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ABSTRACT

Esophageal cancer is the seventh most common cancer and a lethal malignancy causing a consider-
ably high number of deaths around the world. Despite intensive studies on risk factors associated with
esophageal cancer, there is currently no promising method for prevention, early detection, or screen-
ing of esophageal cancer. Consequently, most patients are diagnosed at an advanced stage, therefore
associated with a poor prognosis. On the other hand, the main—stream treatment for esophageal cancer
patients is surgery, which might be associated with complex complications or infections, and the 5-year
postoperative survival remains low.

Study I investigated sex disparities in postoperative survival after curative surgical treatment in
esophageal cancer patients. A total of 1301 esophageal cancer patients who underwent curative surgery
between 2006 and 2017 in Sweden were studied. Female patients showed a lower excess mortality rate
than male patients, in both subtypes of esophageal adenocarcinoma (EAC) and esophageal squamous
cell carcinoma (ESCC). Moreover, the sex difference was more profound in those with early clinical
stages, in patients who received neoadjuvant treatment, and without postoperative complications.

Study II used data from the Barrett’s and Esophageal Adenocarcinoma Consortium to examine
the association between 15 antibodies against Helicobacter pylori (H. pylori), gastric atrophy and EAC.
Seropositivities of all the measured antibodies were associated with lower risks of EAC. Particularly, the
inverse association between H. pylori and EAC was not mediated by gastric atrophy, body mass index
(BMI), gastroesophageal reflux disease (GERD), or the combination of these factors.

Study III explored the association between dental health, which was characterized by a group of
dental diseases and remaining teeth number, and esophageal cancer. The study was carried out among
5 million individuals who visited the Swedish dental health care providers and received reimbursement
between 2009 and 2016, in the Swedish Dental Health Register (DHR). Specifically, root canal infection
at baseline was associated with 41% increased risk for EAC, while periodontitis was associated with an
elevated risk for EAC and ESCC. Fewer remaining teeth at baseline was also observed to increase the
risks for EAC and ESCC in a dose-response manner. Moreover, these findings were further corroborated
when multiple visits during follow—up were included in the models.

Study IV studied the association between atrophic gastritis (AG) and GERD in 12,533 twins. AG,
which was measured by serum biomarkers, was shown to be associated with a reduced risk for the
occurrence of symptomatic GERD. Additionally, the results were stable when different cut-off values
were used to define the AG status. The results were also showed to be independent of familiar factors
and genetic factors shared between twins.

In conclusion, sex differentiated treatment should be considered to improve postoperative survival
in esophageal cancer patients. H. pylori infection is associated with a reduced risk for EAC, dental health
measured by specific diseases and remaining teeth number are potential predictive factors for esophageal
cancer, and AG is associated with a lower risk for GERD, which is a risk factor for EAC. These studies
shed light on etiological factors for esophageal cancer and GERD, and may help the prevention of the
occurrence and improve the survival for esophageal cancer patients.
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Chapter 1

INTRODUCTION

Esophageal cancer is a low prevalent yet devastating disease. It is the seventh most common
cancer and the sixth leading cause of cancer related deaths. For a lack of effective prevention
strategy and early detection technology, most patients of esophageal cancer are diagnosed at
an advanced stage, when there is no curative treatment. Even for patients with the hope of
recovery, surgery remains to be the main treatment regimen, which is a complex operation
and might lead to potential postoperative complications. Therefore, the survival for esophageal
patients remains poor. New methods for early detection and treatment are needed for the
improvement of esophageal cancer patients’ survival. Although the incidence of most cancers
has decreased in the past decades, the incidence of esophageal cancer has shown an increasing
trend in developed countries. This is partly due to the elongation of human living time. It is
foreseeable that esophageal cancer will cause great disease burden paralleled with the global
aging trend.

An inverse association between Helicobacter pylori (H. pylori) infection and esophageal
adenocarcinoma (EAC) was observed, however its mechanism remains unclear, as well as the
interplay between atrophic gastritis (AG), gastroesophageal reflux disease (GERD), and other
factors associated with EAC. Although a wide range of risk factors have been established to
be linked with the risk for esophageal cancer, they did not perform well in identification and
prediction of high risk people in the population. The etiology of esophageal cancer remains
largely unknown.

This thesis described the sex—specific postoperative survival trend for esophageal cancer,
and studied etiological factors related with esophageal cancer and GERD. Specifically, the
association between H. pylori and EAC, the association between oral health and esophageal

cancer, and the association between AG and GERD.



Chapter 2

BACKGROUND

2.1 Esophageal cancer

2.1.1 Overall descriptive epidemiology

The incidence of esophageal cancer is relatively lower than other cancers, but is causing a great
worldwide disease burden. Data from GLOBAN2020 shows the incidence of esophageal cancer
ranks the seventh and causes 604,100 new cases (9.3 per 100,000 person—years in males and
3.6 per 100,000 person-years in females) (I)). There is a substantial geographical difference for
age—standardized incidence rates (aSIRs) around the world. The highest rates are in Eastern
Asia (12.3 per 100,000 people), and the lowest aSIRs are observed in Central America (0.93
per 100,000 person-years). Moreover, the geographical variation also exists in Europe, with
the highest aSIRs in Northern Europe (5.3 per 100,000 person-years) and the lowest aSIRs in
Southern Europe (1.8 per 100,000 person-years) (figure [2.1)).

Esophageal cancer is causing 544,076 (5.6 per 100,000 person—years) deaths each year
around the world, and ranks the sixth leading cause of death among all cancers (1). In ac-
cordance with aSIRs, the highest age-standardized mortality rates (aSMRs) are also observed
in Eastern Asia (10.7 per 100,000 person-years) and the lowest aSMRs are also reported in
Central America (0.9 per 100,000 person-years). Likewise, in Europe, the highest aSMRs are
reported in Northern Europe (4.2 per 100,000 person-years) and the lowest aSMRs in Southern
Europe (1.5 per 100,000 person-years) (figure[2.2).

In Sweden, the aSIRs exhibited different patterns for males and females. The aSIR constantly
increased for males from 1962 until 2014. The upward trend slightly decreased from 1984
to 1994, followed by another escalation after 1994, and a seemingly flatten—out curve was
observed after year 2000. On the other hand, the incidence in females dropped from 1964 to
1979, and remained relatively stable afterward. The aSMRs for males and females resembled

the trends of aSIRs for males and females, separately (figure [2.3).
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Figure 2.1: Age-standardized esophageal cancer incidence rates per 100,000 person—years, worldwide,
2020. Rates are age-standardized to the World population. Source: GLOBOCAN 2020 (IARC).
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Figure 2.2: Age-standardized esophageal cancer mortality rates per 100,000 person-years, worldwide,
2020. Rates are age-standardized to the World population. Source: GLOBOCAN 2020 (IARC).

2.1.2 Histopathological subtype characteristics

Two main histopathological subtypes of esophageal cancer are esophageal squamous cell carci-
noma (ESCC) and esophageal adenocarcinoma (EAC). They are different in many aspects, thus

are investigated and treated differently. Multiple environmental factors have been suggested
to act differently for ESCC and EAC.
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Figure 2.3: Age—standardized esophageal cancer incidence and mortality rates per 100,000 person—years,
Sweden, 1954-2014. Rates are age-standardized to the World population. Source: NORDCAN.

Descriptive epidemiology for ESCC

ESCC comprises the main subtype of esophageal cancer in less developed countries, with a
relatively high incidence rate and mortality rate. The global incidence rate of ESCC was 5.3
per 100,000 person—years with an estimation of 482,000 affected people in 2018. China was
estimated to have 277,000 new cases, contributing 57% of all cases in the globe. Countries
in Eastern Asia (63.1%), South—Central Asia (17.6%), and sub—Saharan Africa (4.6%) were
estimated with the most incident cases (2). A series of countries starting from eastern Turkey
and northern Iran to eastern Asian, including northern and central China have noted an ex-
ceptionally high incidence, thus they are named as “Asian esophageal cancer belt” in previous

studies (3)). The global incidence of ESCC is decreasing in the past 40 years for men, whereas
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the time trend for women is inconsistent across different countries. The change in the incidence
and mortality rate may be explained by a change of distributions of risk factors associated with
ESCC, as well as advancements in early diagnosis and treatment (4).

Descriptive epidemiology for EAC

The global incidence of EAC was estimated to be 0.9 per 100 000 person-years from the
statistics in 2018. Countries in Eastern Asia (33.7%), Northern America (17.5%), and Northern
Europe (9.6%) contributed most incident cases in the globe (2). The incidence rate of EAC has
been increasing since late 1980s, at a relatively high speed, including European countries of UK,
Denmark, France, Italy, Netherlands, Spain and Slovakia. Based on data available, the incidence
is expected to keep rising at least to 2030. EAC will persist to be a burden for global public
health system, especially for some high—income countries (5)). Males present to be with higher
risk of EAC, with a global average male-to—female ratio of 4 to 5, ranging from 1.03 in Africa
to 7.64 in North America, and 6.04 in Europe. The sex ratio is not possible to be explained by
the changing exposure to environmental factors like tobacco using, alcohol consumption or H.
pylori infection (2, 16)).

Prognosis of esophageal cancer

Esophageal cancer remains an aggressive malignancy with a poor survival. However, some
countries are seeing an improvement in the survival for patients of esophageal cancer in recent
years. For the subtype of ESCC, a population based study in Sweden reports that the 5-year
survival rate increased from 9% to 12% in the last 20 years with better survival for females
(HR=0.86) (7). In Korea, the 5-year survival rate increased from 12.1% to 34.6% (1993-2013)
(8). In the Netherlands, the 5-year survival rate improved from 9% to 27% in the period of
2005-2014 (9).

For the subtype of EAC, it is estimated that the survival rate is improving in the past 30 years
in the United States. 5-year survival rate increased from 10.9% to 20.1% without apparent sex
difference (adjusted HR=1.03) from 1984 to 2013 (10). A population based study in Sweden
reports the 5-year survival rate increased from 12% to 15% from 1990 to 2013 without evident
sex difference (7). The 5-year survival rate improved from 12% to 36% in the Netherlands
from 2005 to 2014 (9). Notably, tumor stage, defined by depth of tumor, nodal involvement and
distant metastases, is the best predictor for the survival of esophageal cancer (11)). Improvement
in the accuracy of staging, introduction of neoadjuvant therapies, centralization of complex
surgery and improvement of early diagnosis are thought to be reasons for the improvement of

survival in those countries.
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2.1.3 Factors related with esophageal cancer
Alcohol consumption

Alcohol consumption is well documented as one of the main risk factors for ESCC, but not
for EAC. Alcohol consumption has a dose—dependent relationship with ESCC risk: the risk of
ESCC can be as much as 5-fold higher in heavy drinkers, compared to non-drinkers (12, [13)),
while the risk for ESCC after quitting alcohol drinking dropped 60% after 15 years of cessation
(14). The mechanism for the excess risk in association with alcohol is mostly attributed to the
oxidation process of ethanol in the liver, thus it is the concentration, rather than the type of
alcoholic beverages contributing to its toxicity, but some antitoxic elements in wines could
make it less harmful (15). Ethanol is metabolized to acetaldehyde, which is recognized as
a carcinogen for the upper digestive tract (16). An imbalanced microbial community in the
digestive tract, genetic polymorphisms in genes encoding alcohol metabolism enzymes, and

DNA methylation are also involved in this association (17).

Smoking

Tobacco smoking is also one of the strongest independent risk factors for ESCC and a weak risk
factor for EAC. Around half of the burden for ESCC is attributable to smoking (18)). For the
subtype of ESCC, current smokers and former smokers have an elevated risk with risk ratios of
3.13 and 1.68, compared to non-smokers, with a dose effect connecting to the smoking intensity
and duration (19). Smoking cessation is associated with a reduced risk for ESCC, but not in
EAC, and longer duration of cessation time could further reduce the cancer risk, with 64% of
risk reduction for ESCC after 20 years of smoking cessation. The benefit of quitting smoking is
stronger in western populations (20). From results of meta—analysis, ever-smokers and current
smokers have pooled risk ratios of 1.76 and 2.32 for EAC, compared to non-smokers, and longer
duration of smoking is associated with a higher risk for EAC (21)). There is a synergetic effect
between alcohol drinking and tobacco smoking observed in different studies. From results
of a meta—analysis performed for ESCC, alcohol consumption or tobacco smoking alone is
associated with 20% to 30% excess risk for ESCC, but alcohol drinking together with smoking
could substantially elevate the risk for ESCC to 3—fold or higher (22H25)).

Obesity

Obesity has long been investigated to be associated with the occurrence of esophageal cancer,
but the risk patterns are different for ESCC and EAC. There are two main measurements for
obesity providing different insights for this association: body mass index (BMI) which reflects
more of the overall obesity and waist—to-hip ratio, waist circumference or abdominal diameter,
which reflect more about the central obesity.

For EAC, higher BMI is consistently linked with a higher risk, with a pooled odds ratio (OR)
of 2.2, and the association is more profound than other cancers (26H28). In a study using

Mendelian randomization study design, risk for EAC increases by 16% with an increase of
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one unit of BMI, providing the strongest evidence for the positive association between BMI
and EAC (29). Some more recent studies suggest central obesity to be an independent risk
factor for EAC. Increased waist circumference, abdominal diameter, and increase in waist—to—
hip ratio are positively associated with the risk for EAC, separately. A pooled OR for central
adiposity is estimated to be 2.51 (26, [30H32). After adjusting for BMI, the association between
various measurements of central obesity and EAC does not diminish, whereas the association
between BMI and EAC disappears after controlling for indications of central obesity, suggesting
an independent or even more important role of central obesity, rather than overall obesity, in
the etiology for EAC (30).

The association between obesity, regardless of being measured by BMI or central obesity
indicators, and ESCC remains controversial. There are some studies reporting no association
between abdominal diameter and ESCC (32]), whereas an inverse association between BMI and
ESCC was observed in some studies (33H35)). The association between obesity and ESCC is yet
to be validated in larger studies with multiple ethnics. Explanation for this potential inverse
association is poorly understood, and one possible hypothesis is due to residual confounding
effects of alcohol consumption or smoking (35).

H. pylori

A growing body of studies are reporting a strong inverse association between H. pylori infection
and EAC, while the association with ESCC may be dependent on population. H. pylori is a
Gram-negative microaerophilic bacterium, with a special ability to reside in the extremely
high acid environment in the stomach. The global prevalence was estimated to be around 40%
(36). A global declining trend of the prevalence is observed from different countries, as the
consequence of the development of hygiene and urbanization. Although H. pylori is one of the
most common bacteria infected in the population, it does not necessarily lead to disease for
everyone. Multiple host factors, such as psychological status, host genetic polymorphisms, diet
and nutritional status, in addition to H. pylori strains are associated with clinical outcomes of
H. pylori infection (37H39).

The latest pooled analysis confirms an inverse association between H. pylori infection and
EAC, with 45% of risk reduction. H. pylori is not associated with ESCC in most studies. In an
earlier meta—analysis, H. pylori virulent strain of cytotoxin-associated gene A (CagA) is reported
to be related with EAC (OR=0.64), but the association between CagA and ESCC is positive
in non-Asian population (OR=1.41) whereas negative in Asian population (OR=0.74) (40).
These studies suggest H. pylori may interact with ESCC only in some specific regions.

H. pylori could lead to harm for the esophagus through several pathological mechanisms.
Colonization of H. pylori in the esophagus could cause physical damage to the epithelium
and dysbiosis in esophageal microbiota, thus lead to chronic inflammation in mucosa. And
subsequently induced production of inflammatory cytokines, activation of certain pathways,
will further cause carcinogenic changes like DNA damage, genomic instability and alteration

of DNA transcription factors (41). It is also hypothesized that H. pylori could lead to gastric
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atrophy, reduce the acid exposure in the esophagus, and subsequently reduce the risk for
gastroesophageal reflux disease (GERD), Barrett’s esophagus (BE) and EAC. However, this
hypothesis is being challenged that H. pylori seems not related with the occurrence of GERD
with controversial results from epidemiological studies, thus further studies are needed for the
understanding of the association between H. pylori and EAC (42).

Proton pump inhibitors

Proton pump inhibitors (PPIs) are suspected to be associated with an increased risk for both
ESCC and EAC, yet a protective role in the progression from BE to EAC, but conclusive results
have not been obtained from previous studies. Results from a large, population based cohort
study shows that long—term maintenance use of PPIs is an independent risk factor for EAC
(SIR=3.93) and ESCC (SIR=2.77), compared to general population, even in the absence of
diseases related with esophageal cancer, and the risk increases with the duration of drug using
(43, 144).

PPIs seem to play a protective role for the prevention of EAC in patients with BE, which is
the precancerous disease of EAC. A study with the largest number of participants (case: 300,
control: 798) shows 41% lower risk for EAC in patients of BE who are more likely to use PPIs.
Results from randomized study also shows high—dose of PPIs could prevent the occurrence of
EAC from the metaplasia change in patients of BE, and the preventive effect is strengthened
in combination with the use of low—dose aspirin (45). However, results from another meta—

analysis show no association between PPIs and EAC in BE patients (46).

Nonsteroidal anti—inflammatory drugs

Nonsteroidal anti-inflammatory drugs (NSAIDs) has been reported to be related with a reduced
probability for ESCC and EAC from some case—control studies (47). Following studies with
larger sample size, multiple—center design and better control of confounders further corroborate
this finding (48-50). Case—control study with the most cases from pooled studies present a
32% risk reduction for EAC in NSAIDs users, with dose-response effects in higher frequency,
longer duration of drug using. Evidence from meta—analysis presents odds ratio of 0.58 for
ESCC and 0.84 for EAC, respectively. Aspirin alone is estimated to be with 33% and 39% of
average risk reduction for ESCC and EAC. Studies also suggest the protective effects of NSAIDs
and aspirin may act through the prevention of the transformation from BE to EAC, but results

are not conclusive from randomized studies (45} 51], [52).
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2.2 Gastroesophageal reflux disease (GERD)

2.2.1 Disease description

GERD is one of the most common gastrointestinal conditions caused by reflux of contents of
the stomach into the esophagus. It usually happens in the distal end of the esophagus but can
also affect upper regions of the esophagus. It is defined by typical troublesome symptoms of
heartburn and regurgitation at least once a week with or without complications such as reflux
esophagitis (53)). Apart from the typical symptoms, there are also a quite wide range of less
common symptoms, including epigastric fullness, epigastric pain, epigastric pressure, dyspepsia,
nausea, bloating and belching and diverse extraesophageal manifestations like chronic cough,
asthma, laryngitis and dental erosion. Besides, there are a proportion of patients without ap-
parent symptoms (54)). Altogether these facts make the early detection and precise diagnosis
of GERD very complex.

There is no one single unifying standard for the clinical diagnosis of GERD. It is usually made
by a combination of alert symptoms mentioned above, response towards practical treatment
of anti—acid medicines and PPIs, endoscopic examinations, as well as pH monitoring in the
esophagus (55). For large-scale epidemiological studies, it is most practical to use structured
questionnaires regarding the experience of typical symptoms, with frequency and duration
of the symptoms, along with medication history of anti—acid medicines and PPIs. There have
been studies showing the differentiation of GERD patients based on structured questionnaires
has good reliability and validity (56H59). But this also brings difficulties for the comparison of
results from different studies using different criteria for the identification of GERD, and studies
also showed the method used to define GERD patients is a source of heterogeneity for the

estimations of prevalence worldwide (60).

2.2.2 Descriptive epidemiology
Prevalence

GERD is one of the most prevalent disorders around the world with around 1.03 billion people
affected by GERD, and there has been a growing trend for this disease in all age groups,
especially in the younger and middle-aged population (60). Because of the complexity of the
symptoms and lack of typical presentation at early stage, there are very few studies reporting
incidence, but prevalence instead. Yet there are still a lack of studies estimating the prevalence
of GERD in the general population, which causes a wide range of results in meta—analysis.
From previous studies, there exists a considerable geographic variation. The prevalence was
estimated to be 18.1 —27.8% in North America and 8.8 — 33.1% in Europe, and a consistent
low prevalence of < 10% was reported in East Asia (61} 162). Specifically, studies from Sweden

presented a prevalence of 8.8% and 25.9% from a random sampling of the population (63| [64).
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Natural course

Patients of GERD may progress to severe complications like BE, which is recognized as the
most important precursor for EAC. Therefore, it is of great importance to identify people with
higher likelihood of such progression and prevent it. However, there are limited prospective
data available characterizing this chronicle process and the complicated associations between
these three conditions. There are two main types of GERD, namely erosive reflux disease (ERD)
and non-erosive reflux disease (NERD). On one hand, some studies suggested that NERD, ERD,
and BE are conditions with distinctions regarding epidemiological, pathophysiology, medica-
tion responses, and disease presentations, whereas have similar acid exposure and biological
overlaps (65, [66). On the other hand, there is also evidence suggesting a progressive trend
from NERD to BE (67). In a multi-center prospective study with 6215 symptomatic GERD
patients treated in accordance with guideline, after years of follow—up, 25% of NERD patients
progressed to some level of ERD, and after 5 years of routine treatment, BE was later detected
in 5.9%, 12.1% and 19.7% of NERD, low-grade ERD and high-grade ERD patients, and 16.5%
of NERD patients progressed to some severe stages. The probability to be finally affected of
EAC from this pathway can be extrapolated to be even lower if patients are followed for longer
time (68, |69). At the same time, some studies presented a regressive change from ERD to
NERD whereas no regressive change from BE to lower level GERD was observed (70). In a
large pooled case—control study, having symptoms of GERD is associated with higher risk for
EAC, and this risk increases with duration of symptoms; over twenty years is associated with 6—
fold increased risk (71)). Notably, for most patients, they presented only mild symptoms. When
followed up with regular monitoring and adequate treatment, their esophageal mucosa could
remain unchanged for a long time, thus most people could survive a life without increased risk
for mortality or morbidity (72} [73). Moreover, literatures regarding the screening of chronic
GERD patients for the prevention of EAC do not present a difference compared to not-screening
arm (74).

2.2.3 Related factors

The etiology of GERD is poorly understood. There are several confirmed factors related with
the occurrence of GERD, including aging, male sex, abdominal obesity, white race, and tobacco
consumption, whereas none of them is specifically associated with GERD, therefore there is no

targeted preventive strategy for GERD (75).

Age

Advanced age is associated with an increased risk for GERD whereas quantitative estimations
for this association are heterogeneous in previous studies. When the age was dichotomized and
pooled from different studies, the OR (95% CI) for GERD was 1.32 (1.12—1.54) in individuals
> 50 years, comparing to those aged < 50 years (60)). The ORs (95% CI) were 1.17 (1.11—1.24)
and 1.20 (1.12—1.28) in age group 35-59 and > 60, separately, comparing to the age group
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18-34 (76). Moreover, statistics from Sweden also presented an increasing trend for GERD
with age, for both sexes. The prevalence of GERD ranged from 25.8% in age group 19-30 to
33.1% in age group > 70 in males and 22.1% in age group 19 — 30 to 29.8% in age group
> 70 in females, and a peak for severe symptoms at age 60 — 70 was also observed for males
(77). Such pattern was also reported in a study from the US population that hospitalization
for GERD peaked at age 65 — 84, and dropped at oldest age of > 85; this pattern may suggest
a cohort effect for GERD and reflects the change of environmental risk factors over time (78)).

Obesity

There are accumulating data suggesting that obesity is associated with a higher risk for GERD,
and this finding is consistently reported in studies from different populations. The worldwide
prevalence of GERD from a meta—analysis was 6.64%, 17.20%, and 22.63% in groups with a
BMI of < 18.5, 18.5—29.9, and > 30, respectively (60). In German population, the ORs (95%
CI) were 1.8 (1.5 —2.2) for overweight and 2.6 (2.2 — 3.2) for obese people (79). In Sweden,
upper normal weight, overweight, and obese were associated with 38%, 89%, and 71% elevated
risk for GERD in females, respectively, compared to normal weight individuals, after controlling
for familial and genetic factors in a twin study (80). A randomized trial has demonstrated
the less development of reflux symptoms followed by weight loss (81). Besides the overall
obesity, which is defined by a BMI > 30, as commonly used in epidemiological studies, central
abdominal obesity is emerging to be a stronger risk factor for GERD, independent of BMI. Such
association was observed in both western and eastern populations, suggesting an etiological
role of central abdominal obesity for GERD (8284).

Smoking

Smoking is also a strong risk factor for GERD. Evidence from Norway showed daily smokers with
more than 20-year smoking history had a 70% higher risk for GERD, compared with individuals
who smoked less than 1 year, and a dose—effect for GERD associated with duration and smoking
quantity. Tobacco smoking cessation was shown to reduce the severe to minor reflux symptoms
in normal weight people (85, [86). In Sweden, this association was also confirmed using twin
study design, which showed that ever smoking and smoking more than 20 cigarettes per day
elevated 18% and 37% of the risk for GERD, separately (80).

Detrimental effects of smoking can be brought to the occurrence of GERD through several
pathways. Muscles at lower esophageal sphincter might be relaxed since nicotine contained in
cigarettes is a relaxant to smooth muscle. At the same time, the reduction of saliva secretion
rate in smokers could also lead to or worsen GERD by the reduction of the compounds in saliva

that help to neutralize acid reflux, and a prolonged acid clearance time (87).



Chapter 3

RESEARCH AIMS

The overall aims of this thesis were to study the factors or characteristics related to the occur-

rence and prognosis of esophageal cancer and GERD. More specifically, the aims were:

Aim 1 To study the sex differences in the prognosis after esophageal cancer surgery.

Aim 2 To study the association between H. pylori infection and EAC.

Aim 3 To study the association between dental health related diseases and esophageal cancer.

Aim 4 To study the association between AG and GERD.



Chapter 4

MATERIALS AND METHODS

4.1 National quality register for esophageal and gastric cancer
(NREV)

NREV was used in the|Study I. It was specially designed to collect data related with all the newly
diagnosed esophageal and gastric cancer patients in Sweden, with or without treatment. The
register was initiated on 1 January 2006 and consists of 3 surveys. The first survey is undergone
at the time of workup, containing data regarding the date of clinical visit, histopathological
subtypes, tumor stage, and treatment plan. The second survey is performed for individuals
who have undertaken curative or palliative intended treatments, and data related with surgical
procedures or perioperative treatments are registered. The third survey is performed at one year
after the tumor resection, including data of postoperative comorbidities, tumor stage according
to the pathological assessment, and quality of life for the follow—up monitoring. It is estimated
that the register has a total completeness of 95.5%, comparing to the cancer register, which is

considered to have a completeness close to 100% (89).

4.2 Barrett’s and Esophageal Adenocarcinoma Consortium (BEA-
CON)

Data in the Study II was based on four studies from BEACON (http://beacon.tlvnet.net/).
The consortium was set up in 2005 by a group of epidemiological studies for the aim of open
scientific etiological and prevention research in the diseases of BE and EAC. Rich data regarding
genetics, life-style, and environmental factors from different continents and populations were
collected, carefully checked, and harmonized by a centralized coordinating center, enabling
high quality epidemiological studies for EAC. Information of the datasets included in this study
is shown in Table
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Table 4.1: Study specific distribution of esophageal adenocarcinoma (EAC) cases, controls and prevalence
of gastric atrophy

Study Country Time of data EAC Gastric atrophy
collection cases/controls N (%)
US Multi-Center Study United 1993-1995 67 / 222 35(12)
States
Los Angeles Country United 1992-1997 79 / 354 30(7)
Multi—ethinic Study States
Swedish Esophageal Cancer Sweden 1994-1997 95 / 480 62(11)
Study (SECC)
Factors Influencing the Ireland 2002-2005 194 / 242 27(6)

Barrett’s Adenocarcinoma
Relationship Study (FINBAR)
Total 435 / 1298 154(9)

4.3 The Swedish Dental Health Register (DHR)

Study III used data from the DHR. DHR was established in 2008, with dental care information
of adults of ages older than 23. The dental care information is recorded when the treatment for
a tooth at a dental care provider is submitted by the dentists or dental hygienists and approved
by the Swedish Social Insurance Agency for a reimbursement (91).

The registry has name and address for the dental care providers, age and sex for the patients,
date of the treatment, number of the remaining and intact teeth at the time of treatment,
diagnosis for oral diseases, examination or treatment for each tooth, number and position of
the treated tooth. A unique identification number for each person could link DHR with other
registers for research purposes. It is estimated that 2.6 million of males and 2.9 million of
females visited the dentists during 2013 to 2014 and the number of remaining teeth and intact
teeth in the register has a very high correctness (91.5%) comparing to the actual dental records
©2).

4.4 The Swedish Twin Register (STR)

STR was originally initiated in the late 1950s for the purpose of studying the association
between smoking and alcohol consumption on the risk of cancer and cardiovascular diseases,
while controlling for genetic factors. After years of improvement and multiple waves of data
collection, STR has become one of the biggest twin-based datasets with 216,258 twins born
between 1886 and 2015, allowing for the studies of a broad range of study objectives on diverse
disorders (93], [94).

The Screening Across the Lifespan Twin Study (SALT) is a telephone interview carried out
among all the twins born in 1958 or earlier. Extensive data was collected during 1998 to 2002.
In the interview, structured questionnaires were used for the data of different diseases and

symptoms, medication use, and linked to other medical records. A total of 44,919 twins were
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enrolled. In the registry, the zygosity of twins was determined and validated by self-reported
questions regarding the similarities within twins, genetic-based method, or being opposite sex
for dizygotic (DZ) twins, which ensured a very high overall accuracy (93], (95, (96).

Later in the year 2004 to 2008, the TwinGene project further obtained blood specimens
from participants in the SALT study who were willing to provide blood samples for further
studies. In total, 12,614 blood specimens were collected in the TwinGene project (96,(94). The
participants were instructed to visit the local healthcare provider for the sampling of 50 ml
blood. Twins who participated in the SALT study, with serum sample available from the biobank

were included in |Study IV.

4.5 The National Registers

4.5.1 The Swedish Cancer Register (SCR)

SCR was initiated in 1958 and is managed by the Swedish National Board of Health and Welfare.
It is compulsory for all the health care providers in Sweden to report the newly diagnosed
cancers at clinical, morphological, and from the laboratory examinations. SCR is estimated
to have almost 99% completeness of tumors confirmed of morphology, but with some loss in
different tumor sites, advanced stages of tumors and elderly patients. Specifically, the register
contains demographical information, personal identification number, age, sex, residence area,
tumor localization, stage, date of diagnosis, and histopathological diagnosis, etc. SCR is being

widely used in various epidemiological studies (98)).

4.5.2 The Cause of Death Register

The Swedish Cause of Death Register contains information on underlying and contributing
cause of death from 1952, covering all the population registered in Sweden. The coding for the
cause of death was in line with the current version of International Statistical Classification of
Diseases and Related Health Problems (ICD) codes: ICD-6 (1952-1957), ICD-7 (1958-1968),
ICD-8 (1969-1986), ICD-9 (1987-1996),ICD-10 (1997-). The cause of death register is based
on the death certificate issued by the responsible physician, which is shown to have overall
77% agreement with the international standards and lower in elder population than younger
population (99, [100).

4.5.3 The Swedish Inpatient and Outpatient Register

The Swedish Inpatient Register was launched in 1964 and completed with a national coverage
of 99% in 1987, and the Outpatient Register was included since 2001. The registers include
all somatic and psychiatric hospital discharges with information of hospital, clinic, sex, age,
enrollment and discharge date with negligible missing. Different versions of ICD codes were
used for the recording of the diagnoses: ICD-7 (1964-1967), ICD-8 (1968-1986), ICD-9
(1987-1996), ICD-10 (1997-) (101).
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4.5.4 The longitudinal integrated database for health insurance and labor market
studies (LISA)

The original purpose of LISA was for health and labor market research. While by linking to
several external registers, it is also widely incorporated in epidemiological studies, providing
rich information on covariates that may affect the diseases of interest. Specifically, LISA contains
data regarding personal identification number, demographics, the highest educational level,
employment, marital status, disposable income, and migration, etc., for individuals older than
16, from the year 1990 (102).

4.6 Measurements

4.6.1 H. pylori infection

In Study II, the H. pylori seropositivity of 15 antibodies were tested by a multiplex serology test
which was developed based on the combination of glutathione-S-transferase (GST) capture
immunosorbent assay and fluorescent bead technology. The experiment was performed in the
collaborative laboratory (103)). Antibodies tested are listed in Table

Quality of the experiment was monitored by insertion of 2 or 3 quality control samples into
each plate in the experiment, and eventually a total of 52 control samples were placed into
25 plates. Among all the antibodies tested, the intra—class correlation coefficients of absolute
agreement across different plates were calculated for each antibody among all seropositive

control samples (104). The reliability of the antibodies ranged from moderate to good.

Table 4.2: H. pylori multiplex serology antibodies

Antibody Full name
GroEl Chaperonin Groel
UreA Urease alpha subunit A
HP 231  Hypothetical protein
NapA  Neutrophil-activating protein
HP 305 Hypothetical protein
HpaA  Neuraminyllactose-binding hemagglutinin homolog
Cagd Cag pathogenicity island protein 3
CagA Cytotoxin—associated antigen A
CagM Cag pathogenicity island protein 16
HyuA  Hydantoin utilization protein A
Catalase Catalase
VacA Vacuolating cytotoxin A
HcpC Conserved hypothetical secreted protein
Cad Cinnamyl alcohol dehydrogenase ELI3-2
Omp Outer membrane protein
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4.6.2 Oral health

In [Study III, the oral health status was defined by a series of diagnostic codes from DHR and
the number of remaining teeth. The diagnoses were further classified into normal, caries, root
canal infection, mild inflammation, and periodontitis. Detailed definition for each condition
are summarized Table Number of remaining teeth was categorized into groups of 0-14,
15-20, 21-24, 25-27, and 28-32.

Table 4.3: Diagnostic and procedure codes for dental health status

Category Subgroup Diagnostic code (TILLSTAND)
4 Periodontitis 3043: Periodontitis
4 Periodontitis 3044: Periimplantitis
3 Mild inflammation  3042: Mucositis (implants)
3 Mild inflammation  3045: Pericoronitis
3 Mild inflammation  3041: Gingivitis
3 Mild inflammation = 3046: Other unspecific inflammation conditions
3 Mild inflammation 3072, 3073: Stomatitis
2 Root canal infection 3051: Root canal infection and treatment
1 Caries 4001, 4002, 4011, 4012: Caries
0 Normal

The table is reproduced from Zhang et al. Cancer Epidemiology, Biomarkers & Prevention 2022 (90).

4.6.3 GERD

In [Study IV, GERD was defined by a series of 10 items in a validated questionnaire regarding
GERD, as shown in Table The information was achieved by telephone interview.

4.6.4 AG

In |Study IV, chronic corpus AG was determined by serum biomarkers of pepsinogen I (PGI)
and pepsinogen II (PGII), using the tests of Enzyme linked immunosorbent assays (ELISAs),
by the commercialized ELISA Kkits (Biohit, Helsinki, Finland), according to the manufacturer’s
instructions.

Currently, there is no generally agreed cut—off value for PGI or PGII in the identification of
patients with AG. Therefore, different cut—offs were used in our study to test the robustness
of the results: PGI< 30 ngxml™!; PG1< 70 ngxmland PGI/PGII< 3; PGI/PGII< 3; and
PGI< 25 ngxml~tor PGI/PGII< 3. A multi—center, cross—sectional study performed in France
showed that using PGI< 30 ngxml!as criterion of AG was showed to have a sensitivity and
specificity of 31.8%, and 98.0%, respectively (105). PG1< 70 ngxml~*and PGI/PGII< 3 is a
criterion widely used in Asian population and is assessed to have a sensitivity ranging between
66.7-84.6% and a specificity ranging between 73.5-87.1% (106). A study performed in the
Swedish population presented a sensitivity and specificity of 71% and 98% for the cut-off of
PGI< 25 ngxml~'or PGI/PGII< 3, together with other serological biomarkers (107). When
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Table 4.4: Reflux questions (English translation) used in the telephone inquiry

Questions Options
Do you often have heartburn, often meaning | No; Yes; Don’t know; Refuse
more than 50 times per year?
Did you ever have a burning pain or discom- | No; Yes; Don’t know; Refuse
fort behind the breastbone?
How old were you when you were first both- | Number of age
ered by breastbone pain or burning?
How often do or did you have breastbone | Usually less than once a week (<4
pain or burning? times/month); Once or more than once a
week but not every day (1 —5 times/week);
Usually every day (>5 times/week); Less
than one a month (<1 time/month); Don’t
know; Refuse
Did you ever wake up at night due to breast- | No; Yes; Don’t know; Refuse
bone pain or burning?
Does or did your breastbone pain often go | No; Yes; Don’t know; Refuse
up towards the neck?
Does or did your breastbone pain or burning | No; Yes; Don’t know; Refuse
improve when you took antacids?
Do or did you take any of the following | No; Yes; Don’t know; Refuse
medicines to prevent breastbone pain or
burning? (A list of all histamine H-2 recep-
tor antagonists and proton pump inhibitors
available in Sweden was then read.)
Do or did you ever have regurgitation of bit- | No; Yes; Don’t know; Refuse
ter or sour fluid coming up into the mouth
or throat from the esophagus?
How often do or did you have regurgitation | Usually less than once a week (<4
of bitter fluid? times/month); Once or more than once a
week but not every day (1 — 5 times/week);
Usually every day (>5 times/week); Less
than one a month (<1 time/month); Don’t
know; Refuse

The table is reproduced from Zhang et al. United European Gastroenterology Journal 2022. (97)

PGI/PGII< 3 was used as the criterion for AG, the sensitivity and specificity were estimated to
be 90% and 93%, respectively (108).

The quality of the tests was monitored by a duplication of control samples provided by
the kit, and external control samples generated by pooling the sera donated by 10 healthy
volunteers. Statistics of control samples are shown in Table[4.5] The between-plate coefficient of
variation ranged between 5-13% and the within—plate coefficient of variation ranged between
1-5%.
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Table 4.5: Between— and within—plate coefficient of variation for PGI and PGII

Ccv PGI kit PGI external PGII kit PGII external
control control control control
Between-plate CV 6% 9% 5% 13%
Within-plate CV 2% 1% 5% 5%

PGI, pepsinogen I; PGIL, pepsinogen II; CV, Coefficient of variation.
The table is reproduced from Zhang et al. United European Gastroenterology Journal 2022. (97)

4.7 Statistical analysis

4.7.1 Relative survival analysis

In|Study I, the survival outcomes were measured by mortality rate and excess mortality rate.
Excess mortality rate is defined as the difference between observed mortality rate of the study
cohort and the expected mortality of the background population where the individuals of
study come from. In this study, the background mortality rate was obtained from the Human
Mortality Database of Sweden (http://www.mortality.org). Excess mortality rate is used as the
cancer—specific mortality when an accurate classification of cause of death cannot be achieved,
which is often the case for the identification of the cause of death after complex surgical
treatment (109). Sex difference was therefore defined by mortality rate ratio (MRR) and
excess mortality rate ratio (EMRR) after time of surgery. A flexible parametric survival model
was used to study the sex differences during the follow—up time. In the model, time after
surgery was set as underlying timescale. Restricted cubic splines were introduced to better
study associations in dose-response models. Moreover, knots of the splines for each model were
determined by the statistics of Akaike information criterion, Bayesian information criterion
and likelihood ratio test. Therefore, the mortality rates or excess mortality rates do not have
to be proportional between males and females. In the study, the subtypes of EAC and ESCC
were modeled separately (110, [111). In all the models, the potential confounding factors were
age at time of surgery, Charlson co-morbidity index, the American Society of Anesthesiologists
score, clinical stage of cancer, marital status, education, neoadjuvant treatment, and hospital

volume.

4.7.2 Logistic regression

In Study II, the unconditional multivariate logistic regression model was used to study the
association between H. pylori seropositivity and EAC, in respective groups, depending on the
gastric atrophy status (yes, no). The associations between all the antibodies and EAC were
summarized as ORs with the corresponding CIs. The exposure of H. pylori infection was also
defined by the total number of positive antibodies: < 4, > 4 (also grouped into 4—7 and > 8).
The potential modification effect of gastric atrophy for the link between H. pylori infection and
EAC was tested by introducing an interaction term of gastric atrophy and H. pylori, and a log

likelihood ratio test was then performed to compare the fitness of models with and without
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interactions.

4.7.3 Mediation analysis

In Study II, a mediation analysis was applied to study the potential pathways from the exposure
of H. pylori to the outcome of EAC, as shown in the directed acyclic graph[4.1] In brief, gastric
atrophy, BMI, and GERD were considered as potential mediators, both individually and jointly.
A 4-way decomposition method for the total effect of H. pylori was first used for this mediation
analysis. Specifically, total effect was decomposed into natural direct effect, which is defined as
the counterfactual effect of exposure with mediator set at whatever value it would have taken
at the reference value of the exposure and the natural indirect effect, which is defined to be
the counterfactual effect of mediator, with all individuals fixed to be exposed. An inverse odds
ratio weight approach was then applied for the joint mediation analysis of multiple mediators
(gastric atrophy, BMI, and GERD) simultaneously.
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Figure 4.1: Infection of H. pylori is exposure of interest, and esophageal adenocarcinoma (EAC) is
the outcome of interest. Body mass index (BMI), gastric atrophy and gastroesophageal reflux disease
(GERD) are the mediators in the pathway from H. pylori to EAC. Potential confounders between exposure,
mediator, and outcome were considered.

4.7.4 Cox regression

In[Study IIL, the outcome was time from the first dental care visiting until diagnosis of esophageal
cancer, with regard to its histopathological subtypes of EAC or ESCC, death, migration, or De-
cember 31, 2016, whichever occurred first. Hazard ratios (HRs) associated with the categorized
dental inflammation groups and remaining teeth for esophageal cancer were estimated by Cox
regression models. The proportional hazards assumption for each variable in the models was
tested by Schoenfeld residual tests (112)). Attained age was set as the underlying timescale
to implicitly control for aging effect. Moreover, the dental inflammation and the number of
remaining teeth were studied in the same model simultaneously to mutually control for the
confounding effects. The interaction effects between dental diseases and remaining teeth were
tested by comparing the models with and without the multiplicative interaction term. Fur-
thermore, given that a substantial portion of individuals attended the dental clinics multiple

times and the change of their dental health conditions during follow—up time could also poten-
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tially contribute to the outcome of esophageal cancer, a time—dependent Cox regression model
was used to assess the effects of dental diseases and remaining teeth in the time-varying way
(113). In this model, the severest diagnosis of dental diseases in a year and the least number
of remaining teeth were considered as the exposure of the year. In addition, with the prior
knowledge that the progression from normal dental condition to periodontitis is non-reversible
because of the chronic destruction of the tooth structure and supporting tissues, and we were
aware that this change might not be recorded in the dental visits for non-treatment purposes,
we disregarded records with the less severe inflammation or increased remaining teeth dur-
ing follow—up, compared with the previous records. All the models controlled for potential
confounders, including age at entry, sex, education, family income, smoking related diseases,

alcohol related diseases, and obesity. And GERD was also controlled for in the model for EAC

subtype.

4.7.5 Regression models in the twin study

In |Study IV, GERD patients were compared with the whole study group as external controls,
within monozygotic (MZ) co-twins and within DZ co—twins, respectively. ORs with the corre-
sponding CIs were used to quantify the association between AG and GERD.

In the comparison of GERD patients with external controls, generalized estimation equation
(GEE) model was used to account for the correlation within twin pairs, regardless of zygosity.
In the comparison within MZ or DZ twin pairs, only twins with one person with GERD and
the other without were included in the analysis. Conditional logistic regression model was
used when the outcome of interest was GERD (yes, no), and a fixed effect model was used
when the outcome was studied as three-way variable (no GERD, less frequent GERD, and
frequent GERD). In these means of analyses, family constant factors, and genetic factors, which
is 50% shared by DZ twins and 100% shared by MZ twins, were implicitly controlled for in
the models (114} [115). We also controlled for potential confounders including birth year, sex,
education, BMI, coffee consumption, physical exercises, smoking, and alcohol consumption in
all the models.

4.8 Ethical considerations

All the studies were based on data collected from human being, thus it is always an important
mission to ensure anonymity of each participant. The general aim of the studies in this thesis is
to broaden the knowledge of causes, development, and survival of esophageal cancer, to improve
the prevention, diagnosis and prognosis of the patients, with data from human subjects. Based
on the principles of the World Medical Association Declaration of Helsinki, it is the duty of the
researcher to ensure the rights and interests of all study subjects, to protect the dignity, integrity,
right of self-determination, and confidentiality of sensitive information of participants (116).
Given the differences in study design, ethical framework, and legal regulation, ethical issues

were carefully considered in different studies, separately.
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For |Study I, the data was administered into the quality register of patients who received
clinical therapy. Before registering personal information into the dataset, each patient was
informed of the aim of the study, information about the security of their personal data, possible
usage of their data, and given the right to delete their data from the system at any time. And to
attenuate their worry they may be taken less care of if they do not denote their personal data
for the study, it was mentioned in the consent that joining the study is totally voluntary, and
had nothing to do with the treatment they may receive. Since their data would be stored and
handled by data management authority, they were also informed of the contact information of
data management authority for any further question and requests of their data. As data users,
similarly, we requested anonymized data from data management authority, with permission
from the steering group.

The study II was based on collaborative data and biological samples from Europe and
the United States. The ethical approvals were provided by each research center, separately.
Specially, an ethical certificate regarding the current study was issued by the main PI of the
international Barrett’s and Esophageal Adenocarcinoma Consortium.

Study I and Study III were performed with Swedish national population-based registries.
According to the General Data Protection Regulation (GDPR), which was newly updated in
2018, sensitive data was redefined in a stricter way. Any data with the potential to identify
a "natural person" is sensitive and needs to be carefully treated, and in many cases, cannot
be directly used. Therefore, techniques should be applied to avoid such linkage to a "natural
person"(117). In the Swedish registries, a study specific unique serial number was assigned
to each person by the National Board of Health and Welfare to mask the connection between
data and the real person. Therefore, the data cannot be linked to any "natural person". And
data from different studies cannot be linked without permission.

Study IV|used data and blood samples from the STR. To ensure the confidentiality of the
participants, the data was used cautiously. Only the most necessary variables needed to answer
the research question were granted by the data management team. The study protocol and
ethical amendment were approved before the study was carried out.



Chapter 5

RESULTS

5.1 Study

5.1.1 Population characteristics

In this study, excess mortality rates were compared between males and females in patients

after undergoing surgical treatments. In total, there were 1098 male and 203 female patients

of EAC subtype and 199 male and 106 female patients of ESCC subtype were analyzed in the

study. Sex specific characteristics are summarized in Table

Table 5.1: Sex-specific main characteristics in groups of esophageal adenocarcinoma (EAC) and

esophageal squamous cell carcinoma (ESCC)

Characteristics EAC ESCC
Men Women Men Women

N 1098 203 199 106
Operation age, year (SD) 66.1 (9.0) 65.6 (10.8) 66.7 (8.8) 64.3 (10.4)
Education >12 years, N (%) 221 (20.5) 53 (26.6) 45 (23.2) 30(29.4)
Married, N (%) 659 (60.0) 89 (43.8) 117 (58.8) 60 (56.6)
Anaesthetist score 3, N (%) 156 (14.5) 32 (16.1) 39(19.7) 13 (12.4)
Clinical stage III, N (%) 387 (35.2) 50 (24.6) 83(41.9) 25 (23.6)
Neoadjuvant Chemoradiotherapy, N (%) 429 (41.0) 61 (31.6) 105 (54.1) 49 (48.0)
Charlson co-morbidity index>3, N (%) 167 (15.2) 22 (10.8) 32 (16.1) 15 (14.2)
High hospital volume, N (%) 423 (38.7) 80(39.4) 98(49.5) 49 (46.2)
Postoperative complications, N (%) 442 (40.3) 79(38.9) 98(49.2) 50 (47.2)

Abbreviations: EAC, esophageal adenocarcinoma; ESCC, esophageal squamous cell carcinoma.

The table is reproduced from Zhang et al. BJS Open 2022. (88))

5.1.2 Time trend of sex difference

The results demonstrated that the time trend of EMRRs were slightly different between EAC
and ESCC patients. For EAC patients, the EMRR was not different between male and female

patients at 1 year after surgery. Around 25% risk reduction for female patients was observed

at 10 year and overall follow—up duration, but the results did not reach statistical significance
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after controlling for a full range of potential confounders in the models. For patients classified
as ESCC subtype, no survival beneficial was observed for female patients at 1 year after surgery.
However, at 5 year, 10 year and the whole follow—up time, female patients had almost 50%
less excess mortality rate, comparing to male patients(Table [5.2)).

Moreover, the time trend of sex—specific mortality rates and excess mortality rates after
surgery were also illustrated continuously over time for EAC and ESCC patients, separately.
Similarly, there was no sex difference at short time after surgery; the peak of mortality happened
at 1 year after surgery, for both sexes, and decreased afterward (Figure [5.1)). Notably, the sex-
specific excess mortality rates after surgery between male and female patients were compared
using both ratio and difference scale (Figure[5.2). When ratio scale was used, no sex difference
was observed for EAC patients along the follow—up time, whereas 50% lower risk for excess
mortality was observed for females of ESCC patients. When difference scale was used, the peak
of the difference between excess mortality rates was at 1 year after surgery and dropped fast
afterward.

Table 5.2: Excess mortality rate ratio (EMRR) at different follow-up time in each group

Esophageal adenocarcinoma

Death/Person—years Crude model? Adjusted model®

Male Female = EMRR P EMRR p
1 year 270/961 40/181 0.78 (0.54, 1.13) 0.189 0.82 (0.55, 1.21) 0.312
5years 324/169153/373 0.77 (0.59, 1.01) 0.058 0.77 (0.58, 1.03) 0.080
10 years 40/570 6/113 0.75 (0.58, 0.98) 0.032 0.76 (0.58, 1.01) 0.057
Over-all 634/324999/671 0.75 (0.58, 0.98) 0.032 0.76 (0.58, 1.01) 0.056

Esophageal squamous cell carcinoma

Death/Person-years Crude model? Adjusted model®

Male Female EMRR p EMRR p
1 year 55/168 20/97 0.66 (0.38, 1.15) 0.146 0.98 (0.49, 1.99) 0.963
S5years 69/269 24/203 0.52 (0.34, 0.78) 0.002 0.50 (0.30, 0.82) 0.006
10 years 11/88 4/83 0.53 (0.35, 0.79) 0.002 0.52 (0.32, 0.84) 0.007
Over-all 135/530 48/387 0.53 (0.35, 0.79) 0.002 0.52 (0.32, 0.84) 0.007

4 Adjusted for age of surgery.

b Adjusted for age of surgery, comorbidity, ASA level, clinical stage, neoadjuvant treatment, marital status, education
level, and hospital volume.
The table is reproduced from Zhang et al. BJS Open 2022. (88)

5.1.3 Grouped study of sex difference

Stratified analysis was performed based on clinical tumor stage, neoadjuvant therapy, and
postoperative complications (Table [5.3)). A better survival was observed in women of tumor
stage I, who had neoadjuvant therapy and did not have postoperative complications. The pattern
was alike in both subtypes of EAC and ESCC, while the female versus male sex difference was
higher in ESCC patients than that in EAC patients.
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Figure 5.1: Sex—specific excess mortality rates per 1000 person-years with corresponding 95% confidence
intervals in each group, adjusting for age, co-morbidity, ASA level, clinical stage, neoadjuvant treatment,
marital status, education level, and hospital volume. Esophageal adenocarcinoma (a), esophageal squa-
mous cell carcinoma (b). The figure is reproduced from Zhang et al. BJS Open 2022. (88)

Table 5.3: Female versus male excess mortality rate ratio (EMRR) in esophageal adenocarcinoma (EAC)
and esophageal squamous cell carcinoma (ESCC) patients, stratified by cancer stage, neoadjuvant treat-
ment, and postoperative complications.

EAC
EMRR (95% CD?

ESCC
EMRR (95% CD?

Clinical stages

Cancer stage 0 - 1
Cancer stage I

Cancer stage III - IV

0.59 (0.36, 0.97)
0.88 (0.52, 1.50)
0.80 (0.51, 1.26)

0.29 (0.11, 0.75)
0.66 (0.26, 1.64)
0.62 (0.25, 1.56)

Perioperative neoadjuvant treatment
No neoadjuvant treatment
Neoadjuvant treatment

Postoperative complications
No postoperative complications
Any postoperative complications

1.05 (0.69, 1.59)
0.62 (0.42, 0.92)

0.69 (0.35, 1.37)
0.31 (0.13, 0.71)

0.64 (0.42,0.96) 0.28 (0.13, 0.63)
0.91 (0.60, 1.38) 0.49 (0.25, 0.98)
8 Adjusted for age of surgery, comorbidity, ASA level, clinical stage, neoadjuvant treatment,

marital status, education level, andhospital volume.
The table is reproduced from Zhang et al. BJS Open 2022. (88))

5.2 Study ll

5.2.1 Population characteristics

In this study, a total of 435 EAC patients and 1298 controls were included for the analysis,
and 154 of them were defined to have gastric atrophy. Their population characteristics are
summarized in Table
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Figure 5.2: Female versus male excess mortality rate ratios (a, b) and absolute difference of excess
mortality rates (c, d) with corresponding 95% confidence intervals in each group, adjusting for age, co-
morbidity, ASA level, clinical stage, neoadjuvant treatment, marital status, education level, and hospital
volume. Esophageal adenocarcinoma (a, c), esophageal squamous cell carcinoma (b, d). The figure is
reproduced from Zhang et al. BJS Open 2022. (88)

5.2.2 H. pylori and EAC

The association between each of the 15 antibodies and EAC is shown in Figure All the
antibodies presented a reduced point estimation, after adjusting for covariates. And the risk
reduction still persisted after stratification by gastric atrophy status. For most antibodies, ORs
in the gastric atrophy positive groups were lower than gastric atrophy negative groups whereas

the interaction effect was only significant for antibody NapA and gastric atrophy.

When the population was stratified by the total count of positive antibodies as < 4 and > 4,
around 40% risk reduction was observed in individuals with > 4 positive antibodies, and the
risk reduction was more profound in gastric atrophy patients (OR=0.19, 95% CI: 0.10—0.36).
When the positive antibodies counts of > 4 was further divided into subgroups of 4 —7 and
> 8, the > 8 subgroup presented the lowest OR in overall, gastric atrophy positive, and gastric
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Table 5.4: Characteristics of adenocarcinoma cases and control group, stratified by status of gastric
atrophy

. . Overall Gastric atrophy (+) Gastric atrophy (—)
Characteristics Case Control  Case Control Case Control
N 435 1298 43 111 392 1187
Age (70-79), N(%) 149 (34) 434 (33) 13(30) 54 (49) 136(35) 380(32)
Sex (male), N(%) 379 (87) 1052 (81) 35 (81) 92 (83) 344 (88) 960 (81)

Education (lower than high 214 (50) 527 (41) 22 (51) 59 (53) 192 (49) 468 (40)
school), N(%)

Race (white), N(%) 416 (96) 1150 (88) 38 (89) 99(89) 378 (96) 1051 (89)
Current smoker, N(%) 127 (30) 253 (20) 14 (33) 17 (16) 113 (29) 236 (20)
Ever drinking alcohol, N (%) 330 (77) 1082 (83) 32 (74) 99 (89) 298 (77) 983 (83)
GERD, N (%) 208 (49) 215 (17) 17 (40) 23 (21) 191 (49) 192 (16)

High fruit consumption, N(%) 117 (27) 430 (33) 12 (28) 35(32) 105 (27) 395 (34)
High vegetable consumption, 128 (30) 430 (33) 11 (25) 32 (29) 117 (30) 398 (34)
N (%)

Overweight or obese, N (%) 298 (69) 607 (47) 32 (74) 48 (43) 266 (68) 559 (47)

atrophy negative group. The interaction between H. pylori counts and gastric atrophy was
statistically significant (Tabl€5.5).

5.2.3 Test of potential mediation effects

To explore the potential mediation effects of gastric atrophy, GERD, and BMI, a parametric
method and a non-parametric method were used to test the mediation effects separately and
jointly (Tabldb.6). The results showed the effect of H. pylori was not mediated by gastric atrophy,
GERD, nor BMI.

Table 5.5: Association between total number of positive antibodies and esophageal adenocarcinoma
(EAC), with and without stratification by gastric atrophy

Number of H. Overall Gastric atrophy (+) Gastric atrophy (—)
pylori positive N=1733 N=154 N=1579
antibodies EACN(%) OR (95% CI)® EACN(%) OR (95% CI)* EACN(%) OR (95% CD?
<4 283(65.06) 1(Ref) 29(67.44) 1(Ref) 254(64.80) 1(Ref)
>4 152(34.94) 0.59(0.50, 0.70) 14(32.56) 0.19(0.10, 0.36) 138(35.20) 0.65(0.55, 0.77)
4—-7 96(22.07) 0.84(0.67, 1.06) 7(16.28) 0.27(0.07,1.03) 89(22.70) 0.95(0.79, 1.13)
>8 56(12.87) 0.40(0.33,0.48) 7(16.28) 0.13(0.06, 0.31) 49(12.50) 0.42(0.35, 0.50)

4 Adjusted for age, sex, education level, race, body mass index, cigarette smoking, alcohol consumption, fruit consumption,
vegetable consumption and symptoms of gastroesophageal reflux.
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Figure 5.3: The association between each antibody against H. pylori and esophageal adenocarcinoma,
with and without stratification by status of gastric atrophy. All the models adjusted for age, sex, education
level, race, body mass index, cigarette smoking, alcohol consumption, fruit consumption, vegetable
consumption, and symptoms of gastroesophageal reflux.

5.3 Study Il

5.3.1 Population characteristics

In this study, a total of 5,889,537 individuals were enrolled in the study, with a mean follow-up
time of 6.4 years. Among them, 2380 esophageal cancer patients were ascertained, with 1412
EAC patients and 848 ESCC patients. Most of them had a healthy dental condition (48.8%)
and no tooth loss (62.9%) (Table[5.7). Cancer risk associated with different dental diseases
were reported in total esophageal cancer, subtype of EAC, and subtype of ESCC, respectively.

5.3.2 Dental health conditions and esophageal cancer—time constant model

Figure demonstrates that periodontitis was associated with an increased risk for total

esophageal cancer, comparing to the healthy population. This association was found in total
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Table 5.6: Mediation analysis: effect of accumulated number of antibodies

Mediator: Gastric atrophy
Effect Med4way IORW
TE  —0.38 (—0.55, —0.21) —0.38 (—0.55, —0.22)
NDE —0.37 (—0.55,—-0.19) —0.38 (—0.55, —0.20)
NIE —0.01 (—0.04, 0.01) —0.01 (—0.05, 0.02)
Mediator: BMI

Effect Med4way IORW

TE —0.38 (—0.54, —0.22) —0.38 (—0.55, —0.22)
NDE —0.41 (—0.57,—0.25) —0.40 (—0.56, —0.25)

NIE 0.03 (0.00, 0.07) 0.03 (—0.01, 0.08)
Mediator: GERD
Effect Med4way IORW

TE  —0.37 (—0.54, —-0.19) —0.38 (—0.54, —0.23)
NDE —0.39 (-0.59, —0.20) —0.37 (—0.53, —0.20)

NIE 0.03 (—0.03, 0.08) —0.03 (—0.09, 0.04)
Joint mediation
Effect Med4way? IORW
TE - —0.38 (—0.54, —0.23)
NDE — —0.37 (—0.54, —0.21)
NIE — —0.02 (—0.10, 0.07)

8 Med4way is not applicable for multiple mediator analysis.

esophageal cancer, EAC and ESCC groups. Root canal infection was associated with a higher
risk only for the outcome of EAC (Fig[5.4} a). Higher number of lost teeth at the time of first
visit was associated with a higher risk for total esophageal cancer, EAC, and ESCC. Moreover,
the effects showed significant dose-response effect (Fig[5.4] b).

5.3.3 Dental health conditions and esophageal cancer—time dependent model

We also studied the dental health effects in a time—-dependent manner, taking into account that
people visited the dental clinics multiple times and their dental health condition may change
during follow-up time (Figure 5.5). The results showed periodontitis was still associated with
higher risk for total esophageal cancer, EAC and ESCC. Mild inflammation was associated with
higher risk for total esophageal cancer and EAC, root canal infection was associated with higher
risk for EAC. Likewise, more teeth loss at the time of first dental visit increased the risk for total

esophageal cancer, EAC, and ESCC, in a dose-response manner.
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Table 5.7: Baseline characteristics by dental health status and remaining number of teeth in the cohort
identified from the Swedish Dental Health Register, 2009-2016.

Dental health . Root canal Mild inflam- . ..
a Healthy Caries . . . Periodontitis
status lnfectlon mation
Total (N, %) 2,414,936 847,074 203,384 963,421 613,482
’ (47.9) (16.8) (4.0) (19.1) (12.2)
Follow-upyears o c\19  65+18  62+21  64+20  66+1.9
(mean + SD)
Ageatbaseline o o\ 199 4774183 50.6+£165 48.3+180 57.9+15.5
(mean x SD)
1,110,501 425,794 109,531 481,085 316,199
0 b b b b b b
Male (N, %) (46.0) (50.3) (53.9) (49.9) (51.5)
Education (> 13 798,662 258,088 48,381 336,467 157,813
years, N, %) (33.1) (30.5) (23.8) (34.9) (25.7)
Missing (N, %) 47,006 (1.9) 16,530 (2.0) 4,794 (2.4) 21,431 (2.2) 21,845 (3.6)
Family income 932,009 283,205 58,249 372,778 207,666
(High, N, %) (38.6) (33.4) (28.6) (38.7) (33.9)
Smoking-related oo 563 4 9y 11540 (1.4) 4,010 (2.0) 11,205 (1.2) 14,562 (2.4)
diseases (N,%)
Aleohol-related o (1 6y 20,956 (2.5) 9,868 (4.9) 19,586 (2.0) 20,356 (3.3)
disorders (N, %)
Obesity (N, %) 26,974 (1.1) 14,647 (1.7) 5,901 (2.9) 11,542 (1.2) 9,367 (1.5)
GERD (N, %)P 72,609 (3.0) 28,687 (3.4) 8,484 (4.2) 28,905 (3.0) 24,320 (4.0)
Remaining
o e 28+ 25-27 21-24 15-20 1-14
3,169,727 950,783 478,088 256,840 186,858
0 b b b b b b
Total (N, %) (62.9) (18.9) 9.5) (5.1) 3.7)
Follow-upyears o2, 50 68416 68417  65+20  60+22
(mean %+ SD)
Ageatbaseline 6,151 55014150 64.0+£153 7214110 73.5+12.3
(mean %+ SD)
1,610,443 427,758 207,099 112,294 85,514
0 b b b b b b
Male (N, %) (50.8) (45.0) (43.3) (43.7) (45.8)
Education (=13 1,179,770 276,801 94,058 30,815
years, N, %) (37.2) (29.1) (19.7) (12.0) 17,966 (9.6)
Missing (N, %) 43,314 (1.4) 32,446 (3.4) 19,890 (4.2) 9,812 (3.8) 6,144 (3.3)
Family income 1,229,313 361,573 156,051 66,519 40,451
(High, N, %) (38.8) (38.0) (32.6) (25.9) (21.6)
Smoking-related
diseases (N 0y 21081(07) 13,225 (14) 12,607 (26) 11,789 (4.6) 12,118 (6.5)
Alcohol-related
disorders (N, o) 67972 21 21,077 (22) 12412 (26) 8,283 (3.2) 8,084 (43)
Obesity (N, %) 38,826 (1.2) 13,611 (1.4) 7,870 (1.6) 4,649 (1.8) 3,475 (1.9)
GERD (N, %)® 67,141 (2.1) 38,692 (4.1) 26,625 (5.6) 17,463 (6.8) 13,084 (7.0)

4 Dental health status was defined by the diagnosis at baseline: Healthy, caries, root canal infection, mild inflam-
mation (stomatitis, mucositis (implants), pericoronitis, gingivitis, other unspecific inflammation conditions), and
periodontitis (periodontitis and periimplantitis).

b GERD, Gastroesophageal reflux disease.

The table is reproduced from Zhang et al. Cancer Epidemiology, Biomarkers & Prevention 2022 (90).
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Figure 5.4: Hazard ratios (HRs) for esophageal cancer and its histopathological subtypes according to
dental health in a cohort identified from the Swedish Dental Health Register, 2009-2016. The figure is
reproduced from Zhang et al. Cancer Epidemiology, Biomarkers & Prevention 2022 (90).

-]

Dental health conditions

Remaining teeth number

Total esophageal cancer Adenccarcinoma Squamous cell carcinoma
Healthy < [ ] [ ] [ ]
Root canal infection 4 -l—.— 1 - ?
Mikd inflammation 4 |l—e— | — o —
Periodontitis 4 : —— : —_— : —_—
WTU 15 2:3 1:'3 1.5 20 1.0 T:C 20
HR (95% CI)
Total esophageal cancer Adenccarcinoma Squamous cell carcinoma
28+ 44 L] L]
25-274 : —— : —— :—.—
21244 —— | —— | ——
15201 1 —— 1 . ! .
el el — | —
10 15 20 25 3010 15 20 25 3010 15 20 25 30
HR (95% CI)

Figure 5.5: Time-varying hazard ratios (HRs) for esophageal cancer and its histopathological subtypes
according to dental health in a cohort identified from the Swedish Dental Health Register, 2009-2016.
The figure is reproduced from Zhang et al. Cancer Epidemiology, Biomarkers & Prevention 2022 (90).

5.4 Study IV

5.4.1 Population characteristics

In this study, among 12,533 participants from the twin registry, 4729 (37.7%) people with

less frequent GERD symptoms and 2338 (18.7%) people with frequent GERD symptoms were

ascertained. Individuals with GERD symptoms were more likely to have higher BMI, to be

smokers, to have the habit of alcohol consumption, and lighter physical activities. When differ-

ent cut-offs were used for the identification of AG, the prevalence of AG ranged from 6.1% to
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11.8% in the GERD free group and ranged from 3.2% to 7.3% in the GERD group (Table[5.8).
There were 1002 MZ twins and 3188 DZ twins with one person having GERD symptoms while
the other not (Table[5.9).

Table 5.8: Characteristics of 12,533 twin study participants with and without symptomatic gastroe-
sophageal reflux disease (GERD)

With GERD n (%)
Total Less frequent  Frequent
Total 5466 7067 4729 2338
Education (0-9 years) 1,632 (29.9) 2,077 (29.4) 1,322 (28.0) 755 (32.3)
Body mass index (= 30) 313 (5.7) 624 (8.8) 373 (7.9) 251 (10.7)
Coffee (> 6 cups/day) 978 (17.9) 1,261 (17.8) 860 (18.2) 401 (17.2)
Is or has been a smoker 2,261 (41.4) 3,426 (48.5) 2,230 (47.2) 1,196 (51.2)

Characteristics No GERD n (%)

Moderate alcohol 335 (6.1) 493 (7.0) 335 (7.1) 158 (6.8)
consumption?®
Light physical activity 960 (17.6) 1,461 (20.7) 945 (20.0) 516 (22.1)
Atrophic gastritis
PGI<30
No 5132 (93.9) 6838 (96.8) 4566 (96.6) 2272 (97.2)
Yes 334 (6.1) 229 (3.2) 163 (3.4) 66 (2.8)
PGI<70 and PGI/PGII<3
No 5050 (92.4) 6775 (95.9) 4527 (95.7) 2248 (96.2)
Yes 416 (7.6) 292 (4.1) 202 (4.3) 90 (3.8)
PGI/PGII<3
No 4897 (89.6) 6608 (93.5) 4422 (93.5) 2186 (93.5)
Yes 569 (10.4) 459 (6.5) 307 (6.5) 152 (6.5)
PGI<25 or PGI/PGII<3
No 4822 (88.2) 6551 (92.7) 4383 (92.7) 2168 (92.7)
Yes 644 (11.8) 516 (7.3) 346 (7.3) 170 (7.3)

Abbreviations: GERD, gastroesophageal reflux disease; PGI, pepsinogen I; PGII,pepsinogen II.

? Alcohol drinking is categorized into light(< 1 drink per day), moderate (1 to < 4 drinks per day) and
heavy(> 4 drinks per day);1 drink unit is defined by NIAAA National Instituteon Alcohol Abuse and
Alcoholism units per day for total alcohol consumption.

The table is reproduced from Zhang et al. United European Gastroenterology Journal 2022. (97)

5.4.2 AG and GERD in twins

The AG cases were first compared with all AG free controls, regardless of twin conditions.
Around halved risk for GERD was observed in AG positive individuals. The results were consis-
tent using different cut—off values. Moreover, the risk reduction was slightly more profound in
the frequent GERD (> 1 per week) group than in the less frequent GERD (< 1 per week) group.
Furthermore, AG was inversely associated with the occurrence of GERD when the analysis was
restricted in DZ twins and MZ twins, at the same level comparing to the results in the total
twins (Figure [5.6). Likewise, using different cut—off values in the classification of AG cases
did not produce remarkably different estimations. As a sensitivity analysis, individuals with a
medication history of anti-acid medicine or proton—pump inhibitors were excluded, and the

results were not substantially altered (data not shown).
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Table 5.9: The distribution of symptomatic gastroesophageal reflux disease (GERD) in same-sexed
dizygotic (DZ) and monozygotic (MZ) twin pairs.

MZ pairs, n (%) DZ pairs, n (%)

Concordant, both twins have GERD 1104 (39) 2382 (34)
Concordant, neither twin has GERD 728 (26) 1506 (21)
Discordant for GERD? 1002 (35) 3188 (45)
Age at interview for GERD (median; interquartile) 56; 9 57; 10
Age at onset of GERD (median; interquartile) 40; 20 40; 25

DZ, dizygotic; GERD, gastroesophageal reflux disease; MZ, monozygotic.
2 One twin has GERD, while the other does not have GERD.
The table is reproduced from Zhang et al. United European Gastroenterology Journal 2022. (97)
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Figure 5.6: The association between atrophic gastritis and GERD in total twins, DZ twins and MZ
twins. All the models adjusted for year of birth, sex, BMI, education level, coffee intake, physical activ-
ity, smoking, and alcohol consumption. The figure is reproduced from Zhang et al. United European
Gastroenterology Journal 2022. (97)



Chapter 6

DISCUSSION

6.1 Interpretation of the results

6.1.1 Sex difference in the prognosis of esophageal cancer surgery

In[Study I, we found that female patients had an overall better survival than males after curative
surgical treatment. This sex difference presented to be more prominent in ESCC patients than
EAC patients, and no sex disparity was observed in gastric cancer patients. When the sex
difference was presented over follow—up time, it was observed to reach a peak shortly after
surgery for both subtypes of EAC and ESCC, and gradually decreased thereafter. This might be
associated with the recurrence of esophageal cancer, as it is estimated that most recurrence for
esophageal cancer patients happens within 2 — 3 years after surgery (118}, [119). Previously, a
study using Swedish register data also reported a better 5—year survival in female patients than
male patients in ESCC patients, whereas no sex difference was reported in 5—-year survival in
EAC patients (120). A study in the Japanese population also reported a better overall survival
in female esophageal cancer patients undergoing surgery (121). The present study suggested
a sex difference in a time varying manner, in both ratio scale and difference scale.

In the stratification analysis, the sex difference was further found to be restricted in the
cancer stage 0-I, in patients undergoing neoadjuvant treatment, or in patients without any
postoperative complications. This suggests that these surgery related factors may play an ex-
planatory role in the sex difference in the postoperative survival. It is known that sex differenti-
ated pharmacokinetics and pharmacodynamics could affect chemotherapy effects regarding the
exposure, clearance, efficacy, toxicity of the medicine and adverse effects related to treatments.
This is mainly because males have about 20% better renal function than females, which leads
to a better drug clearance, thus female patients are 15-25% more exposed to anticancer drugs,
comparing to males with the same dose of drugs. Therefore, males may have less circulating
concentration of drug and a poorer postoperative survival than females (122} [123). As a result,
females tend to be over—treated, while males tend to be under—treated. In addition, female
patients were showed to be more likely to achieve complete pathologic response towards pre-
operative chemoradiotherapy, and have less risk for recurrence than males (124} [125). This

sex differentiated response towards preoperative neoadjuvant therapy supports the finding in
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this study that the postoperative sex difference was only restricted in patients who underwent

neoadjuvant treatment in EAC patients.

6.1.2 H. pylori, gastric atrophy and EAC

In Study II, we confirmed an inverse correlation between fifteen antibodies against H. pylori
and EAC. This further supports previous studies using overall serostatus of H. pylori, antibody
against CagA, or other indications of H. pylori infections (126-131)), whereas there are also
studies showed a null relationship between H. pylori infection and EAC (128, 132} [133]). The
null association might partly be due to underpower or potential misclassification of the cases.
Nevertheless, all the meta—analysis investigating the association between H. pylori infection and
EAC reported an inverse association between, either H. pylori seropositivity or CagA seroposi-
tivity, with EAC or the precursor disorder of EAC (40, [134H136). Among 15 antibodies tested,
CagA seropositive and VacA seropositive strains presented the lowest risk for EAC. This agrees
with previous studies (126,127,130} [137). CagA protein binds with host molecules to deregu-
late their functions. CagA could cause strong mucosal inflammation response, and trigger the
oncogenic transformation of epithelial cells (1384140). At the same time, VacA toxin acts as a
virulent factor contributing to the tumorigenesis of H. pylori. It is involved in the disruption of
epithelial cells, antigen presentation, autophagy suppression, inhibition of immune cells, and
helping H. pylori to establish a permanent infection (138)). This result suggests CagA and VacA
may also play a major role in the potential link between H. pylori infection and EAC. Addition-
ally, this study provided data of those less studied H. pylori antibodies on the risk of EAC. 12
out of 13 antibodies against H. pylori were associated with a lower risk for EAC, besides CagA
and VacA. These proteins are with different virulence and help with the oncogenic ability of
H. pylori. It is the first time they are connected with EAC. Further studies are required to fully
understand the precise mechanism of these virulence markers for EAC.

6.1.3 Oral health and esophageal cancer
Dental diagnoses and esophageal cancer

In |Study IIL, it was observed that diagnosis of periodontitis at baseline was associated with an
elevated risk for overall esophageal cancer; root canal infection and periodontitis at baseline
were both associated with a higher risk for EAC; and periodontitis at baseline was also linked
with a higher risk for ESCC, after adjusting for the number of remaining teeth and potential
confounding factors. Furthermore, when the changes of oral health conditions over time were
taken into consideration, multiple records of dental health conditions and groups of remaining
teeth number were included into the model in a time-dependent manner. The results further
supported the association between poor oral health and esophageal cancer by slightly increased
point estimations for impaired dental conditions and fewer recorded number of remaining teeth.

The association between poor oral health and esophageal cancer, measured by either im-

paired dental health diagnoses, poor oral hygiene habit, or dental health score has been reported
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in previous studies (141H153). In addition to prior findings, this study adds up evidence for
this association with the largest population-based prospective study, and definite diagnoses
from clinical records, which enables to further disentangle the link between oral health and
esophageal cancer. Periodontitis has been shown to be a risk factor for cancers in multiple organs
whereas its biological mechanism is yet to be well revealed. One possible explanation is the sys-
tematic detrimental effects and overall high inflammation status brought by poor oral hygiene,
which is one of the most recognized mechanisms in cancer development (154} [155)). Specifically,
caries and root canal infection are related to localized and confined single tooth inflammation.
Mild inflammation and periodontitis are results of generalized chronic inflammations in the
soft tissues as well as in the alveolar bone, surrounding single teeth, whole dentition, or oral
cavity (156)). At the same time, carcinogenic viruses inappropriately stored in the periodontal
pockets could also contribute to this overall hyper-inflammation status by dispersing into the
saliva and transporting into the systemic circulation from the sites of periodontal diseases,
and therefore causes diseases remotely (157). This partly explains the reported association
between periodontal diseases, tooth loss and diseases in various, multiple organs (158-160).
Meanwhile, there are also studies showing an interplay between bacteria and poor oral health
for an elevated cancer risk. Notably, Tannerella forsythia and Porphyromonas gingivalis, the com-
positional species of one of the major complexes related to periodontal diseases are associated
with higher risks for both subtypes of EAC and ESCC (161},[162)). Porphyromonas gingivalis could
act through activation of immune cells, inhibition of apoptosis procedure, and dehydrogenation
of ethanol to acetaldehyde to cause carcinogenic transformation in esophageal epithelial cells
(163H165). The replacement of normal microbiota by Campylobacter is showed to contribute
to the progression of esophageal cancer (166), and the domination of Campylobacter in the
gastrointestinal tract could lead to the generation of carcinogenic cytokines, like interleukin-
18 (IL-18), in epithelial cells of the esophagus, which could promote inappropriate immune
response and promote tumor cell proliferation, invasion and metastasis. The abundance of sub-
gingival dental plaque bacteria, including multiple species, was showed to be different between
esophageal cancer patients and cancer free individuals (167). But none of causal relationship
could be concluded from these case—control studies, and experimental evidence is needed to

confirm specific bacteria as potential biomarkers for esophageal cancer.

Remaining teeth number and esophageal cancer

Fewer remaining teeth at baseline was related with a higher risk for total esophageal cancer,
EAC subtype, and ESCC subtype, comparing to people with more than 28 teeth at baseline, with
a dose-response effect. This association was independent of dental conditions after controlling
for a number of measured confounding factors. This finding is in line with previous studies (141~
145| [148], 153}, [168-172). The association was also confirmed in meta—analyses (173 [174).
The association between fewer teeth number and the risk for esophageal cancer consolidated
the finding that poor oral health contributes to the occurrence of esophageal cancer. However,

it is noteworthy that although tooth loss has been constantly linked with a higher risk for
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esophageal cancer, it is not only an indicator for oral health, but also markedly influenced by
socio—economics factors, overall health condition, and accessibility to dental healthcare facility
(175H177). This complex interaction between biology and social factors causes difficulties for

concluding a causal relationship between remaining teeth number and esophageal cancer.

6.1.4 The association between AG and GERD

In the present study, we found an inverse association between AG and symptomatic GERD in
the STR, after adjusting for a rich range of demographic and behavior confounding factors,
including birth year, sex, BMI, education level, coffee consumption, physical activity, smoking,
and alcohol consumption. This inverse association between AG and GERD was also reported
in previous studies among independent individuals, however results were inconsistent (178~
183). This inconsistency is largely due to the differences in the measurements for AG or GERD.
Specifically, in a study with 302 elective patients who underwent endoscopy, fewer chronic
corpus gastritis was observed in GERD group than that in the GERD—free group (178). In a
study performed in 627 ambulatory pH monitoring confirmed reflux esophagitis patients, the
status of AG was determined by endoscopic checking and lower rate of GERD was observed in
AG patients (179). In another study with 8936 elder population, serological biomarkers PGI and
PGII were used to determine the AG status and the symptom of recent heartburn was used as the
proxy for GERD. The authors reported a 70% reduced risk for heartburn in obese/overweight
individuals detected of AG comparing to obese/overweight individuals without AG (180). In
addition to these studies performed in unrelated individuals, this study demonstrated an inverse
association between AG and GERD when the analysis was restricted within DZ or MZ co-twin
pairs. This implies an association independent of factors shared between the twin pairs. These
shared factors include inheritable genetic factors, environmental exposures and lifestyles in the
early life. Besides, since the results within MZ twins were not substantially different from the
results in the overall population, this also suggests that the association between AG and GERD
is more likely to be caused by factors that are related to individual lifestyles and environmental
factors that are different between twin pairs. Moreover, we confirmed that the results did not
vary by the cut-off values of PGI and PGII for the identification of individuals reported of AG.

Possible mechanism for the inverse association between AG and GERD remains unclear. The
primary pathogenesis for GERD is the acid injury with inflammation responses of esophageal
epithelial cells caused by the acidic secretion reflux into the esophagus from the stomach (184).
Corpus and fundus AG could lead to reduced or eliminated secretion of hydrochloric acid, due to
the loss of the oxyntic glands and parietal cells (185)). Taken together, achlorhydria associated
with advanced AG might prevent GERD by reducing the injury to esophageal mucosa due to
reduced gastric acid. Furthermore, corpus AG is shown to be prevalent among Swedish adults
(186), which supports the hypothesis that the decreased occurrence of GERD in symptomatic
individuals was partly explained by corpus AG. However, there was a study showing that
one fourth of body AG patients still had GERD, implying that AG caused by hypochlorhydria
could not fully prevent the occurrence of GERD (187), and further studies for the underlying
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mechanisms are warranted.

6.2 Methodological considerations

6.2.1 Confounding

Comprehensive consideration for potential confounding effects is a key mission in epidemio-
logical studies trying to address the causal effects. Whereas it is one of the main limitations in
many register based studies that some important confounding factors may not be well recorded
and therefore distorted the effects of interest. In |Study I, obesity is one of the main missing
confounder of concern that may affect the sex differentiated postoperative survival. It was
estimated that obese patients were associated with higher possibilities of surgical complica-
tions like anastomotic leak, yet they showed a prolonged overall postoperative survival time.
Moreover, the obesity effect on postoperative survival is also dependent on surgical procedures,
races and prognostic outcomes, which make it more complex (188}, [189). In addition, obesity
is associated with inaccurate cancer diagnosis, imprecise calculation of chemotherapy doses,
as well as surgical complications, which also bring difficulties for the precise prediction for
surgical outcomes (190). Therefore, lack of obesity information could possibly bias the estima-
tions in [Study I to an unexpected extent. In Study III, to control for confounders of smoking,
alcohol consumption, BMI, and GERD, their proxies were retrieved from the Swedish National
Patient Registers and included in the regression models: chronic obstructive pulmonary dis-
ease, alcohol-related disease, obesity-related diseases, and diagnoses for GERD in the analysis
within EAC subgroup. However, it should be noted that people diagnosed with chronic ob-
structive pulmonary disease, alcohol-related disease, or obesity-related diseases were more
likely to be heavy smokers, heavy alcohol drinkers, or obesity individuals, and GERD patients
without apparent symptoms may not be diagnosed and missed out from the patient register,
therefore residual confounding effects of these variables could still affect the estimations of

the association of interests.

6.2.2 Selection bias

In [Study I and [Study III, selection bias could happen if the loss to follow—up is dependent on
the exposure. In these studies, the outcome of death was retrieved from the Cause of Death
Register and the outcome of esophageal cancer was identified from the SCR, which are national
registers with almost complete coverage to the total population. There is less likely to exist a
difference in the loss of follow—up. In Study II and |Study IV, selection bias could occur if the
controls are not a representative sample from the population that cases originate from. In Study
I1, the population-based study is less likely to suffer from this selection bias. Whereas in [Study
V] controls in this volunteer-based study might not well represent the general population, as

the response rate was suggested to be higher in elder groups (> 65 years) (94).
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6.2.3 Misclassification

In the study about the association between exposure and outcomes, it is essential to correctly
measure exposure status, important population characteristics, and outcomes among all the
participants. Misclassification, or measurement errors in exposures or outcomes could lead to
bias in the estimations for the associations of study (191)). Misclassification can be grouped into
non-differential or differential misclassification, depending on if the measurement errors are
equally or not equally distributed between exposed and unexposed groups or between groups
with or without outcomes. Non—differential misclassification could cause underestimation of
the association. In population register based studies, differential misclassification of exposures
or outcomes are less likely to happen whereas non-differential misclassification could happen
and lead to bias of the results towards null.

In |Study I, the outcome of interest was overall mortality rate and cause-specific mortality
rate. However, it has been noted that for serious treatment like surgery in esophageal cancer, it
is hard to discriminate the cause of death, and it is also estimated that 25% of deaths within 1
month after diagnosis and cancer-related surgery were not attributed to dying from cancer in
the United States (192). To address the potential misclassification in the cause of death after
surgery, the excess mortality rate was used to measure the mortality due to cancer, which does
not require identification of cause of death after surgery (109)).

In Study II, H. pylori infection was measured by seropositivities of fifteen antibodies against
H. pylori. The method was estimated to have a sensitivity of 89% and a specificity of 82% in
identifying the seropositivity of H. pylori. Therefore, there are possibilities of misclassification
in the identification of H. pylori. However, there is no evidence that this misclassification
is different between AG status, thus the association between H. pylori and EAC might be
underestimated in this study.

In |Study IV|, outcome of interest was GERD defined by a series of typical reflux symptoms.
Misclassification for the GERD might be inherent for the lack of recognition of symptom-free
individuals and people with a high tolerance to the GERD symptoms. Moreover, the group of
non-acidic reflux cases cannot be identified by the questionnaire, which is independent of AG.
Therefore, this non—differentiated outcome misclassification could cause an underestimation
of the associations. In the study, this issue was tested by restricting the analysis within people
free of any PPI or anti-acid treatment. The largely unchanged results supported the findings in
this study will not be invalidated by the misclassification problem. But better—designed studies

are needed for the precise estimation of the association between AG and symptomatic GERD.
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CONCLUSIONS

* A survival benefit was observed in female patients compared to male patients who un-
derwent curative intent surgery for esophageal cancer. This sex difference was found
to be more evident in short and middle term after surgery and diminished after a long
term. Moreover, more profound sex effect was found in patients with early clinical stage,
neoadjuvant treatment, and without postoperative complications. A sex—differentiated

treatment is suggested to improve survival of male esophageal cancer patients.

* H. pylori infection measured by 15 antibodies against H. pylori was associated with a
lower risk for EAC. Antibodies other than CagA and VacA were also involved in this in-
verse association. More accumulated positive antibodies were also linked with a reduced
EAC risk. And this association was not mediated by gastric atrophy, BMI, GERD, or the

combination of these factors.

* Impaired dental health measured by root canal infection, periodontitis and fewer remain-
ing teeth was associated with excess risks for two main histopathological subtypes of
esophageal cancer. Dental health might be a novel risk factor and potential intervention

target for the prevention of esophageal cancer.

* AG was associated with a reduced risk for GERD in a co-twin setting. This association
was independent of familial and genetic factors shared within twins. The association was

also persistent using different cut—off values for defining AG cases.
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FUTURE PERSPECTIVES

After years of research efforts in esophageal cancer field, it remains to be a malignant dis-
ease without valid techniques for early detection or curative therapy. First, the incidence of
esophageal cancer, especially the subtype of EAC, has been increasing in the past decades in
those well-developed countries. Second, the male predominance in the incidence remains un-
resolved. Third, promising novel risk factors or biomarkers for early detection still need to be
explored and verified. Potential chain from H. pylori infection, AG, GERD, EAC, as was studied
in this thesis needs to be further clarified. This study showed a sex—differentiated characteristic
for the survival after curative surgery for esophageal cancer. It also brought new knowledge
about the association between H. pylori, AG, GERD, and EAC. Moreover, it highlighted the

potential role of dental health for the risk of esophageal cancer.

* In|Study I, we observed a sex—differentiated prognosis after curative esophageal cancer
surgery. Future studies with detailed information about confounding variables, like BMI,
smoking, alcohol consumption, will help to eliminate the impact of residual confounding
for the estimations. Moreover, postoperative complications might also affect postoperative
survival in a sex—differentiated manner, thus a standardized measurement, like Clavien—
Dindo classification would help to study the role of postoperative complications for a
sex—differentiated survival. However, the Clavien-Dindo classification was included into
the NREV register from 2012-01-01, so we did not have enough data to estimate the
effect of postoperative complications for sex and survival. Therefore, it is worthwhile to
study the role of postoperative complications for postoperative survival when more data
is collected in future studies. Following the sex—differentiated survival presented in this
study, further studies are also needed to learn how sex differentiated treatment might

contribute to improve the living for males after esophageal cancer surgery.

* In Study II, we presented comprehensive relationships between 15 antibodies against H.
pylori and EAC, besides the most commonly studied antibodies, CagA and VacA. Although
other antibodies are less studied in previous studies, our results showed that they are
also involved in the potential inverse association between H. pylori and EAC. Thus, addi-

tional studies based on these less studied antibodies would help to better understand the



42

8. FUTURE PERSPECTIVES

underlying mechanism between H. pylori and EAC. Additionally, the interaction between
gastrointestinal microbiota and H. pylori, in relation to AG, GERD and EAC, should be
further explored. In the chronic progression of AG, the diversity and abundance of in-
tragastric microbiome experienced complex change, which has been shown to affect the
carcinogenesis of gastric cancer (193}, [194). To meet this end, well-designed prospective
studies are needed to capture the dynamic change of intragastric environment and to

estimate their influence on esophageal cancer risk precisely.

Study III from this thesis provided evidence that dental health, especially periodontitis
is a potential risk factor for esophageal cancer. This needs to be further validated in
different populations, as dental health is also affected by eating habit, the health reim-
bursement policy, socioeconomic status, etc. Validation studies in countries with different
societal structure are required to establish a causal relationship between dental health
and esophageal cancer. Moreover, studies based on basic science are also needed to elu-
cidate the molecular mechanism underlying the association between dental infectious
conditions and esophageal cancer, as this will be helpful for the development of targeted

intervention for the prevention of esophageal cancer.

Large-scale, well-designed longitudinal studies should be established to study the as-
sociation between AG and GERD. The case—control study in this thesis retrospectively
collected information of previous GERD symptoms. Prospective study could potentially
reduce the probability of recall bias of medical history of PPI therapy, and the misclassifica-
tion of GERD patients. A more comprehensive measurement of GERD patients is needed
for GERD related studies, as nonacid reflux may cause similar symptoms as gastric acid
related GERD. However, they were caused by different pathological process. Most current
studies identified GERD patients based on severity and frequency of GERD symptoms
measured by questionnaires for the cost—effectiveness considerations, therefore GERD
patients without a sensible symptom might be missed. A precise classification of GERD

patients would help to elucidate the association between AG and GERD.



References

[1]

(2]

[3]

(4]

(5]

(6]

(7]

(8]

Hyuna Sung, Jacques Ferlay, Rebecca L. Siegel, Mathieu Laversanne, Isabelle Soerjo-
mataram, Ahmedin Jemal, and Freddie Bray. Global cancer statistics 2020: GLOBOCAN
estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA: A
Cancer Journal for Clinicians, 71(3):209-249, feb 2021. doi: 10.3322/caac.21660.

Melina Arnold, Jacques Ferlay, Mark I van Berge Henegouwen, and Isabelle Soerjo-
mataram. Global burden of oesophageal and gastric cancer by histology and subsite in
2018. Gut, 69(9):1564-1571, jun 2020. doi: 10.1136/gutjnl-2020-321600.

Marianna Karamanou, Kostas Markatos, Theodoros G Papaioannou, George Zografos,
and George Androutsos. Hallmarks in history of esophageal carcinoma. J BUON, 22(4):
1088-1091, 2017.

Qiao-Li Wang, Shao-Hua Xie, Karl Wahlin, and Jesper Lagergren. Global time trends in
the incidence of esophageal squamous cell carcinoma. Clinical Epidemiology, Volume
10:717-728, jun 2018. doi: 10.2147/clep.s166078.

Melina Arnold, Mathieu Laversanne, Linda Morris Brown, Susan S Devesa, and Freddie
Bray. Predicting the future burden of esophageal cancer by histological subtype: Inter-
national trends in incidence up to 2030. American Journal of Gastroenterology, 112(8):
1247-1255, aug 2017. doi: 10.1038/ajg.2017.155.

Shao-Hua Xie and Jesper Lagergren. A global assessment of the male predominance
in esophageal adenocarcinoma. Oncotarget, 7(25):38876-38883, apr 2016. doi: 10.
18632/oncotarget.9113.

Joonas H Kauppila, Fredrik Mattsson, Nele Brusselaers, and Jesper Lagergren. Prognosis
of oesophageal adenocarcinoma and squamous cell carcinoma following surgery and
no surgery in a nationwide swedish cohort study. BMJ Open, 8(5):e021495, may 2018.
doi: 10.1136/bmjopen-2018-021495.

Aesun Shin, Young-Joo Won, Hye-Kyung Jung, Hyun-Joo Kong, Kyu-Won Jung, Chang-
Mo Oh, Sunho Choe, and Jihyun Lee. Trends in incidence and survival of esophageal
cancer in korea: Analysis of the korea central cancer registry database. Journal of Gas-
troenterology and Hepatology, 33(12):1961-1968, jun 2018. doi: 10.1111/jgh.14289.



44

References

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

M. van Putten, J. de Vos-Geelen, G.A.P. Nieuwenhuijzen, PD. Siersema, VE.BP Lemmens,
C. Rosman, M.J.C. van der Sangen, and R.H.A. Verhoeven. Long-term survival improve-
ment in oesophageal cancer in the netherlands. European Journal of Cancer, 94:138-147,
may 2018. doi: 10.1016/j.ejca.2018.02.025.

Zhang Haiyu, Pei Xiaofeng, Mo Xiangqgiong, Qiu Junlan, Zheng Xiaobin, Wang Shun-
cong, Sun Huanhuan, and Ma Haiqing. Incidence and survival changes in patients with
esophageal adenocarcinoma during 1984-2013. BioMed Research International, 2019:
1-11, dec 2019. doi: 10.1155/2019/7431850.

Revathy B. Iyer, Paul M. Silverman, Eric P Tamm, Joel S. Dunnington, and Ronelle A.
DuBrow. Diagnosis, staging, and follow-up of esophageal cancer. American Journal of
Roentgenology, 181(3):785-793, sep 2003. doi: 10.2214/ajr.181.3.1810785.

Vincenzo Bagnardi, Matteo Rota, Edoardo Botteri, Irene Tramacere, Farhard Islami,
Volodymyr Fedirko, Lorenza Scotti, M Jenab, Federica Turati, E Pasquali, et al. Alcohol
consumption and site-specific cancer risk: a comprehensive dose-response meta-analysis.
British Journal of Cancer, 112(3):580-593, nov 2014. doi: 10.1038/bjc.2014.579.

Vikash Sewram, Freddy Sitas, Dianne O’Connell, and Jonny Myers. Tobacco and alcohol
as risk factors for oesophageal cancer in a high incidence area in south africa. Cancer
Epidemiology, 41:113-121, apr 2016. doi: 10.1016/j.canep.2016.02.001.

Jiirgen Rehm, Jayadeep Patra, and Svetlana Popova. Alcohol drinking cessation and
its effect on esophageal and head and neck cancers: A pooled analysis. International
Journal of Cancer, 121(5):1132-1137, 2007. doi: 10.1002/ijc.22798.

Jesus Vioque, , Xavier Barber, Francisco Bolumar, Miquel Porta, Miguel Santibaiiez,
Manuela Garcia de la Hera, and Eduardo Moreno-Osset. Esophageal cancer risk by
type of alcohol drinking and smoking: a case-control study in spain. BMC Cancer, 8(1),
aug 2008. doi: 10.1186/1471-2407-8-221.

IARC Working Group on the Evaluation of Carcinogenic Risks to Humans et al. Iarc

monogr eval carcinog risks hum 101. 2013.

Marco Matejcic, Marc J Gunter, and Pietro Ferrari. Alcohol metabolism and oesophageal
cancer: a systematic review of the evidence. Carcinogenesis, 38(9):859-872, jun 2017.
doi: 10.1093/carcin/bgx067.

Nirmala Pandeya, Catherine M. Olsen, and David C. Whiteman. Sex differences in
the proportion of esophageal squamous cell carcinoma cases attributable to tobacco
smoking and alcohol consumption. Cancer Epidemiology, 37(5):579-584, oct 2013. doi:
10.1016/j.canep.2013.05.011.



References 45

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Clara Castro, Barbara Peleteiro, and Nuno Lunet. Modifiable factors and esophageal
cancer: a systematic review of published meta-analyses. Journal of Gastroenterology, 53
(1):37-51, aug 2017. doi: 10.1007/s00535-017-1375-5.

Qiao-Li Wang, Shao-Hua Xie, Wen-Tao Li, and Jesper Lagergren. Smoking cessation
and risk of esophageal cancer by histological type: Systematic review and meta-analysis.
JNCI: Journal of the National Cancer Institute, 109(12), aug 2017. doi: 10.1093/jnci/
djx115.

Irene Tramacere, Carlo La Vecchia, and Eva Negri. Tobacco smoking and esophageal
and gastric cardia adenocarcinoma. Epidemiology, 22(3):344-349, may 2011. doi:
10.1097/ede.0b013e31821092cd.

Ming Wu, Jin Kou Zhao, Zuo Feng Zhang, Ren Qiang Han, Jie Yang, Jin Yi Zhou, Xu Shan
Wang, Xiao Feng Zhang, Ai Min Liu, Pieter van’ t Veer, Frans J. Kok, and Ellen Kampman.
Smoking and alcohol drinking increased the risk of esophageal cancer among chinese
men but not women in a high-risk population. Cancer Causes & Control, 22(4):649-657,
feb 2011. doi: 10.1007/s10552-011-9737-4.

Jessie Steevens, Leo J Schouten, R Alexandra Goldbohm, and Piet A Van den Brandt.
Alcohol consumption, cigarette smoking and risk of subtypes of oesophageal and gastric
cancer: a prospective cohort study. Gut, 59(01):39-48, oct 2009. doi: 10.1136/gut.
2009.191080.

Xiaorong Yang, Xingdong Chen, Maoqiang Zhuang, Ziyu Yuan, Shuping Nie, Ming Lu,
Li Jin, and Weimin Ye. Smoking and alcohol drinking in relation to the risk of esophageal
squamous cell carcinoma: A population-based case-control study in china. Scientific
Reports, 7(1), dec 2017. doi: 10.1038/s41598-017-17617-2.

Anoop Prabhu, Kenneth O Obi, and Joel H Rubenstein. The synergistic effects of alcohol
and tobacco consumption on the risk of esophageal squamous cell carcinoma: A meta-
analysis. American Journal of Gastroenterology, 109(6):822-827, jun 2014. doi: 10.
1038/ajg.2014.71.

Mark G O'Doherty, Neal D Freedman, Albert R Hollenbeck, Arthur Schatzkin, and Chris-
tian C Abnet. A prospective cohort study of obesity and risk of oesophageal and gastric
adenocarcinoma in the NIH-AARP diet and health study. Gut, 61(9):1261-1268, dec
2011. doi: 10.1136/gutjnl-2011-300551.

Ai Kubo and Douglas A Corley. Body mass index and adenocarcinomas of the esophagus
or gastric cardia: A systematic review and meta-analysis. Cancer Epidemiology Biomarkers
& Prevention, 15(5):872-878, may 2006. doi: 10.1158/1055-9965.epi-05-0860.

Claudine Samanic, Wong Ho Chow, Gloria Gridley, Bengt Jarvholm, and Joseph E Frau-
meni. Relation of body mass index to cancer risk in 362,552 swedish men. Cancer
Causes & Control, 17(7):901-909, sep 2006. doi: 10.1007/s10552-006-0023-9.



46

References

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Aaron P, Thrift, Nicholas J. Shaheen, Marilie D. Gammon, Leslie Bernstein, Brian J. Reid,
Lynn Onstad, Harvey A. Risch, Geoffrey Liu, Nigel C. Bird, Anna H. Wu, Douglas A. Corley,
Yvonne Romero, Stephen J. Chanock, Wong-Ho Chow, Alan G. Casson, David M. Levine,
Rui Zhang, Weronica E. Ek, Stuart MacGregor, Weimin Ye, Laura J. Hardie, Thomas L.
Vaughan, and David C. Whiteman. Obesity and risk of esophageal adenocarcinoma and
barrett’s esophagus: A mendelian randomization study. JNCI: Journal of the National
Cancer Institute, 106(11), sep 2014. doi: 10.1093/jnci/dju252.

Annika Steffen, José-Maria Huerta, Elisabete Weiderpass, H.Bas Bueno de Mesquita,
Anne M. May, Peter D. Siersema, Rudolf Kaaks, Jasmine Neamat-Allah, Valeria Pala, Sal-
vatore Panico, Calogero Saieva, Rosario Tumino, Alessio Naccarati, Miren Dorronsoro,
Emilio Sanchez-Cantalejo, Eva Ardanaz, J. Ramén Quirds, Bodil Ohlsson, Mattias Jo-
hansson, Bengt Wallner, Kim Overvad, Jytte Halkjaer, Anne Tjgnneland, Guy Fagherazzi,
Antoine Racine, Francoise Clavel-Chapelon, Tim J. Key, Kay-Tee Khaw, Nick Wareham,
Pagona Lagiou, Christina Bamia, Antonia Trichopoulou, Pietro Ferrari, Heinz Freisling,
Yunxia Lu, Elio Riboli, Amanda J. Cross, Carlos A. Gonzalez, and Heiner Boeing. Gen-
eral and abdominal obesity and risk of esophageal and gastric adenocarcinoma in the
european prospective investigation into cancer and nutrition. International Journal of
Cancer, 137(3):646-657, feb 2015. doi: 10.1002/ijc.29432.

Siddharth Singh, Anamay N. Sharma, Mohammad Hassan Murad, Navtej S. Buttar,
Hashem B. El-Serag, David A. Katzka, and Prasad G. Iyer. Central adiposity is associ-
ated with increased risk of esophageal inflammation, metaplasia, and adenocarcinoma:
A systematic review and meta-analysis. Clinical Gastroenterology and Hepatology, 11
(11):1399-1412.e7, nov 2013. doi: 10.1016/j.cgh.2013.05.009.

Douglas A. Corley, Ai Kubo, and Wei Zhao. Abdominal obesity and the risk of esophageal
and gastric cardia carcinomas. Cancer Epidemiology Biomarkers & Prevention, 17(2):352—
358, feb 2008. doi: 10.1158/1055-9965.epi-07-0748.

Aoife M. Ryan, Suzanne P Rowley, Anthony P, Fitzgerald, Narayanasamy Ravi, and John V.
Reynolds. Adenocarcinoma of the oesophagus and gastric cardia: Male preponderance
in association with obesity. European Journal of Cancer, 42(8):1151-1158, may 2006.
doi: 10.1016/j.ejca.2005.12.024.

Xiaorong Yang, Tongchao Zhang, Xiaolin Yin, Ziyu Yuan, Hui Chen, Amelie Plymoth,
Li Jin, Xingdong Chen, Ming Lu, and Weimin Ye. Adult height, body mass index change,
and body shape change in relation to esophageal squamous cell carcinoma risk: A
population-based case-control study in china. Cancer Medicine, 8(12):5769-5778, aug
2019. doi: 10.1002/cam4.2444.

Bjorn Lindkvist, Dorthe Johansen, Tanja Stocks, Hans Concin, Tone Bjgrge, Martin
Almquist, Christel Haggstrom, Anders Engeland, Goran Hallmans, Gabriele Nagel, Hakan

Jonsson, Randi Selmer, Hanno Ulmer, Steinar Tretli, Par Stattin, and Jonas Manjer.



References 47

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Metabolic risk factors for esophageal squamous cell carcinoma and adenocarcinoma: a
prospective study of 580 000 subjects within the me-can project. BMC Cancer, 14(1),
feb 2014. doi: 10.1186/1471-2407-14-103.

Marcis Leja, Ieva Grinberga-Derica, Ceren Bilgilier, and Christoph Steininger. Review:
Epidemiology of helicobacter pylori infection. Helicobacter, 24(S1), sep 2019. doi:
10.1111/hel.12635.

Marguerite Clyne and Marion Rowland. The role of host genetic polymorphisms in
helicobacter pylori mediated disease outcome. In Advances in Experimental Medicine
and Biology, pages 151-172. Springer International Publishing, 2019. doi: 10.1007/
5584 2019 364.

Kirti Katherine Kabeer. Prevalence of helicobacter pylori infection and stress, anxiety or
depression in functional dyspepsia and outcome after appropriate intervention. JOUR-
NAL OF CLINICAL AND DIAGNOSTIC RESEARCH, 2017. doi: 10.7860/jcdr/2017/26745.
10486.

Kathryn P Haley and Jennifer A. Gaddy. Nutrition andHelicobacter pylori: Host diet and
nutritional immunity influence bacterial virulence and disease outcome. Gastroenterol-
0gy Research and Practice, 2016:1-10, 2016. doi: 10.1155/2016/3019362.

S. Nie, T. Chen, X. Yang, P Huai, and M. Lu. Association of Helicobacter pylori infec-
tion with esophageal adenocarcinoma and squamous cell carcinoma: a meta-analysis.
Diseases of the Esophagus, 27(7):645-653, mar 2014. doi: 10.1111/dote.12194.

Jing Lv, Lei Guo, Ji Jun Liu, He Ping Zhao, Jun Zhang, and Ji Han Wang. Alteration
of the esophageal microbiota in barrett's esophagus and esophageal adenocarcinoma.
World Journal of Gastroenterology, 25(18):2149-2161, may 2019. doi: 10.3748/wijg.
v25.i18.2149.

Jannis Kountouras, Michael Doulberis, Apostolis Papaefthymiou, Stergios A. Polyzos, Eliz-
abeth Vardaka, Dimitri Tzivras, Efthimios Dardiotis, Georgia Deretzi, Evaggelia Giartza-
Taxidou, Savas Grigoriadis, and Panagiotis Katsinelos. A perspective on risk factors for
esophageal adenocarcinoma: emphasis onHelicobacter pyloriinfection. Annals of the
New York Academy of Sciences, 1452(1):12-17, jul 2019. doi: 10.1111/nyas.14168.

Nele Brusselaers, Lars Engstrand, and Jesper Lagergren. Maintenance proton pump
inhibition therapy and risk of oesophageal cancer. Cancer Epidemiology, 53:172-177,
apr 2018. doi: 10.1016/j.canep.2018.02.004.

Nele Brusselaers, Jesper Lagergren, and Lars Engstrand. Duration of use of proton
pump inhibitors and the risk of gastric and oesophageal cancer. Cancer Epidemiology,
62:101585, oct 2019. doi: 10.1016/j.canep.2019.101585.



48

References

[45]

[46]

[47]

[48]

[49]

Janusz A Z Jankowski, John de Caestecker, Sharon B Love, Gavin Reilly, Peter Watson,
Scott Sanders, Yeng Ang, Danielle Morris, Pradeep Bhandari, Claire Brooks, Stephen
Attwood, Rebecca Harrison, Hugh Barr, Paul Moayyedi, Krish Ragunath, Bashir Rameh,
Grant Fullarton, Art Tucker, Ian Penman, Colin Rodgers, James Neale, Cathryn Edwards,
Adelyn Wise, Stephen Jones, Nicholas Church, Kishor Vaidya, Sherzad Balata, John Todd,
Michael Gibbons, David Johnston, Mark Anderson, Gareth Davies, William Dickey, An-
drew Murdock, Graham Turner, Andrew Goddard, Stephen Gore, Chris Haigh, Timothy
Harding, Lucina Jackson, Iain Murray, Joy Worthingon, Thomas Lee, Peik Loon Lim,
James McLoughlin, Christopher Macdonald, Philip Mairs, David Monk, Sean Preston,
Stirling Pugh, Howard Smart, Ashraf Soliman, Peter Isaacs, David Aldulaimi, Nigel Trudg-
ill, Julian Teare, Abduljalil Benhamida, Andrew Bell, Robert Boulton-Jones, Tawfique
Daneshmend, Hisaharu Suzuki, Sue Cullen, Rebecca Fitzgerald, Rupert Ransford, Mo-
hammad Mesbahur Rahman, Giovanni Domenico Tebala, Michael Hallissey, Carrie Kelly,
Tamas Hickish, Ali Taha, Johan Rademaker, Mark Whitehead, Sean Kelly, Perminder
Phull, Naveen Sharma, [an Perry, Vankatraman Sankara-Raman, Haythem Ali, Igbal
Khan, Howard Curtis, Martin Wadley, Adam Stone, Sumesh Sukumaran, Andrew Higham,
Stephen Lewis, Adam Haycock, Bernhard Usselmann, Simon Douglas Johnston, Tony
Tham, Stewart Campbell, Andrew Douds, Jason Dunn, Ian Sargeant, Mark Narain, Nick
Maynard, Andrew Chilton, Susi Green, Duncan Loft, Bart Decadt, Michael Mendall,
Mathis Heydtmann, and Neil Fisher. Esomeprazole and aspirin in barrett's oesopha-
gus (AspECT): a randomised factorial trial. The Lancet, 392(10145):400-408, aug 2018.
doi: 10.1016/s0140-6736(18)31388-6.

Qiang Hu, Tian-Tian Sun, Jie Hong, Jing-Yuan Fang, Hua Xiong, and Stephen J. Meltzer.
Proton pump inhibitors do not reduce the risk of esophageal adenocarcinoma in patients
with barrett’s esophagus: A systematic review and meta-analysis. PLOS ONE, 12(1):
€0169691, jan 2017. doi: 10.1371/journal.pone.0169691.

Diana C Farrow, Thomas L Vaughan, Philip D Hansten, Janet L Stanford, Harvey A
Risch, Marilie D Gammon, Wong-Ho Chow, Robert Dubrow, Habibul Ahsan, Susan T
Mayne, et al. Use of aspirin and other nonsteroidal anti-inflammatory drugs and risk
of esophageal and gastric cancer. Cancer Epidemiology and Prevention Biomarkers, 7(2):
97-102, 1998.

Lei Duan, Anna H Wu, Jane Sullivan-Halley, and Leslie Bernstein. Nonsteroidal anti-
inflammatory drugs and risk of esophageal and gastric adenocarcinomas in los angeles
county. Cancer Epidemiology Biomarkers & Prevention, 17(1):126-134, jan 2008. doi:
10.1158/1055-9965.epi-07-0664.

Shahram Sadeghi, Christopher J. Bain, Nirmala Pandeya, Penelope M. Webb, Adéle C.
Green, and David C. Whiteman. Aspirin, nonsteroidal anti-inflammatory drugs, and the

risks of cancers of the esophagus. Cancer Epidemiology Biomarkers & Prevention, 17(5):
1169-1178, may 2008. doi: 10.1158/1055-9965.epi-07-2852.



References 49

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

Mats Lindblad, Jesper Lagergren, and Luis A Garcia Rodriguez. Nonsteroidal anti-
inflammatory drugs and risk of esophageal and gastric cancer. Cancer Epidemiol-
ogy Biomarkers & Prevention, 14(2):444-450, feb 2005. doi: 10.1158/1055-9965.
epi-04-0467.

E Wang, Z. S. Ly, and Y. K. Fu. Nonsteroidal anti-inflammatory drugs and esophageal in-
flammation - barrett's esophagus - adenocarcinoma sequence: a meta-analysis. Diseases
of the Esophagus, 24(5):318-324, dec 2010. doi: 10.1111/j.1442-2050.2010.01153.x.

Aaron P Thrift. Determination of risk for barrett's esophagus and esophageal ade-
nocarcinoma. Current Opinion in Gastroenterology, 32(4):319-324, jul 2016. doi:
10.1097/mog.0000000000000274.

Nimish Vakil, Sander V. van Zanten, Peter Kahrilas, John Dent, and Roger Jones and.
The montreal definition and classification of gastroesophageal reflux disease: A global
evidence-based consensus. The American Journal of Gastroenterology, 101(8):1900—
1920, aug 2006. doi: 10.1111/j.1572-0241.2006.00630.x.

Christopher Hom and Michael E Vaezi. Extra-esophageal manifestations of gastroe-
sophageal reflux disease: Diagnosis and treatment. Drugs, 73(12):1281-1295, jul 2013.
doi: 10.1007/s40265-013-0101-8.

Philip O. Katz, Kerry B. Dunbar, Felice H. Schnoll-Sussman, Katarina B. Greer, Rena
Yadlapati, and Stuart Jon Spechler. ACG clinical guideline for the diagnosis and man-
agement of gastroesophageal reflux disease. American Journal of Gastroenterology, 117
(1):27-56, nov 2021. doi: 10.14309/ajg.0000000000001538.

Karoly R Kulich, Ahmed Madisch, Franco Pacini, Jose M Piqué, Jaroslaw Regula, Christo
J Van Rensburg, Lasz16 Ujszdszy, Jonas Carlsson, Katarina Halling, and Ingela K Wiklund.
Reliability and validity of the gastrointestinal symptom rating scale (GSRS) and quality
of life in reflux and dyspepsia (QOLRAD) questionnaire in dyspepsia: A six-country study.
Health and Quality of Life Outcomes, 6(1):12, 2008. doi: 10.1186/1477-7525-6-12.

G. RICHARD LOCKE, NICHOLAS J. TALLEY, AMY L. WEAVER, and ALAN R. ZINSMEIS-
TER. A new questionnaire for gastroesophageal reflux disease. Mayo Clinic Proceedings,
69(6):539-547, jun 1994. doi: 10.1016/s0025-6196(12)62245-9.

V. Pratap Mouli and Vineet Ahuja. Questionnaire based gastroesophageal reflux disease
(GERD) assessment scales. Indian Journal of Gastroenterology, 30(3):108-117, may
2011. doi: 10.1007/s12664-011-0105-9.

E. A. Bolier, B. E Kessing, A. J. Smout, and A. J. Bredenoord. Systematic review: ques-
tionnaires for assessment of gastroesophageal reflux disease. Diseases of the Esophagus,
28(2):105-120, dec 2013. doi: 10.1111/dote.12163.



50

References

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

Jorabar Singh Nirwan, Syed Shahzad Hasan, Zaheer-Ud-Din Babar, Barbara R. Conway,
and Muhammad Usman Ghori. Global prevalence and risk factors of gastro-oesophageal
reflux disease (GORD): Systematic review with meta-analysis. Scientific Reports, 10(1),
apr 2020. doi: 10.1038/s41598-020-62795-1.

Hashem B El-Serag, Stephen Sweet, Christopher C Winchester, and John Dent. Update
on the epidemiology of gastro-oesophageal reflux disease: a systematic review. Gut, 63
(6):871-880, jul 2013. doi: 10.1136/gutjnl-2012-304269.

J Dent, HB El-Serag, M_A Wallander, and S Johansson. Epidemiology of gastro-
oesophageal reflux disease: a systematic review. Gut, 54(5):710-717, may 2005. doi:
10.1136/gut.2004.051821.

Hedvig E. Lofdahl, Athene Lane, Yunxia Lu, Pernilla Lagergren, Richard F Harvey, Jane M.
Blazeby, and Jesper Lagergren. Increased population prevalence of reflux and obesity
in the united kingdom compared with sweden. European Journal of Gastroenterology &
Hepatology, 23(2):128-132, feb 2011. doi: 10.1097/meg.0b013e3283424e25.

Jukka Ronkainen, Pertti Aro, Tom Storskrubb, Sven-Erik Johansson, Tore Lind, Elisa-
beth Bolling-Sternevald, Hans Graffner, Michael Vieth, Manfred Stolte, Lars Engstrand,
Nicholas J. Talley, and Lars Agréus. High prevalence of gastroesophageal reflux symp-
toms and esophagitis with or without symptoms in the general adult swedish population:
A kalixanda study report. Scandinavian Journal of Gastroenterology, 40(3):275-285, feb
2005. doi: 10.1080/00365520510011579.

M. SHAPIRO, C. GREEN, E. M. FAYBUSH, R. E ESQUIVEL, and R. FASS. The extent
of oesophageal acid exposure overlap among the different gastro-oesophageal reflux
disease groups. Alimentary Pharmacology and Therapeutics, 23(2):321-329, jan 2006.
doi: 10.1111/j.1365-2036.2006.02747 ..

Maria Pina Dore, Giovanni Mario Pes, Gabrio Bassotti, Maria Antonietta Farina, Giusep-
pina Marras, and David Yates Graham. Risk factors for erosive and non-erosive gas-
troesophageal reflux disease and barrett's esophagus in nothern sardinia. Scandinavian
Journal of Gastroenterology, 51(11):1281-1287, jul 2016. doi: 10.1080/00365521.2016.
1200137.

Aun Shah, Fahmi Shibli, Yoshitaka Kitayama, and Ronnie Fass. The natural course of
gastroesophageal reflux disease. Journal of Clinical Gastroenterology, 55(1):12-20, jan
2021. doi: 10.1097/mcg.0000000000001419.

P Malfertheiner, M. Nocon, M. Vieth, M. Stolte, D. Jaspersen, H. R. Koelz, J. Labenz,
A. Leodolter, T. Lind, K. Richter, and S. N. Willich. Evolution of gastro-oesophageal reflux
disease over 5 years under routine medical care - the ProGERD study. Alimentary
Pharmacology & Therapeutics, 35(1):154-164, nov 2011. doi: 10.1111/j.1365-2036.
2011.04901.x.



References 51

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

Joachim Labenz, Marc Nocon, Tore Lind, Andreas Leodolter, Daniel Jaspersen, Wolfgang
Meyer-Sabellek, Manfred Stolte, Michael Vieth, Stefan N Willich, and Peter Malfertheiner.
Prospective follow-up data from the ProGERD study suggest that GERD is not a categorial
disease. The American Journal of Gastroenterology, 101(11):2457-2462, nov 2006. doi:
10.1111/j.1572-0241.2006.00829.x.

M. FULLARD, J. Y. KANG, P NEILD, A. POULLIS, and J. D. MAXWELL. Systematic
review: does gastro-oesophageal reflux disease progress? Alimentary Pharmacology and
Therapeutics, 24(1):33-45, jul 2006. doi: 10.1111/j.1365-2036.2006.02963.x.

Michael B. Cook, Douglas A. Corley, Liam J. Murray, Linda M. Liao, Farin Kamangar,
Weimin Ye, Marilie D. Gammon, Harvey A. Risch, Alan G. Casson, Neal D. Freedman,
Wong-Ho Chow, Anna H. Wu, Leslie Bernstein, Olof Nyrén, Nirmala Pandeya, David C.
Whiteman, and Thomas L. Vaughan. Gastroesophageal reflux in relation to adeno-
carcinomas of the esophagus: A pooled analysis from the barrett’s and esophageal
adenocarcinoma consortium (BEACON). PLoS ONE, 9(7):e103508, jul 2014. doi:
10.1371/journal.pone.0103508.

A. C. Ford, D. Forman, A. G. Bailey, A. T. R. Axon, and P Moayyedi. The natural history
of gastro-oesophageal reflux symptoms in the community and its effects on survival: a
longitudinal 10-year follow-up study. Alimentary Pharmacology & Therapeutics, 37(3):
323-331, nov 2012. doi: 10.1111/apt.12169.

Stephen J. Sontag, Amnon Sonnenberg, Thomas G. Schnell, Jack Leya, and Adri-
enne Metz. The long-term natural history of gastroesophageal reflux disease.
Journal of Clinical Gastroenterology, 40(5):398-404, may 2006. doi: 10.1097/
00004836-200605000-00007.

Candyce Hamel, Nadera Ahmadzai, Andrew Beck, Micere Thuku, Becky Skidmore, Kusala
Pussegoda, Lise Bjerre, Avijit Chatterjee, Kristopher Dennis, Lorenzo Ferri, Donna E.
Maziak, Beverley J. Shea, Brian Hutton, Julian Little, David Moher, and Adrienne Stevens.
Screening for esophageal adenocarcinoma and precancerous conditions (dysplasia and
barrett’s esophagus) in patients with chronic gastroesophageal reflux disease with or
without other risk factors: two systematic reviews and one overview of reviews to inform
a guideline of the canadian task force on preventive health care (CTFPHC). Systematic
Reviews, 9(1), jan 2020. doi: 10.1186/s13643-020-1275-2.

Joel E. Richter and Joel H. Rubenstein. Presentation and epidemiology of gastroe-
sophageal reflux disease. Gastroenterology, 154(2):267-276, jan 2018. doi: 10.1053/].
gastro.2017.07.045.

Leonardo H Eusebi, Raguprakash Ratnakumaran, Yuhong Yuan, Masoud Solaymani-
Dodaran, Franco Bazzoli, and Alexander C Ford. Global prevalence of, and risk factors
for, gastro-oesophageal reflux symptoms: a meta-analysis. Gut, 67(3):430-440, feb
2017. doi: 10.1136/gutjnl-2016-313589.



52

References

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

M. Nilsson, R. Johnsen, W. Ye, K. Hveem, and J. Lagergren. Prevalence of gastro-
oesophageal reflux symptoms and the influence of age and sex. Scandinavian Journal
of Gastroenterology, 39(11):1040-1045, jan 2004. doi: 10.1080/00365520410003498.

N. THUKKANI and A. SONNENBERG. The influence of environmental risk factors in hos-
pitalization for GERD-related diagnoses in the united states. Alimentary Pharmacology
& Therapeutics, jan 2010. doi: 10.1111/j.1365-2036.2010.04245.x.

M. NOCON, J. LABENZ, and S. N. WILLICH. Lifestyle factors and symptoms of gastro-
oesophageal reflux - a population-based study. Alimentary Pharmacology and Therapeu-
tics, 23(1):169-174, jan 2006. doi: 10.1111/j.1365-2036.2006.02727 .x.

Zongli Zheng, Helena Nordenstedt, Nancy L. Pedersen, Jesper Lagergren, and Weimin
Ye. Lifestyle factors and risk for symptomatic gastroesophageal reflux in monozygotic
twins. Gastroenterology, 132(1):87-95, jan 2007. doi: 10.1053/j.gastro.2006.11.019.

Eivind Ness-Jensen, Kristian Hveem, Hashem El-Serag, and Jesper Lagergren. Lifestyle
intervention in gastroesophageal reflux disease. Clinical Gastroenterology and Hepatol-
0gy, 14(2):175-182.¢3, feb 2016. doi: 10.1016/j.cgh.2015.04.176.

Douglas A Corley, Ai Kubo, and Wei Zhao. Abdominal obesity, ethnicity and gastro-
oesophageal reflux symptoms. Gut, 56(6):756-762, jun 2007. doi: 10.1136/gut.2006.
109413.

Su Youn Nam, Il Ju Choi, Kum Hei Ryu, Bum Joon Park, Hyun Bum Kim, and Byung-Ho
Nam. Abdominal visceral adipose tissue volume is associated with increased risk of
erosive esophagitis in men and women. Gastroenterology, 139(6):1902-1911.e2, dec
2010. doi: 10.1053/j.gastro.2010.08.019.

Shinya Ohashi, Takahisa Maruno, Keita Fukuyama, Osamu Kikuchi, Tomohiko Sunami,
Yuki Kondo, Seiichiro Imai, Aki Matsushima, Kazuyo Suzuki, Fumika Usui, Masahiro
Yakami, Atsushi Yamada, Hiroyoshi Isoda, Shigemi Matsumoto, Hiroshi Seno, Manabu
Muto, and Mayumi Inoue. Visceral fat obesity is the key risk factor for the development
of reflux erosive esophagitis in 40-69-years subjects. Esophagus, 18(4):889-899, jun
2021. doi: 10.1007/s10388-021-00859-5.

M Nilsson. Lifestyle related risk factors in the aetiology of gastro-oesophageal reflux.
Gut, 53(12):1730-1735, dec 2004. doi: 10.1136/gut.2004.043265.

Eivind Ness-Jensen, Anna Lindam, Jesper Lagergren, and Kristian Hveem. Tobacco
smoking cessation and improved gastroesophageal reflux: A prospective population-
based cohort study: The HUNT study. American Journal of Gastroenterology, 109(2):
171-177, feb 2014. doi: 10.1038/ajg.2013.414.



References 53

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

Eivind Ness-Jensen and Jesper Lagergren. Tobacco smoking, alcohol consumption and
gastro-oesophageal reflux disease. Best Practice & Research Clinical Gastroenterology, 31
(5):501-508, oct 2017. doi: 10.1016/j.bpg.2017.09.004.

Ji Zhang, Rino Bellocco, Weimin Ye, Jan Johansson, Magnus Nilsson, and Mats Lindblad.
Effect of sex on survival after resection of oesophageal cancer: nationwide cohort study.
BJS open, 6(3):zrac035, 2022.

Gustav Linder, M Lindblad, P Djerf, P Elbe, Jan Johansson, L. Lundell, and Jakob Hedberg.
Validation of data quality in the swedish national register for oesophageal and gastric
cancer. British Journal of Surgery, 103(10):1326-1335, jul 2016. doi: 10.1002/bjs.
10234.

Ji Zhang, Rino Bellocco, Gunilla Sandborgh-Englund, Jingru Yu, Margaret Séllberg Chen,
and Weimin Ye. Poor oral health and esophageal cancer risk: a nationwide cohort study.
Cancer Epidemiology, Biomarkers & Prevention, pages OF1-OF8, 2022.

Dental health register statistics. URL https://www.socialstyrelsen.se/
statistik-och-data/register/alla-register/tandhalsoregistret/.
[Online; accessed 21-January-2022].

Rickard Ljung, Frida Lundgren, Marianne Appelquist, and Andreas Cederlund. The
swedish dental health register - validation study of remaining and intact teeth. BMC
Oral Health, 19(1), jun 2019. doi: 10.1186/s12903-019-0804-7.

Paul Lichtenstein, Ulf De Faire, Birgitta Floderus, Magnus Svartengren, Pia Svedberg,
and Nancy L Pedersen. The swedish twin registry: a unique resource for clinical, epi-
demiological and genetic studies. Journal of Internal Medicine, 252(3):184-205, sep
2002. doi: 10.1046/j.1365-2796.2002.01032.x.

Ulrika Zagai, Paul Lichtenstein, Nancy L. Pedersen, and Patrik K. E. Magnusson. The
swedish twin registry: Content and management as a research infrastructure. Twin
Research and Human Genetics, 22(6):672-680, nov 2019. doi: 10.1017/thg.2019.99.

Paul Lichtenstein, Patrick E Sullivan, Sven Cnattingius, Margaret Gatz, Sofie Johansson,
Eva Carlstrom, Camilla Bjork, Magnus Svartengren, Alicja Wolk, Lars Klareskog, Ulf
de Faire, Martin Schalling, Juni Palmgren, and Nancy L. Pedersen. The swedish twin
registry in the third millennium: An update. Twin Research and Human Genetics, 9(6):
875-882, dec 2006. doi: 10.1375/twin.9.6.875.

Patrik K. E. Magnusson, Catarina Almqvist, Iffat Rahman, Andrea Ganna, Alexander
Viktorin, Hasse Walum, Linda Halldner, Sebastian Lundstrém, Fredrik Ullén, Niklas
Langstrom, Henrik Larsson, Anastasia Nyman, Clara Hellner Gumpert, Maria Ras-
tam, Henrik Anckarséter, Sven Cnattingius, Magnus Johannesson, Erik Ingelsson, Lars

Klareskog, Ulf de Faire, Nancy L. Pedersen, and Paul Lichtenstein. The swedish twin


https://www.socialstyrelsen.se/statistik-och-data/register/alla-register/tandhalsoregistret/
https://www.socialstyrelsen.se/statistik-och-data/register/alla-register/tandhalsoregistret/

54

References

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

registry: Establishment of a biobank and other recent developments. Twin Research and
Human Genetics, 16(1):317-329, nov 2012. doi: 10.1017/thg.2012.104.

Ji Zhang, Rino Bellocco, Joar Franzén, Ulrika Zagai, Patrik KE Magnusson, and Weimin
Ye. Atrophic gastritis is inversely associated with gastroesophageal reflux disease in a

twin register based study. United European Gastroenterology Journal, 2022.

Lotti Barlow, Kerstin Westergren, Lars Holmberg, and Mats Talback. The completeness of
the swedish cancer register: a sample survey for year 1998. Acta Oncologica (Stockholm,
Sweden), 48(1):27-33, 2009. ISSN 1651-226X. doi: 10.1080/02841860802247664.

Hannah Louise Brooke, Mats Talbédck, Jesper Hérnblad, Lars Age Johansson, Jonas Filip
Ludvigsson, Henrik Druid, Maria Feychting, and Rickard Ljung. The swedish cause
of death register. European Journal of Epidemiology, 32(9):765-773, sep 2017. doi:
10.1007/s10654-017-0316-1.

Lars Age Johansson, Charlotte Bjorkenstam, and Ragnar Westerling. Unexplained differ-
ences between hospital and mortality data indicated mistakes in death certification: an
investigation of 1,094 deaths in sweden during 1995. Journal of Clinical Epidemiology,
62(11):1202-1209, nov 2009. doi: 10.1016/j.jclinepi.2009.01.010.

Jonas F Ludvigsson, Eva Andersson, Anders Ekbom, Maria Feychting, Jeong-Lim Kim,
Christina Reuterwall, Mona Heurgren, and Petra Otterblad Olausson. External review
and validation of the swedish national inpatient register. BMC Public Health, 11(1), jun
2011. doi: 10.1186/1471-2458-11-450.

Jonas F. Ludvigsson, Pia Svedberg, Ola Olén, Gustaf Bruze, and Martin Neovius. The
longitudinal integrated database for health insurance and labour market studies (LISA)
and its use in medical research. European Journal of Epidemiology, 34(4):423—-437, mar
2019. doi: 10.1007/s10654-019-00511-8.

Angelika Michel, Tim Waterboer, Manfred Kist, and Michael Pawlita. Helicobacter pylori-
Multiplex serology. Helicobacter, 14(6):525-535, dec 2009. doi: 10.1111/j.1523-5378.
2009.00723.x.

Terry K. Koo and Mae Y. Li. A guideline of selecting and reporting intraclass correlation
coefficients for reliability research. Journal of Chiropractic Medicine, 15(2):155-163, jun
2016. doi: 10.1016/j.jem.2016.02.012.

Nicolas Chapelle, Pawel Petryszyn, Justine Blin, Maxime Leroy, Catherine Le Berre-Scoul,
Iva Jirka, Michel Neunlist, Driffa Moussata, Dominique Lamarque, Raphael Olivier, David
Tougeron, Jean-Francois Mosnier, and Tamara Matysiak-Budnik. A panel of stomach-
specific biomarkers (GastroPanel®) for the diagnosis of atrophic gastritis: A prospective,
multicenter study in a low gastric cancer incidence area. Helicobacter, 25(5), jul 2020.
doi: 10.1111/hel.12727.



References 55

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

F Kitahara, K Kobayashi, T Sato, Y Kojima, T Araki, and M A Fujino. Accuracy of screening
for gastric cancer using serum pepsinogen concentrations. Gut, 44(5):693-697, may
1999. doi: 10.1136/gut.44.5.693.

Tom Storskrubb, Pertti Aro, Jukka Ronkainen, Pentti Sipponen, Henry Nyhlin, Nicholas J
Talley, Lars Engstrand, Manfred Stolte, Michael Vieth, Marjorie Walker, and Lars Agréus.
Serum biomarkers provide an accurate method for diagnosis of atrophic gastritis in a
general population: The kalixanda study. Scandinavian Journal of Gastroenterology, 43
(12):1448-1455, jan 2008. doi: 10.1080/00365520802273025.

Metin Agkoc, Hakan Dursun, Fatih Albayrak, Omer Yilmaz, Ahmet Kiziltunc, Arif Yilmaz,
and Cemal Gundogdu. Usefulness of serum pepsinogen levels as a screening test for
atrophic gastritis and gastric cancer. The Eurasian Journal of Medicine, 42(1):15-18, apr
2010. doi: 10.5152/eajm.2010.05.

Paul W Dickman and H-O Adami. Interpreting trends in cancer patient survival. Journal
of Internal Medicine, 260(2):103-117, aug 2006. doi: 10.1111/j.1365-2796.2006.01677.

X.

Paul C. Lambert and Patrick Royston. Further development of flexible parametric models
for survival analysis. The Stata Journal: Promoting communications on statistics and Stata,
9(2):265-290, aug 2009. doi: 10.1177/1536867x0900900206.

Christopher P Nelson, Paul C. Lambert, Iain B. Squire, and David R. Jones. Flexible para-
metric models for relative survival, with application in coronary heart disease. Statistics
in Medicine, 26(30):5486-5498, 2007. doi: 10.1002/sim.3064.

WWM Abeysekera and MR Sooriyarachchi. Use of schoenfeld’s global test to test the
proportional hazards assumption in the cox proportional hazards model: an application
to a clinical study. Journal of the National Science Foundation of Sri Lanka, 37(1):41,
mar 2009. doi: 10.4038/jnsfsr.v37i1.456.

Lloyd D Fisher, Danyu Y Lin, et al. Time-dependent covariates in the cox proportional—-
hazards regression model. Annual Review of Public Health, 20(1):145-157, may 1999.
doi: 10.1146/annurev.publhealth.20.1.145.

John B Carlin, Lyle C Gurrin, Jonathan AC Sterne, Ruth Morley, and Terry Dwyer. Re-
gression models for twin studies: a critical review. International Journal of Epidemiology,
34(5):1089-1099, aug 2005. doi: 10.1093/ije/dyil53.

Klaus Pforr. Femlogit-implementation of the multinomial logit model with fixed effects.
The Stata Journal, 14(4):847-862, 2014.

Michael D E Goodyear, Karmela Krleza-Jeric, and Trudo Lemmens. The declaration of
helsinki. BMJ, 335(7621):624-625, sep 2007. doi: 10.1136/bmj.39339.610000.be.



56

References

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

2018 reform of eu data protection rules. URLhttps://ec.europa.eu/commission/
sites/beta-political/files/data-protection-factsheet-changes_en.
pdf. [Online; accessed 06-June-2022].

Feiran Lou, Camelia S. Sima, Prasad S. Adusumilli, Manjit S. Bains, Inderpal S. Sarkaria,
Valerie W. Rusch, and Nabil P Rizk. Esophageal cancer recurrence patterns and implica-
tions for surveillance. Journal of Thoracic Oncology, 8(12):1558-1562, dec 2013. doi:
10.1097/01.jt0.0000437420.38972.b.

Christophe Mariette, Jean-Michel Balon, Guillaune Piessen, Sylvain Fabre, Isabelle Van
Seuningen, and Jean-Pierre Triboulet. Pattern of recurrence following complete resec-
tion of esophageal carcinoma and factors predictive of recurrent disease. Cancer, 97(7):
1616-1623, mar 2003. doi: 10.1002/cncr.11228.

Joonas H Kauppila, Karl Wahlin, Pernilla Lagergren, and Jesper Lagergren. Sex dif-
ferences in the prognosis after surgery for esophageal squamous cell carcinoma and
adenocarcinoma. International Journal of Cancer, 144(6):1284-1291, oct 2018. doi:
10.1002/ijc.31840.

Masaru Morita, Hajime Otsu, Hiroyuki Kawano, Yuta Kasagi, Yasue Kimura, Hiroshi Saeki,
Koji Ando, Satoshi Ida, Eiji Oki, Eriko Tokunaga, Tetsuo Ikeda, Tetsuya Kusumoto, and
Yoshihiko Maehara. Gender differences in prognosis after esophagectomy for esophageal
cancer. Surgery Today, 44(3):505-512, apr 2013. doi: 10.1007/s00595-013-0573-x.

A.D. Wagner, S. Oertelt-Prigione, A. Adjei, T. Buclin, V. Cristina, C. Csajka, G. Coukos,
U. Dafni, G.-P Dotto, M. Ducreux, J. Fellay, J. Haanen, A. Hocquelet, I. Klinge, V. Lemmens,
A. Letsch, M. Mauer, M. Moehler, S. Peters, and B.C. Ozdemir. Gender medicine and
oncology: report and consensus of an ESMO workshop. Annals of Oncology, 30(12):
1914-1924, dec 2019. doi: 10.1093 /annonc/mdz414.

Berna C. Ozdemir, Chantal Csajka, Gian-Paolo Dotto, and Anna Dorothea Wagner. Sex
differences in efficacy and toxicity of systemic treatments: An undervalued issue in the
era of precision oncology. Journal of Clinical Oncology, 36(26):2680-2683, sep 2018.
doi: 10.1200/jc0.2018.78.3290.

Phillip G. Rowse, Dawn E. Jaroszewski, Mathew Thomas, Kristi Harold, William S. Harm-
sen, and K. Robert Shen. Sex disparities after induction chemoradiotherapy and esopha-
gogastrectomy for esophageal cancer. The Annals of Thoracic Surgery, 104(4):1147-1152,
oct 2017. doi: 10.1016/j.athoracsur.2017.05.030.

James M. Donahue, Francis C. Nichols, Zhuo Li, David A. Schomas, Mark S. Allen,
Stephen D. Cassivi, Aminah Jatoi, Robert C. Miller, Dennis A. Wigle, K. Robert Shen, and
Claude Deschamps. Complete pathologic response after neoadjuvant chemoradiotherapy
for esophageal cancer is associated with enhanced survival. The Annals of Thoracic
Surgery, 87(2):392-399, feb 2009. doi: 10.1016/j.athoracsur.2008.11.001.


https://ec.europa.eu/commission/sites/beta-political/files/data-protection-factsheet-changes_en.pdf
https://ec.europa.eu/commission/sites/beta-political/files/data-protection-factsheet-changes_en.pdf
https://ec.europa.eu/commission/sites/beta-political/files/data-protection-factsheet-changes_en.pdf

References 57

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

Weimin Ye, Maria Held, Jesper Lagergren, Lars Engstrand, William J Blot, Joseph K
McLaughlin, and Olof Nyrén. Helicobacter pylori infection and gastric atrophy: risk of
adenocarcinoma and squamous-cell carcinoma of the esophagus and adenocarcinoma
of the gastric cardia. Journal of the National Cancer Institute, 96(5):388-396, 2004.

Catherine de Martel, Augusto E Llosa, Sara M Farr, Gary D Friedman, Joseph H Vogelman,
Norman Orentreich, Douglas A Corley, and Julie Parsonnet. Helicobacter pylori infection
and the risk of development of esophageal adenocarcinoma. The Journal of infectious
diseases, 191(5):761-767, 2005.

J Henrik Siman, Lars Engstrand, Goran Berglund, Arne Forsgren, and Claes-Henrik
Florén. Helicobacter pylori and caga seropositivity and its association with gastric
and oesophageal carcinoma. Scandinavian journal of gastroenterology, 42(8):933-940,
2007.

Lesley A Anderson, Seamus J Murphy, Brian T Johnston, RGP Watson, HR Ferguson,
Kathleen B Bamford, A Ghazy, Peter McCarron, Jim McGuigan, John V Reynolds, et al.
Relationship between helicobacter pylori infection and gastric atrophy and the stages
of the oesophageal inflammation, metaplasia, adenocarcinoma sequence: results from
the FINBAR case-control study. Gut, 57(6):734-739, feb 2008. doi: 10.1136/gut.2007.
132662.

M Friih, W Zhou, R Zhai, L. Su, R S Heist, J C Wain, N S Nishioka, T J Lynch, F A Shepherd,
D C Christiani, and G Liu. Polymorphisms of inflammatory and metalloproteinase genes,
helicobacter pylori infection and the risk of oesophageal adenocarcinoma. British Journal
of Cancer, 98(4):689-692, feb 2008. doi: 10.1038/sj.bjc.6604234.

David C. Whiteman, Priya Parmar, Paul Fahey, Suzanne P Moore, Mitchell Stark,
Zhen Zhen Zhao, Grant W. Montgomery, Adéle C. Green, Nicholas K. Hayward, and
Penelope M. Webb. Association of helicobacter pylori infection with reduced risk for
esophageal cancer is independent of environmental and genetic modifiers. Gastroen-
terology, 139(1):73-83, jul 2010. doi: 10.1053/j.gastro.2010.04.009.

Richard M Peek Jr, Michael F Vaezi, Gary W Falk, John R Goldblum, Guillermo I Perez-
Perez, Joel E Richter, and Martin J Blaser. Role of helicobacter pylori caga+ strains and
specific host immune responses on the development of premalignant and malignant

lesions in the gastric cardia. International journal of cancer, 82(4):520-524, 1999.

M Vieth, B Masoud, A Meining, and M Stolte. Helicobacter pylori infection: protection
against barrett’s mucosa and neoplasia? Digestion, 62(4):225-231, 2000.

Fa Jun Xie, Yi Ping Zhang, Qiu Qing Zheng, Hong Chuan Jin, Fa Liang Wang, Ming Chen,
Lan Shao, De Hong Zou, Xin Min Yu, and Wei Min Mao. Helicobacter pylori infection
and esophageal cancer risk: an updated meta-analysis. World journal of gastroenterology:
WIJG, 19(36):6098, 2013.



58

References

[135]

[136]

[137]

[138]

[139]

[140]

[141]

[142]

[143]

[144]

B4lint Eréss, Nelli Farkas, Aron Vincze, Benedek Tinusz, Laszlo Szapary, Andras Garami,
Marta Balasko, Patricia Sarlos, Laszlo Czopf, Hussain Alizadeh, et al. Helicobacter pylori
infection reduces the risk of barrett’s esophagus: A meta-analysis and systematic review.
Helicobacter, 23(4):e12504, 2018.

Yan Lin Du, Ru Qiao Duan, and Li Ping Duan. Helicobacter pylori infection is associated
with reduced risk of barrett’s esophagus: a meta-analysis and systematic review. BMC
Gastroenterology, 21(1), dec 2021. doi: 10.1186/s12876-021-02036-5.

J. Henrik Siman, Arne Forsgren, Goran Berglund, and Claes-Henrik Floren. Helicobacter
pylori infection is associated with a decreased risk of developing oesophageal neoplasms.
Helicobacter, 6(4):310-316, dec 2001. doi: 10.1046/j.1523-5378.2001.00041.x.

Manikandan Palrasu, Elena Zaika, Wael El-Rifai, Jianwen Que, and Alexander 1. Zaika.
Role of bacterial and viral pathogens in gastric carcinogenesis. Cancers, 13(8):1878, apr
2021. doi: 10.3390/cancers13081878.

Alberto Mantovani, Paola Allavena, Antonio Sica, and Frances Balkwill. Cancer-related
inflammation. Nature, 454(7203):436-444, jul 2008. doi: 10.1038/nature07205.

Masanori Hatakeyama. Structure and function of helicobacter pylori caga, the first-
identified bacterial protein involved in human cancer. Proceedings of the Japan Academy,
Series B, 93(4):196-219, 2017.

Diana Menya, Stephen K. Maina, Caroline Kibosia, Nicholas Kigen, Margaret Oduor,
Fatma Some, David Chumba, Paul Ayuo, Daniel R.S. Middleton, Odipo Osano, Behnoush
Abedi-Ardekani, Joachim Schiiz, and Valerie A. McCormack. Dental fluorosis and oral
health in the african esophageal cancer corridor: Findings from the kenya ESCCAPE
case—control study and a pan-african perspective. International Journal of Cancer, 145
(1):99-109, jan 2019. doi: 10.1002/ijc.32086.

Xingdong Chen, Ziyu Yuan, Ming Lu, Yuechan Zhang, Li Jin, and Weimin Ye. Poor oral
health is associated with an increased risk of esophageal squamous cell carcinoma - a
population-based case-control study in china. International Journal of Cancer, 140(3):
626-635, nov 2016. doi: 10.1002/ijc.30484.

Christian C Abnet, Farin Kamangar, Farhad Islami, Dariush Nasrollahzadeh, Paul Bren-
nan, Karim Aghcheli, Shahin Merat, Akram Pourshams, Haj Amin Marjani, Abdolhakim
Ebadati, et al. Tooth loss and lack of regular oral hygiene are associated with higher risk
of esophageal squamous cell carcinoma. Cancer Epidemiology Biomarkers & Prevention,
17(11):3062-3068, 2008.

NA Dar, F Islami, GA Bhat, IA Shah, MA Makhdoomi, B Igbal, R Rafiq, MM Lone, CC Abnet,
and P Boffetta. Poor oral hygiene and risk of esophageal squamous cell carcinoma in
kashmir. British journal of cancer, 109(5):1367-1372, 2013.



References 59

[145]

[146]

[147]

[148]

[149]

[150]

[151]

[152]

Neela Guha, Paolo Boffetta, Victor Wiinsch Filho, Jose Eluf Neto, Oxana Shangina, David
Zaridze, Maria Paula Curado, Sergio Koifman, Elena Matos, Ana Menezes, et al. Oral
health and risk of squamous cell carcinoma of the head and neck and esophagus: results
of two multicentric case-control studies. American journal of epidemiology, 166(10):
1159-1173, 2007.

Fumihito Sato, Isao Oze, Daisuke Kawakita, Noriyuki Yamamoto, Hidemi Ito, Satoyo
Hosono, Takeshi Suzuki, Takakazu Kawase, Hiroki Furue, Miki Watanabe, et al. In-
verse association between toothbrushing and upper aerodigestive tract cancer risk in a
japanese population. Head & neck, 33(11):1628-1637, 2011.

Wolfgang Ahrens, Hermann Pohlabeln, Ronja Foraita, Mari Nelis, Pagona Lagiou, Areti La-
giou, Christine Bouchardy, Alena Slamova, Miriam Schejbalova, Franco Merletti, Lorenzo
Richiardi, Kristina Kjaerheim, Antonio Agudo, Xavier Castellsague, Tatiana V. Macfar-
lane, Gary J. Macfarlane, Yuan-Chin Amy Lee, Renato Talamini, Luigi Barzan, Cristina
Canova, Lorenzo Simonato, Peter Thomson, Patricia A. McKinney, Alex D. McMahon,
Ariana Znaor, Claire M. Healy, Bernad E. McCartan, Andres Metspalu, Manuela Marron,
Mia Hashibe, David I. Conway, and Paul Brennan. Oral health, dental care and mouth-
wash associated with upper aerodigestive tract cancer risk in europe: The ARCAGE study.
Oral Oncology, 50(6):616-625, jun 2014. doi: 10.1016/j.oraloncology.2014.03.001.

Dominique S Michaud, Yan Liu, Mara Meyer, Edward Giovannucci, and Kaumudi Jo-
shipura. Periodontal disease, tooth loss, and cancer risk in male health profession-
als: a prospective cohort study. The Lancet Oncology, 9(6):550-558, jun 2008. doi:
10.1016/s1470-2045(08)70106-2.

Xi Zhang, Ben Liu, Henry S Lynn, Kexin Chen, and Hongji Dai. Poor oral health and
risks of total and site-specific cancers in china: A prospective cohort study of 0.5 million
adults. eClinicalMedicine, 45:101330, mar 2022. doi: 10.1016/j.eclinm.2022.101330.

Alireza Sepehr, Farin Kamangar, Saman Fahimi, Farrokh Saidi, Christian C. Abnet, and
Sanford M. Dawsey. Poor oral health as a risk factor for esophageal squamous dysplasia
in northeastern iran. Anticancer research, 25:543-546, 2005. ISSN 0250-7005.

Ngozi N Nwizu, James R Marshall, Kirsten Moysich, Robert J Genco, Kathleen M Hovey,
Xiaodan Mai, Michael J LaMonte, Jo L Freudenheim, and Jean Wactawski-Wende. Peri-
odontal disease and incident cancer risk among postmenopausal women: results from
the women’s health initiative observational cohort. Cancer Epidemiology, Biomarkers &
Prevention, 26(8):1255-1265, 2017.

D.S. Michaud, K.T. Kelsey, E. Papathanasiou, C.A. Genco, and E. Giovannucci. Periodontal
disease and risk of all cancers among male never smokers: an updated analysis of the
health professionals follow-up study. Annals of Oncology, 27(5):941-947, may 2016.
doi: 10.1093/annonc/mdw028.



60

References

[153]

[154]

[155]

[156]

[157]

[158]

[159]

[160]

[161]

[162]

Chun-Han Lo, Sohee Kwon, Liang Wang, Georgios Polychronidis, Markus D Knudsen,
Rong Zhong, Yin Cao, Kana Wu, Shuji Ogino, Edward L Giovannucci, Andrew T Chan,
and Mingyang Song. Periodontal disease, tooth loss, and risk of oesophageal and gastric
adenocarcinoma: a prospective study. Gut, 70(3):620-621, jul 2020. doi: 10.1136/
gutjnl-2020-321949.

Lisa M. Coussens and Zena Werb. Inflammation and cancer. Nature, 420(6917):860-867,
dec 2002. doi: 10.1038/nature01322.

Nitin Singh, Deepak Baby, JagadishPrasad Rajguru, PankajB Patil, SavitaS Thakkannavar,
and VeenaBhojaraj Pujari. Inflammation and cancer. Annals of African Medicine, 18(3):
121, 2019. doi: 10.4103/aam.aam_56_18.

Jack G. Caton, Gary Armitage, Tord Berglundh, Iain L.C. Chapple, Sgren Jepsen, Ken-
neth S. Kornman, Brian L. Mealey, Panos N. Papapanou, Mariano Sanz, and Maurizio S.
Tonetti. A new classification scheme for periodontal and peri-implant diseases and con-
ditions - introduction and key changes from the 1999 classification. Journal of Clinical
Periodontology, 45:S1-S8, jun 2018. doi: 10.1111/jcpe.12935.

Jorgen Slots. Periodontal herpesviruses: prevalence, pathogenicity, systemic risk. Peri-
odontology 2000, 69(1):28-45, aug 2015. doi: 10.1111/prd.12085.

Mara S. Meyer, Kaumudi Joshipura, Edward Giovannucci, and Dominique S. Michaud.
A review of the relationship between tooth loss, periodontal disease, and cancer. Cancer
Causes & Control, 19(9):895-907, may 2008. doi: 10.1007/s10552-008-9163-4.

Sarah G. Fitzpatrick and Joseph Katz. The association between periodontal disease and
cancer: A review of the literature. Journal of Dentistry, 38(2):83-95, feb 2010. doi:
10.1016/j.jdent.2009.10.007.

James Beck, Raul Garcia, Gerardo Heiss, Pantel S. Vokonas, and Steven Offenbacher.
Periodontal disease and cardiovascular disease. Journal of Periodontology, 67(10s):1123-
1137, oct 1996. doi: 10.1902/jop.1996.67.10s.1123.

Brandilyn A. Peters, Jing Wu, Zhiheng Pei, Liying Yang, Mark P Purdue, Neal D. Freedman,
Eric J. Jacobs, Susan M. Gapstur, Richard B. Hayes, and Jiyoung Ahn. Oral microbiome
composition reflects prospective risk for esophageal cancers. Cancer Research, 77(23):
6777-6787, nov 2017. doi: 10.1158/0008-5472.can-17-1296.

Shegan Gao, Shuoguo Li, Zhikun Ma, Shuo Liang, Tanyou Shan, Mengxi Zhang, Xiao-
juan Zhu, Pengfei Zhang, Gang Liu, Fuyou Zhou, Xiang Yuan, Ruinuo Jia, Jan Potempa,
David A. Scott, Richard J. Lamont, Huizhi Wang, and Xiaoshan Feng. Presence of por-
phyromonas gingivalis in esophagus and its association with the clinicopathological
characteristics and survival in patients with esophageal cancer. Infectious Agents and
Cancer, 11(1), jan 2016. doi: 10.1186/s13027-016-0049-x.



References 61

[163]

[164]

[165]

[166]

[167]

[168]

[169]

[170]

[171]

Haidong Dong, Scott E. Strome, Diva R. Salomao, Hideto Tamura, Fumiya Hirano, Dal-
las B. Flies, Patrick C. Roche, Jun Lu, Gefeng Zhu, Koji Tamada, Vanda A. Lennon, Esteban
Celis, and Lieping Chen. Tumor-associated b7-h1 promotes t-cell apoptosis: A poten-
tial mechanism of immune evasion. Nature Medicine, 8(8):793-800, jun 2002. doi:
10.1038/nm?730.

Ozlem Yilmaz, Thomas Jungas, Philippe Verbeke, and David M Ojcius. Activation of the
phosphatidylinositol 3-kinase/akt pathway contributes to survival of primary epithelial
cells infected with the periodontal pathogen porphyromonas gingivalis. Infection and
immunity, 72(7):3743-3751, 2004.

Mikko P Salaspuro. Acetaldehyde, microbes, and cancer of the digestive tract. Crit-
ical Reviews in Clinical Laboratory Sciences, 40(2):183-208, jan 2003. doi: 10.1080/
713609333.

Arisara Poosari, Thitima Nutravong, Prakasit Sa-ngiamwibool, Wises Namwat, Supa-
porn Chatrchaiwiwatana, and Piti Ungareewittaya. Association between infection with
campylobacter species, poor oral health and environmental risk factors on esophageal
cancer: a hospital-based case—control study in thailand. European Journal of Medical
Research, 26(1), jul 2021. doi: 10.1186/s40001-021-00561-3.

Machiko Kawasaki, Yuichi Ikeda, Eri Ikeda, Momoko Takahashi, Daiki Tanaka, Yasuaki
Nakajima, Shinichi Arakawa, Yuichi Izumi, and Satoshi Miyake. Oral infectious bacteria
in dental plaque and saliva as risk factors in patients with esophageal cancer. Cancer,
127(4):512-519, nov 2020. doi: 10.1002/cncr.33316.

Kirtika Patel, Johnston Wakhisi, Simeon Mining, Ann Mwangi, and Radheka Patel.
Esophageal cancer, the topmost cancer at MTRH in the rift valley, kenya, and its po-
tential risk factors. ISRN Oncology, 2013:1-9, dec 2013. doi: 10.1155/2013/503249.

Christian C. Abnet, You Lin Qiao, Steven D. Mark, Zhi Wei Dong, Philip R. Taylor, and
Sanford M. Dawsey. Prospective study of tooth loss and incident esophageal and gastric
cancers in china. Cancer Causes and Control, 12(9):847-854, 2001. doi: 10.1023/a:
1012290009545.

Christian C. Abnet, Farin Kamangar, Sanford M. Dawsey, Rachael Z. Stolzenberg-
Solomon, Demetrius Albanes, Pirjo Pietinen, Jarmo Virtamo, and Philip R. Taylor. Tooth
loss is associated with increased risk of gastric non-cardia adenocarcinoma in a cohort
of finnish smokers. Scandinavian Journal of Gastroenterology, 40(6):681-687, jun 2005.
doi: 10.1080,/00365520510015430.

Akio Hiraki, Keitaro Matsuo, Takeshi Suzuki, Takakazu Kawase, and Kazuo Tajima. Teeth
loss and risk of cancer at 14 common sites in japanese. Cancer Epidemiology Biomarkers
& Prevention, 17(5):1222-1227, 2008.



62

References

[172]

[173]

[174]

[175]

[176]

[177]

[178]

[179]

[180]

Yukiko Yano, Jinhu Fan, Sanford M. Dawsey, Youlin Qiao, and Christian C. Abnet. A
long-term follow-up analysis of associations between tooth loss and multiple cancers
in the linxian general population cohort. Journal of the National Cancer Center, 1(2):
39-43, jun 2021. doi: 10.1016/j.jncc.2021.01.002.

Qi Lin Chen, Xian Tao Zeng, Zhi Xiao Luo, Xiao Li Duan, Jie Qin, and Wei Dong Leng.
Tooth loss is associated with increased risk of esophageal cancer: evidence from a meta-
analysis with dose-response analysis. Scientific Reports, 6(1), jan 2016. doi: 10.1038/
srep18900.

Hui Chen, Shuping Nie, Yuhui Zhu, and Ming Lu. Teeth loss, teeth brushing and
esophageal carcinoma: a systematic review and meta-analysis. Scientific Reports, 5
(1), oct 2015. doi: 10.1038/srep15203.

Sabine Buchwald, Thomas Kocher, Reiner Biffar, Ali Harb, Birte Holtfreter, and Peter
Meisel. Tooth loss and periodontitis by socio-economic status and inflammation in a
longitudinal population-based study. Journal of Clinical Periodontology, 40(3):203-211,
feb 2013. doi: 10.1111/jcpe.12056.

Florian Mack, Christian Schwahn, Jocelyne S. Feine, Torsten Mundt, Olaf Bernhardt,
Ulrich John, Phil Thomas Kocher, and Reiner Biffar. The impact of tooth loss on general
health related to quality of life among elderly pomeranians: results from the study of
health in pomerania (ship-o). The International journal of prosthodontics, 18:414-419,
2005. ISSN 0893-2174.

Tsuyoshi Hamano, Miwako Takeda, Kazumichi Tominaga, Kristina Sundquist, and Toru
Nabika. Is accessibility to dental care facilities in rural areas associated with number of
teeth in elderly residents? International Journal of Environmental Research and Public
Health, 14(3):327, mar 2017. doi: 10.3390/ijerph14030327.

H B El-Serag, A Sonnenberg, M M Jamal, J M Inadomi, L. A Crooks, and R M Feddersen.
Corpus gastritis is protective against reflux oesophagitis. Gut, 45(2):181-185, aug 1999.
doi: 10.1136/gut.45.2.181.

Do Hoon Kim, Gwang Ha Kim, Ji Young Kim, Hwal Suk Cho, Chan Won Park, Sun Mi
Lee, Tae Oh Kim, Dae Hwan Kang, and Geun Am Song. Endoscopic grading of atrophic
gastritis is inversely associated with gastroesophageal reflux and gastropharyngeal reflux.
The Korean Journal of Internal Medicine, 22(4):231, 2007. doi: 10.3904/kjim.2007.22.
4.231.

Lei Gao, Melanie Nicole Weck, Dietrich Rothenbacher, and Hermann Brenner. Body mass
index, chronic atrophic gastritis and heartburn: a population-based study among 8936
older adults from germany. Alimentary pharmacology & therapeutics, 32(2):296-302,
2010.



References 63

[181]

[182]

[183]

[184]

[185]

[186]

[187]

[188]

[189]

[190]

Tae Sun Kim, Dong Il Park, Jung Ho Park, Hong Joo Kim, Yong Kyun Cho, Chong Il Sohn,
Woo Kyu Jeon, Byung Ik Kim, Seoung Wan Chae, and Dong Hoon Kim. Association be-
tween atrophic gastritis and gastroesophageal reflux symptoms. Hepato-gastroenterology,
60:1583-1587, October 2013. ISSN 0172-6390.

Muhammad Miftahussurur, Dalla Doohan, Iswan Abbas Nusi, Pangestu Adi, Yudith An-
nisa Ayu Rezkitha, Langgeng Agung Waskito, Kartika Afrida Fauzia, Taufan Bramantoro,
Ummi Maimunah, Husin Thamrin, Safitri Indah Masithah, Sukadiono Sukadiono, Tomo-
hisa Uchida, Maria Inge Lusida, and Yoshio Yamaoka. Gastroesophageal reflux disease in
an area with low helicobacter pylori infection prevalence. PLOS ONE, 13(11):e0205644,
nov 2018. doi: 10.1371/journal.pone.0205644.

Yoo Min Han, Su Jin Chung, Seokha Yoo, Jong In Yang, Ji Min Choi, Jooyoung Lee, and
Joo Sung Kim. Inverse correlation between gastroesophageal reflux disease and atrophic
gastritis assessed by endoscopy and serology. World Journal of Gastroenterology, 28(8):
853-867, feb 2022. doi: 10.3748/wjg.v28.i8.853.

Ahsen Ustaoglu, Anh Nguyen, Stuart Spechler, Daniel Sifrim, Rhonda Souza, and Philip
Woodland. Mucosal pathogenesis in gastro-esophageal reflux disease. Neurogastroen-
terology & Motility, 32(12):e14022, 2020.

Massimo Rugge and Robert M. Genta. Staging and grading of chronic gastritis. Human
Pathology, 36(3):228-233, mar 2005. doi: 10.1016/j.humpath.2004.12.008.

Huan Song, Maria Held, Sven Sandin, Hilpi Rautelin, Mats Eliasson, Stefan Soderberg,
Goran Hallmans, Lars Engstrand, Olof Nyrén, and Weimin Ye. Increase in the prevalence
of atrophic gastritis among adults age 35 to 44 years old in northern sweden between
1990 and 2009. Clinical Gastroenterology and Hepatology, 13(9):1592-1600.e1, sep
2015. doi: 10.1016/j.cgh.2015.04.001.

Marilia Carabotti, Gianluca Esposito, Edith Lahner, Emanuela Pilozzi, Laura Conti, Giulio
Ranazzi, Carola Severi, Massimo Bellini, and Bruno Annibale. Gastroesophageal reflux
symptoms and microscopic esophagitis in a cohort of consecutive patients affected by
atrophic body gastritis: a pilot study. Scandinavian Journal of Gastroenterology, 54(1):
35-40, jan 2019. doi: 10.1080/00365521.2018.1553062.

Motonari Ri, Susumu Aikou, and Yasuyuki Seto. Obesity as a surgical risk factor. Annals
of Gastroenterological Surgery, 2(1):13-21, oct 2017. doi: 10.1002/ags3.12049.

V Mengardo, F Pucetti, O Mc Cormack, A Chaudry, and W H Allum. The impact of obesity
on esophagectomy: a meta-analysis. Diseases of the Esophagus, 31(6), dec 2017. doi:
10.1093/dote/dox149.

Wenjing Tao and Jesper Lagergren. Clinical management of obese patients with cancer.
Nature Reviews Clinical Oncology, 10(9):519-533, jul 2013. doi: 10.1038/nrclinonc.
2013.120.



64 References

[191] Spencer EA, Mahtani KR, Brassey J, and Heneghan C. Misclassification bias. in cata-
logue of bias 2018., 2022. URL http://www.catalogueofbiases.org/biases/

misclassificationbias.

[192] H Gilbert Welch and William C Black. Are deaths within 1 month of cancer-directed
surgery attributed to cancer? CancerSpectrum Knowledge Environment, 94(14):1066—
1070, jul 2002. doi: 10.1093/jnci/94.14.1066.

[193] Carolina Serrano, Paul R Harris, Phillip D Smith, and Diane Bimczok. Interactions
between H. pylori and the gastric microbiome: impact on gastric homeostasis and disease.
Current Opinion in Physiology, 21:57-64, jun 2021. doi: 10.1016/j.cophys.2021.04.003.

[194] Chieh Chang Chen, Jyh Ming Liou, Yi Chia Lee, Tzu Chan Hong, Emad M El Omar,
and Ming Shiang Wu. The interplay between helicobacter pylori and gastrointestinal
microbiota. Gut Microbes, 13(1):1909459, 2021.


http://www.catalogueofbiases.org/biases/misclassificationbias
http://www.catalogueofbiases.org/biases/misclassificationbias

ACKNOWLEDGES

There are a lot of people that I would like to express my gratitude for their help, encouragement,
and company in the past years.

Weimin Ye, my main supervisor, thank you for taking me as your PhD student, launching me
into the field of cancer epidemiology, sharing your profound knowledge, giving me freedom to
explore, and supporting me at crucial points. Your dedication to science, solid attitude towards

challenges, and deep insight into the epidemiology greatly impacted me.

Rino Bellocco, my co—supervisor, thank you for sharing your knowledge in biostatistics
and your wisdom towards life. Your challenging questions always inspired me. And also thank
you for your kind encouragement all the time, trusting in my ability, giving me the chance to
be the teaching assistant of the course Biostatistics II, and kindly invited me to visit Bicocca

this summer, it was the most beautiful summer.

Mats Lindblad, my co—supervisor, thank you for sharing your professional, clinical knowl-
edge on esophageal cancer with me.

Amelie plymoth, my co—supervisor, thank you for welcoming me to the department and

helping me with my study plan at the beginning of my PhD study.

My co—authors for the studies. Jan Johansson, Magnus Nilsson, Gunilla Sandborgh-
Englund, Jingru Yu, Margaret Sallberg Chen, Joar Franzén, Ulrika Zagai, Patrik K. E. Mag-
nusson. Thank you for your invaluable contributions for the studies.

Kamila Czene, thanks for being the chair of my defense.

Paul Lichtenstein, thank you for being the study director. Alessandra Nanni, thank you
for being the educational administrator and all the help you provided for doctoral students in

past years.

Previous and present members in my supervisor’s group: Tingting Huang, Jingru Yu,
Isabella Ekheden, Nelson Ndegwa, Donal Barrett, Joar Franzén, Yufeng Chen, Weiwei
Bian, Yun Du, Yvonne Nartey, Justine Debelius, Amir Sohrabi, Fatemeh Sadeghi, Anna
Berglund, and Ulrika Zagai, and visiting researchers: Xiaorong Yang, Xilin Xiao, Huizi Luo,

Song Lin, Yawen Sun, Ping Yuan, and Fei He. Thank you for all the caring, support, and



encouragement. Tingting Huang and Jingru Yu, thank you for your warm welcome to the
department and to the group, and all the caring in my PhD period. Amir Sohrabi and Joar
Franzén, thank you for taking care of me in the lab.

My office mates Qian Yang, Honghui Yao, and Vide Ohlsson Gotby. Thank you for those
chats, ideas, thoughts, and laughs.

Gratitude to the outstanding administrative staff at MEB, IT/DBA group, HR staff, environ-
ment maintainers and Biobankers. Thank you for providing the excellent working environment
for all the researchers. Thanks to previous and present colleagues at MEB, Can Cui, Jiangwei
Sun & Lin Li, Haomin Yang, Xinhe Mao, Erwei Zeng, Ge Bai, Cen Chen, Xingrong Liu,
Weiyao Yin, Jiangrong Wang, Zheng Ning, Chen Wang, Hong Xu, Ruyue Zhang, Yunzhang
Wang & Yinxi Wang, Shihua Sun, Wenjiang Deng, Le Zhang, Nanbo Zhu, Chenxi Qin, Xuey-
ing Qin, Xiaoying Kang (KK), Wei He, Qing Shen, Jiayao Lei, Xu Chen, Bojing Liu, Yiging
Zhan & Ruoging Chen.

I'm also grateful to the supports and friendships outside MEB, Lina Marcela Diaz-Gallo,
Ci Song, Ayla De Paepe, Rebecka Bjornfors, Vanessa Marzola, Sonia Guleria, Jie Guo, Xu
He, Baoyi Zhou, Jiarui Mi, Yanmei Lu, Ya Wen & Xiang Zhang, Yajing Zhu, Ao Yin, thank
you for all the talk, suggestion, encouragement, and delicious food. Valeria Pala, thank you for
warmly hosting me and inviting me to your study in Milano. I will never forget your positive

personality and enthusiasm to science.

Special thanks to my friends. Xia Li. I was so lucky to have your company in the past years.
Thank you for keeping me up when I lost confidence and when I was beaten by self-doubt.
Tian Xie, thank you for all the joyful travels, you are always the one to keep us happy and
energetic.

Thanks to Dagang Guo, for your warm company, infinite patience and endless encourage-

ment. Memories with you made my PhD life colorful.

Thanks to my beloved family, for the continuing strong support over the years.



	INTRODUCTION
	BACKGROUND
	Esophageal cancer
	Overall descriptive epidemiology
	Histopathological subtype characteristics
	Factors related with esophageal cancer

	Gastroesophageal reflux disease (GERD)
	Disease description
	Descriptive epidemiology
	Related factors


	RESEARCH AIMS
	MATERIALS AND METHODS
	National quality register for esophageal and gastric cancer (NREV)
	Barrett’s and Esophageal Adenocarcinoma Consortium (BEACON)
	The Swedish Dental Health Register (DHR)
	The Swedish Twin Register (STR)
	The National Registers
	The Swedish Cancer Register (SCR)
	The Cause of Death Register
	The Swedish Inpatient and Outpatient Register
	The longitudinal integrated database for health insurance and labor market studies (LISA)

	Measurements
	H. pylori infection
	Oral health
	GERD
	AG

	Statistical analysis
	Relative survival analysis
	Logistic regression
	Mediation analysis
	Cox regression
	Regression models in the twin study

	Ethical considerations

	RESULTS
	Study I
	Population characteristics
	Time trend of sex difference
	Grouped study of sex difference

	Study II
	Population characteristics
	H. pylori and EAC
	Test of potential mediation effects

	Study III
	Population characteristics
	Dental health conditions and esophageal cancer—time constant model
	Dental health conditions and esophageal cancer—time dependent model

	Study IV
	Population characteristics
	AG and GERD in twins


	DISCUSSION
	Interpretation of the results
	Sex difference in the prognosis of esophageal cancer surgery
	H. pylori, gastric atrophy and EAC
	Oral health and esophageal cancer
	The association between AG and GERD

	Methodological considerations
	Confounding
	Selection bias
	Misclassification


	CONCLUSIONS
	FUTURE PERSPECTIVES
	References
	ACKNOWLEDGES

