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Cancer is a worldwide public health burden, with an overall annual incidence of 18.1 million 

new cancer cases and 9.6 million deaths each year reported in 2018. Approximately one-third 

of these cases were attributable to cancers of the gastrointestinal (GI) tract. Cancer incidence 

and mortality rates have rapidly increased in the 21st century, due to several factors including 

the global adoption of the western lifestyle and longer life expectancies.  

 

Previous research has highlighted that poor oral health and/or periodontal disease may be 

implicated in the aetiology or progression of some GI cancers. However, the associations 

reported have been inconsistent and the underlying biological mechanisms remain unclear.  

Besides, a better understanding of the association between poor oral health and GI cancers 

may help health policymakers to develop services which improve cancer surveillance, 

prevention and cancer outcomes.  

 

This thesis describes a series of studies addressing current knowledge gaps and collectively 

aims to better identify and understand the association between poor oral health, related 

bacteria and GI cancer risk and progression. Following an introduction to GI cancer 

epidemiology and oral health in Chapter 1, four novel epidemiological analyses were 

undertaken as described deeply in Chapters 2-5, culminating in the discussion Chapter 6 

which provides an overview of the thesis findings, it’s implications for public health 

recommendations and future research directions.    

 

Chapter 2 summarises a systematic review and meta-analysis that investigated the 

association between gastro-oesophageal reflux disease/ symptoms (GERD/S) and one aspect 

of poor oral health: erosive toothwear. GERD/S is a major risk factor for oesophageal 

adenocarcinoma and is also widely accepted as a contributing mechanism to erosive 
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toothwear, and yet no previous meta-analysis had been conducted to quantify the 

association between GERD/S and erosive toothwear.  Twenty-seven international studies 

were included in the systematic review, and 19 were pooled in a meta-analysis. It was found 

that individuals with GERD/S have a significant 2-4 fold increased odds ratio of presenting 

with erosive toothwear, compared with individuals who do not have GERD/S. Although the 

temporal nature of the association could not be examined due to most studies having a cross-

sectional design, these findings infer that patients with erosive toothwear may, in turn, be a 

high risk group for oesophageal adenocarcinoma due to the high prevalence of GERD/S.  

Therefore, appropriate clinical management of these patients could provide important 

opportunities for the early diagnosis and/or prevention of oesophageal adenocarcinoma.  

However, no studies within the systematic review examined oesophageal adenocarcinoma 

as an outcome, highlighting a knowledge gap in the literature.  

 

Chapter 3 aims to address this knowledge gap by examining the association between self-

reported poor oral health and GI cancer risk within participants of the large UK Biobank 

cohort study. From the large analytical cohort of 475,766 participants, 4,069 individuals 

developed GI cancer (including oesophageal, gastric, pancreatic, liver, small intestine and/or 

colorectal cancer) during the study follow-up. Painful gums, bleeding gums and tooth loss 

were the conditions considered as self-reported poor oral health. Overall, there was no 

association between self-reported poor oral health and gastrointestinal cancer risk. This 

included a null association between poor oral health and oesophageal adenocarcinoma. 

However, the study showed an increased risk of hepatobiliary cancer, specifically 

hepatocellular carcinoma, in participants with self-reported poor oral health.  This 

association was stronger in sub-groups of participants who consumed less than 5 pieces of 

fruits and vegetables/day, in smokers and overweight or obese individuals. This novel finding 

indicates that any association between poor oral health and GI cancer risk may be limited to 
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liver cancer, but requires further validation in other cohorts, in addition to further 

exploration of residual confounding from other risk factors such as poor nutrition, smoking 

and obesity. Therefore, we further examined the association between poor oral health and 

liver cancer risk among women in the Women’s Health Initiative (WHI) Observational Study 

from the United States of America, to further validate the result from the UK Biobank cohort 

study. The result from the WHI did not differ hugely from the UK Biobank findings.  

 

Chapter 4 further investigates the role of oral health in the development of GI cancers, and 

cancer progression, through a molecular epidemiological analysis of the Northern Ireland 

PRIME study dataset. The investigation of specific oral bacteria allows for a deeper 

exploration of the biological plausibility of reported associations between subjective 

measures of oral health studied in earlier chapters. The association between periodontal 

disease (diagnosed by a robust clinical examination rather than self-reported measures) and 

the presence of bacteria (specifically Tannerella forsythia, Treponema denticola, 

Aggregatibacter actinomycetecomitans and Porphyromonas gingivalis) in saliva samples 

from these male study participants was analysed with regards to future risk of any incident 

cancers, as well as total cancer deaths and GI cancer-specific death.  A weak, but statistically 

significant association, was observed between periodontal disease and total cancer incidence 

and total cancer death. However, there was no association detected between periodontal 

disease and GI cancer mortality, nor were any significant associations identified between the 

presence of specific oral bacteria investigated and the outcomes studied. This contrasts with 

recent evidence, possibly due to the small sample size of the study and inability to study 

individual GI cancer sites. However, the results do raise doubts about the biological 

plausibility for any potential association between oral health measures in GI cancer 

progression. Alternatively, other bacteria may be more relevant for future research studies.  
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One such bacteria that has received a lot of attention is Fusobacterium nucleatum. Chapter 

five investigates the potential role of this oral-commensal bacteria in GI cancer progression 

in relation to survival from colorectal cancer. The introduction of this chapter includes 

evidence from a systematic review, while the primary analysis originates from a novel study 

of patients in the Czech Republic.  Although the increased presence of F. nucleatum was 

associated with poorer prognosis in colorectal cancer patients, it’s inclusion in risk prediction 

models did not improve the ability to identify patients who died, beyond known prognostic 

factors such as disease pathology staging.  Therefore, despite significant associations, F. 

nucleatum may have limited clinical relevance as a prognostic biomarker in patients with 

colorectal cancer. 

 

Finally, Chapter 6 discusses the thesis findings in broader terms. Collectively, these 

investigations provide new evidence informing and quantifying:  

(i) the need for a multidisciplinary approach between dentistry and 

gastroenterology health services to manage individuals who present with poor 

oral health (erosive toothwear, periodontal disease) to potentially reduce the 

risk of GERD/S, which is a risk factor for oesophageal adenocarcinoma. However, 

further studies are required that examine oesophageal adenocarcinoma as an 

endpoint in relation to oral health measures, since we were not able to confirm 

this association in the UK Biobank study analysis 

(ii) any potential association between poor oral health and neoplasms of the GI tract 

may be limited to hepatobiliary tract cancers, although residual confounding 

from other risk factors cannot be ruled out.  

(iii) the associations between poor oral health and investigations of specific oral 

bacteria in relation to death from GI cancer yielded largely non-significant 
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results. This again could implicate other biological mechanisms involved in the 

association between poor oral health and GI cancer risk or may reflect residual 

confounding from other related factors. However, F. nucleatum was associated 

with poorer survival in patients with colorectal cancer, suggesting some 

biological plausibility to the role of oral-commensal bacteria in cancer 

progression.  The clinical utility of this bacteria as a prognostic biomarker, is, 

however, limited.   
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This first chapter discusses background information on gastrointestinal cancers, poor oral 

health and the evidence related to the association between both pathologies. Firstly, the 

chapter describes the anatomy and physiology of the gastrointestinal organs of interest for 

this thesis, characterising different gastrointestinal cancer types with respect to incidence, 

physiopathology, risk factors, mortality and survival rates. Similarly, later sections of the 

chapter focus on poor oral health and it’s definition, classification, incidence, prevalence and 

risk factors. Finally, the chapter discusses the controversies in the evidence to date for an 

association between poor oral health and gastrointestinal cancer, as a result of the absence 

of suitable methods to measure poor oral health, a variety of study designs and also the use 

of different populations; which are aspects that trigger the need for further investigation. 
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The human gastrointestinal (GI) system, also known as the digestive system,  includes the 

alimentary tract consisting of the mouth, pharynx, oesophagus, stomach, small intestine, 

colon and rectum (1).  The GI system is responsible for providing food, water, electrolytes 

and other nutrients to maintain the body function through the digestion process (2). The 

digestion process, supported by hormonal actions, converts all nutrients into energy for the 

human body and eliminates waste products as faeces (1,3). The digestion is a result of a 

combined individual function of each GI organ as illustrated in Figure 1.1. 

 

 

Figure 1.1. Anatomy and respective physiology of the GI organs. Source: Netter anatomy (4). 
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GI organs can be affected by cancer and the Union for International Cancer Control and the 

American Joint Committee on Cancer have defined a stage classification for cancer, with 

intention of precisely improve the cancer diagnosis and treatment (5). The eighth edition 

(published in January 2018) Tumour-Node-Metastasis (TNM) classification describes the 

location and development of cancer: ‘T’ classifies the size and extent of the primary tumour; 

‘N’ is the lymph node involvement, and ‘M’ is the metastasis when cancer disseminates to 

surrounding or distant tissues (5), as presented in Table 1.1. 

 

Table 1.1. Tumour-Node-Metastasis classification from the American Joint committee on 

Cancer (5). 

 

Primary tumour (T) 

Tx Primary tumour cannot be accessed 

T0 No evidence of primary tumour 

T1 Solitary tumour without vascular invasion 

T2 Solitary tumour with vascular invasion or multiple tumours none 
more than 5 cm 

T3 Multiple tumours with more than 5 cm 

T4 Tumour with direct invasion of adjacent organs 

Regional lymph nodes (N) 

Nx Regional lymph nodes cannot be accessed 

N0 No regional lymph nodes metastasis 

N1 Regional lymph node metastasis 

Distant metastasis (M) 

M0 No distant metastasis 

M1 Distant metastasis 

 

Crude cancer incidence and mortality rates have increased from 2012, when 14.1 million new 

cases and 8.2 million deaths were reported, to 2018 with 18.1 million incident cancer cases 
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and 9.6 million cancer deaths, worldwide (6). GLOBOCAN now estimate that 1 in 5 men and 

1 in 8 women will be diagnosed with cancer, while 1 in 8 men and 1 in 10 women will die with 

cancer (7). These incidence and mortality rates will disproportionately affect populations in 

low-middle income countries, where the majority of the world’s population live, compared 

with high-income countries (8). GLOBOCAN states that the increase in cancer incidence rates 

globally is attributed to the improvement of life expectancy, the spread of Westernised 

lifestyles, and the availability of screening technique (6,8–10). Figures 1.2 and 1.3 below 

illustrate the global distribution of cancer incidence and mortality (6). 

 

 

Figure 1.2. Estimated number of incident cancer cases, including non-melanoma skin for both genders 
and all ages, worldwide (6). 
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Figure 1.3. Estimated number of deaths for cancer, including non-melanoma skin for both genders and 
all ages, worldwide (6). 

 

 

GI cancers account for many of the top 10 most diagnosed cancers worldwide (6).  

Approximately one-third of all cancer cases are attributable to cancers of the GI tract, 

representing 28% of new cases and 37% of cancer deaths (6).  GI cancer is, therefore, a major 

public health issue that impacts on the length and quality of life of a substantive part of the 

population (6).  

 

With the intention of providing a holistic idea of the magnitude of GI cancer, the following 

sections of the present chapter will describe the incidence, demographic or modifiable risk 

factors, mortality and survival trends of oesophageal, gastric, pancreatic, liver and colorectal 

cancers. The studies cited that summarise risk factors for each gastrointestinal cancer were 

selected based on the strongest available evidence such as meta-analyses, systematic 

reviews or evidence from the World Cancer Research Fund global reports. For the purposes 
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of this thesis, genetic and non-modifiable risk factors for these cancers are not discussed in 

detail. 

 

Oesophageal cancer is comprised of two main histological subtypes (although rarer forms do 

occur) that have distinct anatomical presentation sites, incidence, risk factors, 

pathophysiology, mortality and survival trends. 

 

Oesophageal squamous cell carcinoma (OSCC) arises from squamous epithelial cells that 

have undergone a dysplastic change (11) and it is usually found in the upper two-thirds of 

the oesophagus. Oesophageal adenocarcinoma (OAC) arises from squamous epithelial cells 

that have undergone a metaplastic transformation to columnar epithelial cells and usually 

presents in the lower third of the oesophagus (12). That transformation can be caused by 

repetitive reflux episodes of gastro-oesophageal reflux that can lead 10-15% of all cases to 

Barrett’s oesophagus (BO) (13). BO can then undergo further neoplastic progression to low-

grade dysplasia, high-grade dysplasia and adenocarcinoma (12,13).  

 

Globally, oesophageal cancer is the seventh most commonly diagnosed cancer, with 572,034 

new cases per year (6). The epidemiology of the two subtypes of oesophageal cancers varies 

widely according to the region, although OSCC is the predominant type, constituting 

approximately 90% of all oesophageal cancers worldwide (6).   

 

OSCC has a particularly high incidence in Central Asia, referred to as the “oesophageal cancer 

belt” (8) and in some African countries (14) even though its incidence has been decreasing 
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from 1970 to 2015 (15). For example, the OSCC incidence rate in China decreased from 

10.1/100,000 person-years in 1994 to 5.0/100,000 person-years in 2013; and in France 

decreased from 28/100,000 person-years in 1994 to 6.0/100,000 person-years in 2013 (15). 

The decline of OSCC incidence might be due to the reduction of tobacco exposure and alcohol 

intake in certain populations (6,16).   

  

Contrary to OSCC, the incidence rate of OAC has been increasing in developed countries as 

the United States of America (USA) and Western Europe in the last forty years (17). In 2013 

a study estimated an important increase in OAC cases from 1960 to 2008 in several 

populations. The average annual proportional increase in age-adjusted incidence ranged 

from 3.5% (95% CI 3.3-3.7) per year in Scotland to 8.1% (95% CI 6.4-10) per year in Hawaii 

(18). In 2012, the highest OAC incidence was estimated in North-Western Europe 

representing age standardised-incidence rate (ASR) of 3.4 males and 0.6 females per 100,000 

inhabitants, and the lowest incidence was estimated in Sub-Saharan Africa with ASR  0.4 

males and 0.2 females per 100.000 inhabitants (19). This gap in incidence of OAC between 

male and female may be justified by the predominance of certain risk factors in males than 

females (11) but also sex hormonal factors and breastfeeding play a protective role in women 

against OAC (20). The graph below elucidates the variation of both types of oesophageal 

cancers according to genders across countries, worldwide.   
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Figure 1.4. Age-standardised incidence per 100.000 of oesophageal cancer by histological subtypes, 
region and sex. AC: oesophageal adenocarcinoma and SCC: oesophageal squamous cell carcinoma 

(19). 

 

Oesophageal cancer pathogenesis is likely to be dependent on the underlying contributory 

risk factors. Chronic exposure to very hot beverages, alcohol or tobacco may irritate and 

cause an inflammatory reaction with the liberation of carcinogenic substances (11). Both, 

alcohol through oxidation of acetaldehyde and the production of polycyclic hydrocarbons, 

nitrosamines and acetaldehyde can lead to chronic inflammation and yield carcinogenic 

constituents (21). Gastro-oesophageal reflux disease (GERD) is a specific risk factor for OAC, 

whereby chronic acid reflux exposure can induce the metaplastic change described below 

(14,22). Obesity can exacerbate exposure to GERD, due to mechanical influences on lower 

oesophageal sphincter function and intra-gastric pressure, but also has independent 
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metabolic effects thought to increase OAC risk (22,23).  Finally, low consumption of fruit and 

vegetables is also associated with the risk of OSCC probably through deficiencies of mineral 

and vitamins, most commonly identified in populations with lower socioeconomic status 

(SES) (24). Likewise, pickled vegetables as described below. 

 

OSCC and OAC incidence are distinct in terms of geographical distribution, which partially 

reflects their different risk factors. Evidence has pointed out that increased risk of OSCC is 

associated with tobacco smoking, alcohol intake, dietary factors including hot beverages, 

fruits, genetic factors and socio-economic status (19,25,26). Below, evidence for OSCC risk 

factors followed by OAC risk factors will be discussed. 

 

Tobacco smoking and OSCC risk 

Tobacco is a main modifiable risk factor for OSCC occurrence and a systematic review of 6 

published meta-analyses done in 2018 shows that tobacco plays an independent risk factor 

(27). From a meta-analysis published in 2017 with 41 studies (including 37 case-control and 

4 cohort studies) were pooled to evaluate any association between OSCC and tobacco 

smoking (28). In this review, former and current smokers were at an increased risk of OSCC 

compared with non-smokers, with RR 2.05 (95% CI 1.71-2.45) and RR 4.18 (95% CI 3.42-5.12), 

respectively. Also, the same study indicated that participants who stopped smoking 10-20 

years ago (RR 0.42, 95% CI 0.34-0.51) were at a reduced risk compared to current smokers, 

but this was not evidenced in smokers quitting within the previous 5 years (RR 0.96, 95% CI 

0.73-1.25)  (28). There was high heterogeneity in pooled results for former smokers (I2= 

69.6%, P<0.001) and current smokers (I2= 85.0%, P<0.001), which was attributed to the 
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studies having varied designs and populations. However, other forms of tobacco 

consumption are also linked with an increased risk of OSCC, which was shown by Islami et al. 

Ever-hookah smoker and nass chewing were associated with increased risk of OSCC with OR 

1.8 (95% CI 1.41-2.44) and OR 2.88 (95% CI 2.06-4.04) respectively (29).  

 

Alcohol consumption and OSCC risk 

Overconsumption of alcohol is discussed as a strong risk factor associated with OSCC. A 

systematic review observed that ever drinkers had a significantly higher risk of OSCC 

compared with never drinkers in both genders (27). A systematic review observed a dose-

response association according to the amount consumed per day (as light, moderate or 

heavy), between alcohol and OSCC risk (30). From 54 pooled studies (including 13 cohort and 

41 case-control studies), the risk of OSCC was RR 1.26 (95% CI 1.06-1.50, I2=68%) for light, RR 

2.23 (95% CI 1.87-2.65, I2=85%) for moderate and RR 4.95 (95% CI 3.86-6.34, I2=91%) for 

heavy drinking compared with non-drinkers/occasional drinkers (30). 

 

Dietary factors and OSCC risk 

The World Cancer Research Fund (WCRF) Continuous Update Project on dietary risk indicated 

that there is limited evidence of a beneficial effect of vegetables and fruits on oesophageal 

cancer risk, as shown in Figure 1.5 (26). A cohort study observed a non-significant inverse 

association between OSCC and consumption of 25g/day of total vegetables (RR 0.96, 95% CI 

0.89-1.04) or fruits (RR 0.91; 95% CI 0.83-1.00) in males (31). The limited evidence of the 

dietary effect possibly resides on the difficulty of distinguishing which constituent of 

fruit/vegetable may contribute the most to that protective effect. 

 

Specific consideration is pickled vegetables, the consumption of which might be associated 

with an increased risk of OSCC, as shown by a meta-analysis including 34 studies (3 
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prospective cohort and 31 case-control studies) (32). There was no significant association 

between oesophageal cancer and consuming pickled vegetables in prospective studies, but 

a significant association was observed when case-control studies were pooled (OR 2.18, 95% 

CI 1.75-2.73) (32).  

 

High temperature and OSCC risk 

Very hot beverages and hot food may initiate OSCC development through damage caused by 

high temperature, which explains associations observed with Mate drinking (33). Recently in 

2019, a prospective study measured subjective and objectively the beverages temperatures 

(34). Individuals who drank tea objectively measured as ≥60 degrees had a higher risk of OSCC 

(HR 1.40, 95% CI 1.10-1.81) compared to individuals who drank tea with lower temperature 

(<60 degrees) (34). Above this, shorter tea pouring time after boiling increases the risk of 

OSCC (HR 1.10, 95% CI 1.01-1.21 per 2 min shorter intervals vs. ≥10 min) (34). Combining 

both, the high temperature (≥60 degrees) and high amount of tea 700-1,299 mL/day, the risk 

for OSCC increased almost 2-fold (HR 1.95, 95% CI 1.17-3.25) (34).  

A meta-analysis comprising 16 studies, including 3,566 OSCC cases, demonstrated an 

increased risk of OSCC associated with the consumption of hot food and drinks, with a pooled 

OR 2.29 (95% CI 1.79-2.93) and moderate heterogeneity (I2=62.07%, p=0.001) (35). 

 

Physical activity and OSCC risk 

The WCRF report reported scarce evidence in relation to the association between physical 

activity and decreasing risk of OAC but not for OSCC (36), Figure 1.5. A significant protective 

effect of physical activity on OAC was found in a meta-analysis with RR of 0.79 but again, not 

for OSCC (27). A systematic review with 24 studies (15,745 cases) investigated the physical 

activity and gastroesophageal cancer (37). The WCRF team performed a meta-analysis with 

six studies (1 cohort and 5 case-control) of the association between physical activity and 
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OSCC, and high versus low level of physical activity levels did not show a significant result (RR 

= 0.94; 95 % CI 0.41-2.16) (37). However, after excluding an influential study (which reported 

a RR of 5.65; 95% CI 3.49-9.12) from the main analysis, the inverse association between 

physical activity and OSCC became significant RR 0.66; 95% CI 0.46-0.96 with I2=51 % (37). 

Finally, analysis of the UK Biobank cohort study conducted by my supervisory team showed 

that moderate physical activity levels were associated with a reduced risk of OAC (HR 0.62, 

95% CI 0.43-0.89), while surprisingly, the same level of activity was associated with an 

increased OSCC risk (HR 3.78, 95% CI 1.15- 12.47) (38).  

 

 

Figure 1.5. Risk factors of OSCC according to strong and limited evidence. SOURCE: Continuous Update 
Project Expert Report 2018. Diet, nutrition, physical activity and oesophageal cancer (26). 
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Table 1.2 below summarises the above evidence for oesophageal squamous cell carcinoma 

and its respective risk factors.  

 

Table 1.2. Summary of the evidence for oesophageal squamous cell carcinoma risk 

factors. 

Risk factors Authors Study type, 

sample size 

Study description, including 95% CI, p-

values, heterogeneity 

Smoking Wang et al. (2017) Meta-analysis 
41 studies: 4 
cohort and 37 
case-control 
studies. 
NRSS 

Former and current smokers were at 
an increased risk of OSCC compared 
with non-smokers with RR 2.05 (95% CI 
1.71-2.45) with I2= 69.6%, P<0.001 and 
RR 4.18 (95% CI 3.42-5.12) with I2= 
85.0%, P<0.001, respectively. 

Alcohol Bagnardi et al. (2015) Meta-analysis 
54 studies: 13 
cohort and 41 
case-control 
studies; 
including a 
total of 3585 
cases.  

The risk of OSCC was RR 1.26 (95% CI 
1.06-1.50, I2=68%) for light, RR 2.23 
(95% CI 1.87-2.65, I2=85%) for 
moderate and RR 4.95 (95% CI 3.86-
6.34, I2=91%) for heavy drinking 
compared with non-
drinkers/occasional drinkers. 

High 
temperature 

Andrici et al. (2015) Meta-analysis 
16 studies with 
3,566 OSCC 
cases from a 
total of 15,806 
individuals. 

There is an increased risk of OSCC 
associated with the consumption of 
hot food and drinks, with OR 2.29 (95% 
CI 1.79-2.93) and moderate 
heterogeneity (I2=62.07%, p=0.001). 

Physical 
activity 

Behrens et al. (2014) 
 
 
 
 
 
 
 
 
Kunzmann et al. 
(2018) 

Meta-analysis 
6 studies:1 
cohort and 5 
case-control 
studies; 
including 1444 
cases. 
 
 
Cohort study 

After excluding an influential study 
from the main analysis (RR 5.65; 95% 
CI 3.49-9.12), the inverse association 
between physical activity and OSCC 
became significant RR 0.66; 95% CI 
0.46-0.96 with I2=51 %. 
 
 
 
A UK Biobank cohort study showed 
that moderate physical activity levels 
were associated with a reduced risk of 
OAC (HR 0.62, 95% CI 0.43-0.89), while 
the same level of activity was 
associated with an increased OSCC risk 
(HR 3.78, 95% CI 1.15- 12.47). 

Table 1.2. legend: NRSS: No reference for sample size 

 

Evidence shows that factors such as Barrett’s oesophagus, GERD, obesity, tobacco, dietary 

factors, genetic factor and SES play an important role in OAC development. OAC is commonly 
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diagnosed at an advanced stage when the probability of invading gastric areas is high (39). 

At this late stage of diagnosis, it can be difficult to differentiate the OAC from the gastric 

cardia adenocarcinoma, since the two regions are anatomically closer one to another (39). 

Thus, several studies report OAC and gastric cancer as one entity (39). The most relevant risk 

factors for OAC are described below. 

 

Gastro-oesophageal reflux, Barrett's oesophagus and OAC risk 

GERD is the main risk factor for OAC (40). A meta-analysis with 5 case-control studies 

estimates the association between symptoms of GERD and OAC (41). Individuals with weekly 

symptoms of GERD had 5-fold increased odds of OAC (OR 4.92; 95% CI 3.90- 6.22. I2=60%)  

(41). Also, individuals with daily symptoms of GERD had a higher odd of OAC with OR 7.40; 

95% CI 4.94- 11.1. I2=71%) and both groups were compared with asymptomatic individuals 

or those with less frequent symptoms (41). Heterogeneity was reduced after removing the 

Lagergren et al. study (the most influential study), to I2=6% and I2=40% for weekly and daily 

symptoms groups evaluated, respectively. 

Barrett's oesophagus (BO) is recognised as a potential successor of GERD and precursor of 

OAC (40). The different stages of BO are erosive esophagitis, non-dysplastic Barrett's 

oesophagus, low-grade dysplasia, high-grade dysplasia and OAC, as illustrated in Figure 1.6 

(42).  
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Figure 1.6. An endoscopic (fist line) and histological second line) description of the development of 
OAC in patients with Barrett’s oesophagus. The initial lining of the oesophageal comprises squamous 

cells. These are then replaced by non-dysplastic columnar cells with or without goblet cells (42). 

 

Obesity, weight loss and OAC risk 

Higher body mass index (BMI) is consistently associated with OAC risk (43,44), possibly by 

promoting GERD (19). A meta-analysis with 14 studies (2 cohort and 12 case-control studies) 

including 2,488 oesophageal adenocarcinoma cases confirmed such association (37). A high 

BMI (≥25 kg/m2) was associated with an increased risk of OAC in males (OR 2.2, 95% CI 1.7-

2.7) and in females (OR 2.0, 95% CI 1.4-2.9) (37). The rank correlation test did not suggest the 

presence of publication bias (P = 0.52) (37). A further analysis, conducted by Castro et al., 

observed that for each 5 kg/m2 increase the risk of OAC increased by 13% (RR 1.13, 95% CI 

1.11- 1.16) (27). Central obesity has also been identified as an independent risk factor for BO 

(22). However, further analysis is necessary to define the potential for weight loss in reducing 

OAC risk (45). 

 

 



47 
 

Vegetables, fruits and OAC risk  

According to the WCRF report, there is only limited evidence for vegetables in reducing OAC 

risk, and inconclusive evidence for other nutritional factors as displayed in Figure 1.7 (11). 

 

 

Figure 1.7. Risk factors of OAC according to strong and limited evidence. SOURCE: Continuous Update 
Project Expert Report 2018. Diet, nutrition, physical activity and oesophageal cancer (26). 

 

Smoking and OAC risk 

Smoking has been noted as a risk factor for OAC, but the association seems weaker than for 

OSCC. Smoking was associated with a significantly increased risk of OAC in a meta-analysis of 

23 studies. The risk of OAC in former smokers was RR 1.66 (95% CI 1.48-1.85), while current 

smokers had a RR of 2.34 (95% CI 2.04-2.69) in comparison with non-smokers (28). The 

heterogeneity for former smokers was I2=11.6% while for current smokers was I2=26.0% (28). 
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Smoking cessation is associated with reduced risks of OAC, although these were not 

significant, as confirmed by the meta-analysis where former smokers who quit between 5-9 

years ago had a RR 0.87 (95% CI 0.58-1.30) or when quit for >20 years ago (RR 0.72, 95% CI 

0.52-1.01) compared with current smokers (28). 

 

Socio-economic status and OAC risk 

A Swedish case-control study observed that lower SES was not associated with an increased 

risk of OAC (46). A recent review has also concluded that SES is associated with OAC risk and 

OSCC in most studies  (47). Specifically, individuals from rural areas and individuals with lower 

socio-economic status have a high incidence of OAC and poorer survival (47). 

Below, Table 1.3 summarises the above evidence of the associations between oesophageal 

adenocarcinoma and it’s respective risk factors. 
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Table 1.3. Summary of the evidence of oesophageal adenocarcinoma risk factors. 

Risk factors Authors Study type, 
sample size 

Study description, including 95% CI, p-values, 
heterogeneity 

Gastro-
oesophageal 
reflux 

Rubenstein 
et al. (2010) 

Meta-analysis 
5 case-controls 
NRSS 

Compared with asymptomatic individuals or 
those with less frequent symptoms, 
individuals with weekly symptoms of GERD 
had 5-fold increased odds of OAC (OR 4.92; 
95% CI 3.90- 6.22. I2=60%). Also, individuals 
with daily symptoms of GERD had a higher 
odd of OAC with OR 7.40; 95% CI 4.94- 11.1. 
I2=71%). 

Obesity, 
weight loss 

Kubo et al.  
(2006) 

Meta-analysis 
14 studies (2 
cohort and 12 
case-control 
studies) 
including 2,488 
OAC 

A high BMI (>25 kg/m2) was associated with 
an increased risk of OAC in males OR 2.2 (95% 
CI 1.7-2.7) and in females OR 2.0 (95% CI 1.4-
2.9) (37). The rank correlation test does not 
suggest publication bias (P = 0.52). 

Smoking Wang et al. 
(2017) 

Meta-analysis 
23 studies (6 
cohort, 17 case-
control studies) 
NRSS 

The risk of OAC in former smokers was RR 
1.66 (95% CI 1.48-1.85. I2=11.6%) and for 
current smokers had the RR of 2.34 (95% CI 
2.04-2.69. I2=26.0%). 
 

Socio-
economic 
status 

Xie et al. 
(2018) 

Review 
NRSS 

Lower socio-economic status is associated 
with an increased risk of OAC, likewise higher 
incidence and worse prognosis of OAC has 
been noted in rural areas compared with 
urban areas.  

Table 1.3. legend: NRSS: No reference for sample size 

 

Oesophageal cancer is the sixth leading cause of cancer death worldwide with estimated 

509,000 deaths per year (6).  Oesophageal cancer prognosis is extremely poor due to its 

frequent late diagnosis at advanced tumour stages (19,26). Both subtypes of oesophageal 

cancer share poor prognosis, and in the USA and Europe, less than 20% of patients survive 

five years after the diagnosis (26).  

 

Survival is significantly linked with cancer stage at diagnosis. A Chinese study has observed 

that the five-year survival of the patients OSCC diagnosed at stage T1 was over 86% (48). 

Besides, results from the US Surveillance Epidemiology and End Results System observed 

from 2001 to 2007 that individuals with localised, regional, and distant cancer had five years 
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survival rates of  37%, 18%, and 3% (8). Therefore, diagnosing oesophageal cancer at an 

earlier stage is associated with improved survival.  

 

Gastric or stomach cancer is dichotomised into two subtypes, and both cancers show 

markedly different characteristics according to the anatomy, histology, slightly different 

pathophysiology, risk factors, incidence and mortality trends.  

 

In 2018, gastric cancer was the fifth most commonly diagnosed cancer with 1,033,701 new 

cases per year, globally (6). Gastric adenocarcinoma accounts for 95% of all gastric cancers 

while gastric lymphomas account for the remaining 5%, worldwide (49,50). In most high-

income countries such as the UK and the USA, gastric non-cardia cancer is more prevalent 

and more common than gastric cardia cancer (49). Similar to oesophageal cancer, gastric 

cancer affects older people and is more common in males compared with females (6). 

Approximately 75% of gastric cancers occur in lower-income countries (51).  Figure 1.8 

illustrates gastric cancer incidence across countries and according to gender. 

 

In addition, it has been reported that cardia gastric cancer incidence has been rising mainly 

due to the increased risk factors such as for overweight or obesity whereas, non-cardia 

gastric cancer is decreasing in incidence due to the improvement in sanitation, food 

preservation and identification of the H. pylori bacterium at an earlier stage of gastric cancer 

(49).   
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Figure 1.8. The rates are shown in descending order of the world age-standardized rate among men 
and women. Source: GLOBOCAN 2018 (6). 

 

Anatomically, gastric cancer can be classified into cardia (at the top region of the stomach 

near to the oesophagus) and non-cardia (located on other regions of the stomach). 

Histologically, gastric cancer is classified as intestinal or diffuse (52). The intestinal gastric 

adenocarcinoma emerges from the glands of the mucosae or the stomach most superficial 

layer (52). There is a group of cancers that arise from the lymphoid tissue (mucosa-associated 

lymphoid tissue tumour) and from the muscle tissue (leiomyosarcomas) (50). The cardia 

gastric cancer shares similar pathogenesis than OAC and inflammation is the underlying 

pathway for cardia and non-cardia cancers progress (49).  
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Helicobacter pylori and gastric cancer risk 

H.pylori has been recognised since 1994 as a carcinogenic bacterium, and its involvement 

linked to approximately 90% of all gastric cancers, specifically non-cardia cancer (50). 

Nonetheless, this bacterium is associated with gastritis and atrophy but, H. pylori itself is not 

strong enough to cause gastric cancer (36,50). Commonly, when there is gastric inflammation 

due to an irritative stimulus, this can lead to chronic gastritis (gland loss) to atrophic gastritis, 

intestinal dysplasia, and finally to gastric adenocarcinoma (49) as demonstrated in Figure 1.9.  

 

The use of refrigerated food instead of conserved food eliminates a substantial source of that 

bacteria (49,51). It seems that H. pylori has a close relationship with age and geographical 

location. By the age 20 years old the prevalence of H. pylori bacteria vary from 30-70% and 

the prevalence ranges from 70-90% by the age of 60 in Mexico, Argentina and Asia (53). In 

developed countries, for example, the USA and France, the prevalence is about 20% for 

younger and 40% for older ages (53). Overall, the infection by H. pylori was more prevalent 

in higher income-countries (50.8%, 95% CI 46.8-54.7) than lower-income countries (34.7%, 

95% CI 30.2-39.3) (53). 

 

A meta-analysis by Pormohammad et al. included 25 eligible studies to estimate the 

association between H. pylori and gastric cancer (54). They described that the vacA i1 

cytotoxin genes (99.3%), babA2 outer membrane proteins (90%), and sabA adhesion 

molecules (84.2%) were the most prevalent virulence factors. In addition, the cagA positive 

and vacA s1m1-positive genes were associated with a higher risk of gastric cancer with OR 

2.82 (95% CI 1.96-4.06; I2= 69.64%) and OR 1.75 (95% CI 1.04-2.96; I2= 52.4%), respectively 

(54). 
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Figure 1.9. The chronic gastric inflammatory and H. pylori. The bacterium causes gastric atrophy 
characterised by loss of parietal cells. The gastric epithelium can be replaced by intestinal metaplasia which 

later can lead to high-grade dysplasia and adenocarcinoma (55). 

 

Overweight, obesity and gastric cancer risk 

The WCRF reports probable evidence of an association between body fatness and gastric 

cardia cancer risk (49). In a meta-analysis that included 5 prospective cohort studies, a 

significant association between gastric cancer and waist circumference or waist-hip ratio was 

observed when comparing the highest with the lowest categories (RR 1.48, 95% CI 1.24- 1.78; 

I2= 0%) and  (RR 1.33, 95% CI 1.04- 1.70; I2= 35.9%), respectively (56).  

 

Alcohol intake and gastric cancer risk 

The link between drinking alcohol and gastric cancer risk is well studied (57,58). Alcohol 

beverages can play as a solvent capable to increase the penetration of carcinogenesis 

substances as mentioned in pathophysiology and risk factors of oesophageal cancer section 

(49,58). The non-cardia gastric cancer seems to be more associated with alcohol intake than 

cardia-gastric cancer (6,51). A meta-analysis done by Wang et al. based on 73 pooled studies, 
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shows that the RR of high versus low total alcohol drinking was 1.25 (95% CI, 1.15-1.37) (57). 

The study confirmed that alcohol-consumption was significantly associated with gastric non-

cardia cancer risk (RR 1.19, 95% CI 1.01-1.40) but the association for gastric cardia cancer was 

weaker (RR 1.16, 95% CI 0.98-1.39) (57).  

 

Smoking and gastric cancer risk 

Parkin et al. estimated that 80,000 cases of gastric cancer cases worldwide were attributable 

to tobacco smoking (11% of all estimated cases) (59). A meta-analysis with 32 studies 

observed an increased risk of gastric cancer in current smokers after pooling all gastric cancer 

types (RR 1.53; 95% CI 1.42-1.65; I2=57.6%) when compared with never smokers (60). 

Specifically, in gender, comparing current smokers with never smokers: males had a higher 

risk of gastric cancer with RR 1.62 in males (95% CI 1.50-1.75; I2= 46.0%; 18 studies) and RR 

1.20 in females (95% CI: 1.01–1.43; I2 = 49.8%; 9 studies) (60).  

 

Salt, food preservation and gastric cancer risk 

Preserved food, for example, pickled food and vegetables, are likely to increase the risk of 

stomach cancer. Originally, salt-preserved food is a traditional habit from Asian countries 

(52). A meta-analysis that gathered 60 case-control and cohort studies observed a positive 

association between gastric cancer and preserved food with OR 1.52 (95% CI 1.3-1.68; 

I2=80%) (61). However, from that meta-analysis, the case-control studies (OR 1.56, 955 CI 

1.39-1.75) illustrated a stronger association for gastric cancer risk than cohort studies (OR 

1.32, 95% CI 1.10-1.59) (61). The statistically significant result remained in all sub-group 

analyses (according to study design or exposure types) though a notably high heterogeneity 

remained, that was attributable to differing study designs and adjustments for confounders 

(61). 
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Vegetables, fruits consumption and gastric cancer  

A cohort study from the Netherlands observed a protective effect of vegetables (RR 0.72, 

95% CI 0.54-0.95 per 25 g/day) and citrus fruits (RR 0.38, 95% CI 0.21-0.69) in patients with 

gastric cardia adenocarcinoma (31). When the meta-analysis pooled fruit consumption, a 

decreased risk of gastric cancer subtypes such as cardia with OR 0.58 (95% CI 0.38-0.89) non-

cardia, OR 0.61 (95% CI 0.44-0.84) intestinal OR 0.49 (95% CI 0.33-0.72) and diffuse subtype 

gastric cancer with OR 0.82 (95% CI 0.57-1.20) was observed (62). A similar trend was 

observed when the authors assessed vegetable consumption and cardia (OR 0.63; 95% CI 

0.50-0.79, I2=0%), non-cardia (OR 0.75; 95% CI 0.59-0.95, I2=47.6%) and intestinal gastric 

cancer subtypes (OR 0.61; 95% CI 0.44-0.86, I2= 28.4%) (62). Figure 1.10 summarises the 

nutritional risk factors for gastric cancer from the WCRF report. 
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Figure 1.10. Risk factors of gastric cancer according to strong and limited evidence. SOURCE: 
Continuous Update Project Expert Report 2018. Diet, nutrition, physical activity and stomach cancer 

(49). 
 

Table 1.4 summarises the above evidence for gastric cancer and it’s respective risk factors. 

Table 1.4. Summary of the evidence of the gastric cancer risk factors. 

Risk factors Authors Study type, 
sample size 

Study description, including 95% CI, p-values, 
heterogeneity 

Helicobacter 
pylori  

Pormohammad 
et al. (2018) 

Meta-analysis 
25 studies: 2 case-
control and 23 
cross-sectional 
studies.  
919 cases for cagA 
and 162 cases for 
vacA s1m1. 

The H. pylori genes such as cagA positive and vacA 
s1m1-positive were associated with a higher risk of 
gastric cancer with OR 2.82 (95% CI 1.96-4.06; I2= 
69.64%) and OR 1.75 (95% CI 1.04-2.96; I2= 52.4%), 
respectively. 

Obesity Dong et al. 
(2017) 

Meta-analysis 5 
cohort studies. 
NRSS 

A significant association between gastric cancer and 
waist circumference (RR 1.48; 95% CI 1.24- 1.78 with 
I2 =0%,) and waist-hip ratio (RR 1.33; 95% CI 1.04- 1.70 
with I2=35.9%,) was observed when comparing the 
highest with the lowest categories.  

Alcohol Wang et al. 
(2017) 

Meta-analysis  
73 studies: 56 
case-control and 
17 cohort 
studies. NRSS 

The study shows that the RR of high vs low total 
alcohol drinking was 1.25 (95% CI, 1.15-1.37 with 
I2=68.8%). The study confirms that alcohol-consuming 
is significantly associated with gastric non-cardia 
cancer risk (RR 1.19, 95% CI 1.01-1.40) but not with 
the risk of gastric cardia cancer (RR 1.16, 95% CI 0.98-
1.39).  

Smoking Ladeiras-Lopes 
et al. (2008) 

Meta-analysis  
32 studies. 
NRSS 
 
 
 

For all gastric cancer types, current smokers had RR 
1.53 (95% CI 1.42-1.65; I2=57.6%) when compared 
with never smokers 
 
 
Comparing current smokers with never smokers: 
males had a higher risk of gastric cancer with RR 1.62 
in males (95% CI 1.50-1.75; I2= 46.0%; 18 studies) 
and RR 1.20 in females (95% CI: 1.01–1.43; I2 = 
49.8%; 9 studies). 

 
Salt/ food 
preservation 

Ren et al. 
(2012) 

Meta-analysis 60 
studies: 50 case-
control and 10 
cohort studies. 
16,448 cases/ 
87,622 controls 

There is a positive association between gastric cancer 
and preserved food with OR 1.52 (95% CI 1.3-1.68; 
I2=80%). However, from that meta-analysis, the case-
control studies (OR 1.56, 955 CI 1.39-1.75) illustrated 
a stronger association for gastric cancer risk than 
cohort studies (OR 1.32, 95% CI 1.10-1.59). 

Vegetables 
and fruits  

Lopes et al. 
(2007) 

Meta-analysis 
13 studies: 1 
cohort and 12 
case-control 
studies. 
NRSS 

Fruit consumption decreased risk of gastric cancer 
subtypes such as cardia with OR 0.58 (95% CI 0.38-
0.89; I2=65.1%) non-cardia, OR 0.61 (95% CI 0.44-
0.84; I2=57.1%) intestinal OR 0.49 (95% CI 0.33-0.72; 
I2=49.8%) and diffuse subtype gastric cancer with OR 
0.82 (95% CI 0.57-1.20; I2=31.3%). A similar trend was 
observed when assessed vegetable consumption and 
all above gastric cancer subtypes. 

Table 1.4. legend: NRSS: No reference for sample size 
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Gastric cancer is the third leading cause of cancer death with 782,685 cases, representing 

8.2% of all cancer deaths (6).  Similar to oesophageal cancer, the low survival rate is often 

linked with a late gastric cancer diagnosis (6). The five-year survival rate of gastric cancer is 

around 25% in European countries and 28% in the USA (49). When gastric cancer is diagnosed 

earlier, survival can improve up to 63%-90% (49,63). Despite the high mortality rate, Korea 

and Japan have a high five-year survival rate of 67% and 69%, respectively, mainly due to the 

improvement in screening programmes of those countries (51).  

 

Pancreatic cancer is classified into two subtypes according to its function: the exocrine 

tumours and endocrine tumours (64). From the exocrine tumours, adenocarcinoma is the 

most common cancer type, accounting for approximately 95% of all pancreatic cancer cases 

(65). Whereas, endocrine tumours are also known as neuroendocrine tumours, rare cancer 

group, corresponding to approximately 5% of all pancreatic cancers (64). Below are described 

the pathophysiology, risk factors, incidence and mortality features of pancreatic cancer.  

 

Pancreatic cancer is the eleventh leading cause of cancer worldwide with  458,918 new cases 

per 100.000 individuals in 2018, corresponding 2.5% of all cancers (6,8). Pancreatic cancer is 

a rare disease that occurs sporadically and is more frequently diagnosed in higher-income 

countries with 3 to 6-fold differences comparatively with lower-income countries (36,66). 

Males and older people (> 60 years old) are at higher risk for pancreatic cancer compared 

with females and younger individuals (64). For example, the incidence of pancreatic cancer 

in higher-income countries is ASR 7.3 while in lower-income countries is 1.7 per 100,000 
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males (66). The gap remains also in females from higher-income countries with ASR 5.1 and 

1.4 per 100,000 females in lower-income countries (6). Figure 1.11 shows the region-specific 

incidence of ASR by sex for pancreatic cancer in 2018. 

 

 

Figure 1.11. Rates are shown in descending order of the world (W) age-standardized rate among men, 
and the highest national rates among men and women (6). 

 

The pathophysiology of pancreatic cancer is broadly similar to oesophageal and gastric 

cancers since the common trigger for cancer progression is the chronic inflammatory process. 

The ductal cells in the head of the pancreas are increasingly exposed to carcinogenic 

substances compared to the cells from the body and tail. This high exposure is due to the 
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anatomical convergence with duodenum and common bile duct and the confluence of those 

carcinogenic substances to these ducts (65). The carcinogenic substances from food, smoking 

or alcohol may reach the pancreatic tissue through the blood, bile or by hormonal secretion 

(12). This interaction between the ductal cells and the carcinogenic substances can cause an 

inflammatory reaction and when this phenomenon is sustained chronically, can lead to acute 

pancreatitis, chronic pancreatitis and adenocarcinoma (12).  Overweight and obesity are 

conditions that can promote gallstones, that is the most common cause of acute pancreatitis 

(12,66). If acute pancreatitis is not treated adequately can lead to chronic pancreatitis and 

cancer (12,66), as shown in Figure 1.12.  

 

 

Figure 1.12. Incidence rates for Pancreatitis and Pancreatic cancer in the USA. Numbers in brackets 
show yearly incident rates per 100,000 persons. The arrow shows the relationship between benign 

and malignant disease (66). 
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Obesity and pancreatic cancer risk 

Obesity is a risk factor for multiple cancers, including pancreatic cancer (12,36).  A meta-

analysis conducted by Dobbins and fellows examined the association between obesity and 

pancreatic cancer risk based on 10 studies for male and 10 studies for female (67). There is a 

positive increased pancreatic cancer risk in obese men compared with men of normal weight 

(RR 1.36; 95% CI 1.07-1.73; I2=57%) (67). Similarly, obese women present an increased risk of 

pancreatic cancer compared to women of normal weight (RR 1.34; 95% CI 1.22- 1.46) without 

heterogeneity across studies I2=0%) (67). 

 

Dietary factors and pancreatic cancer risk 

Zheng et al. in a systematic review involving European and American papers assessed a 

positive association between dietary patterns and pancreatic cancer risk (68). A meta-

analysis with 18 studies, presents a higher and significant risk of pancreatic cancer in the 

highest compared with the lowest categories of the western-type pattern (OR 1.24, 95% CI 

1.06-1.45; I2=70%) (69). The western-type pattern was characterised by a diet rich in red 

and/or processed meat, refined grains, sweets, high-fat dairy products, butter, potatoes and 

high-fat gravy, and low intakes of fruits and vegetables (69). Investigating diet pattern 

permitted authors to understand the complex interactions among different diets element 

and also the data-driven method (characteristics of all included studies) ‘establish dietary 

patterns by finding combinations of food intakes that explain the most variation in health 

outcomes’(68)(69). In contrast, when 17 studies of the healthy diet were pooled, reduced 

risk of pancreatic cancer in the highest compared with the lowest category of the healthy 

pattern was observed (OR 0.85; 95% CI 0.77–0.95; I2=45%) (69). Figure 1.13 also shows the 

level of evidence for nutritional risk factors for pancreatic cancer, as judged by the WCRF 

(65). 
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Figure 1.6 Risk factors of pancreatic cancer according to strong and limited evidence. SOURCE: Continuous 
Update Project Expert Report 2018. Diet, nutrition, physical activity and pancreatic cancer (65). 

 

Alcohol and pancreatic cancer risk 

A systematic review found that heavy alcohol drinker presents a higher risk of pancreatic 

cancer (36,69).  Thirty-two original papers (18 cohort and 14 case-control studies) were 

included in a meta-analysis which analysed the association between pancreatic cancer and 

high consumption of beers, wines, and white spirits (69). In this context, they classified high 

alcohol intake for men as >50 g/day (4 drinks/d) and women >25 g/day (2 drinks/d). The 

pooled result showed that highest compared with the lowest category of heavy drinking 

pattern had an increased risk of pancreatic cancer with OR 1.28 (95% CI 1.10-1.48, I2 =75%) 

(69). Further analysis including 8 studies reported that light-moderate alcohol intake was 
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associated with a protective effect for pancreatic cancer risk with OR 0.90 (95% CI 0.83-0.98) 

compared with those who did not consume alcohol (69). The researchers pointed out that 

possibly moderate alcohol intake reduces the levels of fasting insulin-associated with 

decreased risk of pancreatic cancer (69). 

 

Smoking and pancreatic cancer risk 

Meta-analyses illustrated the association between pancreatic cancer and smoking after 

pooling 59 studies for current smokers and 39 studies for former smokers (70). Current 

smokers and former smokers were found to have an increased risk of pancreatic cancer, with 

RR 1.74 (95% CI 1.61-1.87; I2=50%)) and RR 1.20 (95% CI 1.11-1;29 I2=21%), respectively, 

compared with non-smokers. The risk of pancreatic cancer for former cigarette smokers was 

still high at least per 10 years after the cessation of the habit (70).  

 

Below, Table 1.5 summarises the above evidence for pancreatic cancer and it’s respective 

risk factors. 
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Table 1.5. Summary of the evidence of the pancreatic cancer risk factors. 

Risk factors Authors Study type, 
sample size 

Study description, including 95% CI, p-values, 
heterogeneity 

Obesity Dobbins et 
al. (2013) 

Meta-analysis 
10 studies for 
men  
 
 
and 10 studies 
for female. 
NRSS 

The pooled result shows positive increased 
pancreatic cancer risk in obese men compared 
with men of normal weight (RR 1.36; 95% CI 1.07-
1.73; I2=57%). 
 
Similarly, obese women present an increased risk 
of pancreatic cancer compared to women of 
normal weight (RR 1.34; 95% CI 1.22- 1.46) 
without heterogeneity across studies I2=0%). 

Dietary factors Lu et al. 
(2017) 

Meta-analysis 
of western diet 
type 18 studies 
294740cases/ 
290102 control 
 
 
 
Meta-analysis 
of heathy diet 
type 17 studies 
333,794 cases/ 
321429 control 

The study presents a higher and significant risk of 
pancreatic cancer in the highest category of the 
western-type diet pattern compared with the 
lowest categories (OR 1.24, 95% CI 1.06-1.45; I2 

=70%).  
 
 
In contrast, there is a reduced risk of pancreatic 
cancer in the highest category of healthy pattern 
compared with the lowest (OR 0.85; 95% CI 0.77–
0.95; I2=45%). 

Alcohol Lu et al. 
(2017) 

Meta-analysis 
13 studies 
173,295 cases/ 
864,445 
control 

The study classified high alcohol intake for men 
>50 g/day (4 drinks/d) and for women >25 g/day 
(2 drinks/d). The pooled result showed that 
highest compared with the lowest category of 
heavy drinking pattern had a high risk of 
pancreatic cancer with OR 1.28 (95% CI 1.10-1.48, 
I2 =75%) 

Smoking Iodice et al. 
(2008) 

Meta-analyses 
47 case-control 
and 35 cohort 
studies. NRSS 

The analysis demonstrated that current smokers 
and former smokers presented an increased risk 
of pancreatic cancer with RR 1.74 (95% CI 1.61-
1.87; I2=50%) and RR 1.20 (95% CI 1.11-1.29; 
I2=21%), respectively, compared with non-
=smokers. 

Table 1.5. legend: NRSS: No reference for sample size 

 

Pancreatic cancer is often a silent disease and is generally diagnosed at an advanced and 

metastasised stage (65,71).  In 2018, pancreatic cancer was the sixth leading cause of cancer 

mortality with 432,242 deaths worldwide (6) and a 5-year survival rate of between 8%-13% 

(6,65). Unfortunately, the absence of a cost-effective screening tool and the lack of effective 

treatment options in many cases can contribute to a high number of recurrent pancreatic 

cancer cases, and hence to the low survival of pancreatic cancer (71,72).  
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Primary liver cancer is comprised of two main histological subtypes, hepatocellular 

carcinoma (HCC, which accounts for 75%-85% of all liver cancer cases) and 

cholangiocarcinoma (10%-15% of all liver cancer cases) (6,73). Cholangiocarcinoma is 

classified into three subtypes named as intrahepatic, perihilar and distal (74), as illustrated 

in Figure 1.14.  

 

 

Figure 1.7  iCCA: intrahepatic cholangiocarcinoma. pCCA: perihilar cholangiocarcinoma. dCCA: distal 
cholangiocarcinoma (74). 

 

In 2018, liver cancer was the sixth most diagnosed cancer worldwide with approximately 

841,080 cases (6). Liver cancer is more commonly diagnosed among males than females, as 

shown in Figure 1.17 (6). HCC has the highest incidence in Asia and Sub-Saharan Africa (73). 

Asian countries are responsible for 75% of all liver cancer, specifically, China contributes to 

50% of all liver cancer cases (6,75). Globocan in 2018 estimated that Eastern Asia (Mongolia) 
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had the highest adjusted incidence rate in the world, with ASR per 100,000 persons of 26.8 

in males and 8.7 in females (6). Globally, the lowest incidence rate was observed in Western 

Asia countries with ASR per 100,000 inhabitants 3.4 versus 1.7 for males and females, 

respectively (6).  

 

Compared with 2018 (described above), the trends from 1978 to 2007 observed that liver 

cancer incidence decreased in a high-risk country such as China but in contrast the incidence 

rate increase in some countries from Africa, Europe, America, and Oceania (75). Based on US 

Surveillance, Epidemiology population-based cancer registry data, liver cancer (specifically 

HCC) has increased about 3-fold from 1.6 per 100 000 in 1975-1977 to 4.8 per 100 000 in 

2005-2007 (74). It is noted that liver cancer is growing in lower-income countries in the 

presence of an increased population and organised health system. Below, Figure 1.15 

demonstrates liver cancer incidence according to gender and across countries. 
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Figure 1.8 Graph of region-specific incidence age-standardized rates by sex for cancers of the liver in 
2018. Rates are shown in descending order of the world (w) age-standardized rates among men, and 

the highest national rates among men and women are superimposed. Source: Globocan 2018 (6). 
 

The vital function of the liver organ (repair process) creates a favourable environment to 

exposed hepatocytes to a diversity of carcinogenic factors (2). The liver may be a receptacle 

of cumulative genetic changes which lead to cancer development (12). Several risk factors 

are involved in liver cancer initiation, for example, virus, diet and obesity. Therefore, it is 

hypothesised that chronic inflammation and regular injury of the hepatocytes may be the 

foundation for cirrhosis and sequentially to the carcinogenic process (74). 

Cholangiocarcinoma is commonly diagnosed during the screening of HCC. May it support the 

common pathophysiology and shared risk factors (73).  

From an autopsy examination study, cirrhosis was found to be prevalent in approximately 

80%-90% of HCC cases and about 10%-20% cases of HCC occur in individuals without cirrhosis 

(76). There is also a report that cirrhosis may increase the risk of HCC risk and intrahepatic 

cholangiocarcinoma by 10-20 fold (77).  The underline pathophysiology that link cirrhosis and 

liver cancer are complex (74). When liver cirrhosis is combined with another risk factor, for 

example, hepatitis virus, the severity and risk of liver cancer may increase. 

 

Hepatitis virus and liver cancer risk 

Hepatitis viruses are a major pathogen that infects the liver and can lead to liver cancer 

(8,78).  The virus of hepatitis B and C are transmitted parenterally for example by blood 

transfusion, sexual contact,  sharing utensils to inject drugs and from infected mother to the 

baby (79). Distinct mechanisms are utilised by the virus of hepatitis B and the virus of 

hepatitis C to cause liver cancer. Whereas the virus of hepatitis B seems to be more related 
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to the genetically unstable process by harming directly the hepatocytes, virus C acts through 

cirrhosis (12). 

An international meta-analysis, that included nine studies from Japan, Korea, China,  United 

States and Italy, has evaluated the presence of Hepatitis B virus (HBV) as a possible risk factor 

for intrahepatic cholangiocarcinoma (77). In those studies, HBV was determined based on 

the presence of HBsAg (1 study), HBV DNA in serum (1 study), or by ICD9 codes (1 study). The 

meta-analysis of these 8 studies shows that HBV is associated with an increased risk of ICC, 

OR 5.54 (95% CI 3.19 -9.63; I2=86.3%) (77). 

 

The Hepatitis C virus (HCV), through cirrhosis, can also contribute to the development of liver 

cancer after 25 or 30 years (74). However, HCC can appear in patients positive for HCV with 

or without cirrhosis (74). From a meta-analysis with eight case-control studies, HCV infection 

has been demonstrated as a risk factor for ICC (77). There was a significantly increased risk 

of liver cancer in those patients with HCV infection with OR 4.84 (95% CI 2.41-9.71; I2=83.6%) 

(77). When co-infection with HBV and HCV is present, the risk of liver cancer was higher 

compared to infection with each individually (77). 

 

Alcohol and liver cancer risk 

Heavy consumption of alcoholic drinks is a major cause of cirrhosis, which may explain its 

association with liver cancer development (74). A large meta-analysis has pooled 112 studies 

and focused on the dose-response relationship between alcoholic beverages and liver cancer 

risk (80). Ever drinkers were found to have 1.17-fold increased odds (95 % CI 1.08-1.26) of 

liver cancer compared with never or low-frequency drinking (80).  The same meta-analysis 

found that risk of liver cancer increased with increasing intake, with RR 1.08  (95 % CI 1.04-

1.11; I2=0%) for 12g/d of alcohol, RR 2.14 (95 % CI 1.74-2.62) for 75g/d, and RR 5.20 (95 % CI 

3.25-8.29) for 125 g/d (80). When the authors assessed the synergistic effect of alcohol 
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consumption and hepatitis (RR=2.14, 95% CI 1.31-2.98), or alcohol and diabetes (RR=3.57, 

95% CI 2.29-4.84), the risk for liver cancer was stronger compared with alcohol as a single 

risk factor (80).   

 

Smoking and liver cancer risk 

Studies infer that smokers present a higher risk of liver cancer than non-smokers (81). Petrick 

et al. investigated that association based on a population from the Liver Cancer Pooling 

Project that included 1,518,741 individuals, amongst whom 1,423 hepatocellular carcinomas 

(HCC) and 410 intrahepatic cholangiocarcinoma (ICC) cases developed. They showed that 

individuals who were current smokers had an increased risk of HCC with HR of 1.86 (95% CI 

1.57-2.20) and increased risk of ICC with HR 1.47 (95% CI 1.07-2.02) compared with never 

smoker (82). Former smokers had a higher risk of HCC and ICC compared with never smokers, 

but that risk was lower than current smokers; HR of 1.24 (95% CI 1.08-1.43) for HCC risk and 

HR 1.32 (95% CI 1.03-1.68) for ICC risk (82).  

 

Overweight, obesity and liver cancer risk 

A meta-regression found a positive association between liver cancer risk and high BMI (83). 

The study noted that overweight individuals had a higher risk of liver cancer incidence with 

a RR of 1.19 (95% CI 1.10-1.27; I2=60.2%) and obese individuals with a RR of 1.87 (95% CI 

1.65-2.11; I2=75.6%) when compared with individuals with normal BMI (83). In that meta-

analysis patients with known liver disease (HBV/HC, cirrhosis) with obesity had a higher risk 

of cancer compared to the general population with obesity. In fact, obesity can potentiate 

the risk of other liver diseases such as hepatitis B, hepatitis C, alcoholic liver disease and 

cirrhotic chronic hepatitis.  
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Non-alcoholic Fatty Liver Disease (NAFLD) and liver cancer risk 

The NAFLD has been correlated to GI cancers, for example, colorectal cancer, HCC and 

cholangiocarcinoma (CCA). There are two conditions, obesity and insulin resistance, usually 

present in patients with NAFLD and, possibly linked to liver cancer development (74). A meta-

analysis whose aim was to determine the association between NAFLD and CCA combined 6 

case-control studies for iCCA (5067cases/120,233control) and 4 case-control studies for eCCA 

(4035 cases/116429 control) (84). Beyond the increased risk of CCA, the authors stratified 

the analysis based on the two cholangiocarcinoma subtypes: intrahepatic CCA (iCCA) and 

extrahepatic CCA (eCCA). The pooled analysis shows that NAFLD increases 2-fold of 

progression to iCCA ( OR 2.22, 95% CI 1.52-3.24; I2=67%) and also for eCCA (OR 1.55, 95% CI 

1.03-2.33; I2=69%) even though the last one presents a weaker association (84). This 

difference on the association between both cancers may be due to iCCA is originated from 

hepatic cell lineage and eCCA originated from perihilar and distal CCA, therefore the eCCA 

can be classified as biliary tract diseases (84). 

 

Diabetes and liver cancer risk 

This metabolic disease characterised by insulin resistance and hyperglycaemia is strongly 

associated with carcinogenesis (74). Specifically, Diabetes Mellitus type 2 (DM2) is the 

subtype linked to cancer and the possible biological mechanism consist of hyperinsulinemia, 

hyperglycaemia and fat-induced chronic inflammation (74). It remains, a matter of debate 

whether DM2 leads to liver cancer progress by itself or through NAFLD. Nonetheless, several 

patients with DM2 have NAFLD which can complicate to Non-alcoholic steatohepatitis 

(NASH) (85). Consequently NASH in patients with DM2 can conduct to liver diseases such as 

cirrhosis and HCC (85). In a meta-analysis that included nine studies, it was acknowledged 

that patients with diabetes were associated with high cholangiocarcinoma risk with OR 1.89 

(95% CI 1.74-2.07) by using fixed-effect analysis (77). This study did not mention the HCC risk. 



70 
 

Genetic susceptibility, dietary aflatoxins and liver cancer risk 

Dietary contaminated by aflatoxins is described as a risk factor for HCC due to the genetic 

mutation that can cause (86). A study done by Zhang et al. collected HCC tumour tissues and 

matched with non-tumour liver tissues of 49 patients (86) from Qidong region, which has a 

high-risk for aflatoxin exposure (38.2% of food samples was contaminated by aflatoxin). They 

compared the genetic mutation of aflatoxin-associated HCC and non-aflatoxin-associated 

HCC (86). The aflatoxin HCC group exhibits mutagenic signature in the pattern of C>A 

transversions and has high-level of mutation-associated neoantigens and infiltrating 

lymphocytes and tumours cells that expressed PD-L1, compared with non-aflatoxin 

associated HCC (86).  Another study denoted that an increase in p53 mutations with 

increasing aflatoxin exposure means an increase in 249ser (87). A meta-analysis conducted 

by the same authors gives further insight into the effects of genes in liver cancer 

development by comparing the relationship among aflatoxin exposure, HBV infection and 

p53 mutations in HCCs. They found that 249ser mutation was positively correlated with 

aflatoxin exposure (P=0.0001) (87). 

 

Moreover, there are two hereditary diseases correlated with liver cancer (74).  The 

Hemochromatosis, a disorder in iron absorption and its deposition in the liver parenchyma. 

The second one is the 1-antitrypsin deficiency that is a disease characterised by the deficiency 

of the antitrypsin enzyme responsible for heme biosynthesis. Both diseases can increase the 

risk of liver cancer in 10 to 20-fold (74). 

 

Dietary factors and liver cancer risk 

Food can contribute against or in favour of cancer risk (12). Evidence reports that fish has a 

protective effect on liver cancer progress (12). Another item associated with decreased risk 

for liver cancer is coffee (73).  Pooled results from nine cohort studies revealed that highest 



71 
 

versus lowest coffee intake was associated with a reduced liver cancer risk with RR 0.46 (95% 

CI 0.37- 0.57) with no heterogeneity (I2 = 0%) (88). Colleagues at Queen’s University Belfast 

have analysed cohort data from the UK Biobank, which supports the idea that drinking coffee 

reduces significantly the risk of HCC, whether instant coffee (HR 0.51, 95% CI 0.28-0.93) or 

ground coffee (HR 0.47, 95% CI 0.20-1.08) (89). Lastly, greater levels of physical activity are 

suggested to be associated with a reduced liver cancer risk, however, the evidence is limited 

(73). Figure 1.16 summarises the level of evidence for liver cancer risk factors. 

 

 

Figure 1.16. Risk factors of liver cancer according to strong and limited evidence. SOURCE: Continuous 
Update Project Expert Report 2018. Diet, nutrition, physical activity and liver cancer (73). 

 

Below, Table 1.6 summarises the above evidence of liver cancer and respective risk factors. 
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Table 1.6. Summary of the evidence of the liver cancer risk factors. 

Risk factors Authors Study type, 
sample size 

Study description, including 95% CI, p-values, 
heterogeneity 

Hepatitis virus Palmer et al. 
(2012) 
 
 
 
 
 
 
Palmer et al. 
(2012) 

Meta-analysis 8 
case-control 
studies. 2753 
cases and 
291,756 control  
 
 
Meta-analysis 8 
case-control 
studies. 2994 
cases and 
393,760 control 

The HBV was determined based on the presence of 
HBsAg, in serum or by ICD9 codes. The meta-analysis 
shows that HBV increases the risk of ICC with OR 5.54 
(95% CI 3.19-9.63; I2= 86.3%). 
 
 
 
The HCV was identified based on its presence in 
serum anti-HCV, HCV-RNA positivity in serum or by 
ICD9 codes. There is a significantly increased risk of 
liver cancer in those patients with HCV infection with 
OR 4.84 (95% CI 2.41-9.710; I2=83.6%). 

Alcohol  Chuang et al. 
(2015) 

Meta-analysis 
112 studies 
(cohort, case-
control studies). 
NRSS 

The study focused on the dose-response relationship 
between alcoholic beverages and liver cancer. Ever 
drinkers were associated with 1.17-fold increased 
odds (95% CI 1.08-1.26) of liver cancer compared with 
never or low-frequency drinking.  No heterogeneity 
was observed. 

Smoking  Petrick et al. 
(2018) 

Liver Cancer 
Pooling Project 
including 
1,518,741 
individuals, 
among whom 
1,423 HCC and 
410 ICC 

The study showed that individuals who were current 
smokers had an increased risk of HCC with HR 1.86 
(95% CI 1.57-2.20) and increased risk of ICC with HR 
1.47 (95% CI 1.07-2.02) compared with never smoker. 

Obesity Yang et al. 
(2019) 

Meta-analysis 
23 studies for 
overweight and 
27 for obesity. 
NRSS 

The study noted that overweight individuals had a 
higher risk of liver cancer incidence with a RR of 1.19 
(95% CI 1.10-1.27; I2=60.2%) and obese individuals 
with high risk liver cancer incidence as well  RR of 1.87 
(95% CI 1.65-2.11; I2=75.6%) compared with normal 
BMI individuals. 

Non-alcoholic 
Fatty Liver 
Disease (NAFLD) 

Wongjarupong 
et al. (2017) 

Meta-analysis 6 
case-control 
studies for iCCA: 
5067 cases/ 
120,233 control.  
 4 case-control 
studies for 
eCCA: 4035 
cases/ 116,429 
control 

The pooled analysis shows that NAFLD increases 2-
fold of progression to iCCA ( OR 2.22, 95% CI 1.52-
3.24; I2=67%) and also for eCCA (OR 1.55, 95% CI 1.03-
2.33; I2=69%) even though the last one presents a 
weaker association(84)(84)(84)(84)(84)(84)(83). 

Diabetes Palmer et al. 
(2012) 

Meta-analysis 9 
case-control 
studies:3795 
cases/399428 
control 

Patients with diabetes were associated with high 
cholangiocarcinoma risk with OR 1.89 (95% CI 1.74-
2.07). It was used as a fixed-effects analysis. This 
study did not mention the HCC risk. 

Genetic 
susceptibility, 
dietary aflatoxins  

Stern et al. 
(2001) 

Meta-analysis 
49 studies. NRSS 

The study illustrates the correlation between HBV 
infection and p53 mutations in HCCs. They found that 
249ser mutation was positively correlated with 
aflatoxin exposure (P=0.0001). 

Dietary factors Wang et al. 
(2016) 

Meta-analysis 9 
cohort studies: 
968,517 
samples 

The pooled results revealed that the highest versus 
lowest coffee intake was associated with a reduced 
liver cancer risk with RR 0.46 (95% CI 0.37- 0.57; 
I2=0%). No strong evidence for other dietary factors. 

Table number 1.6. legend: NRSS: No reference for sample size 
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Similarly to pancreatic cancer, liver cancer is characterised by its asymptomatic frame that 

results in patients presenting at a late-stage with lower chances of a curative treatment (73). 

The survival rate tends to be worse in a patient with ICC due to its high tendency to regional 

and distant metastases and the inefficient therapy available when compared with HCC (74). 

As a consequence, liver cancer is the fourth leading cause of cancer death worldwide, with 

781,631 deaths representing 8.2% of all deaths by cancer in 2018 (6). The 5-year survival rate 

of patients with liver cancer is only approximately 12%, even though lower survival rates are 

reported (5-6%) (81). High mortality still involving lower-income countries from Africa and 

Asia continents where China is responsible for approximately 50% of total deaths (12). It is 

acknowledged that younger individuals from the East Asian presented a significant reduction 

of HCC after implementing vaccines for Hepatitis B (6). The World Health Organization 

foresees an overall reduction of incidence and mortality rates after introducing the HBV 

vaccination for youths and children. However, the survival rate is linked to a mechanism to 

identify liver cancer at an earlier stage whatever in lower or higher-income countries. 

 

Colorectal cancer (CRC) is mostly constituted by adenocarcinoma (95%) and other small 

percentages comprise of mucinous carcinomas and adeno-squamous carcinomas (90). Below 

is reported the CRC pathophysiology, incidence, risk factors, mortality and survival.  

 

CRC has an incidence of 1.8 million cases per year and is the third most diagnosed cancer, 

comprising 11% of all cancer diagnoses worldwide in 2018 (6).CRC has a higher incidence in 
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higher-income countries compared to lower-income countries (6). The higher-income 

countries hold about 70% of all new CRC cases and approximately 60% of all CRC deaths (6).  

 

CRC is investigated separately as colon and rectum cancers due to differences in their 

epidemiology, although both tend to affect males slightly more than females, possibly due 

to the risk factor that each gender is exposed to (6). Singly, colon cancer is the fourth most 

diagnosed cancer with 1,096,601 new cases (6.1% of all cancer sites) (6). Below, Figure 1.17 

represents the incidence of colon cancer according to gender and regions. 

 

 

Figure 1.17. Graph representing region-specific incidence age-standardized rates by sex for cancers of 
the (a) colon in 2018. Rates for colon cancer are shown in descending order of the world (w) age-

standardized rate among men, and the highest national rates among men and women are 
superimposed. Source: Globocan 2018 (6). 
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On the other hand, rectal cancer is the eighth most diagnosed cancer with 841,080 new cases 

(4.7% of all cancer sites) (6). Rectal cancer presents a huge gap between the European and 

African countries (6). The highest incidence rates are exhibited by Eastern Europe, while the 

lowest incidence rate lies in Western Africa as shown in Figure 1.18 (6). 

 

 

Figure 1.9. Graph representing region-specific incidence age-standardized rates by sex for cancers of the (a) 
rectum in 2018. Rates for rectal cancer is shown in descending order of the world (w) age-
standardized rate among men, and the highest national rates among men and women are 

superimposed. Source: Globocan 2018 (6). 

 

Different geographical areas with presumably different risk factors demonstrate different 

incidence rates and also temporal trends of CRC. The first trend is observed in countries such 

as Russia, China and Brazil where the CRC incidence and mortality rates are increasing, while 

the second trend is illustrated by Japan, France and USA with a significant reduction in 

incidence and mortality rates (6,91). Finally, the third trend observed in Canada and the UK 

with an increasing CRC incidence but reducing mortality rates (6).  Possibly, the main reason 
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for the CRC high incidence rates is very connected with lifestyles such as westernised diet 

and the high mortality due to an inefficient health system (6). Conversely, lower incidence 

and lower mortality rates of CRC are due to the opposite reasons, for example, a healthier 

lifestyle and the presence, dissemination and availability of screening programmes and 

better practice to treat cancer (43). 

 

Different risk factors can contribute to CRC development however, each risk factor can use 

their specific pathway to cause cancer, but all of them may cause mutation of the DNA in 

different ways. Hereditary history plays an important role in CRC initiation and progression 

in some individuals. There are two principal hereditary diseases: adenomatous polyposis and 

hereditary non-polyposis colorectal cancer (12). The adenomatous polyposis results from a 

mutation in the tumour suppressor gene APC in younger individuals however, before 

reaching the fourth-decade patients can exhibit CRC (12). The hereditary non-polyposis 

colorectal cancer (HNPCC) is a result of a mutation in DNA repair genes (12). Those individuals 

with the first-degree relative with a family history of cancer have a 2-4 times higher risk to 

develop CRC. However, the majority of evidence described in this thesis relates to sporadic 

CRC.  

 

Alcohol, through acetaldehyde molecule, may cause an alteration in DNA ‘producing 

generation of free-radical oxygen species’ and through ‘variants in genes for alcohol 

metabolism and DNA repair’ (90). Tobacco includes many toxic substances such as benzene, 

polonium-210 and nitrosamines, that have the capability of binding to DNA and causing deep 

damages and inhibiting the repair process of the body (90,92). Finally, as humans getting 

older their colon reduces the peristalsis, mucous secretion and spend a long time to heal any 

damage (2). All these aspects along with smoking and alcohol consumption or any other 
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carcinogenesis factors contribute to a higher risk of CRC development. CRC is associated with 

molecular pathways and the lifestyle of the individuals (8). Patients with Inflammatory bowel 

disease (IBD), Crohn’s disease and ulcerative colitis (UC)  are at an increased risk of CRC (93). 

Possibly that association is due to the chronic inflammation resulting in deregulated 

liberation of carcinogenic factors such as growth cytokines and metabolic free radicals (93). 

The following section describes the main modifiable risk factors associated with CRC.  

 

Alcohol and CRC risk 

Studies demonstrated that high alcohol intake is associated with increased risk of CRC (90). 

A huge meta-analysis of 66 studies (33 case-control and 33 cohort studies) examined the 

possible association between alcohol and CRC (30). The authors found an increased risk of 

CRC in those individuals with moderate drinking  (RR 1.17, 95% CI 1.11-1.24; I2=52%) and with 

heavy drinking (RR 1.44, 95% CI 1.25-1.65; I2=69%) compared with occasional and non-

drinkers (30).  

 

Smoking and CRC risk 

Tobacco smoking is a risk factor involved in more than 13 types of cancers including CRC (90). 

Tobacco smoking appears to be more strongly associated with rectal cancer risk (RR 1.20, 

(95% CI 0.94-1.53) than colon cancer risk (RR 1.10, 95% CI 0.90-1.35), even though the CI of 

both cancer types are close (94). There are recent meta-analyses that describe the 

association between smoking and CRC including a systematic review done by Liang and 

collaborators, based on 36 original papers (2 nested case-control and 34 cohort studies) 

confirm that association (94). The pooled analyses found that current smokers had 17% 

higher risk for CRC though the result was not statistically significant (RR 1.17, 95% CI 0.97-
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1.40) while former smoker had 25% higher risk for CRC (RR 1.25, 95% CI 1.04-1.51; I2=0%)) 

compared with never smokers (94).  

 

Overweight, obesity and CRC risk 

Like other GI cancers, there is strong evidence that overweight and obesity factors are major 

risk factors for CRC development (12). A meta-analysis with 18 cohort studies observed a 

significant association between CRC and abdominal obesity (measured by WC and WHR) (95). 

An increased risk of CRC was associated with the highest WC when compared with the lowest 

WC category (RR 1.42, 95% CI 1.30- 1.55; I2=40.1%). In a separate analysis, a significant result 

remained for colon and rectal cancers with RR 1.53 (95% CI 1.36-1.72; I2=24.6) and RR 1.20 

(95% CI 1.03-1.39; I2=0) respectively (95). When the author examined the association 

between the highest WHR patients, there was a significant association with CRC (RR 1.39, 

95%CI 1.25-1.53; I2=51.2%), colon cancer (RR 1.39, 95% CI 1.18, 1.63; I2=60.2%) and rectal 

cancer (RR 1.22, 95% CI 1.05, 1.42; I2=0%) (95). In addition, WCRF report findings are 

consistent according to a meta-analysis with 38 studies (n = 71,089 cases) that yielded a 

significantly increased risk of CRC per 5 kg/m² of BMI (RR 1.05, 95% CI 1.03–1.07) comparing 

the highest and the lowest BMI categories (90). 

 

Dietary factors and CRC risk 

The Mediterranean diet (Meddiet) is reported as affecting cancer development principally 

due to its constitution: high in vegetables and fruits, lower in red and processed meat (96).  

Indeed, a higher adherence to Meddiet was inversely associated with CRC risk in a pooled 

analysis of cohort studies (6 studies) with RR 0.86 (95% CI 0.80- 0.92, I2=28%) and case-

control studies (5 studies) with RR 0.71 (95% CI 0.57-0.88, I2=88%) (96).   

Similarly, the anticarcinogenic properties of vitamin D in CRC has been studied by 

Theodoratou et al. (97). A Scottish case-control study (investigating 2,070-cases and 2,793 
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controls) investigated the association between CRC and vitamin D and calcium intake. Logistic 

regression adjusted for sex, age, cancer site, smoking, vitamin D and calcium dietary intake 

and observed a lower risk of CRC in individuals with dietary (OR 0.77, 95% CI 0.63-0.92) and 

in individuals with total vitamin D intake (OR 0.80, 95% CI 0.65-0.98), but no inverse 

association between CRC and calcium ingestion in those consuming the highest versus the 

lowest intakes (97). 

Furthermore, the same authors performed a meta-analysis (including seven nested case-

control studies) that was consistent with anticarcinogenic properties of the high compared 

with low circulating levels of 25-hydroxyvitamin D in individuals with CRC (OR 0.70, 95% CI 

0.56-0.87) (97). Such meta-analysis did not find a statistically significant association between 

calcium intake and risk of CRC in pooled analyses of 11 cohort studies, RR 0.91 (95% CI 0.84-

1.00) or a pooled analysis of 9 case-control studies with OR 0.90 (95% CI 0.80, 1.02) (97). 

 

Physical activity and CRC risk 

Evidence affirms that physical activity (occupational or recreational) reduces the risk of colon 

cancer development (90). A meta-analysis of 47 studies (19 cohorts and 28 case-control) 

focused on physical activity and colon cancer reported an association between increased 

physical activity in males and a reduced colon cancer risk, based on occupational physical 

activity (RR 0.79, 95% CI 0.72-0.87) and recreational activities (RR 0.78, 95% CI 0.68-0.91) 

(98). Physical activity was not associated with a reduced risk of rectal cancer in cohort studies 

grouped for either males (RR 1.0, 95% CI 0.8-1.3) or females (RR 1.0, 95% CI 0.5-1.9), all of 

them based on fixed analyses (98). The authors did not find a plausible justification for this 

as yet. Figure 1.19 illustrates CRC risk factors discussed above. 
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Figure 1.10. Risk factors of CRC cancer according to strong and limited evidence. SOURCE: Continuous 
Update Project Expert Report 2018. Diet, nutrition, physical activity and CRC cancer (90). 

 

Below, Table 1.7 summarises the above evidence for CRC and it’s respective risk factors. 
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Table 1.7. Summary of the evidence of the colorectal cancer risk factors. 

Risk factors Authors Study type, 
sample size 

Study description, including 95% CI, p-values, 
heterogeneity 

Alcohol Bagnardi et 
al. (2015) 

Meta-analysis 
66 studies: 33 
case-control 
and 33 cohort 
studies. NRSS 

There is an increased risk of CRC in those 
individuals with moderate drinking (RR 1.17, 95% 
CI 1.11-1.24; I2=52%) and with heavy drinking (RR 
1.44, 95% CI 1.25-1.65; I2=69%) compared with 
occasional and non-drinkers. 

Smoking  Liang et al. 
(2009) 

Meta-analysis 
36 studies: 2 
case-control, 34 
cohort studies. 
A total of 
3,007,011 
subjects.  

Smoking appears to be more strongly associated 
with rectal cancer risk (RR 1.20; 95% CI 0.94-1.53) 
than colon cancer risk (RR 1.10, 95% CI 0.90-1.35), 
even though the CI of both cancer types are close. 
But overall, former smokers had a higher risk of CRC 
(RR 1.25; 95% CI 1.04-1.51) compared with never 
smokers. No heterogeneity was observed. 

Obesity Dong et al. 
(2017) 

Meta-analysis of 
cohort studies 
(18 CRC, 12 
colon and 6 
rectal). NRSS 
 
 
 
 
 
Meta-analysis of 
cohort studies 
(14 CRC, 9 colon 
and 4 rectal). 
NRSS 

There is an increased risk of CRC of individuals with 
the highest WC when compared with individuals 
with the lowest WC category (RR 1.42, 95% CI 1.30- 
1.55; I2=40.1%). In a separate analysis, a significant 
result remained for colon and rectal cancers with 
RR 1.53 (95% CI 1.36-1.72; I2=24.6%) and RR 1.20 
(95% CI 1.03-1.39 I2=0%) respectively. 
 
 
 
When the author examined the association 
between the highest WHR patients, there was a 
significant association with CRC (RR 1.39, 95%CI 
1.25-1.53; I2=51.2%), colon cancer (RR 1.39, 95% CI 
1.18, 1.63; I2=60.2%).) and rectal cancer (RR 1.22, 
95% CI 1.05, 1.42; I2=0%). 

Dietary 
factors 

Wu et al. 
(2017) 

Meta-analysis 
11 studies: 6 
cohort, 5 case-
control studies. 
NRSS 

Higher adherence to Meddiet was inversely 
associated with CRC risk in a pooled analysis of 
cohort studies (6 studies) with RR 0.86 (95% CI 0.80- 
0.92, I2=28%) and case-control studies (5 studies) 
with RR 0.71 (95% CI 0.57-0.88, I2=88%).   
 

Physical 
activity 

Samad et al. 
(2005) 

Meta-analysis 
47 studies: 19 
cohorts and 28 
case-control 
studies. NRSS 

There is an association between increased physical 
activity in males (not in women) and a reduced 
colon cancer risk, based on occupational physical 
activity (RR 0.79, 95% CI 0.72-0.87) and recreational 
activities (RR 0.78, 95% CI 0.68-0.91). Physical 
activity was not associated with a reduced risk of 
rectal cancer in cohort studies. 

Table number 1.7. legend: NRSS: No reference for sample size 

 

CRC is the GI cancer with the highest mortality rates but also with the best survival compared 

with all discussed GI cancers. CRC is the second most common cause of death by cancer with 

851,663 cases per 100,000 population in 2018 (6). The 5-year survival in the European 

countries is 40% (90) but Globocan notes that CRC 5-year survival in higher-income countries 
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as the UK can reach 90% for localised CRC (40% of CRC) or 70% for regional CRC (36% of cases) 

and 13% for metastatic cases (20% of cases).  

With the intention of having a perspective of common risk factors between different 

gastrointestinal tumours, Table 1.8 that illustrates these aspects, as shown below. 

 

Table 1.8. Summary of gastrointestinal cancer types, specific risk factors and common risk 

factors. 

Gastrointestinal 
cancer type 

Discussed relevant 
risk factor 

 Risk factor shared by 
gastrointestinal 

cancers 

Cancers that 
share the risk 

factor 
Oesophageal 
squamous cell 
carcinoma 

Smoking, alcohol, 
dietary factors, high 
temperature, physical 
activity, SES. 

Smoking (increase 
cancer risk)  

OSCC, OAC, 
gastric, liver, 
pancreatic, CRC. 

Oesophageal 
adenocarcinoma 

GERD, Barrett’s 
oesophagus, obesity, 
vegetables and fruits, 
smoking, SES. 

Alcohol (increase 
cancer risk) 

OSCC, gastric, 
liver, 
pancreatic, CRC. 

Gastric  H. Pylori, obesity, 
alcohol, smoking, salt 
and food 
preservation, 
vegetables and fruits 
consumption 

Obesity (increase 
cancer risk) 

OAC, 
pancreatic, 
gastric, liver, 
CRC. 

Pancreatic Obesity, alcohol 
fruit/vegetable 
consumption, 
smoking. 

Vegetable/ fruits 
(Protective risk 
factor) 

OAC, 
pancreatic, 
gastric. 

Liver HBV, HCV, alcohol, 
smoking, obesity, 
NAFLD, D. Mellitus, 
genetic susceptibility, 
dietary factors. 

Dietary factors 
(Mediterranean diet 
is a protective risk 
factor) 

OSCC, CRC, liver. 

Colorectal Alcohol, smoking, 
obesity, dietary 
factors, physical 
activity. 

Physical activity 
(Protective risk 
factor) 
 

OSCC, CRC. 

 

 

 

Increased levels of natural tooth retention have meant that older patients are now prone to 

chronic oral conditions such as caries, periodontal disease and toothwear (99).  In 2005 the 

World Health Organization (WHO) categorised poor oral health as an important health 

burden for the 21st century (99). Poor oral health can have a significant negative impact on 
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the nutritional state (or vice-versa), on the standard of living and quality of life of the 

individuals (100–102). Individuals with poor oral health can experience problems with eating, 

chewing, communication, in addition to regular pain, which can limit their social integration 

(103).  

 

 

According to the World Dental Federation (FDI), a representative body of over 1 million 

clinicians worldwide, good oral health is a complex concept taking into consideration social 

and intrinsic conditions related to the individual  (104). Therefore, oral health is the ‘ability 

to speak, smile, smell, taste, touch, chew, swallow, and convey a range of emotions through 

facial expressions with confidence and without pain or discomfort’ (105). Good oral health is 

not an isolated condition but allied to the overall health state.  Naito and Locker consider 

good oral health as the result of physiological, social, and psychological components to which 

individuals are exposed; essential to physical and mental equilibrium (104–106). The FDI 

aimed to standardise the oral health definition for clinicians and policy-makers (105). It is 

hoped that this definition of oral health will transform the approach of clinicians to consider 

oral health holistically rather than simply what happens within the oral cavity.   

 

 

Poor oral health is categorised by a broad set of conditions which make it difficult for the 

mouth to perform its functions efficiently (107–109). Poor oral health can be a reflection of 

poor oral hygiene i.e., failure of the individual to maintain good oral hygiene habits, such as 

regular brushing and interdental cleaning to remove plaque and tartar from their teeth (110). 

This can then lead to the development of chronic dental diseases including caries and 

periodontal disease (110).     
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Several studies have attempted to quantify the extent and impact of poor oral health.  The 

Global Burden of Disease 2010 study noted that poor oral health, including untreated caries, 

severe periodontitis and severe tooth loss, is considered to be a major global burden that 

affects around 3.9 billion people (111). Due to the continuing demographic transition, the 

impact of oral conditions has increased by 20.8% between 1990 and 2010 (112). Poor oral 

health is responsible for 15 million disability-adjusted life-years worldwide, with considerable 

geographical and age-related variation (111,112).  

Despite the improvement in oral health care services, dental treatment often remains 

expensive. Access problems for patients remain in higher-income countries and this is often 

worse in lower-income countries where resources are often limited (113). Thus, patients 

experience the accumulation of destructive oral diseases from childhood through the life 

course to adulthood including dental caries, periodontal disease, tooth loss and toothwear 

(113,114). The objective of this section is to describe chronic oral diseases and their interplay 

with GI cancers and systemic diseases. 

 

 

Dental caries or tooth decay is the ‘breakdown of the enamel by acid formed by bacteria that 

live at dental superficies’ (1). Cariogenic oral anaerobic bacteria can metabolise sugar or 

complex carbohydrates from the diet consumed by individuals (113). A number of different 

factors such as tooth susceptibility, poor quantity and quality of the saliva and low fluoride 

exposure can potentiate dental caries progress (113). Dental caries is prevalent worldwide 

and approximately 60-90% of school-age children and adults are diagnosed with dental caries 

during their lifetime (103). Currently, the Decayed, Missing and Filled Teeth index (DMFT) is 

higher in American countries (DMFT=3.0) and European countries (DMFT=2.6) compared 

with African countries (DMFT=1.7) (103). However, according to WHO, lower and higher-

income countries are experiencing different trends in oral health. In lower-income countries 
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we are observing the growth of dental caries cases due to increasing sugar consumption, the 

opposite tendency (decreased) is noted in higher-income countries due to actions focused 

on ‘changing living conditions, lifestyles and improved self-care practices’ (103). However, 

for patients in lower-income countries accessing dental services remains a significant 

challenge, for example, the WHO estimates that the dentist to patient ratio is 1:150000 

compared to  1:2000 in higher-income countries (103).   The figure below illustrates the 

global levels of dental caries. 

  

 

Figure 1.20. Dental caries level (Decayed, Missing and Filled Teeth index) among 12-years old 
worldwide, December 2004 (103). 

 

 

The periodontium supports the tooth and includes the gingiva, the periodontal ligament and 

the alveolar bone, as shown in Figure 1.21 (115). Gingivitis is an acute inflammation of gums 

and is the most common disease in ageing individuals, affecting around 50-90% of adults 
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globally (116).  Gingivitis is a reversible condition (1,101,107) and frequently effective oral 

hygiene is sufficient to reverse it (116). However, periodontal disease is defined as a chronic 

inflammatory infectious disease of the periodontium and can lead to the destruction of the 

tooth-supporting tissues (107,117,118). Periodontal disease is an irreversible condition 

which is the main cause of permanent tooth loss and is confirmed by clinical and radiographic 

assessment (107,117).   

 

 

Figure 1.11. Constituents of the periodontium. The tooth, gingiva, periodontal ligament and alveolar 
bone. Source: Netter anatomy (4). 

 

Periodontal disease is the sixth most prevalent disease affecting 10.8% (95% UI: 10.1%-

11.6%) or 743 million people globally (112). This finding was confirmed in a meta-analysis 

which examined the prevalence and incidence of periodontitis in an extended period from 

1990 to 2010 (112). The study included 72 studies from 37 countries and data from 291,170 

adults from 15 to 99 years (112).  Similar incidence rates were found in a cross-sectional study 

in the UK with 1660 men aged from 72-92 years which noted that 43% of males had 

periodontal disease with loss of attachment (>5.5 mm) (100). 
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Gingivitis can progress to periodontal disease if left untreated and it is caused by gram-

positive bacteria. Whereas periodontal disease is caused by gram-negative pathogens with 

higher virulence including Aggregatibacter actinomycetemcomitans, Porphyromonas 

gingivalis, Treponema denticola, Tannerella forsythia and Fusobacterium nucleatum 

(119,120). Evidence suggested that a number of oral pathogens are associated with 

systematic diseases such as DM, cardiovascular disease and GI cancers (108,121). The 

proposed link between oral bacteria and the development of systemic disease is based on 

systemic inflammation (120) and will be discussed in more detail in the following section. 

 

 

Toothwear is a chronic dental disease categorised by aetiology: attrition, abrasion and 

erosion. However, many cases are often multifactorial in aetiology where all forms of 

toothwear can be combined and present in the same individual. Briefly, attrition results from 

the consistent contact between opposing teeth often during clenching and grinding (122). 

Abrasion is loss of tooth tissue due to a mechanical process not involving opposing teeth, for 

instance, seed or nut cracking, nail biting or improper toothbrushing technique (122).  

 

Erosive toothwear was defined in 1970 by Pindborg (123) as the ‘superficial loss of the hard 

tissues of the teeth by a chemical process that does not involve the action of bacteria’ (123). 

A simpler definition has been proposed by the FDI:  erosive toothwear is characterised by 

surface loss of tooth hard tissues (124). Erosive toothwear can be categorised according to 

the source of the acidic challenge: intrinsic and extrinsic.  Regurgitation, vomiting and gastro-

oesophageal reflux are the main intrinsic factors associated with erosive toothwear, whilst 

citrus fruits, soft drinks and sports drinks are common extrinsic sources of dental erosion 

(123,125). As with other chronic dental diseases, erosive toothwear is linked to low SES, lack 
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of awareness of poor oral-health status from the individual and limited access to dental 

services (126).  

A crucial distinction should be made between erosive toothwear and dental caries. Whilst 

erosive toothwear is the loss of tooth structure from acidic action (124,127), dental caries is 

caused by the action of acids produced by biofilms of microorganisms fuelled by sugars(124). 

Erosive toothwear starts firstly at the tooth surface and caries is a subsurface 

demineralisation phenomenon of the enamel (124).  Clinically both diseases seldom occur at 

the same time in the same patient  (124). 

 

 

Evidence has established several common determinants for poor oral health including lower 

SES status, poor nutritional status including diet, smoking habits and poor oral hygiene 

practices (10,128). However, those risk factors are not specific for poor oral health as a 

number of cancers and other chronic systemic diseases share similar risk factors (19,26). The 

sections below describe the main risk factors for poor oral health. The studies that support 

the risk factors for poor oral health discussed below were selected based on strong evidence, 

where possible, including comparative studies (128), population-based studies (100), cohort 

studies and meta-analyses (129,130). 

 

Socioeconomic status and poor oral health 

SES is intrinsically related to poor diet, availability of resources and poor/reduced health care 

utilisation (33). Crocombe et al. postulate that rural areas are more affected by poor oral 

health (128). This is due to elevated poverty rates, lower water fluoridation use, fewer 

dentists and oral health specialists and long distances to access health care units (128). As a 

consequence individuals access health services in the advanced stage of disease (128). 
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Multiple sources of evidence agree that poor oral health including severe periodontal 

disease, teeth loss and edentulism are more prevalent in populations with lower SES 

(100,131). 

 

Nutritional conditions and poor oral health 

A British study noted that problems with teeth and gums are present in 73% of individuals 

who suffer difficulties with eating (100). Ramsay et al. suggest that individuals with 

periodontal disease and natural tooth loss report eating difficulties which have negative 

impacts on their nutritional choices (100). A lack of natural teeth can force patients to 

consume less healthy foods and avoid those which they find difficult to chew including fruits 

and vegetables which in turn can lead to malnutrition (100). Therefore, a lack of natural teeth 

is associated with poor diet and an increased risk of some systemic diseases, particularly in 

older adults.    

 

Smoking habits and poor oral health 

Smoking is a well-known risk factor which increases the risk of periodontal disease (129,132). 

A cohort study of 94 participants followed by Karasneh et al. analysed two groups: individuals 

with chronic periodontitis (32% non-smokers and 10% smokers) and healthy participants 

(39% non-smokers and 19% smokers). The severity of periodontitis was greater in smokers 

and it was also demonstrated that they have elevated levels of periodontopathogenic 

bacteria (Slackia exigua, Selenomonas sputigena, Campylobacter rectus) (129). Interestingly, 

smoking participants had 65% less beneficial bacteria (Eikenella corrodens) compared with 

healthy participants (129). Similarly, Abnet et al.  in a cancer case-control study found that 

smoking was associated with an increased risk of tooth loss (108).  Indeed, the relationship 
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between smoking and periodontal disease has been clearly described in a number of systemic 

reviews (133,134).  

 

Oral hygiene practices and poor oral health  

Ageing and poor oral hygiene are strongly linked. Disabilities resulting from an advanced age 

can make oral hygiene practices more difficult (101). The “age-related susceptibility”  may 

explain the immunosenescence impact of the defensive mechanisms of the body against oral 

pathogens and as a consequence, oral bacteria become stronger and more virulent (101). In 

a study of German patients, it was observed that patients who self-reported good oral 

hygiene were younger, few missing teeth, less dental plaque, had less bleeding on probing 

and were less likely to have severe periodontitis (110).  The impact of poor oral hygiene on 

dental caries (135)and periodontal disease have been clearly demonstrated in systematic 

reviews of the literature (130). After pooling 15  studies, it was demonstrated that poor oral 

hygiene resulted in an increased odds of developing periodontal disease (OR 5.01, 95% CI 

3.40-7.39) when compared with individuals with good oral hygiene (130). Also, the regularity 

of toothbrushing  and dental visit frequency play a protector factor against periodontal 

disease with OR 0.66 (95% CI 0.47-0.94; I=94.5%) and OR 0.68 (95% CI 0.47-0.98; I2=60.4%), 

respectively (130). Table 1.9 summarises the evidence on risk factors for poor oral health  
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Table number 1.9. Summary of risk factors for poor oral health. 

Risk factors Authors Study type, sample 
size 

Study description, including 95% CI, p-values, 
heterogeneity 

Socio-
economic 
status (SES) 

Crocombe et 
al. (2017) 

Qualitative review 
of 8 studies from 
Australia, New 
Zealand, USA, 
Canada, Wales, 
England, NI and 
Scotland. 

It was noted that rural areas are more affected 
by poor oral health due to elevated poverty 
rates, lower water fluoridation use, fewer 
dentists and/or oral health specialists and long 
distances to access health care units. 

Nutritional 
conditions 

Ramsay et al. 
(2015) 

Prospective study of 
a socially and 
geographically 
representative 
sample of 7735 
men, aged 40–59 
years  

The study observed that poor oral health is 
present in 73% of individuals who report 
difficulties with eating. The authors suggest that 
individuals with periodontal disease and natural 
tooth loss report eating difficulties which have 
negative impacts on their nutritional choices.  

Smoking Karasneh et 
al. (2017) 

Cohort study with 
94 participants. 
Such as chronic 
periodontitis (30 
non-smokers and 9 
smokers) and 
healthy participants 
(37 non-smokers 
and 18 smokers).   

The severity of periodontitis was greater in 
smokers than non-smokers. Smokers have 
elevated levels of periodontopathogenic 
bacteria Slackia exigua with OR 6.37 (95% CI 
0.3-146.1) and reduced levels of beneficial 
bacteria compared with non-smokers. 

Oral hygiene 
practices 

Lertpimonchai 
et al. (2017) 

Meta-analysis 15 
studies. NRSS 
 
 
 
 
10 studies for 
brushing teeth 
 
6 studies for dental 
visit 

It was demonstrated that poor oral hygiene 
resulted in increased odds of developing 
periodontal disease (OR 5.01, 95% CI 3.40-7.39; 
I2=78%) when compared with individuals with 
good oral hygiene.  
 
Also, the frequency of toothbrushing and dental 
visit frequency are protective factors against 
periodontal disease with OR 0.66 (95% CI 0.47-
0.94; I=94.5%) and OR 0.68 (95% CI 0.47-0.98; 
I2=60.4%), respectively. 

Table number 1.9. legend: NRSS: No reference for sample size 

 

 

Previous researches have highlighted that poor oral health and/or periodontal disease are 

associated with an increased risk of GI cancers, which could hint at an aetiological role of 

poor oral health. However, the associations reported have been inconsistent and the 

underlying biological mechanisms remain unclear (136,137). Oral bacteria, such as 

Aggregatibacter actinomycetecomitans, Porphyromonas gingivalis, Tannerella forsythia, 

Treponema denticola and Fusobacterium nucleatum may cause periodontal diseases 

(120,138). Lopez and his colleagues support several risk factors such as smoking, alcohol 
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consumption, poor diet contribute synergistically to poor oral health and cancers risk (101) 

Which raises the possibility that the association between two diseases is a result of 

confounding effect.  

 

A link between periodontal disease and systemic diseases as cancer (139), chronic disease 

(140) cardiovascular diseases and stroke (110,141) have been evidenced in recent 

researches. The bacteria and inflammatory markers from the periodontal disease are 

continuously released into the saliva and blood circulation, which can travel through, and 

potentially reach the GI tract (138). Supporting this biological theory, a study done with 60-

70-year-old males from Northern Ireland showed that high C-reactive protein in those 

individual with P. gingivalis bacteria was associated with systemic inflammation and systemic 

disease (OR 1.20, 95% CI 1.04-1.37) (120). Another study involving patients with DM observed 

that those who had uncontrolled DM and consequently higher glycaemia level had higher 

concentrations of inflammatory mediators (cytokines) in blood. The uncontrolled diabetes 

patients had a higher risk of periodontal disease, accelerated attachment loss and teeth lost 

compared with good controlled diabetes patients (142). A study done by Yang et al. noticed 

that by treating advanced periodontal, patients with DM can reduce the risk of cardiovascular 

diseases specifically for heart failure (HR 0.60; 95% CI 0.45-0.80) and myocardial infarction 

(HR 0.92, 95% CI 0.85-0.99) (143). Finally, another link between poor oral health and GI is 

plausible due to the anatomy and physiology proximity of the mouth and digestive organs 

(3,107).  

 

Conversely, it is acknowledged that there are gaps in our understanding and also 

inconsistency on that association between periodontal disease and GI cancer due to different 

variables such as study designs, distinct populations and variety of measures for poor oral 

health. Thus, the underlying biological mechanisms remain unclear.  Understanding the 



93 
 

inconsistency possibly improve the interaction among different healthy service (Dentistry 

and Gastroenterologist) and may benefit health policymakers to establish better cancer 

surveillance, prevention and cancer outcomes services.  

 

Cancer is an important public health burden that is characterised by high incidence and 

mortality rates. One-third of these cases are attributable to gastrointestinal cancers which 

are associated with poor oral health. The inflammatory mechanism is the most discussed 

linkage between both diseases and the rationale of that mechanism is based on the 

generation of carcinogenic substances within the mouth as a result of periodontal disease. 

Through the bloodstream, the carcinogenic substances can be distributed to other parts of 

the human body. Poor oral health and cancer share common risk factors such as smoking, 

poor diet and lower socioeconomic status which make harder to investigate the independent 

association between both conditions. Improving poor oral health may reduce the risk of some 

systemic diseases, including some forms of cancer. 
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This thesis aimed to explore the association between periodontal disease and related 

bacteria and different types of GI cancer. The thesis is constituted by six chapters which 

combined, intend to reduce the gap and boost the knowledge of the association between 

poor oral health, related bacteria and GI cancer risk and progression. The Introduction 

(chapter 1) reported and discussed GI cancer epidemiology and oral health. The following 

chapters (2-5) which are novel investigations add to the literature important knowledge of 

the association between erosive toothwear and GERD/S- a precursor of oesophageal 

adenocarcinoma. While chapter 3 based on the UK Biobank cohort study examined the self-

reported poor oral health (periodontal disease) as an important factor that increased the risk 

for hepatobiliary cancer. Further, this study was validated with another cohort study from 

the USA, the women’s health Initiative cohort study. Chapter 4 investigates the link between 

important oral bacteria such as Tannerella forsythia, Treponema denticola, Aggregatibacter 

actinomycetecomitans and Porphyromonas gingivalis to overall cancer incidence, cancer 

mortality and specifically GI cancers. Chapter 5 explores in depth if Fusobacterium nucleatum 

(another oral bacteria) can be applied as a possibly prognostic biomarker in a way to support 

doctors during the cancer diagnosis and cancer prescriptions. Lastly, the thesis culminates 

into chapter six with an overview of the thesis findings, its implications for public health 

recommendations and future research directions.    
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For the present thesis, it was considered two principal aims: 

Aim 1: To understand the role of general indicators of poor oral health and the risk and 

progression of gastrointestinal neoplasms. 

• The first objective describes the literature review to explore the findings and 

gaps within the research field about the association between poor oral health 

(erosive toothwear, periodontal disease and tooth loss) and digestive cancers 

• The second objective is a systematic review performed to understand the 

relationship between erosive toothwear and gastroesophageal reflux disease 

• The third examines the association between self-reported poor oral health 

and gastrointestinal cancer in the UK Biobank study 

Aim 2: Investigating the role of related bacteria and the progression risk and 

gastrointestinal neoplasms.  

• The fourth objective addresses the association between periodontal 

bacteria and periodontal diseases and gastrointestinal cancer risk in the 

PRIME cohort study 

• The fifth objective presents the association between Fusobacterium 

Nucleatum and colorectal cancer survival within a cohort from the 

Republic of Ireland 

• The last chapter is a broad content focused on the conclusion, 

recommendations and future researches based on knowledge of the five 

investigations 
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I, the PhD candidate, Dr Haydée Jordão, was primarily responsible for all statistical analysis 

included within this chapter. I was the primary author on the publication which arose from 

this work and wrote this chapter with guidance from my supervising team. I designed the 

protocol for the systematic review and worked with Richard Fallis (Librarian at Queen’s 

University Belfast) to design and apply the search strategy. I had full responsibility for 

project management of the remaining steps of the review, including importing of articles 

from different databases to Covidence, screening, data extraction, risk of bias (quality 

assessment), meta-analyses and write up. My supervisory team were second reviewers 

for article selections and data extraction, as is required by systematic review 

methodology. 

The content of the chapters 2 has been published in a peer-reviewed journal, where all co-

authors contributed to the editing and approval of the final draft. 
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This chapter intended to conduct a systematic review and a meta-analysis to understand the 

association between erosive toothwear and gastro-oesophageal reflux disease or symptoms 

(GERD/S). As such, an electronic search was carried out in Scopus, Embase and Web of 

Science databases to collect relevant studies, from 1980 until 2nd August 2019. From a total 

of 27 studies included in the systematic review, 19 had sufficient information to be pooled in 

a meta-analysis. Significantly increased odds of erosive toothwear were observed in 

individuals with GERD/S. This trend was more strongly associated with objectively measured 

GERD/S (OR 4.13, 95% CI 1.68-10.13), comparatively to subjectively measured GERD/S (OR 

2.69, 95% CI 1.13-6.38).  

 

This study concluded that individuals with GERD/S have a 2-4 fold increased risk of erosive 

toothwear compared with individuals who do not have GERD/S. 
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Gastroesophageal reflux is a physiologic event that can occur in an individual, often after 

large meals and/or after abrupt inclination forward (144). Etymologically, the word ‘reflux’ 

comes from Latin, where ‘re’ means back, again and ‘fluxus’ means a flowing.  According to 

Vikil et al., gastroesophageal reflux means a ‘backflow from the stomach to the oesophageal 

organ and/or beyond’ (145). Usually, gastro-oesophageal reflux is brief and without 

symptomatic manifestation nor complications (144). Nonetheless, these physiologic events 

can lead to symptoms or/and tissues injury at which point it becomes classified as 

gastroesophageal reflux disease (GERD) (144).  

 

The diagnosis of GERD is based on two criteria: (i) subjective: when the diagnosis is reached 

based on symptoms reported by patients and (ii) objective: endoscopic imaging; when the 

diagnosed is based on the upper endoscopy result, occasionally combined with pH 

manometry or esophageal pH monitoring (145,146). The symptoms themselves can be 

sufficient to define the diagnosis of GERD, however, it does not happen in all circumstances 

(145,146). For example, some oligosymptomatic patients only report reflux symptoms less 

than once per week, which contrasts with an endoscopic exam indicating GERD (147). As 

reported symptoms vary largely from patient to patient a consensus to better define GERD 

was necessary. The Montreal International Consensus Group, based on a systematic review 

involving 44 experts from 18 countries, defined GERD as ‘a condition that develops when the 

reflux of stomach contents causes troublesome symptoms and/or complications, 

characterised by heartburn and reflux’ (145).  
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Gastroesophageal reflux disease prevalence varies widely between countries. For example, 

GERD prevalence in North America varies from 18.1%-27.8%, in European countries from 

8.8%-25.9%, in the Middle East (Iran, Turkey and Israel) from 8.7% -33.1%, East Asia (China 

and South Korea) range 2.5%-7.8% and 11.6% in Australia (146). In contrast, few 

investigations have been done in countries from Africa, and as a result, the incidence and 

prevalence information from populations in this region is limited (146,148). Variations in 

statistics are possibly due to different study designs, inconsistent comparisons among 

different demographic populations, and lack of consistent definitions for GERD.  

 

 

The oesophageal organ is a tube with a sphincter at each end: the upper oesophageal 

sphincter (UOS) and lower oesophageal sphincter (LOS) (2). The closure reflex of the LOS acts 

as a barrier to prevent low pH gastric content (gastric acid, pepsin, and bile acids) from 

reaching and damaging sensitive oesophageal or other upper tissues (149). Conditions such 

as Hiatus hernia are often asymptomatic but can reduce the LOS pressure (150). In addition 

to the barrier function of the LOS, the oral-oesophageal tract can neutralise gastric content 

through salivary bicarbonate and reduced acid exposure through oesophageal peristalsis (1).  

Therefore pathologies that slow down peristalsis and/or saliva quantity and quality will 

potentially increase the risk of GERD due to acid exposure (150,151). 

 

When the LOS is deficient, and/or pathologies reduce gastric peristalsis or saliva 

quantity/quality, the gastric content may reach upper structures (oesophagus, oral cavity and 

airways) causing the GERD symptoms (147,150,151). GERD can manifest as oesophageal 

symptoms (heartburn and regurgitation) or extra-oesophageal symptoms (asthma, chronic 
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cough, hoarseness, otitis media, erosive toothwear, pulmonary fibrosis, recurrent 

pneumonia and chronic bronchitis)  (149) as demonstrated in Figure 2.1. 

 

 

Figure 2.1. Oesophageal and extra- oesophageal syndromes (149). 

 

 

The Montreal group identifies two categories of GERD according to the extent of oesophageal 

damage (145). First, the non-erosive reflux disease (NERD) occurs when there is acid refluxate 

with typical symptoms of GERD, without a visible oesophageal mucosa lesion (145). Secondly, 

erosive reflux disease (ERD) occurs with symptoms and oesophageal mucosa damage (145). 

Those mucosa injuries are identified through endoscopic evidence. 

 

The diagnosis of GERD-related symptoms becomes a complex issue since the typical 

symptoms (heartburn and regurgitation) are inconsistent and not always can be observed 

during the doctor-patient interview. For example, 43%-75% of patients with chronic cough 

do not present with heartburn and regurgitation, the same trend for 40%-60% for asthmatic 
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and 57%-94% of patients with otolaryngopathology (149). Reflux is reported to be present in 

25-80% of patients with erosive toothwear (123,147,152). Thus, it is challenging for General 

Practitioners to distinguish GERD from other aetiologies as the main cause of laryngitis, 

cough, asthma and erosive toothwear (i.e. extra-oesophageal symptoms), as shown in Figure 

2.1 (153).  Of these four extra-oesophageal GERD-symptoms, the remainder of this chapter 

will focus solely on erosive toothwear. 

 

 

Several factors contribute to the development and progression of GERD, as briefly discussed 

below, and summarised in Table 2.1. Risk factors for GERD were selected based on the 

strongest available evidence including meta-analysis and/ or cohort studies. Considering the 

hierarchy of research evidence, in the absence of randomised controlled trials, systematic 

reviews including cohort studies are considered to be the strongest available evidence, 

followed by individual cohort studies, and systematic reviews of case-controlled studies 

(215). Studies with notable methodological strengths, such as a large sample sizes or well 

described outcomes (such as endoscopy based studies) were also discussed where these 

added additional strong evidence. 

 

 

Women, comparatively to men, are more sensitive to GERD-symptoms and consequently, it 

has been suggested that this leads females to report symptoms to the doctor earlier 

(154,155).  However, it has been reported that males are more vulnerable to developing 

GERD-related complications than females (154,155). A meta-analysis involving 70 studies, 

reported that the pooled prevalence of GERD was modestly higher in women with 16.7% 

(95% CI 14.9% - 18.6%) than men with 15.4% (95% CI 13.5% -17.4%) and OR was significant 
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in women with 1.13 (95% CI 1.05-1.21) (156). The high heterogeneity shows indeed the 

difference between studies (I2=88.3%, p<0.001) (156), Table 2.1. 

  

 

Age appears to have an association with GERD. A meta-analysis performed by Eusebi et al. 

observed that GERD prevalence in individuals with ≥50 years old was higher (17.3%, 95% CI 

13.3%-21.7%) when compared with those with <50 years old (14.0%, 95% CI 9.9%- 18.7%) 

(156). When 19 studies were pooled, individuals with ≥50 years old had a higher risk of GERD 

compared with those with <50 years old with OR 1.32 (95% CI 1.12-1.54; I2=91.5% with 

p<0.001). 

 

 

In an ecological analysis, countries such as the USA, UK, Asia present the highest prevalence 

of both obesity and GERD (157). Chang and Friedenberg argue that central obesity can 

potentially increase LOS relaxation periods, reduce LOS pressures and culminate into GERD 

(157). In favour of this thought, Hampel and colleagues carried out a meta-analysis that 

examined the association between obesity and GERD (158). It was denoted that, overweight 

individuals with BMI=25-30 kg/m2 , had an increased GERD odd (OR 1.43, 95% CI 1.16-1.77)  

while obese individuals with BMI>30 kg/m2 had OR of 1.94 (95% CI 1.47-2.57) with high 

heterogeneity (I2=82.%, P<0.001) (158). Nonetheless, all included studies were cross-

sectional designed which can limit the interpretation of the direction of that association 

(Table 2.1). 
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 It has been hypothesised tea as a possible factor associated with the development of GERD, 

mainly in Asian countries due to their cultural habits (159). A meta-analysis conducted by Cao 

et al. observed no significant association between tea consumption and GERD risk. 

Individuals with the highest level of tea intake presented GERD odds of 1.12 (95% CI 0.98-

1.3; I2=79.3%) when compared with individuals with the lowest level of tea intake (159). 

However, that large study did not discriminate the type of tea and as predictable, different 

tea types (for example chamomile and green) may have a different relationship with GERD. 

A case-control study including 513 individuals demonstrated that peppermint tea intake was 

associated with GERD (OR 2.0, 95% CI 1.14-3.50) (160). 

 

 

Controversies have arisen on the association between GERD development and coffee 

drinking. However, a meta-analysis estimated no significant association between GERD and 

coffee intake with OR 1.06 (95% CI 0.94-1.19) (161). However, when the analysis was 

dichotomised into (i) diagnosed GERD by endoscopy and (ii) diagnosed GERD by symptoms, 

the first group found a significant association with OR 1.17 (95% CI, 1.08-1.26; I2 =49.6%) 

when compared with the second group (Table 2.1). All included studies were case-control 

and perhaps a reverse causality analysis should be done to ensure if changing coffee intake 

habits of the patients could affect the final result. 

 

 

The impact of the physical activity on GERD relies on the type and exercise intensity and if it 

is done before or after meals (162).  In 2017, a large study comprised of 10,200 GERD cases 
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from 78,034 participants, where GERD was self-reported as ‘severe and recurrent heartburn 

or regurgitation during the previous 12 months’. The meta-analysis of three studies revealed 

a reduced risk of GERD in individuals with high versus low levels of recreational physical 

activity with OR 0.67 (95% CI 0.57-0.78), low heterogeneity I2= 39% (162). The possible 

mechanism is explained based on those individuals who lose weight, will reduce their central 

obesity and consequently the high intra-abdominal pressure. Therefore, the upper 

oesophageal sphincter with better performance (150). However, meta-analysis applied non 

validated questionnaires; hence, caution is required when evaluating this study (Table 2.1).   

 

 

 According to Ness-Jensen and Lagergren, smoking is an “aetiological factor of GERD” while 

alcohol consumption is considered “a triggering factor” of reflux episodes and not a causal 

factor (163). Pathophysiologically, alcohol and smoking reduce the tone of the LOS and, 

smoking itself diminish the quality and quantity of saliva (rich in bicarbonate) capable to 

neutralise the acid effect of the gastric acid from the stomach (49,163). A meta-analysis 

published in 2018, concluded that the prevalence of GERD was higher in current smokers 

compared with non-smokers likewise, the OR in those who smoked currently was higher 

compared with non-smokers (OR 1.26; 95% CI 1.04-1.52), with I2=94.6% (156). By contrast, 

no significant association was observed in the group of current alcohol drinkers compared 

with the group of non-drinkers after pooling the results (OR 1.11; 95% CI 0.85-1.46) with 

I2=95.5%, as shown in Table 2.1 (156).  
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Table 2.1. Potential risk factors for GERD and respective relevant studies 

Risk 
factors 

Authors Study type, 
sample size 

Main outcome Study description, including 95% CI, p-values, heterogeneity 

Gendera Eusebi et 
al. (156). 

Meta-analysis 
70 cross-sect. 
≥50 
participants 

Association 
between GERD 
and gender 

GERD was higher in women with 16.7% (95% CI 14.9% - 18.6%) 
than men with 15.4% (95% CI 13.5% -17.4%). The pooled 
results showed that OR was higher in women with 1.13 (95% 
CI 1.05-1.21) (156). Significant heterogeneity between studies 
was observed with I2=88.3%. 

Agea Eusebi et 
al. (156). 

Meta-analysis 
19 cross-sect. 
≥50 
participants 

Association 
between GERD 
and age 

GERD was higher in individuals ≥ 50 years old compared with 
individuals aged < 50 years old, with GERD prevalence of 17.3% 
(95% CI 13.3% -21.7%) and 14.0% (95% CI 9.9% -18.7%), 
respectively. When the studies were pooled increased odds of 
GERD in individuals with ≥ 50 years was observed (OR 1.32, 
95% CI 1.12-1.54; I2=91.5%) compared with those with < 50 
years old. 

Obesity Hampel 
et al. 
(158). 

Meta-analysis, 
8 cross-sect. 
6456 cases 
/54519 control 

Association 
between GERD 
and obesity 

The pooled studies showed that as BMI increases, a higher risk 
of GERD is observed. Therefore, overweight individuals with 
BMI=25-30 kg/m2 , had an increased GERD odds (OR 1.43, 95% 
CI 1.16-1.77)  while obese individuals with BMI>30 kg/m2 had 
OR of 1.94 (95% CI 1.47-2.57) with high heterogeneity 
(I2=82.%). 

Tea 
Intakeb 

 

Cao et 
al. (159) 

Meta-analysis, 
23 
studies:8/Case-
control, 
12/Cross-sect. 
3/cohort 

Association 
between GERD 
and tea intake 

Overall, the meta-analysis showed that there was no 
significant association between the highest level of tea intake 
and odds of GERD (OR 1.12, 95% CI 0.98-1.3; I2= 79.3%) when 
compared with the lowest level of tea intake. However, an 
increased odds of GERD was observed the in East Asian 
population who had the highest level of tea intake (OR 1.27, 
95% CI 1.07-1.51) versus lower tea consumption.  

Coffee 
Intake 
 

Kim et 
al. (161) 

Meta-analysis, 
15 case-control 
with 113-
43,363 
participants. 

Association 
between GERD 
and coffee 
intake 

The meta-analysis demonstrated that there is no significant 
association between the highest intake of coffee intake and 
GERD with OR 1.06 (95% CI 0.94-1.2; I2= 66.1%) when 
compared with the lowest intake of coffee. Interestingly, this 
significant result changed with the subgroup analysis of 
individuals with GERD diagnosed by endoscopy, with OR 1.17 
(95% CI, 1.08-1.26). I2 =49.6%. 

Physical 
activity 

Lam et 
al.  (162) 

Meta-analysis 
3 case-control 
with 10,200 
cases/67,834 
controls 

Association 
between GERD 
and physical 
activity 

Physical activity plays as a protector factor against GERD. The 
study estimated an OR of 0.67 (95% CI 0.57–0.78) of GERD risk 
for those individuals with the highest versus lowest levels of 
physically activity and the risk of GERD, with I2 = 39%.  

Alcohol 
Intakea  

Eusebi et 
al. (156) 

Meta-analysis 
24 cross-sect. 
≥50 
participants 

Association 
between GERD 
and alcohol 
intake 

The pooled prevalence in current alcohol drinkers was 20.3% 
(95% CI 13.6%- 28.0%) when compared with non-drinkers 
18.1% (95% CI 14.3% -22.3%). Nonetheless, the OR of 1.11 
(95% CI 0.85-1.46) showed no significant difference between 
those who drank alcohol compared with non-drinkers with 
I2=95.5%. 

Smokinga  Eusebi et 
al. (156) 

Meta-analyses, 
30 cross-sect. It 
includes ≥50 
participants 

Association 
between GERD 
and smoking 

The pooled prevalence of GERD was higher in current smokers 
19.6% (95% CI 14.9% -24.7%) compared with non-smokers 
15.9% (95% CI 13.1% - 19.0%)). The OR in those who smoked 
currently compared with non-smokers was 1.26 (95% CI 1.04 
to 1.52), with I2=94.6%. 
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Table 2.1. legend: aThe Eusebi et al. study did not describe the sample size either participant number. bThe 
study did not show the sample size or number of participants. Cross-sect: cross-sectional studies. 

 

 

 

GERD is not an innocuous condition since it can disrupt the daily routine and quality of life of 

the individuals and families (164). Due to its chronic nature, GERD can badly affect the 

physical, social and emotional wellbeing of an individual, even aside from potentially serious 

complications (164). Studies have noted that individuals who have heartburn, have poorer 

sleep which can impair daily activities (145).  

 

A survey that involved 4 European countries (USA, UK, France and Germany) included 929 

participants with GERD diagnosis (diagnosed group) and  924 participants with symptoms 

suggestive of GERD (undiagnosed group), investigated the association between GERD and 

subjective wellbeing (164). Fifty-five per cent and 45% of the diagnosed and undiagnosed 

groups, respectively, referred to sleep disturbances attributed to GERD (164). Moreover, the 

diagnosed and undiagnosed groups reported feeling unwell (37% and 34%), tired/worn (37% 

and 29%) and worried/fearful (27% and 22%). Approximately 30% of each sub-group 

recognised that decreased wellbeing (including reduced work or leisure time productivity) 

was due to their GERD symptoms (164). Therefore, any opportunity to achieve earlier 

diagnosis and/or prevention of GERD would be beneficial to improve the quality of life for 

these patients.  

 

 

Evidence suggests that erosive toothwear is a common atypical/extra-oesophageal symptom 

of GERD (147). Aetiologically, toothwear can be classified into abrasion, attrition and erosion 

(165), as described in Chapter one. Erosive toothwear is an irreversible loss of tooth structure 
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and it is caused by chemical acidic action without any bacterial involvement (166). The acid 

source can be intrinsic or extrinsic and can be exacerbated by reduced saliva flow (126,167). 

Researchers have suggested that intraoral pH below 5.5 can initiate the dissolution of the 

superficial enamel layer and may lead to erosive toothwear, as well as tooth hypersensitivity, 

and mucositis (166,167). The prevalence of erosive toothwear varies globally (114,152) for 

instance, Australia reports a population prevalence of 0-33%, Brazil 1-62%, China 6-15%, 

Great Britain 28-50%, and the highest was reported in Switzerland with 100% (114).  

 

The irreversibility of enamel demineralization can lead to loss of tooth structure, tooth 

fracture, the difficulty of eating and tooth hypersensitivity (with pain) and functional 

impairment (147,168). However, those dental complications inevitably impact negatively on 

the quality of the individuals as well as lead to potentially high costs, depending on the 

healthcare system in which the patient resides (147). If preventive actions can be applied 

before the irreversible damage to the enamel, this would be beneficial for both patients, and 

less expensive to treat.  

 

Therefore, there is potential for mutual benefit if erosive toothwear and/or GERD can be 

identified earlier and appropriate referrals made to other clinicians. Dentists are the 

professional who primarily diagnoses erosive toothwear and may be able to refer patients to 

Gastroenterologists and/or other health professionals related to GERD treatment.  However, 

the value of such cross-referrals requires better quantification of the magnitude of the 

association between GERD and/or erosive toothwear, which warrants a robust systematic 

review and meta-analysis. To date, only one previous systematic review by Pace et al. (169) 

addressed this question and highlighted the prevalence of erosive toothwear in individuals 

with GERD. However, no previous meta-analyses were conducted to quantify the odds of 

erosive toothwear within individuals with GERD, compared to non-GERD populations.   
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a) This systematic review and meta-analysis aimed to screen and pool the available 

evidence to explore the association between erosive toothwear and 

gastroesophageal reflux disease and symptoms (GERD/S). 

 

 

• Collecting and selecting the studies related to the association between erosive 

toothwear and GERD/S to perform a systematic review, by using the ‘COVIDENCE’ 

tool. 

 

• Serving the ‘REVIEW MANAGER’ to do and analyse the pooled estimate result of the 

association between erosive toothwear and GERD/S. 

 

• Performing the sensitivity analyses and publication bias to formulate an accurate 

conclusion or thought. 
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This systematic review and meta-analysis were conducted and reported according to PRISMA 

guidelines (170). A protocol was developed (CRD42018096959) and submitted to PROSPERO: 

(https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=96959).   

 

The systematic review protocol described the intention to study the bidirectional relationship 

between erosive toothwear and GERD/S. However, as the vast majority of studies only 

presented information on erosive toothwear prevalence in GERD/S individuals (and not vice 

versa) it was decided to restrict the reporting of review results to the risk of erosive 

toothwear in GERD/S individuals.   

 

Ovid MEDLINE, Scopus, Embase, and Web of Science electronic databases were 

systematically searched from 1980 until 2nd August 2019. Further searches were conducted 

for records that were not electronically accessible or for those manuscripts without an 

electronic abstract. Further searches were undertaken to cross-check references of included 

studies.  The search strategy included terms for erosive toothwear combined with terms for 

GERD/S. Using controlled keywords, this systematic review combined search terms and 

synonyms related to erosive toothwear, including tooth abrasion OR tooth attrition OR tooth 

erosion OR dentin sensitivity OR tooth wear OR toothwear OR crown lengthening, AND terms 

for reflux including reflux OR heartburn OR acid reflux* OR gastro-oesophageal reflux disease 

OR gastroesophageal reflux disease OR Barrett*? oesophagus* OR ?esophageal neoplasm OR 

(?esophag* adj5 (cancer* or adenocarcinoma*)). This systematic review included two types 

of studies: cross-sectional and case-control, which analysed the association between erosive 

http://www.crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD42018096959
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=96959
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toothwear and GERD/S. The search was limited to humans, adults and publications in the 

English language. This restriction to English was made due to limited resources for accurate 

translation, although we acknowledge this could reduce the accuracy of reporting.  

 

After importing the articles to COVIDENCE (Melbourne/Australia, 2013) (171). The duplicates 

were removed, and two independent reviewers (Haydee Jordao and Helen Coleman) 

screened all titles and abstracts to identify potentially relevant articles for a more detailed 

review of full texts to determine if an article met the inclusion criteria. A discussion between 

two reviewers was held in a way to reach an agreement. During the process, all 

disagreements were solved satisfactorily, and no third reviewer was necessary. In order to 

test agreement between the first and second reviewers, kappa values were calculated at 

each stage of data extraction.  The kappa scores for ‘Records after duplicates removed and 

screened’ was K=1.0; ‘Full-text articles assessed for eligibility’ K=0.89; for ‘Studies included in 

the qualitative synthesis’ K=0.80; ‘Studies included in quantitative synthesis’ K=1.0.  Every 

excluded article at the full-text review was justified and noted as demonstrated in Figure 2.2. 

It was necessary to email three authors to obtain a full-text version or extra information on 

their respective articles. Two articles (Benages et al. (172) and Stojsin et al. (173)) were 

available as abstracts only and a third one (Smith et al. (174)) had a full text available but did 

not include sufficient data on the exact numbers of cases or controls. None of the authors 

responded to the sent email. 

 

The study PICO criteria are illustrated in Table 2.2. All human studies performed in a 

population aged 15 years and over which included a dental assessment (oral examination or 
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self-reported dental symptoms) and a gastro-oesophageal assessment for reflux symptoms 

or disease (endoscopic assessment or self-reported symptoms) were eligible for inclusion. To 

facilitate data synthesis, studies with self-reported symptoms were categorised as 

subjectively measured GERD/S whilst those including endoscopic assessment (including 24-

hour pH manometry tests) were termed objectively measured GERD/S. Case reports and 

studies with a population only including patients with eating disorders such as anorexia 

nervosa, bulimia nervosa or rumination disorder, were excluded.  This information is further 

detailed below.   
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Table 2.2. Summary information of the inclusion criteria, search terms, study search 

filters and search dates for this systematic review of erosive toothwear in patients with 

gastro-oesophageal reflux disease/symptoms. 

Inclusion Criteria Population  Adults  
Intervention/exposure *Dental assessment or self-reported dental symptoms 

with erosive toothwear 
*Endoscopic assessment or self-reported diagnosis of 
gastro-oesophageal reflux symptoms or related disease 
(GERD/S) 

Comparison Individuals with GERD/S were compared with individuals 
without GERD/S. 

Outcome Risk of erosive toothwear in individuals with GERD/S. 
Types of study Cross-sectional, case-control, cohort, and/or intervention 

studies  
Exclusion criteria  *Children (please note in our protocol this was defined as 

aged under 18 years, we subsequently relaxed this to 
children aged under 15 years old) 
*Case reports   
*Studies based solely on individuals with eating disorders 
(for example, anorexia nervosa, bulimia nervosa or 
rumination) 

Information sources  Electronic databases Ovid MEDLINE, Scopus, Embase, and Web of Science 
databases. 

Search terms  1.Erosive toothwear Tooth abrasion OR tooth attrition OR tooth erosion OR 
dentin sensitivity OR tooth wear OR toothwear OR crown 
lengthening. 

2.Gastro-oesophageal 
reflux disease 

Reflux OR heartburn OR acid reflux* OR gastro-
oesophageal reflux disease OR gastroesophageal reflux 
disease OR Barrett*? oesophagus* OR ?esophageal 
neoplasm OR (?esophag* adj5 (cancer* or 
adenocarcinoma*)).  

* Combination of 1 AND 2 

Filters  Language  English  

Species Human  

Search dates From 1980 to 
15/05/2018 

Final confirmatory online search was done on 02/08/2019 

 

Data was extracted relating to study design, geographic location, year of publication, sample 

size, age, case and control definition of GERD/S, case and control definition of erosive 

toothwear, the assessment method for erosive toothwear and the assessment method for 

GERD/S, adjusted confounders and outcomes. As described previously for the purpose of 
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data synthesis, it was decided post-hoc to dichotomise the studies according to the GERD/S 

measurement into: (i) objectively measured GERD/S and (ii) subjectively measured GERD/S.   

Information on the clinical diagnoses of erosive toothwear was recorded including the use of 

clinical indices as illustrated in Table 2.5.  

The Newcastle Ottawa scale (NOS) or list was utilised to assess the quality of evidence 

reported from cross-sectional (175) and case-control studies (176), respectively. The NOS for 

cross-sectional study design was adapted from NOS for cohort studies. The NOS for cross-

sectional study designs was adapted from NOS for cohort studies. That scale uses a system 

of stars to make this qualitative method more mensurable (semi-quantitative) (176). The NOS 

for cross-sectional and case-control studies are assessed across three categories to 

determine the quality of studies (175,176). The three categories are selection, comparability 

and outcome or exposure (case-control) depending on the type of study. The NOS 

assessment for cross-sectional studies provides an assessment ranging from zero to ten stars 

(175) whilst for case-control studies the assessment ranges from zero to nine stars.  

 

As the scale is considered to be ‘reliable and valid’, the NOS is widely used in systematic 

reviews to evaluate inclusion of studies for meta-analysis, or to perform sensitivity analysis, 

meta-regression and weighted studies (176). However, it does have limitations. For example, 

in the case-control assessment, population samples recruited from the community receive a 

higher score than a sample recruited from a hospital environment. The NOS attributes a 

higher score to studies which include a blinded exposure assessment. However blinded 

studies can be extremely difficult to perform due to ethical restrictions and the clear 

difference in the ‘study component’.  

During the evaluation of the included studies, it was observed that many did not fulfil most 

of the criteria predefined by the NOS, which reduced their quality score. A number of articles 
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did not include essential information to inform the NOS and authors did not reply in many 

cases for additional information via email. 

 

Review Manager (RevMan Version 5.3, The Cochrane Collaboration) was used to perform 

random-effects meta-analyses to produce pooled estimates of odds ratios (OR) and 95% 

confidence intervals (CI) of included studies, to show the association between erosive 

toothwear and GERD/S where possible. The meta-analysis utilised a random-effects model 

due to the diverse nature of the included studies such as population type, population 

size/sample, geographical location, measurement differences in erosive toothwear and 

GERD/S. The random-effects model takes into consideration such heterogeneity whilst a 

fixed-effects model does not.   

Several studies did not present odds ratios information, however, OR and 95% CI were able 

to be calculated from reported prevalence. The OR calculation was based on the following 

formula OR= (AxD):(BxC); where A: was the number of exposed cases (erosive toothwear 

with GERD), B: the number of exposed controls (no erosive toothwear or healthy individuals 

with GERD), C: the number of non-exposed cases (erosive toothwear without GERD) and D: 

the number of non-exposed controls (no erosive toothwear or healthy individuals without 

GERD). In other words, this was calculated by generating the odds of developing erosive 

toothwear in exposed individuals compared to the odds of non-exposed individuals 

developing erosive toothwear. 

 

Separate meta-analyses were conducted for objectively and subjectively measured GERD/S 

studies. The I² was applied to determine the extent of heterogeneity in meta-analyses (177). 

These values can range from 0% (indicating no heterogeneity) to 100% (indicating high 
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heterogeneity). A few studies were not included in the meta-analyses due to the lack of 

information on odds ratios and confidence intervals, as explained in the result section. 

Sensitivity analyses were performed by excluding individual studies one at a time to assess 

the robustness of the pooled data.  

 

In accordance with the protocol, sensitivity and subgroup analyses were conducted for study 

populations by geographic locations, excluding studies which reported on individuals with 

specific health conditions or characteristics, and by systematically excluding individual 

studies in order to assess the effect on the pooled result estimates and observing the 

heterogeneity. Although subgroup analyses according to sex and age categories were 

planned in the protocol, not enough detail was presented in individual studies to enable such 

analyses. A funnel plot where the X-axis represents the effect size and the Y-axis represent 

the sample size(178) was generated to visually assess the potential for publication bias of the 

studies. 
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The initial search strategy identified 785 articles which were reduced to 457 articles after 

duplicates were removed.  Fifty-six articles met the criteria for full-text assessment, where a 

further 29 articles were excluded. In total, 27 original articles were considered relevant for 

the qualitative synthesis, representing a population sample of n=8565 (5374 controls and 

3191 individuals with GERD/S) (Figure 2.2).  
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Figure 2.2. Flow chart of the selection of publications included in the meta-

analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Relevant Records identified through database searching 

Medline, Embase, Scopus, Web of Science  

(n= 785) 

 

Records after duplicates removed and 

screened  

(n=457) Records excluded  

(n= 301) 

Full-text articles assessed for 

eligibility  

(n= 56)                                                                  

Full-text articles excluded, 

with reasons  

(n= 29) 

Studies included in qualitative 

synthesis  

(n=27) 

Studies included in quantitative 

synthesis (meta-analysis)  

(n=19) 

Additional duplicates 

excluded  

  

Reason for exclusion (n= 29): 

Case report: 1 

Different comparator: 2 

Duplicate: 1  

No control group: 17 

No oral measurement: 3 

Paediatric Population: 3 

Review: 2 
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As detailed above, the included studies were divided into two groups: (i) Objectively and (ii) 

Subjectively measured GERD, in the way to improve the understanding about the association 

between erosive toothwear and GERD. 

 

 

Fifteen studies (123,125,183–187,127,152,166,167,179–182) evaluated the prevalence of 

erosive toothwear in GERD/S patients whose diagnosis had been confirmed with objective 

measures, Table 2.3. Of these, ten studies (123,125,152,167,179–181,183,185,187) 

confirmed the diagnosis of GERD/S using clinical symptoms, endoscopic assessment and a 

24-hour pH manometry test (the gold standard for GERD assessment). Five studies 

(127,166,182,184,186) determined GERD/S using clinical symptom, questionnaires and 

endoscopy examination to prove mucosal breaks within the oesophagus.  

 

Erosive toothwear (referred to as tooth or dental erosion in most studies) was assessed via 

dental examination in all studies, although a variety of methods were used to assess the 

severity of erosive toothwear (Table 2.3). The underlying definitions for each of the erosive 

toothwear criteria applied are summarised in Table 2.5. All studies compared GERD/S 

individuals with control populations who had no evidence of GERD/S. The quality assessment 

scores varied from 4 to 7 stars (Table 2.3). 

 

Only one study (182) from all 15 studies, presented an OR for the prevalence of toothwear 

in GERD/S individuals that was adjusted for other key confounders such as age, sex, dietary 

factors, and smoking. The reported prevalence of erosive toothwear in individuals in the 

remaining studies was used to calculate unadjusted odds ratios where possible.  
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Table 2.3.  Summary of study characteristics which assessed erosive toothwear in 

individuals with objectively measured GERD/S. 

Study- 
Location- 
Year 

Gastro-oesophageal reflux disease Erosive toothwear Adjustment 
for 
confounders 

NOS (c) 
Qualit
y 
score 

Diagnosis mode No. cases/ 
controls 

Diagnosis criteria at 
dental examination 

No. outcomes 
cases/controls 

Bohmer et al.(a) 
Netherlands  
(1997) 

Clinical GERD/ 
endoscopy/  
pH-manometry 

29/34 Eccles and Jenkins  19/10 No 7 

Correa et al. 
Brazil  
(2012) 

Clinical GERD/ 
endoscopy/  
pH-manometry 

30/30 Eccles and Jenkins  Not reported.  No 7 

Fede et al. 
Italy  
(2008)  

Clinical GERD/ 
endoscopy/  
pH-manometry 

200/100 Smith and Knight 18/13 No 7 

Jensdottir et al.(b) 
Iceland  
(2004) 

Clinical GERD/ 
endoscopy/  
pH-manometry 

23/57 Lussi  8/23 No 7 

Kaczmarek et al.  
Poland  
(2004) 

Clinical GERD/ 
endoscopy/  
pH-manometry 

26/45 Lussi 8 
 

No 4 

Li et al. 
China 
(2017) 

Clinical GERD/ 
endoscopy/ 
questionnaire 

51/50 Smith and Knight  31/14 
 

Age, sex, 
dietary 
factors, 
smoking  

6 

Moazzez et al. 
England  
(2004) 

Clinical GERD/ 
endoscopy/  
pH-manometry 

59/76 Smith and Knight  Not reported. No 7 

Moazzez et al. 
England  
(2005) 

Clinical GERD/ 
endoscopy/  
pH-manometry 

31/7 Smith and Knight 9/0  
 

No 6 

Munoz et al. 
Spain  
(2003) 

Clinical GERD/ 
endoscopy/  
pH-manometry 

181/72 Eccles and Jenkins 86/9 No 7 

Oginni et al. 
Nigeria  
(2005) 

Clinical GERD/  
endoscopy/ 
questionnaire 

125/100 Smith and Knight  20/5 No 5 

Ramachandran  
et al. Saudi Arabia  
(2017) 

Clinical GERD/ 
endoscopy/ 
questionnaire 

25/25 (d)BEWE 22/8 No 7 

Ramos et al.  
Mexico  
(2014) 

Clinical GERD / 
endoscopy /  
pH-manometry 

60/60 Eccles and Jenkins  46/2 No 6 

Saeves et al (e) 

Norway 
(2018) 

Clinical GERD / 
endoscopy /  
pH-manometry 

11/5 Visual Erosion dental 
examination and 
toothwear index 

6/2 No 6 

Silva et al. 
Brazil 
(2001) 

Clinical GERD/ 
endoscopy / 
questionnaire 

31/ 14 Eccles and Jenkins  1/0 No 6 

Yoshikawa et al. 
Japan 
(2012) 

Clinical GERD/ 
endoscopy/ 
questionnaire 

40/30 Smith and Knight  9/0 No 5 

Table 2.3. legend a The study population was intellectually disabled adults. This study presented prevalence 
estimates as GERD in tooth erosion/non-erosion groups, and the data extracted for our table was derived from 
this.  b The control population for Jensdottir et al. were young adults aged 19-22 years. c Newcastle Ottawa Scale.  
d Basic Erosive Wear Examination. e The study population was patients with Prader-Willi syndrome. 
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The second sub-group of studies included twelve papers (151,165,193,194,172–174,188–

192) that assessed the prevalence of erosive toothwear in individuals with GERD/S, based on 

self-completed questionnaires, as detailed in Table 2.4.  

 

All studies used a cross-sectional case-control design similar to the first sub-group. The 

quality of studies scores varied from 3 to 7 stars (Table 2.4).  The erosive toothwear 

assessment was completed according to several assessment criteria (Table 2.5) and by 

trained health professionals. Erosive toothwear was often reported under different 

synonyms within these studies, including tooth wear, dental erosion, dentine sensitivity, non-

carious cervical lesions and tooth surface loss. As shown in Table 2.4, approximately half of 

these studies were able to adjust for confounders such as age, sex/gender, education, dietary 

intake, oral health habits and socioeconomic status (151,165,188,190,192–194).  Again, the 

odds ratios from other studies were calculated where possible, if this was not presented.   
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Table 2.4. Summary of study characteristics which assessed erosive toothwear in 

individuals with subjectively measured GERD/S 

Study- 
Location- 
Year 

Gastro-oesophageal reflux disease Erosive toothwear Adjustment for 
confounders 

NOS 
Quality 
score Diagnosis mode No. cases/ 

controls 
Diagnosis criteria at 
dental examination 

No. outcomes in 
cases/controls 

Alaraudanjoki et al. 
N. Finland  
(2016) 

Questionnaire 1164/699 BEWE 561/323 Sex, alcohol 7 

Antunes et al. (a) 

Brazil 
(2017) 

Questionnaire 3/105 Clinical examination 2/19 No 5 

Benages et al. 
Spain 
(2006) 

Questionnaire 
 

181/72 Eccles and Jenkins 86/9 No 6 

Li et al. (b) 

China 
(2018) 

Questionnaire 68/658 Smith and Knight 33/191 Age, gender, 
smoking, alcohol, 
acidic diet tea 
consumption,  

7 

Milani et al.  
Brazil 
(2016) 

Questionnaire 143/274 Smith and Knight 
 

37/47 
 

Age, gender, acid 
fruits 

7 

Tantbirojn et al.  
USA 
(2012) 

Questionnaire 12/6 Optical scanning 
(software) 

9/1 No 4 

Teixeira et al.(c) 

Portugal         
 (2016) 

Questionnaire 76/201 Eccles and Jenkins  73/200 
 

Age, alcohol 
education,  

7 

Wan Nik et al. (d) 
London  
(2011) 

Questionnaire 22/11 Smith and Knight No reference  Age, sex  4 

Wei et al. 
China 
(2016) 

Questionnaire 39/681 BEWE 
 

35/568 Age, high 
frequency of acid 
drink, chewing 
unilaterally, low 
SES 

7 

West et al. 
European  
(2013) 

Questionnaire 771/2145 BEWE  
 

473/309 Age, brushing 
teeth frequency, 
smoking, gender, 
fresh fruit intake, 
isotonic and 
energy drinks, 
smoking, 
occupation 

7 

Smith et al. 
 Trinidad 
 (2008) 

Questionnaire 
 

Not reported. Clinical examination 
 

Not reported 
 

No 3 

Stojsin et al. 
 Serbia 
 (2009) 

Questionnaire 
 

30/30 Eccles and Jenkins 23/16 
 

No 4 

Table 2.4. legend These study populations were (a) amateur runners, (b) patients with Bruxism, (c) institutionalised 
alcoholic patients and (d) patients with Sjogren syndrome. SES: Socioeconomic status. 
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Table 2.5.  A summary of the different methods applied within the selected studies to 

assess erosive toothwear. 

Grade The index of Basic Erosive Wear Examination (BEWE) (188,195,196) 
0 No toothwear. 
1 Initial loss of surface texture. 
2 Distinct defect, hard tissue loss <50% of the surface area. 
3 Hard tissue loss ≥50% of the surface area. 

 
Grade  The index of Eccles and Jenkins (192) 

0 No erosion. 
1 Loss surface details, change confined to the enamel. 
2 Exposure of dentin affecting less than one-third of the crown. 
3 Exposure of dentin affecting one-third or more of the crown. 

 
Grade The index of Smith and Knight (197) 

 Description the erosion according to anatomical location. 
0 No wear. 
1 Loss of enamel affecting less than 10% of the scored surface area. 
2 Enamel loss affecting less between 10% and one-third of the surface. 
3 Enamel loss affecting at least one-third but less than two-thirds. 
4 Enamel loss affecting less between 10% and two-thirds or more and no dentin exposure. 
5 Loss of dentin affecting less than one-third of dentin thickness. 
6 Dentin loss affecting between one-third and two-thirds of thickness on the scored surface. 
7 Dentin loss affecting two-thirds or more, with visible secondary dentin around the pulp chamber. 

 
Grade  Visual erosion dental examination (187) 

0 No erosive wear. 
1 Loss of enamel surface characteristic. 
2 Loss of enamel surface contour. 
3 Loss of dentine from less than one-third of the surface. 
4 Loss of dentine from more than and less than two-thirds of the surface. 
5 Loss of dentine from more than two-thirds of the surface 

 
Grade The index of Lussi (125,181) 

 Criteria for anterior teeth Criteria for posterior teeth 
0 No evidence of erosion. No evidence of erosion. 
1 Loss of surface enamel, dentine not 

involved. 
Enamel erosion of fissure system or cusps that cannot be 
attributed to the attrition, amalgam restoration stands proud 
above the enamel surface. 

2 Erosion extending into dentine in at 
least one tooth. 

Erosion into dentine that cannot be attributed to attrition, 
especially palatal aspects of maxillary molar cusps and buccal 
aspects of mandibular molar cusps. 

3 Severe dentine erosion in at least four 
anterior teeth and or pulp chamber 
visible. 

Erosion extending close to the pulp. 
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Of the 27 studies included, 15 studies provided data on objectively measured GERD/S and 12 

studies provided data on subjectively measured GERD/S (Tables 2.3 and 2.4). However, only 

19 studies reported sufficient information to facilitate data pooling; n=9 for objectively 

measured GERD/S and n=10 for subjectively measured GERD/S. When the 19 studies 

reporting objectively or subjectively measured GERD/S were combined, the analysis revealed 

a 3.3-fold increased odds of erosive toothwear in individuals with GERD/S, compared with 

controls without GERD/S (OR 3.29, 95% CI 1.80-6.02, I2 =95%) (Figure 2.3). 

 

 

From 15 studies that objectively measured GERD, 9 studies 

(123,125,127,152,180,182,184,185,187) which assessed the prevalence of erosive toothwear 

in participants with objectively measured GERD/S were eligible to be included in the pooled 

analysis. The remaining six studies (166,167,179,181,183,186) were not pooled for not 

reporting results as the number of cases and/or control with erosive toothwear but, reported 

differences in the number of teeth affected by erosion (Table 2.3). The meta-analysis 

indicated increased odds of erosive toothwear in patients with GERD/S (pooled OR 4.13, 95% 

CI 1.68- 10.13), with accompanying high heterogeneity (I² = 85%), as shown in Figure 2.3. 

 

 From the six studies not included in the meta-analysis, five studies (167,179,181,183,186) 

reported significantly greater tooth erosion in GERD/S individuals compared with controls. 

Similarly, the sixth study conducted by Silva et al. observed a single case of erosive toothwear 
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in a sample of 31 patients with different microscopic esophagitis grades, whereas no erosive 

toothwear cases occurred within 14 healthy controls (166). 

 

 

From the 12 studies that measured subjectively GERD, 10 studies were eligible to be pooled 

in a meta-analysis (165,172,173,188–194). The meta-analysis illustrated 2.7-fold increased 

odds of erosive toothwear in individuals with subjectively measured GERD/S, compared with 

controls (pooled OR 2.69, 95% CI 1.13-6.38). However, a high degree of heterogeneity in 

between-study results was observed in this analysis (I²=97%), as shown in Figure 2.3. 

 

Two studies, Wan Nik et al. (151) and Smith et al. (174) provided data on subjectively 

measured GERD/S, were not included in the pooled data due to not presenting sufficient data 

to enable calculation of an odds ratio. The first study analysed GERD/S and erosive toothwear 

in Sjogren’s syndrome patients (151). Patients in the Sjogren’s syndrome group (n=33) 

reported a higher prevalence of GERD/S and a higher percentage of surfaces with toothwear 

(p < 0.001) compared with 20 healthy controls (151). The second study investigated the 

prevalence and severity of non-carious cervical lesions (13.1%) in 156 individuals (174). This 

study demonstrated a positive but non-significant association between non-carious cervical 

lesions and heartburn (OR 1.6, CI 0.3-8.7) and gastric reflux (OR 1.2, CI 0.3-5.2) (174). 
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Figure 2.3. Forest plots illustrating meta-analyses of the odds of erosive toothwear in 

patients with objectively and subjectively measured gastro-oesophageal reflux 

disease/symptoms. 
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Finally, for those studies whatever from objectively measured GERD (125,180,187) or 

subjectively measured GERD (165,173,188,189,192) which did not find an association, there 

were not observed any similarities. The studies vary widely from the sample size, some were 

adjusted for confounders, different dental methods to assess erosive toothwear and GERD. 

 

 

The sensitivity analyses by excluding individual studies were done combined and separately 

for two groups, (i) objectively and (ii) subjectively measured GERD/S as shown in Table 2.6 

and Table 2.7 respectively. The direct association between erosive toothwear and GERD/S 

outcomes remained significant in most analyses, with little impact on the high heterogeneity 

observed, suggesting this is not attributable to any individual study.  

 

 

Further subgroup analyses were conducted based on the geographic location of the study 

population, for instance, Europe, USA, Asia and Africa, as illustrated in Table 2.6. The 

subgroup analysis of 10 European studies revealed a slightly attenuated association between 

erosive toothwear and GERD/S (OR 2.14, 95% CI 0.86-5.32) with high heterogeneity (I2=97%), 

compared with the main analysis pooling all 19 studies (OR 3.29, 95% CI 1.80-6.09). In 

contrast, the pooled result of 4 USA based studies demonstrated a greater association 

between erosive toothwear and GERD/S, although this incurred extremely large confidence 

intervals (OR 11.52, 95% CI 1.06-125.50) with I2=90%. The subgroup analysis of 4 Asian 

studies and 1 African study revealed positive associations consistent with those observed in 

the main analysis with the lowest heterogeneity (I2=59 %).   
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Table 2.6. Sensitivity and subgroup analyses of all studies investigating gastro-

oesophageal reflux disease/symptoms and erosive toothwear combined, and by 

geographic location. 

Studies(references) Number of studies Pooled risk estimate 
(95% CI) 

I-squared 
(%) 

p-value 

All studies n=19 3.29 (1.80-6.09) 95% <0.001 
Excluding individual studies 
Excluding Alaraud. Study (188) 
Excluding Antunes study (189)  
Excluding Benages study (172) 

Excluding Bohmer study (195) 
Excluding Fede study (180) 
Excluding Jensdottir study (125)  
Excluding Li study  (182) 
Excluding Li study (193) 
Excluding Milani study (190) 
Excluding Munoz study  (123) 
Excluding Ogini study  (184) 
Excluding Ramach. Study (127) 
Excluding Ramos study  (185) 
Excluding Saeves study (187) 

Excluding Stojsin study (173) 
Excluding Tantbir. Study  (191) 
Excluding Teixeira study (192) 
Excluding Wei study (165) 
Excluding West study (194) 

 
n=18 
n=18  
n=18 
n=18 
n=18 
n=18 
n=18 
n=18 
n=18 
n=18 
n=18 
n=18 
n=18 
n=18 
n=18 
n=18 
n=18 
n=18 
n=18 

 
3.54 (2.04-6.14) 
3.19 (1.72-5.89) 
3.16 (1.68-5.94) 
3.23 (1.74-6.05) 
3.65 (1.96-7.78) 
3.58 (1.92-6.68) 
3.26 (1.73-6.13) 
3.38 (1.77-6.46) 
3.45 (1.81-6.58) 
3.16 (1.68-5.94) 
3.28 (1.75-6.14) 
3.05 (1.64-5.66) 
3.05 (1.64-5.66) 
3.37 (1.82-6.25) 
3.32 (1.77-6.21) 
3.14 (1.70-5.80) 
3.70 (2.01-6.80) 
3.42 (1.83-6.40) 
2.96 (1.82-4.83) 

 
88% 
95% 
95% 
95% 
95% 
95% 
95% 
95% 
95% 
95% 
95% 
95% 
94% 
95% 
95% 
95% 
95% 
95% 
85% 

 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 

By geographic location Number of studies Pooled risk estimate 
(95% CI) 

I-squared 
(%) 

p-value 

European studies 
(123,125,152,172,173,180,187,18
8,192,194) 
American studies (185,189–191) 

Asian studies (127,182,188,193)  

African studies (184) 

n=10 
 

n=4 
               n=4  

n=1  

2.14 (0.86-5.32) 
 

11.52 (1.06-125.50) 
3.34 (1.67-6.68) 

3.62 (1.31-10.02) 

97% 
 

90% 
59% 
NA 

<0.001 
 

<0.001 
0.06 
0.01 
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Finally, sensitivity analyses were done excluding studies in which the population was 

considered to have specific characteristics or health conditions. From the studies in which 

GERD/S was objectively measured, two focused on populations with specific health 

conditions; Saeves et al. (187) and Bohmer et al. (152), who reported toothwear in patients 

with Prader-Willi syndrome and intellectually disabled adults, respectively (Table 2.7). Of the 

pooled studies in which GERD/S was subjectively measured, three analysed distinct 

populations (Table 2.7). The study by Teixeira et al. (192) investigated institutionalised 

alcoholic patients, Antunes et al. (189) included and Li et al. (193) investigated individuals 

with bruxism. The pooled meta-analyses following exclusion of these studies revealed OR 

4.48 (95% CI 1.51-13.29) for objectively measured GERD/S group and OR 3.30 (95% CI 1.16-

9.39) for subjectively measured GERD/S group (Table 2.7). 
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Table 2.7. Sensitivity and subgroup analyses of studies that investigate objectively and 

subjectively measured gastro-oesophageal reflux disease/symptoms and erosive 

toothwear, and by special health conditions. 

Objectively measured gastro-oesophageal reflux disease/symptoms. 
 

Studies (references) Number of studies 
 

Pooled risk estimate 
(95% CI) 

I-squared 
(%) 

p-value 

All studies n=9 4.13 (1.68-10.13) 85% <0.001 
 
Excluding individual studies 

    

Excluding Bohmer study (152) n=8 4.11 (1.49-11.32) 87% <0.001 
Excluding Fede study (180) n=8 5.30 (2.29-12.25) 78% <0.001 
Excluding Jensdot. study (125)  
Excluding Li study (182) 
Excluding Munoz study (123) 
Excluding Ogini study (184) 
Excluding Ramach. Study (127) 

n=8 
n=8  
n=8  
n=8 
n=8 

5.14 (2.00-13.16) 
4.20 (1.47-12.01) 
3.92 (1.40-11.02) 
4.24 (1.52-11.78) 
3.56 (1.39-9.11) 

84% 
87% 
86% 
87% 
85% 

<0.001 
<0.001 
<0.001 
<0.001 
<0.001 

Excluding Ramos study (185) n=8 2.90 (1.35-6.24) 78% <0.001 
Excluding Saeves study (187) n=8 4.44 (1.71-11.53) 87% <0.001 
 
Excluding studies in individuals with specific health conditions or characteristics 
Excluding Bohmer (152) 
and Saeves (187) studies 

n=7 4.48 (1.51-13.29) 88% <0.001 

Subjectively measured gastro-oesophageal reflux disease/symptoms. 
 

Studies (references) Number of studies 
 

Pooled risk estimate 
(95% CI) 

I-squared 
(%) 

p-value 

All studies n=10 2.69 (1.13-6.38) 97% <0.001 
 
Excluding individual studies 

    

Excluding Alaraud. study (188) n=9  3.11 (1.45-6.65) 90% <0.001 
Excluding Antunes study (189) 
Excluding Benages study (172) 
Excluding Li study (193) 
Excluding Milani study  (190) 

Excluding Stojsin study (173) 
Excluding Tantbir. Study (191) 
Excluding Teixeira study (192) 
Excluding Wei study (165) 
Excluding West study (194) 

n=9  
n=9  
n=9 
n=9 
n=9  
n=9  
n=9  
n=9  
n=9 

2.48 (1.02-6.06) 
2.41 (0.95-6.13) 
2.74 (1.04-7.23) 
2.86 (1.09-7.51) 
2.67 (1.06-6.72) 
2.41 (0.99-5.87) 
3.35 (1.38-8.13) 
2.83 (1.12-7.13) 
2.16 (1.25-3.73) 

97% 
97% 
97% 
97% 
97% 
97% 
97% 
97% 
79% 

<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 

 
Excluding studies in individuals with specific health conditions or characteristics 
Excluding Antunes (189) Li 
(193) 

and Teixeira (192) studies    

n=7 3.30 (1.16-9.39) 98% <0.001 
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Finally, a funnel plot was produced to visually assess publication bias for the analysis 

combining 19 studies, as shown in Figure 2.4. The plot is symmetrical and therefore does not 

suggest publication bias in the studies reporting on the association between erosive 

toothwear and GERD/S. Here each dot represents a study (while the black dots represent the 

objectively measured GERD studies, the red dots are the subjectively measured GERD 

studies). 

 

 

Figure 2.4. Funnel plot assessing publication bias in 19 studies assessing the odds of 

erosive toothwear in patients with gastro-oesophageal reflux disease/symptoms. 

 

 

Figure 2.4. legend OR: Odds ratio; SE (log [OR]): the standard error of the log odds ratio. 
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This systematic review and meta-analyses demonstrate that individuals with GERD/S are at 

increased odds of developing erosive toothwear when compared to controls without 

GERD/S. The magnitude of this increased risk was higher when pooling studies where GERD/S 

was measured objectively compared with studies where GERD/S was measured subjectively 

(with 4.1- and 2.7-fold increased odds of developing erosive toothwear observed in pooled 

meta-analyses, respectively). 

 

This meta-analysis after pooling 19 cross-sectional studies confirms a positive association 

between erosive toothwear and GERD/S in adult participants, which is consistent with the 

findings of a previous smaller systematic review published by Pace et al. in 2008 (169). Their 

review included 17 articles and included a combination of 6 original studies on children and 

11 studies in adult populations (169). Only seven studies in the previous systematic review 

estimated the prevalence of erosive toothwear in adults and this varied from 5-47.5% 

(mean=32.5%) in individuals with GERD/S. The other four studies did not have a 

corresponding control group and observed the prevalence of GERD/S in adult patients with 

dental erosion only.  From the seven adult studies of the Pace et al. review, three were 

included in the current meta-analysis (123,179,184) while four studies (198–201) were 

excluded. One study was excluded due to characteristics of the study population (198) and 

the other three studies did not include control groups (199–201). The Pace et al. review did 

not calculate prevalence estimates as related to controls, and therefore these results cannot 

be compared with the odds ratios generated for this review (169).  This review, therefore, 

adds to previous literature by including a novel meta-analysis which formally highlights the 

increased odds of erosive toothwear in individuals with GERD/S compared with non-GERD/S 

populations. The meta-analysis illustrated a stronger association with erosive toothwear in 

the objectively measured GERD/S group (OR=4.1) compared with the subjectively measured 
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group (OR=2.7). Interestingly, Wilder-Smith et al. illustrated the improved accuracy of 

objective tests for GERD/S compared to reported or subjective symptoms in a previous study 

(147). The authors conclude that objective measures are more reliable than subjectively 

reported symptoms by participants when making a diagnosis of GERD/S.  

 

 

In sensitivity and subgroup analyses of the review (Table 2.6), after excluding individual 

studies, the association between GERD and erosive toothwear remained significant in all 

analyses, regardless of sample size, the method of collecting GERD/ erosive toothwear and 

geographic location. Nevertheless, when the sensitivity analyses grouped studies according 

to countries (Table 2.6) American studies (185,189–191) showed the highest OR 11.52 (95% 

CI 1.06-125.50), although the large confidence interval reveals the variability and uncertainty 

of these findings.  Further, when the pooled meta-analyses following exclusion of study 

populations with specific health conditions (Table 2.7) such as intellectually disabled adults 

and Prader-Willi syndrome (152,187) from the objectively measured GERD and bruxism, 

amateur runners, or institutionalised alcoholic patients (189,192,193) from the subjectively 

measured GERD, results remained similar to our main analysis. The pooled OR was 4.48 (95% 

CI 1.51-13.29) for objectively measured GERD/S and OR 3.30 (95% CI 1.16-9.39) for 

subjectively measured GERD/S groups.  

 

The funnel plot of the current meta-analysis demonstrated no publication bias, illustrated by 

the symmetrical graph. Inversely, asymmetric graphs are the result of unpublished non-

significant studies (161). Some authors use Begg’s funnel plot and Egger’s risk test for 

identifying publication bias, whereby p<0.05 would indicate publication bias (161). 
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There are biologically plausible explanations for the greater risk of erosive toothwear in 

individuals with GERD than for non-GERD populations. Erosive toothwear can arise through 

repeated exposure to gastric acid over a prolonged timeframe which may dissolve tooth 

enamel (166,194). Patients with GERD commonly present with a reduced tone of the LOS 

which, when combined with peristaltic movement of the oesophagus and supine position, 

potentiate the backflow of the gastric content to the oesophagus and other organs such as 

the mouth and respiratory tract (150,183). The discontinuation of erosive toothwear is also 

possible if GERD symptoms are detected and treated appropriately. For example, Wilder-

Smith et al. demonstrated that individuals with reflux-related dental erosion lose significantly 

less enamel thickness (Mean loss=0.3%) after treatment with a proton pump inhibitor 

compared to a placebo (Mean loss=0.08%, p=0.013) (202). 

 

Another potential explanation is the presence of bruxism. One study in our review specifically 

evaluated patients with bruxism, but it is possible that participants of other studies may have 

also been affected by this condition. Bruxism is a “stereotyped movement disorder 

characterised by tooth grinding and/or clenching during sleep” (203). According to Ohmure 

and colleagues, the lower pH of the oesophagus can act as a trigger for bruxism which 

consequently intensifies the erosive toothwear process (203). In an experimental study, it 

was observed that adults exposed to intra-oesophageal acid infusion had significantly higher 

recorded episodes of bruxism compared with controls exposed to a saline solution (203). In 

that study, bruxism was diagnosed by polysomnography with electromyogram of the 

masseter muscle, oesophageal pH monitoring and video recording (203). 

 

 

Erosive toothwear negatively affect the quality of life in patients with GERD/S.  According to 

the WHO, oral health is recognised as an essential contributor to the general health of an 
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individual, with significant impacts on the overall quality of life (99,204). As such, there have 

been calls for governments to prioritise policies to improve oral health and access to oral 

health services (205). However, to our knowledge, such advice has not yet been extensively 

promoted for GERD/S patients. For example, in the UK National Institute of Clinical Excellence 

national guidelines for managing these patients, there is only a recommendation to 

“recognise” dental erosion “as a possible complication of gastro-oesophageal reflux in 

infants, children and young people” (204), with no equivalent statement in guidelines for 

adults with GERD/S (206).  Given the findings of the current review, the promotion of 

appropriate dental care should be considered for individuals with GERD/S, potentially 

warranting timely referrals to dental health service colleagues. Pragmatic actions such as 

rinsing the mouth with fluoride mouthwash after a refluxate event (207), could potentially 

be advised to help to prevent further teeth deterioration. Further research to evaluate the 

cost-effectiveness of oral health assessments/recommendations in GERD/S patients is 

warranted.  

 

GERD/S is a potential risk factor for reflux esophagitis, Barrett’s oesophagus and oesophageal 

adenocarcinoma, which are diagnosed by endoscopy (145). Currently, endoscopic 

examination is not routinely recommended for patients with erosive toothwear due to high 

costs, limited capacity, and patient discomfort (21).  Although this review could not formally 

assess the prevalence of GERD/S in individuals with erosive toothwear, it seems possible that 

erosive toothwear could be an indicator for the presence of GERD/S which may warrant a 

referral to gastroenterology or primary care colleagues. Further investigations of the 

prevalence of GERD in individuals with erosive toothwear are necessary, as this may facilitate 

examination of a potential role in early diagnosis of oesophageal conditions. This may have 

a number of benefits, for example, often the Dentist is the first health professional to 

suspect/identify systemic disease through oral manifestations such as erosive toothwear. If 
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the diagnosis is confirmed, patients with GERD could be prescribed histamine type 2 (H2) 

receptor blockers or proton pump inhibitors (PPIs), which in turn may slow the toothwear 

phenomenon and prevent further irreversible damage attributable to erosive toothwear-

related reflux.  

 

 

This systematic review has several strengths. Robust systematic review methodology was 

applied to both the study selection and data extraction. Novel meta-analyses were 

performed, estimating the odds of erosive toothwear in individuals with GERD/S for the first 

time in the adult population. The review included 27 studies from a range of geographic 

locations, helping us to comprehend more precisely the magnitude of erosive toothwear in 

GERD/S patients worldwide. The dental assessment to evaluate erosive toothwear across 

studies was robust and almost all of them were performed by trained dentists or health 

professionals according to standardised criteria (Table 2.5).  

 

At the same time, there are some potential limitations of the present systematic review. 

Firstly, the studies included may have suffered from recall bias in the subjectively measured 

GERD/S population group, in which questionnaires or interviews were used to assess 

symptoms such as heartburn, reflux and pyrosis (188). Indeed, the Montreal consensus (145) 

supports that the diagnosis of GERD done based on patients report is reliable in a way that 

Physicians can establish the treatment for that disease. Nevertheless, patient recall of the 

diagnosis at a later date may not be as accurate which may increase the risk of recall bias. 

However, we have overcome this somewhat by separately considering these results from 

studies of objectively measured GERD/S. Indeed, the magnitude of the association in the 

latter studies was higher than that observed in subjectively measured GERD/S patient 
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studies, suggesting that any recall bias only served to reduce the likelihood of detecting an 

association. Secondly, the meta-analyses had high levels of heterogeneity associated with 

the pooled estimates, suggesting that caution is required when interpreting the results. 

Although we attempted to account for this heterogeneity, it did not appear to be attributed 

to differing measurement methods of GERD/S, geographic location of studies, the exclusion 

of studies in distinct population groups or any individual study. Thirdly, the cross-sectional 

study design of several studies means that the temporal relationship between GERD/S and 

erosive toothwear could not be assessed, and few studies adjusted for known confounders. 

However, this does not affect the primary aim of our review, which did not seek to evaluate 

aetiology but wished to estimate the magnitude of erosive toothwear odds in GERD/S 

patients.  Finally, our systematic review was restricted to publications in the English language 

and therefore it is possible that we have missed relevant literature published in other 

languages, though limited resources meant accurate translation would not have been 

guaranteed. 

 

 

This systematic review highlighted the lack of observational studies examining the incidence 

of GERD/S in individuals with erosive toothwear compared to individuals without erosive 

toothwear. Future research addressing this gap could help to explore the bidirectional 

relationship between GERD/S and erosive toothwear. This was not possible to investigate in 

the current meta-analysis.   

 

 

The clinical implication of this systematic review illustrates the need for a multidisciplinary 

medical and dental approach to managing individuals who present with erosive toothwear 
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or GERD/S.  Referrals between oral health services and gastroenterology should be 

considered as part of effective diagnosis and management. 

 

 

In summary, the results of this systematic review and meta-analysis indicate that individuals 

with GERD/S have a 2-4 fold increased odds ratio of also presenting with evidence of erosive 

toothwear compared with individuals who do not have GERD/S. Therefore, the promotion of 

appropriate dental care should be considered for individuals with GERD/S, potentially 

warranting timely referrals to dental health service colleagues. 
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I, the PhD candidate, Dr Haydée Jordão, was responsible for all data cleaning, statistical 

analyses, interpretation of the results and write up of this chapter. The participants were 

recruited, and data collected as part of the UK Biobank cohort, which is an open resource 

available for researchers. The content of chapter 3 has been published in a peer-reviewed 

journal, with all co-authors contributed to the editing and approval of the final draft. 
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Controversy remains as to whether poor oral health is independently associated with 

gastrointestinal cancers, due to potential confounding by smoking, alcohol and poor 

nutrition. This study investigated the association between poor oral health conditions and 

gastrointestinal cancer risk within 469,628 participants in the UK Biobank cohort. Cox 

proportional hazard models were applied to estimate the relationship between 

gastrointestinal cancer risk and self-reported poor oral health adjusting for confounders. 

Overall, there was no association between self-reported poor oral health and risk of 

gastrointestinal cancer. Nonetheless, an increased risk of hepatobiliary cancers was observed 

in those with self-reported poor oral health, specifically for hepatocellular carcinoma. 
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The WHO recognised “oral health as an integral part of general health” (99) with a significant 

impact on the quality of life and wellbeing (99,208). As discussed in Chapter 1, conditions of 

poor oral health, such as dental caries and periodontitis, are significant health burden 

worldwide (99) whereas decayed and missing teeth can have negative impacts on Quality-

Adjusted Life Expectancy (209).  For more than two decades, poor oral health has been 

debated as a factor associated with different chronic diseases, such as chronic respiratory 

disease, rheumatoid arthritis, cardiovascular disease, stroke, diabetes mellitus and cancers 

(108,136,210–214). Specifically, the association between periodontal disease and risk of GI 

cancers, including oesophageal, gastric, liver, pancreatic and colorectal, has received recent 

attention (6,137). Globocan estimated in 2018 that 28% of all new cases and 37% of all cancer 

deaths worldwide are caused by GI cancers (6), demonstrating the burden of these diseases.   

This chapter is focused on the association between poor oral health and GI cancers, and 

further evidence of this potential relationship, including some studies of pre-cancerous 

conditions, is summarised below. The studies which discuss the association between poor 

oral health and gastrointestinal cancer were selected according to a hierarchy of evidence. 

In the absence of randomised controlled trials, systematic reviews including cohort studies 

were generally considered to be the most noteworthy form of evidence, followed by 

individual cohort studies, which in turn were followed by systematic reviews of case-control 

studies. Studies with notable methodological strengths, such as a large sample size or a well 

defined outcome (such as endoscopy based studies) were also discussed where they may add 

additional information 
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A meta-analysis involving only prospective cohort studies observed that participants with 

teeth loss were associated with significantly increased risk of oesophageal, gastric, pancreatic 

and CRC (216). Compared with the lowest tooth loss category, tooth loss is significantly 

associated with a higher risk of esophageal cancer (RR 1.18; 95% CI 1.04-1.31; P< 0.001; n=10 

studies), gastric cancer (RR 1.09, 95% CI 1.03-1.16; P< 0.001; n=9 studies) pancreatic cancer 

(RR 1.15, 95% CI 1.05-1.19; P< 0.001; n=5 studies) and CRC (RR 1.07, 95% CI 1.02-1.14; P< 

0.001; n=13 studies). The meta-analysis also correlated that the higher number of teeth loss 

the higher is the incremented risk for different types of GI cancers. For example, every ten 

incremental increase in tooth loss was associated with 14% increased risk of oesophageal 

cancer, 9%  for gastric cancer risk, 7% for pancreatic cancer risk and 4% increment of CRC risk 

as shown in Table 3.1 (216). 

 

Additionally, a cohort study of Taiwanese patients added further positive evidence for the 

relationship between poor oral health and GI cancers namely oesophageal, gastric, small 

intestine, liver, pancreatic and CRC (217). The target was a population who were taken 

treatment for periodontal disease versus who were not undergoing periodontal treatment. 

Participants who were treated had reduced risks of GI cancers comparatively those 

individuals without treatment (217). The evidence expands the knowledge of the positive 

relationship between poor oral health and digestive carcinogenesis and underlies 

periodontal disease as a strong risk factor. 

 

 

A large cohort study involving 309 adults aged 40-75 years old with cancer and 613 controls 

observed that subjects with 25-31 lost teeth and total tooth loss (32 lost teeth) had a higher 
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risk of developing gastric cancer (218). The association was observed in unadjusted models, 

with an OR of 1.6 (95% CI 1.1-2.7) and OR 1.9 (95% CI 1.1-3.1), comparing individuals with 

25-31 and 32 lost teeth with fewer tooth loss category patients,  but in the adjusted model, 

statistical significance became attenuated, with OR 1.6 (95% CI 0.8-3.2) and OR 1.4 (95% CI 

0.6-3.0), respectively (218). The results in adjusted models suggest that confounding factors 

may explain any associations (age, ethnicity, education, fruit/vegetable intake, socio-

economic status, opium, tobacco use, denture use) between gastric cancer risk and tooth 

loss (218).  

Adding to the above evidence, a cross-sectional endoscopy study involving 131 patients from 

New York postulated that bleeding gums (an earlier stage of periodontal disease) might be 

an important risk factor for precancerous gastric lesions (OR 2.63, 95% 1.37–5.05) after 

adjustment for confounders (210). However, periodontitis was not associated with 

precancerous gastric lesions in the same study (210). The main advantage of this study is the 

assessment for lesions endoscopically, while periodontitis assessment was done by two 

experienced Dentists instead of using self-report measures (210). However, the lack of 

association between periodontitis and gastric lesions might be related to the small sample 

size. Also, the cross-sectional study design does not clarify the direction of the association 

between poor oral health conditions and precancerous lesions (210).  

 

 

A meta-analysis carried out by Maisonneuve and colleagues examined the relationship 

between pancreatic cancer risk and periodontal disease (specifically edentulism) 

(219)(100)(100)(100). Eight studies (seven cohort and one case-control studies) from three 

different continents such as North America, Northern Europe and Asia were included in the 

systematic review (219). A meta-analysis of six studies reported that periodontal disease was 

associated with a RR of 1.74 (95% CI 1.41-2.15) for pancreatic cancer (219). It is noteworthy 
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that all studies made adjustments for important confounders including age, sex, alcohol, 

smoking and educational level (219).  

 

 

The association between poor oral health (specifically periodontitis and tooth loss) and liver 

cancer has been investigated in two large studies. The first study, published in 2018 with the 

population from the Nutrition Intervention trials of vitamin and mineral supplementation in 

Linxian, illustrated no significant association (HR 1.27, 95% CI 0.96-1.67) between individuals 

in the highest quartile of age-specific tooth loss and liver cancer compared with lowest 

quartile (131). The second study from the Finnish prospective cohort with 213 male smokers 

and showed an association between tooth loss and primary liver cancer risk (HR 1.42, 95% CI 

1.01-1.98) for individuals with 11-31 missing teeth compared to those having 0-10 teeth lost 

(220). Therefore, in light of the evidence, the association between periodontitis and liver 

cancer remains inconsistent.  

 

 

A meta-analysis of six studies examined the association between tooth loss and the risk of 

colorectal cancer (CRC) (221). After combining the studies, a significant association between 

tooth loss and CRC risk was observed (RR 1.08, 95% CI 1.02-1.15; I2=20.5%), without any 

evidence of publication bias (221). Besides, the investigation stated that the greater the tooth 

loss the higher is the CRC risk. Therefore, for every increased 10 tooth loss, individuals 

present a risk of 6% for CRC with RR 1.06 (95% CI 1.02-1.11). 

 

Different from the above association, controversies have arisen from this association 

between poor oral health and GI cancer. For example, a meta-analysis of six studies showed 

that there is no significant association between CRC risk and total tooth loss (uppermost 
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versus no tooth loss) with OR 1.00 (95% CI 0.99-1.01) nor periodontal diseases (with versus 

without disease) with OR 1.05 (95% CI 0.86-1.29). Moderate heterogeneity was observed I2= 

50.9%) (222). A prospective cohort study extracted from the National Health Insurance 

Research Database of Taiwan with 25,485 individuals with mild periodontitis and 25,485 

individuals with severe periodontitis reached a closer conclusion (223). The association 

between chronic periodontitis and total GI cancers was not significant in the unadjusted 

model (HR 0.99, CI 95% CI 0.84-1.16) neither in the adjusted model (HR 0.99, CI 95% CI 0.84-

1.16) (223). Similarly, a large cohort study involving 48,325 health professional men aged 40-

75 years old did not identify an association between the number of remaining teeth and 

oesophageal, stomach, pancreas or CRC risk (140). They extended the analysis to a specific 

cancer site and did not find a significant association with individuals who have chronic 

periodontitis, compared to individuals with mild periodontitis (223). Then, further research 

is necessary to improve knowledge regards this inconsistent association. Table 3.1 below 

summarises all evidence discussed above. 
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 Table 3.1. Characteristics of reported studies of poor oral health concerning cancer or pre-

cancerous risk. 

Cancer type Authors Study type, sample size Study description, including 95% CI, p-
values, heterogeneity 

Different types of GI 
cancers: 
oesophageal, gastric, 
CRC pancreatic. 

Shi et al. 
2018 

Meta-analysis 10 
studies for oesophageal 
cancer 
(7 case-control, 3 
cohorts) 
 
9 studies for gastric 
cancer (4 case-control, 
5 cohorts) 
 
5 studies for pancreatic 
cancer 
 
13 studies for CRC (7 
case-control, 6 cohorts) 

The study showed that individual with 
tooth loss had a higher risk of 
oesophageal cancer (RR 1.18; 95% CI 
1.04-1.31; I2=0%) compared with lowest 
teeth loss. 
 
Higher risk of gastric cancer (RR 1.09, 
95% CI 1.03-1.16; I2=0%) 
 
 
Higher risk of pancreatic cancer (RR 
1.15, 95% CI 1.05-1.19; I2=0%) 
 
Higher risk of CRC (RR 1.07, 95% CI 1.02-
1.14; I2=33.5%). 

Gastric Shakeri et al. 
2013 

Cohort study with 309 
gastric cancer and 613 
controls. 

Subjects with 25-31 lost teeth (OR 1.6; 
95% CI 0.8-3.2) and total tooth loss (OR 
1.4; 95% CI 0.6-3.0), had a higher risk of 
gastric cancer compared with those 
with fewer tooth loss; but no 
significance. 

Pancreatic Maisonneuve 
et al. 2017 

Meta-analysis 6 cohort 
studies. 
 
 
 
 
Meta-analysis 4 studies: 
3 cohorts, 1 case-
control studies. 
 

Periodontal disease was associated with 
a RR 1.74 (95% CI 1.41-2.15; I2=0%) of 
pancreatic cancer. 
 
While edentulous individuals had a RR 
1.54 (95% CI 1.16-2.05; I2=0%) of 
pancreatic cancer. 

Liver Thistle et al. 
2018 

Nutrition Intervention 
trials of vitamin and 
mineral 
supplementation with 
329 liver cancers 
diagnosed and 368 
chronic liver disease 
deaths occurred. 

The study illustrated no significant 
association (HR 1.27, 95% CI 0.96-1.67) 
between individuals in the highest 
quartile of age-specific tooth loss and 
liver cancer compared with those in 
lowest quartile. 

CRC Ma et al. 
2018 

Meta-analysis 6 studies: 
4 cohorts, 2 case-
control studies. 
 
160,182 participants 
with 8,309 incident 
cases. 

There is a significant association 
between tooth loss and CRC risk with RR 
1.08 (95% CI 1.02-1.15; I2=20.5%), 
without evidence publication bias. 

CRC 
 
 
 
 
 
 
 
  
different GI cancers: 
gastric, oesophageal, 

Ren et al. 
2016 
 
 
 
 
 
 
 
Chou et al. 
(2018) 

Meta-analysis 6 cohort 
studies 
 
 
 
 
 
 
 
Cohort study with 
25,485 individuals with 

The meta-analysis showed that there is 
no significant association between CRC 
risk and total tooth loss (uppermost 
versus no tooth loss) with OR 1.00 (95% 
CI 0.99-1.01) nor periodontal diseases 
(with versus without disease) with OR 
1.05 (95% CI 0.86-1.29). There is a 
moderate heterogeneity I2= 50.9%)  
 
The study observed no association 
between chronic periodontitis and total 
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small intestine, 
pancreatic, CRC.  

mild periodontitis and 
25,485 individuals with 
severe periodontitis  

GI cancers whatever in the unadjusted 
model (HR 0.99, CI 95% CI 0.84-1.16) or 
in the adjusted model (HR 0.99, CI 95% 
CI 0.84-1.16. 

Table 3.1. Footnotes. 
a HR: hazard ratio 
b Analysis based on Schoenfeld’s residual test 
c S. intestine: small intestine 
d CRC: colorectal cancer 
 
 
 

 

It is widely acknowledged that poor oral health and GI cancers share important risk factors, 

which makes adjustments for confounding an important test. A common theme in many 

studies was that potential confounding risk factors such as smoking, alcohol, socio-economic 

status and diet often changed the observed risk estimates when added to the multivariable 

models. Therefore it remains unclear if previously reported inconsistent associations 

between poor oral health and GI cancers risk are real, due to potential confounding, or 

measurement discrepancies and error between study designs. The varying results could 

represent true variation in the association between poor oral health and cancer risk 

throughout the digestive tract. However, a possible reason for inconsistent associations to 

date could relate to the definition and measurement of oral health exposures between 

studies.  Moreover, it is unclear if this association is relevant to the UK population, as a very 

high-income country where access to dental care is provided as part of a state-funded 

healthcare system (National Health Service).  

Under those circumstances, this investigation is addressed to investigate the association 

between self-reported poor oral health and risk of different types of gastrointestinal cancer 

within the large UK Biobank prospective cohort study. 
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a) This chapter aims to investigate the association between self-reported poor oral 

health and risk of different types of gastrointestinal cancer within the large UK Biobank 

prospective cohort study.  

 

• Describing the basic socio-demographic characteristics of the United Kingdom (UK) 

Biobank cohort study. 

• Investigating the association between poor oral health and all seven digestive cancer 

types through cox proportional hazard statistic method. 

• Analysing the association between hepatobiliary cancer and poor oral health status 

stratified by important confounders. 

• Examining the three different subtype of hepatobiliary cancers and their 

stratification analyses for defined confounders. 
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The current study utilised the UK Biobank Cohort database for a medical research purpose 

that involves participants from different parts of this kingdom such as, England, Wales and 

Scotland (224). The UK Biobank study is funded by the Welsh Government, British Heart 

Foundation, Cancer Research United Kingdom and Diabetes United Kingdom (224). 

Previously, the UK Biobank study was defined by five entities such as the Welcome Trust 

Medical Charity, Medical Research Council, the Department of Health, the Scottish 

Government and the Northwest Regional Development (224). The UK Biobank anonymised 

all eligible information to be assessed by any researcher. The present database obtained 

ethical approval from the North West Multi-centre Research Ethics Committee (224).  

 

As a national cohort study, the UK Biobank has as research of interest a range of diseases 

such as stroke, diabetes, arthritis, osteoporosis, eye disorders, heart disease, depression and 

cancer. Typically, the UK Biobank study displays the health features description, lifestyle, 

memory, work and family history of its population in their environment and their social 

context. The principal objective of this database is to improve the prevention, diagnosis and 

treatment aspects of those illnesses (224). 

 

 

The UK Biobank population were recruited from 22 assessment centres well-defined 

previously (38,137). By email, approximately 9.2 million individuals who inhabit within a 25-

mile radius of one of the 22 study assessment centres were invited and on a respective day, 

subjects were submitted to regular tests and questions applied by touchscreen questionnaire 

(224).  

http://nih.gov.my/web/mrec/
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The UK Biobank study includes male and female adults from England, Wales and Scotland 

aged 40-69 years (224). Between 2006-2010 the UK Biobank invited the participants and after 

receiving the confirmation from almost 500,000 volunteers, the investigation started (224). 

  

For the purposes of the present analysis, participants of the study were excluded for 

numerous reasons, such as insufficient information/data on oral health conditions or 

digestive cancers or at the very beginning of the recruitment if participants had a history of 

cancer; it is not including non-melanoma skin cancer (224). Participants with missing 

confounder data were included in unadjusted analyses but excluded from adjusted analyses 

including the confounder with missing data.  

 

 

Participant age (classified in 5 year age bands), sex and area based SES (Townsend 

deprivation index) were collected at recruitment. A self-completed touchscreen 

questionnaire collected information on:  education attainment level (University degree or 

not); smoking status by pack-years (never, former < 20 pack-years, former >= 20 pack-years, 

current < 20 pack-years and current  >=20 pack-years); alcohol-consumption (never, 

occasionally, current > 0-14 units/week and former); fruit/vegetable consumption per week. 

The UK Biobank team measured: height (m) and weight (kg) to calculate body mass index 

(BMI, (weight in kg/ [height in metres]²); and hip and waist circumferences (umbilicus level) 

to calculate the waist/hip ratio (224) classified based on the International Diabetes 

Federation criteria (>94cm in men; >80cm in women). These confounders were selected 

according to evidence from epidemiological studies suggesting they may be causally 

associated with both poor oral health and gastrointestinal cancer (225).. Unfortunately, some 

GI cancer specific confounders such as H. Pylori for gastric cancer, were unavailable. 
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The oral health self-assessment was acquired by a touchscreen device in the UK Biobank 

study. The questionnaire on poor oral health provided options that illustrated a broader 

concept to evaluate the state of mouth and tooth loss of the subjects. The eight oral health 

categories were shown on the screen such as mouth ulcers, painful gums, bleeding gums, 

loose teeth, toothache, dentures, none of the above and, prefer not to answer. The oral 

health was identified as the category ID 6149 on the UK Biobank database. For the purpose 

of this study, participants were categorised as having poor oral health if they self-reported 

painful gums, bleeding gums and/or lose teeth. Whilst crude measures, these three 

conditions are regarded as clinical markers of periodontitis and therefore considered as 

indicative of poor oral health for this study. Consequently, other categories such as mouth 

ulcers, toothache, or having dentures were not included in our definition of poor oral health.  

 

 

For the current study, consenting participants of the UK Biobank study were followed up from 

their first visit at the assessment centre until the primary digestive tumour diagnosis, or 

participants death or end of cancer registry follow-up (30th September 2014) available at the 

time of data download. Participants who withdrew from the study before publication were 

not included in the analysis. 

 

The UK Biobank study classified the different types of GI cancers according to the 

International Classification of Diseases 2010 (ICD-10) codes C15 to C26. Separate analyses 

were conducted for oesophageal (C15), stomach (C16), small intestine (C17), colon (C18 and 

C19), rectum (C20), liver (C22), biliary tract (C23 and 24) and pancreatic (C25) cancers. These 

topography codes were combined with ICD-3 for Oncology morphological codes (226) to 
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further categorise oesophageal cancer into adenocarcinoma (8140, 8144-8145, 8260, 8480-

8481, 8490, 8574) and squamous cell carcinoma (8070-8071), and gastric cancer into 

adenocarcinoma (8140, 8142, 8144-8145, 8210, 8260, 8480-8481, 8490, 8574) and non-

adenocarcinoma (8000, 8010, 8020, 8070, 8240-8041, 8246, 8800, 8936, 8990). The further 

analysis combined oesophageal and gastric cardia (C15 and C16.1) adenocarcinoma codes. 

Similarly, liver cancers were further divided into hepatocellular carcinoma (8170-8175) and 

intrahepatic cholangiocarcinoma (8032-8033, 8041, 8050, 8070-8071, 8140-8141, 8160, 

8260, 8480, 8481, 8490, and 8560).  

 

Nineteen participants had synchronous cancer, i.e. more than one digestive cancer type 

diagnosed in the same individual at the same time and was excluded from this analysis. Also, 

participants with missing confounder data were included in unadjusted analyses but 

excluded when the confounder was included in adjusted analyses (Model 3). 

 

 

In the UK Biobank cohort, the descriptive analysis compared individuals with poor oral health 

and good oral health in terms of age, gender, socioeconomic status and lifestyle. The 

proportion of participants with self-reported poor oral health and participants with self-

reported good oral health were compared for baseline characteristics using a Chi-squared 

test.  

 

Cox proportional hazards models were used to generate hazard ratios (HR) and 95% 

confidence intervals to examine the association between poor oral health and total GI cancer 

risk and also, to examine poor oral health and individual GI cancer site risk. Adjusted analyses 

included the potential confounders: age, sex, socioeconomic status, education, smoking 
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status, alcohol intake, BMI, Waist circumference, and daily consumption of fruits and 

vegetables.  

Additional subgroup analyses were conducted for total GI and hepatobiliary tract cancers, 

stratified by potential effect modifiers. Likelihood ratio tests were applied to formally test for 

interactions.  

 

An exploratory analysis (Cox proportional hazard) was performed to examine the association 

between poor oral health and all three different subtypes of hepatobiliary cancers, and 

stratification analyses for hepatocellular carcinoma by defined confounders as well. Also an 

investigation of the association between self-reported poor oral health and both subtypes of 

oesophageal cancers: adenocarcinoma and squamous cell carcinoma. 

 

Further sensitivity analysis excluding the first year and first three years of follow up was done 

to reduce reverse causation for the association between self-reported poor oral health and 

all GI cancers. All statistical analysis was performed using Stata version 13 (Stata Corp, College 

Station, TX, USA) and all tests were considered significant if P= or < 0.05. 
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The cohort study was constituted by 469,628 participants who were prospectively followed 

for a median of 6 years. From this cohort study 70,080 participants (representing 15% of the 

whole study) self-reported poor oral health. 

 

 

The demographic characteristic of the UK Biobank study according to the self-reported oral 

health is exhibited in Table 3.2.  

 

The table shows that a large proportion of participants with poor oral health were more likely 

to be younger (<50 to 60 years old), female, and living in semi-deprived or more-deprived 

socioeconomic areas. In addition, participants with poor oral health were more likely to be 

current or former smokers, obese and consume less than 2 pieces of fruits/vegetables per 

day, in comparison to participants with good oral health. Typically, most participants with 

self-reported poor oral health did not hold a tertiary academic level comparatively with 

participants who held good oral health. Compared to self-reported good oral health, 

participants with poor oral health were more likely to be current alcohol drinkers and present 

a Waist/hip ratio above of the International Diabetes Federation criteria (above IDF guideline 

with 56.7%). The p-value of all analyses reported in Table 1 were <0.05. 
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Table 3.2. Characteristics of participants by self-reported oral health in the UK Biobank 

cohort study. 

 
 

Characteristic 
 

Good oral healtha 
 

Poor oral healthb 
 n=399,548 (%) n=70,080 (%) 

Age at baseline, years   
<50 93,929 (23.5) 19,510 (27.8) 

50-55 59,783 (14.9) 12,628 (18.0) 
55-60 71,607 (17.9) 13,582 (19.4) 
60-65 97,252 (24.3) 14,868 (21.2) 
>=65 76,977 (19.3) 9,492 (13.5) 
Sex   

Female 212,002 (53.1) 41,124 (58.7) 
Male 187,546 (46.9) 28,956 (41.3) 

Socioeconomic status   
Affluent (least deprived) 82,279 (20.6) 12,035 (17.2) 

Semi-affluent 81,220 (20.3) 12,455 (17.8) 
Middle 80,493 (20.2) 13,255 (18.9) 

Semi-deprived 79,173 (19.8) 14,828 (21.2) 
Most deprived 75,903 (19.0) 17,394 (24.8) 

Missing 480 (0.1) 113 (0.2) 
Education (third level degree)   

No 264,311 (66.2) 47,434 (67.7) 
Yes 131,149 (32.8) 21,876 (31.2) 

Missing 4,088 (1.0) 770 (1.1) 
Smoking status   

Never 221,188 (55.4) 35,960 (51.3) 
Former light smoker (<20 pack-years) 100,453 (25.1) 17,356 (24.8) 

Former heavy smoker (≥20 pack-years) 34,946 (8.8) 8,233 (11.8) 
Current light smoker (<20 pack-years) 21,524 (5.4) 4,058 (5.8) 

Current heavy smoker (≥20 pack-years) 19,967 (5.0) 4,241 (6.1) 
Missing 1,470 (0.4) 232 (0.3) 

Alcohol intake   
Never 17,398 (4.4) 3,457 (4.9) 

Occasional (drink only 1-3 times per month) 224,424 (56.2) 38,452 (54.9) 
Current (>0-14 units to 21 units//week) 141,918 (35.5) 25,118 (35.8) 

Former 14,039 (3.5) 2,692 (3.8) 
Missing 1,769 (0.4) 361 (0.5) 

BMI status (kg/m2)   
Underweight (<18.5) 2,059 (0.52) 328 (0.5) 

Normal (18.5-<25) 131,065 (32.8) 20,870 (29.8) 
Overweight (25-<30) 169,968 (42.5) 28,826 (41.1) 

Obese (30+) 94,444 (23.6) 19,616 (28,0) 
Missing 2,012 (0.5) 440 (0.6) 

Waist circumference(227)   
≤94cm in men; ≤80cm in women 193,068 (48.3) 30,074 (42.9) 

>94cm in men; >80cm in women c 205,111 (51.3) 39,715 (56.7) 
Missing 1,369 (0.3) 291 (0.4) 

Fruit & vegetable intake (servings/day)   
<2 75,552 (18.9) 15,725 (22.4) 
2-5 160,719 (40.2) 28,170 (40.2) 
>5 152,392 (38.1) 23,944 (34.2) 

Missing 10,885 (2.7) 2,241 (3.2) 
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Table 3.2. Footnotes 

a Good oral health: Mouth ulcers, toothache /dentures;  
b Poor oral health: Painful gums, bleeding gums and loose teeth;  
c Abdominal obesity according to International Diabetes Federation guidelines 
 

 

The total of 4,069 incident GI cancers comprised of 409 oesophageal, 288 gastric, 443 

pancreatic, 293 hepatobiliary, 91 small intestine and 2,561 colorectal cancer cases. The latter 

included 1,839 colon and 685 rectal cancers. 

Table 3.3 illustrates the association between self-reported poor oral health and each type of 

GI cancer adjusted by defined confounders. Overall, there were no significant associations 

between self-reported poor oral health and risk of individual types of GI cancers.  

 

In general, there was no evidence of a significant association between self-reported poor oral 

health and total GI cancer (combined cancers) in all three different models. Similarly, no 

association was found between self-reported poor oral health and oesophageal, gastric, 

small intestine, colorectal, colon or rectal cancers, in either unadjusted or in adjusted models 

(Table 3.3).  

 

However, self-reported poor oral health was associated with an increased risk of 

hepatobiliary cancer in unadjusted analyses (HR 1.42, 95% CI 1.05-1.92), which remained 

after adjustment for age and sex (Model 2) with (HR 1.45, 95% CI 1.07-1.96). However, after 

additional adjustment SES, tertiary education degree, smoking status, alcohol status, BMI, 

waist-hip ratio and daily consumption of fruits/vegetables (Model3), the association between 

poor oral health and hepatobiliary cancer was attenuated and no longer statistically 

significant (HR 1.32, 95% CI 0.95-1.80). 
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Separately analyses were done with colon cancer (HR 0.92, 95% CI 0.80-1.06) and rectal 

cancer (HR 1.02, 95% 0.81-1.30) but no association with self-reported poor oral health, 

neither in the adjusted nor unadjusted model was observed. 
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Table 3.3. The association between self-reported oral health and gastrointestinal cancer risk in the UK Biobank study. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Oral health  Non-cases/ Cancer 
Cases  

Model 1a 

HR (95% CI) 
Non-cases/ 

Cancer Cases 
Model 2b 

HR (95% CI) 
Non-cases/ 

Cancer Cases 
Model 3c 

HR (95% CI) 
Total Gastrointestinal cancer 

Good oral healthd 396,088/ 3,460 1 396,088/ 3,460 1 376,985/ 3,264              1 
Poor oral healthe 69,549/ 531 0.99 (0.91-1.09) 69,549/ 531 1.03 (0.94-1.12) 65,754/ 499 0.97 (0.89-1.07) 

Oesophageal cancer 
Good oral health 396,088/ 354 1 396,088/ 354 1 376,985/ 332             1 
Poor oral health 69,549/ 50 0.92 (0.68-1.24) 69,549/ 50 0.99 (0.73-1.33) 65,754/ 46 0.87 (0.63-1.18) 

Gastric cancer 
Good oral health 396,088/ 245 1 396,088/ 245 1 376,985/ 223          1 
Poor oral health 69,549/ 39 1.04 (0.75-1.47) 69,549/ 39 1.12 (0.79-1.57) 65,754/ 33 0.94 (0.65-1.35) 

Pancreatic cancer 
Good oral health 396,088/ 374 1 396,088/ 374 1 376,985/ 356          1 
Poor oral health 69,549/ 62 1.09 (0.83-1.43) 69,549/ 62 1.10 (0.84-1.45) 65,754/59 1.05 (0.80-1.39) 

Hepatobiliary cancer 
Good oral health 396,323/ 235 1 396,323/ 235 1 377,208/ 225             1 
Poor oral health 69,587/ 51 1.42 (1.05-1.92) 69,587/ 51 1.45 (1.07-1.96) 65,787/47 1.32 (0.95-1.80) 

Small intestine cancer 
Good oral health 396,088/ 78 1 396,088/ 78 1 377,208/ 72             1 
Poor oral health 69,549/ 11 0.91 (0.48-1.71) 69,549/ 11 0.92 (0.49-1.74) 65,787/ 11 0.93 (0.49-1.76) 

Colon cancer 
Good oral health 397,941/ 1,607 1 397,941/ 1,607 1 378,734/ 1,515             1 
Poor oral health 69,852/228 0.91 (0.80-1.05) 69,852/228 0.93 (0.81-1.07) 66,035/218 0.92 (0.80-1.06) 

Rectal cancer 
Good oral health 398,957/591 1 398,957/591 1 379,695/ 554             1 
Poor oral health 69,986/94 1.00 (0.80-1.24) 69,986/94 1.04 (0.84-1.30) 66,165/88 1.02 (0.81-1.30) 

Colorectal cancer 
Good oral health 396,088/ 2,189 1 396,088/ 2,189 1 376,985/ 2,061           1 
Poor oral health 69,549/ 319 0.93 (0.83-1.05) 69,549/ 319 0.96 (0.85-1.08) 65,754/303 0.92 (0.80-1.06) 
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Table 3.3. Footnotes 
a Model 1: Unadjusted model;  
b Model 2: Age and sex-adjusted;  
c Model 3: Adjusted for age, sex, socioeconomic status, tertiary education degree, smoking status, alcohol 
status, BMI, waist-hip ratio, daily consumption of fruits and vegetables;  
d Good oral health: Includes mouth ulcers, toothache /dentures; 
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The relationship between self-reported poor oral health and total GI or hepatobiliary cancers 

was further investigated in analyses stratified by potential confounders (Table 3.4). As per 

the main analyses, no significant associations between total GI cancer risk and self-reported 

poor oral health were observed in these stratified analyses. However, the association 

between self-reported poor oral health and hepatobiliary cancer was stronger in subgroups 

of participants who consumed less than five pieces of fruits and vegetables daily (HR 1.51, 

95% CI 1.03-2.22), were smokers (HR 1.51, 95% CI 1.02-2.23), were overweight or obese (HR 

1.53, 95% CI 1.08-2.16) or living in more affluent socioeconomic areas (HR 1.54, 95% CI 1.03– 

2.31). When the likelihood test was performed, none of the tests for interaction was 

statistically significant (all p-values>0.05) (Table 3.4). 
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Table 3.4. The association between oral health conditions and gastrointestinal cancer and 

hepatobiliary cancer risk, stratified by potential effect modifiers and its interaction with 

poor oral health, in the UK Biobank cohort study. 

Potential 

effect 

modifiers 

Oral health a Non-cases/ 
Cancer cases 

Total GI cancer 
risk b 

*Adjusted HR 
(95% CI) 

P-value for 

interaction 

Non-cases/ 
Cancer cases 

Hepatobiliary 
cancer risk 

*Adjusted HR 
(95% CI) 

P-value 
for 

interactio
n 

Socioeconomic statusc 

 
 

Affluent Good oral health 241,911/ 2,081 1  
 
 

0.69 

242,040/ 137 1  
 
 

0.68 

 Poor oral health 37,465/ 280 0.96 (0.85-1.09) 37,476 / 29 1.54 (1.03-2.31) 
Deprived Good oral health 153,701/ 1,375 1 153,806/ 98 1 

 Poor oral health 31,971/ 251 1.00 (0.87-1.16) 31,998/ 22 1.22 (0.75-1.99) 
Smokingd  

Never Good oral health 219,673/ 1,515 1  
 
 
 

0.66 

219,772/ 102 1  
 
 
 

0.47 

 Poor oral health 35,750/ 210 0.95 (0.82-1.10) 35,760/ 18 1.24 (0.73-2.08) 
Ever Good oral health 133,909/ 1,490 1 134,009/ 105 1 

 Poor oral health 25,337/ 252 1.00 (0.88-1.13) 25,356/ 26 1.51 (1.02-2.23) 

Alcohol Intakee  
Never or light Good oral health 239,997/ 1,825 1  

 
 

0.94 

240,114/ 144 1  
 
 

0.92 

 Poor oral health 41,631/ 278 0.97 (0.85-1.11) 41,656/ 30 1.39 (0.93-2.09) 
Current/form

er 
Good oral health 154,333/ 1,624 1 154,449/ 91 1 

 Poor oral health 27,561/ 249 0.99 (0.86-1.13) 27,574/ 21 1.41 (0.86-2.31) 
Body mass indexf  

Normal 
weight 

Good oral health 132,213/ 911 1  
 
 
 

0.25 

132,272/ 61 1  
 
 
 

0.35 

 Poor oral health 21,078/ 120 0.88 (0.72-1.07) 21,085/ 10 1.03 (0.51-2.10) 
Overweight Good oral health 261,882/ 2,530 1 262,058/ 173 1 

 Poor oral health 48,036/ 406 1.01 (0.91-1.13) 48,067/ 41 1.53 (1.08-2.16) 
Daily fruit and vegetable portions  

<5 Good oral health 234,189/ 2,082 1  
 
 

0.67 

234,329/ 139 1  
 
 

0.65 

 Poor oral health 43,557/ 338 1.00 (0.89-1.12) 43,582/ 33 1.51 (1.03-2.22) 
≥5 Good oral health 151,125/ 1,267 1 151,214/ 89 1 

 Poor oral health 23,769/ 175 0.94 (0.80-1.11) 23,780/ 16 1.22 (0.71-2.09) 
Table 3.4. Footnotes  

aGood oral health: Includes mouth ulcers, toothache /dentures; Poor oral health: Includes painful gums, 
bleeding gums and loose teeth. 
bGI: Gastrointestinal cancers (oesophageal, stomach, small intestine, pancreatic, liver and colon); 
 
cSocio-economic status: Based on Townsend deprivation index and dichotomised as affluent (including affluent, 
semi-affluent, middle) or deprived (semi-deprived, most deprived); 
dSmoking: Categorised as Never or Ever Smoker (including smokers categorised as former low, former high, 
current low and current high pack-years of smoking);  

 

e Alcohol Intake: Categorised as Never/Light (when participants drink occasionally or drink only 1-3 times per 
month) or Current/Former (when participants drink >0- >21 unit of wine, beer, spirits, fortified wine and 
alcopops 
weekly);  

 

f Body mass index: Categorised as Normal weight (<25 kg/m2) and Overweight (≥25 kg/m2) 
*Adjusted for age, sex, socioeconomic status, tertiary education degree, smoking status, alcohol status, BMI, 
waist circumference, daily consumption of fruit and vegetables (confounder excluded when it is the exposure of 
interest). 
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As shown in Table 3.5, the different subtypes of hepatobiliary cancer, as predicted, exhibited 

a varied association result. In fully adjusted analysis (model 3) self-reported poor oral health 

was associated with a 75% increased risk of hepatocellular carcinoma (HR 1.75, 95% CI 1.04-

2.92). There was no significant association observed between self-reported poor oral health 

and Intrahepatic cholangiocarcinoma (HR 0.81, 95% CI 0.43-1.53) or biliary tract cancer (HR 

1.29, 95% 0.77-2.19) risk.  
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Table 3.5. The association between oral health conditions and hepatocellular carcinoma, intrahepatic cholangiocarcinoma and biliary tract cancer risk in 

the UK Biobank cohort study. 

Oral health  Non-cases/ 
Cancer cases 

Model 1a 

HR (95% CI) 
Non-cases/ 

Cancer cases 
Model 2b 

HR (95% CI) 
Non-cases/ 

Cancer cases 
Model 3c 

HR (95% CI) 
Hepatocellular carcinoma 

Good oral healthd 399,478 / 70 1 399,478 / 70 1 380,181/68              1 
Poor oral healthe 70,061 / 19 1.91 (1.17-3.12) 70,061 / 19 2.07 (1.27-3.38) 66,234/19 1.75 (1.04-2.92) 

Intrahepatic cholangiocarcinoma 
Good oral health 399,474/ 74 1 399,474/ 74 1 380,176/73   1 
Poor oral health 70,068/ 12 0.91 (0.49-1.67) 70,068/ 12 0.89 (0.49-1.65) 66,242/11 0.81 (0.43-1.53) 

Biliary tract cancer 
Good oral health 399,459/ 89 1 399,459/ 89 1 380,165/84          1 
Poor oral health 70,062/ 18 1.35 (0.81-2.24) 70,062/ 18 1.34 (0.80-2.22) 66,236/17 1.29 (0.77-2.19) 

Table 3.5. Footnotes  
a Model 1: Unadjusted model;  
b Model 2: Adjusted for age and sex;  
c Model 3: Adjusted for age, sex, socioeconomic status, tertiary education degree, smoking status, alcohol status, BMI, waist-hip ratio, daily consumption of fruits and vegetables;  
dGood oral health: Includes mouth ulcers, toothache /dentures; 
ePoor oral health: Includes painful gums, bleeding gums and loose teeth. 
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Table 3.6 displays the association between self-reported poor oral health and two subtypes 

of hepatobiliary cancer of my research interest, hepatocellular carcinoma and intrahepatic 

cholangiocarcinoma stratified by potential risk factors. Biliary tract cancers were not 

examined. 

 

The association between self-reported poor oral health and hepatocellular carcinoma risk 

was an almost 3-fold increase in participants who eat more than five pieces of 

fruits/vegetables weekly with HR 2.78 (95% CI 1.21-6.41), compared to individuals who eat 

less than five fruits/vegetables. Similarly, a significant statistical association was noted in 

subgroups of participants who are ever smoking with HR 1.84 (95% CI 1.01-3.36), and in those 

participants who never consuming alcohol with HR 2.09 (95% CI 1.03-4.29). Nonetheless, 

overweight participants with self-reported poor oral health present a higher hepatocellular 

carcinoma risk, but the result did not show a significant statistic. These results showed a huge 

similarity to those observed in Table 3.5, although statistical power was more limited, table 

3.6. 

 

In contrast, participants with self-reported poor oral health did not present a significantly 

increased risk of intrahepatic cholangiocarcinoma in most of the stratified groups, for 

example, SES, smoking, alcohol intake, BMI and pieces of fruits/vegetables daily intake. 
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The likelihood test did not show a significant difference in the association between 

hepatocellular carcinoma nor intrahepatic cholangiocarcinoma, therefore the association 

was not affected by the different effect modifiers subgroups. 
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Table 3.6. The association between oral health conditions and hepatocellular carcinoma 

and intrahepatic cholangiocarcinoma risk, stratified by potential effect modifiers and its 

interaction with poor oral health, in the UK Biobank cohort study. 

Potential effect 
modifiers 

Oral Health Non-cases/ 
Cancer cases 

Hepatocellular 
carcinoma risk 
*Adjusted HR 

(95% CI) 

P-value for 
interaction 

Non-cases/ 
Cases 

Intrahepatic 
cholangiocarcinoma 

risk 
*Adjusted HR 

(95% CI) 

P-value for 
interaction 

Socioeconomic statusa 
Affluent Good orala 

health 
243,955/ 37 1.00  

 
 

0.55 

243,944/ 48 1.00  
 
 

0.28 
 Poor oralb 

health 
37,735/ 10 2.02 (0.99-4.09) 37,736/ 9 1.29 (0.63-2.65) 

Deprived Good oral 
health 

155,041/ 35 1.00 155,050/ 26 1.00 

 Poor oral 
health 

32,211/ 11 1.59 (0.76-3.34) 32,219/ 3 0.65 (0.19-2.16) 

Smokingb 
Never Good oral 

health 
221,163/ 25 1.00  

 
 

0.83 

221,155/ 33 1.00  
 
 

0.99 
 Poor oral 

health 
35,954/ 6 1.69 (0.64-4.51) 35,955/ 5 1.05 (0.41-2.69) 

Ever Good oral 
health 

135,366/ 33 1.00 135,362/ 37 1.00 

 Poor oral 
health 

25,579/ 10 1.84 (1.01-3.36) 25,583/ 6 1.03 (0.46-2.32) 

Alcohol Intakec 
Never or light Good oral 

health 
241,786/ 36 1.00  

 
 

0.63 

241,772/ 50 1.00  
 
 

0.09 
 Poor oral 

health 
41,898/ 11 2.09 (1.03-4.29) 41,904/ 5 0.63 (0.25-1.59) 

Current/former Good oral 
health 

155,921/ 36 1.00 155,933/ 24 1.00 

 Poor oral 
health 

27,800/ 10 1.55 (0.74-3.24) 27,803/ 7 1.92 (0.81-4.49) 

Body mass indexd 
Normal weight Good oral 

health 
133,112/ 12 1.00  

 
 

0.49 

133,096/ 28 1.00  
 
 

0.46 
 Poor oral 

health 
21,193/ 5 2.33 (0.73-7.42) 21,195/ 3 0.72 (0.22-2.36) 

Overweight Good oral 
health 

264,352/ 60 1.00 264,366/ 46 1.00 

 Poor oral 
health 

48,426/ 16 1.71 (0.96-3.03) 48,433/ 9 1.21 (0.59-2.48) 

Daily fruit and vegetable portionse 
<5 Good oral 

health 
236,222/ 49 1.00  

 
 

0.16 

236,226/ 45 1.00  
 
 

0.92 
 Poor oral 

health 
43,884/ 11 1.44 (0.74-2.77) 43,887/ 8 1.09 (0.51-2.32) 

≥5 Good oral 
health 

152,373/ 19 1.00 152,364/ 28 1.00 

 Poor oral 
health 

23,936/ 8 2.78 (1.21-6.41) 23,940/ 4 0.95 (0.33-2.72) 
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Table 3.6. Footnotes 

aSocio-economic status: Based on Townsend deprivation index and it is categorised as Affluent (affluent, semi-
affluent, middle) and Deprived (semi-deprived, most deprived); 
bSmoking: Based on cigarette pack-years, categorised as Never (never, former low pack-years, former high pack-
years) and Ever (current low and current high pack-years);  

 

cAlcohol Intake: Based on alcohol consumption unit, and categorised as Never/Light (when participants drink 
occasionally or drink only 1-3 times per month) and Current/Former (when participants drink >0- >21 unit of wine, 
beer, spirits, fortified wine and alcopops weekly);  

dBody mass index: Calculated by dividing weight (kg) by height (m) squared, categorised as Normal weight 
(underweight, normal) and Overweight (overweight, obese); 
 
 eDaily fruit and vegetable portions: Based on pieces of fruits/vegetable per day, categorised as Less than 5 (if 
participants eat <2 up to 5 pieces of fruits/vegetables per day) and Greater/Equal 5 (if participants eat > 5 pieces 
of fruits/vegetables per day); 
fGood oral health: Includes mouth ulcers, toothache /dentures; 
gPoor oral health: Includes painful gums, bleeding gums and loose teeth. 
*Adjusted for age, sex, socioeconomic status, tertiary education degree, smoking status, alcohol status, BMI, 
waist-hip ratio, daily consumption of fruit and vegetables (confounder excluded when it is the exposure of 
interest). 
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Tables 3.7 and 3.8 display the association between self-reported poor oral health and each 

type of GI cancer after excluding the first year and three years of follow up respectively, 

adjusted by confounders. The results remain largely similar to no association between self-

reported poor oral health and GI cancer risk. However, for hepatobiliary cancer, the 

associations became weaker compared with the main analyses shown in Table 3.3. 

 

The sensitivity analysis of the association between self-reported poor oral health and 

hepatobiliary cancer observed in Table 3.7 in unadjusted (HR 1.26, 95% CI 0.90-1.77) and in 

the adjusted model (HR 1.15, 95% 0.81-1.64). Whereas the sensitivity analyses of the 

association between self-reported poor oral health and hepatobiliary cancer after excluding 

the first three years of follow-up were HR 1.27 (95% CI 0.83-1.95) in the unadjusted model 

and HR 1.56 (95% 0.74-1.81) in the adjusted model (Table 3.8). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



170 
 

Table 3.7. The association between oral health conditions and gastrointestinal cancers risk in the UK Biobank cohort study (after excluding cases in the 

first year of follow-up). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Non-cases/ Cancer 
Cases 

Model 1a 

HR (95% CI) 
Non-cases/ 

Cancer Cases 
Model 2b 

HR (95% CI) 
Non-cases/ 

Cancer Cases 
Model 3c 

HR (95% CI) 
Total Gastrointestinal cancer 

Good oral healthd 393,305/ 2,957 1 393,305/ 2,957 1 374,356/ 2,783 1 
Poor oral healthe 69,072/453 0.92 (0.68-1.20) 69,072/453 0.99 (0.70-1.30) 65,310/ 424 0.87 (0.63-1.18) 

Oesophageal cancer 
Good oral health 393,305/ 307 1 393,305/ 307 1 374,356/ 287 1 
Poor oral health 69,072/ 44 0.93 (0.68-1.20) 69,072/ 44 1.00 (0.73-1.37) 65,310/ 40 0.87 (0.62-1.22) 

Gastric cancer 
Good oral health 393,305/ 211 1 393,305/ 211 1 374,356/ 190 1 
Poor oral health 69,072/ 36 1.13 (0.79-1.61) 69,072/ 36 1.21 (0.85-1.72) 65,310/ 30 1.02 (0.69-1.49) 

Pancreatic cancer 
Good oral health 393,305/ 329 1 393,305/ 329 1 374,356/ 314 1 
Poor oral health 69,072/ 49 0.98 (0.72-1.32) 69,072/ 49 0.99 (0.73-1.34) 65,310/ 46 0.93 (0.68-1.27) 

Hepatobiliary cancer 
Good oral health 393,507/ 211 1 393,507/ 211 1 374,546/ 202 1 
Poor oral health 69,107/ 41 1.26 (0.90-1.77) 69,107/ 41 1.29 (0.92-1.81) 65,340/ 37 1.15 (0.81-1.64) 

Small intestine cancer 
Good oral health 393,507/ 67 1 393,507/ 67 1 374,546/ 61 1 
Poor oral health 69,107/ 8 0.76 (0.36-1.58) 69,107/ 8 0.77 (0.37-1.61) 65,340/ 8 0.78 (0.37-1.64) 

Colon cancer 
Good oral health 393,305/ 1,845 1 394,889/ 1,373 1 375,849/ 1,290 1 
Poor oral health 69,072/ 276 0.93 (0.80-1.07) 69,326/ 199 0.94 (0.81-1.10) 65,543/ 191 0.93 (0.80-1.09) 

Rectal cancer 
Good oral health 395,778/ 484 1 395,778/ 484 1 376,688/ 451 1 
Poor oral health 69,446/ 79 1.02 (0.80-1.30) 69,446/ 79 1.06 (0.84-1.35) 65,660/ 74 1.04 (0.81-1.33) 

Colorectal cancer 
Good oral health 394,889/ 1,373 1 393,305/ 1,845 1 374,356/ 1,733 1 
Poor oral health 69,326/ 199 0.95 (0.84-1.08) 69,072/ 276 0.98 (0.86-1.11) 65,310/ 263 0.96 (0.84-1.09) 
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Table 3.7. Footnotes 

a Model 1: Unadjusted model;  
b Model 2: Adjusted for age and sex;  
c Model 3: Adjusted for age, sex, socioeconomic status, tertiary education degree, smoking status, alcohol 
status, BMI, waist-hip ratio, daily consumption of fruit and vegetables;  
dGood oral health: Includes mouth ulcers, toothache /dentures; 
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Table 3.8. The association between oral health conditions and gastrointestinal cancer risk in the UK Biobank cohort study (after excluding cases 
in the first three years of follow-up). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Non-cases/ Cancer 
Cases  

Model 1a 

HR (95% CI) 
Non-cases/ 

Cancer Cases 
Model 2b 

HR (95% CI) 
Non-cases/ 

Cancer Cases 
Model 3c 

HR (95% CI) 
Total Gastrointestinal cancer 

Good oral healthd 387,027/ 1,765 1 387,027/ 1,765 1 368,466/ 1,659             1 
Poor oral healthe 68,073/ 260 0.96 (0.84-1.09) 68,073/ 260 0.98 (0.86-1.12) 64,376/ 244 0.94 (0.82-1.07) 

Oesophageal cancer 
Good oral health 387,027/ 181 1 387,027/ 181 1 368,466/ 168               1 
Poor oral health 68,073/ 26 0.94 (0.62-1.41) 68,073/ 26 1.00 (0.66-1.51) 64,376/ 25 0.93 (0.61-1.42) 

Gastric cancer 
Good oral health 387,027/ 122 1 387,027/ 122 1 368,466/ 110               1 
Poor oral health 68,073/ 20 1.09 (0.68-1.77) 68,073/ 20 1.17 (0.73-1.87) 64,376/ 17 1.01 (0.61-1.69) 

Pancreatic cancer 
Good oral health 387,027/ 205 1 387,027/ 205 1 368,466/ 196                1 
Poor oral health 68,073/ 32 1.02 (0.70-1.49) 68,073/ 32 1.03 (0.71-1.50) 64,376/ 30 0.97 (0.66-1.43) 

Hepatobiliary cancer 
Good oral health 387,145/ 134 1 387,145/ 134 1 368,576/ 128              1 
Poor oral health 68,093/ 25 1.23(0.80-1.89) 68,093/ 25 1.27(0.83-1.95) 64,393/ 23 1.56(0.74-1.81) 

Small intestine cancer 
Good oral health 387,145/ 41 1 387,145/ 41 1 368,576/ 36             1 
Poor oral health 68,093/ 2 0.31(0.75-1.29) 68,093/ 2 0.31(0.75-1.30) 64,393/ 2 0.32(0.08-1.34) 

Colon cancer  
Good oral health 387,983/ 809 1 387,983/ 809 1 369,364/ 761               1 
Poor oral health 68,225/ 108 0.86 (0.71-1.05) 68,225/ 108 0.88 (0.72-1.07) 64,517/ 103 0.86 (0.69-1.05) 

Rectal cancer 
Good oral health 388,509/ 283 1 388,509/ 283 1 369,860/ 265                1 
Poor oral health 68,285/ 48 1.06 (0.78-1.45) 68,285/ 48 1.12 (0.82-1.52) 64,575/ 45 1.09 (0.79-1.49) 

Colorectal cancer 
Good oral health 387,027/ 1,089 1 387,027/ 1,089 1 368,466/ 1,024         1 
Poor oral health 68,073/ 155 0.91 (0.77-1.08) 68,073/ 155 094 (0.79-1.11) 64,376/ 147    091 (0.77-1.09) 
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Table 3.8. Footnotes 

a Model 1: Unadjusted model;  
b Model 2: Adjusted for age and sex;  
c Model 3: Adjusted for age, sex, socioeconomic status, tertiary education degree, smoking status, alcohol status, 
BMI, Waist circumference, daily consumption of fruit and vegetables;  
dGood oral health: Includes mouth ulcers, toothache /dentures; 
ePoor oral health: Includes painful gums, bleeding gums and loose teeth. 
 

In addition, the cox regression assumptions were tested for every gastrointestinal cancer. 

The Kaplan-Meier curve showed little difference in survival between groups (Teethprob 0: 

No oral problem and Teethprob 1: Present oral problem). No major overlap in the survival 

curves between groups was noted for any outcome. . For liver cancer specifically, the Kaplan-

Meier curve did not overlap so does not violate the Proportional hazards assumption.  The 

graph below shows the Kaplan-Meier of Liver cancer. 
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Further analyses were performed for oesophageal and gastric cancers after one year of 

follow up (Table 3.9). The analyses split the oesophageal into squamous cell carcinoma and 

adenocarcinoma, also gastric cancer into non-adenocarcinoma, adenocarcinoma, cardia 

adenocarcinoma. The results show no significant association between self-reported poor oral 

health and two histological types of oesophageal cancer, and gastric cancer, even after 

combining the oesophageal adenocarcinoma and gastric cardia adenocarcinoma (HR 1.00, 

95% CI 0.72-1,39). 
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Table 3.9. The association between oral health conditions and oesophago-gastric cancer risk, according to histological subtypes, in the UK Biobank cohort 

study. 

 Non-cases/ Cancer 
Cases 

Model 1a 

HR (95% CI) 
Non-cases/ 

Cancer Cases 
Model 2b 

HR (95% CI) 
Non-cases/ 

Cancer Cases 
Model 3c 

HR (95% CI) 
Oesophageal squamous cell carcinoma 

Good oral healthd 396,195/ 67 1 396,195/ 67 1 377,078/ 61              1 
Poor oral healthe 69,517/ 8 0.77 (0.45-1.59) 69,517/ 8 0.76 (0.36-1.59) 65,726 / 8 0.77 (0.37-1.62) 

Oesophageal adenocarcinoma 
Good oral health 396,042/220 1 396,042/220 1 376,933/ 206 1 
Poor oral health 69,490/ 35 1.04 (0.73-1.49) 69,490/ 35 1.15 (0.80-1.64) 65,703/ 31 0.97 (0.66-1.42) 

Gastric non-adenocarcinoma 
Good oral health 396,223/39 1 396,223/39 1 377,104/ 35             1 
Poor oral health 69,519/ 6 1.03 (0.43-2.42) 69,519/ 6 1.06 (0.45-2.52) 65,728/6 1.07 (0.45-2.54) 

Gastric adenocarcinoma 
Good oral healthd 396,090/172 1 396,090/172 1 376,977/ 162                1 
Poor oral healthe 69,495/ 30 1.16 (0.78-1.70) 69,495/ 30 1.24 (0.84-1.83) 65,709/25 1.01 (0.66-1.54) 

Gastric cardia adenocarcinoma 
Good oral healthd 396,188/74 1 396,188/74 1 377,067/ 72               1 
Poor oral healthe 69,509/16 1.43 (0.83-2.46) 69,509/16 1.61 (0.93-2.76) 65,722/12 1.12 (0.60-2.07) 

Combined oesophageal adenocarcinoma and gastric cardia adenocarcinoma 
Good oral healthd 395,974/ 294 1 395,974/ 294 1 376,867/ 272             1 
Poor oral healthe 69,475/ 51 1.14 (0.84-1.54) 69,475/ 51 1.26 (0.94-1.71) 65,692/ 42 1.00 (0.72-1.39) 

 
Table 3.9. Footnotes 

a Model 1: Unadjusted model;  
b Model 2: Adjusted for age and sex  
c Model 3: Adjusted for age, sex, socioeconomic status, tertiary education degree, smoking status, alcohol status, BMI, Waist circumference, daily consumption of fruit and vegetables;  

 

 



176 
 

 

 

The present investigation from the large UK Biobank study aimed to analyse the association 

between self-reported poor oral health and different GI cancers risk such as oesophageal, 

stomach, liver, pancreas, small intestine, colon and rectal. Overall, there was no association 

between self-reported poor oral health and risk of most GI cancers. Nonetheless, in a site-

specific analysis, an increased risk of hepatobiliary cancer in participants with self-reported 

poor oral health conditions was detected, in particular, for the hepatocellular carcinoma 

subtype. 

 

 

In our study, the self-reported poor oral health was most strongly associated with a higher 

risk of hepatobiliary cancer, particularly hepatocellular carcinoma (HR 2.07, 95% CI 1.27-

3.37).  

 

Our findings, which are the first within a UK population, corroborate those of previous 

reports from other populations. For example, a US prospective cohort study observed a 

strong association between self-reported periodontitis and liver cancer risk (HR 1.33, 95% CI 

1.07-1.65) in male health professionals, although they had a small sample size of only 24 liver 

cancer cases (228).  Similarly, in a large Finnish prospective cohort study with 29,133 

participants who completed questionnaires about dental issues, male smokers with fewer 

teeth had an increased risk of liver cancer (220). The risk was 42% and 45% greater for 11–

31 and ≥32  permanent teeth lost (95% CI 1.01–1.98), compared with participants with 0–10 

teeth lost (HR 1.45, 95% C I 1.00-2.10)   (220). 



177 
 

Lastly, a prospective cohort analysis within a vitamin and mineral supplement trial in Linxian, 

China, found a similar result (131). All participants completed a questionnaire and dental 

examination, and those within the highest quartile of age-specific tooth loss were observed 

to have an increased risk of liver cancer HR 1.27 (95%, CI 0.96, 1.67) (131). Therefore, there 

is evidence of a positive association between poor oral health (periodontal disease) and liver 

cancer. 

 

A major consideration when interpreting the current study findings is the potential for 

residual confounding from other unhealthy behaviours, such as alcohol and smoking, despite 

including these as adjustments within our statistical models. In stratified analysis, we did 

observe stronger increased associations between self-reported poor oral health and 

hepatocellular carcinoma in smokers, which suggests this may be explaining the associations 

shown. Possibly this stronger association in smokers may indicate residual confounding due 

to the wide variation in smoking exposure within smokers and non-smokers individuals. 

However, there could also be a multiplicative effect of poor oral health and smoking that 

increases liver cancer risk over-and-above smoking. However, formal tests for interaction by 

effect modifiers were not statistically significant, possibly due to limited statistical power for 

such analyses.  

We observed inconsistent findings in stratified analyses by socioeconomic status, alcohol 

intake, body mass index or fruits and vegetable intake, which we speculate might be due to 

the smaller sample size in these analyses. In particular, alcohol has been studied as a strong 

risk factor associated with liver cancer, illustrates for example by a meta-analysis done by 

Bagnardi et al. with heavy drinking (RR 2.07 (95% CI 1.66–2.58) compared with nondrinkers 

and occasional drinkers (30). However, this result showed being different in the present 

study, perhaps because the assessment of alcohol was not very detailed which may increase 
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the risk of residual confounding. Also, the small size of individuals with liver cancer and poor 

oral health (51 cases). 

Additional insights were added to the present study after sensitivity analysis by excluding the 

first and the third years of follow-up. Despite the positive association observed in all models, 

the result was not significant. Thus, perhaps the observed results are due to the risk of 

possible reverse causality. 

 

Our result of a lack of association between self-reported poor oral health and risk of other GI 

cancers (oesophageal, gastric, pancreatic, small intestine and colorectal) is consistent with 

some previous publications. A meta-analysis conducted by Ren and colleagues, based on 

three large populations (two Chinese and one American), pooled five studies and revealed 

no significant association between tooth loss (uppermost versus no tooth loss) and CRC 

development with an odds ratio (OR) of 1.00 (95% CI 0.99-1.01) (222). Likewise, a large cohort 

study involving 48,325 health professional men aged 40-75 years who provided information 

on the periodontal status and previous tooth loss did not identify an association between the 

number of remaining teeth and oesophageal, stomach, pancreas or colorectal cancer 

risk (140). The same investigation denoted no significant increased risk of oesophageal, 

stomach and colorectal cancer in participants with periodontitis, once smoking history had 

been included in multivariate-adjusted models (140). However, this study did report an 

increased risk of pancreatic cancer for men with periodontitis even after adjustment for 

smoking (HR 1.54, 95% CI 1.16-2.04), which we did not observe in the current study (140). 

Unfortunately, the Health Professionals Follow-Up study did not report the association 

between tooth loss, periodontitis and hepatobiliary tract cancer risk due to small sample size, 

preventing comparisons with our current findings (140).   
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The biological mechanisms by which poor oral health may be more strongly associated with 

liver, rather than other digestive, cancer risk is unclear. Undoubtedly, the lack of association 

between CRC and poor oral health was an unexpected finding as the present sample was 

large enough and there is a strong body of evidence reporting in favour to the association 

between both conditions (229,230). Several general mechanisms linking periodontitis and 

carcinogenesis have been proposed, particularly highlighting the role of periodontitis in 

exposing the body to chronic inflammation (132). Tamaki et al. propose that reactive oxygen 

metabolites may be a possible physiopathology linkage between periodontitis and liver 

cancer (231). In their study, they investigated the association between periodontitis and 

stage in 64 hepatocellular carcinoma patients in Japan, comparing 31 chronic periodontitis 

patients with 33 periodontally healthy patients. Patients with chronic periodontitis had a 

higher tumour stage, reflected by the Japan Integrated Stage score, and had 25.3% higher 

circulating levels of reactive oxygen metabolites than patients without periodontitis(231). 

Since this was a cross-sectional study, it is difficult to imply causal associations, but it is 

evidence for a liver-specific effect of periodontitis, mediated by serum reactive oxygen 

species.   

 

An alternative explanation is the potential role of the oral and gut microbiome in disease 

development. The liver contributes to the elimination of bacteria from the human body 

(232). However, when the liver is affected by diseases such as hepatitis, cirrhosis or cancer, 

its function can decline and bacteria can survive for longer or have the potential to cause 

more harm (232). One such bacteria that is receiving a lot of attention is Fusobacterium 

nucleatum, which originates in the oral cavity and has been implicated in colorectal 

carcinogenesis (233). The role of Fusobacterium nucleatum in liver cancer development is 

unclear and, of the limited studies conducted, there has been no evidence for its detection 
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in liver tumour tissue (234). Future studies investigating the microbiome and liver cancer 

aetiology are warranted.   

 

Further, Abnet et al. have proposed an alternative theory about the possible connection 

between poor oral health and cancer (235). Having a higher number of missing teeth may 

influence participants to choose softer foods which are easier to masticate (235).  These 

foods are often less nutritious and lead to a diet that is lower in essential vitamins and 

minerals, potentially contributing to cancer risk (90). Several studies have demonstrated that 

reduced dentition has negative impacts on dietary intake, particularly in older adults (236). 

Although we adjusted for fruit and vegetable consumption in our analyses, there may be 

residual confounding from other aspects of dietary quality that we have not accounted for in 

our analysis.  Abnet and colleagues also hypothesised that edentulous people may swallow 

large pieces of food that could lead to mucosal lesions and result in a chronic inflammatory 

condition favourable for cancer development (235).  However, neither of these hypothesised 

mechanisms are specific for liver cancer aetiology. 

 

Finally, oral behaviours seem to be a substantial risk factor for cancer as well (237) as 

mentioned before. Flossing and brushing less frequently teeth seems to be associated with 

dental plaque and the development of precancerous lesions and cancer (210,218). Plaque is 

a set of bacteria and can be an indication of poor oral health (211). Although in a different 

perspective, Maramaldi and colleagues have been emphasising that gum diseases and tooth 

decay are very connected to cancer development (237). They highlighted the necessity of 

having health services that incentive daily oral hygiene to prevent tooth loss, gingivitis and 

periodontal disease (237). 
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The strengths of this study include the large size, the recent timeframe in which data was 

collected, and information about potential confounders. This is also the first study 

investigating self-reported poor oral health in relation to the spectrum of digestive cancers 

within the UK population, for whom dental healthcare is readily accessible. Furthermore, the 

prevalence of the periodontal disease in our study (13%) is similar to other reports, for 

example, a study in US male health professionals aged 40-75 years reported a prevalence of 

16%, suggesting our findings are generalisable.   

 

Lastly, an important strength of this study was the small proportion of missing data (< 5%) 

and no specific pattern worthy to be reported. Jakobsen et al. observed if the missing data 

are missing completely at random (I.e. the reason for missing values is completely random 

and not linked to the actual value or the other exposures) then complete case should be 

unbiased but may still lose statistical power. An example of this situation could be if people 

just forgot to answer a question. Therefore, the impact of using complete case would likely 

be minimal due to the small proportion of missing data. 

 

However, limitations were well-identified as well. The self-reported measures for oral health 

are very crude. This study considered painful gums, bleeding gums and loose teeth as a proxy 

for poor oral health. However, these may reflect a number of physiological and pathological 

conditions including ageing, trauma, previous orthodontic treatment and may not necessarily 

reflect simply periodontitis (211).  

 

On the other hand, we are aware that technology, ethical consideration, cost and the 

effectiveness of the chosen method are a great limitation to find an ideal measurement 

technique. The UK Biobank cohort study does not offer a clinically accurate questionnaire to 
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measure periodontitis or oral health status despite a number of validated self-report tools 

being available (238).  

 

Lastly, the characteristics of the UK Biobank population are recognised to be healthier than 

those of the general population, which is typical of many epidemiological studies relying on 

volunteers (239). For example, from the UK Biobank male with 45-54 years reported a 

prevalence of 4.6% cardiovascular disease, comparatively 10.9% of the general population 

(239). All subjects are volunteers. It is valuable to note that this group of people normally 

tend to have healthier attitudes, a better lifestyle when compared with an ordinary 

population (who are not volunteering). Thus, the extrapolation of these studies beyond the 

population study might be cautious for multiples reasons. First, the participants were invited 

and selected to this study through emails, if they had the right age range and live in 25 miles 

radius distance from one of the 22 assessment centres. Then, from the research design 

perspective, possibly participant without computer skills, or who do not know how to write 

or read, or for any reasons electricity system and a platform for the internet was not installed 

in their neighbourhood, they were automatically excluded from the study. It may illustrate a 

type of selection bias that can lead to analysis bias and interpretation bias. Finally, from this 

database, it was not possible to know about the non-responders characteristic. This aspect 

could be important because the non-responders may hold different characteristics compared 

to participants (responders). 

However, it is recognised that this limitation does not negate studying aetiological 

associations such as those reported in this study (239). 

 

The analyses presented were generated using multiple statistical tests which could lead to a 

Type 1 error. Even though the results of these analyses were not statistically significant (all 
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p-values>0.05) a Bonferroni correction was performed for Tables 3.4 and 3.6. The result of 

Bonferroni correction did not change the interpretation of the significance of the findings. 

 

 

The principal observed deficit here was on poor oral health measurement technique. A more 

comprehensive assessment for oral health in subsequent data large cohort studies similar to 

the UK Biobank could be beneficial to other research and researchers.  Alternative methods 

could include evaluation of existing dental records or ideally a clinical dental examination 

supplemented with radiographs to more accurately define oral health (238).   

 

Hence, in a way to address poor oral health limitations from the current chapter and/or 

simply to validate these findings without filling extra gaps, our research group reached out 

to collaborate with a team from the United States of America, with Dr Jessica Petrick being 

the point of content. The main intention was to investigate the association between 

periodontal disease and liver cancer risk in the United States Liver Cancer Pooling Project 

database that combines data from the Woman’s Health Initiative, Nurses’ Health Study and 

Health Professional Follow-up Study cohorts. The main advantages are to use larger data of 

liver cancer and different population with different lifestyle habits. In that context, 

unfortunately, the release of data of the Nurses’ Health Study and Health Professional 

Follow-up Study cohorts was delayed and consequently, only data from the WHI study was 

available to help validate the present study. 

 

Briefly, The WHI-CS is a study composed of two principal components: a partial factorial 

randomized Clinical Trial and an Observational Study (240). The last component that enrolled 

nearly 100,000 women is focused on the relationship between lifestyle, environmental, 

medical and molecular risk factors was the chosen dataset to perform the analyses (240). The 
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original study recruited postmenopausal women aged 50-79 years between 1993-1998, from 

40 clinical centres in the USA (240). For these analyses were selected only participants that 

developed liver cancer whose intention of validating the main result from the UK Biobank 

regarding hepatobiliary cancer.  Thus, 42 incident liver cancers developed during an average 

of 5 years of follow-up. From those 42 liver cancer cases, 10 reported poor oral (24%). 

Participants were excluded for similar reasons applied to the UK Biobank cohort study. 

 

The WHI-CS participants completed self-administered questionnaires on demographics, 

health behaviours and medical conditions at baseline and annually (241). Apart of above-

mentioned confounders (from the UK Biobank) in the WHI-CS was obtained information on 

participants about race, physical activity, diabetes, current menopausal treatment, hepatitis 

B and C, coffee consuming and multivitamin intake, as there is evidence of the association 

between those and liver cancer. Besides, in the WHI-CS was performed two adjusted models 

such as Model2 for age and Model3 for age, race, BMI, smoking status and alcohol 

consumption. 

 

In WHI-CS oral health information was assessed slightly differently. A pre-establish form was 

implemented to obtain periodontal disease history and/or oral health conditions. From the 

present study were used three separated Forms (145, 155 and 158) due to the liver cases had 

been diagnosed before the later collection dates, Women were asked: (I) “Has a dentist or 

dental hygienist ever told you that you had periodontal or gum disease?”. (II): “During the 

past 3 years, how often have you gone to the dentist or dental hygienist for routine check-

ups or cleaning?”(III): “Have you lost all of your permanent teeth, both upper and lower“ 

(242). Those questions have been compared against a standardized clinical periodontal 

examination within a subset of this study population (243). In WHI-CS, liver cancer was the 

primary outcome and it was collected from the health update and central adjudicators that 
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were responsible for the final cancer outcome coding, based on the International 

Classification for Oncology morphological codes ICD-3 (226) similar than the UK Biobank. 

 

Statistically, in the WHI-CS the proportion of participants with self-reported poor oral health 

and participants with self-reported good oral health were compared for baseline 

characteristics using a Chi-Square test or the Wilcoxon test whether categorical or 

continuous variable. Cox proportional hazards models were used to perform hazard ratios 

(HR) and 95% confidence intervals to analyse the association between poor oral health and 

liver cancer within WHI observational study. 

 

The demographic characteristic of the WHI-CS study did not differ hugely from the UK 

Biobank study. The WHI participants tend to be former or current smokers, overweight and 

obese with an academic level that ranges from high school to college (important to consider 

this is EUA education, different than the UK). Different from the UK Biobank study, women 

with poor oral health from the WHI-CS were more likely to be older (64.2 years), black, 

practising lower or medium level of exercises, non-user of menopausal hormonal treatment 

neither multivitamins when compared with good oral health women. Interestingly, women 

with poor oral health in that WHI-CS were no alcohol drinker, drinking more than 2 cups of 

coffee compared with women with good oral health. 

 

With the intention of validating the result of hepatobiliary cancer, separate study and 

analyses were performed within WHI-CS. Nevertheless, there was found no significant 

association between self-report poor oral health and liver cancer whatever in unadjusted 

model (HR 1.95, 95% CI 0.96-3.96) or the adjusted model (HR 1.75, 955 CI 1.04-2.92). The 

result remained consistent when the comparison was between periodontal disease and liver 

cancer, Table 3.10. 
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Table 3.10. The association between oral health conditions and liver cancer risk in the 

WHI-CS cohort study. 

Oral health  Non-cases/ 
Cancer cases 

Model 1a 

HR (95% CI) 
Model 2b 

HR (95% CI) 
Model 3c 

HR (95% CI) 
Liver cancer  

Good oral healthd 69,010/32 1 1 1 
Poor oral healthe 12,748/10 1.95 (0.96-3.96) 1.90 (0.93-3.87) 1.65 (0.80-3.42) 

 
Periodontal or Gum 

Disease                                                                                                                               
Non-cases/ 

Cancer cases 
Model 1a 

HR (95% CI) 
Model 2b 

HR (95% CI) 
Model 3c 

HR (95% CI) 
Liver cancer 

No 60,123/31 1 1 1 
Yes 21,379/11 0.97 (0.49-1.93) 0.99 (0.50-1.98) 1.04 (0.52-2.07) 

 
Table 3.10. Footnotes  
a Model 1: Unadjusted model;  
b Model 2: Adjusted for age;  
c Model 3: Adjusted for age, race, BMI, smoking status and alcohol consumption 
dGood oral health: Self-reported excellent, very good, or good condition  
ePoor oral health: Self-reported fair or poor condition of mouth and or teeth. 
 

 
 

 

This research intentionally investigated the association between self-reported poor oral 

health and GI cancer to understand if poor oral health indeed plays an important role in 

cancer. The positive association found in this study may be an insight to physicians to treat 

patients holistically focused on digestive cancer and periodontitis simultaneously. Likewise, 

these finding stresses the importance of multidisciplinary for epidemiologic investigations, 

since the linkage mechanism has a laboratory and histopathologic essences. 

Alternatively, this research exposes the necessity of improving poor oral health (periodontal 

disease) definition, measurement and it may solidify other epidemiologic studies about the 

controversial association. Moreover, the need for increasing the awareness within-

population either urban or rural. 
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Comparatively to other studies, the UK Biobank revealed a population with a low incidence 

of poor oral health and digestive cancers. Hence, it may be an opportunity for new research 

assessing the association between oral health and cancer, focused on populations with an 

increased risk of cancer such as individuals with pre-malignant conditions or liver disease. 

This may help inform efforts to prevent the risk of progression to cancer in high-risk 

populations which have regular contact with clinicians. 

 

 

To sum up, this cohort study from the UK Biobank study with 4,069 participants with different 

gastrointestinal cancers found an association between self-reported poor oral health and 

increased risk of hepatobiliary cancer, particularly hepatocellular carcinoma, however, no 

association was observed for risk of other gastrointestinal cancers. Unfortunately, the WHI-

CS finding (another cohort study used to validate the UK Biobank result) was not sufficiently 

strong to support the observation that hepatobiliary cancer was associated with poor oral 

health. 
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I, the PhD candidate, Dr Haydée Jordão, was primarily responsible for all statistical analysis 

described and writing within this chapter, with edits and guidance from my supervisor team. 

Specifically, I was responsible for all data cleaning, statistical analyses, respective 

interpretation of the results and write up of this chapter. The participants were recruited, 

and data collected as part of the PRIME study, the principal investigator of which (Professor 

Gerry Linden) enabled data sharing for this project. Laboratory analysis of the bacteria 

studied was conducted by a previous clinical PhD student. 
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Periodontal disease is a chronic infection, which severely affects the periodontium and can 

be caused by pathogens including Porphyromonas gingivalis, Aggregatibacter 

actinomycetemcomitans, Tarnerella forsythia and Treponema denticola. This study examined 

the association between oral pathogens, periodontal disease and incident cancer, total 

cancer death and gastrointestinal (GI) cancer deaths among older males who participated in 

the PRIME cohort. From the PRIME study, 1,400 men who underwent a clinical oral 

examination were considered for analysis, of whom 328 self-reported incident cancer during 

follow-up and 207 died from cancer (of which 58 were GI cancer deaths). In a sub-group of 

642 men, data was available on the presence of the four bacterial pathogens listed above.   

Logistic regression models were performed, and these confirmed a weak association 

between periodontal disease and cancer outcomes (although not evident for GI cancer 

deaths specifically). No significant associations were observed between the presence of four 

bacterial pathogens studied (P. gingivalis, A. actinomycetemcomitans, T. forsythia and T. 

denticola) in relation to cancer outcomes. 
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There are millions of microorganisms in the oral cavity including a diversity of fungi, viruses, 

protozoa and bacteria, living in balance with the body’s immune system (244,245). Certain 

bacteria play a benign role by protecting the human body against pathogens or collaborate 

to promote homeostatic maintenance and immune system modulation (244). On the other 

hand, those oral bacteria can shift their role and become virulent to initiate oral diseases 

(246). This shift or dysbiosis only occurs after maturation of the biofilm plaque found around 

the gingival surfaces (120,247). The most common oral disease is gingivitis - a reversible gum 

disease - which, if untreated, can develop into periodontal disease, a chronic inflammatory 

process which progressively destroys the gingiva, cementum, periodontium and alveolar 

bone (the periodontium), as broadly discussed in Chapter one (244). Figure 4.1 illustrates the 

constituents of the periodontium. 

 

 

Figure 4.1. Constituents of the periodontium. The tooth, gingiva, periodontal ligament and alveolar bone. 
Source: Netter anatomy (4). 
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In 2010, it was reported from the Global Burden of Disease study that the prevalence of oral 

diseases worldwide was 3.9 billion cases, of which 35% were chronic periodontal disease and 

11% were severe periodontal disease (248). Periodontal disease is a chronic oral 

inflammatory condition most commonly seen in adults and ageing individuals (241). The 

ageing population and population growth are associated with an increased prevalence of the 

periodontal disease, as more older patients continue to retain their natural teeth into old 

age, making them susceptible to the disease process. Figure 4.2 shows a patient with 

periodontal disease. 

 

 

Figure 4.2. Chronic periodontal disease associated with poor oral hygiene in 45 years old Japanese 
male. It is visible the inflammation, gums recession and attachment loss, obvious in the mandibular 

anterior area (249). 

 

The oral cavity is the main reservoir for a number of periodontopathogens or periopathogens 

which include bacteria such as Aggregatibacter actinomycetemcomitans (A. actinomyces) 

Prophyromonas gingivalis (P. gingivalis), Tannerella forsythia (T. forsythia) and Treponema 

denticola (T. denticola) (120), which have been studied in this Chapter.    
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The A. actinomyces bacteria is associated with periodontal disease (250) and tends to be a 

principal microorganism at the earlier stages of the disease process (119).  A.  actinomyces,  

is a coccobacillus, gram-negative capnophilic (living in ambience with a high concentration of 

carbon dioxide) (251) which is commonly isolated from the oral cavity of adolescents and 

young adults with aggressive periodontal disease (119,252). Whereas, P. gingivalis is an 

anaerobic gram-negative bacteria capable of producing cysteine proteinases (gingipains) that 

cause damage in human tissues (253). Both bacteria, A. actinomyces and P. gingivalis have 

common characteristics including auto-aggregation through fimbriae and adherence to the 

periodontium (119). T. forsythia is another gram-negative microorganism which is protected 

by an extracellular membrane (membrane S) with two protein subunits. Membrane S is 

responsible for bacterial adherence to host cells and invasion (119). T. denticola bacterium is 

a mobile spirochete that belongs to the red complex (a group of bacteria that form brown or 

black colonies on blood agar plates (254)) (250). The virulence of T. denticola is thought to 

be based on the production of trypsin, chymotrypsin, esterase and alkaline phosphatase 

(119).  

 

Several mechanisms have been suggested as a way to explain the association between 

periodontal disease and cancer, and it is plausible that the bacteria above could mediate such 

risk (241,246). Some researchers have suggested translocation via swallowing saliva where 

bacteria can migrate to the digestive organs or other distant organs (241,246). Through 

aspirating bacteria into the respiratory system and bacteria permeating from the periodontal 

tissues into the bloodstream, microorganisms can be spread throughout the entire human 

body (241,246). These mechanisms are supported by the description by Hanahan et al. which 

states that cancer can emerge from distinct factors and can utilise multifactorial pathways 

(255).   
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However, controversies remain as to the exact biological mechanisms linking poor oral health 

or periodontal disease and cancer incidence or progression, and to what extent specific 

bacteria may be responsible for this association.  
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a) The main aim of this chapter is to investigate the association between four 

periopathogens (Aggregatibacter actinomycetemcomitans, Prophyromonas 

gingivalis, Tannerella forsythia and Treponema denticola), periodontal disease 

(clinical attachment loss), tooth loss, and cancer incidence and mortality, with a focus 

on gastrointestinal (GI) cancers using data available from the Northern Ireland 

‘PRIME’ study.   

 

 

• To describe the participant characteristics according to the cancer incidence, and the 

number of total cancer deaths and gastrointestinal cancer deaths within the PRIME 

study. 

• To conduct logistic regression statistical tests, to examine the association between 

periodontal disease, tooth loss and cancer incidence, total cancer death and 

gastrointestinal cancer deaths of the PRIME study. 

• To conduct logistic regression statistical tests, to examine the relationship between 

four oral pathogens (representing the presence of bacteria in the oral cavity) and 

cancer incidence, total cancer death and gastrointestinal cancer death within a 

subset of the PRIME study participants.  
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The Prospective Epidemiological Study of Myocardial Infarction study (PRIME) is a 

prospective cohort study resulting from mutual work between the World Health 

Organization (WHO) and the MONICA project (MONItoring in CArdiovascular diseases) (256). 

The MONICA project aimed to investigate the differences in ischaemic heart disease 

worldwide and has been comparing the trends in incidence and mortality of ischaemic heart 

across over 38 different populations since the 1980s. The PRIME study originally aimed to 

test the prognostic value of classical and potential risk factors of cardiovascular diseases in 

males since this gender was predominantly affected (256).  

 

 

The PRIME study involved three French centres localised in the South, East and North of 

France and one Northern Ireland centre based in Belfast (256). The current study aimed to 

examine the association between oral bacteria, periodontal disease (measured using clinical 

attachment loss) and cancer incidence, cancer death and GI cancer death based solely on the 

Northern Ireland sample, due to availability of the data and samples required.  

 

As demonstrated in Figure 4.3, in Northern Ireland, a total of 2,750 men aged 50-60 years 

from the Greater Belfast area were recruited to the PRIME study between 1991 and 1994 

(256). Males from a variety of occupational backgrounds including the civil service, general 

medical practice and local industry were included and the sample was generated to reflect 

the social class structure of the background population (256). 
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At the beginning of the PRIME study, a letter was sent to home addresses to invite 

participants to be part of the investigation. The letter explained the aim of the PRIME study 

and the benefits of following the included participants over a period of time. Those included 

participants were asked to fast for at least 10 hours before attending the first appointment 

to provide all necessary information for the study. Formal written consent was signed by the 

participants at the time of their first appointment. Approval from the Research Ethics 

Committee of the Faculty of Medicine, Queen’s University Belfast and the Office for Research 

Ethics Committees for Northern Ireland (ORECNI) was obtained (REC reference: 

06/NIR02/107; Protocol number: CUR 111). 

 

 

Yearly follow up of PRIME participants was part of the study protocol.  Participants were 

contacted by letter or telephone and a standardised clinical event questionnaire was 

completed annually during the follow-up period from 2001-2016. In 2001 and 2004, further 

letters were sent to invite all 2,010 surviving males involved in the study to be reassessed 

and update all information related to their lifestyle and health status, Figure 4.3 (120). Also, 

blood samples were analysed for total cholesterol and C-reactive protein, and clinical 

examination of weight, height, blood pressure, comprehensive history of smoking, lung 

function were collected.   

 

All of the patients underwent an oral examination during the rescreening. Even though a 

dental examination was offered to all study participants from the Belfast Centre, only 1,558 

(77.5%) participants completed the assessment. The other 452 participants (22.5%) did not 

have a dental examination carried out due to a clinical examiner being unavailable or due to 

medical contraindications which prevented the examination (120). Of the patients who 

received a clinical oral examination, 1,400 participants were dentate and had a periodontal 
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examination carried out (Figure 4.3). The other 158 participants were edentulous (lacked 

teeth) and therefore they were not included in the statistical analyses of the current study 

(257). All participants who attended for the oral examination had a dental radiograph 

(orthopantomogram) taken, to confirm the presence or absence of teeth.  

 

Periodontal disease was defined according to the American Academy of Periodontology 

classification (252). The Michigan periodontal probe (Hu-Friedy, Chicago, IL, USA) with 

Williams markings was the clinical measure used for probing depths (258).  The clinical 

probing depth was measured from the gingival margin to the base of the periodontal pocket 

with the probe tip parallel to the long axis of the tooth (258). The clinical examination was 

performed by a dental hygienist and consisted of recording probing depths at 4 sites: mesial, 

distal, buccal and lingual with third molars excluded from the examination. Clinical 

attachment loss (CAL) was recorded for all patients as the clinical probing depth plus any 

gingival recession present.  The examinations were completed by a team of 4 dental 

hygienists calibrated by a gold standard examiner prior to the study. A calibration meeting 

was held monthly by the examiners during the study (257). For the purposes of the current 

analyses, CAL was used as a measurement for periodontal disease and was defined as a 

continuous variable, labelled as CAL score.  Tooth loss was also calculated as both (i) a 

continuous variable (by subtracting the number of remaining teeth from 28) and (ii) a 

categorical variable into tooth loss category 1 (participants who had lost  0-5 teeth),  tooth 

loss category 2 (participants who had lost 6-10 teeth) and tooth loss category 3 (participants 

who had lost more than 11 teeth). 

 

 

The primary outcome of this analysis was cancer incidence and death due to any cancer 

cause, with a specific focus on death due to GI cancer. Participants were followed up until 



199 
 

the end of December 2016. The participants were contacted annually by letter and asked to 

complete a clinical event questionnaire to be returned to the research centre, which included 

a question about whether they had been diagnosed with cancer. The questionnaire did not 

enquire about specific types of cancer.  If the subject did not fulfil the questionnaire, the 

team attempted to reach them by a phone call or through their General Practitioner.  

 

Therefore, to be included in analyses of total cancer incidence, PRIME study participants still 

had to be alive and to have completed the question with regards to cancer diagnosis OR to 

have had a cause of death listed as being due to cancer and were therefore assumed to have 

had a cancer diagnosis (see details on mortality follow up below). Of the 1,400 participants 

who completed an oral examination, 1,313 met these criteria and were retained for analysis 

in which total cancer incidence was the outcome.  

 

 

Mortality data for PRIME study participants were collected from the Health and Social Care 

Business Services Organisation (BSO) for patients who died during the study follow-up period. 

Information for deceased patients included the cause of death, including codes for cancer 

diagnoses, as confirmed on death certificates. A subset of these was classified into GI cancer 

deaths, based on the recorded cause of death according to the International Classification of 

Diseases 2010 (ICD-10) codes C15 to C25, such as for oesophageal (C15), gastric (C16), colon 

(C18-C19), rectum (C20), liver (C22-C24) and pancreatic (C25) cancers (257). Follow-up 

information on death and causes of death were available for 1,314 of the 1,400 men who 

had undergone a clinical dental examination in the PRIME study, and who were therefore 

considered for analysis of cancer mortality outcomes.  
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The four periodontal pathogens: P. gingivalis, T. forsythia, A. actinomyces and T. denticola, 

were detected using quantitative real-time polymerase chain reaction (PCR), in subgingival 

plaque samples and recorded as present (the bacteria were visualised) or absent (the 

bacteria were not visualised). We then derived a variable reflecting ‘bacteria diversity’, to 

evaluate if the presence of multiple different bacteria was associated with study outcomes. 

Subgingival plaque samples from 642 dentate males, who met the inclusion criteria, were 

collected from the deepest periodontal pocket found during the clinical examination, Figure 

4.3. These sites were isolated using cotton wool rolls and the subgingival plaque was 

obtained by a single stroke of a Gracey curette from the base of pocket (120) The samples 

were stored in 500 µl of sterile phosphate buffered saline in sterile Eppendorf at-80 degrees 

Celsius. For the current analyses, 272 samples were identified containing P gingivalis 

bacterium; 141 with A. actinomyces; 521 with T. forsythia and 538 samples with T. denticola 

in the subgingival plaque samples.  
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Figure 4.3. Flowchart showing the number of study participants eligible for analysis. 

 

2750 men recruited 
(1991-1994) 

1558 attended dental 
exam 

452 were unable to 
attend the dental exam 

or had medical 
contraindications 

158 edentulous 

Number of outcomes:  

328 incident cancer 

207 total cancer deaths 

58 GI cancers 

1400 dentate men 
have periodontal 

examination 

2010 men attended 
for rescreening 

(2001-2004) 

1400 men in analysis 
of Periodontal disease 
and teeth lost  

642 men in analysis of 4 
Bacteria present in plaque: 
P. gingivalis, A. actinomyces, 
T. forsythia, T. denticola 

 

Number of outcomes:  

140 incident cancer 

82 total cancer deaths 

 26 GI cancers 
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All participants self-completed a standardised questionnaire as part of the study. The 

questionnaires were completed at home and checked by interviewers at the clinic (at the 

time of dental examination). The participants responded to questions detailing their age, 

years spent in education, socio-economic status), tobacco use, alcohol consumption (by 

gr/week), fruit and vegetable intake (serving/day). Besides, clinical measurements such as 

body weight (grams), height (centimetres), waist and hip circumference were taken by 

trained research nurses, based on the PRIME study protocol. The BMI was calculated as 

weight/height (kg/m2).  

 

 

The participant baseline characteristics of the PRIME study participants were compared 

between cancer cases or deaths, and controls, by applying the chi-square (X2) test if the 

variable was categorical. If the variable was continuous and normally distributed, the 

comparison between groups was assessed using an independent t-test, whilst for continuous 

variables that were not normally distributed, the Wilcoxon ranked test was applied to 

compare medians. 

 

Logistic regression was used to assess the association between each exposure (periodontal 

disease severity score, tooth loss, presence of periodontal bacteria), concerning outcomes of 

total cancer incidence, total cancer death and GI cancer deaths. Logistic regression tests were 

chosen over Cox Proportional Hazards since the PRIME study did not report the specific date 

of cancer diagnosis. 
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Associations were analysed using two models: unadjusted and adjusted. The latter adjusted 

for several potential confounders such as age, socio-economic status, education, smoking, 

alcohol intake, body mass index (BMI), waist circumference, and fruit and vegetable intake 

(similar to the analyses carried out for the UK Biobank study, Chapter 3). Education was 

characterised by the total number of years spent in school. Socioeconomic status was divided 

into manual and non-manual professions. Alcohol intake was analysed as a continuous 

variable, recorded according to how many grams per week of alcohol the participants 

ingested, while smoking was categorised into never, former and current smokers. BMI was 

classified into normal, overweight and obese categories (<25, 25-<30 and ≥30 kg/m2, 

respectively). The waist circumference was determined according to the International 

Diabetes Federation guidelines (227). Fruit and vegetable intake was evaluated as the 

number of servings consumed daily.  All statistical analyses were performed using Stata 

version 13 (Stata Corp, College Station, Texas, USA). 
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During 12 years (SD 2.8 years) of follow-up of the cohort of dentate males who had a clinical 

oral examination in the PRIME study, a total of 328 incident cancer cases were recorded, and 

207 total cancer deaths, of which 58 cancer deaths were attributable to GI cancer (n=29 

colorectal cancer, n=11 pancreatic cancer, n=4 liver cancer, n=7 gastric cancer and n=7 

oesophageal cancer).   

 

 

Table 4.1 summarises the baseline characteristics of the participants from the PRIME study, 

comparing total cancer cases and non-cancer controls. Those participants who developed 

cancer were predominantly older than controls (mean 64.6 versus 64.1 years; p=0.01). 

Individuals who developed cancer typically spent less time in formal education (p=0.02) and 

also were more likely to be former or current smokers (p=0.02) when compared with non-

cancer cases. A larger proportion of participants who developed cancer had also lost ≥11 

teeth, compared with controls (36.6% versus 29.9%, p=0.04). In contrast, there were no 

observed differences in socioeconomic status, BMI, waist circumference and fruit and 

vegetable intake between cancer cases and non-cancer controls. Likewise, there was no 

statistically significant difference between cancer cases and controls concerning alcohol 

intake, although intake was higher in cancer cases (median 80.7 versus 60.2 g/week, p=0.10). 
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4.1. Baseline characteristics of PRIME study participants, according to cancer incidence. 

Characteristics 
Non-cancer 

controls 
Total cancer 

cases 
P-value 

 n=985 n=328  
Age (years), mean (SD) 64.12 (2.9) 64.61 (2.9) 0.01 

55-<60 53 (5.4) 15 (4.6) 0.04 
60-<65 562 (57.1) 164 (50.0)  

≥65 370 (37.6) 149 (45.4)  
 

Education (years), median (IQR) 11 (10-13) 10 (10-12) 0.02 
Socioeconomic status    

Non-manual 536 (54.4) 166 (50.6) 0.27 
Manual 408 (41.4) 146 (44.5)  
Missing 41 (4.2) 16 (4.9)  

 
Alcohol intake (g/week), median (IQR) 60.2 (0-196) 80.7 (0-211) 0.10 

 
Smoking status  

Never 410 (41.6) 113 (34.5) 0.02 
Former 424 (43.1) 147 (44.8)  
Current 151 (15.3) 68 (20.7)  

 
Body mass index (kg/m2)    

Normal (<25) 252 (25.6) 78 (23.8) 0.78 
Overweight (25-<30) 521 (52.9) 180 (54.9)  

Obese (≥30) 212 (21.5) 70 (21.3)  
 

Waist circumference (cm)    
≤94cm 501 (50.9) 172 (52.4) 0.62 
>94cm 484 (49.1) 156 (47.6)  

 
Fruit & vegetable intake (servings/day), median 

(IQR) 
1.8 (1.2-2.5) 1.9 (1.3-2.6) 0.68 

 
CAL score, mean (SD) 2.4 (1.15) 2.6 (1.35) <0.01 

Number of teeth lost, median (IQR) 7 (4-12) 8 (4-13) <0.01 
0-5 382 (38.8) 106 (32.3) 0.04 

6-10 309 (31.4) 102 (31.1)  
≥11 294 (29.9) 120 (36.6)  

Table 4.1. Legend 
IQR: Inter-quartile range. SD: Standard deviation. Continuous variables presented as mean (SD) if normally 
distributed and median (IQR) if not normally distributed. CAL: clinical attachment loss. 
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Table 4.2 illustrates the analyses of the baseline characteristics of PRIME study participants 

according to total cancer deaths. Similar to the comparisons for incident cancers, participants 

who died from any cancer were more likely to be older (mean 65.1 versus 64.1 years old; p< 

0.01) and have undergone fewer years of formal education (p=0.02) compared with controls. 

However, total cancer death cases consumed more alcohol (median 95.5 versus 57.6 g/week; 

p=0.03) and were more likely to have been current smokers (24.6% versus 15.2%; p=<0.01), 

compared with controls.  

 

The second group of analyses displayed in Table 4.2 consist of a smaller subset of cases who 

were known to have died due to GI cancer (n=58). The cases who died from GI cancer were 

older (p=0.02), had a higher waist circumference (p<0.01) and were more likely to have ≥11 

teeth missing, compared with controls (44.8% versus 29.7%, p=0.05). Other risk factors 

examined were not significantly different between participants who died and remaining 

controls.  
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Table 4.2. Baseline characteristics of PRIME study participants, according to death from 

any cause of cancer and death from gastrointestinal cancer. 

Characteristics 
Controls* Total cancer 

deaths 
P-value GI cancer 

deaths 
P-value 

 n=1107 n=207  n=58  
Age (years), mean (SD) 64.1 (2.9) 65.1 (3.01) < 0.01 64.98 (2.9) 0.02 

55-<60 60 (5.4) 8 (3.9) < 0.01 4 (6.9) 0.17 
60-<65 636 (57.5) 90 (43.5)  26 (44.8)  

≥65 411 (37.1) 109 (52.7)  28 (48.3)  
 

Education (years), median (IQR) 11 (10-13) 10 (9-12) 0.02 10.5 (10-13) 0.63 
 

Socioeconomic status  
Non-manual 606 (54.7) 96 (46.4) 0.09 31 (53.45) 0.91 

Manual 454 (41.0) 101 (48.8)  24 (41.38)  
Missing 47 (4.3) 10 (4.8)  3 (5.17)  

 
Alcohol intake (g/week), median (IQR) 57.6 (0-193) 95.5 (0-214) 0.03 28.4 (0-211) 0.58 

 
Smoking status  

Never 462 (41.7) 61 (29.5) <0.01 20 (34.5) 0.40 
Former 477 (43.1) 95 (45.9)  26 (44.9)  
Current 168 (15.2) 51 (24.6)  12 (20.7)  

 
Body mass index (kg/m2)      

Normal (<25) 286 (25.8) 44 (21.3) 0.27 11 (19.0) 0.09 
Overweight (25-<30) 590 (53.3) 112 (54.1)  28 (48.38)  

Obese (≥30) 231 (20.9) 51 (24.6)  19 (32.8)  
 

Waist circumference (cm)      
≤94 581 (52.5) 93 (44.9) 0.05 19 (32.8) <0.01 
>94 526 (47.5) 114 (55.1)  39 (67.2)  

 
Fruit & vegetable intake (servings/day), 

median (IQR) 
1.86 (1.3-2.6) 1.82 (1.1-2.5) 0.27 2 (1.25-2.64) 0.66 

 
CAL, mean (SD) 2.35 (1.2) 2.80 (1.4) <0.01 2.56 (1.2) 0.16 

Number of teeth lost, median (IQR) 7 (4-12) 9 (5-15) <0.01 9.5 (4-15) 0.03 
0-5 433 (39.1) 55 (26.6) <0.01 17 (29.3) 0.05 

6-10 345 (31.2) 67 (32.4)  15 (25.9)  
≥11 329 (29.7) 85 (41.1)  26 (44.8)  

Table 4.2. legend  
GI: Gastrointestinal. IQR: Inter-quartile range. SD: Standard deviation. Continuous variables presented as mean 
(SD) if normally distributed and median (IQR) if not normally distributed. CAL: clinical attachment loss.  
*Controls for total cancer or gastrointestinal deaths analysis include individuals who were still alive or died from 
causes other than cancer during follow-up.  
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The relationship between periodontal disease, tooth loss and total cancer incidence, death 

from any cause of cancer and death from GI cancer are demonstrated in Table 4.3.  For each 

1 unit increment in the periodontal disease severity score, there was a 19% increased odds 

of developing cancer (OR 1.19, 95% CI 1.08-1.32) even though this association between 

periodontal disease and cancer odds became weaker in the adjusted analysis (OR 1.12, 95% 

CI 1.01-1.25) but remained statistically significant. A similar association was noted for tooth 

loss, however, when these analyses were adjusted for confounders, there was no longer a 

statistically significant association (Table 4.3). 

 

 

Table 4.3 shows the association between oral health measures and total cancer deaths. For 

each 1 unit increment in periodontal disease severity, there was a 31% increased odds of 

cancer-related death in the unadjusted model (OR 1.31, 95% CI 1.17-1.46), which reduced to 

a 15% increased odds in the adjusted model (OR 1.15, 95% CI 1.01-1.30). In unadjusted 

analyses, there were increased odds of cancer mortality in participants who had higher 

numbers of missing teeth, however, these associations became attenuated after 

adjustments for known confounders. 

 

 

Overall, there was no significant association detected between any oral health exposure and 

the odds of GI cancer deaths after adjustment for confounders (Table 4.3). 
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Table 4.3. The association between periodontal disease score, teeth loss in relation to total cancer incidence, death from any cause of cancer 

and death from gastrointestinal cancer in the PRIME cohort study. 

 Total cancer incidence Total cancer deaths Gastrointestinal cancer deaths 
Oral health factor Non-cancer 

controls/ 
Cancer cases  

Unadjusted 

OR (95% CI) 
Adjusted 

OR (95% CI) 
Controls*/  
Total Cancer 
deaths  

Unadjusted 

OR (95% CI) 
Adjusted 

OR (95% CI) 
Controls*/  
GI Cancer 
deaths 

Unadjusted 

OR (95% CI) 
Adjusted 

OR (95% CI) 

CAL score  
985/328 

 
1.00 

 
1.00 

 
1107/207 

 
1.00 

 
1.00 

 
1107/58 

 
1.00 

 
1.00 

  Per 1 unit increase  1.19 (1.08-1.32) 1.12 (1.01-1.25)  1.31 (1.17-1.46) 1.15 (1.01-1.30)  1.15 (0.94-1.41) 1.02 (0.81-1.29) 
          
Number of teeth lost 985/328 1.00 1.00 1107/207 1.00 1.00 1107/58 1.00 1.00 
  Per 1 extra tooth lost  1.03 (1.01-1.05) 1.02 (0.99-1.04)  1.05 (1.03-1.08) 1.02 (1.00-1.05)  1.05 (1.01-1.09) 1.04 (0.99-1.08) 
          
Teeth loss cat 1 (0-5) 382/106 1.00 1.00  1.00 1.00  1.00 1.00 
Teeth loss cat 2(6-10) 309/102 1.19 (0.87-1.62) 1.10 (0.79-1.50) 345/67 1.53 (1.04-2.24) 1.30 (0.87-1.95) 345/15 1.11 (0.55-2.25) 0.96 (0.46-2.01) 
Teeth loss cat 3(11+) 294/120 1.47(1.09-1.10) 1.24(0.89-1.72) 329/85 2.03(1.41-2.94) 1.45(0.97-2.17) 329/26 2.01(1.07-3.78) 1.60(0.82-3.22) 

Table 4.3. Legend  
CI: Confidence intervals GI: Gastrointestinal. OR: Odds ratio. CAL: clinical attachment loss. Adjusted model includes the confounders: age (continuous, years), socioeconomic status 
(manual/non-manual), education (continuous, years), smoking status (pack-year categories), alcohol intake (g/day), body mass index (<25, 25-<30, ≥30 kg/m2), waist circumference 
(≤94, >94cm), fruit and vegetable intake (continuous, servings/day). *Controls for total cancer or gastrointestinal deaths analysis include individuals who were still alive or died 
from causes other than cancer during follow-up. 
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Table 4.4 displays the association between the presence of four periodontal pathogens (P. gingivalis, 

T. forsythia, A. actinomyces and T. denticola) in subgingival plaque deposits and total cancer incidence, 

total cancer deaths and GI cancer deaths. In general, there was not a consistent association between 

the presence of the bacteria and the tested outcomes. 

 

It was found that participants with oral P. gingivalis had 64% increased odds of cancer deaths with OR 

1.64 (95% CI 1.03-2.62) in unadjusted analysis, but the same trend was not observed in the adjusted 

model. Further, in participants with P. gingivalis bacteria, there were higher odds of incident cancer 

(OR 1.28, 95% CI 0.87-1.85) and higher odds of GI cancer deaths (OR 1.50, 95% CI 0.68-3.30), however, 

none of the associations were significant in either the unadjusted or adjusted models (Table 4.4).  

No associations with cancer incidence, total cancer death or GI cancer deaths were observed for either 

A. actinomyces, T. forsythia or T. denticola bacteria, nor for bacterial diversity (a derived variable which 

attempted to assess if the presence of multiple bacteria was associated with the outcomes studied).  
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Table 4.4. The association between bacteria presence in relation to total cancer incidence, death from any cause of cancer and death from 

gastrointestinal cancer in the PRIME cohort study. 

 Total cancer incidence Total cancer deaths Gastrointestinal cancer deaths 
Oral health factor Non-cancer 

controls/ 
Cancer cases  

Unadjusted 

OR (95% CI) 
Adjusted 

OR (95% CI) 
Controls*/  
Total Cancer 
deaths  

Unadjusted 

OR (95% CI) 
Adjusted 

OR (95% CI) 
Controls*/  
GI Cancer 
deaths 

Unadjusted 

OR (95% CI) 
Adjusted 

OR (95% CI) 

P. gingivalis  
  No 256/70 1.00 1.00 290/36 1.00 1.00 290/12 1.00 1.00 
  Yes 202/70 1.28 (0.87-1.85) 1.08 (0.71-1.63) 226/46 1.64 (1.03-2.62) 1.34 (0.80-2.25) 226/14 1.50 (0.68-3.30) 1.37 (0.59-3.18) 
A. actinomyces  
  No 350/107 1.00 1.00 392/65 1.00 1.00 392/20 1.00 1.00 
  Yes 108/33 0.99 (0.64-1.56) 0.83 (0.51-1.35) 124/17 0.83 (0.47-1.46) 0.67 (0.35-1.30) 124/6 0.95 (0.37-2.41) 0.89 (0.32-2.53) 
T. forsythia  
  No 59/18 1.00 1.00 68/9 1.00 1.00 68/6 1.00 1.00 
  Yes 399/122 1.00 (0.57-1.76) 0.89 (0.49-1.61) 448/73 1.23 (0.60-2.58) 1.09 (0.51-2.38) 448/20 0.51 (0.20-1.31) 0.55 (0.20-1.51) 
T. denticola  
  No 45/15 1.00 1.00 51/9 1.00 1.00 51/4 1.00 1.00 
  Yes 413/125 0.91 (0.49-1.68) 0.71 (0.37-1.35) 465/73 0.89 (0.42-1.88) 0.72 (0.32-1.61) 465/22 0.60 (0.20-1.82) 0.66 (0.20-2.14) 
Bacterial diversity 458/140 1.00 1.00 491/82 1.00 1.00 491/24 1.00 1.00 
Per 1 unit increase  1.06 (0.87-1.30) 0.93 (0.75-1.16)  1.12 (0.87-1.45) 0.98 (0.75-1.29)  0.93 (0.62-1.41) 0.92 (0.60-1.41) 

Table 4.4. Legend  
CI: Confidence intervals GI: Gastrointestinal. OR: Odds ratio 
Adjusted model includes the confounders: age (continuous, years), socioeconomic status (manual/non-manual), education (continuous, years), smoking status (pack-year 
categories), alcohol intake (g/day), body mass index (<25, 25-<30, ≥30 kg/m2), waist circumference (≤94, >94cm), fruit and vegetable intake (continuous, servings/day). *Controls 
for total cancer or gastrointestinal deaths analysis include individuals who were still alive or died from causes other than cancer during follow-up. **Bacterial diversity defined as 
the total number of different bacteria present, of the four bacteria assessed (P.gingivalis, A.actinomy, T.forsythia, T.denticola) 
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This analysis aimed to investigate the odds of cancer incidence, total cancer deaths and GI 

cancer deaths in participants with periodontal pathogens and periodontal disease within 

males in the PRIME study. The research found increased odds of cancer incidence and total 

cancer deaths in males with periodontal disease in both unadjusted and adjusted analyses.  

Also, in an unadjusted analysis, there was a higher odds of total cancer death in participants 

with greater tooth loss (≥ 6, in the categorical variable) but this association was attenuated 

and not statistically significant after adjusting for predefined risk factors. Finally, no 

associations between the presence of oral pathogens in subgingival plaque samples and 

cancer incidence, cancer death, or GI cancer deaths. 

 

 

 

The findings presented in this analysis corroborate with data presented by Michaud et 

al.,(140) who investigated periodontal disease, tooth loss, and cancer risk in a large cohort of 

males aged 40-75. Similar to the PRIME study, the Michaud study was based on a prospective 

cohort study, and participants completed self-reported postal questionnaires (including 

lifestyle questions). Periodontal disease was diagnosed using radiographs (140). Michaud 

reported a 14% increased risk of total cancer incidence in males with periodontal disease (HR 

1.14, 95% CI 1.07-1.22) compared with those without periodontal disease. This result is close 

to the PRIME study finding which found a 12% increased risk of overall cancer incidence in 

patients according to each 1 unit increase in periodontal disease severity. In both studies, 
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analyses were adjusted for common confounders including age, alcohol consumption, 

smoking, fruit/vegetable intake and BMI. The Michaud study did not report a significant 

association between cancer incidence and lower numbers of natural teeth (140). The 

association between periodontal disease, tooth loss and GI cancers including oesophageal, 

gastric, colorectal and pancreatic cancer was consistently insignificant in their analyses, 

which matches the results from the PRIME study for total GI cancer incidence. 

 

Unfortunately, the PRIME study was restricted to males and it is not possible to determine if 

similar associations would be detected in women. Nonetheless, Nwizu et al. performed a  

similar investigation within a large cohort study as part of the Women’s Health Initiative 

cohort study which included 65,869 women, aged 54-86 years, amongst whom 7,149 cancers 

were reported including 1,262 GI cancers (241). Cancer incidence was the defined outcome, 

but the study applied questionnaires (self-reported) to acquire dental information  (241). 

There was an increased risk of overall cancer incidence in women with periodontal disease 

with HR of 1.14 (95% CI 1.08-1.20) in the adjusted model (241). A significant association was 

reported between periodontal disease and risk of oesophago-gastric cancer (HR 2.04, 95% CI 

1.35-3.09) (241). Unfortunately, we were unable to assess GI cancer risk in the current 

analysis, and we did not observe any strong associations between the oral health measures 

studied about GI cancer mortality.  

 

Besides, the Buffalo OsteoPerio Study examined  1,337 postmenopausal women and 

confirmed the incidence of 203 cancer cases during follow-up of 12.2 ± 4.2 years (136). The 

study examined the association between periodontal severity and cancer, adjusting for age 

and smoking. The proxy for periodontal measurement was alveolar crestal height (ACH) with 

objective clinical indices and intraoral radiographs performed to screen for periodontal 

disease (136). There were no statistically significant associations between ACH and total 
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cancer risk detected in the sample for women with moderate compared to no periodontal 

disease (HR 1.33, 95% CI 0.91-1.94) nor women with severe periodontal disease versus 

women without periodontal disease (HR 1.20, 95% CI 0.77–1.86) (136).  These findings mirror 

the analyses of the PRIME study. 

Finally, we can compare these results with the previous study reporting outcomes from the 

UK Biobank cohort study of 475,766 participants where 4,069 individuals developed GI 

cancers (including oesophageal, gastric, pancreatic, liver, small intestine and/or colorectal 

cancer) during the study follow-up (Chapter 3). Painful gums, bleeding gums and tooth loss 

were the conditions considered as self-reported poor oral health.  The study investigated the 

association between poor oral health and different types of GI cancer (137). Overall, we did 

not find an association between poor oral health and combined incidence of GI cancers with 

HR 0.97 (95% CI 0.88-1.07). However, for those who self-reported poor oral health a 75% 

increased risk of hepatocellular carcinoma was observed (HR 1.75, 95% CI 1.04-2.92) (137). 

As discussed in Chapter 3, the self-reported painful gums, bleeding gums and/or having loose 

teeth were crude measures and within this study and may not represent only periodontal 

disease, since those measures can “reflect a number of physiological and pathological 

conditions including ageing, trauma and previous orthodontic treatment” (137). 

 

An interesting study undertaken on data from the National Health and Nutrition Examination 

Survey III investigated further the role of periodontal bacteria. The survey included 12,605 

males and females, and examined the association between periodontal disease and serum 

IgG immune response by P. gingivalis bacterium (n=7,852) about orodigestive cancer 

(incorporating head and neck cancers in addition to GI cancers) (259). In agreement with the 

current study, they found the increased severity of periodontal disease was associated with 

the highest risk of cancer death (259). The authors reported that moderate or severe 

periodontal disease was associated with a 2-fold increased risk of orodigestive cancers (RR 
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2.28, 95% CI 1.17-4.45) (259). The presence of P. gingivalis bacterium alone was associated 

with increased cancer risk for both groups; healthy controls and those diagnosed with 

periodontal disease. Therefore, Ahn and fellows considered P. gingivalis as “a biomarker for 

microbe-associated risk of death due to orodigestive cancer” (259). This conclusion may 

support the positive association between P. gingivalis and total cancer deaths (OR 1.64, 95% 

CI 1.03-2.62) found in the unadjusted analysis of the PRIME study. However, the association 

was not confirmed in adjusted models (OR 1.34, 95% CI 0.80-2.25), possibly due to the small 

sample of males who had P. gingivalis in their subgingival plaque samples (70 individuals).   

 

Distinct mechanisms have been discussed to link bacteria, periodontal disease and 

carcinogenesis (119). The null associations observed in analyses of the four periodontal 

bacteria may cast doubt if indeed bacteria is the link between periodontal disease and cancer 

incidence and death. Nevertheless, the relatively small sample size (approximately one-third 

of all participants) of periodontal pathogens within the PRIME study data mean that we 

should interpret the findings with caution. The lack of the consistent association between 

bacteria and cancer incidence, cancer mortality and GI cancer mortality may be a positive 

start to reflect about other possible link mechanisms different than bacteria or, what is 

behind of that mechanism if bacteria play such crucial role in cancer development. As 

mentioned in Chapter three, alternative biological mechanisms have been proposed to 

explain the possible connection between oral disease and cancer (235). Individuals with 

periodontal disease and/or a number of missing teeth may alter their dietary habits to choose 

softer foods which are easier to masticate (235).  These foods are often less nutritious and 

lead to a diet that is lower in essential vitamins and minerals, potentially contributing to 

cancer risk (90). A number of studies have demonstrated that reduced dentition has negative 

impacts on dietary intake, particularly in older adults (236). In addition, Abnet and colleagues 

hypothesised that edentulous people may swallow large pieces of food that could lead to 
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mucosal lesions and result in a chronic inflammatory condition favourable for cancer 

development (235).   

 

 

This is a novel study that investigates the association between oral bacteria, periodontal 

disease and teeth loss with cancer incidence, total cancer mortality and GI cancer mortality, 

using a sample of Northern Ireland males. The included population represents different social 

categories. The study had a long follow up (12 years), which allowed enough time to 

investigate temporal relationships between periodontal disease and cancer. The major 

strength is that individuals underwent a detailed oral examination by a hygienist whose 

analyses were supported by an oral radiograph and had training with a Senior Dentist and 

regular meetings to ensure the accuracy throughout the study. This chapter has further built 

upon earlier investigations of subjective measures of oral health, through a molecular 

epidemiological analysis of specific oral bacteria, to allow a deeper exploration of the 

biological plausibility and mechanisms of reported associations between subjective 

measures of poor oral health studied in Chapter 3. 

 

Nevertheless, the PRIME findings cannot be extrapolated to the female gender, though a 

previous study that enrolled only females observed similar results; an increased risk of 

incident cancer in participants with periodontal diseases (241). The PRIME study recruited 

volunteer participants that in general, are more likely to have healthier behaviours, 

compared with the rest of the population. Furthermore, unemployed participants were not 

included in this study.   Another limitation to take in consideration is the limited power of the 

subset of analyses regarding the small subgingival plaque sample collected from only one-

third of the participants. During the time available for this study it was not possible to analyse 
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more samples. Besides that, missing data due to attrition bias (from the total 2,750 

individuals recruited to the PRIME study, reduced to 642 with available samples on 

subgingival plaque as shown in Figure 4.3) could reduce the statistical power as well, the 

study representativeness and lead to an invalid conclusion (260). Therefore, the study result 

needs to be interpreted with caution and a larger study should be undertaken to confirm this 

finding. 

 

It is also possible that the observed results are due to the risk of reverse causality, whereby 

the presence of bacteria may have been altered by cancer development that remained 

undetected at that time. However, reassuringly, the participants in this study had an average 

follow up of 12 years, reducing the likelihood of such bias. An additional aspect to consider 

is that residual confounding factors, could have influenced the associations observed. For 

example, recent antibiotic use, which was not measured in the present study, could have 

influenced bacterial presence, and is known to be associated with colorectal cancer risk 

(261). 

 

A major limitation for consideration is the self-reported cancer incidence amongst individuals 

who were still alive, and reliance on the cause of death information for cancer deaths in 

deceased participants. Unfortunately, the PRIME dataset was not formally linked to the 

Northern Ireland Cancer Registry for pathologically confirmed diagnoses due to ethical 

constraints.  Reliance on the cause of death information from death certificates will have 

included some men who died while living with their cancer, rather than from their cancer, 

per se.    Therefore, there is a potential for misclassification of the outcomes studied.  
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The modest but positive association between periodontal disease and cancer incidence and 

total cancer deaths, suggests that general public health advice to maintain good oral health 

should continue to be encouraged. However, given the limitations of our study design, it is 

probably too preliminary to give such advice for the purposes of primary or secondary cancer 

prevention, although it should be noted that oral health has been linked to a variety of 

systemic diseases.  

 

 

Epidemiological studies may elucidate the association or link between oral pathogens 

involved in cancer, however, these study designs cannot assess causality. Causality 

investigations require intervention studies which are challenging both logistically and from a 

financial perspective.  Therefore, a larger study with rich or complete information of oral 

health conditions of the patients (as in the PRIME study) is required to explore the association 

between B. forsythia, T. denticola, A. actinomyces and GI cancers in more details, since they 

are bacteria strongly associated with cancer (250).  

 

The absence of a linkage between the PRIME study and cancer registry data is an important 

obstacle in our analysis of incidence and specific-mortality for cancer. Therefore, future 

studies should address this weakness with the intention of improving the contribution of the 

investigation to the research field.  
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In summary, this investigation found a small but increased odds of overall cancer incidence 

and total cancer deaths in male participants of the PRIME study, according to increased 

severity of the periodontal disease. No consistent associations were observed for tooth loss 

or specific bacteria measured to further understand the biological plausibility of this 

association. We did not observe any significant associations between the oral health 

measures, oral pathogens and odds of death from GI cancer. However, the interpretation of 

these results is limited due to the small number of GI cancer deaths within the PRIME study. 
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I, the PhD candidate, Dr Haydée Jordão, was primarily responsible for all statistical analysis 

described and writing within this chapter, with edits and guidance from my supervisor team.  

I worked closely with my supervisor, Dr Andrew Kunzmann, to conduct data cleaning, 

statistical analyses in duplicate, respective interpretation of the results and write up of this 

chapter. The participants were recruited, and data collected as part of a large 

collaborative effort from researchers and clinicians in the Czech Republic, in 

collaboration with researchers from the Republic of Ireland. The principal investigator 

of this study team (Dr David Hughes) enabled data sharing for this collaborative project 

for me and my supervisory team to conduct the statistical analysis. The laboratory 

analysis was conducted by other researchers in the Czech Republic and the Republic of 

Ireland and results shared with me for statistical analysis. The content of chapter 5 has 

been published in the peer-reviewed journal, for which all co-authors contributed to the 

editing and approval of the final draft. 
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There is increasing evidence indicating a role for Fusobacterium nucleatum (F. nucleatum) in 

colorectal cancer (CRC) development and prognosis. This study evaluated the association 

between F. nucleatum DNA and overall survival also F. nucleatum as a prognostic biomarker. 

One hundred ninety patients with CRC were recruited and F. nucleatum DNA copies were 

measured using quantitative real-time PCR. Cox Proportional Hazards (HR) models were 

applied which showed that the increased presence of F. nucleatum was associated with 

poorer prognosis in CRC patients. However, risk prediction modelling evaluated the ability to 

predict survival based on F. nucleatum status and showed that F. nucleatum may have limited 

clinical relevance as a prognostic biomarker. 
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As described in Chapter one, colorectal cancer (CRC) is the third most common incident 

cancer, and the second most common cause of cancer death, worldwide – with 1.8 million 

cases diagnosed and 881,000 deaths estimated for 2018  (6).  Multiple risk factors have been 

identified for CRC, such as a family history of CRC, inflammatory bowel disease, elevated 

consumption of red meat, diabetes, obesity and dietary fibre (90,262).  More recently, the 

evidence is accumulating that the gut microbiome and specific bacteria may be associated 

with CRC aetiology and progression (212,263). It is plausible that microbiota from the oral 

cavity could influence activities within the colon microbiome, and potentially influence 

cancer development.  

 

It has been estimated that approximately 700 species of microorganisms live within the oral 

cavity (244). Four such bacteria - Aggregatibacter actinomycetemcomitans (A. actinomyces), 

Porphyromonas gingivalis (P. gingivalis), Treponema denticola (T. denticola) and Tannerella 

forsythia (T. forsythia) - were investigated in the ‘PRIME’ study, as discussed in Chapter four. 

However, in the PRIME study, no significant associations were observed between the 

presence/absence of those oral pathogens and cancer incidence or cancer deaths, including 

deaths from gastrointestinal (GI) cancers. Given that these four bacteria represent only a 

small proportion of the potential microbiota of interest, there is a need for further 

investigations of other bacteria. Of particular interest, Fusobacterium nucleatum (F. 

nucleatum) and it’s role in colorectal carcinogenesis has gained prominence in recent studies 

(264,265) and forms the main exposure of interest in this Chapter.  
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Fusobacteria is a phylum of bacteria dichotomised into two families: the Leptotrichiaceae 

and the Fusobacteriaceae (266). The Fusobacteriaceae family includes the aquatic genera 

(Psychrilyobacter, Ilyobacter, Propionigenium, Cetobacterium), and the animal-associated 

Fusobacterium genus that forms the basis of the investigation in this Chapter (266).  The term 

‘Fusobacterium’ originates from the words ‘fusus’ (a spindle), and ‘bacterion’ (a small rod), 

while ‘nucleatum’ comes from intracellular granules observed when viewing through an 

electron microscope (212).  

 

F. nucleatum is a gram-negative, anaerobic organism, which enables this bacterium to survive 

in harsh environments, such as those in CRC tissues (264,267). However, F. nucleatum has 

also been found to be abundant in different healthy tissues within the oral cavity (where it is 

commensal), the GI tract and urogenital organs (266). F. nucleatum has been associated with 

periodontal diseases (268) and may be an underlying mechanism explaining epidemiological 

associations between the latter, and risk of systemic diseases such as cancer. 

 

The shape of the F. nucleatum bacteria promotes its interaction with other species and has a 

crucial role in the composition of biofilms (266). As shown in Figure 5.1, F. nucleatum has 

different adhesins that enable it to bind and co-aggregate with other bacteria from the oral 

cavity (266). Thus, this bacterium acts as foundation organism to connect several other 

bacteria such as Streptococcus spp., Porphyromonas gingivalis and Aggregatibacter 

actinomycetemcomitans (which are discussed in Chapter four).  

 



 
 

225 
 

 

Figure 5.1. The organising role of F. nucleatum in oral biofilms. Diverse interaction between F. nucleatum as a 
bridging organism adheres first to Streptococcus spp (through RadD adhesin) in the dental surface. Once 

adhered to the developing biofilm, F. nucleatum aggregates with the secondary colonizers as P. gingivalis using 
the fusobacterial adhesins RadD, Fap2 and FomA. RadD mediates additional interactions between F. nucleatum 

and Actinomyces naeslundii and, between F. nucleatum and the fungus Candida albicans. Other fusobacterial 
adhesins: Aid1 and CmpA are implicated in this interaction (266). 

 

Therefore, F. nucleatum exerts a symbiotic effect through promoting inflammation, binding 

and aggregating different types of cell and bacteria. Pathophysiologically, F. nucleatum 

invades epithelial and endothelial cells, adheres to human tissues and can disseminate to 

different organs after interacting with, and overcoming, the host immune defence (such as 

activating necrosis factor-kB (NF-κB) to produce tumour necrosis factor, TNF) (264).  

 

Many studies have reported a prevalence of F. nucleatum in lower parts of the digestive 

system (263). As part of a wider systematic review team led by my supervisors and a BSc 

student, I was involved in the systematic review and meta-analysis of published studies that 

aimed to assess the prevalence of F. nucleatum in colorectal tissue and to evaluate the 

association between F. nucleatum and CRC development and prognosis  (230). Key evidence 

from the systematic review is summarised below.    

The prevalence and/or abundance of F. nucleatum in CRC tissue was investigated by 11 

different studies, representing a variety of designs, included within the review (230). Meta-

analyses revealed higher odds of F. nucleatum being present in colorectal tissue samples 
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from CRC patients versus healthy controls (n=6 studies, pooled OR 10.06, 95% CI 4.48-22.58) 

or individuals with colorectal polyps (n=5 studies, pooled OR=1.83, 95% CI 1.07-3.16), Figure 

5.2. Similar results were apparent in studies that measured F. nucleatum in faecal samples 

when comparing CRC patients to non-CRC patients (Figure 5.3).  Therefore, there is strong 

evidence that F. nucleatum is highly abundant within CRC tissue.  

 

 

Figure 5.2. Forest plot pooling the odds ratio of F. nucleatum positivity in colorectal tissue samples in 
separate individuals. The pooled odds of F. nucleatum positivity were higher in colorectal tumour 
tissue samples than normal colorectal tissue from controls (A); higher in colorectal tumour tissue 
than colorectal polyp tissue from controls (B); and higher in colorectal polyp tissue than in normal 

colorectal tissue from controls. Adapted from Gethings-Behncke et al. (230) 
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Figure 5.3. Forest plot pooling the odds ratio of F. nucleatum positivity in faecal samples from 
individuals with or without colorectal neoplasms. The pooled odds of F. nucleatum positivity are 

higher in faecal samples from colorectal cancer patients compared to healthy controls (A); higher in 
colorectal cancer patients compared to individuals with colorectal polyps (B); but not from 

individuals with colorectal polyps compared to healthy controls (C). Adapted from Gethings-Behncke et al. (230) 
 

 

The presence of F. nucleatum in CRC tissue has triggered several researchers to investigate 

the role of this bacterium concerning survival outcomes. In our systematic review, seven 

studies had investigated this research question, of which five were able to be pooled in meta-

analyses (230).  The combined risk estimate demonstrated that F. nucleatum positivity in 

tumour tissue was associated with poorer overall survival amongst CRC patients (pooled 

HR=1.87, 95% CI 1.12-3.11), Figure 5.4. High heterogeneity was observed (I2=60.6%) but was 

largely attributable to one study by Mima et al  (263). Exclusion of this study still 
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demonstrated an increased risk of death in CRC patients who had F. nucleatum positivity in 

tumour tissue (n=4 studies, HR=2.25, 95% CI 1.50-3.37, I2=0.0%).  

 

 

Figure 5.4. Random effects meta-analysis showing that F. Nucleatum positivity in colorectal tumour 
tissue is associated with poorer overall survival in individuals with colorectal cancer. Adapted from Gethings-

Behncke et al. (230) 
 

 

Only two studies included in our systematic review investigated CRC-specific outcomes, 

rather than overall survival. The study by Mima et al. originated from the large US Nurses’ 

Health Study and Health Professionals Follow-up Study cohorts and included 1,069 CRC cases 

(263). Increased CRC-specific mortality was observed in subjects with high  F. nucleatum (HR  

1.58; 95% CI 1.04-2.39) compared with F. nucleatum-negative cases (263). Similar findings 

were reported in a subsequent study by Yan et al. (269). Based on a sample of 280 stage III/IV 

CRC cases, the authors observed that F. nucleatum was associated with shorter cancer-

specific survival (HR 2.22; 95% CI 1.48-3.33) (269). 
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A potential mechanism that plausibly explains the presence and role of F. nucleatum in the 

colorectum is still debated. Transfer of F. nucleatum from the oral cavity may occur by 

swallowing saliva and absorbing the bacteria into the bloodstream, to then reach the gut 

mucosa and be involved in CRC development and/or progression (270). Once in the 

colorectum, an imbalance between F. nucleatum and the immune system of the human body, 

dysbiosis, may occur (270). Studies done in vitro indicate that the promotion of an 

immunocompromised pro-inflammatory microenvironment by F. nucleatum would favour 

tumour initiation and progression, thereby contributing to colorectal carcinogenesis (271–

273). 

 

Human studies provide evidence that F. nucleatum-mediated increased gut inflammation 

and chemoresistance, through immune signalling and autophagy activation, could potentially 

explain the poorer prognosis for CRC patients (267,274). F.  nucleatum may invade into 

tumour cells and exacerbate inflammatory and oncogenic responses via FadA adhesion to E-

cadherin with beta-catenin pathway activation (271) and through Fap2 binding of the Gal-

GalNAc polysaccharide overexpressed by CRC cells (275). Additionally, Fap2 interaction with 

the TIGIT receptor expressed on natural killer cells may enhance immune evasion (273).  

 

Yu et al. argue that F. nucleatum might be associated with CRC tumorigenesis as a result of 

two processes (276). First, an imbalance between the bacteria and the immune system in 

favour of a high number of opportunistic pathogens. Second, the bacterium is associated 

with upregulation of several inflammatory cytokines (IL-21/22/31, CD40L) through a 

postulated miRNA-mediated activation of TLR2/TLR431, and activation of the JAK/STAT and 

MAPK/ ERK pathways (276). The colonization of F. nucleatum in the colon activates STAT3 
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and STAT5 to inhibit the anti-tumour immunity and increase tumour cell proliferation, 

survival and invasion (276).  

Alternatively, as in the case for any role in initial colorectal carcinogenesis, F. nucleatum may 

not directly affect CRC disease severity, and may simply thrive in the increasingly hostile, 

hypoxic tumour microenvironment of aggressive tumours that are likely to be associated 

with a poorer prognosis. Interestingly, F. nucleatum has been shown to persist in cancer cells 

from metastatic CRC lesions and Fusobacterium-culture positive tumours resulted in more 

successful xenografts in mice, suggesting an association with more severe disease (277). 

Figure 5.5 illustrates schematically the pathogenesis of F. nucleatum in CRC progression. 

  

 

Figure 5.5. Schematic representation of the molecular mechanisms of F. nucleatum in colorectal cancer 
carcinogenesis and progression. Title: Association between Fusobacterium nucleatum and colorectal cancer: 

Progress and future directions (270). 
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Overall, the evidence to date has raised the possibility of F. nucleatum being a potential 

prognostic biomarker in CRC that may be clinically useful. It has also been suggested that the 

presence of F. nucleatum in CRC tissue could simply reflect a ‘passenger’ effect, rather than 

having a biological role in progression (278). Indeed, an association between F. nucleatum 

and prognostic and more aggressive CRC have been seen in several studies, however, 

controversies remain as to whether F. nucleatum could add crucial information to predict 

CRC patient prognosis in order to define treatment to those patients. The relatively limited 

number of published studies highlight that additional evidence is required to confirm the 

observed findings, and to investigate whether F. nucleatum could be used as a prognostic 

tool in CRC.  
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The aims of the present chapter are: 

a) To assess the prevalence of F. nucleatum in adjacent normal and colorectal tumour 

tissues within a cohort study from the Czech Republic, constituting 190 patients with 

CRC, and 

b) To investigate the extent to which F. nucleatum could be used as a prognostic 

biomarker in CRC patients. 

 

• To describe the participant characteristics according to the abundance of F. 

nucleatum in CRC tumour tissue (low tumour F. nucleatum versus high tumour F. 

nucleatum). 

• To examine the association between F. nucleatum DNA in CRC tissue and overall 

survival through Cox Proportional Hazard models. 

• To perform the prognostic role of F. nucleatum and overall survival when the 

bacterium is including and or excluding from well-known prognostic elements. 
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The subjects from the present study were recruited between September 2008 and April 2012 

from three centres from hospitals in the Czech Republic (General University Hospital, 

Thomayer Hospital in Prague and Biomedical Centre, Faculty of Medicine in Pilsen). This 

cohort study included 190 adult patients diagnosed with histologically confirmed CRC, as 

reviewed by an experienced pathologist from each centre (279). CRC samples were obtained 

from patients during the resection of their primary tumour and/or by biopsy before any 

treatment. Patients with Lynch syndrome, polyposis syndromes, inflammatory bowel 

disease, were excluded from the study.  

 

All recruited patients were asked to carefully read and sign an informed consent form, in 

accordance with the 1964 Helsinki Declaration. The study and data protection were approved 

by the Ethical Committees of the Thomayer Hospital in Prague, General University Hospital 

at the 1st Medical Faculty, Charles University in Prague and Teaching Hospital in Pilsen (Czech 

Republic). All samples were coded to protect patient anonymity.  

 

 

All patients were asked to complete structured questionnaires that assessed their 

characteristics. These questionnaires were self-reported, with additional prompting by 

doctors were required to maximise completeness of the information. The personal 

characteristics included the date of birth, sex, lifestyle habits, body mass index (BMI), 

diabetes, and personal/family history of cancer.  
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The information about tumour location, tumour-node-metastasis (TNM) stage system, 

degree of tumour differentiation and adjuvant chemotherapy was recorded at the date of 

receipt within 6 months of receiving surgery. Follow-up information about the date of death 

was also recorded by clinicians and all registered patients were followed from surgery to 

death or to the end of the study follow-up period (September 2018). A control mucosa 

sample was obtained from the distant site in the colorectal tract during colonoscopy or 

obtained from a macroscopically unaffected resection margin of colon tissues. The resection 

margins were microscopically evaluated and only samples free of malignant cells were 

further analysed as control tissue (280). 

 

 

After surgical resection, colorectal tumour and adjacent non-malignant tissue samples were 

freshly frozen and conserved in either liquid nitrogen or RNA later and stored at -80◦C. DNA 

was extracted from colorectal and adjacent tissues using the DNeasy Blood and Tissue Kit 

and by following the manufacturer’s instructions (Qiagen, Courtace). The DNA concentration 

was determined using the Quant-IT dsDNA BR Assay Kit (Life Technologies Czech Republic 

s.r.o., Prague, Czech Republic) and an Infinite M200 fluorescence reader (Tecan Group Ltd., 

Männedorf, Austria).  

 

Microsatellite instability (MSI) status was determined in tumour tissue and non-malignant 

adjacent mucosa using a pentaplex PCR assay of 5 mononucleotide repeat markers (BAT25, 

BAT26, NR21, NR24, NR27) with fluorescently labelled primers and standard PCR chemistry 

26. Fragment analysis was performed on ABI 3130 (Applied Biosystems, Foster City, CA, USA). 

The final comparison between tumour and non-tumour DNA short tandem repeat profiles 
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was performed with GeneMapper v4.1 software (Applied Biosystems, Foster City, CA, USA). 

A tumour specimen was classified as MSI-high when two or more loci were unstable (281).  

 

Mutation analysis for BRAF, KRAS, NRAS, and PIK3CA was performed using a Randox mutation 

biochip array (Randox Laboratories Ltd., Crumlin, Northern Ireland) according to the 

manufacturer's instructions (72). The assay is based on a combination of multiplex PCR and 

biochip array hybridization for high discrimination between multiple wild-type and mutant 

DNA regions in the KRAS (mutations in codons 12, 13 and 61), BRAF (V600E mutation) and 

PIK3CA (mutations in codons 542, 545 and 1,047) genes.  

 

Quantitative real-time polymerase chain reaction (qPCR) measured the number of copies of 

F. nucleatum DNA (nusG gene), and a control human prostaglandin transporter (PGT) gene, 

in the colorectal tumour and non-malignant adjacent tissue using an Applied Biosystems 

7500 Real-Time PCR System Levels, as previously detailed (280). The qPCR assays for F. 

nucleatum were performed in duplicate for each sample, and a cut-off level of 42 replication 

cycles (CT) for both duplicate reactions was used to determine the presence of F. nucleatum 

DNA. Bacterial abundance was calculated in colorectal tumour tissue and adjacent tissue by 

2-∆CT, where ∆CT is the difference in the CT number for F. nucleatum and the PGT reference 

gene assay. F. nucleatum abundance (in individuals with the bacterium detected) was divided 

into low and high groups based on values below or above the median value, respectively.  

 

 

The characteristics of patients based on the prevalence of F. nucleatum were compared using 

chi-squared tests. Cox Proportional Hazards models were used to generate hazard ratios (HR) 
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with 95% confidence intervals (95% CI), and the accompanying Kaplan-Meier curves 

generated, to evaluate the association between F. nucleatum in colorectal tissues and overall 

survival. Univariate analyses and multivariable models adjusted for important confounders 

including age, sex, tumour stage and chemotherapy or radiotherapy were conducted.  

 

Sensitivity analyses assessed whether associations remained when conducting complete-

case analysis, and separately when excluding deaths within the first six months. Missing data 

were analysed as distinct categories to reduce data loss and retain sample size. Further 

models included additional potential confounders associated with a 10% change in 

coefficient between F. nucleatum and overall survival when added individually to the main 

multivariate model. The factors tested for inclusion were molecular characteristics (MSI 

status, mutations for BRAF, KRAS, NRAS and PIK3CA) and lifestyle factors (including BMI and 

smoking history), tumour location and the presence of F. nucleatum in adjacent non-

malignant tissue. Fusobacterium nucleatum and MSI status in adjacent non-malignant tissue 

were selected as additional covariates. Those above mentioned analyses were not included 

in the main model due to the small numbers for adjustment by multiple factors. 

 

In subgroup analyses, likelihood ratio tests assessed whether the association differed by age, 

sex, tumour stage, tumour location, chemotherapy or radiotherapy, smoking history, BMI, or 

by molecular characteristics (including the status of MSI, BRAF, KRAS, NRAS, and PIK3CA).  

 

The use of F. nucleatum load as a prognostic marker was examined by assessing the area 

under the receiver operating characteristics curve of existing prognostic markers (tumour 

stage, age, sex, cancer treatment and MSI status) when including and excluding tumour F. 

nucleatum status (high versus low). All statistical analyses were performed using Stata 

version 14 (StataCorp, College Station, TX, USA). 
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The present study analysed the association between the abundance of F. nucleatum in CRC 

tissues and survival in a sample of 190 patients with CRC, followed up for an average of 2.34 

years (range: 0.01-6.77), and during which time 71 patients died.  

 

 

Table 5.1 summarises the characteristics of all participants according to the abundance of F. 

nucleatum in CRC tissue. There were no significant differences between patients with the low 

and high abundance of F. nucleatum in terms of age, sex, tumour stage and location, smoking 

history, body mass index, KRAS status, NRAS status, BRAF status, PIK3CA status or neo-

adjuvant treatment receipt.  Patients with high tumour F. nucleatum were more likely to have 

a higher MSI-H than patients with low tumour F. nucleatum (2.3% vs 16.4%, p<0.001). High 

tumour F. nucleatum tissues tended to have a higher abundance of F. nucleatum in their 

adjacent matched non-malignant tissues (7.8% vs 39.3%, p<0.001).  
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Table 5.1. Characteristics of participants in a cohort study of 190 CRC patients based on F. 

nucleatum DNA status in CRC tissue. 

 

Low tumour  
F. Nucleatum 1 

High tumour  
F. Nucleatum 2 

P-value 

 No.  % No.  %  

Total 129 (68.2) 61 (31.8)  
Age at surgery       
Under 60 22 (17.1) 9 (14.8) 

0.95 

60-<70 51 (39.5) 23 (37.7) 
70-<80 36 (27.9) 19 (31.1) 
80+ 20 (15.5) 10 (16.4) 
Sex      
Female 40 (31) 20 (32.8) 

0.81 Male 89 (69) 41 (67.2) 
Tumour stage      
I 25 (19.4) 9 (14.8) 

0.238 

II 36 (27.9) 23 (37.7) 
III 44 (34.1) 14 (23) 
IV 22 (17.1) 14 (23) 
Unknown 2 (1.6) 1 (1.6)  
 Tumour location      
Proximal colon 39 (30.2) 22 (36.1) 

0.58 
Distal colon 38 (29.5) 14 (23) 
Rectal 52 (40.3) 25 (41) 

Neo/adjuvant treatment 3   
 

No 89 (69) 34 (55.7) 
0.07 Yes 40 (31) 27 (44.3) 

Microsatellite instability status      
MSS/MSI-L 105 (81.4) 40 (65.6)  
MSI-H 3 (2.3) 10 (16.4) <0.001 
Missing 21 16.3) 11 (18.0)  
Smoking history      
Never 48 (43.6) 24 (45.3) 

0.84 Ever 62 (56.4) 29 (54.7) 
Missing 19 (14.5) 8 (13.1)  
Body Mass Index      
18.5-<25 49 (38) 18 (29.5) 

0.61 
25-<30 39 (30.2) 21 (34.4) 
30+ 16 (12.4) 7 (11.5) 
Missing 25 (19.4) 15 (24.6)  
F. nucleatum DNA in normal, adjacent tissue      
Low1 117 (90.7) 36 (59.0)  
High2 10 (7.8) 24 (39.3) <0.001 
Missing 2 (1.6) 1 (1.6)  

Table 5.1. legend 1 No F. Nucleatum DNA detected within 42 PCR cycles or Fusobacterium Nucleatum (2-∆CT) 
below 0.0008 (median among individuals with tumour Fusobacterium Nucleatum DNA detected in 42 PCR 

cycles). 2 F. Nucleatum (2-∆CT) above 0.0008. 3 Neo-adjuvant or adjuvant radiotherapy or chemotherapy within 6 
months of surgery 

 



 
 

239 
 

 

Table 5.2 and Figure 5.6 show a non-significant association between high F. nucleatum DNA 

and overall survival in unadjusted analyses, with an HR of 1.37 (95% CI 0.85-2.22), compared 

with low levels of F. nucleatum DNA in colorectal tissue. However, as shown in Table 5.2, the 

association between high versus low F. nucleatum DNA and poorer overall survival was 

strengthened when adjusted for age, sex, tumour stage and chemotherapy or radiotherapy 

treatment receipt (HR 1.68, 95% CI 1.02-2.77). This association was attenuated slightly 

following additional adjustment for MSI (HR 1.80, 95% CI 0.97-3.28).  

 

Table 5.2. The association between Fusobacterium nucleatum DNA in colorectal cancer 

tissue and overall survival. 

   Unadjusted Adjusted1 
 Additional 

adjustments2 
 

F. nucleatum DNA in CRC 
tissue (2-∆CT) Person-years 

No. of 
events HR (95% CI) HR (95% CI) 

 
 

P-value HR (95% CI) 

 
 

P-value 

Low/No 376.2 44 1.00 (referent) 1.00 (referent) _ 1.00 _ 

High 156.0 27 1.37 (0.85-2.22) 1.68 (1.02-2.77) 0.04 1.80 (0.97-3.28) 0.06 

 
Table 5.2. legend 1 Adjusted for age (<60, 60-<70, 70-<80, 80+), sex (women, men), tumour stage (I, II, III, IV, 
missing), and chemotherapy or radiotherapy within 6 months (no, yes). 2 Additionally adjusted for MSI status 

(MSS/MSI-L, MSI-H, missing) and F. nucleatum DNA in normal tissue (Low/No, high, missing). Tumour location, 
smoking history and body mass index tested but not included. 
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Figure 5.6. legend Kaplan-Meier curves showing the overall survival of CRC patients by the amount of F. 
Nucleatum DNA in CRC tissue (2-∆CT). Continues line indicates low tumour F nucleatum and broken lines 

indicates high tumour F. nucleatum. Survival distributions did not differ significantly between groups (HR=1.37; 
95% CI: 0.85-2.22, p=0.20). 

 

 

 

Table 5.3 illustrates further sensitivity analyses for whether the association remained when 

conducting complete case analysis or after excluding deaths within the first 6 months did not 

substantially change the HR estimates, although the latter lost significance (HR 1.71, 95% CI 

0.94-3.10). No associations between tumour F. nucleatum status and overall survival were 

observed when analyses were stratified by CRC molecular subtypes (including BRAF, KRAS, 

NRAS, and PIK3CA mutation status). The association between F. nucleatum and survival was 

significant in patients aged over 70 years old (HR 2.23, 95% CI 1.15-4.35, p=0.02), in patients 

with left-sided tumours (HR 2.34, 95%CI 1.25-4.37, p=0.008), and in those patients not 

receiving chemotherapy and/or radiotherapy (HR 1.87, 95% CI 1.02-3.45, p=0.04), Table 5.3. 

However, formal tests for statistical interaction were not significant. Other clinical factors 
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such as smoking status did not significantly modify the associations observed between F. 

nucleatum and overall survival (Table 5.3). Considering bacterial presence in the surrounding 

non-malignant mucosal tissue, a multivariate analysis using relative quantification of F. 

nucleatum (from the mucosal and tumour levels) showed no association with overall survival 

(HR 1.04, 95% CI 0.62-1.76; Table 5.3). Nonetheless, tumour levels adjusted for the 

corresponding F. nucleatum levels in the surrounding mucosal tissue (and the main 

confounders) were associated with poorer overall survival (HR 1.94, 95% CI 1.09-3.46; Table 

5.3). 
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Table 5.3. Sensitivity and subgroup analyses for the association between Fusobacterium 
nucleatum DNA status and overall survival in multivariate analyses. 

    
Low tumour  
F. Nucleatum   

High tumour  
F. Nucleatum  

 Person-
years 

No. of 
events HR (95% CI)1 

Person-
years 

No. of 
events HR (95% CI)1 P-int 

Main analysis 376.2 44 1.00 (referent) 156.0 27 1.68 (1.02-2.77) - 
Adjustment for FN in adjacent 
tissues 376.2 44 1.00 (referent) 156.0 27 1.94 (1.09-3.46) - 

Additional adjustments2 376.2 44 1.00 (referent) 156.0 27 1.80 (0.97-3.28) - 
Complete case analysis 366.0 43 1.00 (referent) 156.7 27 1.70 (1.03-2.80) - 
Exclude deaths within 6 
months 318.4 34 1.00 (referent) 133.6 18 1.71 (0.94-3.10) - 

FN relative quantification 344.0 47 1.00 (referent) 180.0 23 1.04 (0.62-1.76) - 
Age        

 <70 years 212.9 20 1.00 (referent) 106.0 7 0.87 (0.34-2.24) 0.07 70+ years 163.3 24 1.00 (referent) 53.9 20 2.23 (1.15-4.35) 
Sex        

Women 137.4 9 1.00 (referent) 57.0 6 3.57 (0.96-13.25) 0.60 Men 238.8 35 1.00 (referent) 103.0 21 1.42 (0.79-2.56) 
Tumour stage        

I-III 325.9 30 1.00 (referent) 146.5 17 1.49 (0.80-2.79) 0.88 IV 40.1 13 1.00 (referent) 10.2 10 2.67 (0.91-7.85) 
Tumour location        

Left-sided 259.4 29 1.00 (referent) 90.1 20 2.34 (1.25-4.37) 0.50 Right-sided 116.8 15 1.00 (referent) 69.8 7 0.97 (0.34-2.75) 
Chemotherapy/ 
Radiotherapy 

       

No 253.1 31 1.00 (referent) 77.6 19 1.87 (1.02-3.45) 0.35 Yes 123.1 13 1.00 (referent) 82.4 8 1.07 (0.36-3.22) 
Smoking history        

Never smokers 165.2 15 1.00 (referent) 61.3 10 1.46 (0.61-3.49) 0.41 Ever smokers 182.6 29 1.00 (referent) 88.2 16 1.77 (0.89-3.53) 
Body mass index (kg/m2)        

 <25 155.5 24 1.00 (referent) 52.3 9 2.62 (0.86-8.03) 0.79 25+ 170.9 20 1.00 (referent) 80.1 15 1.38 (0.65-2.92) 
Microsatellite instability 
status 

       

MSS/MSI-L 288.4 32 1.00 (referent) 92.0 13 1.35 (0.60-3.02) - 
KRAS  status        

Wild type 161.5 57 1.00 (referent) 58.6 18 1.28 (0.49-3.33) 0.46 Mutated 93.4 30 1.00 (referent) 33.5 17 2.74 (0.88-8.52) 
NRAS status        

Wild type 241.5 80 1.00 (referent) 89.0 34 1.79 (0.92-3.49) - 
Mutated 13.4 7 1.00 (referent) 3.16 1 Not estimable  

BRAF status        
Wild type 242.6 81 1.00 (referent) 82.2 31 1.62 (0.81-3.26)  
Mutated 12.38 6 1.00 (referent) 10.0 4 Not estimable - 

PIK3CA status        
Wild type 224.6 78 1.00 (referent) 77.5 31 1.50 (0.75-3.00) - 
Mutated 30.4 9 1.00 (referent) 14.7 4 Not estimable  

 
Table 5.3. legend 1All analyses adjusted for age (<60, 60-<70, 70-<80, 80+), sex (women, men), tumour stage (I, 

II, III, IV), and chemotherapy/radiotherapy within 6 months (no, yes), excluding stratifying variable.2 Additionally 
adjusted for MSI status (MSS/MSI-L, MSI-H, missing) and F. nucleatum DNA in adjacent matched non-malignant 

tissue (Low/No, high, missing). Other factors including tumour location (Proximal colon, Distal colon, Rectal), 
smoking history (Never, ever, missing), and body mass index (18.5-<25, 25-<30, 30+, Missing), and mutations of 

KRAS, NRAS, BRAF and PIK3CA (Wild-Type, mutated, missing for each) did not meet the 10% change in 
coefficient criteria for confounder selection. 
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Table 5.4 displays the role of F. nucleatum as a prognostic marker based on the Area Under 

the Receiver Operating Characteristic (AUROC) test to measure accurately its sensitivity and 

specificity. The corresponding AUC for five years overall survival for the traditional prognostic 

markers including information such as tumour stage, age, sex, treatment and MSI status 

(AUROC 0.83, 95%CI 0.77-0.89) was unchanged when adding F. nucleatum status (AUROC 

0.83, 95%CI 0.77-0.89). 

 

Table 5.4. Performance of prognostic models for five-year overall survival in colorectal 

cancer patients when including and excluding tumour F. nucleatum status. 

 AUROC (95% CI) 

Tumour stage 0.68 (0.60-0.76) 

Tumour stage + F. nucleatum 0.69 (0.61-0.77) 

Age, sex, tumour stage 0.78 (0.72-0.85) 

Age, sex, tumour stage + F. nucleatum 0.78 (0.71-0.85) 

Age, sex, tumour stage, treatment 0.78 (0.71-0.84) 

Age, sex, tumour stage, treatment + F. nucleatum 0.78 (0.71-0.84) 

Age, sex, tumour stage, treatment & MSI status 0.83 (0.77-0.89) 

Age, sex, tumour stage, treatment & MSI status + F. nucleatum 0.83 (0.77-0.89) 

Abbreviations: AUROC=Area under receiver operating characteristic curve. 
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In this study, we found that high F. nucleatum DNA in colorectal tumour tissue was associated 

with shorter survival in a cohort of CRC patients from the Czech Republic. However, 

prognostic modelling revealed that F. nucleatum may not lead to notable improvements in 

our ability to predict patient prognosis beyond other known indicators, such as tumour stage. 

 

 

The association of higher levels of F. nucleatum DNA with shorter survival in CRC patients is 

concordant with previous reports (233,267,280,282–284). A meta-analysis of 5 studies 

conducted by our study team also observed poorer overall survival in CRC patients with high 

F. nucleatum abundance compared with low F. nucleatum (HR 1.87, 95% CI 1.12-3.11) (230).  

 

A large study included in that meta-analysis (230) was conducted by Mima et al. within the 

Nurses’ Health Study and the Health Professionals Follow-Up cohorts, engaged 1069 

participants with CRC (233). They investigated CRC F. nucleatum as a prognostic biomarker 

as well as they used the same laboratory method (qPCR) applied in the current study (233). 

They found that high F. nucleatum was more strongly associated with CRC-specific survival 

(HR 1.58, 95% CI 1.04–2.39) than with overall survival (HR 1.08, 95% CI 0.76– 1.52) (233). 

Therefore, it is possible that a stronger association would have been observed if the cause of 

death information was available to allow an analysis of CRC-specific survival in the current 

study population.  
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One further study published after our meta-analysis by  Lee et al. (2018), investigated 246 

patients from South Korea (284). These patients included a cohort of 128  stage III or high-

risk stage II CRC who underwent curative surgery followed by adjuvant treatment 

(chemotherapy and radiotherapy), and 118 patients with metastatic CRC who were 

prescribed first-line palliative chemotherapy (284). Patients with CRC and high F. nucleatum 

had shorter overall survival compared with those with low F. nucleatum (26.4 versus 30.7 

months; p=0.042). A high F.nucleatum was also associated with poorer survival in the 

multivariate analysis (HR 1.69, 95% CI 1.04–2.75) (284). Therefore, previous studies are 

largely consistent that overabundance of F. nucleatum in CRC tissue is associated with poorer 

survival, in line with our findings. 

 

Overall, the results from sensitivity analyses also found an association between a high 

abundance of F. nucleatum and overall survival. However, some discrepancies emerged in 

subgroup analyses. For example, no significant positive association between CRC high F. 

nucleatum and overall survival was observed in patients who received chemotherapy or 

radiotherapy (HR 1.07, 95% CI 0.36-3.22). Moreover, it might be due to, on the one hand, 

patients with stage 3 CRC and/or high-risk stage 2 CRC are submitted to adjuvant 

chemotherapy and also F. nucleatum CRC can be prescribed antibiotic therapy which can 

explain the reduced presence of F. nucleatum in this type of cancer(277,285). In the subgroup 

analysis by anatomical location, the association between CRC high F. nucleatum and poorer 

survival was more evident in patients with left-sided tumours (HR 2.34, 95% CI 1.25-4.37).  

This is supported by findings from Oh et al., in a recent South Korean study of 593 stage II/III 

CRC patients who received adjuvant chemotherapy. In that study, patients with right-sided 

tumours (defined as non-sigmoid colon, from the caecum to descending colon) with high F. 

nucleatum had better disease-free survival compared with the F. nucleatum low/negative 

cancer group (p=0.026) (286). This Korean study was likely hampered by study design and 
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methodology issues, due to the lack of qPCR data on adjacent matched tissues for each 

tumour (286). However, the results suggest that patients right-sided tumours with high F. 

nucleatum may respond well to adjuvant chemotherapy treatment, and therefore have a 

better prognosis than those with low or negative levels of F. nucleatum. Alternatively, this 

discrepancy by tumour location could be reflecting differences in molecular characteristics 

of distal and proximal colorectal tumours, which are known to be associated with survival. 

For example, in a study by Taieb et al. (287), the association between tumour location of 

1,869 primary stage 3 CRC patients and survival was investigated. All patients had undergone 

adjuvant chemotherapy. They found no difference between patients with left and right-sided 

CRC in term of disease-free survival, however, survival after recurrence (HR 1.54, 95% CI 1.23-

1.93;p=0.001) and overall survival (HR 1.25, 95% CI 1.02-1.54; p=0.03) was poorer for patients 

with right-sided tumours. Right-sided CRC tumours were also more likely to have poor 

differentiation, with vascular invasion or lymphatic infiltration, be MSI-high and BRAF mutant 

(287). 

 

In analyses in the current study by CRC molecular characteristics, we found that the 

association between F. nucleatum and overall survival was no longer statistically significant 

after additional adjustment for both, MSI status and the presence of F. nucleatum in adjacent 

non-malignant tissue. This may be attributable to low statistical power, as few individuals 

were MSI-high (n=13). Stratified analysis in patients with MSI low/stable colorectal tumours, 

or by BRAF, KRAS, NRAS and PIK3CA mutation status, also showed no evidence of an 

association between F. nucleatum and overall survival. Unfortunately, the current study had 

insufficient statistical power to conduct this analysis for MSI-high tumours. Nonetheless, a 

strong association between the amount of F. nucleatum in CRC tissue and MSI-high was 

observed in the study by Mima et al (233). Although MSI-high status is generally perceived 

as a favourable prognostic indicator, a large cohort study of stage II/III colon cancer patients 
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from Northern Ireland defined a subgroup of patients having MSI-high tumours with a high 

fibroinflammatory score that were associated with a 2.5-fold increased risk of death (288). 

The fibroinflammatory score is indicative of tumour microenvironment features such as 

peritumoral diffuse lymphoid inflammation, Crohn's disease-like reaction and tumour 

stromal proportions  (288). However, as the present study was unable to measure this 

directly due to the limited sample size, it would be interesting for further studies to test 

whether such a group of MSI-high/ fibroinflammatory high tumours correlate with increased 

F. nucleatum abundance and poorer outcomes. Additionally, a positive and negative 

correlation has been reported for MSS/MSI-low and MSI high CRCs, respectively, with higher 

F. nucleatum levels and a clinically favourable increased tumour-infiltrating lymphocyte (TIL) 

density (289). Thus, the association of increased TILs with F. nucleatum load in non‒MSI-high 

tumours may improve the disease outcomes for these patients (286). Overall, it appears that 

high F. nucleatum abundance is contributing to an adverse inflammatory tumour 

microenvironment that is associated with poorer outcomes, although tumour location and 

molecular subtype may be important factors modifying the influence of F. nucleatum on 

patient outcomes.  

 

Finally, despite the direct associations observed, F. nucleatum did not appear to be a useful 

prognostic tool for predicting individuals who may have worse survival when added to 

current known prognostic factors such as tumour stage.  

 

 

Strengths of the study include the use of DNA extracted from fresh-frozen tissue, with no 

tissue fixation, so that there were >99% successful qPCR assays (based on consistent 

amplification of the human PGT reference gene in all tumour and matched mucosa samples), 
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and the assessment of the prognostic utility of F. nucleatum DNA measurement in CRC 

patients. To my knowledge, this is the first study to adopt this analytical approach and builds 

upon epidemiological associations from the survival analysis.  

 

However, a key limitation was that the survival analyses were constricted to overall survival 

and therefore it was not possible to assess CRC-specific mortality. The cohort size was limited 

for many of the subgroup analyses conducted. The qPCR, method to measure the bacterium 

may not be as accurate as other approaches, such as droplet digital PCR used by Yamaoka et 

al (283). However, qPCR is the most widely accepted and feasible method of F. nucleatum 

measurement in large-scale studies. The population from three hospital centres possibly do 

not represent the population of that country and consequently cannot be generalised.  

 

The treatment information was collected after surgery (within 6 months). As the 

chemotherapy was measured after FN, this could mean that there was immortal time in the 

association between chemotherapy and CRC survival. Whilst this may exaggerate the 

perceived benefit of chemotherapy, the similar effect size in the sensitivity analysis excluding 

deaths within 6 months of baseline suggests the impact on the association between FN and 

survival is likely to be minor. Yu et al. demonstrated that patients with abundant F. nucleatum 

in their CRC tissue presented high recurrence post-chemotherapy treatment due to 

chemoresistance through modulating autophagy (290).  

 

 Another item to have into consideration and was not performed during the prediction 

modelling (when producing and testing) is the internal validation analysis. Internal validation 

is an important method for reducing overfitting during prognostic modelling.Overfitting 

tends to exaggerate rather than underestimate the benefit of adding novel factors to 
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established risk factors. Therefore, given the lack of benefit of adding FN to prognostic 

models, overfitting and internal validation did not seem likely to influence the conclusions. 

 

Finally, Power analysis is utilised to know or predict the appropriate sample size for future 

experiments. However, Power analysis showed helpless (with no role) after collecting the 

data. The post-hoc Power analysis demonstrated that we cannot pretend to cross back over 

and use the pre-experiment numbers to interpret the result (since we already know the 

result). That Post-hoc power result show always a low power (less than 50%) with a non-

significant result or underpowered study. 

 

 

Despite our findings that demonstrated that the overabundance of F. nucleatum bacterium 

in CRC tissue is associated with a shorter survival when compared with non-CRC tissue, 

presence of the bacterium did not favourably predict CRC prognosis over-and-above other 

known prognostic factors. Therefore, the presence of F. nucleatum in CRC tissue may help to 

assist health professionals to know that cancer type is particularly aggressive, but, likely, this 

would already have been determined from other tumour features, such as a stage.  

Therefore, currently the measurement of F. nucleatum is probably not warranted in a clinical 

setting.  

 

 

Considering that this investigation found a positive association between high F. nucleatum 

and poorer survival in CRC patients, but that the bacteria did not add information as 

biomarker prognostic, two possible future investigations could be suggested: 
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1- Few studies have investigated the association between F.nucleatum and cancer-

specific survival (263), and perhaps larger cohort studies with information on causes 

of death could examine the utility of F. nucleatum measurement regarding CRC-

specific survival prognosis, with adequately powered analyses to assess whether the 

prognostic role is greater in certain tumour subsites, molecular subtypes, or patient 

subgroups. The large cohort study of stage II/III colon cancer patients from Northern 

Ireland could be suitable (288). However, costs and timing were not favourable for 

exploring this within the present PhD project. 

 

2- Investigating F. nucleatum as a single pathogen in colorectal carcinogenesis may not 

be sufficient and could be too narrow a perspective. Thus, an investigation that 

involves a broader oral microbiome measurement, rather than F. nucleatum alone, 

could be conducted in relation to colorectal cancer risk and/or progression, to 

address this issue.  

 

 

The present investigation evaluated F. nucleatum as a prognostic biomarker, by assessing its 

association with post-diagnosis survival from CRC. High, compared with low, levels of F. 

nucleatum in colorectal tumour tissues were associated with poorer overall survival 

(adjusted HR 1.68, 95% CI 1.02-2.77), which was slightly attenuated after additional 

adjustment for microsatellite instability status. Risk prediction modelling was conducted to 

evaluate the ability to predict survival based on F. nucleatum status. However, the inclusion 

of F. nucleatum in risk prediction models did not improve the ability to identify patients who 

died beyond known prognostic factors such as tumour staging. Shortly, there is evidence of 

a positive association between the high abundance of F. nucleatum in colorectal tumours and 
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poorer survival outcomes. However, our study further indicated that the clinical utility of F. 

nucleatum for predicting prognosis is limited. 
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This discussion chapter will holistically summarise all of the investigations undertaken in this 

thesis, including their public health implications, suggestions for future research, and 

relevant strengths and limitations. 
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As outlined in Chapter 1, cancer is a major public health burden, with a worldwide incidence 

of 18.1 million cancer cases and 9.6 million cancer deaths reported in 2018 (6). Approximately 

one-third of these cases were attributable to gastrointestinal (GI) cancers (6), for which 

several aetiological factors have been well described. This thesis aimed to add to this 

knowledge by investigating the role of oral health, related bacteria in GI carcinogenesis.  

 

Some observational studies have reported an association between poor oral health, including 

periodontal disease and erosive toothwear, with GI precancer and cancer incidence and/or 

mortality. However, the association between GI cancer and poor oral health is controversial 

due to an unclear biological mechanism; and the potential for confounding or residual 

confounding from shared risk factors such as smoking (81), alcohol consumption (291) and 

obesity (158). The quality of the evidence is limited and studies on large scale adjusting for 

confounding are required. 

 

A better knowledge of potential associations between oral health and GI cancers could be 

potentially beneficial to help with disease prevention and patient surveillance. For this 

reason, the thesis aimed to investigate the association between oral health (including erosive 

toothwear and periodontal disease) and GI cancers risk and progression based on the 

systematic review, which included a meta-analysis, and analyses of four cohort studies (the 

UK Biobank, the Women’s Health Initiative cohort study, the Prime study and a cohort of 

colorectal cancer patients from the Czech Republic).  
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Poor oral health is perhaps most strongly demonstrated by the presence of chronic dental 

disease. Previous studies suggested that one chronic dental disease, erosive toothwear, is 

associated with gastro-oesophageal reflux disease or symptoms (GERD/S). Erosive toothwear 

is the superficial loss of the hard tissues of the teeth by a chemical process that does not 

involve bacterial action (123) whilst GERD/S is a disease characterised by gastric reflux into 

the oesophagus manifested by heartburn and/or acid regurgitation. GERD/S is recognised as 

a potential precursor of Barrett’s oesophagus and oesophageal adenocarcinoma (OAC) 

(145,148). Considering the significance of GERD/S and erosive toothwear, actions which 

potentially improve and encourage a multidisciplinary approach between oral health 

professionals and gastroenterology health services could help to minimise the adverse 

impacts of each disease. A previous systematic review carried out by Pace et al. (169) 

highlighted the prevalence of erosive toothwear in GERD/S patients but did not quantify this 

association and no previous meta-analysis had been carried out. Therefore, an updated 

systematic review and meta-analysis was carried out to better quantify the association 

between erosive toothwear and GERD/S, which could provide a strong foundation to suggest 

the need for effective multidisciplinary team working between oral health professionals and 

Gastroenterologists.  

 

In the systematic review, 27 cross-sectional studies met the criteria for inclusion and data 

from 19 studies were pooled to create a combined population of n=8,565 (5,374 controls and 

3,191 individuals with GERD/S). To assess whether the association was related to measuring 

of GERD/S, those 19 studies were dichotomised into (I) objectively measured GERD/S (n=9 

studies) and (II) subjectively measured GERD/S (n=10 studies).  
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Overall there was an increased risk of erosive toothwear in individuals with GERD/S 

compared with individuals without GERD/S; and the increased risk was greater in the studies 

using objective measures of GERD/S  (OR 4.13, 95% CI 1.68-10.13) than in studies using 

subjective measures of GERD/S (OR 2.69, 95% CI 1.13-6.38) when studies were pooled in 

novel meta-analyses. Although the analyses revealed a high degree of heterogeneity (above 

80%), further sensitivity analyses did not reveal the source of the heterogeneity and a 

consistent positive association was observed in all sensitivity analyses. 

 

This study supports previous findings which suggest that pH-manometry and endoscopy 

method (objective measured GERD/S) are a more accurate measurement of GERD/S 

compared with reports from patients (subjective measured GERD/S). These findings suggest 

that the risk of erosive toothwear in patients with GERD/S may be underestimated by studies 

using subjective measures of GERD and highlight the need for accurate measures of GERD/S 

in clinical practice.  According to Vakil and fellows, a GERD/S diagnosis can be reached based 

solely on that report from the patients without an objective measurement (145). However, 

from that meta-analysis different reasons can contribute to the variation among subjective 

GERD/S measurements used in each study such as recall bias, misinterpretation/misreport 

of the question that can lead to wrong selection group and intervention. 

 

Therefore, this novel meta-analysis demonstrated the need for a multidisciplinary medical 

and dental approach to managing individuals who present with erosive toothwear or GERD/S. 

Referrals between oral health services and gastroenterology should be considered as part of 

effective diagnosis and patients management. For example, the creation of one system that 

allows rapid diagnosis of GERD, and appropriate referrals to qualified dentists could be 

considered to treat and meet all needs of the patients.  

 



 
 

257 
 

The systematic review also highlighted major gaps in the literature though – no studies had 

investigated the temporal association between erosive toothwear and GERD/S (all were 

cross-sectional design), while none had assessed Barrett’s oesophagus or OAC as outcomes. 

Further epidemiological analyses in this thesis sought to address the association between 

broader measures of oral health and cancer risk.  

 

To explore the associations between oral health and GI cancer further, analyses were 

undertaken of data collected from the UK Biobank. The UK Biobank is a large cohort of 

469,628 participants, of whom 4,069 developed incident GI cancer during an average of 6 

years follow-up. Within this cohort, 531(13%) self-reported poor oral health as defined 

crudely by painful gums, bleeding gums and lose teeth. Unfortunately, the UK Biobank did 

not include specific questions on erosive toothwear as a marker of poor oral health, which 

could have improved further the understanding of the association between erosive 

toothwear and oesophageal cancer, as explored in the systematic review and meta-analysis. 

 

In general, there was no association detected between self-reported poor oral health and 

oesophageal, gastric, pancreatic, small intestine and colorectal cancers. There was an 

association between self-reported poor oral health and hepatobiliary cancer in the model 

adjusting for age and sex with HR 1.45 (95% CI 1.07-1.96), which was attenuated after 

additional adjustment for socio-economic status (SES), tertiary education degree, smoking 

status, alcohol status, BMI, waist-hip ratio, daily consumption of fruits/vegetables with HR 

1.32 (95% CI 0.95-1.80). Nevertheless, an increased risk of hepatocellular carcinoma was 

observed in individuals with self-reported poor oral health in the age and sex adjusted model 

(HR 2.07, 95% CI 1.27-3.38) and after additional adjustment for age, sex, SES, tertiary 

education degree, smoking status, alcohol status, BMI, waist-hip ratio, daily consumption of 

fruits/vegetables (HR 1.75, 95% CI 1.04-2.92).  
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To further test the association between poor oral health and hepatocellular carcinoma 

further analyses were undertaken using a different database; the Women’s Health Initiative 

cohort Study (WHI-CS). From the author perspective, the validation of the UK Biobank was 

necessary due to the poor information of the oral health variable. The WHI-CS analysis 

included 81,800 postmenopausal women aged 50-79, 12,758 of whom reported poor oral 

health (240). The intended plan was to use the larger Liver Cancer Pooling Project database 

which combines data from the WHI-CS, Nurses’ Health Study and Health Professional Follow-

up Study cohorts. However, due to the extended time for ethical procedures for Liver Cancer 

Pooling Project database, only data from the WHI-CS was available for analyses within a 

suitable timeline for inclusion in this thesis. Unfortunately, this meant that the number of 

liver cancer cases was low (42 liver cancer cases) which meant statistical power to validate 

the findings from the UK Biobank was lower than we had hoped for. 

 

In the analysis of the WHI-CS, no significant association between poor oral health and liver 

cancer was observed either in the adjusted model for age (HR 1.90, 95% CI 0.93-3.87) or in 

the adjusted analyses for age, race, BMI, smoking status and alcohol consumption (HR 1.65, 

95% CI 0.80-3.42).  Therefore, the result needs to be described as cautiously. Interestingly, 

the effect size for the association between self-reported poor oral health and liver cancer in 

the WHI-CS is increased, as observed in the UK Biobank (HR 1.32, 95% CI 0.95-1.80).  

 

The WHI-CS presents better oral health information (validated questionnaire) than the UK 

Biobank. In the WHI-CS dataset poor oral health was defined as periodontal disease history 

obtained through 3 validated questions such as: (I) “Has a dentist or dental hygienist ever 

told you that you had periodontal or gum disease?”, (II) “During the past 3 years, how often 

have you gone to the dentist or dental hygienist for routine check-ups or cleaning?” and (III): 

“Have you lost all of your permanent teeth, both upper and lower” (242). While the UK 
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biobank recorded answers from participants self-completed questionnaires with eight oral 

health categories shown on the screen such as mouth ulcers, painful gums, bleeding gums, 

loose teeth, toothache, dentures, none of the above and, prefer not to answer, of which 

three were chosen to select ‘poor’ oral health (painful or bleeding gums or loose teeth) (224). 

 

 

• The systematic review and meta-analysis suggest the need for a multidisciplinary 

approach including oral health services and gastroenterology health services to 

manage individuals who present with GERD/S. Consequently, a reference system 

could diagnose and treat GERD/S patients and reducing the risk of OAC.  

 

• Considering the positive association between hepatobiliary cancer and poor oral 

health from the UK Biobank dataset, this raises the importance of policies to promote 

better oral health which could also reduce liver cancer incidence.  

 

 

• This systematic review highlighted the lack of observational studies examining the 

incidence of GERD/S in individuals with erosive toothwear compared to individuals 

without erosive toothwear. Future research addressing this gap could help to explore 

the bidirectional relationship between GERD/S and erosive toothwear. This was not 

possible to investigate in the current meta-analysis.   

 

• Late diagnoses of GERD/S and also erosive toothwear is costly for both the patient 

and the healthcare provider. The health economic impacts of improving 
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multidisciplinary team working for patients to facilitate early diagnoses and 

interventions could be explored.  Unfortunately, this was beyond the limitations of 

this thesis.   

• To investigate the association between periodontal disease and liver cancer risk 

based on the Liver Cancer Pooling Project database, to validate the UK Biobank 

findings. This study is currently ongoing. The main advantages are a large sample of 

liver cancer (hepatobiliary carcinoma) and a different population (US) with different 

lifestyle habits.  

• Low-middle income countries, particularly African countries, have a high incidence 

of poor oral health and an increasing incidence of GI cancers. Examining the link 

between oral health and GI cancer could be investigated in different countries or 

populations, such as Angola if funding permits such large scale cohort studies. 

However, Angola has only one National Oncology Centre (in Luanda) that is not 

capable to manage and identify all cases from the country (292). Therefore, 

improvements to cancer registration systems may also be required there. Access to 

oral health facilities is also limited in many countries and this should be improved 

further.   

 

 

The associations between specific commensal oral bacteria and GI cancer incidence or death 

have been reported by previous studies (246). Periodontal disease is a chronic oral disease 

caused by the presence of pathogenic oral bacteria.  It has been hypothesised that oral 
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bacteria responsible for periodontal disease may be associated with GI cancer development 

and progression (138,217).  

 

Thus, the associations between specific oral bacteria: P. gingivalis, A. actinomyces, T. 

forsythia and T. denticola and total cancer incidence, total cancer death and deaths for GI 

cancers, was examined. The association between periodontal disease and tooth loss with 

cancer incidence, cancer mortality and GI mortality were also investigated. The investigation 

resulted in a weak but statistically significant association between periodontal disease and 

cancer incidence (OR 1.12, 95% CI 1.01-1.25) and between periodontal disease and total 

cancer mortality (OR 1.15, 95% CI 1.01-1.30) in the adjusted models. However, no association 

between P. gingivalis, A. actinomyces, T. forsythia or T. denticola and total cancer incidence, 

total cancer death nor GI cancer deaths were found, nor was there an association between 

tooth loss and all three outcomes. Evidence suggests that these bacteria cause destructive 

periodontal disease (254) and in turn, periodontal disease is associated with some forms of 

cancer (217). However, this analysis yielded largely non-significant results. This could be 

attributed to the small sample of the subgroup analyses or perhaps a different biological 

pathway linking the periodontal disease and cancer development. 

 

This investigation was based on the PRIME population, which is a cohort study that recruited 

male volunteers from Northern Ireland. A great advantage is the dental plaque samples 

collected which included the bacterial species investigated. However, the PRIME study did 

not cover other important bacterium involved in periodontal disease progression which is F. 

nucleatum.  This bacterium is also associated with CRC development and/or progress (293). 

Evidence demonstrates that F. nucleatum abundance contributes to an adverse 

inflammatory tumour microenvironment that is associated with poorer outcomes, although 

tumour location and molecular subtype may be important factors modifying the influence of 



 
 

262 
 

F. nucleatum on patient outcomes (294,295). A meta-analysis was carried out by pooling 6 

studies and demonstrated an association between the abundance of F. nucleatum and CRC 

tissues from CRC patients with OR 10.06 (95% CI 4.48-22). Moreover, after pooling 5 studies 

it was concluded that those CRC patients with high abundant bacteria presented a worse 

survival compared with those with low F. nucleatum abundance (HR 1.87, 95% CI 1.12-3.11) 

(230). Based on the evidence was hypothesised that F. nucleatum could be a promising 

prognostic biomarker. 

 

An investigation involving a cohort study of 190 CRC patients in the Czech Republic showed 

that there is an association between a high amount of F. nucleatum and worse CRC survival 

with HR 1.68 (95% CI 1.02-2.77) in the adjusted model for age, sex, tumour stage, and 

chemotherapy or radiotherapy within 6 months. That finding agrees with the above-

mentioned meta-analysis (230). Nevertheless, F. nucleatum did not appear to be a useful 

prognostic tool for predicting individuals who may have worse survival when added to 

current known prognostic marker. Perhaps that result was reached due to the relatively small 

sample size. However, in that investigation, only overall survival outcomes were able to be 

analysed, and CRC-specific survival analysis wasn’t possible. 

 

 

• These studies aim to understand the mechanisms and biological plausibility for any 

potential associations between poor oral health and GI cancer.  

• The non-significant results from the PRIME study may suggest other biological 

mechanisms involved in the association between poor oral health and GI cancer risk 

or may reflect residual confounding from other related factors. In contrast, F. 
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nucleatum was associated with poorer survival in patients with CRC, suggesting a 

biological role of oral bacteria in cancer progression.  

• However, F. nucleatum was not a helpful addition to prognostic risk prediction 

models trying to determine which patients have a differential prognosis. Therefore, 

it is too preliminary to consider measuring F. nucleatum in a clinical setting.  

 

 

• Epidemiological studies may elucidate the association between oral pathogens and 

cancer; however, it is more difficult to assess causality. Further work is required to 

explore the association between oral pathogens – perhaps via more sophisticated 

microbiome analysis than an individual assessment of B. forsythia, T. denticola, A. 

actinomyces - and GI cancers, in more detail given the lack of significant associations 

in our analysis.  

 

• Many of the studies examining the link between F. nucleatum and CRC survival have 

had a limited sample size, further large cohort studies with information on causes of 

death could provide adequate statistical power to examine the utility of F. nucleatum 

measurement regarding CRC-specific survival prognosis.  

 

• A meta-analysis with 13 cohorts studies reports that faecal F. nucleatum can be a 

promising non-invasive CRC screening with a sensitivity of 71% (95% CI, 61%-79%), 

specificity 76% (95% CI, 66%-84%) and area under the curve of 0.80 (95% CI, 0.76-

0.83) (296). One possibility could be blood biomarkers linked to F. nucleatum may 

aid screening for CRC.  
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This set of investigations present advantages described as follow: 

• The thesis contains four novel investigations related to the association between poor 

oral health, related bacteria, and cancer from a UK Biobank study, the WHI-CS, the 

PRIME study, and a Czech Republic cohort study and also the primary meta-analyses 

of the association between erosive toothwear and reflux disease. 

 

• The UK Biobank and the PRIME study illustrate a large view of the whole United 

Kingdom as a country, since the first dataset recruited individuals from England, 

Scotland and Wales, while PRIME engaged individuals from Northern Ireland.  

 

 

Likewise, those investigations present some disadvantages described as follow: 

• The UK Biobank, the WHI-CS and PRIME study were constituted by volunteers 

participants aged between 40-80 year old from the recruitment phase. These 

participants are more likely to be ‘healthier’ people than the general population. For 

that reason, our findings require further validation within other cohorts.  

 

• The UK Biobank, WHI-CS and PRIME studies offer complementary perspectives as the 

UK Biobank had a larger sample size but unfortunately had limited information on 

oral health, whereas the PRIME and WHI studies had stronger, more comprehensive 

measures of oral health but limited statistical power. 
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• The Czech cohort study (involved 190 patients) did not have information on CRC 

specific survival, which may be more strongly related to F. nucleatum when 

compared to the information given by the overall survival analyses. 

 

 

• Considering the limited oral health information from the UK Biobank study, I would 

strongly suggest formulating a more comprehensive and feasible assessment for oral 

health capable to benefit future large scale cohort studies.  For example, methods 

that evaluate existing dental records or ideally a clinical dental examination 

supplemented with radiographs to have a more accurately oral health data could 

impact positively to epidemiological studies and reduce concerns over vague 

measurement. 

 

• The prevalence of erosive toothwear and periodontal disease may elucidate poor 

attention have been given to the oral health area, with the necessity of improving 

the health service for those group of patients. Hence, increasing the awareness 

within-population either urban or rural and spread the type of service available to 

the population is recommended. 

 

• The findings in this thesis give more evidence of a link between oral health and risk 

of GI cancers or prior conditions. They raise the prospect that policies to improve 

dental hygiene could potentially have the added benefit of decreasing the risk of 

hepatobiliary cancers.  
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• Certainly, the set of all investigation converges to one great recommendation which 

is the multidisciplinary approach between gastroenterology and dental health 

services to manage individuals with risk factors (GERD/S and poor oral health) in 

order to potentially reduce its complications such as erosive toothwear, OAC, 

hepatobiliary and colorectal cancers. 

 

 

This thesis examined the role of poor oral health (including erosive toothwear and 

periodontal disease) and related bacteria in GI cancers. This work includes new investigations 

from four cohort studies to strengthen the knowledge of the association between poor oral 

health and specific cancers, and also the first meta-analysis focused on the association 

between erosive toothwear and GERD/S, a precursor of OAC. 

Therefore, it concludes that: 

• The association between poor oral health and GI cancers brings continued debate 

due to the type of study, the different proxy measure for poor oral health and the 

unclear linkage mechanism. 

 

• Participants with GERD/S have an increased risk of erosive toothwear, particularly if 

objective measures of GERD/S are used. And due to the strong link between both 

conditions, it can be extrapolated that erosive toothwear can be a sign for GERD/S 

which could contribute to OAC development. 
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• Participants with self-reported poor oral health (painful gums, bleeding gums and 

loose teeth) have an increased risk of hepatobiliary cancer but no associated with 

other GI cancer types.  

 

• Periodontal disease is weakly associated with total cancer incidence, total cancer 

deaths. Further, there is no association between B. forsythia, T. denticola, A. 

actinomyces and cancer incidence, total cancer death and GI cancer death.  

 

• F. nucleatum was linked with poorer survival among CRC patients, which matches 

prior evidence. However, our study suggested F. nucleatum is not a plausible 

prognostic biomarker for CRC patients as it did not add further insights or 

information on top of well-known prognostic factors (age, cancer stage, treatment). 

 

 

Finally, as my primary intention before starting my PhD, I planned to combine my medical 

career with my researcher career based on three potential professions: as an intensivist 

(medical doctor), teacher and as an investigator. 

 

As an intensivist. It is very common for patients with cancer, to spend time in a critical care 

unit after treatment or in the terminal stage of the disease. This PhD has taught me the 

importance of examining patients holistically. It helped me to be more vigilant and to connect 

systemic disease (cancer in this case but this can also be diabetes or cardiovascular disease) 

with poor oral health. This understanding  will enable me to consider the importance of both 

disease processes, educate my patients and prevent further disease. 
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Teaching students from the health field (Medicine or Dentistry). The knowledge gained 

during this PhD will allow me to teach Medical or Dental students about the importance of 

multidisciplinary teamwork. I will also highlight to students the importance of examining 

patients holistically and highlight that oral diseases can be associated with chronic systemic 

diseases, and vice-versa. During a consultation, taking into consideration if it is relevant to 

refer the patient to a dentist or another specialist of interest, makes a huge difference or 

impact on patient’s lives. 

 

As a researcher. I am a leader of an Angolan NGO (non-governmental association) that aims 

to improve the quality of health of individuals from Cunene (a province of Angola). The 

community in Cunene face important basic problems such as lack of drinkable water, limited 

food and scarce access to appropriate health care and education. The population of Cunene 

have a high prevalence of oral diseases (dental caries, gums diseases and lack of teeth), acute 

respiratory diseases, acute diarrheal diseases and systemic disease (diabetes and high blood 

pressure). However, there is limited available information about cancer. With adequate 

funding, it could be feasible to conduct epidemiological studies to investigate the prevalence 

of risk factors and diseases, such as cancer, within Cunene. This would enable me to conduct 

investigations and work towards the establishment of cancer registries. I believe that they 

are ways to share with people who are interested and who can benefit from what I learn and 

what I know. Undoubtedly, it is a manner to return something to my country and world after 

the Angolan government financed my studies. 

 

In summary, the thesis confirms GERD/S patients had a higher risk of erosive toothwear, and 

there is a positive association between oral health and hepatobiliary cancer. Besides, F. 

nucleatum is associated with CRC but does not serve as a prognostic biomarker tool to 

support doctor to make crucial decisions for CRC patients. Therefore, more investigations are 
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needed to better understand the role of periodontal bacteria in cancer incidence and 

mortality.  
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