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Abstract

Symptoms of gastro-oesophageal reflux disease are equally common in both sexes and at all
ages. However, complications of gastro-oesophageal reflux disease such as reflux
oesophagitis, Barrett’s oesophagus and oesophageal adenocarcinoma, although more
common in men, increase sharply in older women, suggestive of a protective effect of female
sex hormones i menstruating women. Oestrogen has anti-inflammatory properties, improves
healing in oral and skin wounds and may therefore reduce the severity of reflux-induced
oesophageal mucosal injury, consequently protecting women from developing severe reflux
oesophagitis. Long-term oestrogen treatment with hormone replacement therapy seems to be
additionally associated with a reduction in the risk of oesophageal cancer. Moreover, there
are gender-specific genotypic differences in the response of oesophageal mucosa to chronic
acid reflux suggestive of multiple factors that may play a role in explaining the male
predominance of oesophageal adenocarcinoma.

Finally, oestrogen has no association with the severity of acid reflux once adjustment is made
for the nfluence of increasing body mass index in women undergoing oesophageal pH
monitoring,

The gender difference in the prevalence of gastro-oesophageal reflux disease and its
complications may thus be related to the effect of female sex hormones, particularly

oestrogen and its ‘protective’ effect n pre-menopausal women.
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Chapter 1

An introduction to the aetiology and pathophysiology of gastro-oesophageal reflux
disease, its complications and relationship to gender.



1 Introduction

Gastro-oesophageal reflux, manifesting as heartburn and acid regurgitation affects
nearly 30% of the UK population (Kennedy and Jones 2000). It is common during
pregnancy and up to 70% of women develop acid reflux symptoms during pregnancy
(Marrero et al. 1992). Gastro-oesophageal reflux disease (GORD) includes all individuals
exposed to the risk of physical complications from gastro-oesophageal reflux or who
experience clinically significant impairment of quality of life due to reflux related

symptoms after reassurance of the benign nature of their symptoms (Dent 1998).

1.1 Epidemiology

Population surveys suggest a high degree of prevalence of acid reflux symptoms in
the Western world. The prevalence of heartburn has been reported to be between 29-44%
and between 10 and 20% report heartburn on a weekly basis (Haque et al. 2000; Kennedy
et al. 2000; Locke, III et al. 1997). These estimates are largely based on the assumption
that heartburn or acid regurgitation are indicators of GORD. However, patients with
endoscopic oesophagitis or Barrett’s oesophagus, which are objective markers of reflux-
induced oesophageal injury do not always have heartburn. A recent systematic review
suggested a prevalence of GORD of 10-20% in the West and about 5% in Asia (Dent et
al. 2005). A population based survey in the United States reported that 6% and 3% of
respondents had heartburn and acid regurgitation respectively occurring more than twice
weekly (Camilleri et al. 2005). A working group concluded that mild symptoms occurring
more than two days a week or moderate to severe symptoms occurring more than one day
a week should constitute ‘troublesome’ acid reflux (Vakil et al. 2006). However, the
group also concluded that ultimately, it is the patient who determines if theirr reflux

symptoms are troublesome.



1.2 Clinical features of gastro-oesophageal reflux disease

Gastro-oesophageal reflux produces a range of clinical symptoms, the common
ones being heartburn and acid regurgitation (Vakil et al. 2006). Other symptoms may
mnclude dysphagia, chest pain and water brash. Extra-oesophageal manifestations include
chronic cough, laryngitis and bronchospasm (Koufian 1991).

Heartburn is typically described as a burning sensation in the retrosternal area and is often
worsened by a meal. Acid regurgitation is experienced as an ‘acid’ taste in the mouth due
to the flow of refluxed acidic gastric content nto the mouth. Dysphagia typically occurs
due to the development of an oesophageal stricture as a result of severe and longstanding
acid reflux. However, it may also be a symptom of oesophageal cancer. Acid reflux-
nduced chest pain may be severe enough to mimic angina pectoris (Richter 1991). Water
brash is acid reflux induced hyper-salivation in which patients may secrete as much as
10ml saliva per minute. Nausea, belching and odynophagia (pain during swallowing) may
also occur as symptoms secondary to acid reflux. Laryngitis, bronchospasm and cough
may occur due to aspiration of refluxed gastric content into the larynx and the lung.

Despite the variabilty of GORD-related symptoms, ambulatory oesophageal pH
monitoring  suggests that only heartburn and acid regurgitation symptoms vary
significantly between patients with objective differences in acid reflux values (Klauser et

al. 1990).



1.3 Complications of gastro-oesophageal reflux

Complications of gastro-oesophageal reflux can be divided broadly mnto two
categories: oesophagitis and complications related to the reparative processes associated
with oesophagitis, namely Barrett’s oesophagus, peptic stricture and oesophageal

adenocarcinoma.

1.3.1 Reflux oesophagitis

Reflux oesophagitis is the culmination of several processes that result in
movement of gastric juice from the stomach into the oesophagus followed by impaired
clearance of acid from the oesophagus. The dominant mechanisms that account for acid
reflux into the oesophagus are transient lower oesophageal relaxations (TLOSR), a
hypotensive lower oesophageal sphincter and anatomic disruption of the gastro-
oesophageal junction as that occurs with a hiatus hernia.

Oesophageal acid clearance is important in emptyng the refluxed gastric fluid from the
oesophagus and is measured as the period that the oesophageal pH remains less than 4.0
following an episode of acid reflux. Acid is cleared by oesophageal peristalsis and is
completed by dilution of the residual acid by swallowed saliva. Prolongation of
oesophageal acid clearance occurs in around one-half of patients with reflux oesophagitis
due to either oesophageal peristaltic dysfunction or ‘re-reflux’ occurring with hiatal
hernias.

Acid reflux results in hydrogen ion diffusion into the mucosa, leading to cellular
acidification and necrosis. Acid and pepsin, more than bile acids in duodeno-gastric
reflux, seem to be the principal factor in causing mucosal and cellular changes in reflux
oesophagitis. Acid exposure results in loss of integrity of the epithelial barrier resulting in
mability of the epithelial cells to maintain intracelular pH and consequent -cellular
oedema. Acid-reflux induces oesophageal mucosal inflammation leading to oesophagitis.

4



Upper gastro-intestinal endoscopy is important i assessing the severity of reflux
oesophagitis, which is graded by the Savary-Miller classification (Monnier et al. 1984) or
the more recent Los Angeles classification (Lundell et al. 1999). These are descriptive
classifications that grade the severity of oesophagitis based on the endoscopic severity of

reflux-related oesophageal mucosal njury.

1.3.2 Peptic stricture

Peptic strictures are caused as a result of the reparative processes secondary to
ulcerative oesophagitis and occur due to collagen deposition, which result in luminal
narrowing as the collagen fibres contract. These strictures typically occur around the
gastro-oesophageal junction, are usually short in length and are associated with symptoms

of dysphagia and infrequently, oesophageal obstruction.

1.3.3 Barrett’s oesophagus

Norman Barrett’s seminal paper in 1950 described a congenital short oesophagus
with intra-thoracic gastric columnar lining and gastric heterotopia in the oesophagus with
ulceration (Barrett 1950). This was corroborated by Allison in 1953, which provided an
explanation as to why columnar lining could occur in the distal oesophagus in patients
with gastro-oesophageal reflux (Allison et al 1953). Further studies confirmed the
development of a columnar lined oesophagus n an animal model (Bremner et al. 1970).
Columnar lined oesophagus (termed Barrett’s oesophagus) comprises of a histological
spectrum of gastric fundic type epithelum and junctional type epithelium, possessing the
ability to withstand acid-peptic damage and a type of intestinal metaplasia characterised
by the presence of goblet cells (Paull et al. 1976). Its significance arises from its

malignant potential to develop nto oesophageal adenocarcinoma (Haggitt 1994).



Chronic GORD leads to oesophageal mucosal njury in the form of oesophagitis.
The subsequent mucosal repair process results in columnar metaplasia of the oesophageal
epithelum with the appearance of goblet cells. The extent of metaplasia is dependent on
the duration and the severity of the mjury, the nature of the cytokine response and the
degree of oesophageal mucosal resistance to these restitutive processes. The length of

columnarisation is proportional to the severity of acid reflux.

Barrett’s oesophagus is present in 8 % of patients undergoing routine endoscopy
and is present in around 10% of patients with GORD symptoms (Mann et al. 1989;
Spechler 1999; Winters, Jr. et al. 1987). The median incidence of Barrett’s oesophagus
from ten studies has been shown to be 1.17 %, corresponding to approximately 30 new
cases of Barrett’s oesophagus per year in a population of 250,000 (British Society of
Gastroenterology 2006; Cameron et al. 1992; Cooper et al. 1987; Macdonald et al. 1997;
Nandurkar et al. 1997; Ovaska et al. 1989; Prach et al. 1997; Spechler et al. 1994). These
studies also suggest an increase in the rate of Barrett’s oesophagus at 0.08 % per year

between 1980 and 1996.

Barrett’s oesophagus was not associated with symptoms of GORD i 44 % of
cases in a population based endoscopic screening study in Sweden (Ronkamnen et al
2005). Other studies have shown Barrett’s oesophagus in 5-25 % of cases m which
heartburn was not a symptom (Gerson et al 2002; Rex et al. 2003). Moreover,
physiological studies have shown that Barrett’s oesophagus seems to be relatively
msensitive to the effects of acid refluxate, judged by the high number of false negative

Bernstein tests in a study (Sloan et al. 1992).



Barrett’s oesophagus is clinically measured at endoscopy by the vertical distance
between the squamo-columnar junction and the gastro-oesophageal junction.
Traditionally, ‘short segment Barrett’s oesophagus’ represents a length of Barrett’s
segment less than 3cm and ‘long segment’ denotes a segment of Barrett’s oesophagus
greater than 3 cm in length. Patients with long segment Barrett’s oesophagus tend to have
more severe degrees of acid reflux than those with short segment Barrett’s oesophagus

(Loughney et al. 1998).

In order to standardise inter-observer variation in the assessment of length of a
segment of Barrett’s oesophagus, an endoscopic grading system called the Prague C & M
Criteria has been suggested, based on the assessment of the circumferential extent (C) and
the maximum vertical length (M) in centimetres (Sharma et al. 2006). A validation study
found that the criteria had good mnter-observer reliability for Barrett's oesophagus >1 cm

in length (Lee etal 2010).

The presence of mtestinal metaplasia within the segment of Barrett’s oesophagus
is pathognomonic for its pre-malignant potential and is distinct from Barrett’s oesophagus
with fundic (gastric) epithelium, which has no malignant potential (Reid et al. 1987).
Intestinal metaplasia can exist in short and long segment Barrett’s oesophagus and is not
always apparent at endoscopy. The length of the segment of Barrett’s oesophagus has
been studied in relation to its overall risk of dysplasia. Patients with short-segment
Barrett's oesophagus tend to have a lower incidence of dysplasia due to the mnvolvement
of a smaller area of mucosa (Hirota et al. 1999; Sharma et al. 1997; Weston et al. 1997).

The risk of oesophageal adenocarcinoma has been estimated to be 2-15 times higher in



patients with long-segment Barrett’s oesophagus (Rudolph et al. 2000; Weston et al

1997).

Neither the endoscopic length of Barrett’s oesophagus nor the histological
identification of ntestinal metaplasia is individually relevant to the malignant potential of
Barrett’s oesophagus. It is the combination of the two that characterises its malignant

potential.

Dysplasia in Barrett’s oesophagus develops in around 5% of patients (Katz et al.
1998; Miros et al. 1991; O'Connor et al. 1999). Dysplasia can progress sequentially from
low to high-grade, finally culminating in mnvasive cancer. Low-grade dysplasia is seen
frequently in prospective series and can persist, regress or progress to high-grade
dysplasia and subsequently to oesophageal adenocarcinoma in 10-50 % of cases (Miros et
al. 1991; Reid et al. 1992). High-grade dysplasia can regress to low grade dysplasia and
may also progress rapidly to oesophageal adenocarcinoma but generally tends to persist

for a number of years prior to progressing into mnvasive cancer.

1.3.4 Oesophageal adenocarcinoma

The incidence of oesophageal adenocarcinoma has increased exponentially in the
last 15 years and has been as high as 4-10% per year making its incidence the fastest
rising in the Western world (Sampliner 2002). Oesophageal adenocarcinoma now occurs
with greater frequency than oesophageal squamous cell carcinoma, which used to be the
commonest type of oesophageal cancer for many decades. It is five times as common
among Whites compared to Blacks and six to eight times more common in men compared

to women, for reasons that are unclear.



The prognosis of oesophageal adenocarcinoma is poor, with 5 year survival having
mproved from 5 % to only 13 % since 1973 (Eloubeidi et al. 2003). The 1 % annual
conversion of Barrett’s oesophagus to oesophageal adenocarcinoma in the United
Kingdom is higher than that of the United States, which has an annual conversion rate of

0.4 % (Jankowski et al. 2002; Sampliner 2002).

There is debate regarding the role of chronic acid reflux as an independent risk
factor for oesophageal adenocarcinoma as more than 50 % of cases of adenocarcinoma
have no history of symptomatic reflux (Bytzer et al. 1999). However, a Scandinavian
study found that reflux symptoms were associated with an odds ratio of 7.7 for
adenocarcinoma of the oesophagus and 2.0 for adenocarcinoma of the gastric cardia
(Lagergren et al. 1999) with the risk greatest among patients with long-standing acid
reflux (greater than 20 years). Patients with severe acid reflux symptoms had an odds
ratio of 43.5 for oesophageal adenocarcmoma (Lagergren et al.1999). A meta-analysis
concluded that the odds of oesophageal adenocarcinoma were increased five-fold if
symptoms of acid reflux occurred on a weekly basis while the odds increased seven-fold
if acid reflux symptoms occurred daily (Rubenstein et al. 2010). The risk of oesophageal

adenocarcinoma is increased at least 30-fold n patients with Barrett’s oesophagus.

Helicobacter pylori (H.pylori) can colonise areas of gastric metaplasia in the
oesophagus but studies have demonstrated that H.pylori is not more common in patients
with Barrett’s oesophagus and its distribution is no different among patients with
Barrett’s oesophagus than in controls (Csendes et al. 1997; Loffeld et al. 1992; Newton et
al. 1997). H.pylori colonisation may however, be an important factor for mflammation
and intestinal metaplasia of the cardia, a premalignant lesion for adenocarcinoma of the

cardia (Goldblum et al. 1998). H.pylori plays a significant role in the development of



gastric adenocarcinoma (Crowe 2005). H.pylori is associated with a relative achlorhydric
state and the absence of H.pylori could therefore be a risk factor for the development of
oesophageal adenocarcinoma. There seems to also be an association between the presence
of CagA positive strains of H.pylori and a reduced risk of oesophageal adenocarcinoma
(Labenz et al. 1997; Vicari et al. 1998; Xia et al1998). A meta-analysis concluded that
there was an inverse association between the prevalence of H.pylori infection and
Barrett’s oesophagus and oesophageal adenocarcmoma but not oesophageal squamous

cell carcinoma (Rokkas et al. 2007).
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1.4 Gender differences in the prevalence of gastro-oesophageal reflux disease and
its complications

Symptoms of gastro-oesophageal reflux disease (GORD) are equally common in
both sexes and at all ages (Mohammed et al. 2005). In community surveys in the UK
(Kennedy et al. 2000;Mohammed et al. 2005), USA (Locke III et al. 1997), Finland
(Isolauri et al. 1995) and New Zealand (Haque et al. 2000), gender was not found to
mfluence the prevalence of acid reflux symptoms. However, there is a distinct gender
difference in the prevalence of complications of GORD such as Barrett’s oesophagus and
oesophageal adenocarcinoma. The prevalence of Barrett’s oesophagus was found to be
1% m men and 0.5% in women in a retrospective study (Cameron et al. 1992). A post
mortem study also noted a higher prevalence of Barrett’s oesophagus in men (Cameron et
al.  1990). However, the gender difference i the prevalence of oesophageal
adenocarcinoma is more marked than that of Barrett’s oesophagus. The annual incidence
of oesophageal adenocarcinoma was noted to be 2.5 per 10000 in Caucasian males and
0.3 in Caucasian females in the USA (Blot 1991). More recent estimates suggest an
incidence of 5.69 per 100,000 among Caucasian men and 0.74 in Caucasian women
(Brown et al. 2008). This male predommance of oesophageal adenocarcinoma cannot be
explained by sex-related differences in risk factors associated with oesophageal cancer
such as obesity, ethnicity or smoking (Cooper et al. 2009;Gammon et al. 1997). A recent
study reported a lag of 17 years among women developing oesophageal adenocarcinoma

compared to men and this coincides with the average age of onset of menopause in

women (Derakhshan et al. 2009; Soules et al. 2001).
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1.5 Aectiology of gastro-oesophageal reflux disease

1.5.1 Age

The mfluence of increasing age i the prevalence of gastro-oesophageal reflux
symptoms has been investigated in three large surveys, which did not find any
relationship (Haque et al. 2000; Kennedy et al. 2000; Locke III et al. 1997). However, in
a community survey in Finland, acid reflux symptoms were twice as common in subjects
over the age of 60 compared with those aged 20-39 (Isolauri et al. 1995). Gastro-
oesophageal reflux in the elderly may be associated with a different pattern of symptoms
compared to those i younger individuals. A study found that 30% of elderly subjects
with oesophagitis did not have heartburn or acid regurgtation and mstead, ther main
symptoms were dysphagia, vomiting and respiratory symptoms (Raiha et al. 1991). A
large retrospective study determmned that the prevalence of Barrett’s oesophagus
increased from 0.2% i 20-29 year olds to 0.9% m subjects over the age of 60 years

(Cameron et al. 1992).

1.5.2 Obesity

Body mass index (BMI), (weight in kilograms divided by height in metres
squared) is a measure of obesity and has been shown to be an independent predictor of at
least weekly acid reflux symptoms n a community study in the USA (Locke III et al
1997). A population study from Finland reported similar findings with BMI greater than
28.5 associated with a doubling of the prevalence of acid reflux symptoms (Isolauri et al
1995). An epidemiological study in the USA also found an increased risk of a hospital
diagnosis of oesophagitis or hiatus hernia with obesity (Ruhl et al. 1999). In a prospective
seriecs of patients undergoing endoscopy, the presence of hiatus hernia and reflux

oesophagitis correlated with increasing weight-for-height ratio (Stene-Larsen et al. 1988).
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Obesity is a risk factor for oesophageal adenocarcinoma and adenocarcinoma of the
gastric cardia. A meta-analysis showed that the pooled odds ratio of developing
oesophageal adenocarcinoma for patients with a body mass index of 25-30 kg/m2 was
1.52 and the odds increased to 2.78 for patients with a body mass index of greater than 30
kg/m2 (Hampel et al. 2005). Obesity, particularly central adiposity, increases the risk of
gastro-oesophageal reflux and is thus an indirect risk factor for Barrett’s oesophagus

(Cook et al. 2008; Corley et al. 2007; Edelstem et al. 2007).

1.5.3 Alcohol

Alcohol ingestion has been shown to adversely affect basal LOS pressures and
oesophageal peristalsis but there are no epidemiological data to support an association
with acid refluix (Haque et al. 2000; Locke III et al.1997).

Population-based studies have not found an association between alcohol consumption and
oesophageal adenocarcinoma. One study found that alcohol consumption was not
associated with an increased risk of reflux oesophagitis, Barrett’s oesophagus or
oesophageal adenocarcnoma and that wine consumption was associated with a reduced
risk of complications of acid refux (Anderson et al. 2009). Another population based-
study found that increased alcohol consumption was associated with oesophageal
squamous cell carcmoma but not oesophageal adenocarcmoma or junctional

adenocarcinoma (Pandeya et al. 2009).

1.5.4 Smoking

Cigarette smoking has been shown to be associated with an increased frequency of
acid reflux episodes but with no difference in total oesophageal acid exposure during 24-h
pH monitoring (Schindlbeck et al. 1987). However, smoking was associated with an

increased prevalence of acid reflux symptoms in a Finnish community study (Isolauri et

13



al. 1995). A similar trend of a higher prevalence of acid reflux symptoms in smokers
(37%) compared with non-smokers (26%) was reported in a community study in the UK
(Kennedy & Jones 2000). A study in New Zealand reported that both current and ex-
smokers had an increased prevalence of acid reflux symptoms (Haque et al. 2000).

Smoking has been shown to be associated with risk of oesophageal adenocarcinoma,
particularly in patients with Barrett’s oesophagus (Gammon et al. 1997; Gray et al. 1993;
Pandeya et al. 2008). In a pooled analysis of ten population-based case-control studies
and two cohort studies, the risk of oesophageal adenocarcinoma was 2.1 times greater in
smokers compared to controls (Cook et al. 2010). This risk increased with total pack-
years of smoking and reduced after smoking cessation but not to the level of never-

smokers.

1.5.5 Drug therapy

A number of drugs have been shown to reduce basal lower oesophageal sphincter
pressures and may contribute to gastro-oesophageal reflux. Beta adrenergic agonists and
theophylline have been shown to lower the LOS pressure and reduce contractile
amplitudes in the smooth muscle of the oesophageal body in a dose dependent manner,
thereby potentially aggravating gastro-oesophageal reflux (Crowell et al. 2001). Not only
is there an increased prevalence of GORD i asthma, but also Barrett’s oesophagus
(Sontag et al. 1992). Drugs used to treat asthma, such as beta -adrenergic agonists;
mnhaled steroids and theophylline have also been shown to be associated with Barrett’s
oesophagus in a community case-control study (Corley et al. 2006). Furthermore, a
Scandinavian study of hospital episode statistics demonstrated that patients who were
hospitalized for asthma and who had concomitant acid reflux had a 50% excess risk of

developing oesophageal adenocarcinoma (Ye et al. 2001).
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1.6 Pathophysiology of gastro-oesophageal reflux disease

There are significant mechanistic differences between patients with GORD and
asymptomatic patients. One of the principal abnormalities is abnormally frequent

episodes of acid reflux in patients with GORD (Demeester et al. 1976).

1.6.1 Gastro-oesophageal junction
1.6.1.1 Lower oesophageal sphincter (LOS)

The lower oesophageal sphincter (LOS) acts as a crucial barrier in preventing
gastric contents from filling the oesophagus.

Attempts at characterisation of the lower oesophageal pressures date back to
1883 when Kronecker and Meltzer used air-filled balloons to assess lower oesophageal
pressures. However, reliable recordings of oesophageal and LOS pressures were produced
only after the development of Ilow-compliance ifusion systems (Pope 1967).
Liebermann-Meffert et al first described the detailled muscular anatomy of the LOS
(Liebermann-Meffert et al. 1979). Their anatomic studies detailed a band of increased
muscle thickness running obliquely from the lesser to the greater curve of the stomach,
merging with the circular muscle of the oesophageal body proximally and inserting into
the gastric sling fibres distally. Boyle et al demonstrated that the mtrinsic LOS tone
corresponds to end-expiratory manometric pressure suggesting that crural contraction
during inspiration, causing the characteristic ispiratory rise in manometric LOS pressure,
is the key contribution of the diaphragm to basal LOS pressure (Boyle et al. 1985).
The LOS is a tonically contracted segment of smooth muscle at the gastro-oesophageal
junction, 3.5 + 0.7cm (mean £ 1 SD) m length with an end-expiratory basal pressure of 15
+ 5mm Hg in asymptomatic subjects (Zaninotto et al. 1988). Tonic contraction is an
mtrinsic property of the LOS as the neural toxin tetradotoxin has little effect on basal
LOS pressure (Goyal et al.1976) and this tonicity is thought to be due to specific
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biochemical and neurophysiological properties of its circular muscle, which is distinct
from that of the oesophageal body. Its resting membrane potential is lower (Decktor et al.
1982); it has increased permeability to potassium (Schulze et al. 1978) and a higher intra-
cytosolic concentration of calcium (Schlippert et al. 1979). The parasympathetic nervous
system has an excitatory effect on the LOS as vagal blockade reduces basal LOS
pressures in cats (Reynolds et al. 1984) and atropine causes a reduction of LOS pressure
mn humans (Dodds et al. 1981). Sympathetic neurons have an excitatory effect through o
receptors (Gonella et al. 1979). However, o antagonists have only a transient effect on
basal LOS pressure and it seems unlikely that sympathetic neurons have a major
mnfluence (DiMarino et al.1973). The LOS also relaxes to the level of gastric pressure to
allow the passage of a swallowed bolus or whilst venting from the fundus of the stomach
(Wyman et al. 1990). Inhibitory neurons that release nitric oxide (Yamato et al 1992)
mediate LOS relaxation produced by vagal stimulation. Studies have shown a number of
biological agents to influence basal LOS pressure. Gastrin (Giles et al. 1969), motilin
(Meissner et al. 1976), substance P (Reynolds et al.1984) and histamine (Kravitz et al
1978) have been shown to increase basal LOS pressure. Secretin (Cohen et al.1971),
cholecystokinin (Fisher et al. 1975), glucagon (Behar et al. 1979), vasoactive intestinal
polypeptide (Behar et al. 1979), progesterone (Van Thiel et al. 1976), dopamine (Rattan
et al. 1976) and somatostatin (Bybee et al. 1979) reduce basal LOS pressure. Despite the
association of these agents to LOS pressure, studies examining ther effect on LOS
pressure have used non-physiological doses and therefore, their physiological significance

is unclear.

The importance of the LOS has been demonstrated in animal experiments

where the LOS has been surgically disrupted, resulting in gastro-oesophageal reflux
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(Bremner, Lynch, & Ellis, Jr. 1970). Studies have shown lower mean LOS pressure
among patients with acid reflux symptoms compared to controls (Behar et al. 1976; Pope
1967). Patients with severe reflux oesophagitis have been shown to have lower basal LOS
pressure compared to those with milder degrees of oesophagitis (Stein et al 1990).
Animal data has suggested that reduced basal LOS pressure may be a consequence of
lower oesophageal acid exposure but the lack of improvement of basal LOS pressure
following healing of oesophagitis suggests that it is either irreversible in patients with
GORD or is a primary event (Eastwood et al. 1975; Eckardt 1988; Howard et al. 1994).
Conversely, low basal pressure is not found among all patients with GORD. A basal LOS
pressure of less than 10mm Hg has poor sensitivity (58%) but reasonable specificity
(84%) in discriminating patients with GORD (Richter et al.1982). Patients with acid
reflux symptoms have been shown to have an impaired LOS response to increased intra-
abdominal pressure by the Valsalva manoeuvre, raising both legs or using an abdominal
binder (Cohen et all1971). Typically, in asymptomatic patients, these manoeuvres
resulted in a greater rise in LOS pressure compared to the rise in gastric pressure, whilst
n patients with acid reflux symptoms, the LOS pressure-rise was lesser than the rise in
gastric pressure, suggesting that sudden increases in intra-abdominal pressure (e,g

bending) might be responsible for some episodes of gastro-oesophageal reflux.

1.6.1.2 Transient lower oesophageal sphincter relaxation (TLOSR)

These are abrupt, physiological falls in LOS pressure to the level of gastric pressure
that are not associated with a primary or secondary peristaltic sequence. They occur
spontaneously following a normal swallow, during an incomplete peristaltic sequence or
in association with multiple swallows. In asymptomatic controls, 73-100% of reflux
episodes are associated with TLOSR, 13-27% are associated with swallow-related LOS

relaxation, 0-2% related to persistently absent basal LOS pressure and 0-5% related to
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deep mspiration, coughing or abdominal straining (Dent et al. 1988; Mittal et al. 1988;
Schoeman et al.1995). In patients with GORD, 48-73% of reflux episodes are related to
TLOSR, 9% associated with swallow-related LOS relaxation, 2-42% related to
persistently absent basal LOS pressure and 1-18% related to deep inspiration, coughing or

abdominal straming (Mittal et al.1988; Penagini et al. 1996).

1.6.1.3 Hiatus hernia

A hiatus hernia is a prolapse of part of the stomach through the diaphragmatic
oesophageal hiatus mto the thorax. The relationship between a hiatus hernia and
oesophageal symptoms has been recognised since the 1920s and Allison in 1951 proposed
that acid reflux was related to the presence of a hiatus hernia (Allison 1951). However, it
became apparent that many patients with a hiatus hernia did not have symptoms
suggestive of acid reflux and the presence of a hiatus hernia had no effect on basal LOS
pressure and did not influence the increase in LOS pressure in response to raised intra-
abdommal pressure. Detailed understanding of the sphincter mechanism at the gastro-
oesophageal junction and the mpact of a hiatus hernia has led to an increased awareness

of the role played by hiatus hernia i acid reflux.

The oesophagus passes through the oesophageal hiatus in the diaphragm at the
level of T10. The muscle of the diaphragm arising from the vertebral column forms two
muscle bundles or crura on either side of the aorta, which encircle the oesophagus before
fanning out to join the central tendon of the diaphragm. The right crus provides the
majority of the muscle fibres and tends to compress the lower oesophagus. The fibro-
elastic phreno-oesophageal ligament anchors the distal oesophagus to the diaphragm and
maitains it within the oesophageal hiatus (Kahrilas 1999). During swallowing, the

longitudinal muscle of the oesophagus shortens, (Dodds et al. 1973) causing tenting of the
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cardia of the stomach into the oesophageal hiatus. The phreno-oesophageal ligament
subsequently returns the lower oesophagus to the oesophageal hiatus. Hiatus hernia
encompasses a spectrum of anatomical changes from an exaggeration of the physiological
temporary herniation of the hiatus during swallowing to a permanent hernia that fails to

reduce following swallowing (Kahrilas 1999).

There is a high prevalence of hiatus hernia among patients with GORD, with
studies reporting a prevalence of up to 84% among patients with oesophagitis compared
to 13% i controls (Wright et al. 1979). It has been hypothesized that loss of the elastic
properties of the phreno-oesophageal membrane with age leads to increased herniation
with swallowing and a failure to return the lower oesophagus and the cardia to their
normal anatomical positions (Kahrilas 1999). Oesophageal shortening can be mnduced by
acid perfusion of the oesophagus in animals; raising the possibility that acid reflux may

contribute to the development of hiatus hernia (Paterson et al. 1994).

The prevalence and severity of gastro-oesophageal reflux symptoms and
reflux oesophagitis have been reported to increase with age (Collen et al. 1995; Johnson
and Fennerty 2004; Lee et al. 2007; Pandolfino et al. 2008). Although basal LOS pressure
has been reported to remain relatively normal with increasing age, there is an age-related
decrease in the intra-abdominal length of the LOS (Lee et al, 2007). Furthermore,
oesophageal acid exposure appears to increase by 1.1% for each decade of life (Lee et al
2007). Patients older than 65 years have been reported to be less likely to have normal
peristalsis compared with younger patients (Achem et al. 2003). Other investigators have
found that secondary peristalsis that aids in clearing the refluxate occurs less frequently

and is often defective in older patients (Helm et al. 1984; Ren et al. 1995). Salivary
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bicarbonate production also diminishes with age, prolonging oesophageal acid exposure

in the elderly (Sonnenberg et al. 1982).

The prevalence of hiatus hernia seems to increase with age (Menon and
Trudgill 2011) and this may be related to fibromuscular degeneration and the consequent
loss of elasticity of the structures around the diaphragmatic hiatus. Pregnancy in women
is another potential factor that may weaken fibromuscular structures around the gastro-
esophageal junction through raised intra-abdominal pressures. Osteoporosis and kyphosis
have been shown to be associated with hiatus hernia in elderly Japanese women
(Furukawa et al. 1999; Yamaguchi et al. 2002). A kyphotic spine as a result of
osteoporosis and vertebral fractures may result in the loss of the physiological effect of
the lumbar spine in balancing the effects of increasing intra-abdominal pressure with the
result that these intra-abdommal forces may be directed more vertically at the gastro-
esophageal junction, contrbuting to the weakening and widening of the esophageal
hiatus. Increasing gastro-oesophageal reflux and consequent oesophagitis has been shown
mn an animal model to result in oesophageal shortening due to fibrosis, and the formation

of a hiatus hernia (Eastwood 1986).

There is an association between hiatus hernia, reflux oesophagitis and
Barrett’s oesophagus, which are all more common in men (Cameron 1999). Increased
mtra-abdominal pressure in occupations that mvolve liffing may result in an increase in
the pressure gradient between the mtra-thoracic and intra-abdominal pressures, thereby
pushing the oesophago-gastric junction upwards and increasing the risk of developing a
hiatus hernia. A prospective endoscopy study demonstrated that inguinal hernia was 2.5-
times more likely to be associated with hiatus hernia and this association was stronger in

men compared to women (odds ratio 2.86), (De et al. 2004).
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The increasing prevalence of GORD has paralleled an increase in the
prevalence of obesity. A high BMI has been shown to be associated with an increased
prevalence of GORD symptoms and endoscopic oesophagitis (Diaz-Rubio et al. 2004;
Fisher et al. 1999; Nilsson et al. 2002). Obese patients have been shown in population
based studies to be 2.5 times as likely as those with normal BMI to have GORD
symptoms (El-Serag et al. 2005). Mechanistically, an increase in abdominal girth due to
obesity can cause an increase in intra-abdommal pressure, which n turn can increase
intra-gastric pressure. Increased intra-gastric pressure facilitates gastro-oesophageal
reflux and may promote the development of hiatus hernia due to axial pressure strain
through the diaphragm. High resolution manometric evaluation of the morphology of the
gastro-oesophageal junction in obese patients has shown that there is both disruption of
the gastro-oesophageal junction and a change in the gastro-oesophageal pressure gradient;

thereby facilitating reflux (Pandolfino et al. 2006).
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1.7 The influence of gender on the pathophysiology of gastro-oesophageal reflux
disease

Sex hormones may play an mmportant role in GORD in a variety of clinical states,
incliding pregnancy, obesity and the post-menopausal state. The effect of sex hormones,
particularly oestrogen, on the pathophysiology of GORD is a complex and poorly
characterised topic. Understanding the mechanisms behind the effects of sex hormones i

these states is crucial to understanding the pathophysiology of GORD and its sequelae.

1.7.1 Female sex hormones
1.7.1.1 Qestrogen

Synthesis of oestrogen during the reproductive years occurs in the granulosa
cells of the ovary by the aromatization of androstenedione i the theca follicular cells to
oestrone (El), which is then converted to oestradiol (E2) by 17-B hydroxysteroid
reductase. The adrenal cortex is the principal source of androstenedione and
dehydroepiandrosterone (DHEA). These C19 steroids are synthesized from cholesterol
(Figure 1).
Cholesterol is initially converted to pregnenolone by cytochrome (CYP) P-450 11A1
(Simpson et al. 2000), which is then converted to progesterone by 3[B-hydroxysteroid
dehydrogenase (HSD) or to 17a-hydroxy-pregnenolone by CYP17Al. 17a-hydroxy-
pregnenolone is further metabolised to 170-hydroxy-progesterone by 3B-HSD.
CYP17A1-mediated metabolism of 17a-hydroxy-pregnenolone results m DHEA which is
converted to androstenedione by 3B-HSD-2 (Blar 2010). Androstenedione can
additionally arise from CYP17Al-mediated oxidation of 17a-hydroxy-progesterone. In
postmenopausal women, circulating DHEA and androstenedione can undergo further
metabolism to androgens and oestrogens in the breast. DHEA is further metabolised to

androstenediol by 17B-HSDs and to androstenedione by 3B- HSD-1 (Blair 2010). 3p-
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HSD-1 converts androstenediol to testosterone. Aromatase (CYP19) converts
androstenedione to oestrone and testosterone to oestradiol. Aromatase is found in many
tissues including adipose tissue, brain, placenta, blood vessels, skin, bone, and
endometrium. Aromatase can also be found in uterine fibroids, breast cancer, and
endometrial cancer. Oestrone is converted to oestradiol in breast tissue by AKRI1C3
(aldo-ketoreductase 1C3) together with 17B8-HSD-1, 7, and 12 (Blair 2010; Jansson
2009).

More than 60% of circulating oestrogen in the pre-menopausal state is oestradiol and the
remainder is oestrone, produced from the extra glandular conversion of androstenedione
m adipose tissue (Siteri et al.1973). In the post-menopausal state, oestrone replaces
oestradiol as the predominant form of oestrogen due to a reduction in the ovarian
contribution to oestrogen synthesis. Because adipose tissue is a major site of extra
glandular oestrogen production, net oestrone production is greater in obese women. Total
oestrogen production in massively obese post-menopausal women may even be greater

than in pre-menopausal women (Edman et al. 1978; Hemsell et al. 1974).

60% of circulating oestrogen is bound to serum albumin, 38% to sex-hormone
binding globulin (SHBG), whilst 2-3% is free (Rosner W 1996). The protein bound form
of oestrogen is mactive. SHBG concentrations are lowered in obesity through mhibition
of hepatic synthesis of SHBG by insulin, which increases with increasing BMI, causing a

resultant increase in the free, bioactive form of oestrogen (Key etal 2001).

23



Figure 1: Adrenal steroid synthesis
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Figure 1: Adrenal steroid synthesis

The first step in adrenal steroid synthesis is the combination of acetyl CoA and squalene
to form cholesterol, which is converted nto pregnenolone by CYP 11Al. Pregnenolone is
then converted to progesterone by 3p-hydroxysteroid dehydrogenase (HSD) or to 17a-
hydroxy-pregnenolone by CYP17Al. 170-hydroxy-pregnenolone is further metabolised
to 17a-hydroxy-progesterone by 3B-HSD. CYP17Al-mediated metabolism of 17a-
hydroxy-pregnenolone results in DHEA which is converted to androstenedione by 3p-
HSD. Androstenedione can additionally arise from CYP17A1-mediated oxidation of 17a-
hydroxy-progesterone. DHEA is further metabolised to androstenedione by 38- HSD. 178
reductase (17PBR) converts androstenedione to testosterone. Aromatase (CYP19) converts
androstenedione to oestrone and testosterone to oestradiol. Deoxycorticosterone is
converted to Aldosterone in the zona glomerulosa of the adrenal glands and cortisol, the
androgens and oestrogen are synthesized in the zona fasciculata and zona reticularis.

CYP11ALl: Cytochrome P450 11A1

CYP17 : Cytochrome P450 17A1

3B: 3B-hydroxysteroid dehydrogenase (HSD)

21: 21-hydroxylase (CYP21A2), 11B: CYP11BI (11-p hydroxylase)
17BR: 17-P reductase, SaR: 5-a reductase

CYP19: Cytochrome P450 19 (Aromatase)
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The physiological effects of oestrogen are mediated through oestrogen
receptors which are members of a family of nuclear hormone receptors that include
receptors that bind other steroids, thyroid hormone and (Acevedo et al. 2004; McEwan
2004).

Two oestrogen receptor molecules have been identified: oestrogen receptor
alpha (ER-a), and the oestrogen receptor beta (ER-B) (Kuiper et al. 1996). Therr main
components are the C or DNA-bindng domamn, which binds with high affinity and
specificity to DNA sequences in the promoter regions of target genes (oestrogen response
elements), and the E or ligand-binding domain, which binds oestrogens and oestrogen
analogues. When an oestrogen or oestrogen analogue reaches the cell nucleus and binds
to an oestrogen receptor, the conformation of the ligand-binding domain of the receptor is
altered, allowing either mteraction with co-activator molecules if the ligand is an agonist,
but preventing this interaction if the ligand is an antagonist (Edwards 2000; Hewitt et al
2005). The oestrogen receptor dimers bind to the response elements in target genes and
induce transcription.

Oestrogen receptors such as epidermal growth factor and msulin-like growth
factor-1 can also function independently of oestrogen by acting through their extracellular
membrane bound receptors (Curtis et al. 1996; Ignar-Trowbridge et al. 1995; Nelson et al
1991).

Oestrogen also induces non-genomic effects such as the rapid induction of MAP
kinase through direct action of oestrogen receptors that do not involve an ER-gene
mteraction (Coleman et al. 2001; Gray et al 2001; Vasudevan et al. 2007). These
responses are observed m diverse tissues, including the cardiovascular system, central

nervous system, and in breast cancer cells (Pietras et al. 2007).
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The mechanisms of oestrogen receptor-mediated regulation of target genes have
been characterized using transgenic mice in which the oestrogen receptor genes or the
gene for aromatase, the enzyme that converts androgens to oestrogens, have been
knocked out (Bocchinfuso et al. 2000; Couse et al. 1999; Grumbach et al. 1999; Karas et
al. 1999; Krege et al. 1998; Lubahn et al. 1993; Ogawa et al. 1998; Rubanyi et al. 1997).

The main oestrogen-mediated effects are:

Female reproduction
In female mice, deletion of oestrogen receptor alpha or aromatase results in

complete infertility, and deletion of oestrogen receptor beta results mn subfertility.

Ovary

The ovaries of ER-o-deficient mice develop haemorrhagic cysts and lack
mature follicles and corpora lutea, indicating the absence of ovulation, but they secrete
increased amounts of oestrogen and testosterone (Krege et al. 1998; Lubahn et al. 1993),
like the ovaries of transgenic mice that overexpress LH (Risma et al. 1995), indicating
that the changes in the ovaries of the ER-a deficient mice are due to LH hypersecretion.

The ovaries of mice with ER-B deficiency are morphologically normal and
gonadotropin administration leads to formation of fewer oocytes than are produced by
similarly treated wild-type mice, indicating a role for oestrogen receptor beta in ovulation

as well
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Uterus
Ovarian hormones are important for the initiation and maintenance of
pregnancy. The pre-ovulatory peak in oestrogen secretion is crucial for proliferation of

the uterine epithelium and prepares the epithelium for implantation.

Mammary tissue

The ductal tree of the mouse mammary gland elongates i response to
oestrogen. In ER-o-deficient mice, the ductal rudiment fails to elongate (Bocchinfuso et
al. 2000). However, in ER-B deficient mice the gland develops normally suggesting that

ER-a is required for normal mammary gland maturation and development.

Non-reproductive tissues

The postmenopausal state is associated with an increase in risk of osteoporosis
and cardiovascular disease indicating a role for oestrogen in bone and cardiovascular
tissue. These tissues have been studied in oestrogen receptor- and aromatase-deficient
mice.
Bone: Oestrogen receptor alpha and combined alpha/beta-deficiency is associated with
sub-normal development of the femur in mice (Couse & Korach 1999).
Blood vessels: The protective effect of oestrogen on carotid mjury has been studied in
oestrogen-receptor deficient mice (Iafrati et al. 1997;Karas et al. 1999). ER-a deficient
mice tend to have accelerated atherosclerosis which is not seen in oestrogen receptor
beta-deficient mice (Pare et al. 2002).
Gastromtestinal Tract: Studies using the adenomatous polyposis coli (APC) Mm/+
mouse, which bears a mutaton in APC leading to mtestinal adenomas, indicate that

ovariectomy results in increased numbers of tumours, an effect that is reversed by
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oestrogen replacement (Weyant et al. 2001). Studies in which ER-a or ER-B deleted mice
were crossed to the APC Min/+ mouse suggest the protective effects of oestrogen are

modulated by both oestrogen receptors (Cho et al. 2007).

1.7.1.2 Progesterone

Progesterone is a C-21 steroid hormone synthesized from pregnenolone and
plays an important role in menstrual cycle, pregnancy and embryogenesis. Progesterone is
produced in the corpus luteum of the ovaries following ovulation, the adrenals and in the
placenta during pregnancy and is stored in adipose tissue.

Progesterone exerts its primary action through the mtracellular progesterone receptor. The
physiological effects of progesterone are amplified n the presence of oestrogen, which
can upregulate the expression of progesterone receptors.

Progesterone effects are mediated by its nuclear receptor. Progesterone receptor (PR)
proteins were orignally characterised in the mammalian uterus and chick oviduct mnto
two receptor proteins: PR-A and PR-B (Graham et al. 1997; Leavitt et al. 1972). These
receptors form part of a family of ligand-activated nuclear transcription factors that
include receptors for steroids, retinoids, thyroid hormones and vitamin D. Binding to the
carboxyl-termnal ligand binding domain of PR results in the association of this dimer
which is complexed with the progesterone receptor, with specific progestin response
elements (PREs) in target genes (Graham et al. 1997). This, in turn results in modulation
of transcription of these genes. The main effects of progesterone are on the uterus and
ovaries, the mammary gland, the brain and the bone.

Progesterone levels decline post-menopausally and are very low in post-menopausal

women.
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Effects on the uterus and ovaries

Progesterone plays an important role in reproduction and is involved in
ovulation, implantation, and pregnancy. Progesterone plays an important role in
regulation of uterine function during the menstrual cycle by modulating the cyclical
changes in endometrial proliferation and decidualization. High circulating progesterone
levels are important for not only facilitatng implantation, but also for mamntaining
pregnancy by stimulating uterine growth. Progesterone can both stimulate and mhibit cell
proliferation in the uterus, in addition to a myriad of cellular functions such as stimulation
of glycogenesis (Shapiro et al. 1980), nucleotide metabolism (Savouret et al. 1990) and
cell cycle regulation (Clarke et al. 1990). Additionally, the proliferative effects in the
uterus of Insulin-like growth factors (IGFs) are controlled by progesterone through the
regulation of the IGF-binding protein 1 (IGFBP-1) (Graham et al. 1997).
Progesterone receptors are found n most follicular cell types and in the corpus luteum of
the human ovary and studies on PR null mice have shown that there is failure of ovulation
despite the presence of mature pre-ovulatory follicles, suggesting that progesterone plays
an important role not only in ovulation but also the formation of the corpus luteum.
Progesterone also increases relaxin in the endometrium of non-pregnant women and
studies on relaxin in rat granulosa cells have suggested that an increase in relaxin may
facilitate  follicle rupture by increasing the secretion of plasminogen activator,

collagenase, proteoglycanase and B-glucuronidase (Graham et al.1997).

Effects on the breast
Progesterone is responsible for the formation of the lobular and alveolar structures in the
breast, particularly during pregnancy. Mammary glands in PR null mice develop ductal

structures that are relatively similar to the wild type but fail to form an interductal lobular
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structure on exposure to oestrogen and progesterone (Graham et al. 1997). Progesterone
acts synergistically with oestrogen and prolactin during pregnancy to prepare for lactation

by promoting lobuloalveolar development.

Effects on the brain

Both progesterone and oestrogen control specific brain functions mvolved in reproductive
behaviour. The specific mechanisms by which progesterone acts within the brain are not
fully defined but may be through the stimulation of y- aminobutyric acid (GABA)

signalling pathways (Graham et al. 1997).

Effects on bone

Expression of both PR in normal human osteoblast-like cells has been reported and
evidence supports a role for steroid hormones in regulating the expression and function of
matrix proteins and metalloproteinases mvolved i bone remodelling and resorption
(Graham et al. 1997). Progesterone may have a role in bone matrix regulation through its

effect on metalloproteinases.
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1.7.2 The relationship between female sex hormones and acid reflux

Oestrogen increases nitric oxide synthesis in smooth muscle. Nitric oxide causes
smooth muscle relaxation in animal models and in humans (De Man et al. 1991; Hirsch et
al. 1998; Konturek et al. 1997). Oestrogen may therefore, directly promote acid reflux
through its effects on nitric-oxide mediated relaxation of the lower oesophageal sphincter.
The effects of oestrogen and progesterone on acid reflux have been studied mainly during
pregnancy. Van Thiel et al analysed the serum levels of oestrone, oestradiol and
progesterone during pregnancy in relation to lower oesophageal sphincter pressure
changes and found a linear relationship between the reduction in lower oesophageal
sphincter pressure and the progressive rise in hormonal levels, concluding that oestrogen
and progesterone reduced lower oesophageal sphincter pressure (Van Thiel et al. 1977).
Fisher et al similarly found that lower oesophageal sphincter function was reversibly
inhibited during early pregnancy, when serum concentrations of oestrogen and
progesterone were elevated (Fisher et al 1978). Marrero et al suggested a direct
relationship between urinary oestradiol and serum progesterone levels and the increase in
the severity of GORD symptoms during the course of pregnancy, but the data on
hormonal levels was obtained indirectly from published normal values during pregnancy

(Klopper et al. 1963; Marrero et al. 1992).
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1.7.3 The influence of age on the synthesis of female sex hormones

Ovarian follicular activity declines with age until menopause occurs, typically
between the ages of 45-55 years and at an average age of 51 years (Belchetz 1994).
Menopause is defined by twelve months of amenorrhoea after the final menstrual period.
There s a concomitant reduction in oestrogen levels as ovarian function declines and a
compensatory increase in the levels of follicle stimulating hormone from the anterior
pituitary to maintain ovarian function. Menstruation finally ceases once the levels of
oestrogen fall to levels suboptimal to promote endometrial development. Progesterone

levels tend to decline precipitously as well.

A number of factors are thought to play a role n the age at which menopause
occurs m women. Genome-wide association studies have identified 13 common single
nucleotide polymorphisms (SNPs) associated with age at menopause, clustered in regions
of chromosomes 5, 6, 19, and 20 (Stolk et al. 2009). In a study of 900 postmenopausal
women, the mean age at menopause varied by 1.1 years among women with different
alleles at the same locus of the oestrogen receptor gene (Weel et al. 1999). A family
history of early menopause has also been linked to an earlier age at menopause. Studies
on ethnicity have suggested there may be ethnic variation in the age of menopause. Two
cohort studies suggested that menopause occurred earlier among Hispanic women and
later among Japanese-American women when compared to Caucasian women (Gold et al.
2001; Henderson et al. 2008). The age of menopause is also reduced n women who

smoke (Kaufman etal 1980; Willett et al. 1983).

Cessation of ovarian function leads to various systemic manifestations. These

include:
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Vaginal bleeding
A rapid decline in ovarian progesterone production may result in unopposed
oestrogen activity during the peri-menopausal period, which causes anovulatory bleeding

and endometrial hyperplasia.

Hot flushes

Hot flushes occur in up to 75% of women and are most common during the late
menopausal and early postmenopausal periods and are related to thermoregulatory
dysfunction initiated at the level of the hypothalamus, precipitated by an oestrogen-
withdrawal state. The core body temperature is normal at the onset of the hot flush, and
falls below normal after it. Evidence for central mediation of the changes in temperature
comes from studies demonstrating that hot flashes occur simultaneously with pulses of
luteinizing hormone (Taffe et al 2002). Hot flushes typically begin as the sudden
sensation of heat centred on the upper chest and face that rapidly becomes generalized.
The sensation of heat lasts from two to four minutes, is often associated with profuse
sweating and occasionally palpitations, and is often followed by chills and shivering, and

sometimes a feeling of anxiety.

Vaginal dryness
Lack of oestrogen leads to thinning of the vagmnal epithelum, which is sensitive
to oestrogen. The resultant vaginal atrophy causes symptoms of vagnal dryness, itching

and often, dyspareunia (Dennerstein et al. 2000).
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Osteoporosis

Bone loss secondary to lack of oestrogen begins prior to menopause as shown
by prospective studies (Bamnbridge et al. 2002; Chapurlat et al. 2000; Sowers et al. 1998).
In a longitudinal cohort of women followed through the menopausal transition, there was
little change in bone mineral density during the early peri-menopausal period but bone
loss accelerated subsequently with annual rates of bone loss of 1.8 to 2.3 % i the spine
and 1.0 to 1.4 % in the hip (Finkelstein et al. 2008). This confers to a significant risk of

fractures in the post-menopausal period.

Cardiovascular disease

There exists historical evidence that menopause may be associated with a higher
risk of cardiovascular events. However, a report from the Nurses’ Health study suggested
that bilateral oophorectomy and not menopause was associated with an excess risk of
cardiovascular disease, when adjusted for age and smoking (Colditz et al. 1987). A
subsequent analysis from the Women's Health Study showed that among women who
were not taking hormone replacement therapy (HRT), those with low serum sex hormone
binding globulin levels or a high free androgen index were at increased risk of cardiac
events (Rexrode et al 2003). However, this association was not significant after
adjustment for BMI and other cardiovascular risk factors. Another factor suggestive of
menopause not being directly responsible for the increase in cardiovascular disease risk is
the lack of benefit of HRT in the Women's Health Initiative (primary prevention) and the
HERS trials of secondary prevention (Grady et al. 2002; Hulley et al. 1998; Rossouw et

al. 2002).

34



1.7.4 Hormone replacement therapy (HRT)
1.7.4.1 Indications and preparations

Hormone replacement therapy (HRT), comprising of either oestrogen-based
replacement therapy or a combined (oestrogen and progesterone combination) was
originally envisaged to treat post-menopausal symptoms such as hot flushes, vaginal
dryness, urinary symptoms and emotional lability. However, its use extended to
prevention of coronary heart disease and osteoporosis based on epidemiological data
demonstrating a protective effect of oestrogen on the heart and bone. Data from the
Women's Health Initiative study showed no cardiovascular benefit for unopposed
oestrogen therapy and a small increase in risk with combined therapy. Follow-up analyses
of this study suggested that the excess risk of coronary heart disease occurs mainly in
older postmenopausal women (> 60 years) (Rossouw et al. 2007) and stroke risk appears
to be independent of age with the absolute risk in younger postmenopausal women (50-60
years) being extremely small. There were also significant increases in the incidence of
breast cancer and venous thromboembolism in patients on hormone therapy.
Following this study, postmenopausal hormone therapy prescriptions decreased
significantly m the USA from 33-42% of women aged 50-74 years taking it between
1995-2001, to 28% by 2003 (Hersh et al. 2004). Current use of HRT is limited generally
to patients with significant peri-menopausal symptoms such as hot flushes, vaginal

dryness and urinary dysfunction.

1.7.4.2 Components of HRT

1.7.4.2.1 Qestrogen preparations

Oestrogen preparations are available in many forms: oral, transdermal, topical

gels and lotions, intra-vaginal creams and tablets, and vaginal rings.
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Systemic oestrogen

Systemic oestrogen is most often administered orally or transdermally. Oral
oestrogen therapy has a first-pass effect leading to portal vein concentrations higher than
those after transdermal application. Oral oestrogen therapy, therefore, increases the
hepatic production of thyroxine-binding globulin, corticosteroid-binding globulin, sex
hormone-binding globulin, triglycerides, high-density lipoprotem (HDL) cholesterol, and
clotting factors, whereas therr production is only minimally mncreased by transdermal
oestrogen administration (Walsh et al. 1991).
A common oral oestrogen preparation is a mixture of sulpho-conjugated equine
oestrogens (Premarin). Most of the other oral oestrogen preparations are derived from
plant sources (soy and yams).
The potency and doses of oral oestrogen preparations are similar in efficacy. In general,
0.625 mg of conjugated oestrogens, esterified oestrogens or oestrone sulphate is
considered equivalent to one mg of oestradiol, 0.05 mg of transdermal oestradiol, or 5

mcg of ethinyl oestradiol.

Transdermal oestrogen

Transdermal oestrogen is as effective as oral oestrogen in preserving bone density
(Stevenson et al. 1990) and in treating menopausal symptoms. Transdermal oestrogen
admmistration is associated with a lower risk of venous thromboembolism and stroke
compared to oral oestrogen (Chetkowski et al. 1986).
There are many transdermal oestrogen preparations available that contain 17-beta
oestradiol. There is a wide range of dosing options, from 25 mcg to100 mcg/day. A
transdermal dose of 50 mcg/day is approximately equivalent to a 0.625 mg daily oral dose

of conjugated oestrogens (Baker 1994).
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Oestradiol is also available in topical preparations.

Vaginal preparations
Vaginal oestrogen is most commonly used in very low doses for the

management of vaginal atrophy.

1.7.4.2.2 Progesterone preparations

Medroxyprogesterone acetate
The most commonly prescribed progestin is medroxyprogesterone acetate

(MPA), typically given in a cyclic regimen (5 to 10 mg/day) or continuous regimen (2.5

mg/day).

Testosterone derivatives

Progesterone preparations can be either MPA or may be derived from
testosterone (19-nortestestosterone), such as norethindrone acetate. These progestins are
more commonly used i oral contraceptive preparations and have weak androgenic

actions.

Drospirenone

Drospirenone, a newer progestin, is derived from 17 alpha-spironolactone and
has  progestogenic, antiandrogenic, and antimineralocorticoid activity. The  first
formulations to contain drospirenone were monophasic oral contraceptives containing 30

and 20 mcg of ethinyl oestradiol and 3 mg of drospirenone (Yasmin).
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Intrauterine device

A levonorgestrel-containing intrauterine device (IUD) that releases 20 mecg of
levonorgestrel per day is available for contraceptive use and has also been used for
endometrial protection in peri-menopausal and postmenopausal women using oestrogen

therapy.

1.7.4.3 HRT use and gastro-oesophageal reflux disease

HRT, principally containing oestrogen, has been reported to be associated with
acid reflux in previous studies (Jacobson et al. 2008; Nilsson et al. 2002; Nilsson et al.
2003). The mechanism hypothesized to account for increased acid reflux is oestrogen-
related relaxation of the lower oesophageal sphincter mediated through nitric oxide.
However, the effect of HRT in increasing acid reflux symptoms i these studies was
modified by BMI. A similar effect was seen with the use of HRT in post-menopausal
female twins, in which the risk of acid reflux symptoms, which was found to be higher in
the HRT group, was attenuated once corrected for BMI (Nordenstedt et al. 2008).

An association between HRT use and acid reflux symptoms has been described in the
Nurses Health Study, with a similar modest increased risk in ever and current HRT users
(Jacobson et al. 2006; Jacobson et al. 2008). Oestrogen-only HRT, combined HRT and
selective oestrogen receptor modulators (SERM) such as Raloxifene were all associated

with acid reflux symptoms in this study after adjusting for BMI (Jacobson et al. 2006).

1.7.4.4 HRT use and cardiovascular risks

The large women’s health initiative (WHI) set of trials included two hormone
trials using unopposed oestrogen (around 11,000 women) and continuous, combined

oestrogen-progesterone therapy (around 16,000 women) in healthy postmenopausal

women aged 50-70 years (Rossouw et al. 2002). These trials sought to determine the risk
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of cardiovascular events in women on HRT. Both hormone based trials were discontinued
mn 2002 (combined oestrogen-progesterone based HRT trial) and n 2004 (oestrogen-only
HRT trial) due to an increased risk of breast cancer, coronary heart disease, stroke, and
venous thromboembolism with combined HRT used and an increased risk of stroke with

oestrogen-only HRT.

1.7.4.5 HRT use and coronary events

The overall rate of coronary events increased with combined HRT use (39 versus
33 per 10,000 person-years for HRT and placebo respectively, hazard ratio 1.24 (95% CI
1.00-1.54). With oestrogen-only HRT, the incidence of coronary events did not markedly
differ from placebo (hazard ratio 0.91 (0.75-1.12) HRT versus placebo) and despite a
suggestion of a protective effect among women aged 50-59, the result was not statistically
significant (Rossouw et al. 2002).
In a subsequent analysis that included 13 additional cases of coronary heart disease, the
risk of coronary disease appeared to be lower among women less than 10 years since
menopause. Coronary revascularization was significantly less frequent n women aged
50-59 years on oestrogen-only HRT compared to placebo (Rossouw et al. 2007). For the
age groups of 50 to 59 years, 60 to 69 years, and 70 to 79 years, the hazard ratios for
coronary heart disease were 0.93, 0.98, and 1.26, with absolute excess risks of -2, -1, and
+19 per 10,000 person-years. This trend did not reach statistical significance. For women
less than 10, 10 to 19 years or more than 20 years since menopause, hazard ratios for
CHD were 0.76, 1.10, and 1.28, respectively, with absolute excess risks of -6, +4, and
+17 per 10,000 person-years (p for trend = .02). A possible reduction in total mortality
was also seen in women closer to menopause; HR for ages 50 to 50, 60 to 69, and 70 to

79 years were 0.70, 1.05, and 1.14, respectively.
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1.7.4.6 HRT and stroke

A 31% increase in stroke risk was seen with combmed HRT use compared to
placebo (hazard ratio 1.31 (95% CI 1.02-1.68)) (Wassertheil-Smoller et al. 2003). Hazard
ratios for ischaemic and haemorrhagic stroke were 1.44 (1.09-1.90) and 0.82 (0.43-1.56)
respectively. The risk of stroke was seen in all age groups and was independent of other
known risk factors for stroke. Stoke risk was similarly increased with oestrogen-only

HRT compared to placebo (hazard ratio (1.39 (1.1-1.77)).

1.7.4.7 HRT and venous thromboembolis m

The rate of venous thromboembolism i the women’s health mitiative trials
mcreased with combined HRT use (34 versus 16 per 10,000 person-years, hazard ratio
2.06 (95% CI 1.6-2.7)) (Cushman et al. 2004). Risk of both deep vein thrombosis and
pulmonary embolism increased similarly. Oestrogen-only HRT was also associated with
mcreased risk of venous thromboembolism compared to placebo (hazard ratio 1.33 (0.99-

1.79) but this result did not reach statistical significance.

1.7.4.8 HRT and breast cancer

The risk of invasive breast cancer significantly increased with combined HRT at
an average follow-up of 5.6 years (hazard ratio 1.24 (1.01-1.54)). Combined HRT use
was not only associated with larger primary cancers at the time of diagnosis compared to
placebo, but also a higher percentage of women with positive lymph nodes. In contrast,
with oestrogen-only HRT, a trend towards a slightly lower rate of breast cancer risk was
seen (hazard ratio 0.77 for oestrogen-only HRT versus placebo, 95% CI (0.59 to 1.01)

(Anderson et al. 2004). However, this was not statistically significant (p = 0.06).
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1.7.4.9 HRT and osteoporosis

Combined HRT use n with women’s health initiative trials was associated with a
reduced risk of osteoporotic fracture at the hip (hazard ratio 0.67 (0.47-0.96)) and at the
vertebrae and wrist (hazard ratio 0.65 (0.46-0.92) and hazard ratio 0.71 (0.59-0.85),
respectively) (Cauley et al. 2003). Oestrogen-only HRT use was similarly associated with
a reduced risk of hip fracture (0.61 (0.41-0.91) and vertebral fracture (0.62 (0.42-0.93)).
In a prospective cohort study of over one milion women (the Milion Women Study),
current users of postmenopausal hormone therapy had a significantly lower risk of any
fracture than nonusers (relative risk 0.62, 95% CI 0.58-0.66) (Banks et al. 2004). The
protective effect was seen for all types of postmenopausal hormone therapy (oestrogen-
only HRT, combined HRT, different routes of administration (oral versus transdermal),

and different patterns of administration (cyclic versus continuous).

1.7.4.10 HRT and colorectal cancer

The risk of colorectal cancer in the women’s health mitiative study was reduced
with combined HRT use (43 versus 72 cases in the HRT and placebo groups respectively,
hazard ratio 0.56 (0.38-0.81)) (Chlebowski et al. 2004). In contrast, no significant risk
reduction was noted with oestrogen-only HRT use (hazard ratio 1.08, 95% CI 0.75 to
1.55).

Large epidemiologic studies and a meta-analysis have shown a significant reduction in
the risk of colorectal cancer with HRT use (Calle et al. 1995; Fernandez et al. 1998;

Grodstein et al. 1999; Johnson et al. 2009; Rennert et al. 2009).

1.7.4.11 HRT and ovarian and endometrial cancers

In the women’s health mitiative trial, a non-significant increase in the risk of

ovarian cancer was noted with combined HRT use (42 cases versus 27 per 100,000
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person-years for HRT and placebo respectively, hazard ratio 1.6 (0.8-3.2)) (Anderson et
al. 2003).

More women in the HRT group required assessment of vaginal bleeding with endometrial
biopsies (33% versus 6% for placebo), but there was no significant difference in
endometrial cancer risk between the HRT and placebo groups (hazard ratio 0.81 (0.48-

1.36)).
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1.8 The role of oestrogenin mucosal healing

1.8.1 Immune response in reflux oesophagitis

The mflammatory infitrate i reflux oesophagitis is comprised of acute
nflammatory cells with a preponderance of T lymphocytes in metaplastic foci. This can
cause free radical formation, leading to the induction of cytokines, which modulate matrix
degrading enzymes such as metalloproteinases. TNF-a, TGF-B, IL-1p and IFN-y are all
released as part of the nflammatory process (Jankowski et al. 2000). IL-8 released during
oesophageal inflammation can mediate T-cell and neutrophil recruitment. This was
shown in a study where reflux-mediated mjury to squamous oesophageal tissue in a
murine oesophago-duodenostomy model resulted in IL-8 secretion which caused an
increase in the migration rates of both T cells and neutrophils (Souza et al. 2009). The
addition of IL-8 blocking antibody significantly reduced the migration of neutrophils but

did not affect T-cell migration.

1.8.2 Oestrogen and the immune response

There is evidence in the literature for a sexual dimorphism n the immune response
(Grossman 1989). Women in their reproductive years have a more robust humoral and
cellular immune response compared to males, reflected in the observations that females
possess a more developed thymus, higher antibbody concentrations and a greater capacity
to reject tumours (Olsen et al. 1996). Physiologic levels of oestrogen stimulate the
immune response whereas high levels, such as during pregnancy, down regulate cell-
mediated immune responses. Oestrogen receptors are found in T cells, monocytes and
macrophages and oestrogen mediated modulation of mmmune cell activity includes
changes in cytokine production, cell activation and proliferation (Cocchiara et al. 1990;

Gulshan et al. 1990; Mao et al. 2005; Weusten et al. 1986).
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1.8.3 Role of oestrogen in wound repair

In vitro studies have suggested that neutrophil chemotaxis to a chemoattractant is
inhibited in a dose-dependent manner by oestrogen (Ashcroft et al. 1999;lto et al. 1995).
Oestrogen also abolishes the L-selectin expressing subpopulation of neutrophils, which
results in an iability of neutrophils to localise at sites of mflammation. This phenomenon
has been primarily studied in cutancous wound healing but may also explain other
pathophysiological mechanisms, such as the mhibition of myocardial mfiltration by
neutrophils after reperfusion mjury, by oestradiol (Delyani et al. 1996). The suppression
of neutrophil chemotaxis to a wound results in reduced neutrophil elastase activity.
Elastase activates matrix metalloproteinases (Ferry et al 1997) and a reduction in
neutrophil elastase activity results in better wound integrity during healing. Moreover, the
suppression of neutrophil recruitment and accumulation at the site of mjury results in
reduced fibronectin degradation due to elastase. Fibronectin is an essential component of
wound repair, influencing re-epithelisation, collagen deposition and wound contraction.
The consequent increase in fibronectin enhances fibroblast influx and collagen deposition

in the wound.

Oestrogen therefore influences wound healing by modulating the mflammatory
response, cytokine expression and matrix deposition; by accelerating re-epithelialization;
by stimulating angiogenesis and wound contraction; and by regulating proteolysis. This
has been demonstrated in animal models where oestrogen deprivation in ovariectomized
female mice results n markedly impaired wound healing with enhanced mflammation,
delayed re-epithelialization, increased wound size and decreased collagen deposition
(Ashcroft et al. 1997). Macrophage migration inhibitory factor (MIF) is a pro-

mflammatory cytokine produced by monocytes, macrophages, neutrophils and endothelial
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cells (Baumann et al. 2003; Calandra and Roger 2003; Hardman et al. 2005). Oestrogen
has been shown to mhibit NF-kB and recent microarray work on a murne model of
wound healing suggests that oestrogen mediated down-regulation of NF-«xB reduces the
transcription of MIF leading to a down-regulation of MIF and TNF-o expression in
monocytes (Ashcroft et al. 2003; Evans et al. 2001). This leads to reduced mnflammation
and accelerated wound repair. Oestrogen may modulate angiogenesis by a direct effect on
endothelial cells. Migration of oestradiol-treated endothelial cells mto a wound occurs
three-times faster than untreated cells and oestradiol enhances the ability of endothelial
cells to form capillary-like structures when placed on a reconstituted basement membrane
(Morales et al. 1995). These angiogenic effects can be blocked by oestrogen receptor
antagonists (Ashcroft et al. 2003). Oestrogen stimulates the expression of platelet-derived
growth factor (PDGF) by monocytes and macrophages (Shanker et al. 1995). PDGF is
mitogenic and chemotactic for dermal fibroblasts and stimulates fibroblast-mediated
wound contraction (Katz et al. 1991). An oestrogen-mediated increase in secretion of
TGFB-1 by fibroblasts mhibits the degradation of the extracellular matrix, stimulates the

formation of granulation tissue, and promotes collagen deposition (Beck etal. 1993).

1.8.4 Oestrogen and wound repair in the elderly

There is evidence to support differential gene expression in wound healing in the
elderly, which may be due to the relative lack of circulating oestrogen with age. Wound
healing gene expression is altered in wounds from elderly subjects and has been shown to
be regulated by oestrogen. Genes with attenuated expression in the elderly include the
pro-healing growth factor TGFa (down-regulated) and genes linked to chronic wound
healing such as arginase 1 (ARGI, down-regulated). L-arginine, an essential wound
healng amino acid, is converted to nitric oxide, which acts to regulate nflammation.

ARG1 metabolises L-argnine to generate proline, a substrate for collagen synthesis.

45



Hence, a down-regulation of ARG1 in the elderly due to lack of oestrogen results in an
imbalance between tissue inflammation and matrix deposition in a wound, resulting n an
mncrease i inflammation and decrease in matrix deposition in the aged (Hardman et al
2008).

Topical application of oestrogen on wounds in elderly subjects has been shown to
significantly increase wound collagen deposition and decrease fibronectin degradation
(Ashcroft et al. 2003). A study on HRT-naive post-menopausal women demonstrated this
finding where wounds showed retarded re-epithelialization at 7 days whereas those who
had taken HRT for at least 3 months displayed rates of re-epithelialization similar to those
m the pre-menopausal women (Gilliver et al. 2007). Topical oestrogen application to
wounds in another study resulted in improved wound healing in post- menopausal women

compared to controls (Ashcroft et al. 1999).

1.8.5 Oestrogen and vaginal atrophy

The mucosa of the vagmna is composed of stratified squamous non-keratinizing
epithelium, similar to the oesophageal mucosa. Oestrogen helps to maintain the collagen
content of vaginal epithelum, its glycogen content and helps maintains optimal vaginal
blood flow (Castelo-Branco et al. 2005). Lack of oestrogen after menopause causes
urogenital atrophy, characterized by vagnal dryness, pruritus, nflammation and
dyspareunia. This is characterized by thinning of the top layer of epithelial cells, loss of
elasticity of the vagmnal epithelum, increased sub-epithelial connective tissue, loss of
rugae and shortening and narrowing of the vaginal canal Thinning of the vagnal
epithelum exposes the layer below, which is more easily traumatized and more

vulnerable to inflammation or infection, analogous to an injury model
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Oestrogen therapy leads to thickening of the epithelium, increased vaginal
secretions and decreased vagmnal dryness. These effects are mediated through oestrogen
receptors localised to the basal and supra basal cells of the vagmnal epithelium (Hodgins et
al. 1998). Oestrogen receptors are also localised in the stromal cells, suggesting that
oestrogen may mediate stromal-epithelial mnteractions. Oestrogen has also been shown to
regulate vagmnal Nitric oxide synthase (NOS) expression n murine models (Berman et al
1998). NOS forms nitric oxide (NO), which is an mportant smooth-muscle relaxant and
serves as a key molecule in host-defence mechanisms through its actions as a free-radical
(Wink et al. 1993). NO may inhibit apoptosis in oestrogen-targeted tissues and a study on
a mouse model demonstrated diminished apoptosis and vaginal atrophy on oestrogen
replacement in oophorectomized mice with a significant increase in NOS expression
(Chun et al. 1995).

These effects demonstrate the effects of oestrogen in mantaming epithelial

mtegrity.
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Summary of introduction to the aetiology and pathophysiology of gastro-

oesophageal reflux disease, its complications and relationship to gender.

Gastro-oesophageal reflux disease occurs commonly and is characterised by a variety of
clinical manifestations. Complications of chronic gastro-oesophageal reflux include
reflux oesophagitis, oesophageal stricture, Barrett’s oesophagus and oesophageal
adenocarcinoma. There has been a marked increase in the incidence of oesophageal
adenocarcinoma in the last decade and it has a marked male predominance. The reasons
for this male predominance remain unclear and there may be a role for oestrogen offering
‘protection’ from reflux injury in menstruating women, possibly through its anti-
inflammatory action, and preventing the development of severe oesophagitis and thus

Barrett’s oesophagus and oesophageal adenocarcinoma.
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Chapter 2
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Aims

1.

To determine the influence of age and gender on endoscopic findings of gastro-
oesophageal reflux.

To investigate the role of oestrogen in mucosal healing by creating an acute oral
wound model in order to determine the effect of lack of systemic oestrogen using
oophorectomized mice and subsequent oestrogen replacement on buccal mucosal
healing,

To determine the influence of HRT on the complications of gastro-oesophageal reflux
disease.

To determine the role of female sex hormones i excess acid exposure on oesophageal
pH monitoring.

To evaluate gender-specific tissue responses in the oesophagus to acid reflux.
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Chapter 3
Materials and Methods
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3  Methods
3.1 Endoscopy database analysis

A retrospective analysis of the endoscopy databases of six hospitals near Birmingham
(UK) was carried out: Birmingham Heartlands Hospital (BHH), City Hospital (CH), Good
Hope Hospital (GHH), Princess Royal Hospital, Telford (PRH), Royal Shrewsbury Hospital
(RSH) and Sandwell General Hospital (SGH). Permission was obtained from individual R&D
departments and endoscopy lead clinicians to access the database.
Endoscribe™ (Unisoft Medical Systems®) was the endoscopy database in five hospitals
(BHH, GH, CH, PRH, RSH) and an in-house endoscopy database was used in one hospital
(SGH), which was subsequently changed to the ADAM™ (Fujinon®) system. Endoscribe™
has an embedded audit tool that allows searches based on separate and multiple search
parameters. Data can be filtered as necessary during the search and files are exported from
the database as Excel™ (Microsofi®) .csv files. Data from the original database from SGH
was extracted from the hospital server as FoxPro (Microsoft Visual FoxPro®) files, which
were then converted to Excel® (.xls) files using a DBF convertor. Data from the current
ADAM™ (Fyjinon®) system was extracted using built in user tools within the software. The
extracted dataset was anonymised by not extracting name and address fields.
Each database was then examined to identify patients between 20-90 years, who underwent
out-patient day-case gastro-intestinal endoscopy. Patients who had an endoscopic diagnosis
of reflux oesophagitis, Barrett’s oesophagus, hiatus hernia or benign oesophageal stricture
were identified. Additionally, the SGH database contained data on proton pump mnhibitor
(PPI) use, as it had a tool to capture this data prior to endoscopy. Repeat endoscopies,
surveillance endoscopies and planned therapeutic procedures (e.g percutancous endoscopic
gastrostomy (PEG)) were excluded. Each dataset was processed to remove entries with

missing data, corrupted fields and multiple entries for a patient. The severity of reflux
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oesophagitis was assessed on the basis of either the Savary-Miller classification or the Los
Angeles (LA) classification of oesophagitis (Lundell et al 1999; Monnier et al1984).
Savary-Miller grades I, II and III and LA grades A and B were classified as ‘mid to
moderate’ reflux oesophagitis and Savary-Miller grades IV and V and LA grades C and D as
‘severe’ oesophagitis.

Data on the total number and recorded indication for endoscopies performed in the respective

endoscopy units during the study period were also identified.

3.2 Preparation of acute oral mucosal wounds in mice
3.2.1 Experimental group

Female C57 mice kept on standard food and a well-lit and aired room were used.
Female mice were divided into groups of five mtact females (control group), five
ovariectomized females (OVX) and five OVX females with oestrogen replacement (50ug
oestradiol/day dorsal mmplants). A Home Office Project Licence was in place for this work

(Faculty of Life Sciences, University of Manchester).

3.2.2 Bilateral oophorectomy

Female mice were anaesthetized n order to perform a bilateral oophorectomy.
Following a 10mm incision in the lower part of the abdomen, blunt dissection was performed
with incision of muscle fibres to isolate the oviduct and the uterus. A forceps was placed at
the boundary of the oviduct and the uterus and the ovary and oviduct on either side was
removed. The uterus was placed back in the abdominal cavity and the abdominal muscle

layer and skin were closed with sutures.

3.2.3 Production of an acute buccal ulcer and determining the time course of healing

Under Isoflurane anaesthesia, buccal mucosa in mice between the jawbone and the

mner aspect of the cheek was identified and a 1.5mm punch biopsy was performed with
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sufficient pressure to create a depressed ulcer in the mucosa, similar to the technique
described by Angelov et al (Angelov et al. 2004). Excess tissue was removed using a scalpel.
In order to visualise the site of the buccal ulcer at different time-points, a black tattoo was
placed at the base of the ulcer using a 0.2mm needle attached to an insulin syringe by
injecting a black marking dye (Spot'™, GI Supply, Camp Hil, PA, USA). This material is
used routinely to mark lesions visualised at gastro-mtestinal endoscopy due to its inert
properties. Tissue was harvested at different time-pomnts after sacrificing mice under
anaesthesia by cervical dislocation and performing a 3mm full-thickness punch biopsy
around the ulcer margins involving both buccal and skin surfaces. Wounds were created ten

days after oophorectomy in female mice

3.2.4 Time-points

Tissue was harvested mitially immediately after production of the buccal ulcer to
create an initial time-point. Further 48h (2-day) and 96h (4-day) time-points were used to

assess the time taken for complete re-epithelialization of the oral wound.

3.2.5 Histology and Immunohistoche mistry

Tissue samples were kept in Z-fix' ™ (Anatech Ltd, Battle Creek, MI, USA) for 48h,
placed into cassettes and processed in an Automatic Tissue Processor. These were then
embedded longitudinally in paraffin and sectioned at 5 microns, placed on treated slides
(Vectabond™, Vector Laboratories, Peterborough, UK) and dried overnight in an incubator
at 37°C. Sections were then deparaffinised and stained with haematoxylin and eosin (H&E).
Immunohistochemistry was performed to characterise cellular infiltrates and for matrix

characterisation.
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To characterise the epithelum, deparaffinised tissue sections were incubated for 1
hour with a 1:2000 dilution of rabbit anti-mouse cytokeratin-14 monoclonal antibody and a
1:500 dilution of rabbit anti-mouse cytokeratin-6 antibody.

For characterization of cellular infiltrates, deparaffinised tissue sections were
incubated overnight with a 1:100 dilution of rat anti-mouse Mac-3 (macrophage) monoclonal
antibody and a 1:100 dilution of rat anti-mouse Ly-6G (neutrophil) antibody at 4°C. The
sections were then washed and incubated for 30 minutes with biotin labelled rabbit anti-rat
secondary antibody (1:300) or with biotin labelled goat anti-rabbit secondary antibody. All
sections were treated with streptavidin peroxidase conjugate (NovaRed™, Vector
Laboratories, Peterborough, UK) for 40-60 seconds, and then washed. Sections were then
dehydrated and coverslipped.

Further assessment of the collagen content in the matrix was carried out by staining
tissue sections with Sirius Red F3B diluted n 1.3% picric acid for 1 hour and washing n
acidified water followed by dehydration of the sections. Stained sections were then examined
under polarized light to characterise the type of matrix collagen.

Oral wounds were identificd on each slide and wound images were taken with a
digital camera (Eclipse E400™, Nikon Corporation Imaging Company, Tokyo, Japan) at low
(4x) magnification. For characterising cellular infiltrates and the matrix, five non-overlapping
images of the wound were taken at high magnification (20x). Image analysis and
quantification of oral wound areas were performed using the Image pro-plus imaging system
(Version 6.3.0, Media Cybernetics Inc, USA). Wound areas were outlined using the program
by manual drawing of the wound margins from the edge of the wound and deeper into the
mucosa around the sub-epithelial mnflammatory infiltrate. Re-epithelisation was determined

by drawing the rim of neo-epithelial granulation tissue from the wound margin onto the
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centre of the wound separately on either edge of the wound. For assessment of the cellular

mfiltrate, stained cells in each field were counted and represented as cells/area.

3.3 General Practice Research Database (GPRD) database analysis

The UK GPRD is a large research database containing computerized information
entered by general practitioners (GP) and covering a population m excess of 7 milion and
with more than 47 million person-years’ worth of data (Garcia Rodriguez et al. 1998). All
mformation is strictly anonymised and includes patient demographics, detailed prescription
data, details of GP consultations, referrals and results of laboratory tests. Disease diagnoses
are coded using a modification of the Oxford Medical Information System (OXMIS) and the
Read classification systems and drugs are coded using a drug dictionary based on data from
the Prescription Pricing Authority. Prescriptions are recorded directly from each participating
GPs computer ensuring complete recording. Validation studies have demonstrated the high
quality of data recorded m GPRD (Jick et al. 1991; Jick et al. 1992). Access to the dataset
was acquired under the Medical Research Council licence. This licence restricts datasets to a
maximum of 100,000 subjects. Ethical approval was obtained under the provisions of the

ISAC (independent scientific advisory committee) approval process for GPRD.

3.4 Hormone assays

Blood tests were performed to determine serum levels of Oestrogen (Oestradiol (E2),
Oestrone (E1)), progesterone, sex-hormone binding globulin (SHBG), testosterone, follicular
stimulating hormone (FSH) and luteinizing hormone (LH). Samples were taken around the
10th day of the menstrual cycle (+/- 4 days) in menstruating women by scheduling their pH

test appropriately. All samples were taken immediately after the pH test.
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Electrochemiluminescence (ECLIA) immunoassays were carried out using the
Roche® E170™ immunoassay system platform. Coefficients of variation of the various

assays used are summarised in Appendix 4.

3.5 Acid reflux questionnaire

Study subjects were asked to complete a previously validated reflux questionnaire
(Mohammed et al. 2005). Questions on a number of factors that have been reported to be
associated with GORD symptoms or oesophagitis including smoking, alcohol consumption,
current medication, family history of GI disease, parity and educational attainment were

included in the questionnaire.

3.6 Anthropometric measurements

Height and weight were recorded and BMI categorised into normal (20-24.9 kg/m2),
underweight (<20), overweight (25-29.9), obese (30-34.9) and morbid obesity (>35 kg/m2).
Waist-hip ratio and skin fold thickness were additionally measured. To calculate the waist-
hip ratio, the waist circumference was measured in centimetres at a level midway between the
lowest rib and the iliac crest, and the hip circumference at the level of the great trochanters,
with the legs close together. The waist-hip ratio was calculated as the ratio of the waist
circumference to the hip circumference. Triceps skin-fold thickness was measured i
centimetres using a set of callipers, as the thickness of a fold of skin over the lower third of
the left triceps muscle, with the measurement axis along a line connecting the left humerus to

the left olecranon process.

3.7 Tissue microarray analysis

12 biopsy samples of paired normal oesophagus and Barrett’s oesophagus (6 males, 6
females) were obtained from patients undergoing surveillance endoscopy for Barrett’s
oesophagus at City Hospital Birmingham (UK) and Sandwell General Hospital, West
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Bromwich (UK), in addition to normal Barrett’s surveillance biopsies. These samples were
snap frozen in liquid nitrogen, transported to a laboratory i the Institute of Cancer studies,
University of Brmingham (UK) and stored at -70°C.

Tissue microarray analysis was kindly performed by Dr. John Arrand at the Institute
of Cancer studies, University of Birmingham. RNA was extracted by homogenising biopsies
directty in Trizol. The resulting total RNA was then further purified using the Qiagen®
RNeasy™ procedure. RNA quality was checked on an Agilent Bioanalyser (Agilent
Technologies, Santa Clara, CA, USA) and only RNA with a RIN of 6.0 or more was used. An
Ambion WT Expression kit (Applied Biosystems, Austin, TX, USA) was used to work on
200 ng of total RNA which was then fragmented and labelled using an Affymetrix WT
Termmnal Labelling Kit (Affymetrix Inc. Santa Clara, CA, USA). Scanned images of
microarry chips were analysed using the AffymetrixGeneChip® Command Console™
Software from Affymetrix, Inc. (Santa Clara, CA, USA) to generate CEL files, which were
processed with the RMA-Sketch algorithm of Affymetrix Expression Console software to
generate normalized relative expression values. Differentially expressed probe sets were
identified using the Lmma (Smyth 2005) package of Bioconductor (Fred Hutchinson Cancer
Research Center, Seattle, WA, USA) (Gentleman et al. 2004) with a cut off p value of 0.01.
No fold change criteria were imposed. Gene expression heat maps were generated using

dChip (http//www.dchip.org) with default settings.
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Chapter 4

The influence of age and gender on endoscopic findings of gastro-oesophageal reflux
disease: an endoscopy database study.
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4 Introduction

Symptoms of gastro-oesophageal reflux disease (GORD) are equally common in both
sexes and at all ages (Mohammed et al. 2005). GORD is associated with the development of
Barrett’s oesophagus, a change from squamous to columnar morphology with mtestinal
metaplasia, of the native oesophageal epithelium and in turn the development of oesophageal
adenocarcinoma (Fitzgerald 2006; Lagergren et al. 1999). Oesophageal adenocarcinoma has a
striking male predommance (ratio 6:1) (Cooper et al. 2009). This difference in incidence by
sex cannot be satisfactorily explained by differences i established risk factors for
oesophageal adenocarcinoma, such as ethnicity, obesity and smoking (Gammon et al. 1997).
Furthermore, oesophageal adenocarcinoma is observed overwhelmingly in post-menopausal
women and women have a higher mean age of incidence than men (Cooper et al. 2009). This
raises the possibility of a role for female sex hormones in delaying the onset of Barrett’s
oesophagus and oesophageal adenocarcinoma. Oestrogen may mitigate the severity of
GORD-induced oesophagitis in menstruating women, thereby either delaying or preventing
Barrett’s oesophagus and oesophageal adenocarcinoma. Oestrogen has been shown to have
anti-inflammatory effects and studies on cutaneous wound healing have demonstrated better
healing with topical oestrogen therapy in ovariectomized mice (Ashcroft et al. 1997; Ashcroft
et al.1999; Ito, Hayashi et al.1995).

Hypothesizing that a reduction in the levels of female sex hormones after the
menopause may contribute to an increased incidence and severity of reflux oesophagitis and
complications, a retrospective analysis of a large endoscopy database was performed in order
to examine the incidence of reflux oesophagitis and its complications with increasing age in
men and women.

Details of the methods used in this study are described n Chapter 3, section 3.1.
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4.1 Statistical analysis

The incidence of reflux oesophagitis, Barrett’s oesophagus, hiatus hernia and benign
oesophageal stricture was determined as a percentage of the total number of upper gastro-
mtestinal endoscopies carried out during the same period. The difference in the incidence of
oesophagitis, Barrett’s oesophagus, hiatus hernia and oesophageal stricture above and below
50 years of age (the average age of the menopause) was compared using the Chi square test.
Multivariate analysis was performed using logistic regression analysis for each endoscopic
finding as a dependant variable and the association of age, sex, reflux oesophagitis, Barrett’s
oesophagus, hiatus hernia and benign oesophageal stricture as appropriate was examined and

odds ratios and 95% confidence mtervals for each of the variables examined were calculated.
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4.2 Results

Demographics, indications and results of endoscopy by hospital

The details of the upper GI endoscopies included i the study by hospital are shown in
tables 1 and 2. The sex ratio is remarkably consistent between hospitals (table 1). The
incidence of different endoscopic findings was very similar in the different units with the
exception of Birmingham Heartlands Hospital, which had a higher incidence of reflux
oesophagitis and a lower incidence of Barrett’s oesophagus.

There is some variation in the proportion of patients whose indication was reflux
symptoms or dyspepsia, with City Hospital, Birmingham having a higher incidence and
Sandwell General Hospital, a lower incidence but in the other hospitals, reflux symptoms or
dyspepsia was a very consistent proportion of endoscopies (table 2). The proportion of
patients with alarm symptoms (anaemia, dysphagia, weight loss) was very similar in the
different units, with the exception of City Hospital, which had a significantly lower

proportion.
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Table 1

The total number of endoscopies, sex ratio and incidence of reflux oesophagitis,
Barrett’s oesophagus, hiatus hernia and benign oesophageal stricture in the different
hospital endoscopy databases included in the study.

Hospital Years Endoscopies | M:F Incidence | Incidence | Incidence Incidence Incidence
included (n) ratio RO BO HH stricture oesophageal
(%) (%) (%) (%) cancer
(%)
BHH 1997-2008 | 45823 0.93] 204 2.8 23.8 2.0 2.38
CH 1999-2008 | 32023 0.99] 13.2 5.7 18.2 1.4 2.41
GHH 1996-2008 | 30184 0.93] 12.8 4.8 24.8 1.3 2.19
PRH 2003-2008 | 11961 091 13.8 6.7 25.8 1.4 2.98
RSH 2001-2008 | 19316 0.94| 15.5 4.6 23.2 2.1 3.35
SGH 2006-2009 | 15099 0.92| 14.5 6.8 28.3 1.8 2.40
Total 154406 0.93] 15.7 4.5 22.6 1.7 2.43

RO: reflux oesophagitis

BO: Barrett’s oesophagus

HH: Hiatus hernia

BHH: Birmingham Heartlands Hospital, Birmingham

CH: City Hospital, Birmingham

GHH: Good Hope Hospital, Birmingham

PRH: Princess Royal Hospital, Birmingham

RSH: Royal Shrewsbury Hospital, Birmingham

SGH: Sandwell General Hospital, West Bromwich
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Table 2

Indications for gastroscopy at each study site

Study site | Reflux Alarm Other 9 Total
and symptoms  / features * endoscop
Indication | dyspepsia ies

number, (%) number, number,

(%) (o)

Males Females Males Females Males Males
BHH 8506 (18.6) 10679 (23.3) | 7169 (15.6) | 8415 (18.4) | 5687 (12.4) | 5367 (11.7) | 45823
CH 7677 (24) 9281 (29) 3042 (9.5) | 3557 (11.1) | 4443 (13.9) | 4023 (12.6) | 32023
GHH 5439 (18) 6505 (21.6) 4457 (14.8) | 5121 (17) 4188 (13.9) | 4474 (14.8) | 30184
PRH 2161 (18.1) | 2509 (21) 1696 (14.2) | 1981 (16.6) | 1662 (13.9) | 1952 (16.3) | 11961
RSH 3569 (18.5) | 4350 (22.5) 2756 (14.3) | 3188 (16.5) | 2674 (13.8) | 2779 (14.4) | 19316
SGH 2089 (13.8) | 2185 (14.5) 2653 (17.6) | 2758 (18.3) | 3169 (21) 3295 (21.8) | 15099

*anaemia, dysphagia, weight loss

q abdo pain, vomiting, chest pain, suspected GI bleed

BHH: Birmingham Heartlands Hospital, Birmingham

CH: City Hospital, Birmingham

GHH: Good Hope Hospital, Birmingham

PRH: Princess Royal Hospital, Birmingham

RSH: Royal Shrewsbury Hospital, Birmingham

SGH: Sandwell General Hospital, West Bromwich
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4.3 Reflux oesophagitis

24,240 patents (15.7%) had an endoscopic diagnosis of reflux oesophagitis. The
incidence of reflux oesophagitis by age and gender are shown in tables 3a and 3b. Both in
absolute terms and relative to the number of endoscopies undertaken, the incidence of reflux
oesophagitis increased with age (figures 1A and 1B). However, the mean age of men with
reflux oesophagitis (59.7 years, standard deviation, SD (16.1)) was lower than that of women
(64.4 years, (SD 15.1)). Analysing the incidence of reflux oesophagitis in subjects before and
after 50 years of age (the mean age of the menopause in the UK), revealed that the incidence
increased from 10.5% to 15.1% in women, (p<0.001), compared with a fall in men from
19.4% to 16.9%, (p<0.001). A similar pattern was seen in the incidence of mild-moderate
reflux oesophagitis, which increased from 9.9% to 13.1% in women after 50 years of age
(p<0.001), while mn men it decreased from 17.8% to 14.2%, (p<0.001). In severe
oesophagitis, the incidence in women increased from 0.6 to 2.0% (p<0.001) with a smaller
but significant increase in men from 1.7% to 2.8%, (p<<0.001).

On multivariate analysis, severe reflux oesophagitis was associated with age (odds ratio, OR
1.029 (95% CI 1.026-1.032), p<0.001), male gender (1.44 (1.33-1.57), p<0.001), Barrett’s
oesophagus (1.683 (1.437-1.971), p<0.001) and benign oesophageal stricture (3.166 (2.607-
3.845), p<0.001). On examining the mteraction of age and sex with the prevalence of severe
reflux oesophagitis modelling the variables age*sex as a covariate, the increase in severe
reflux oesophagitis in women was greater imn women with increasing age than n men (1.013,
(1.007-1.019), p<0.001). This is depicted as a graph that shows a greater acceleration in the
predicted probability of developing severe reflux oesophagitis with age in women compared
to men, with the curves converging at 90 years (figure 2). The ratio of the incidence of reflux
oesophagitis in women compared to men shows a consistent increase with increasing age in

both mild-moderate and severe oesophagitis (figure 3).
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Table 3a

The incidence of reflux oesophagitis in women

Age Women  with | Incidence RO (%) | Incidence Incidence Total
(years) mndication Mild-moderate | Severe RO | endoscopies
reflux RO (%) (%) performed
symptoms (%
endoscopies)
20-30 290 (9.0) 261 (8.1) 243 (7.5) 18 (0.6) 3224
30-40 846 (13.6) 605 (9.7) 565 (9.1) 40 (0.6) 6207
40-50 1629 (15.8) 1210 (11.7) 1142 (11.1) 68 (0.7) 10324
50-60 2479 (18.0) 2028 (14.7) 1893 (13.7) 135 (1.0) 13796
60-70 2708 (16.1) 2544 (15.2) 2282 (13.6) 262 (1.6) 16789
70-80 1816 (10.3) 2693 (15.3) 2292 (13.1) 401 (2.3) 17559
80-90 646 (5.6) 1751 (15.0) 1342 (11.5) 409 (3.5) 11639
Total 10414 (13.1) | 11092 (13.9) 9759 (12.3) 1333 (1.7) 79538

RO: reflux oesophagitis
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Table 3b

The incidence of reflux oesophagitis in men

Age Men Incidence RO (%) | Incidence Incidence Total
(years) | indication Mild-moderate | Severe RO | endoscopies
reflux RO (%) (%) performed
symptoms (%
endoscopies)
20-30 | 433 (12.3) 571 (16.3) 526 (15.0) 45 (1.3) 3509
30-40 | 1100 (17.0) 1238 (19.2) 1155 (17.9) 83 (1.3) 6454
40-50 | 1429 (15.1) 1963 (20.7) 1767 (18.7) 196 (2.1) 9466
50-60 | 1851 (14.0) 2625 (19.9) 2296 (17.4) 329 (2.5) 13204
60-70 | 1796 (11.0) 2737 (16.8) 2386 (14.6) 351 (2.2) 16330
70-80 | 1223 (7.1) 2694 (15.5) 2149 (12.4) 545 (3.1) 17334
80-90 | 336(3.9) 1320 (15.4) 1017 (11.9) 303 (3.5) 8571
Total 8168 (10.9) 13148 (17.6) 11296 (15.1) 1852 (2.5) 74868

RO: reflux oesophagitis
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Figure 1: The incidence of reflux oesophagitis
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Figures 1A and 1B: Incidence of reflux oesophagitis (RO)

The absolute incidence of both mild-moderate and severe reflux oesophagitis (RO)
increases with age in women (A) and men (B).



Figure 2

Probability of severe reflux esophagitis with increasing age
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Figure 2: Probability of severe reflux esophagitis with increasing age by gender.
The slope of the curve for females is greater than that for males suggesting an

acceleration in the incidence of severe reflux oesophagitis in older women compared to
men.
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Figure 3

Odds ratio of reflux oesophagitis with increasing age by gender
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Figure 3: Odds ratio (incidence) of reflux oesophagitis with increasing age by gender
(female: male).

The ratio of the incidence of both mild-moderate and severe reflux oesophagitis in

women compared to men increases with age.
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4.4 Barrett’s oesophagus

The mcidence of Barrett’s oesophagus increased with age n men and women, (tables 4a
and 4b). The mean age of men with Barrett’s oesophagus (62.4 + SD 14.5 years) was lower
than that of women (68.4 =+ SD 12.3 years). Although the incidence of Barrett’s oesophagus
mcreased n men and women (figure 4), the rate of increase of Barrett’s oesophagus was not
different between the sexes and Barrett’s oesophagus remained more common among men at
all ages. On multivariate analysis, Barrett’s oesophagus was associated with age (odds ratio
1.02 (1.019-1.021), p<0.001), male sex (1.072 (1.004-1.074), p=0.027), reflux oesophagitis
(3.459 (3.33-3.59), p<0.001), oesophageal stricture (1.199 (1.068-1.346), p=0.002) and hiatus
hernia (1.217 (1.167-1.270), p<0.001).

Histopathology and endoscopy reports of all cases of Barrett’s oesophagus from one unit
(Sandwell General Hospital) were analysed. Short-segment Barrett’s oesophagus (less than
3cm of columnar lined oesophagus) was more common (74.5%) than long-segment Barrett’s
oesophagus as expected. Intestimal metaplasia (IM) was present in 61% of all Barrett’s
oesophagus endoscopies. However, this was due to 88% of Barrett’s oesophagus endoscopies
negative for IM being short-segment Barrett’s oesophagus. 95% of long-segment Barrett’s
oesophagus (> 3cm) had IM on biopsy. Furthermore, the mean number of biopsies taken in
Barrett’s oesophagus positive for IM (5.3) was greater than the number of biopsies taken in
Barrett’s oesophagus negative for IM (2.6). Insufficient sampling may therefore have

underestimated the prevalence of IM in Barrett’s oesophagus.
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Table 4a

The incidence of Barrett’s oesophagus, hiatus hernia and benign oesophageal strictures

in women
Age BO (incidence (% | HH (incidence (% | BOS Total
(years) all endoscopies)) all endoscopies)) (incidence (% all | endoscopies
endoscopies)) performed
20-30 22 (0.7) 295 (9.2) 23 (0.7) 3224
30-40 82 (1.3) 896 (14.4) 65 (1.0) 6207
40-50 259 (2.5) 1894 (18.3) 110 (1.1) 10324
50-60 435 (3.2) 3226 (23.4) 179 (1.3) 13796
60-70 668 (4.0) 4550 (27.1) 284 (1.7) 16789
70-80 735 (4.2) 5125 (29.2) 363 (2.1) 17559
80-90 557 (4.8) 3543 (30.4) 354 (3.0) 11639
Total 2758 (3.5) 19529 (24.6) 1378 (1.7) 79538

BO: Barrett’s oesophagus
HH: hiatus hernia

BOS: Benign oesophageal stricture
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Table 4b

The incidence of Barrett’s oesophagus, hiatus hernia and benign oesophageal strictures

in men

Age BO (incidence (% HH (incidence BOS Total

(years) | all endoscopies)) (% all (incidence (% all endoscopies
endoscopies)) endoscopies)) performed

20-30 56 (1.6) 415 (11.8) 38 (1.1) 3509
30-40 184 (2.9) 1150 (17.8) 71 (1.1) 6454
40-50 504 (5.3) 1969 (20.8) 149 (1.6) 9466
50-60 984 (7.5) 3076 (23.3) 207 (1.6) 13204
60-70 1177 (7.2) 3747 (22.9) 378 (2.3) 16330
70-80 1132 (6.5) 4055 (23.4) 483 (2.8) 17334
80-90 503 (5.9) 2106 (24.6) 233 (2.7) 8571
Total 4540 (6.1) 16518 (22.1) 1559 (2.1) 74868

BO: Barrett’s oesophagus
HH: hiatus hernia

BOS: Benign oesophageal stricture
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Figure 4: The incidence of Barrett’s oesophagus
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Figure 4: The incidence of Barrett’s oesophagus

The absolute incidence of Barrett’s oesophagus (BO) increases with age n both women and
men. The incidence in women increases significantly after age 50.
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Figure 5: The incidence of hiatus hernia
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Figure 5: The incidence of hiatus hernia

The absolute incidence of hiatus hernia increases with age in both women and men. The rise
i incidence with age is significantly greater in women compared to men.
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Figure 6: The incidence of benign oesophageal strictures
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Figure 6: The incidence of benign oesophageal strictures
The absolute incidence of benign oesophageal strictures increases with age n both women

and men. The rise in incidence with age is significantly greater in women compared to men
and there is a crossover in the incidence in women and men at age 80-90 years.

76



4.5 Hiatus hernia

The incidence of hiatus hernia increased with age in men and women, (tables 4a and
4b). The mean age of men with hiatus hernia (61.4 + SD 15.3 years) was lower than that of
women (66.2 + SD 14.1 years). The incidence of hiatus hernia increased with age in both
men and women (figure 5) but the increase in incidence was greater in women with
increasing age (table 5). On multivariate analysis, hiatus hernia was associated with age
(1.009 (1.008-1.010), p<0.001), reflux oesophagitis (2.478 (2.394-2.564), p<0.001), Barrett’s
oesophagus (1.217 (1.167-1.270), p<0.001) and oesophageal stricture (1.817 (1.657-1.993),
p<0.001). Interestingly, following adjustment for age, hiatus hernia was associated with
female sex (1.259 (1.224-1.296), p<0.001). Reflux oesophagitis was still associated with
ncreasing age (1.027 (1.025-1.030), p<0.001), despite controling for the increasing
mcidence of hiatus hernia with age. This suggests that the increased incidence of hiatus
hernia in women with age is not sufficient to explain the more rapid rise in the incidence of

reflux oesophagitis in women.
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Table 5

Age and sex-related differences in the incidence of Barrett’s oesophagus, hiatus hernia

and benign oesophageal stricture in men and women above and below 50 years of age

Men <50 Women <50 x2 test Men >50 Women >50 ¥2 test
(% all (% all (2- (% all (% all (2-tailed)
endoscopies) | endoscopies) | tailed) endoscopies) endoscopies)

Total number of | 19429 19755 55439 59783

endoscopies

Barrett’s 744 (3.8) 363 (1.8) p<0.001 | 3796 (6.8) 2395 (4.0) p<0.001

oesophagus

Hiatus hernia 3534 (18.2) 3085 (15.6) p<0.001 | 12984 (23.4) 16444 (27.5) p<0.001

Benign stricture | 258 (1.3) 198 (1.0) p<0.001 | 1301 (2.3) 1180 (2.0) p<0.001
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4.6 Benign oesophageal stricture

The incidence of benign oesophageal stricture increased with age in men and women,
(tables 4a and 4b). The mean age of men with benign oesophageal stricture (63.2 £ SD 15.7
years) was lower than that of women (66.9 + SD 14.5 years). The prevalence of benign
oesophageal stricture increased sharply in women after the age of 50 and charting the age and
sex-specific incidence of benign oesophageal stricture reveals a crossover between the curves
for prevalence in women compared to men between the ages of 80-90 years (figure 6). On
multivariate analysis, benign oesophageal stricture was associated with age (1.02 (1.017-
1.023)), male sex (1.196 (1.104-1.295), p<0.001), reflux oesophagitis (1.248 (1.128-1.382),
p<0.001), BO (1.209 (1.078-1.357), p=0.001) and hiatus hernia (1.831 (1.669-2.007),

p<0.001).

4.7 Proton pump inhibitor (PPI) use prior to endoscopy

Data on PPI use was available from one unit (Sandwell General Hospital). PPI data
was available for 5937 subjects endoscoped at this unit. 1010 (17%) had received a PPI prior
to endoscopy (493 (48.8%) were male, mean age 60.7 (SD 16.1) years). Of these 1010
patients, n 321 (31.8%), the indication for endoscopy was reflux symptoms and 47 (14.6%)
had endoscopic oesophagitis. In comparison, 736 (14.9%) of 4927 patients not on PPI therapy
prior to endoscopy had reflux symptoms as their indication and 195 (26.4%) had endoscopic
oesophagitis, a significantly higher prevalence than patients with refluix symptoms on PPI

prior to endoscopy (p=0.032).
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4.8 Discussion

Community studies of GORD symptoms report equal prevalence in both sexes and at all
ages (Mohammed et al. 2005). However, studies of endoscopic oesophagitis from endoscopy
databases or population studies, consistently report an increased incidence with increasing
age and that men are more likely to have oesophagitis than women (El-Serag and Sonnenberg
1997). This pattern is even more striking for more severe oesophagitis and the GORD
complications of peptic stricture and Barrett’s oesophagus (El-Serag etal. 1997).

In the present study, the incidence of reflux oesophagitis and its complications of
Barrett’s oesophagus and benign oesophageal stricture increased with age. The novel finding
from the study is that with increasing age, the incidence of oesophagitis and benign
oesophageal stricture increases more rapidly in women than men, so that the incidences are
very similar over the age of 70 in both sexes. Barrett’s oesophagus, the other complication of
chronic GORD, increases with age in both sexes but there remains a male predominance at all
ages.

The anti-nflammatory properties of oestrogen may lessen the severity of oesophageal
mucosal mjury secondary to acid and bile reflux, thereby either delaying or preventing the
onset of metaplastic change of the ulcerated, inflamed oesophageal epithelium into Barrett’s
oesophagus. Conversely, in the post-menopausal state, chronic gastro-oesophageal reflux
may lead to more severe oesophageal mucosal njury and a higher incidence of oesophagitis
and its complications, Barrett’s oesophagus and benign oesophageal stricture. Unfortunately,
given the retrospective nature of this study, it was not possible to directly examine this
hypothesis and data on precise age of menopause and hormone replacement therapy was not
available.

One explanation for the more rapid increase of oesophagitis and its complications in

elderly women may be the increase in hiatus hernia incidence seen particularly in women
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with increasing age. This may lead to more severe gastro-oesophageal reflux, thereby leading
to more severe oesophagitis and its complications. The increase in prevalence of hiatal hernia
with age may be related to the loss of elasticity of the structures around the diaphragmatic
hiatus. Pregnancy in women is another potential factor that may weaken fibromuscular
structures around the gastro-oesophageal junction through raised intra-abdominal pressures.
Osteoporosis and kyphosis have been shown to be associated with hiatal hernia in elderly
Japanese women (Furukawa et al. 1999;Yamaguchi et al. 2002). However, in the present
study, reflux oesophagitis was still associated with increasing age despite controlling
statistically for the increase in incidence of hiatus hernia with age, suggesting this is not the
only factor.

Unfortunately, corroborative histological data was not available for the vast majority
of patients with Barrett’s oesophagus due to the anonymised format of the data. Detailed
analysis of endoscopy and histology records for patients with Barrett’s oesophagus from
Sandwell General Hospital revealed that histological confirmation was almost universal in
long segment (greater than 3cm) Barrett’s oesophagus but much less common in the more
common shorter Barrett’s oesophagus segments. The lower number of biopsies (2-6 on
average) in IM negative Barrett’s oesophagus may explain this difference, as IM is well
known to be patchy (Harrison et al 2007). With one exception (Birmingham Heartlands
Hospital), the prevalence of Barrett’s oesophagus was similar within the different units,
suggesting that observer bias is less likely to be a confounding factor in the Barrett’s
oesophagus findings, though not completely excluding it. Barrett’s oesophagus, unlike reflux
oesophagitis or benign oesophageal stricture, remained more common in men at all ages,
suggesting that despite severe GORD and its complications being equally common in elderly
men and women, men remain more prone to Barrett’s oesophagus due to factors other than

severe gastro-oesophageal reflux.
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The study has several limitations. This was a retrospective database study and there
was no information available on a number of potentially important aetiological factors in
GORD and its complications, including BMI, smoking, H.pylori status and ethnicity. The
most important of these risk factors is BMI, as increasing BMI is clearly associated with
symptomatic GORD, oesophagitis and its complications (Lagergren et al. 1999; Mohammed
et al. 2005; Nilsson et al. 2002). If the younger male patients in the study were more obese
than the younger female patients and there was no BMI difference n older patients, this
would potentially explain the study findings and this possibility cannot be excluded.
Similarly, smoking is associated with symptomatic GORD and its complications. If younger
men in the study were more lkely to be smokers than younger women, this might potentially
contribute to the study findings.

Although patients on a PPI were significantly less likely to be diagnosed with reflux
oesophagitis, there was no difference in the number of male and female patients taking PPIs,
suggesting that the increase in incidence of reflux oesophagitis in elderly women and the
lower incidence in young women was not a consequence of gender differences in PPI therapy
prior to endoscopy.

As a retrospective study with multiple endoscopists, it was not possible to standardise
endoscopic findings. Observer (endoscopist) bias could therefore be another significant
source of bias. There was some variation in the prevalence of reflux oesophagitis, Barrett’s
oesophagus and hiatus hernia among endoscopy units in a relatively small geographical area.
This may be due to differing patient populations, observer bias or differences in indications
for endoscopy in each unit. It is also possible that endoscopists may be biased in reporting
endoscopic findings by gender and less likely to report pathology in younger female than
younger male patients. These potential sources of bias are again difficult to exclude.

Selection bias may also be another potential source of bias i this study. Younger female
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patients may seek endoscopy for more minor symptoms than younger male patients or male
patients may be more likely to fail to attend for endoscopy despite their General Practitioner’s
recommendation. Female patients make more primary care visits and adhere better to
screening programmes (Currie et al. 2003; von Euler-Chelpin et al. 2010). However, the
increased incidence of oesophagitis in younger men was in both relative and absolute terms
and reflux symptoms was a slightly less common indication for endoscopy in younger
women, making this explanation for the study findings less likely. Since oesophagitis is more
common in absolute terms in younger men, it would be necessary for younger women with
oesophagitis to be less likely to undergo endoscopy than younger men with oesophagitis and
women without oesophagitis for selection bias to be a significant source of bias, which seems

implausible.

In conclusion, reflux oesophagitis and its complications, Barrett’s oesophagus and
benign oesophageal stricture, increase with age and are more common in absolute and
relative terms among younger men than younger women. Reflux oesophagitis and stricture
increase more rapidly in women so that the incidence in absolute and relative terms in elderly
patients is similar in both genders. In part this may be due to the increase in the incidence of
hiatus hernia in women with increasing age but hormonal factors, particularly the lack of

oestrogen in post-menopausal women, may also potentially contribute.
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Chapter S

Does oestrogen reduce the inflammatory response to mucosal injury and promote
epithelial healing?
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5 Introduction

There appears to be a clear relationship between gastro-oesophageal reflux and
oesophageal adenocarcinoma (Lagergren et al 1999). Oesophageal adenocarcinoma is
observed overwhelmingly in post-menopausal women and women have a higher mean age of
oesophageal adenocarcinoma incidence than men, suggesting that female sex hormones
(particularly oestrogen) may play a significant role in delaying the onset of Barrett’s
oesophagus and oesophageal adenocarcinoma. An analysis of endoscopy unit data reveals
that more severe grades of oesophagitis and Barrett’s oesophagus, while uncommon in
younger men, are virtually never seen in pre-menopausal women (Menon et al. 2011).
Oestrogen has anti-inflammatory properties and may play a role in preventing the

development of severe reflux oesophagitis.

5.1 Animal models to replicate oesophageal injury

Animal models have been developed to mimic chronic duodeno-oesophageal reflux by
creating a gastro-jejunostomy or an oesophago-duodenal anastomosis (Miwa et al. 1996;
Oberg et al. 2000; Pera et al. 2000; Sato et al. 2002). However, not only is this technically
difficult, but also has drawbacks in that it creates a non-physiological reflux model which
may not accurately reflect the degree of distal oesophageal exposure to acid and bile. Injuring
the oesophagus with mechanical trauma and acid or bile-mediated chemical injury is another
possibility but this is technically difficult and repeated mjury mimicking a chronic acid-reflux
state is difficult to achieve. An alternative may be to create an ulcer/injury in the buccal or
lingual mucosa, which has the advantage of accessibility.

The buccal mucosa is composed of stratified squamous keratinizing epithelium,
similar to the epithelium of the oesophagus. Creating an mjury model in the buccal mucosa
may therefore allow easy access to study changes related to acute inflammation. Repeated

chemical mjury is also possible in order to create a model resembling chronic nflammation.
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Experiments have previously been performed on buccal or lingual ulcers in mice.
Okabe et al originally described a method of nducing experimental penetrating ulcers in rats
(Okabe et al. 1971). Konturek et al described a modification of this technique for inducing
oral ulcers in rats. These ulcers were created using a combination of mechanical njury with a
stencil follobwed by chemical mjury with 100% acetic acid applied to the mucosa for 60
seconds (Konturek SJ et al. 1993). Slomiany et al mduced buccal ulcers in rats to study the
effects of endothelin-1, peroxisome proliferator activated receptor-y (PPAR- y) and aspirin on
healing of ulcers (Slomiany and Slomiany 2001; Slomiany and Slomiany 2002; Slomiany and
Slomiany 2005). These ulcers were produced using acetic acid applied to the mucosa for 20
seconds without producing a mechanical njury. Oral ulceration in rats has also been nduced
by irradiating the mouth in order to replicate radiotherapy-related mucositis (Lee et al. 2007;
Rezvani and Ross 2004). A similar model of mucositis involved a combination of mechanical
mjury by scoring the palatal mucosa with an 18G needle and treating with 5-fluorouracil
(Lara et al. 2007). Angelov et al created buccal ulcers by using a 1.5mm dermal biopsy punch
in order to study the effects of Secretory leukocyte protease inhibitor (SLPI) on healing of
ulcers and also marked the ulcers locally by applymg a black tissue dye (Angelov et al
2004).

Machowska et al described the effects of testosterone and progesterone on the healing of
induced lingual and gastric ulcers n mice and found that treatment with testosterone
significantly delayed ulcer healing while producing a reduction n lingual blood flow at the
margin of the ulcers (Machowska et al. 2004; Machowska et al. 2008). Progesterone reversed
these changes completely. There is no data on the effect of oestrogen on healing of oral
ulcers.

The aims of the study were to initially create an acute oral wound model in order to

determmne the effect of lack of systemic oestrogen (oophorectomized mice) and subsequent
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oestrogen replacement on buccal mucosal healing. This work would subsequently lead on to
creation of a chronic mnjury model with further experiments using acid and bile exposure to
the wound i order to replicate acid-induced oesophageal mucosal injury. Characterising an
mjury model in the buccal mucosa will facilitate a study to determine the effects of repetitive
acid and bile exposure to the buccal epithelium. Further studies could be then carried out to
establish the phenotypic aspects of wound njury and assess the nature of the cellular infiltrate
secondary to acid and bile exposure. Establishing a chronic buccal wound model would
additionally enable us to determine the influence of oestrogen on wound healing and may
provide an msight nto the gender difference in the development of Barrett’s metaplasia in the
oesophagus.

A detailed description of the methods used in this study is presented in Chapter 3,

section 3.2.

5.2 Statistical analysis

Data was expressed as mean and standard error. Differences between means were

expressed using t-test. A p value of <0.05 was considered significant.
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5.3 Results
5.3.1 Optimisation of the acute wound model

The wound model was as described by Angelov et al.(Angelov et al. 2004) Buccal
mucosa of mice was exposed and a punch biopsy was performed with biopsied mucosa
excised and the wound tattooed. As mentioned previously, female mice were divided mnto
groups of five itact females (control group), five ovariectomized females (OVX) and five
OVX females with oestrogen replacement (50ug oestradiol/day dorsal implants).

Following mjury to the buccal mucosa and production of an oral ulcer, we found that
there was no obvious change in food or water intake in the mice. Inspection of the ulcers
suggested rapid healing, and by day 2 (48h) it was difficult to assess the margins of the ulcer
due to significant re-epithelialisation. Initial tattooing of the ulcers (figure 1), therefore, made
it possible to determine the wound site histologically at day 2 and 4 (96h). By day 4, there

was near-total epithelialisation of the wound m all three groups.
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Figure 1: Images of an acute wound at Day 0 with a tattoo (black stippling within the
wound) to define location in the buccal area (wound margins indicated by red arrows
and wound area indicated by black line).
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5.3.2 Wound measurements
5.3.2.1 Effect of oestrogen on wound diameter

Wound diameter was significantly greater at day 2 in the ovariectomized (OVX)
mice (1.2 (SE 0.1) mm) compared to the control group (0.95 (SE 0.04) mm, p=0.04) and the
OVX and oestrogen-treated group (0.87 (SE 0.03) mm, p=0.02, figure 2A, figure 4).
However by day 4, wound diameter in the OVX group (0.84 (SE 0.05) mm, p=0.46), was
similar to the control group (0.85 (SE (0.09) mm) and the oestrogen-treated group (0.81 (SE

0.05) mm, p=0.31), figure 3A, figure 5.

5.3.2.2 Effect of oestrogen on wound area

Wound area in the OVX group was significantly greater on day 2 compared to
controls (3.32 (SE 0.2) mm, 0.53 (SE 0.05) mm, p<0.001) and the OVX and oestrogen-
treated group (0.56 (SE 0.14) mm, p<0.001), (figure 2B). There was no difference in wound
area between the OVX and control groups (0.52 (SE 0.04) mm, 0.60 (SE 0.1) mm, p=0.09) or

the OVX and oestrogen-treated group on day 4 (0.46 (SE 0.05) mm, p=0.19), (figure 3B).

5.3.2.3 Effect of oestrogen on wound re-epithelialisation

Wound re-epithelialisation at day 2 was greater in the OVX and oestrogen-treated
group compared to the OVX group (0.13 (SE 0.12) mm, 0.03 (SE 0.02), p=0.008), (figure
2C), but was similar to re-epithelialisation in controls (0.12 (SE 0.02) mm, p=0.47). At day 4,
there was no difference in re-epithelialisation between the OVX (0.198mm), oestrogen-
treated (0.214mm) or the control (0.211mm) groups (figure 3C).

These results suggest that OVX wounds tend to be larger, with greater wound area,
suggesting impaired healing and the differences in wound size noted at day 2 tend to diminish

by day 4, when the wounds become comparable.
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Figure 2: Wound measurements on day 2: A: Diameter, B: Area, C: Re-epithelialisation

Wound diameter, area and re-epithelialisation (mean (SE)) in mm are shown for the three
groups (control, OVX and OVX with oestrogen treatment).
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Figure 3: Wound measurements on day 4: A: Diameter, B: Area, C: Re-epithelialisation

Wound diameter, area and re-epithelialisation (mean (SE)) in mm are shown for the three
groups (control, OVX and OVX with oestrogen treatment).
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Figure 4: Comparison of OVX and oestrogen-treated (OVX+E) wound images on day 2
with wound edges and the area highlighted.

The OVX wound on the left is has a greater diameter, area and is less well re-epithelialized
compared to the oestrogen-treated wound on the right. Wound edges are ndicated by the red
arrows in the OVX wound and the yellow arrows in the OVX+E wound. Wound area is
marked in black.
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OvX OVX+E

Figure 5: Comparison between OVX and oestrogen-treated (OVX+E) wounds on day 4.

The arrows highlight the wounds, which are almost completely re-epithelialized.
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5.3.3 Effect of oestrogen on the cellular infiltrate

In addition to measuring the dimensions of the wound, we evaluated the nature of the

mnflammatory mfiltrate in order to determine the effect of oestrogen on the mfiltrate.

5.3.3.1 Effect on neutrophils

At day 2, neutrophils (cells/wound area) were greater in the OVX group (1735, SE
(32.8)) compared to the oestrogen-treated group (448, SE (33.5), p=0.05) and controls,
(figure 6A). At day 4, there was a significant excess of neutrophils n the OVX wounds
compared to the OVX and oestrogen-treated wounds (2392, SE (397) versus 980 SE (31),

p=0.05), (figure 6A).

5.3.3.2 Effect on macrophages

At day 2, there was a non-significant increase in the number of macrophages in the
OVX wounds compared to the oestrogen-treated wounds (419 SE (10) versus 363 SE (16),

p=0.41) and controls, figure 6B. Day 4 macrophage counts were greater in the OVX group
(1144, (SE (722)) compared to the oestrogen-treated group (726, SE (354)), but the result did

not reach statistical significance (p=0.66), (figure 6B).
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Figures 6A & 6B

6A: Neutrophil infiltration of the wound on days 2 and 4

6B: Macrophage infiltration of the wound on days 2 and 4
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5.3.4 Qualitative assessment of the wound and matrix collagen

Images under polarized light were compared between groups in a blinded fashion and
a qualitative assessment of the proportion of red, orange, yellow and green colours
(representing decreasing order of thickness of collagen fibres) in each image was made using
a visual analogue score. Each image was scored separately for the proportion of red, orange,
yellow and green colours representing different types of collagen and a composite value
representing the mean of scores for each colour was derived.
Images from day 2 and day 4 wounds were compared in this fashion. Day 2 wounds had an
overall greater proportion of green (thin) collagen fibres (figure 8) compared to day 4 wounds
(figure 7A, figure 8). There was an increase in the proportion of yellow and orange (thick)
collagen fibres in the day 4 wounds (figure 7B, figure 8).

There was no significant difference in collagen fibres between groups.
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Figure 7A & 7B: Qualitative assessment of wound collagen at day 2 (7A) and day 4(7B)

Figure 7A: Assessment of the type of collagen present in the wound matrix on day 2 using a
visual analogue scale between 0-10. (R: Red, O: Orange, Y: Yellow, G: Green: representing
the types of collagen). The value on the y-axis represents the mean scores for each group
(controls, OVX, oestrogen-treated (OVX+E)).

Figure 7B: Assessment of the type of collagen present in the wound matrix on day 4 using a
visual analogue scale between 0-5. (R: Red, O: Orange, Y: Yellow, G: Green: representing
the types of collagen). The value on the y-axis represents the mean scores for each group
(OVX, oestrogen-treated (OVX+E)). A control group was not used in this instance.
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Collagen staining (Picrosirius Red stain) Collagen expression (polarizing light
MICroscopy)

Figure 8: Day 2 Collagen expression on Picrosirius red stain (left) and under polarised
light (right).

Collagen stains red with Picrosirius and under polarizing light, collagen fibres are visualised
in red, orange, yellow and green colours, representing fibres of increasing thickness. The
wound is indicated by the arrows.
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5.4 Discussion

The purpose of the study was to assess the feasibility of producing and mamntaining an
acute buccal wound njury model. Data and experience generated from this pilot study would
serve to design a further in depth study to assess the effect of oestrogen and also guide the
creation of a chronic njury model with exposure of the wound to the acid and bile.

The data indicate that there is a distinct difference in wound diameter and area
between oestrogen-deficient and oestrogen-replaced mice early in the healing process (day 2).
This effect is less dramatic at the later day 4 time pomt, reflecting the speed of mucosal
healing. This temporal information provides important reference time-points for further
experiments. There were significant differences in the nature of the nflammatory infiltrate
between the oestrogen-deficient and oestrogen-treated groups of mice in keeping with the
putative anti-inflammatory effects of systemic oestrogen. Wound and matrix collagen
expression was also assessed qualitatively, indicating that there was an overall change n
collagen type between day 2 and day 4 wounds generally.

Angelov et al exammed the effect of secretory leukocyte protease mhibitor (SLPI), an
acid stable proten, found in a variety of mucosal fluids, including saliva (Angelov et al
2004). SLPI imhibits serine proteinases, including proteinases from neutrophils, pancreatic
acinar cells and mast cells (Hiemstra 2002). Endogenous generation of SLPI is an important
regulator of the inflammatory response during an acute inflammatory episode, by suppressing
NF«xB activation with resultant inhibition of cytokines and chemokines (Ashcroft et al. 2000;
Song et al. 1999; Ward and Lentsch 2002). Inhibition of serine proteases can prolong wound
healing by maintaning high neutrophil elastase levels in wounds. SLPI-null mice were found
to have markedly impaired buccal wound healing with reduction in the matrix deposition and

an increase in matrix metalloproteinase (MMP) activity. SLPI-activity may confound the
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current acute buccal wound model results and will be exammned separately in a future chronic
mjury model.

Oral wound models have several advantages, of which the key advantage is the ease
of access to the wound. Moreover, the stratified squamous epithelium of the buccal mucosa is
of similar morphology to oesophageal epithelium, making the buccal mucosa an attractive
surrogate for oesophageal mucosa.

Experiments that replicate oesophageal mucosal ijury leading to Barrett’s
oesophagus and oesophageal adenocarcinoma have involved the creation of surgical bile
reflux models in mice. These models have mvolved oesophageal and either duodenal or
jejunal anastomosis in order to replicate acid and bile reflux. However, a crucial drawback is
their significant postoperative morbidity and mortality of up to 30% (Miwa et al.1996; Oberg
et al. 2000; Pera et al. 2000; Sato et al. 2002). These models of chronic reflux injury are
associated with metaplasia of the oesophageal mucosa to a Barrett’s type mucosa but the
results of such models have been conflicting. Oesophageal adenocarcinomas induced by such
surgical reflux models are not phenotypically similar to adenocarcinoma arising from
Barrett’s metaplasia n humans. A major limitation to an oral mucosal wound model is that
changes within the oral wound model may not necessarity be truly reflective of cellular
processes and mucosal njury within the oesophagus. The concentrations of saliva in the
mouth and the oesophagus are also dissimilar, making it difficult to extrapolate findings from
oral wounds to the oesophagus. Moreover, this is a small study with limited time-points due
to the rapidity of healing of the buccal mucosa and the results at the time-points studied may
not be generalizable to a chronic wound model.

Oestrogen receptors are distributed widely throughout the body including the skin,
mouth and oesophagus. There are two different types of oestrogen receptors: oestrogen

receptor o (ER o) and oestrogen receptor B (ER B). These receptors have been speculated to
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play a role in the maturation and maintenance of oral epithelum and have also been
demonstrated in oesophageal adenocarcnoma and Barrett’s oesophagus. The role played by

these receptors in mucosal mjury is unclear.

In conclusion, there appears to be a differential response to acute oral wound injury in
mice deprived of and replenished with systemic oestrogen. Further work on a chronic oral
mjury model will allow us to study the relationship between systemic oestrogen and chronic

mucosal injury.
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Chapter 6

Is hormone replacement therapy in post-menopausal women associated with a reduced
risk of oesophageal cancer?
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6 Introduction

Oesophageal cancer is more common among men. While the male predominance for
oesophageal squamous cell carcinoma can be explained by differences in risk factors such as
alcohol and tobacco consumption, the more marked male predominance for oesophageal
adenocarcinoma remains unexplained by established risk factors such as reflux symptoms
and obesity (Corley et al. 2001). A recent study of patients with oesophageal adenocarcinoma
(OAC) found that uniquely among cancers the age-specific incidence was delayed by 17
years in women compared to men and one possible explanation is a potential protective effect
of sex hormones in menstruating women (Derakhshan et al. 2009).

Studies on post-menopausal women have shown that systemic and topical oestrogen
therapy are associated with accelerated cutaneous wound healing compared to age-matched
controls (Ashcroft et al. 1997; Ashcroft et al. 1999). The same phenomenon may plausibly
occur in oesophageal injury, raising the possibility that oestrogen may limit the severity of
oesophageal mjury i response to gastro-oesophageal reflux. Severe oesophageal reflux
mjury is thought to be a pre-requisite for the development of Barrett’s oesophagus, which in
turn is a pre-requisite for the development of oesophageal adenocarcinoma (Haggitt et al
1978; Naef et al. 1975).

A previous nested case-control study exammned the mnfluence of hormone replacement
therapy (HRT) among women with OAC and controls and found no association between
oesophageal adenocarcmoma and HRT use but found a strong negative association between
HRT and gastric cancer (Lindblad et al. 2006). The authors did not examine the use of HRT
for prolonged periods or the influence of HRT on the related conditions of Barrett’s
oesophagus and reflux oesophagitis. This study therefore re-examined the influence of HRT
on oesophageal cancer, Barrett’s oesophagus and reflux oesophagitis in a matched cohort of

post-menopausal women.
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A detailed description of the methods used i this study is presented in Chapter 3,

section 3.3.

6.1 Sample size estimation

The incidence of oesophageal adenocarcinoma in women over the age of 50 years is 14
per 100,000 per year (personal communication from West Midlands Cancer Intelligence Unit,
Birmingham, UK), corresponding to 7 cases per year in a sample of 50,000 subjects and 35
cases in 5 years. Assuming that HRT is at most associated with a reduction of oesophageal
cancer by 50%, a sample size of 50,000 women exposed to HRT and followed for at least 5

years would provide 80% power at the 5% significance level to detect this association.

6.2 Study design

A matched cohort study using data from GPRD between 1st January 1987 and 31st
October 2008 was conducted. 50,000 women between 50-80 years of age with a prescription
code for HRT at least twice per year for a minimum of 1 year and the same number of
women without a record of having been prescribed HRT matched by age within 5 years, GP
practice and duration on GPRD were identified. Subjects were excluded if they had a disease
code for Barrett’s oesophagus or oesophageal cancer before or six months after the first date
of HRT prescription and if they had a code for reflux oesophagitis prior to starting HRT.
Subjects with less than 1 year of follow up or those developing oesophageal cancers within
12 months of registration at the general practice were also excluded.

The cohort was followed Ilongitudinally in the database until age 80 years,
development of oesophageal cancer, death or exit from the database. Dates of diagnosis of
reflux oesophagitis, Barrett’s oesophagus and oesophageal cancer were extracted to analyse
the temporal sequence of events. Data on use of lower-oesophageal sphincter (LOS) relaxing

drugs, which may potentially promote acid reflux, and conditions such as asthma and chronic
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obstructive lung disease (COPD), which have been associated with acid reflux, were also
examined. Data were also extracted on hysterectomy, co-morbidities including diabetes
mellitus, ischaemic heart disease and hypertension, frequency of GP consultations, rates of
upper gastro-intestinal endoscopy, body mass index (BMI), alcohol consumption and

smoking.

6.3 HRT exposure

All forms of HRT were considered for analysis, including oral, transdermal preparations
and oestrogen implants. Duration of exposure was determined and the development of each
outcome (reflux oesophagitis, Barrett’s oesophagus and reflux oesophagitis) was examined in
relation to the length of HRT use. “Current” users were defined as users who were on HRT
during their time on the database, as opposed to ‘ever’ users, who had been exposed to HRT
at some point in the database. A similar exposure window in each matched subject n the
unexposed (control) group was defined. HRT use was further stratified by duration of
exposure (in years) to exposure windows of 0-2 years, 2-5 years, 5-10 years and >10 years of
HRT use. HRT prescriptions were grouped into oestrogen only; progesterone only, combined
HRT and Tibolone. Subgroup analysis was carried out to determine the effect of each type of

HRT on reflux oesophagitis, Barrett’s oesophagus and oesophageal cancer.

6.4 Oesophageal cancer histology

Histology of each oesophageal cancer was sought by examining anonymised free text
attached to each subject n GPRD searchng for the following terms: oesophageal
adenocarcinoma, oesophageal squamous cell carcinoma or squamous cell cancer,
oesophageal cancer, oesophagectomy, chemotherapy, radiotherapy and neo-adjuvant.
Oesophageal cancer was then divided into three groups: adenocarcinoma, squamous cell

carcinoma and indeterminate (when histology was not available).
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6.5 Statistical analysis

Skewed data were initially log transformed for analysis. Categorical data were
compared between groups using the Chi-square test. Matched Cox-regression analysis was
used to examine the relationship between HRT use and the risk of reflux oesophagitis,
Barrett’s oesophagus and oesophageal cancer and hazard ratios with 95% confidence
mtervals were calculated. Time-dependent covariates were additionally used to examine the
effect of length of HRT use on the risk of reflux oesophagitis, Barrett’s oesophagus and
oesophageal cancer. Covariates examined mcluded age, BMI (log transformed), smoking
(categorised as never smoked ex-smoker and current smoker), alcohol consumption in
units/week, hysterectomy, COPD, asthma, LOS-relaxing drugs, co-morbidities, frequency of
GP consultations and rate of upper GI endoscopy. These covariates were examined
mndependently initially mn univariate models to understand theirr effect on the outcome
variables (reflux oesophagitis, Barrett’s oesophagus and oesophageal cancer). Covariates that
had a significant association with the outcome variables were then incorporated into a
multivariate model to determine the mteraction between variables. Covariates that remained
significant in multivariate analysis were included and adjusted for in the final Cox-regression

model.
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6.6 Results
6.6.1 Study cohort

51851 women over the age of 50 years with a prescription code for HRT and matched
control subjects not exposed to HRT were identified. These 103702 subjects had 1,545,495
person-years of follow up recorded on the database. Baseline characteristics of the study
cohort are listed in table 1. More subjects in the HRT group had never smoked but there was
no difference in alcohol consumption between the groups. There were more subjects with a
diagnosis of asthma, COPD and hypertension in the HRT-exposed group. Consequently, the
HRT exposed group were more likely to take drugs that may affect the lower oesophageal
sphincter. As expected, there were twice as many subjects who had undergone hysterectomy
n the HRT-exposed group. There was slight excess of a recorded diagnosis of ischaemic
heart disease in the HRT exposed group but not diabetes mellitus. Not surprisingly, the HRT
exposed group had had more GP consultations per year and they were also more likely to

have undergone endoscopy.
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Table 1: The demographic characteristics of the study cohort

HRT exposed group Unexposed group p value
Number of subjects 51851 51851
Age (mean, SD) 55 (5.8) 55(5.7)
Body mass index (kg m™), 27.6 (5.3) 28.2(6.2) p=0.55
mean (SD)
Smoking Never 37542 Never 34148 p<0.001
Current smoker 6411 Current smoker 7163 p<0.001
Ex-smoker 7898 Ex-smoker 10540 p<0.001
Alcohol consumption 8.3(10.4) 7.8 (10.8) p=0.60
(units/week), mean (SD)
HRT duration
0-2 years 18660
2-5 years 14808
5-10 years 14164
>10 years 4217
Co-morbidity
Diabetes Mellitus 5396 5503 p=0.334
Ischaemic heart disease | 1366 1258 p=0.04
Hypertension 8380 7817 p<0.001
Asthma 3805 2725 p<0.001
COPD 1157 948 p<0.001
Hysterectomy 7621 3688 p<0.001
Type of HRT
Qestrogen-only 16657
Progesterone-only 45
Combined HRT 27390
Tibolone 7759
Frequency of GP 10 (14) 1(5 p=0.01
consultations (number /
year), (SD)
Number of subjects 4365 2768 p<0.001
endoscoped during the study
period
Drug therapy
Beta-2 agonists 11704 8424 p<0.001
Inhaled steroids 8825 6155 p<0.001
Anticholinergics 2330 1637 p<0.001
The ophylline 436 356 p=0.005
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Table 2: Univariate analysis of risk factors associated with oesophageal cancer,

Barrett’s oesophagus and reflux oesophagitis in the study cohort

Variable QOesophageal | p value | Barrett’s p value Reflux p value
cancer oesophagus oesophagitis
(hazard ratio, (hazard (hazard
95% CI) ratio, 95% ratio, 95%

CI) CI)

Age 1.09 p<0.001 | 1.05 p<0.001 | 1.04 p<0.001
(1.06-1.13) (1.03-1.08) (1.03-1.04)

BMI 2.07 p=0.30 2.16 p=0.07 1.59 p<0.001
(0.52-8.23) (0.94-4.99) (1.33-1.91)

Smoking

current 1.41 p-0.40 1.21 p=0.53 1.24 p<0.001

(0.63-3.16) (0.70-2.19) (1.14-1.34)

Ex 0.69 p=0.32 1.43 p=0.07 1.23 p<0.001
(0.32-1.45) (0.97-2.01) (1.12-1.35)

Never 0.38 p=0.01 1.16 p=0.50 0.71 p<0.001
(0.19-0.77) (0.76-1.76) (0.62-0.81)

Alcohol (units | 1.01 p=0.35 1.02 p<0.001 | 1.0 p=0.79

per week) (0.99-1.03) (1.01-1.02) (0.99-1.01)

Asthma 3.33 p=0.001 | 3.41 p<0.001 | 3.45 p<0.001
(1.68-6.61) (2.25-5.12) (3.12-3.79)

COPD 10.3 p<0.001 | 6.12 p<0.001 | 3.25 p<0.001
(5.22-20.5) (3.73-10.2) (2.81-3.76)

Hysterectomy | 2.83 p=0.001 | 3.79 p<0.001 | 3.45 p<0.001
(1.55-5.12) (2.67-5.37) (3.19-3.74)

Diabetes 1.49 p=0.28 1.93 p=0.001 | 1.54 p<0.001

Mellitus (0.73-3.73) (1.30-2.90) (1.40-1.70)

Ischaemic 1.15 p=0.82 3.78 p<0.001 | 2.62 p<0.001

Heart Disease | (0.35-3.8) (2.36-6.01) (2.32-3.0)

Hypertension | 3.54 p<0.001 | 3.29 p<0.001 | 3.59 p<0.001
(2.04-6.13) (2.29-4.58) (3.34-3.86)

Rates of 1.37 p<0.001 | 1.53 p<0.001

endoscopy (1.25-1.51) (1.49-1.56)

GP consults 1.03 p=0.02 1.021 p<0.001

(1.00-1.05) (1.02-1.024)

Beta-2 1.09 p=0.13 1.07 p=0.02 1.04 p<0.001
agonists (0.98-1.21) (1.01-1.13) (1.02-1.05)

Inhaled 0.97 p=0.74 1.07 p=0.08 1.04 p<0.001
steroids (0.81-1.16) (0.99-1.15) (1.02-1.07)
Anticholinergi | 0.97 p=0.79 0.98 p=0.63 0.98 p=0.08
cs (0.78-1.21) (0.88-1.08) (0.95-1.00)

0.96 p=0.88 0.94 p=0.70 0.99 p=0.97
Theophylline | (0.56-1.65) (0.71-1.26) (0.94-1.06)
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Table 3: Multivariate analysis of risk factors associated with oesophageal cancer,

Barrett’s oesophagus and reflux oesophagitis in the study cohort

Multivariate Oesophageal | p value | Barrett’s p value | Reflux p value
analysis cancer oesophagus oesophagitis
(hazard (hazard (hazard
ratio, 95% ratio, 95% ratio, 95%
CI) CI) CI)
Age 1.07 p<0.001 | 1.03 p=0.02 1.05 p=0.02
(1.04-1.11) (1.0-1.05) (1.01-1.08)
Body mass 1.05 p=0.02
index (1.01-1.08)
Neversmoker | 0.38 p=0.001
(0.22-0.66)
Ex-smoker 1.29 p<0.001
(1.19-1.39)
COPD 3.73 p=0.001 | 2.30 p=0.004 | 1.42 p<0.001
(1.66-8.41) (1.30-4.05) (1.20-1.68)
Asthma 2.22 p<0.001
(1.98-2.49)
Hysterectomy | 1.90 p=0.05 2.26 p<0.001 | 2.18 p<0.001
(1.01-3.59) (1.56-3.26) (2.01-2.36)
Hypertension | 2.39 p=0.003 | 2.27 p<0.001 |2.27 p<0.001
(1.33-4.27) (1.59-3.24) (2.09-2.45)
Alcohol 1.02 p<0.001
consumption (1.01-1.02)
Ischaemic 2.57 p<0.001 | 1.93 p<0.001
Heart Disease (1.58-4.12) (1.70-2.18)
Frequency of 1.03 p=0.004 | 1.01 p=0.02
GP (1.01-1.05) (1.002-1.01)

consultations
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Table 4: Hazard ratios for oesophageal cancer, Barrett’s oesophagus and reflux
oesophagitis for HRT exposed subjects relative to matched controls by duration of HRT

exposure.
Oesophageal Barrett’s Reflux
cancer(hazard | oesophagus(hazard | oesophagitis(hazard
ratio, 95% CI) | ratio, 95% CI) ratio, 95% CI)

HRT ever 0.81 (0.48- 1.15 (0.81-1.63), 1.57 (1.45-1.70),
1.37), p=0.42 p=0.45 p<0.001

Current HRT 0.49 (0.17- 1.30 (0.69-2.50), 1.43 (1.24-1.65),
1.42), p=0.19 p=0.44 p<0.001

Duration of HRT (0-2 | 0.53 (0.23- 0.66 (0.07-5.96), 1.15(0.74-1.79),

years) 1.26), p=0.15 p=0.72 p=0.53

Duration of HRT (2-5
years)

0.74 (0.1-5.49),
p=0.77

0.90 (0.61-1.34),
p=0.62

1.45 (1.12-1.83),
p=0.02

Duration of HRT (5- | 0.25 (0.07- 1.67 (0.8-3.48), 1.46 (1.24-1.71),
10 years) 0.95), p=0.04 | p=0.17 p<0.001
Duration of HRT No cases 0.65 (0.22-1.86), 1.44 (1.07-1.95),

(>10 years)

p=0.42

p=0.02
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Table 5: Hazard ratios for oesophageal cancer histological subtypes for HRT exposed

subjects relative to matched controls

QOesophageal p QOesophageal p Indeterminate p value
adenocarcinoma | value | squamous cell | value | oesophageal
carcinoma cancer

Ever HRT | 0.89 (0.28-2.82) | p=0.84 | 1.12 (0.32-4.2) | p=0.81 0.64 (0.32-1.29) | p=0.21
Current 0.86 (0.27-2.76) | p=0.80 | 1.22 (0.32-4.65) | p=0.78 | 0.61 (0.30-1.23) | p=0.17
HRT
HRT 1.24 (0.20-7.70) | p=0.81 [ 0.58 (0.05-6.42) | p=0.66 | 0.23 (0.06-0.88) | p=0.03
0-2 years
HRT 0.72 (0.17-3.02) | p=0.66 | 0.86 (0.12-6.31) | p=0.88 | 0.68 (0.29-1.58) | p=0.39
2-5 years
HRT 0.69 (0.20-2.32) | p=0.551 0.91 (0.23-3.57) | p=0.89 | 0.56 (0.27-1.15) | p=0.11
5-10 years
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6.6.2 Oesophageal cancer

There were 25 cancers in the HRT exposed group compared to 31 n the unexposed
group. Univariate analysis identified age, hysterectomy, asthma, COPD and hypertension as
being positively associated and never smoking as negatively associated with risk of
oesophageal cancer (table 2). Multivariate analysis revealed that age, hysterectomy, COPD
and hypertension were positively associated and never smoking negatively associated with

oesophageal cancer (table 3). These variables were controlled for in subsequent analyses.

Both ‘ever’ use of HRT (hazard ratio 0.69 (95% CI, 0.40-1.18, p=0.12)), and ‘current’ HRT
use were not associated with oesophageal cancer (0.49 (0.17-1.42, p=0.19)). On examining
the duration of HRT use, up to 5 years of HRT use was not associated with oesophageal
cancer (table 4). However, when HRT was used for 5-10 years, there was an mverse
association with risk of oesophageal cancer (0.25 (0.07-0.95, p=0.04)). This result was
corroborated by applying time-dependent covariates to determine the association between
length of HRT use and oesophageal cancer. Increasing duration of HRT use was associated
with a reduced risk of oesophageal cancer (0.06 (0.01-0.43), p=0.005). Analysis by subtype
of HRT revealed no significant association between subtype of HRT used and oesophageal

cancer.

In the HRT exposed group the oesophageal cancers included 7 (28%) oesophageal
adenocarcinoma, 6 (24%) oesophageal squamous cell carcmoma and 12 (48%) indeterminate
oesophageal cancer. In the unexposed group, there were 6 (19%) oesophageal
adenocarcinoma, 4 (13%) oesophageal squamous cell carcinoma and 21 (68%) indeterminate
oesophageal cancer. The results of HRT exposure and increasing duration of HRT on the

mcidence of oesophageal adenocarcmoma, oesophageal squamous cell carcmoma and
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indeterminate oesophageal cancer are shown in table 5. There was no significant association
between HRT exposure and the subtypes examined (oesophageal adenocarcinoma and
oesophageal squamous cell carcinoma) and no evidence of an association with increasing

duration of HRT exposure in these smaller subsets of the study cohort.

6.6.3 Barrett’s oesophagus

There were 78 Barrett’s oesophagus cases in the HRT exposed group compared to 76
in the unexposed group. Univariate analysis identified that age, alcohol consumption, COPD,
asthma, diabetes mellitus, hypertension, ischaemic heart disease, hysterectomy, frequency of
endoscopy and GP consultations and beta-2 agonist therapy were associated with Barrett’s
oesophagus (table 2). Multivariate analysis revealed that age, alcohol consumption, COPD,
hypertension, ischaemic heart disease, hysterectomy and frequency of GP consultations were
associated with Barrett’s oesophagus (table 3). These variables were adjusted for in
subsequent analyses.

‘Ever’ HRT exposure (1.15 (0.81-1.63), p=0.45)) and current HRT (1.30 (0.69-2.50),
p=0.44)) were not associated with Barrett’s oesophagus (table 4). Increasing duration of HRT
was also not associated with Barrett’s oesophagus. Duration of HRT use was examined
further by using time-dependent covariates and there was no association between length of
HRT use and risk of Barrett’s oesophagus (0.94 (0.58-1.55), p=0.82). Analysis by subtype of

HRT did not reveal an association with Barrett’s oesophagus (data not shown).

6.6.4 Reflux oesophagitis

There were 2221 cases of reflux oesophagitis in the HRT exposed group compared to
1467 in the unexposed group. Univariate analysis identified that age, BMI, smoking (current
and ex-smokers positively associated and never smoked negatively associated), COPD,

asthma, diabetes mellitus, hypertension, ischaemic heart disease, hysterectomy, frequency of
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endoscopy and GP consultations, beta-2 agonist and inhaled steroid therapy were associated
with reflux oesophagitis (table 2). Multivariate analysis identified age, BMI, ex-smoking
status, COPD, asthma, hypertension, ischaemic heart disease, hysterectomy and frequency of
GP consultations were associated with reflux oesophagitis (table 3). These variables were
controlled for in subsequent analyses.

Both ‘ever’ HRT use (1.57 (1.45-1.70), p<0.001) and current HRT use (1.43 (1.24-1.65),
p<0.001) were associated with reflux oesophagitis (table 4). Exclusion of patients who were
on PPI therapy prior to their initial HRT prescription revealed that HRT was still associated
with reflux oesophagitis (1.27 (1.12-1.43), p<0.001). However, on using time-dependent
covariates to examine the effect of duration of HRT wuse on reflux oesophagitis, no
association was found between length of HRT use and reflux oesophagitis (1.05 (0.97-1.14),
p=0.23). Analysis by subtype of HRT suggested that ‘ever’ use of Tibolone use was
associated with reflux oesophagitis (1.22 (1.06-1.41), p=0.01) but this effect was not seen
with current use. Oestrogen, progesterone and combined HRT use were examined separately

and no association was found between these subtypes of HRT and reflux oesophagitis.
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6.7 Discussion

Oesophageal cancer has a striking male predominance, particularly oesophageal
adenocarcinoma. The reasons for this male predominance are unclear and a role for hormonal
factors in the aetiology of oesophageal adenocarcinoma is plausible. Derakshan et al reported
a lag of 17 years among women developing oesophageal adenocarcinoma compared to men
and this coincided with the onset of the menopause in women (Derakhshan et al. 2009). An
acceleration in the incidence of endoscopic reflux oesophagitis (RO) in women after the age
of 50, with the incidence of RO in women finally catching up with that in men by age 80
(Menon et al. 2011) was recently reported. It was hypothesized that a lack of systemic
oestrogen in post-menopausal women may be responsible for this phenomenon.

Oestrogen has been shown to have anti-inflammatory properties with modulation of
mmune cell activity including changes in cytokine production, cell activation and
proliferation (Benten et al. 2001; Cocchiara et al. 1990; Grossman 1989; Gulshan et al. 1990;
Mao et al. 2005; Olsen et al.1996; Suzuki et al. 2007).

Oesophagitis and Barrett’s metaplasia have been shown to be associated with a T-
lymphocyte predominant inflammatory infiltrate (Jankowski et al 2000). Oestrogen also
abolishes the L-selectin expressing subpopulation of neutrophils, which results in an mability
of neutrophils to localise at sites of mnflammation leading to reduced wound neutrophil
elastase activity (Ito et al. 1995). Reduction in neutrophil elastase activity results in better
wound integrity during healing due to suppression of matrix metalloproteinases and reduced
degradation of fibronectin (Ferry et al. 1997). Oestrogen therefore influences wound healing
by modulating the mflammatory response, cytokine expression and matrix deposition but also
by accelerating re-epithelialization, stimulating angiogenesis and wound contraction, and by
regulating proteolysis. This has been demonstrated in animal models where oestrogen

deprivation in ovariectomized female mice results n markedly impared wound healng with
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enhanced inflammation, delayed re-epithelialization, increased wound size and decreased
collagen deposition (Ashcroft et al.1997). Oestrogen replacement in the form of HRT i post-
menopausal women may therefore, confer a protective effect against oesophageal cancer by
lessening oesophageal injury to acid reflux and therefore reducing the risk of Barrett’s
oesophagus and oesophageal adenocarcinoma.

In the present study ‘ever’ use of HRT was not associated with oesophageal cancer, as
reported in a previous study of HRT and oesophageal cancer (Lindblad et al. 2006).
However, examining prolonged HRT use in the present study revealed that HRT use for 5-10
years reduced the risks of oesophageal cancer four-fold. Time-dependent covariates were
used separately to determine the effect of length of HRT use on the risk of oesophageal
cancer and again using HRT for longer was associated with a significantly reduced risk of
oesophageal cancer.

The study hypothesis would suggest that prolonged HRT use would be associated
with a larger reduction in the incidence of oesophageal adenocarcinoma than oesophageal
squamous cell carcinoma. Unfortunately, histological subtype data was only available on
41% of oesophageal cancers. Consequently, the number of cases was too small to identify
significant associations with different oesophageal cancer histological subtypes.

HRT use was modestly associated with reflux oesophagitis. An association between
HRT use and acid reflux symptoms has been described in a prospective cohort study among
women enrolled in the Nurses Health Study, with a similar modest increased risk in ever and
current HRT users (Jacobson et al. 2006;Jacobson et al. 2008). Oestrogen-only, combined
HRT and selective oestrogen receptor modulators (SERM) such as Raloxifene were all
associated with acid reflux symptoms despite adjusting for BMI (Jacobson et al.2006). A
similar association between postmenopausal HRT use and acid reflux symptoms has been

reported in a population based study (Nilsson et al. 2002; Nilsson et al. 2003). This group
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also found an association between postmenopausal HRT use and endoscopic oesophagitis.
Oestrogen increases nitric oxide (NO) synthesis in smooth muscle leading to smooth muscle
relaxation in animal models and n humans and may consequently reduce lower oesophageal
sphincter (LOS) pressure, which in turn, may potentially exacerbate gastro-oesophageal
reflux (De Man et al.1991; Hirsch et al. 1998; Konturek et al.1997). There is however, a
possibility of residual confounding in the association between HRT and reflux oesophagitis.
Reflux oesophagitis was associated with the frequency of GP consultations and a number of
co-morbidities (e.g hypertension and Ischaemic heart disease (IHD)) with no clear
aetiological link with reflux oesophagitis. Although these associations were adjusted for, it
remains possible that reflux oesophagitis is more likely to be diagnosed in subjects taking
HRT; as such subjects are more likely to request mvestigation or treatment of symptoms,
rather than HRT contributing to the development of oesophagitis. Furthermore, excluding
subjects who had taken a proton pump mhibitor prior to HRT, suggesting a history of reflux
symptoms, significantly weakened the strength of the association. Examining the effect of
length of HRT exposure using time-dependent covariates on risk of reflux oesophagitis
revealed no association between the length of HRT use and reflux oesophagitis, again casting
some doubt on a causal association between HRT and reflux oesophagitis. Finally, HRT use
was not associated with Barrett’s oesophagus, suggesting that the association between HRT
and reflux oesophagitis may be with more mmor reflux oesophagitis rather than the severe
reflux oesophagitis, which would be more likely to be associated with Barrett’s oesophagus
and oesophageal adenocarcinoma.

The strengths of the present study include the cohort design that allowed construction
of a temporal sequence of events in relation to HRT use and thereby the examination of the
effects of prolonged HRT use. The accuracy of recording of prescription data within GPRD

are further strengths of the study design. However, the study has a number of potential
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limitations. Data on important aetiological factors for oesophageal adenocarcinoma were not
available. Longstanding, frequent acid reflux symptoms are associated with oesophageal
adenocarcinoma (Ye et al. 2004). Although it was possible to control partly for the influence
of pre-existing acid reflux in the association of HRT with reflux oesophagitis by adjusting for
PPI therapy prior to starting HRT, it was not possible to accurately assess the influence of
pre-existing acid reflux i the association of HRT with oesophageal cancer. Secondly,
Helicobacter pylori is negatively associated with the development of oesophageal
adenocarcinoma (Ye et al. 2004) but data on Helicobacter pylori status is not available within
GPRD. Information on oesophageal cancer, Barrett’s oesophagus and reflux oesophagitis
and potential confounding factors were collected prospectively in GPRD, reducing the
possibility of reporting bias. The study also attempted to control for the fact that subjects who
seek HRT for menopausal symptoms may be more likely to seek endoscopy for reflux
symptoms and therefore, more likely to be diagnosed with reflux oesophagitis. However, as
noted above, despite controlling for the influence of endoscopy frequency and the frequency
of GP consultations, this remains a plausible explanation for the association of reflux
oesophagitis with HRT. The results of the associations with Barrett’s oesophagus in the study
population need to be terpreted cautiously. The prevalence of Barrett’s oesophagus in the
study is very low and similar to the prevalence of oesophageal cancer, strongly suggesting
under-reporting of Barrett’s oesophagus by endoscopists or general practitioners from
endoscopy reports.

HRT use has been shown to reduce the incidence of colorectal cancer by 20-30% in
randomised trials and observational data (Beral V et al. 2004; Beral et al. 2002; Rossouw et
al. 2002). However, HRT use is associated with an increased risk of thromboembolic events
and there is also an increased risk of breast, endometrial and ovarian cancers (Beral et al

1999). HRT use has therefore declined significantly in the last decade. The role of oestrogen
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as an anti-inflammatory agent remains intriguing and further study of the potential role of
hormonal factors in the pathogenesis of oesophageal adenocarcinoma is merited to better

understand the pronounced gender differences i this condition.

In conclusion, postmenopausal HRT use for more than 5 years was associated with a
four-fold reduced risk of oesophageal cancer. HRT was also associated with a modest

mcreased risk of reflux oesophagitis but not Barrett’s oesophagus.
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Chapter 7

Do differences in female sex hormones contribute to gastro-oesophageal reflux disease?
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7 Introduction

A number of epidemiological studies have reported an association between increasing
body mass index (BMI) and gastro-oesophageal reflux disease (GORD) and its complications
(Dent et al. 2005; Lagergren et al.1999). It is commonly assumed that the increased intra-
abdominal pressure seen in obese subjects is the mechanism behind this association through
increasing the pressure gradient across the gastro-oesophageal junction (de Vries et al. 2008).
However, when men and women have been examined separately, increasing BMI was
associated with GORD symptoms or reflux oesophagitis in women but not in men (Nilsson et
al. 2002; Nilsson et al. 2003). Furthermore, this association was noted to be stronger in pre-
menopausal women and in post-menopausal women on hormone replacement therapy (HRT)

(Nilsson et al. 2003), raising the possibility of a female sex-hormone mediated association.

Oestrogen increases nitric oxide (NO) synthesis in smooth muscle which has been shown
to reduce lower oesophageal sphincter (LOS) pressure in animal models (Fisher et al. 1978;
Hirsch et al. 1998; Konturek et al. 1997). LOS pressure has been reported to be lower in
women taking sequential oral contraceptives during the phase when they take both
progesterone and oestrogen, rather than oestrogen alone (Van Thiel et al.1976).

A case-control study was therefore undertaken of female sex-hormone levels m women
undergoing ambulatory pH monitoring to establish whether elevated hormone levels are

associated with increased acid exposure on pH monitoring.

7.1 Study design

Women aged 20-80 years with symptoms of GORD at least twice a week, a total time
pH<4 of more than 5% on 24 hour ambulatory pH monitoring and a positive symptom-reflux
correlation by symptom association probability (SAP) and symptom index (SI) (Aanen et al
2008) were identified as ‘cases’. ‘Controls’ were women with a total time pH<4 of less than
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5% on 24 hour pH monitoring and a negative symptom-reflux correlation. The cases and
controls were matched by age within 5 years and BMI. BMI was categorised into five
categories (normal (20-24.9 kg/m2), underweight (<20), overweight (25-29.9), obese (30-
349) and morbid obesity (>35 kg/m2)) and cases and controls were matched within
categories. Subjects with a history of anti-reflux surgery, on proton pump inhibitor (PPI)
therapy during the pH study, on hormone therapy (oral contraceptive pill (OCP) or HRT), or
with a history of ovarian surgery or polycystic ovarian syndrome (PCOS) were excluded.
Menopausal status was verified by a detailed menstrual history during recruitment and cases
and controls were stratified further by menopausal status into two groups (pre and post-
menopausal). Written, informed consent was taken from subjects who were recruited
prospectively from four study sites. The study was approved by the South Birmingham
Research Ethics Committee (UK), ref: 09/H1207/5.

A detailed description of the methods used i this study is presented in Chapter 3,

sections 3.4, 3.5 and 3.6.

7.2 Sample size estimation

Standard deviations corresponding to published reference ranges for the hormonal
assays used in the study were determined (Appendix 2). A sample size of 100 patients (50
each in the pre and post-menopausal groups (25 cases and controls in each group)), was
determmned to be sufficient to detect differences in hormonal levels at 80% power and 5%

significance (Appendix 3).

7.3 Statistical analysis

The association between BMI and both acid exposure and sex hormone levels was
determined using Pearson’s correlation. Non parametric factors including hormone levels and

BMI were log transformed prior to analysis. Group comparisons on normally distributed
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variables were carried out using the paired samples t-test. Univariate analysis was carried out
to determme the association between each variable and increasing acid exposure. Significant
associations were further examined i a multivariate model where these associations were
adjusted for. Conditional logistic regression was used to calculate odds ratios with 95%
confidence intervals. All analyses were performed using SPSS version 17.0 (IBM

Corporation, Somers, NY, USA).
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7.4 Results
7.4.1 Subjects

One hundred and twenty women were recruited, of whom 104 (54 pre-menopausal, 50
post-menopausal were matched for age and BMI. The baseline characteristics of the study
groups are shown in table 1. Despite controlling for BMI, pre and post-menopausal cases had

thicker skin-folds. There were no other significant differences between the groups.

7.4.2 Correlations with increasing acid exposure on pH monitoring

Increasing age did not correlate with increasing acid exposure in either pre-

menopausal (r =-0.07, p=0.58) or post-menopausal subjects (r = 0.19, p=0.18).

Increasng BMI was associated with increasing acid exposure within groups (r =
0.404, p=0.002, Pearson’s correlation, pre-menopausal and r = 0.401, p=0.01, post-
menopausal). BMI was also correlated with increasing sex hormone levels (serum oestradiol

in pre-menopausal women (r = 0.52, p=0.004 and oestrone in post-menopausal women (r =

0.364, p=0.01)).

On examining the correlation between sex hormones and increasing acid exposure, in
the pre-menopausal group, there was no correlation between increasing acid exposure and
oestradiol (r = 0.26, p=0.06), FSH (r = 0.002, p=0.99), LH (r = 0.03, p=0.83) and
progesterone (r = -0.14, p=0.33). However, SHBG (r = -0.27, p=0.05) and testosterone levels
correlated with increasing acid exposure (r = 0.29, p=0.03).

In the post-menopausal group, there was no correlation between increasing acid exposure and
oestrone (r = -0.103, p=0.48), FSH (r = 0.04, p=0.78), LH (r = -0.06, p=0.69), progesterone (r

=-0.08, p=0.60, SHBG (r =-0.15, p=0.30) or testosterone (r =-0.09, p=0.55).

126



The correlation between combined levels of oestradiol and oestrone on increasing
acid exposure in both pre and post-menopausal groups was examined mn order to reduce
confounding by small levels of oestrone in pre-menopausal women (in whom oestradiol is the
predominant type of oestrogen) and oestradiol in post-menopausal women (in whom oestrone
is predominant). There was no correlation between combined levels of oestradiol and
oestrone and increasing acid exposure in pre-menopausal (r = 0.24, p=0.08) and post-

menopausal (r =0.03, p=0.85) groups.

7.4.3 Correlations with lower oesophageal sphincter pressure

The correlation between LOS pressure and serum hormone levels was also examined.
In the pre-menopausal group, there was no correlation between LOS pressure and oestradiol
(r =-0.09, p=0.53), FSH (r = 0.15, p=0.29), LH (r = 0.10, p=0.46), progesterone (r = -0.03,
p=0.86), SHBG (r = 0.25, p=0.07) and testosterone (r = -0.18, p=0.19. Additionally, there
was no correlation between combined levels of oestradiol and oestrone and LOS pressure (r =
-0.08, p=0.59).

In the post-menopausal group, there was significant correlation between oestrone and
LOS pressure (r = 0.34, p=0.02). However, there was no correlation between LOS pressure
and FSH (r = -0.026, p=0.06), LH (r = -0.11, p=0.44), progesterone (r = -0.08, p=0.57),
SHBG (r = -0.03, p=0.83) and testosterone (r = 0.16, p=0.27. There was also no correlation

between combined levels of oestradiol and oestrone and LOS pressure (r = 0.28, p=0.052).
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Table 1: Baseline characteristics of the study groups

Pre- Pre- p value | Post- Post- p value

menopausal | menopausal menopausal | menopausal

Case (n=27) | Control Case (n=25) | Control

(n=27) (n=25)

Age (mean, SD) | 43 (7) 42 (6) 0.19 61 (7) 58 (8) 0.12
BMI (mean, 28 (4.4) 27 (4.5) 0.09 28 (4.4) 28 (4.7) 0.44
SD)
DeMeester 38 (22.5) 6.4 (4.8) 0.02 52.1 (26.9) 10.4 (5.7) 0.02
score (mean,
SD)
% time pH <4 | 11.5 (7.1) 1.6 (1.5) 0.002 14.8 (7.5) 2.8(1.7) 0.01
(mean, SD)
Resting LOS 12.5(7) 13.2 (6) 0.36 10.8 (5.1) 14.5 (7) 0.15
pressure (mm
Hg), (mean,
SD)
Waist-hip 0.9 (0.1) 0.9 (0.1) 0.50 0.91 (0.1) 0.92 (0.1) 0.24
ratio (mean,
SD)
Skinfold 36.7 (8.9) 31(8.2) 0.01 37.3(18.5) |28.1(12) 0.02
thickness
(mm),(mean,
SD)
History of 7 8 0.12 4 14 0.02
reflux during
pregnancy (n)
Current 15 19 0.13 20 11 0.04
smoking (n)
Current 10 9 0.14 7 10 0.23
alcohol
consumption
()
Alcohol >14 2 4 1 1
units / week
()
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7.4.4 Logistic regression analysis

Pre-menopausal group

On univariate analysis, only skinfold thickness (1.01 (1.002-1.02), p=0.02) was
associated with increasing acid exposure (table 2). This was adjusted for in the multivariate
analysis. Despite SHBG and testosterone correlating with increasing acid exposure, no

association was found on logistic regression analysis with excess acid exposure.

Post-menopausal group

In the post-menopausal group, serum FSH levels (1.02 (1.00-1.05), p=0.05), smoking
(5.09 (1.45-17.92), p=0.01) and a history of reflux during pregnancy (2.44 (1.01-5.93),
p=0.05) were associated with excess acid exposure. These variables were adjusted for

subsequently in the multivariate analysis.

Multivariate analyses

On multivariate analysis, none of the above factors were associated with excess acid

exposure. There was no association between serum hormone levels and excess acid exposure.
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Table 2: Logistic regression analysis of risk factors for excess acid exposure on 24 hour

pH monitoring

Pre-menopausal p-value Post-menopausal p-value
Odds ratio (95% Cls) Odds ratio (95% Cls)
Waist-hip ratio 1.05 (0.003-430.6) p=0.99 11.02 (0.01-8796.8) | p=0.48
Skin fold 1.01 (1.01-1.02) p=0.02 1.01 (1.0-1.02) p=0.06
thickness
Oestradiol 1.00 (0.99-1.001) p=0.11 0.99 (0.99-1.002) p=0.43
Oestrone 1.00 (0.99-1.00) p=0.60 0.99 (0.99-1.00) p=0.28
Oestradiol + 1.00 (1.0-1.001) p=0.12 0.99 (0.997-1.001) p=0.30
oestrone
FSH 1.01 (0.96-1.03) p=0.16 1.02 (1.00-1.05) p=0.05
LH 1.04 (0.99-1.08) p=0.09 1.03 (0.98-1.09) p=0.21
SHBG 0.99 (0.97-1.00) p=0.09 1.01 (0.98-1.04) p=0.71
Progesterone 0.98 (0.92-1.03) p=0.36 1.07 (0.88-1.33) p=0.51
Testosterone 1.06 (0.54-2.09) p=0.86 0.97 (0.36-2.59) p=0.94
Smoking 1.90 (0.62-5.83) p=0.26 5.10 (1.45-17.92) p=0.01
Alcohol 0.67 (0.32-1.40) p=0.28 0.69 (0.26-1.85) p=0.46
History of reflux | 1.59 (0.77-3.30) p=0.21 2.40 (1.01-5.93) p=0.05
during
pregnancy
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7.5 Discussion

This is the first study to directly mnvestigate the relationship between serum hormone
levels and acid reflux in women. An association between obesity and acid reflux has also
been reported by several investigators. Jacobson et al conducted a population-based
questionnaire survey among women and found that increasing BMI was associated with
GORD symptoms in both normal weight and overweight women (Jacobson et al. 2008). A
meta-analysis reported a dose-response relationship between BMI and the risk of reporting
GORD symptoms among both men and women (Hampel et al. 2005). Another survey found
that there was a dose-response relationship between quartiles of BMI and daily frequency of

acid reflux symptoms but this study lacked a control group (Oliveria et al. 1999).

Any association between sex hormones and GORD symptoms is therefore likely to be
confounded by BMI. Patients were therefore matched on age and BMI to determine if there
was a true association between serum hormone levels and acid reflux independent of the
mfluence of BMI. Although increasmg BMI correlated with acid exposure on 24 hour pH
monitoring and sex hormone levels, once subjects were matched for age ad BMI, there was
no association found between serum hormone levels and excess acid exposure. There does
not seem to be an association between serum hormone levels and increasing acid exposure in
women once matched for age and BMI. Serum hormones were also not associated with BMI

when examined separately in pre and post-menopausal groups.

Previous studies have suggested a link between oestrogen and acid reflux symptoms.
Nilsson et al demonstrated a dose-dependent association between postmenopausal hormone
therapy and endoscopic oesophagitis (Nilsson et al. 2002) and a population-based study

revealed that determined that there was a strong association between increasing BMI and
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reflux symptoms in pre-menopausal women and post-menopausal women on hormone
therapy (Nilsson et al. 2003). A large population based study evaluated GORD symptoms in
post-menopausal women on HRT taking part in the Nurses Health Study (Jacobson et al
2006; Jacobson et al2008). This study concluded that HRT use was significantly associated
with GORD symptoms and the increased risk of GORD symptoms did not differ between

different strata of BMI, suggesting that this was an effect independent of BMI.

It has been suggested that oestrogen is associated with acid reflux through increased
nitric oxide synthesis, which may in turn cause LOS relaxation (De Man et al.1991; Hirsch, et
al. 1998; Konturek et al. 1997). GORD symptoms frequently begin for the first time in
pregnancy and become progressively worse during the course of the pregnancy (Marrero et
al.1992). LOS pressures have also been shown to decrease progressively through pregnancy,
returning to normal after delivery (Nagler et al. 1961). Analysis of serum levels of oestrone,
oestradiol and progesterone during pregnancy in relation to LOS pressure changes revealed a
linear relationship between the reduction n LOS pressure and the progressive rise in sex
hormone levels, suggesting that oestrogen and progesterone reduced LOS pressure (Van
Thiel et al.1977). A direct relationship between urinary oestradiol and serum progesterone
levels and the increase in the severity of GORD symptoms during the course of pregnancy
has been suggested but the data on hormonal levels was obtained indirectly from published
normal values during pregnancy (Johansson 1969; Klopper 1963; Ulmsten et al. 1978).
Despite data suggesting a putative link between pregnancy, raised oestrogen and progesterone
levels and low LOS resting pressures, there is no data to suggest that serum oestrogen and
progesterone levels directly impact on the severity of acid exposure during pregnancy.
Moreover, other factors such as increased intra-gastric pressure due to effect of the gravid

uterus can exacerbate acid reflux. A reduction in the amplitude of distal oesophageal
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contractions during pregnancy resulting in impaired oesophageal motility, has also been
suggested to be a factor in promoting acid reflux in pregnancy by delaying acid clearance
(Ulmsten et al.1978).

Although in post-menopausal subjects in the present study, oestrone levels correlated
with LOS pressure, this finding is the opposite of the negative correlation that would be
expected and unlikely to be a significant finding.

A weakness of the present study was the relatively small sample size. However, the
sample size was sufficient to power the study. Moreover, the effect sizes (odds ratios) and
narrow confidence intervals associated with hormonal levels suggest that there is unlikely to

be any association between hormone levels and acid reflux once BMI is controlled for.

In conclusion, female sex hormone levels are not associated with excess acid

exposure on pH monitoring once the effect of increasing BMI is controlled for.
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Chapter 8

Acid reflux, gender and the oesophagus: Evaluation of gender-specific responses in the
oesophagus
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8 Background

The incidence of oesophageal adenocarcinoma has been contmually rising in the last
decade. The cancer arises from a background of Barrett’s metaplasia (a mucin secreting,
columnar epithelium that replaces the squamous epithelium of the distal oesophagus)
which is a common consequence of reflux oesophagitis. The epidemic of this cancer is
largely a male phenomenon with the ratio of male to female incidence rates standing at
5:1 n England and Wales. Data from the Five-Continents Database shows that this wide
sex differential is seen globally, with the high male to female ratio of lifetime risk seen
across the range of disparate socio-economic cultures (e.g 4:1 in Ecuador and 10:1 in
Canada) (Corley et al. 2001). This implies that the disease is influenced by more than just
environment and may be intrinsically linked to being male.

Studies on the incidence of Barrett’s metaplasia have estimated the male to female
differential to be at most 1.5:1 (Caygil et al. 1999). Similarly, gastro-oesophageal reflux
disease occurs in 10 - 20% of the population and shows no significant preponderance for
males (Mohammed et al. 2005). Therefore the adenocarcmoma sex differential cannot be
explained simply by a higher prevalence of either reflux disease or Barrett’s metaplasia.

An alternative hypothesis is that fundamental differences between male and female
oesophageal tissue may exist. These differences lead to differential responses to acid
reflix and the progression of Barrett’s metaplasia. This study aimed to characterise the
expression of biomarkers i male and female samples of normal oesophagus,
oesophagitis, Barrett’s metaplasia and adenocarcmoma, with particular focus on any
qualitative or quantitative gender differences.

A detailed description of the methods used m this study is presented in Chapter 3,

section 3.7.
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8.1 Methods

The mRNA and protein expression of cdx-1 and 2, PCNA and cyclin-D1 in male and
female biopsy samples of normal oesophagus, oesophagitis, Barrett’s metaplasia and
adenocarcinoma had been previously characterised (data unpublished). PCR results had
suggested that there was up-regulation of cdx-1, cdx-2 and PCNA from squamous
oesophagus to Barrett’s metaplasia in both genders but was greater in males than females.
In order to determine gender differences in gene expression secondary to acid reflux in
patients with Barrett’s oesophagus a pilot study involving tissue microarray analysis was
carried out. Biopsies of normal oesophagus and Barrett’s metaplasia in male and female
subjects were used for this study. Regional ethical approval was obtained for this study
and written, informed consent was taken.

Biopsies of Barrett’s epithelum and squamous epithelum above the Barrett’s
segment were taken from six male and six female subjects attending surveillance
endoscopy for Barrett’s oesophagus. These biopsies were frozen immediately in liquid
nitrogen and transported to a laboratory in the Institute of Cancer Sciences, University of
Birmingham, where they were stored at -70°C until further analysis. Quality of each
Barrett’s biopsy was assessed by determining the presence of intestinal metaplasia on
Haematoxylin & Eosin staining prior to subjecting each tissue (squamous oesophagus and

Barrett’s samples) to tissue microarray analysis.
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8.2 Results

A Venn diagram fiter was used to detect genes that were dysregulated mn all three
stratification pools. The central overlap (figure 1 A & B) shows the number of genes that
were altered between male Barrett’s compared with female Barrett’s tissues, and between
male squamous compared with female squamous tissues, and also between male
squamous compared to male Barrett’s tissues. Five genes were highlighted in this way
(figure 2): DAZ-1, DAZ-2, CCLA4, RPS4Y1 and USPYY.

DAZ-1, DAZ-2, USP9Y and RPS4Y1 were over-expressed in male Barrett’s biopsies

(figure 2). CCLA4 was significantly under-expressed in males compared to females.
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Figure 1: Venn diagram filters (A & B)

The Venn diagram filters show the number of genes commonly dysregulated in the different
gene stratification pools. Specimens from Male and Female Barrett’s oesophagus (blue circle)
and male Barrett’s and male squamous oesophagus (yellow), (Figure 1A)are compared. 11
genes (area of intersection) are common to these pools. In Figure 1B, three stratification
pools (male and female Barrett’s (blue), male and female squamous oesophagus (yellow) and
male Barrett’s and male oesophagus (green)) are compared. The area of intersection of the
three pools shows that there are 5 genes that specific to male and female Barrett’s tissues.
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Figure 2: Heat map generated from tissue microarray analysis

CCL4
KDM5C
CDH11
VSIG6
PLCB1
UNCS5C
EIF4AEBP1
DAZA1
DAZ2
RPS4Y1
USP9Y

Six squamous oesophageal specimens and six Barrett’s specimens (3 males and females each
for both sets) are compared. Candidate genes are listed in the column on the right. The
colours in the heat map represent the degree of expression of the gene in the tissue with red
indicating strong and blue, weak associations. The genes DAZ-1, DAZ-2, USPY9Y and
RPS4Y1 were strongly expressed in male Barrett’s biopsies. CCL4 was weakly expressed in

males compared to females.
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8.3 Discussion

The male predominance of oesophageal adenocarcinoma cannot be explained by
conventional risk factors such as smoking and alcohol (Gammon et al 1997). An
alternative hypothesis is that there may exist fundamental differences between male and
female oesophageal tissue. These differences lead to differential responses to acid reflux
and the progression of Barrett’s metaplasia, and may explain why obesity and reflux
disease have different consequences in men and women. This hypothesis implies that the
male oesophagus responds in an intrinsically different manner to the female.

Inherited epigenetic imprints such as methylation are erased in embryogenesis and
reset according to the sex of the embryo. Such sex specific imprinting has been shown to
occur in the human foetus and therefore influence adult gene expression (Durcova-Hills et
al. 2004). The human foetal oesophagus has columnar epithelum replaced by squamous
epithelium at 20-25 weeks, when the differentiation of the foetal gonads has occurred and
sex steroids are present (Menard et al. 1987). The developmental homeobox gene cdx-2
has been linked to the columnar differentiation pattern seen in adult metaplasia (Eda et al
2003). It is hypothesised therefore that the sex of the individual can influence the lifelong
dynamics of epithelial differentiation and the associated inflammatory responses.

Paradigms are emerging where female and male adults exhibit differential levels of
gene expression following mflammatory stimuli that are not obvious consequences of
sex-steroid hormones. In a study of dizygotic twins, females were found to produce less
IL-10 than males in response to lipopolysaccharide (Reuss et al. 2002). In animal models
of alcohol-induced liver mjury, clear gender differences are seen with females displaying
greater increases in IL-6 receptor expression than males (Gallucci et al. 2004). In anal
squamous cell carcinoma, the apoptosis-regulating gene Bcl-2 is more likely to be up-

regulated in female patients than males (Allal et al. 2005).
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Patients with Barrett’s metaplasia have greater exposures to gastric acid than control
groups with oesophagitis. Expression profiling of an oesophageal cell line exposed to acid
has identificd an early up-regulation of genes associated with proliferation (PCNA),
nflammatory cytokines and mitogen-activated protein kinase (MAPK) activity. Rapid
increases in the activity of the MAPK proteins ERK and p38 have been demonstrated
both n-vitro and in-vivo after acid perfusion of patient’s distal oesophagus at endoscopy
(Souza et al 2002). Ex-vivo experiments using endoscopic biopsies of Barrett’s
metaplasia have shown increases in proliferation markers (PCNA), in expression of
cyclo-oxygenase-2 (COX-2) and in subsequent release of prostaglandin E2 (PGE2)
following pulses of acid exposure (Fitzgerald et al. 1996; Shirvani et al. 2000). In-vivo
pharmacological acid suppression was shown to reverse the increase in cell cycle
oncogenes cyclin D1 and cyclin E (Umansky et al. 2001). Assessment of the expression
of developmental homeobox genes cdx-1 and cdx-2 shows that the cdx-2 gene is
expressed in Barrett’s epithelum and inflammatory oesophageal mucosa, implying that
this is an early event in the development of metaplastic epithelium (Eda et al.2003).

This study has investigated qualitative differences in the responses between male and
female oesophageal tissue. The study demonstrates that there is a gender-specific
difference in biomarker expression in oesophageal tissue secondary to acid reflux. Of the
five genes differentially expressed in males, DAZ (Deleted n Azoospermia) is located on
the Y-chromosome and encodes an RNA-binding protein important for translation of
mRNA. DAZ may therefore, have a role in cell maturation in columnar mucosa. CCL4 is
macrophage inflammatory protein-1B and acts as chemokine attractant for NK cells and
monocytes. Under-expression of CCL-4 n male tissues is further evidence that chronic

mnflammation may be modulated in a gender-specific fashion.
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Limitations of the study include its small sample size and that only gene expression
profiles in the tissues were analysed. A further study is being planned with future work

needed to localise and characterise protein expression.

In conclusion, there appear to be gender-specific differences in the reflux-Barrett’s
pathway. A novel set of biomarkers n male Barrett’s specimens have been identified in
this study and further analysis of these genetic markers through mmmunohistochemistry

and rt-PCR will be needed to characterise them.
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Conclusion and Implications

The aetiology of gastro-oesophageal reflux disease is multifactorial and is influenced
by several variables. As detailed in the introduction, age, obesity, alcohol, smoking, drug
therapy and gender are some of the important factors that play a role in perpetuating gastro-
esophageal reflux and GORD-mediated complications. Whilst the role of most of these
aetiological factors have been studied and characterised, the influence of gender is ntriguing
and has many aspects that are unexplained. The prevalence of GORD is increasing steadily
and may be explained by several of the factors mentioned above but the astonishing rise in
the incidence of oesophageal adenocarcinoma over the last two decades, virtually completely
replacing oesophageal squamous cell carcmoma as the commonest type of oesophageal
cancer, cannot be explained by risk factors detailed above which have traditionally been
associated with oesophageal squamous cell carcmoma. Oesophageal adenocarcinoma is a
complication of chronic gastro-oesophageal reflux and has a stark male predominance (6:1).
Barrett’s oesophagus, its premalignant precursor lesion which develops secondary to chronic
gastro-oesophageal reflux, is also more common in males (1.5:1) but considerably less so in
comparison to oesophageal adenocarcinoma. Gender is therefore a key influence in the
aetiology of oesophageal adenocarcmoma. Examining the age-specific incidence of
oesophageal adenocarcinoma m women reveals that the incidence of oesophageal
adenocarcinoma peaks after the menopause at least 17 years later than the peak in incidence
in men. This suggests that menopause is an important landmark for women in terms of their
overall risk of oesophageal adenocarcinoma and that hormonal changes coinciding with
menopause may play a crucial role in the aetiology and pathogenesis of oesophageal

adenocarcinoma.
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Results from examining six large endoscopy databases revealed that with increasing
age, the incidence of severe reflux oesophagitis and benign oesophageal stricture in patients
undergoing endoscopy for symptoms of GORD increased more rapidly in women than men
and the incidences became very similar over the age of 70 in both sexes (Menon et al. 2011).
This acceleration of the incidence of reflux oesophagitis, benign oesophageal stricture and
Barrett’s oesophagus was much more marked in women over the age of 50, with the peak in

the acceleration between ages 60-70 years.

Why should older women have an increase in the incidence of severe reflux
oesophagitis with age? An interesting hypothesis that could explain this phenomenon would
be that oestrogen, with its anti-inflammatory properties, could potentially prevent severe
oesophagitis from developing in women of menstrual age and once systemic oestrogen levels
decline with age, the severity of acid-reflux induced oesophagitis increases. The anti-
nflammatory properties of oestrogen have been studied in various tissues and topical
oestrogen therapy has been shown to facilitate wound healing in human and animal models.
Although surgical models of gastro-oesophageal reflix n animals have been studied, the
primary aim of these models was to study the development of Barrett’s oesophagus and
oesophageal adenocarcinoma. These animal models are difficult to maintain and have high
morbidity. Moreover, tissue acquisition is difficult and animals need to be sacrificed in order
to obtain tissue. The animal study undertaken as part of this body of work was to create a
chronic wound model in animals which could be accessible for experiments and tissue
acquisition and would serve as a model for oesophagitis. Experiments on the acute oral
wound model in mice suggested that lack of oestrogen delayed wound healing and changed

the composition of the inflammatory infiltrate and were consistent with the above hypothesis.
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If lack of oestrogen in the post-menopausal period resulted in an increased risk of
severe complications of GORD i a subject with acid reflux, could oestrogen
supplementation in the form of HRT in post-menopausal women reduce their risk of GORD-
related complications? HRT has been studied previously in relation to colorectal cancer and
there is data to suggest an inverse association between HRT use and the risk of colorectal
cancer (Beral et al. 2004). The mechanisms of oestrogen-mediated protection against the risk
of colorectal cancer have been postulated to be secondary to its modulation of the
inflammatory response. HRT use in post-menopausal women has been previously studied in a
case-control study, which did not show any association between HRT use and oesophageal
cancer but showed a reduced risk for gastric cancer (Lindblad et al. 2006). The length of HRT
treatment and its impact on the risk of oesophago-gastric cancer was not examined. A cohort
study was therefore performed to determine if the length of HRT use had an impact on
GORD-related complications. Although HRT use was related to an increased risk of reflux
oesophagitis, there was no association between the duration of HRT use and the risk of reflux
oesophagitis, suggesting there may be confounding in the association between HRT use and
reflux oesophagitis with more women on HRT reporting reflux symptoms. HRT use was not
related to the risk of Barrett’s oesophagus but had an inverse association with duration of use
and risk of oesophageal cancer. Prolonged use (> 5 years) of HRT was associated with a
reduced risk of oesophageal cancer. Thus the gender difference in the prevalence of GORD
complications may be due to hormonal factors. Despite its anti-inflammatory properties,
which may protect against GORD-related complications in young women, oestrogen has
LOS-relaxing properties through its action on nitric oxide. This may facilitate acid reflux and
may even explain the association of HRT with reflux oesophagitis described above. A case-
control study examining the relationship between serum sex hormones in women showed that

oestrogen levels did not correlate with increasing acid exposure on 24 hour pH monitoring
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once BMI was controlled for. There was also no correlation between LOS pressures and
serum sex hormone levels. Serum sex hormone levels correlated as expected with BMI and

this study confirmed again the critical role of ncreasing BMI m GORD.

Hormones clearly seem to play an important role in GORD and related complications.
However, there may be an additional factor in that oesophageal tissue seems to respond in a
gender-specific manner to acid reflux, with male Barrett’s tissues expressing a distinct set of
genes (DAZ-1, DAZ-2, CCL4, RPS4Y1 and USP9Y). DAZ and CCIL4 have roles in cell
maturation and chemotaxis and may serve an important role in modulating the overall

mflammatory response to acid reflux.

The findings from these studies suggest that there may be a complex gender based
genotypic response of oesophageal tissues to acid reflux, which may interact with phenotypic
differences in systemic oestrogen levels. These are questions that need separate avenues of
research. The acute oral wound model needs to be converted to a chronic wound model by
application of acid and bile in order to examme the interaction between oestrogen and acid
and bile induced mucosal inflammation. A further study is being planned to characterise the
expression of the biomarkers detected at tissue microarray analysis  using
mmmunohistochemistry and PCR in male and female oesophageal biopsies. To examine the
effect of HRT on subtypes of oesophageal cancer, a case-control study of post-menopausal
women, powered to be able to achieve a significant result for each cancer (and hormonal)

subtype will need to be planned.

A prospective study is currently underway called the Million women study (Beral et

al. 2003, Beral et al. 2007), where more than a mililon women over the age of 50 years are

147



being followed up to understand the impact of reproductive and lifestyle factors (including
HRT use) on their risk of cardiovascular disease, osteoporotic fractures and cancers among
other health parameters. Initial data from the study do not suggest an association between
HRT use and the risk of oesophageal cancer although there was a marked risk reduction in
colorectal cancer with HRT use. Prospective long term data pertaining to histological subtype
of oesophageal cancer may provide further information on the effect of HRT use and the

overall risk of oesophageal cancer.

The data presented in this body of work has suggested that there is a distinct gender
difference i the prevalence of gastro-oesophageal reflux disease and its complications. This
difference is likely to be multifactorial and may be related to genotypic differences in
oesophageal tissue in the response to acid reflux but seems to be also significantly influenced

by female sex hormones, particularly oestrogen.
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Appendix 1: Acid reflux questionnaire

QUESTIONNAIRE ON GASTRO-OESOPHAGEAL REFLUX

Please answer all questions. If you are uncertain, please write down your best guess.
It is easy to miss questions, so please check that you have not left any out as you go.
If you wish to comment on any questions or qualify your answers, use the space i the
margins; these comments will be read and taken into account.

All mformation provided will be kept completely confidential.

Thank you for your help.
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First we would like to ask you some questions about HEARTBURN in the last
year. Heartburn is a burning pain or discomfort behind the breast bone or in the top
part of the stomach. Please do not count pain from heart trouble.

Have you had heartburn in the last year? (Tick one)

1

2 [ Yes -

] No - Please go to question 3

Please answer the following question

\J

How many times have you had heartburn in the last year? (Tick one)

DN B W N =

(N B O

Less than once a month
About once a month
About once a week
Several times a week
Every day

We would now like to ask you some questions about ACID REGURGITATION in
the last year. Acid regurgitation is a fluid coming up into your throat or mouth,
which may be burning or have a sour or bitter taste.

Have you had acid regurgitation in the last year? (Tick one)

1

2 [l Yes -

1 No — | Please go to question 5

Please answer the following question

\J

How many times have you had acid regurgitation in the last year? (Tick one)

D B W N =
(I B O B

Less than once a month
About once a month
About once a week
Several times a week
Every day

If you have had heartburn or acid regurgitation in the past year, when did it first

begin?

(Tick one)

If you have had neither and have answered “No” to question 1 and “No” to question
3, please go to question 8 on page 3.

AW N —

[ A R O

In the last year

More than 1 year to 2 years ago
More than 2 years to 5 years ago
More than 5 years to 10 years ago
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5 [0 More than 10 years ago

NOTE: when we say “often”, we mean more than 25% of the time in the last year

6 Is your heartburn or acid regurgitation often made better by taking antacids
(likeAludrox, Andrews, Asilone, Bisodol, Gaviscon, Maalox, Mik of

Magnesia, Rap-eze, Remegel, Rennies or Settlers)? (Tick one)

1 I No

2 [1 Yes

3 [0 Thave never taken antacids for heartburn

7. How many times have you taken antacids (lke Aludrox, Andrews, Asilone, Bisodol,
Gaviscon, Maalox, Milk of Magnesia, Rap-eze, Remegel, Rennies or Settlers) in the last
year? (Tick one)

0 [ Never

1 O Less than once a month
2 [ About once a month
3 [ About once a week
4 [0 Several times a week
5 [ Every day

We would now like to ask you about other complaints you may have had in the last year

8. Have you had an ache or pain in the stomach or belly in the last year? (Please donot
count pain with menstrual periods, heartburn or chest pain) (Tick one)

I 0 No — Please go to question 26 on PAGE 6

2 1 Yes— Please answer the following questions

d
9. How many times have you had this ache or pain in the last year? (Tick one)
1 O Less than once a month
2 [1 About once a month
3 [0 About once a week
4 [] Several times a week
5 [0 Every day
10. When did this ache or pain first begin? (Tick one)

1 [ Inthe last six months
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Seven months to 1 year ago

More than 1 year to 2 years ago
More than 2 years to 5 years ago
More than 5 years to 10 years ago
More than 10 years ago

AN kAW
N I O B B

NOTE: when we say “often”, we mean more than 25% of the time in the last year

11.  Is the ache or pain often made BETTER by having a bowel movement or passing

wind? (Tick one)
1 I No
2 [ Yes

12. Do you often have MORE bowel movements when the ache or pain begins?
(Tick one)

1 [J No
2 [1 Yes

13. Do you often have LESS bowel movements when the ache or pain begins?
(Tick one)

1 [0 No
2 [ Yes

14. Do you often have LOOSER bowel movements when the ache or pain begins?
(Tick one)

1 [0 No
2 [1 Yes

15. Do you often have HARDER bowel movements when the ache or pain begins?

(Tick one)
1 O No
2 1 Yes
16. Do you often have less than three bowel movements each week?
(Tick one)
1 O No
2 [ Yes
17. Do you often have more than three bowel movements each day?
(Tick one)
1 IJ No

2 [ Yes



18.

19.

20.

21.

22.

23.

24.

25.

Do you often STRAIN to have a bowel movement? (Tick one)

1 [0 No
2 [1 Yes

Have you often seen MUCUS in your stools in the last year (that is white or green

slimy material)? (Tick one)
I I No
2 [ Yes
Are your stools often LOOSE or WATERY? (Tick one)
1 7 No
2 [ Yes
Are your stools often HARD? (Tick one)
I 1 No
2 [ Yes

After finishing a bowel movement, do you often feel there is still stool that needs to

be passed? (Tick one)
1 1 No
2 [0 Yes

Do you often experience an URGENT need to open your bowels that makes you rush

to a toilet? (Tick one)
1 1 No
2 [ Yes

Do you often feel bloated and actually see your belly swell up? (Tick one)

1 [0 No
2 [0 Yes

Have you often felt as if there is a “lump in your throat” when NOT swallowing in the

last year? (Tick one)
1 1 No
2 [1 Yes

Please check that all questions that apply to you have been answered
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26.  For each of the complaints or problems listed below, please indicate how often it

occurred and how much it bothered you in the last vear.

Please write down a number from 0 to 4 for all sixteen questions below in both of the

columns.

How often?

0 — Never or less than once a
month

1 — Occurs about once a month
2 — Occurs about once a week

3 — Occurs several times a week

4 — Occurs daily

How much does it bother you?
0 — Not a problem

1 — It bothers me slightly

2 — It bothers me moderately

3 — It bothers me severely

4 — It bothers me extremely

A. Headaches

B. Backaches

C. Asthma

D. Trouble breathing

E. Insomnia (trouble sleeping)

e

Fatigue (tiredness)

G. Depression (feeling sad)

H. General stiffness

L. Heart palpitation (racing
or pounding)

J. Joint pains

K. Eye pain with reading

L. Dizziness

M. Weakness

N. Nervousness or shakiness
0. Hot or cold spells

P. High blood pressure

How often?

How much does it bother you?
0-4)
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Please check that you have written two numbers by each complaint or problem —
one in the “how often?” and one in the “how much does it bother you?” section

27.

28.

29.

30.

31.

32.

33.

At what age did you start having periods? ...............coociiiin.. Years

Have you ever been pregnant? (Tick one)

I 7 No — | Please go to question 34

2 [J Yes - Please answer the following questions

Have you been pregnant in the last year? (Tick one)
I 7 No
2 [ Yes

If you have been pregnant and have had heartburn or acid regurgitation i the past
year, did the heartburn or acid regurgitation only occur while you were pregnant?

(Tick one)
1 J No
2 [ Yes
How many times have you been pregnant?  .................. times
How many children have you had? ... children

Did you have heartburn or acid regurgitation when you were pregnant?

(Tick one)
1 I No
2 [ Yes
Did you breast or bottle feed your children? (Tick one)
1 [ Bottle
2 [ Breast

3 [ Bottle and breast
If you breast fed your children, how long did you do this for on average? (Tick one)

Less than three months
Three to six months
Six to nine months
More than nine months

AW N~
N A
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34.

35.

36.

37.

38.

Have you taken any of the following medicines i the last year?

No
Axid (nizatidine) 10
Losec (omeprazole) 10
Nexium (esomeprazole) 10
Pariet (rabeprazole) 10
Pepcid (famotidine) 10
Protium (pantoprazole) 10
Tagamet (cimetidine) 10
Zantac (ranitidine) 10
Zoton (lansoprazole) 101

Yes
2
20
2
20
2
20
2
20
2]

If yes, how many days?

Please write down the health problems for which you have taken these medicines in
the ast Year .......c.oiiriiii e

Have you taken any tablets, capsules or medicines (including birth control pills)
(Tick one)

regularly in the last year?

1 [0 No
2 [0 Yes

Has your husband/partner had heartburn or a disease of the oesophagus
(Tick one)

(gullet) or stomach?

1 [0 No
2 [0 Yes

What problem? ...
Have any of your immediate family members (mother, father, brothers, sisters,
children) had heartburn or a disease of the oesophagus or stomach? (Tick one)

I Y87, WO oo,
What problem? ...

Have you ever had a dilatation (stretching) of your oesophagus?

1 [0 No
2 [0 Yes
1 [ No
2 [0 Yes

IE Y8, When? oo

(Tick one)
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39. Have you ever had an operation on your oesophagus or stomach? (Tick one)

1 O No
2 [1 Yes

I Y S, WHEN e
What Operation? ..........c.oiuiiuiitiii i

40. Have you ever had a disease of the bowels or intestine? (Tick one)
I I No
2 [ Yes

If “Yes”, what diSEase?  ...oooiiiiiiiiii
A 1S sV

Please check that all questions that apply to you have been answered

To help us mterpret the results of this survey, we would like to ask some general
questions about you. Please be assured that all information will be kept strictly
confidential

41.  Have you ever smoked cigarettes regularly (at least one cigarette per day for at least
30 days)? (Tick one)
1 07 No
2 [ Yes

If “Yes”, at what age did you start? ...........ccoiiiiiiiiiiiiiiiiiiiiieean, years

When smoking the heaviest, how many cigarettes did you smoke per day? ..............
How many cigarettes do you currently smoke? —...........cooiiiiiiiiiiiiiiiiiiiian
If you have stopped smoking, at what age did you stop? .........ccoiiiiiiiiiiiinnnn..

Next there is a question about drinks that contain alcohol (that is beer, wine or
spirits such as whisky, vodka, gin or brandy). One drink is equal to a can or half a
pint of beer, a glass of wine or a single measure of spirits.

42. How many alcoholic drinks a week have you had on average in the last year?

(Tick one)
0 O None or less than 1 drink a week
1 [0 1to 10 drinks a week
2 0O 11 to20drinks a week
3 [0 21to30drinks a week
4 [0 31 to40 drinks a week
5 [0 More than 40 drinks a week
43. How many days a week do you have an alcoholic drink on? (Tick one)
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44,

45.

46.

47.

48.

49.

50.

51.

52.

0 [0 None

1 O 1day

2 [1 2days

3 [ 3days

4 [1 4or5days
5 [0 6or7days

What is (or was) the name and title of your main job?

L0 1070711 - 1270 o L
INAUSITY oo e
How old were you when you left full-time education? years

Do you have any educational qualifications? (Tick one)
I 1 None

2 [1  City and Guilds

3 [0 O levels/School Certificate

4 1 A levels/Higher School Certificate

5 [ University degree

6 [ Other —please specify

How old are you? ............... years

What is your height? feet .......... mnches
What is your weight (without your clothes)? ............. stones ......... pounds
How much did you weigh at the age of 187 ............. stones ......... pounds
How would you describe your ethnic or racial origin? (Tick one)
0 White O Black (Caribbean)

0 Black (African) 0 Black (Other)

0 Indian 0 Pakistani

0 Bangladeshi 0 Chinese

0 Other — please specify oo
If your ethnic or racial origin is not white, were you born in the UK?

1 [0 No
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2 [J Yes
If “Yes”, which generation of your family first came to live in the UK?

My parents

My grandparents

My great-grandparents

Other — please specify ......oooeiviiiiii

B W N -
[ I A

Thank you for your help with our study. Please check that you have answered all
the questions that apply to you.

Is there anything else you would like to tell us about your health problems? If so, please use

this space for this purpose.

Also, any comments that may help us understand these problems better would be appreciated,

either here or in a separate letter.
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Appendix 2: Reference ranges and standard deviations for hormonal assays

Reference ranges and standard deviations for the hormonal assays used i the study in pre
and post-menopausal women

Hormone Pre-menopausal group | Standard Post-menopausal Standard
(follicular phase) group

Deviation Deviation
Oestradiol (E2) 60-300pmol/L 60 50-150pmol/L 25
Oestrone (E1) 200-800pmol/L 150 <250pmol/L 50
SHBG 40-80nmol/L 10 40-80nmol/L 10
Testosterone (T) 0.51-1.89nmol/L 0.35 0.4-0.86nmol/L 0.12
FSH 2.8-14.41U/L 2.96 21.7-153 IU/L 33.49
LH 1.1-11.6 IU/L 2.68 11.3-39.8 IU/L 7.27
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Appendix 3: Minimum detectable differences in hormones

Mmimum detectable differences for a sample size of 100 patients, at 80% power and 5%

significance, in each of the groups:

Pre-menopausal

Post-menopausal

E2 49 (pmol/l) 20 (pmol/l)
El 122 (pmol/l) 41 (pmol/l)
SHBG 8 (nmol/l) 8 (nmol/])
T 0.28 (nmol/T) 0.1 (nmol/1)
FSH 2.4 (IU/L) 27 (IU/L)
LH 2.2 (IU/L) 5.9 (IUL)
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Appendix 4: Hormone assays and coefficients of variation

Analyte Method Platform (n) Mean CV%
level
FSH Electrochemiluminescence | Roche E170 21 5.33 IU/L 3.6
immunoassay (ECLIA) Immunoassay
system
LH Electrochemiluminescence | Roche E170 21 5.81 IU/L 2.0
immunoassay (ECLIA) Immunoassay
system
Testosterone | Electrochemiluminescence | Roche E170 21 1.67 5.6
immunoassay (ECLIA) Immunoassay nmol/L
system
Progesterone | Electrochemiluminescence | Roche E170 | 21 10.0 2.8
immunoassay (ECLIA) immunoassay nmol/L
system
Oestradiol | Electrochemiluminescence | Roche E170 | 21 472 2.5
mmunoassay (ECLIA) Immunoassay pmol/L
system
SHBG Electrochemiluminescence | Roche E170 | 21 42.0 2.1
mmunoassay (ECLIA) Immunoassay nmol/L.
system
Oestrone Electrochemiluminescence | Roche E170 | 21 | 150nmol/L 10
mmunoassay (ECLIA) Immunoassay
system
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study. European Journal of Gastroenterology and Hepatology. 2011 May;23(5):389-
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2. Menon S, Trudgill NJ. Risk factors in the aetiology of hiatus hernia: a meta-analysis. .
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