with age, especially dra-
matically in those aged 80 and older (adapted from Bae
etal. [11])

explores the disease mechanism of peptic ulcers
involving NSAIDs, including aspirin, and sex/
gender differences in the treatment and preven-
tion of peptic ulcers.

9.2 Epidemiology and Sex/
Gender Differences of Peptic

Ulcers

Peptic ulcers display various symptoms ranging
from asymptomatic cases to death from serious
complications such as bleeding and perforation.
Typical symptoms include epigastric discomfort,
epigastric pain, heartburn, bloating, and loss of
appetite, and other symptoms such as upper gas-
trointestinal (GI) bleeding and severe stomach
pain and fever due to perforation can occur.
However, the symptoms are not specific to the
disease and not proportional to disease severity,
so it is difficult to diagnose the condition based
on symptoms alone. The final diagnosis is deter-
mined through endoscopy. DU decreased by 50%
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Fig. 9.3 Prevalence and mortality of perforated peptic
ulcers by age. (a) From 2006 to 2007 in South Korea, per-
foration due to peptic ulcers among 4258 individuals
increased proportionately with age and was around six

from 1970 to 1985, and in the same time period,
peptic ulcers decreased by 25%. Due to the
increase of the older population, the decreasing
trend has been less noticeable in recent years.
According to a report on the incidence of peptic
ulcers and their complications in South Korean
tertiary hospitals in 1990, 1996, and 2006, the
incidence of DU decreased, while the incidence
of GU did not change or slightly increased [7].
The decreases in surgical treatment of ulcer
bleeding (a complication of peptic ulcers) and in
perforation suggest diminishing severity of pep-
tic ulcers, which might be due to the prevention
of disease progression through effective medical
treatment [7]. Similarly, a study on the preva-
lence of peptic ulcers among 28,893 patients who
visited gastroenterologists at 17 institutions in
South Korea reported that the incidence of GU
increased and the incidence of DU did not change
from 1995 to 2000 and 2005, indicating that the
overall incidence of peptic ulcers was gradually
increasing [2] (Fig. 9.1b). NSAIDs are widely
used to treat various acute and chronic musculo-
skeletal diseases, and the use of aspirin, which
has anti-platelet properties, has recently become

05 T T T T T T T T T T T T T T T T T T
5 10 15 20 25 30
Days since perforated peptic ulcer

80+
o

times more prevalent among males. (b) Mortality within
30 days after a perforated peptic ulcer increased with age,
especially dramatically in those aged 80 and older
(adapted from Bae et al. [12])

more frequent. Therefore, study results on epide-
miological trends in peptic ulcers can depend on
the proportion of the older population, who use
NSAIDs more frequently in the sample, and the
location of the study. In particular, it is important
to assess whether a study is based on the diagno-
sis of peptic ulcers in hospital gastroenterology
departments or in health check-up centers, which
are similar to community-based studies. Thus,
these results should be examined and interpreted
separately.

Studies of Data from Health
Check-Up Centers

9.2.1

Since an endoscopic diagnosis is necessary for
peptic ulcers, it is difficult to conduct community-
based studies. Studies of data obtained from
health check-up centers are regarded as the clos-
est to community-based studies. The largest
study of the distribution of peptic ulcers included
25,536 individuals who received upper endos-
copy examinations at 40 hospitals in South Korea
from January to June 2006 and was conducted by
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the Korean College of Helicobacter and Upper
Gastrointestinal Research. The study reported the
distribution of peptic ulcers [16] (Table 9.2).
After excluding individuals who had a history of
surgery related to disease in the digestive system
or treatment for chronic diseases other than
hypertension and diabetes, 59.5% of the 25,536
individuals were males (n = 15,180), and 40.5%
were females (n = 10,356), making the sex ratio
1.5:1. The average age was 46.7 years, and the
number of individuals in each age group was

1292 (5.0%) from age 16 to 29, 5684 (22.3%) in
their 30s, 8885 (34.8%) in their 40s, 6126
(24.0%) in their 50s, 2936 (11.5%) in their 60s,
and 613 (2.4%) over the age of 70 [16] (Table 9.2).
In this sample population, 6.0% had used
NSAIDs for more than one month. Subsequently,
South Korea became an aging society, with more
than 14% of the population aged 65 and above in
2018. Considering the increase in cardiovascular
diseases, the proportion of the population that
uses NSAIDs is expected to be higher. Among

Table 9.2 Prevalence of gastric ulcers and duodenal ulcers in 25,533 participants of national, multicenter health check-

ups by sex, age, and area (adapted from Kim et al. [16])

Variable category Number (%) p-value
Benign gastric ulcer Active stage:healing stage:scar stage:total
Total (n =25,533) 409 (1.7):423 (1.7):323 (1.3):1155 (4.5)
Sex <0.001
Male (n = 15,178) 318 (2.1):314 (2.1):243 (1.6):875 (5.8)
Female (n = 10,355) 91 (0.9):109 (1.1):80 (0.8):280 (2.7)
Age (years) <0.001
16-39 (n = 6976) 70 (1.0):86 (1.2):31 (0.4):187 (2.7)
40-59 (n =14,328) 240 (1.7):243 (1.7):198 (1.4):681 (4.8)
> 60 (n=3548) 99 (2.8):94 (2.6):94 (2.6):287 (8.1)
Area (province) <0.001
Seoul (n = 9525) 98 (1.0):126 (1.3):111 (1.7):335 (3.5)
Gyeonggi (n = 3085) 42 (1.4):45 (1.5):34 (1.1):121 (3.9)
Kangwon (n = 1963) 13 (0.7):54 (2.8):27 (1.4):94 (4.8)
Chungcheong (n = 3093) 26 (0.8):30 (1.0):32 (1.0):88 (2.8)
Kyungsang (n = 3646) 133 (3.6):57 (1.6):66 (1.8):256 (7.0)
Cholla (n = 3759) 96 (2.6):101 (2.7):47 (1.3):244 (6.5)
Jeju (n =462) 1(0.2):10 (2.2):6 (1.3):17 (3.7)
Duodenal ulcer Active stage:healing stage:scar stage:total
Total (n =25,535) 243 (1.0):291 (1.1):1008 (3.9):1542 (6.0)
Sex <0.001
Male (n = 15,179) 196 (1.3):225 (1.5):757 (5.0):1178 (7.8)
Female (n = 10,356) 47 (0.5):66 (0.6):251 (2.4):364 (3.5)
Age (years) 0.075
16-39 (n = 6976) 77 (1.1):79 (1.1):259 (3.7):415 (5.9)
40-59 (n=15,011) 138 (0.9):185 (1.2):592 (3.9):915 (6.1)
> 60 (n =3548) 28 (0.8):27 (0.8):157 (4.4):212 (6.0)
Area (province) <0.001
Seoul (n = 9525) 71 (0.8):105 (1.1):487 (5.1):663 (7.0)
Gyeonggi (n = 3085) 17 (0.6):42 (1.4):180 (5.8):239 (7.7)
Kangwon (n = 1965) 11 (0.6):26 (1.3):40 (2.0):77 (5.9)
Chungcheong (n = 3093) 21(0.7):32 (1.0):113 (3.7):166 (5.4)
Kyungsang (n = 3646) 59 (1.6):30 (0.8):110 (3.0):199 (5.4)
Cholla (n = 3759) 62 (1.6):50 (1.3):49 (1.3):161 (4.3)
Jeju (n =462) 2 (0.4):6 (1.3):29 (6.3):37 (8.0)

n number
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the 25,533 participants in the 2006 study, 409
(1.7%), 423 (1.7%), and 323 (1.3%) were in the
active phase, healing phase, and scarring phase of
gastric ulcers, respectively, making up 1155
(4.5%) of the total sample. The proportions by
sex were 5.8% and 2.7%, with a significantly
higher prevalence in males (p < 0.001) [16]
(Table 9.2). When stratified by age group, the
prevalence was 2.7% in those from age 16 to 39,
4.8% in those from age 40 to 59, and 8.1% in
those above the age of 60; the highest proportion
was found in the 60 and above age group
(p < 0.001), which may be related to the wide-
spread use of NSAIDs [16]. Furthermore, 243
(1.0%), 291 (1.1%), and 1008 (3.9%) were in the
active phase, healing phase, and scarring phase of
DU, respectively, making up 1542 (6.0%). The
prevalence was lower than that of GU for the
active phase and the healing phase, but when the
scarring phase was included, the total prevalence
was higher than that of GU [16] (Table 9.2). The
prevalence of DU in males and females was 7.8%
and 3.5%, respectively, reflecting a significant
difference (p < 0.001, Table 9.2). When stratified
by age group, 5.9% were from age 16 to 39, 6.1%
were from age 40 to 59, and 6.0% were over the
age of 60. Unlike in GU, there were no signifi-
cant differences by age in DU prevalence
(p < 0.075) [16]. A subsequent study based on
health check-up centers was a comparative study
of peptic ulcers that included 4023 individuals
from 2011 and 2504 individuals from 2016-2017
[3] (Fig. 9.1c). This study only analyzed the
active and healing phases of peptic ulcers, exclud-
ing the scarring phase. The prevalence of GU and
DU in 2011 was 4.1% and 2.2%, respectively,
with a higher prevalence of GU [3] (Fig. 9.1c). In
2016-2017, the prevalence of GU and DU was
1.6% (p < 0.001) and 1.2% (p = 0.005), respec-
tively, reflecting a significant decrease from 2011
[3] (Fig. 9.1c). The seroprevalence of H. pylori
was an important risk factor for DU identified in
a multivariate analysis of the risk factors of pep-
tic ulcers (p < 0.001). The seroprevalence of H.
pylori was 79.8% [17] in 2011, which signifi-
cantly decreased to 51.3% in 2016-2017
(p < 0.001) [3]. The proportion of individuals
who had undergone H. pylori eradication was

13.0% in 2011 [17], which increased to 17.5% in
2016-2017 (p < 0.001) [3], suggesting that the
rapid reduction of H. pylori infection was the
cause of the decrease in the prevalence of
DU. The decrease in the prevalence of GU was
not related to the decrease in the prevalence of H.
pylori. Rather, it was suggested that the decrease
in the prevalence of GU was due to reduced
tobacco consumption, alcohol consumption, and
history of NSAID use (more than once a week),
as the prevalence of those risk factors was 21.9%,
61.8%, and 11.1% in 2011 [17] and 18.0%,
51.6%, and 9.7% in 2016-2017 [3].

9.2.2 Multicenter Studies of Data
from Gastroenterology
Departments at Tertiary
Hospitals in 1995, 2000,
and 2005

Large-scale studies (8441 participants in 1995,
10,350 participants in 2000, and 10,102 partici-
pants in 2005, 28,893 total) including individuals
who received an endoscopy in tertiary hospitals
in South Korea were conducted. During this
period, the prevalence of peptic ulcers was 19.2%
[2]. The prevalence of peptic ulcers increased
from 18.0% in 1995 to 19.1% in 2000 and 20.2%
in 2005 (p < 0.001). Patients with GU and patients
with DU were different in terms of the impact of
H. pylori and NSAID use [2]. In the past 10 years,
the prevalence of H. pylori infection decreased
significantly in South Korea (p < 0.001), but the
H. pylori infection rate in the DU group was
65.4%, which was higher than the rate of 59.6%
in the GU group [2]. Despite this decrease in the
prevalence of H. pylori, the prevalence of DU did
not change, with values of 8.4%, 8.7%, and 8.2%
(» = 0.449) (Fig. 9.1b). Furthermore, GU
increased, with prevalence rates of 9.6%, 10.5%,
and 12.0% (p < 0.001) (Fig. 9.1b), indicating that
the increase in NSAID use influenced the inci-
dence of peptic ulcers more than changes in H.
pylori infection [2]. Specifically, the prevalence
of GU in the NSAID use group was 23.6%, which
was markedly higher than that of 10.4% in the
group without a history of NSAID use [2]. The
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prevalence of DU in the NSAID use group was
12.3%, which was higher than 8.3% in the group
without NSAID use history, but it was lower
than that in the GU group [2]. The GU preva-
lence of 23.6% in the NSAID use group is simi-
lar to the findings of international reports that
15-30% of those who use NSAIDs experience
peptic ulcers [18, 19]. In a report by Kim et al.
that examined trends by year, GU increased in
the NSAID use group from 17.6% to 19.4% and
28.0%, which are significantly higher rates
(» <0.001) than those of 7.5%, 9.2%, and 13.1%
in the group that did not use NSAIDs [2]. The
prevalence of duodenal ulcers was 11.2%, 9.8%,
and 13.4% in the NSAID use group, which did
not significantly differ from the prevalence of
7.9%, 7.6%, and 9.5% in the non-use group [2].
To summarize these findings, GU are highly
influenced by the use of aspirin and other
NSAIDs, while DU are strongly influenced by
H. pylori. When these results are analyzed by
age and sex, the prevalence of GU increased
from 1995 to 2000 and 2005 proportionately to
age, but the prevalence of DU instead decreased
with age. Both types of ulcers were more preva-
lent in males—specifically, GUs were 2.25 times
and DUs were 2.21 times more common among
males than females [2].

9.2.3 Analysis of Peptic Ulcer
Studies of Data
from Gastroenterology
Departments from 1990
to 2007

To summarize studies of peptic ulcers published
in South Korea from 1990 to 2007 [2, 4-6, 8, 20]
(Table 9.1), patients’ age steadily increased, the
proportions of male patients and those with H.
pylori decreased, and the proportion of bleeding
increased from 17.8% [7] in 1996-1997 to 35.5%
[6] in 2007 [4] (Table 9.1). As the population
ages, the prevalence of chronic musculoskeletal
diseases, such as osteoarthritis, and cardiovascu-
lar diseases increases along with the use of
NSAIDs, including aspirin. Damage of the GI
mucosa increases in the older population, who

are vulnerable to these analgesics, leading to pre-
dicted changes in the characteristics of patients
with peptic ulcers. In fact, the average age of
patients with peptic ulcers who were hospitalized
at tertiary hospitals was 47.8 years [7] in 1990.
The average age of 180 patients with peptic
ulcers between 1996 and 1997 was 53.8 years
[20], that of 475 patients with peptic ulcers from
2003 to 2008 was 58.2 years [21], and that of 310
patients with peptic ulcers in 2007 was 61.5 years
[6], demonstrating an increasing trend [4]
(Table 9.1). As H. pylori and NSAID use are the
most important factors contributing to the devel-
opment of these peptic ulcers, we evaluated their
changes over time. The prevalence of H. pylori
was 82.8% [20] in the peptic ulcer patient group
from 1996 to 1997, 72.6% [21] in the patient
group from 2003 to 2008, and 48.0% in the
patient group in 2007 [6], displaying a rapid
decrease (Table 9.1). In contrast, the proportion
of patients who used ulcerogenic drugs, includ-
ing NSAIDs, was 26.1% in 1996-1997, and the
prevalence of NSAID use and aspirin use was
23.6% and 22.5%, respectively, marking a steep
increase [4] (Table 9.1). An interesting fact is that
the sex/gender ratio in peptic ulcer patients is
changing remarkably. In 1990, 82.6% were males
[7], but this proportion decreased to 66.7% in
2006 [7] and 2007 [6], indicating that peptic
ulcers increased among female patients who
started using NSAIDs more often [4] (Table 9.1).
Theoretically, it may be expected that peptic
ulcers due to NSAIDs can be ameliorated by the
suspension of drugs, but it is difficult to discon-
tinue NSAIDs due to their use for chronic dis-
eases and chronic pain. In many cases, intractable
peptic ulcers develop, leading to complications.
Peptic ulcers in the older population are recog-
nized as the most important side effect of aspirin
and other NSAIDs [19, 22, 23].

9.3 Sex/Gender Differences

in the Causes of Peptic Ulcers

In recent years, there is a higher proportion of the
older population and people with underlying dis-
eases such as diabetes, hypertension, stroke, and
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cancer, and in this population, peptic ulcers with-
out known causes such as H. pylori or aspirin/
NSAID use are increasing [12, 24]. As such, pep-
tic ulcers are classified into (1) peptic ulcers due
to H. pylori infection, (2) peptic ulcers due to
aspirin or other NSAID use, and (3) idiopathic
peptic ulcers without either of the other two
causes. Among these three categories, peptic
ulcers due to aspirin or other NSAID use are
more frequent in females and in the older popula-
tion. This type of peptic ulcer is frequently
accompanied by complications such as bleeding
and perforation, and in patients with underlying
diseases, it is associated with more than twofold
higher mortality rate, although patients are often
asymptomatic [7, 9, 25]. Asymptomatic cases of
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peptic ulcers due to NSAID use are relatively
common because NSAIDs have an analgesic
effect and exacerbate painless ulcers. Ultimately,
the risk of complications such as bleeding and
perforation increases. The elderly, who are less
sensitive to pain and have weaker defense mecha-
nisms, are more vulnerable to such complica-
tions. Bleeding is often observed in cases of
peptic ulcers due to NSAID use because NSAIDs
not only damage the gastric mucosal cells, but
also suppress the synthesis of thromboxane A2
(TXA2) in platelets, thereby exerting an anti-
platelet effect [4] (Fig. 9.4). Interest in patients
with idiopathic peptic ulcers without H. pylori
infections or a history of aspirin or other NSAID
use is increasing, because the ulcer recurrence
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Fig. 9.4 Path changes of cyclooxygenase (COX) and
lipoxygenase (LOX) due to NSAID. When an NSAID,
including aspirin, is ingested, COX-1 decreases, thereby
weakening the defense mechanism of the gastric mucosa,
and thromboxane Al (TXA2) decreases, reducing the
hemostatic effect of platelets. COX-2, which increases
during inflammation, also decreases. COX-2 selective
NSAIDs have little effect on COX-1 and have the benefit

of blocking only the COX-2 pathway. Non-selective
NSAIDs block both COX-1 and COX-2, which activates
the 5-LOX enzyme and increases the production of LTB4,
C4, and D4, which are inflammatory factors. COX cyclo-
oxygenase, PG prostaglandin, 7X thromboxane, LOX
lipoxygenase, LT leukotriene (adapted from Shim and
Kim [4])
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rates in these patients are high—at 35% in 2 years
and 42% in 7 years—and the rates of complica-
tions and mortality are also high [3, 15, 16].
During a 5-year follow-up, the ulcer recurrence
rates were 3.8% in patients with H. pylori infec-
tions, 10.9% in those with a history of NSAID
and other medication use, and 24.3% in patients
with idiopathic peptic ulcers, reflecting a signifi-
cantly higher rate than those observed in the other
two groups [26]. The prevalence of H. pylori
infection was higher among males than among
females, while a history of NSAID use was more
common among females than males. Therefore,
the sex/gender differences in these three types of
peptic ulcers are briefly reviewed below.

9.3.1 Peptic Ulcers Due to H. pylori

The mechanism by which H. pylori infection
causes DU is hypothesized to be either bacterial
colonization in an area of gastric metaplasia that
occurs in the duodenal mucosa, causing mucosal
damage, or antral-predominant gastritis, increas-
ing blood gastrin and stimulating gastric acid
secretion to increase duodenal acidity and cause
mucosal damage [27]. H. pylori-induced reduc-
tions in the secretion of bicarbonate in the duode-
num are also known to be related to the incidence
of ulcers. The suggested causes for GU are H.
pylori bacterial colonization in both the gastric
body and gastric antrum, normal or reduced
secretion of gastric acid (unlike what occurs in
DU), and reflux of duodenal digestive juice due
to disorders in the gastric mucosal defense mech-
anism or pyloric sphincter [28]. As peptic ulcers
occur in 5-10% of patients with H. pylori infec-
tion, factors related to the bacteria and the host
and other factors beyond H. pylori infection are
hypothesized to be relevant [28]. In the 1990s,
the H. pylori infection rate among patients with
DU was 94.2% [29], and that among patients
with GU was 82.8% [20]. Both duodenal and
gastric ulcers were twice as more common among
males than females, suggesting the presence of
sex/gender differences in host factors of peptic
ulcers, such as tobacco and alcohol use, and in
duodenal mucosa resistance.

9.3.2 Peptic Ulcers Due to NSAIDs

The main mechanisms through which NSAIDs
damage the GI tract are the inhibition of prosta-
glandin (PG) synthesis due to systemic effects
through the blood and direct effects on the GI
mucosa. Overall, 10-60% of patients taking
NSAIDs experience GI symptoms such as stom-
achache, heartburn, bloating, and indigestion [19,
22]. In fact, 10-20% of patients with rheumatoid
arthritis who took NSAIDs for 6 months stopped
medication due to GI symptoms [19, 23, 30].
According to a study that conducted upper GI
endoscopy among patients who took NSAIDs,
10—40% of patients experienced GU within the
first 3 months of NSAID use, and 4—15% experi-
enced DU [18, 31-33]. The relative risk of upper
GI bleeding among patients using NSAIDs is 3.8
[34], and the relative risk of death due to GI com-
plications is around 4.2 [23]. Recently, daily
intake of low-dose aspirin below 325 mg in order
to prevent cardiovascular disease is increasing,
and aspirin is being recognized as an important
cause of peptic ulcers. Risk factors for GI com-
plications in NSAID users are well-established
through various case-control studies and cohort
studies [19, 23], and the risk becomes clearer
above the age of 50 when complications of ulcers
are around 2-5 times more likely [35]. Other than
old age, which is a factor that increases the risk of
peptic ulcers due to NSAIDs, a history of peptic
ulcers and combination of anticoagulants dramat-
ically increase the risk of both peptic ulcers and
Gl bleeding [36]. The use of steroids on their own
was not directly related to peptic ulcers, but when
combined with NSAIDs, steroid use drastically
increased the risk of peptic ulcers or complica-
tions of peptic ulcers. When a high NSAID dose
is used, redundant use of NSAIDs, including
aspirin, increases the risk of ulcers as well. A
meta-analysis reported that the incidence of pep-
tic ulcers was 3.5 times higher in patients who
used NSAIDs and H. pylori infection [36]. The
risk of ulcer bleeding was 1.79 times higher in
patients with H. pylori infection, 4.85 times
higher in those with NSAID use, and 6.13 times
higher when both factors existed [37]. When
NSAID use is required, patients should be tested



140

N. Kim

for H. pylori infection first and undergo eradica-
tion if positive. Gastric mucosal damage due to
NSAIDs, including aspirin, can occur in various
ways depending on the path through which the
medication is absorbed (locally or through the
bloodstream after being metabolized in the liver)
[38—42]. Three important mechanisms include
(1) increased membrane permeabilization, (2)
suppression of cyclooxygenase (COX)-1 and PG
formation, and (3) increased production of proin-
flammatory mediators [39]. Among these, the
main pathophysiology of peptic ulcers due to
repeated exposure to NSAIDs is the systemic
effect of NSAIDs, which inhibit COX activity in
the GI mucosa. Explanations of the three mecha-
nisms follow.

9.3.2.1 Membrane Permeabilization
NSAIDs damage the GI mucosa through direct
cytotoxic effects on gastric mucosal cells [43,
44], which are not related to COX inhibition [45].
When an NSAID is administered orally, it binds
to hydrogen ions in the gastric juice, and the ion-
ized NSAID penetrates the gastric cell membrane
and enters gastric mucosal epithelial cells, caus-
ing intracellular acidification, inhibiting mito-
chondrial function, damaging the epithelial
barrier [46], and causing necrosis and apoptosis
of gastric mucosal cells [47]. This direct damage
to the GI mucosa caused by aspirin or other
NSAIDs is not believed to cause clinically impor-
tant peptic ulcers. The evidence for this belief is
that when enteric-coated aspirin is ingested, it is
not dissolved in the stomach, which was expected
to reduce gastric mucosal damage. However,
compared to uncoated aspirin, enteric-coated
aspirin did not reduce GI bleeding caused by pep-
tic ulcers [48]. The fact that parenteral NSAIDs
also cause GU and DU also supports this belief
[49, 50].

9.3.2.2 COX-1 Inhibition and Decrease

of Prostaglandins
NSAIDs cause clinically important GI mucosal
damage through their systemic effects. The COX
enzymes that play an important role in related
mechanisms have two subtypes, COX-1 and
COX-2, which have different functions [51].

COX-1 dissolves arachidonic acid to synthesize
PG in the GI mucosa and produces TXA2 in
platelets to help with bleeding [4] (Fig. 9.4).
COX-1 synthesizes PG to protect the gastric
mucosa from gastric acid, maintains the blood
flow in the gastric mucosa, and produces bicar-
bonate [52, 53]. The absorbed NSAID suppresses
activation of COX-1 to reduce endogenous PG
synthesis. When PG synthesis is reduced, the
gastric mucosa is damaged due to decreased
secretion of mucus and bicarbonate from epithe-
lial cells, reduced mucosal blood flow, decreased
proliferation of epithelial cells, and reduced
resistance to damage. Peptic ulcers due to
NSAIDs are thus mainly caused by suppression
of COX-1 production [54-56]. In contrast,
COX-2 is activated by cell damage, endotoxins in
conditions of disease, tumor necrosis factor-
alpha (TNF-a), inflammatory mediators such as
interleukin (IL)-1P, and tumor-derived factors
[57, 58]. Considering that there are large differ-
ences in the production and function of COX-1
and COX-2, NSAIDs developed to suppress
COX-2 only are known as selective COX-2 inhib-
itors. Unlike non-specific NSAIDs (ns-NSAIDs,
such as indomethacin, naproxen, diclofenac,
piroxicam, and ibuprofen), which can combine
with both COX-1 receptors with small and sharp
structures and COX-2 receptors with large and
blunt structures, selective COX-2 inhibitors (cele-
coxib, etodolac, etc.) that can only combine with
COX-2 receptors have been developed. Aspirin is
categorized as an ns-NSAID and suppresses some
COX-2-mediated reactions. Theoretically, selec-
tive COX-2 inhibitors can preserve the protective
function of PG, mediated by COX-1, on the GI
mucosa, but the dose of COX-2 inhibitors recom-
mended for use in clinical practice can also sup-
press COX-1. As the possibility of damage in GI
mucosa exists when only selective COX-2 inhibi-
tors are used, caution is still needed [59, 60].
However, reports on celecoxib, a selective COX-2
inhibitor, have suggested that its risk of bleeding
is lower than that of ns-NSAIDs [61, 62]. The
Asia-Pacific guidelines on non-esophageal vari-
ceal bleeding categorize celecoxib separately
from other NSAIDs as an NSAID with a lower
possibility of bleeding [63].
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9.3.2.3 Activation of Inflammatory
Mediators

When the synthesis of PG is interrupted by an
NSAID, the activation of lipoxygenase increases,
producing leukotriene (LT), a product of the
lipoxygenase pathway [64-66] (Fig. 9.4).
Increased LT can cause inflammation, damage to
the GI mucosa resulting tissue ischemia due to
vascular endothelium spasm, and reperfusion
stress, thereby increasing the production of reac-
tive oxygen species (ROS) [64-66]. It also pro-
duces inflammatory mediators such as TNF-a,
reducing the blood flow in the gastric mucosa,
and damaging the GI mucosa by increasing the
production of ROS [67].

9.3.3 Non-H. pylori, Non-NSAID
Peptic Ulcers

Depending on the region, a wide range of preva-
lence of non-H. pylori, non-NSAID peptic ulcers
has been reported. In South Korea, the prevalence
is reported to be around 16.2-25.7% [10, 26, 68].
The inferred causes of ulcers in this patient group
are excessive secretion of gastric acid, tobacco
consumption, malignant tumors, other anti-
platelet drugs (clopidogrel, ticlopidine, prasug-
rel, etc.), potassium chloride, bisphosphonate
drugs, cytomegalovirus, herpes simplex virus
infection, tuberculosis, syphilis, portal hyperten-
sion, Behcget disease, psychological stress, and
other chronic comorbidities, but the exact causes
are yet unknown [69-74].

The characteristics of idiopathic peptic ulcers
without any certain causes are different from
those of peptic ulcers that occur with H. pylori or
a history of aspirin or other NSAID use. Among
173 peptic ulcer patients who were diagnosed
through endoscopy at the Department of
Gastroenterology at Seoul National University
Bundang Hospital for 2 years from September
2006 to August 2008 and followed up for more
than 1 year, when the idiopathic peptic ulcer
group (n = 28, 16.2%) and the H. pylori or
NSAID/aspirin peptic ulcer group (n = 145,
83.8%) were compared, no differences were
found in age, sex, tobacco use, location of the
ulcer, and bleeding [10]. The proportion of

patients with a history of chronic diseases (hyper-
tension, diabetes, heart disease, chronic kidney
disease, etc.) in the idiopathic peptic ulcer group
was 42.9%, which was higher than the 25.5% in
the group with peptic ulcers due to H. pylori or
aspirin or other NSAID use. However, the differ-
ence did not reach statistical significance
(p = 0.062), which may have been due to the
small number of study participants. An important
difference is that the 1-year ulcer recurrence rate
was 25.0%, which was significantly higher than
the rate of 6.2% in the group with peptic ulcers
due to H. pylori or aspirin or other NSAID use
(p = 0.002) [10]. This finding demonstrates that
treatment is easier in cases where the cause is
definite such as H. pylori or NSAID/aspirin use.
A report from Hong Kong also suggested the
need to examine the cause of peptic ulcers since
the mortality associated with bleeding due to
idiopathic ulcers was higher [9].

Sex/Gender Differences
in the Mechanism of Peptic
Ulcers

9.4

The gastric epithelium is constantly attacked by
endogenous harmful factors such as hydrochloric
acid, pepsinogen/pepsin, and bile. Exogenous
substances such as drugs, alcohol, and bacteria
also constantly pass through the gastric epithe-
lium. However, a very sophisticated biological
system prevents damage in the mucosa and
enables the repair of mucosal damage that occurs
from time to time. Mucus, mucosal epithelial
cells, blood circulation, and bicarbonate secre-
tion are defensive factors. Even when offensive
factors such as gastric acid and pepsin exert
strong effects, adequate defensive function of the
gastric and duodenal epithelium can prevent pep-
tic ulcers caused by gastric and duodenal tissue
damage. The mucosal defense system is com-
posed of three levels: pre-epithelial, epithelial,
and subepithelial factors. The first level of muco-
sal defense is the mucus-bicarbonate-
phospholipid  layer, which acts as a
physicochemical barrier from various substances
including hydrogen ion. Mucus secretion is con-
trolled by the gastroduodenal epithelial cells.
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Mucus is mostly composed of water (95%) and a
mixture of phospholipids and glycoproteins
(mucin). Mucous gel creates a non-stirred water
layer that prevents the diffusion of molecules
such as ions and pepsins. The secretion of bicar-
bonate is controlled by the gastroduodenal epi-
thelial cells, and bicarbonate is secreted into the
mucous gel to maintain the pH of the epithelial
cell surface at 6 or 7 despite the pH inside stom-
ach being strongly acidic, at a pH 1 or 2. The
epithelial cells in the surface become the second
defense barrier through factors such as the epi-
thelial cell ionic transporter that produces mucus
and maintains the intracellular pH, bicarbonate
production, and intracellular tight junction-
related proteins. The epithelial cells in the sur-
face prevent protein denaturation and produce
heat shock protein, which protects cells from fac-
tors such as increased temperature, cytotoxic
substances, or oxidative stress. When the pre-
epithelial defensive barrier is damaged, epithelial
cells in the area migrate to repair the damaged
area (restitution), and this process is not related
to cell division. For effective restitution, the
blood flow must be smooth, and the pH in the
area must be alkaline. Restitution is controlled by
growth factors such as epidermal growth factor
(EGF), transforming growth factor (TGF)-a, and
fibroblast growth factor (FGF). For large areas of
damage that cannot be healed effectively through
restitution, cell division must occur. Regeneration
of epithelial cells is controlled by growth factors
such as PG, EGF, and TGF-a. Along with the
regeneration of epithelial cells, angiogenesis
occurs in the damaged microvascular layer. FGF
and vascular endothelial growth factor (VEGF)
play important roles in the regeneration of blood
vessels in the gastric mucosa. While peptic ulcers
occur twice more frequently and bleeding and
perforation are more common among males, the
prevalence of peptic ulcers and complications is
low among females. The reason for this was
hypothesized to be related to estrogen, a female
sex hormone. It was recently revealed that estro-
gen increased the expression of tight junction
proteins, which close the gaps between cells and
prevent mucosa permeability and bacterial migra-
tion [15]. In an animal study with rabbits, when

an Ussing chamber experiment was conducted
after injecting 17f-estradiol for 2 weeks and sep-
arating the esophagus, it was found that in the
17p-estradiol treatment group, there was a shorter
distance between cells due to stimulants such as
gastric acid through the augmentation of occlu-
din [75]. Another mechanism is that estrogen
promotes duodenal bicarbonate secretion, which
was substantiated in both human [76] and mice
[77] and thus has greater validity. As a brief intro-
duction to these two studies, Tuo et al. analyzed
epidemiological data to examine the incidence of
duodenal ulcers by sex/gender and age, measured
bicarbonate secretion in healthy individuals, and
conducted immunoblot and immunohistochemi-
cal analysis to examine the expression of estro-
gen receptors (ER) [76]. The incidence of DU
was significantly lower among females than
among males. The incidence was 3.91-5.09 times
lower among females before menopause (age
20-49) than among males of the same age, but in
the 60 and above age group, the difference
decreased, as the incidence among females was
1.32 times lower than that among males [76].
Basal and acid-stimulated bicarbonate secretion
was higher among females aged 20-29 than
among males, but this phenomenon was not
observed in the 60-69 age group [76]. Moreover,
females aged 20-29 had higher bicarbonate
secretion than females aged 60—69, but this dif-
ference was not observed among males [76].
Serum estradiol levels were proportional to bicar-
bonate secretion according to the menstrual cycle
before menopause, and it was explained that ER
expressed in the duodenal plasma membrane and
cytoplasm combined with estrogen to promote
bicarbonate secretion and reduce the risk of DU
among females [76]. A study based on experi-
ments with mice aged 70-90 days reported that
basal and acid-stimulated bicarbonate secretion
was 1.5 times and 2.4 times higher, respectively,
in female mice than in male mice [77]. This
secretion disappeared immediately after admin-
istration of the ER antagonist ICI 182,780 or
tamoxifen, increased rapidly after 17f-estradiol
and an ER« agonist (1,3,5-Tris(4-
hydroxyphenyl)-4-propyl-1H-pyrazole), but was
not related to progesterone [77]. In mice of both
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sexes, 17B-estradiol stimulated bicarbonate
secretion, but the secretion was 4.3 times higher
in female mice than in male mice [77]. However,
ER, ER mRNA, and ER proteins were expressed
in the duodenal epithelial cells in mice of both
sexes, and there were no sex differences in the
degree of expression [77]. Furthermore,
17p-estradiol moved calcium into cells in the
SCBN cell line; this cell line expresses ERa or
ERp, which was found to be related to cystic
fibrosis transmembrane conductance regulator
and CI7/HCO;™ anion exchanger, suggesting a
sex difference in the mechanism of DU [77]. An
experiment was conducted on sex/gender differ-
ences in GU. The study compared the incidence
of stress-related ulcers 2 weeks after distressing
mice by tying their legs and putting them in a
refrigerator for three hours. Stress-related ulcers
occurred in 100% of male mice that were stressed,
while ulcers occurred in 80% of female mice,
indicating that males are more vulnerable to
stress-related ulcers than females [78].

9.5 Changes in Peptic Ulcers

in the Aging Population

According to a report by Statistics Korea about
the population distribution by age in South Korea,
the proportion of the population aged above 65
has been steadily increasing from 3.1% in 1970
to 12.2% in 2013. It is expected that the propor-
tion will increase further to 24.3% in 2030 and
37.4% in 2050 (data from Statistics Korea). Kang
et al. [14] found that as aging progresses, the
lower third of the gastric mucosal layer is
replaced with connective tissue along with the
accumulation of various oxides; the production
of mucus, bicarbonate, and PG is reduced; and
vascularization is suppressed, reducing the resil-
ience to mucosal damage in a study with mice of
various ages [14]. As a mechanism of GI cellular
aging, DNA damage was found in mucosal epi-
thelial cells located close to the crypt and some
neurons of the muscular layer plexus, and ROS
increased in the muscular layer nerves [79, 80]. It
is hypothesized that as aging progresses, neurons
become more vulnerable to damage due to ROS

[45]. Regarding the secretion of gastric acid,
Majumdar et al. [81] explained that as aging pro-
gresses, secretion of gastrin in the gastric antrum
decreases, resulting in reduced secretion of gas-
tric acid, and the gastrin reactivity of gastric
mucosa also decreases, limiting gastric acid
secretion and growth promotion in the mucosa.
Jo et al. [82] supported this finding by reporting a
decreasing trend in gastric acid as aging pro-
gressed in an experiment with F344 mice.
Meanwhile, a decrease in gastric acid secretion
was not observed in healthy elderly individuals
without atrophic gastritis [83], leading to some
speculation that the decrease in gastric acid secre-
tion in the older population is due to atrophic gas-
tritis following H. pylori infection rather than
aging itself [8].

9.6 Differences by Age and Sex/
Gender in the Complications

of Peptic Ulcers

Complications occur in around 25% of patients
with peptic ulcers. The main complications are
bleeding and perforation, and other complica-
tions include fistulas through penetration and
obstruction of the gastric pylorus [84]. As
hygiene improved and H. pylori infections
decreased, the prevalence of peptic ulcers some-
what decreased, but the rate of hospitalization
due to complications of peptic ulcers did not
change much or even increased as NSAID use
increased concomitantly with population aging
[85, 86]. Peptic ulcer bleeding is the most com-
mon complication of peptic ulcers, occurring in
15-20% of patients with peptic ulcers [84, 87].
Although complications such as perforations or
obstruction of the gastric pylorus are decreasing,
peptic ulcer bleeding is increasing. The causes
are hypothesized to be the increase in the use of
NSAIDs, including aspirin, in the aging popula-
tion and the lowered hemostatic effect of plate-
lets as COX-1 and TXAZ2 in platelets are reduced
as a result [4, 87] (Fig. 9.4). When the clinical
features of patients with peptic ulcers diagnosed
in the Seoul National University Bundang
Hospital in 2007 were examined, peptic ulcer
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bleeding was significantly more common in the
older age group (60 and above) than in the
younger age group (43.6% and 14.3%,
p = 0.035), and the proportion of cases that
required hemostasis therapy was 22.1% in the
older age group, which was higher than the
13.7% in the younger age group (p = 0.047) [6].
The incidence of peptic ulcer bleeding among
48,400,000 individuals from 2006 to 2007 in

Health Insurance Review and Assessment
Service data was 22.1 per 100,000, and the
30-day mortality rate was 2.15% [11]. When
analyzed by age, the 30-day mortality rate was
0.83% in the under 60 age group, which increased
with age to 7.65% in the 80 and above age group
[11] (Fig. 9.2a). The 30-day mortality rate was
higher among women than among males [4, 11]
(Table 9.3 and Fig. 9.2b). Gastroduodenal

Table 9.3 Comparison of the characteristics of 21,107 patients with peptic ulcer bleeding and 4258 patients with per-
foration in 2006-2007 National Health Insurance Service data (adapted from Shim and Kim [4])

Peptic ulcer bleeding (N =21,107) [11] Perforated peptic perforation (N = 4258) [12]
30-day 30-day
mortality mortality
No. of deaths | Crude MRR No. of deaths | Crude MRR (95%
Variables n (%) (%) (95% CI) n (%) (%) CI)
Total 21,107 454 (2.15) 4258 135 (3.17)
Age (years)
<60 11,099 92 (0.83) 1.00 3143 (73.8) |33 (1.05) 1.00
(52.6)
60-79 8453 (40.0) | 243 (2.87) 3.50 (2.75-4.45) |892(20.9) 59 (6.61) 2.76 (1.69-4.49)
>80 1555 (7.4) 119 (7.65) 9.55 (7.28-12.5) |223(5.2) 43 (19.28) 8.39 (4.81-14.1)
Sex
Male 16,177 296 (1.83) 1.00 3650 (85.7) | 74 (2.03) 1.00
(76.6)
Female 4930 (23.4) 158 (3.2) 1.78 (1.46-2.16) | 608 (14.3) 61 (10.03) 1.71 (1.14-2.56)
Charlson comorbidity index
Low (0) 19,779 366 (1.85) 1.00 3291 (77.3) |38 (1.15) 1.00
(93.7)
Medium 1158 (5.5) |64 (5.49) 3.53(2.75-4.53) | 747 (17.5) 60 (8.03) 3.85(2.46-6.03)
(1-2)
High (>3) | 170 (0.8) 14 (8.24) 4.62 (2.71-7.88) |220(5.2) 37 (16.82) 8.52 (5.1-14.31)
PU-related hospitalization
No 20,230 427 (2.11) 1.00 4053 (95.2) | 118 (2.91) Excluded®
(95.8)
Yes 877 (4.2) 27 (3.08) 1.47 (0.99-2.19) 205 (4.8) 17 (8.29)
Ulcer-related drug® users
No 15,605 301 (1.93) 1.00 2710 (63.6) |43 (1.58) Excluded®
(73.9)
Yes 5502 (26.1) | 153 (2.79) 1.45 (1.19-1.77) | 1548 (36.4) |92 (5.94)
Antiulcer drug® users
No 8294 (39.3) | 1.93¢ 1.00 3602 (84.6) | 134 (3.72) Excluded®
Yes 12,813 2.78¢ 1.45 (1.19-1.77) 1 656 (15.4) 1(0.15)
(60.7)

CI confidence interval, MRR mortality rate ratio, PU peptic ulcer, PUB peptic ulcer bleeding, PPU perforated peptic

ulcer

30-day mortality has been calculated as the ratio of PUB and PPU-related deaths per 100,000 persons
aUlcer-related drug has been defined as NSAIDs (including aspirin and COX-2 inhibitors), oral glucocorticoids, and

anticoagulant (warfarin and clopidogrel)

"Antiulcer drug has been defined as proton pump inhibitors and H, receptor antagonist
‘Excluded’ due to statistical insignificance on stepwise logistic regression, as indicated by p > 0.05
4Original paper showed 30-day mortality (%) instead No. of deaths. The sum did not match with 454
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perforation due to peptic ulcers occur in 2—-10%
of patients with peptic ulcers and was the most
common cause of surgery due to peptic ulcers
[88]. Perforation is a severe complication of pep-
tic ulcers with a high mortality rate (25%). Peptic
ulcer perforation is increasing in the older popu-
lation due to the increased use of NSAIDs [67,
89, 90]. In South Korea, a study with 4258
patients with gastroduodenal perforation due to
peptic ulcers that occurred from 2006 to 2007
reported that the incidence of perforation due to
peptic ulcers was 4.4 per 100,000, the incidence
among males (7.53) was 6 times that among
females (1.24) (Fig. 9.3a), and the 30-day mor-
tality increased with age [4, 12] (Table 9.3 and
Fig. 9.3b). The mortality rate is so high in the
older population due to delayed diagnoses
because the symptoms of perforation might not
be clear in older patients, patients who use ste-
roids, immunosuppressants, or opioids, and
patients with diabetes [91, 92]. An interesting
fact is that bleeding and perforation, as compli-
cations of peptic ulcers, occur more frequently in
males, but the mortality rate of such complica-
tions is higher among females. Estrogen acts as a
defense mechanism, but in old age—around
20 years after menopause—the overall physical
reserve mechanism that sustains life might be
stronger in males than in females. A sex/gender
difference in peptic ulcers could also be observed
in the study of Kim et al., which was based on
National Health Insurance claims data from
2006 to 2015 [93]. A total of 151,507 cases were
hospitalized due to peptic ulcer bleeding, which
was 34.98 per 100,000 person-years [93]. There
were no changes from 2006 to 2008, but the inci-
dence decreased 2.7% every year from 2008 to
2015 (p < 0.05) [93]. However, this decrease was
only significant among males and not among
females, which might have been due to the fact
that NSAID use is more prevalent among
women. The incidence of peptic ulcer bleeding
was higher among males than females from age
40 to 70, but it was higher among females than
males above the age of 80, suggesting that estro-
gen functions as a defensive mechanism before
menopause [93].

9.7 Sex/Gender Differences
in the Pharmacological

Treatment of Peptic Ulcers

The aims of peptic ulcer treatment are alleviation
of symptoms, improvement of the ulcers, and the
prevention of ulcer-related complications and
recurrence. When complications occur, endo-
scopic treatments or surgery might be required,
but the foundation is pharmacological treatment.
Little research has explored sex/gender differ-
ences in the treatment of peptic ulcers, but there
is an interesting report that peptic ulcers occur
more readily in stressed female mice than male
mice and that the selective serotonin reuptake
inhibitor fluoxetine did not improve female mice
[78]. The authors caused ulcers by distressing
2-3-month-old, Sprague-Dawley strain mice by
tying their feet and putting them in a refrigerator
for 3 hours. Some mice were injected with 10 mg/
kg of fluoxetine once in the stomach [78]. The
stressed mice had reduced secretion of gastric
acid and low gastric pH levels. Malonaldehyde
(MDA) in the gastric tissue increased, but nitric
oxide (NO)—an important factor related to cata-
lase, which removes ROS, and mucosal defensive
factors—decreased (especially in male mice) and
gamma aminobutyric acid (GABA) in the brain
cortex also decreased more in stressed male mice
than female mice [78]. The antidepressant medi-
cation fluoxetine had an antiulcer effect in male
mice, but no effect in female mice, suggesting
that depression treatment may be effective in
treating peptic ulcers in males [78].

For peptic ulcers caused by aspirin or other
NSAIDs, whether the NSAID/aspirin can be
stopped is an important question. Rheumatoid
diseases are more common among females, and
since females are more susceptible to pain, when
they are taking multiple types of NSAIDs, it is
not possible to discontinue the administration of
those drugs. When individuals are hospitalized in
long-term care hospitals for treatment, efforts to
stop the administration of NSAID can be particu-
larly difficult, so it is common for peptic ulcers
due to NSAIDs not to be treated adequately.
These intractable ulcers progress to bleeding or



146

N. Kim

perforation, but due to the pain-relieving
properties of NSAIDs, symptoms do not occur,
and the mortality among females is high.
Therefore, when it is difficult to discontinue
NSAIDs, a proton pump inhibitor (PPI) is sug-
gested as the first-line treatment for peptic ulcers.
When patients who have peptic ulcer bleeding
require ongoing NSAID treatment, it is recom-
mended for them to take a PPI with a selective
COX-2-inhibiting NSAID [63].

H. pylori infection treatment is important for
patients with peptic ulcers due to NSAIDs, since
in such cases, peptic ulcer complications increase
when H. pylori infection is present; in a multi-
variate analysis of the causes of peptic ulcer
recurrence, H. pylori infection was found to be
the only significant factor [21]. Therefore, H.
pylori eradication is very important. However,
some reports have stated that H. pylori infection
is helpful for the treatment of ulcers since it
increases the expression of COX-2 in the gastric
mucosa and induces increased PG production,
which is suppressed by NSAIDs [94, 95]. Thus, it
is recommended to proceed with H. pylori eradi-
cation treatment after the treatment for GU is
completed in case of GU due to NSAID/aspirin
use [96].

9.8 Sex/Gender Differences That
Should Be Considered
for Peptic Ulcer Prevention

Strategies

As the population ages and degenerative arthritis
becomes more prevalent, NSAID use is increas-
ing. In the United Kingdom, the number of pre-
scriptions for anti-inflammation and pain relief is
17,000,000 every year [97], and the number is
expected to double from 2000 to 2030 [98]. In
order to prevent side effects in the upper digestive
tract mucosa and peptic ulcers and their compli-
cations, which accompany the use of NSAIDs,
NSAIDs that minimize the damage in GI mucosa
should be selected and used at the minimum dose
for a short period of time, PPI or PG analogues
should be used in combination, COX-2 selective
inhibitors should be used, and diagnosis and

treatment of H. pylori infection should be consid-
ered [38, 99, 100]. According to many studies,
using clopidogrel instead of aspirin for primary
prevention of cardiovascular diseases, combining
histamine H, receptor antagonists (H,RAs) or
sucralfate when NSAIDs continue to be used,
and using enteric-coated aspirin or buffered aspi-
rin were not effective in preventing peptic ulcers
or the complications [38].

When aspirin or other NSAIDs are used, the
foundation of peptic ulcer prevention strategy is
that special caution should be taken for those
aged above 65. In South Korean studies, exam-
ples of combining ulcer prevention drugs, includ-
ing PPIs, with NSAID prescriptions are
increasing. One European study reported that the
proportion of prescriptions combining NSAID
and ulcer prevention drugs increased from 5.1%
in 1997 to 15.9% in 2002 [101]. In another study,
the proportion of combined prescriptions
increased from 10.4% in 1997 to 21.0% in 2005,
and the yearly incidence rate of peptic ulcers
decreased from 1.1 per 1000 in 1997 to 0.52 per
1000 in 2005, indicating the effectiveness of
combined prescriptions [32].

PPIs are slightly less effective than misopros-
tol in preventing peptic ulcers due to NSAIDs,
but it has fewer side effects such as diarrhea or
stomach pain than misoprostol, making it easier
to use on an ongoing basis [102, 103]. PPIs are
also effective in both preventing new ulcers and
reducing ulcer recurrence in patients continuing
to use NSAIDs [21, 104]. A study in the United
States reported that combined prescriptions of
NSAIDs and PPIs increased from 6.7% in 1998
to 8.2% in 2002 [105]. A study with patients who
were using NSAIDs for a long time showed that
when a high dose of famotidine (40 mg, twice a
day) was taken in combination, the incidence of
GU and DU reduced, suggesting that H,RAs may
prevent peptic ulcers [87]. A South Korean study
on peptic ulcers and ulcer prevention drugs
showed that a history of NSAID use and the inci-
dence of peptic ulcers were not statistically sig-
nificantly associated when PPIs were used within
4 weeks (p = 0.334). When PPIs were not used
within 4 weeks, the incidence of peptic ulcers
was higher in the NSAID use group (63.4%) than
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in the non-use group (41.4%) (p < 0.001) [21].
This trend was similar in patients with history of
H,RA use. When H,RAs were used within 4
weeks, the difference in the incidence of peptic
ulcers according to NSAID use was not clear
(p = 0.097), but when H,RAs were not used
within 4 weeks, the incidence of peptic ulcers
was higher in the NSAID use group (73.3%) than
in the non-use group (52.2%) (p < 0.001) [78],
demonstrating the preventive effect of PPIs and
H,RAs. However, sex/gender differences were
not analyzed in these studies, so there were no
tailored strategies according to sex/gender differ-
ences in establishing preventive strategies.
However, in light of reports that estrogen has a
large effect on the incidence of peptic ulcers,
planning to conduct sex/gender-specific analyses
in future studies will help in preparing clinical
guidelines.

9.9  Conclusions

Peptic ulcers are twice as common in males than
in females. The incidence and prevalence of this
condition are expected to decrease due to the use
of PPIs, reduction in H. pylori infection, and
increase in eradication. A study including par-
ticipants of health check-ups reported such
decreases, but a study of individuals who visited
outpatient clinic of gastroenterology found that
the prevalence of GU was increasing, as well as
the proportion of female patients. Changes in GI
mucosa, cardiovascular diseases, cerebrovascu-
lar diseases, and the increased use of aspirin and
other NSAIDs for the treatment of chronic dis-
eases including musculoskeletal diseases due to
the aging population around the world are
believed to be the causes for these trends.
Symptoms can be non-specific in older patients,
so complications such as bleeding and perfora-
tions commonly occur because peptic ulcers
progress without being recognized. The inci-
dence of bleeding and perforation is higher in
males than in females, which is interpreted as
resulting from the mechanism of estrogen, a
female sex hormone, increasing the expression
of tight junction proteins that seal the gaps

between cells and reducing mucosal permeabil-
ity, as well as the role of estrogen in promoting
the secretion of a large amount of bicarbonate
ions in the duodenal mucosa. However, the mor-
tality of peptic ulcer bleeding and perforation is
higher among females than in males, suggesting
that older females who experienced menopause
a long time ago are more vulnerable to the pro-
gression to severe illness, leading to death.
Considering that the life expectancy of females
is generally longer than that of males, this find-
ing is very meaningful. Active research into sex/
gender differences is necessary for tailored treat-
ment in the future.
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