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health and gastrointestinal cancer risk in the UK
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Abstract
Background: Controversy remains as to whether poor oral health is independently associated with gastrointestinal cancers,

due to potential confounding by smoking, alcohol and poor nutrition. The aim of this study was to investigate the association

between oral health conditions and gastrointestinal cancer risk.

Methods: Data from the large, prospective UK Biobank cohort, which includes n¼ 475,766 participants, were analysed. Cox

proportional hazard models were applied to estimate the relationship between gastrointestinal cancer risk and self-reported

poor oral health (defined as painful gums, bleeding gums and/or having loose teeth), adjusting for confounders.

Results: During an average six years of follow-up, n¼ 4069 gastrointestinal cancer cases were detected, of which 13% self-

reported poor oral health. Overall, there was no association between self-reported poor oral health and risk of gastro-

intestinal cancer detected (hazard ratio 0.97, 95% confidence interval 0.88–1.07). In site-specific analysis, an increased risk

of hepatobiliary cancers was observed in those with self-reported poor oral health (hazard ratio 1.32, 95% confidence

interval 0.95–1.80), which was stronger for hepatocellular carcinoma (hazard ratio 1.75, 95% confidence interval 1.04–2.92).

Conclusion: Overall there was no association between self-reported poor oral health and gastrointestinal cancer risk.

However, there was a suggestion of an increased risk of hepatobiliary cancer, specifically hepatocellular carcinoma.
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Key summary

Summarise the established knowledge on this subject
. Previous studies have judged that poor oral health (including gingivitis, periodontitis and tooth loss) is

associated with an increased risk of developing some gastrointestinal cancers.
. There is inconsistent evidence for the association between poor oral health and specific types of gastro-

intestinal cancers.
. There is significant variation in the association between poor oral health and gastrointestinal cancer risk

between different geographic settings and the development index of countries.
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What are the new findings?
. No association between self-reported poor oral health and risk of oesophageal, stomach, pancreatic, small

intestine and colorectal cancers were observed in this UK Biobank cohort.
. An association between self-reported poor oral health and an increased risk of hepatobiliary tract cancers

was observed, which was strongest for hepatocellular carcinoma.

Introduction

Gastrointestinal cancer is a major global health burden
and was attributable to approximately 28% of new
cancer cases and 37% of cancer deaths in 2018.1 The
rising burden of some types of gastrointestinal cancers
can be partially attributed to population increases,
ageing populations and a greater prevalence of certain
environmental and behavioural risk factors.1

Poor oral health is an established risk factor for sev-
eral chronic systemic diseases such as heart disease,
stroke, diabetes and cancers.2–5 Specifically, with
regards to gastrointestinal cancers, associations
between poor oral health and oesophageal, gastric,
liver and pancreatic cancer risk or mortality have
been reported.5–7 For example, in a Chinese popula-
tion, above-median tooth loss was associated with a
35% increased risk of death from upper gastrointestinal
cancers, with a relative risk (RR) of 1.35 (95% confi-
dence interval (CI) 1.14–1.59).5 A systematic review
with eight studies also identified direct associations
between periodontitis (RR 1.74, 95% CI 1.41–2.15),
edentulism (RR 1.54, 95% CI 1.16–2.05) and pancre-
atic cancer risk.7 Similarly, a Finnish cohort study
reported greater tooth loss to be associated with an
increased primary liver cancer risk.6 Interestingly, a
large cohort of Taiwanese patients undergoing treat-
ment for periodontitis had reduced risks of gastrointes-
tinal cancer compared with patients not undergoing
treatment, adding further evidence for a relationship
between oral health and gastrointestinal carcinogen-
esis.8 Nonetheless, the evidence is not consistent, as
recent findings revealed no association between tooth
loss or periodontitis and colorectal cancer risk within a
meta-analysis of six studies originating from the USA
and China (pooled odds ratio (OR) 1.00, 95% CI 0.99–
1.01 and 1.05, 95% CI 0.86–1.29, respectively).9

Periodontitis, gingivitis, dental caries and tooth loss
can all be considered as oral diseases or clinical indica-
tors of poor oral health.10,11 Periodontitis is an irrevers-
ible inflammatory disease that can lead to a destruction
of connective tissue, alveolar bone, bleeding gums
and negatively impacts the chewing process.5,12

Periodontitis is also an important cause of natural
tooth loss in adults.13 Whilst tooth loss is often assessed
in large epidemiological studies, it is a relatively crude
assessment of oral health status as teeth may be lost due
to a variety of factors. Additionally, potential common
risk factors such as smoking, alcohol consumption and

poor nutrition may provide explanations for the
reported associations between poor oral health and
gastrointestinal cancer development.14,15

Overall, it remains unclear if previously reported
inconsistent associations between poor oral health
and gastrointestinal cancer risk are real, due to
potential confounding or measurement errors and dif-
ferences between study designs. It is also unclear if this
association is relevant to a UK population, as a very
high-income country where access to dental care is
provided as part of the state-funded National Health
Service.

The aim of this study was to investigate the associ-
ation between self-reported poor oral health and risk of
different types of gastrointestinal cancer within the
large UK Biobank prospective cohort study.

Methods

Study population

The UK Biobank cohort study includes adults from
England, Wales and Scotland aged 40–69 years.16

Between 2006–2010, approximately 500,000 individuals
provided written consent to participate in this study.
For the purposes of this analysis, participants were
excluded if they provided incomplete information or
data on oral health conditions, and if participants pre-
sented a history of cancer at baseline (except for non-
melanoma skin cancer). Therefore, the final analytical
cohort consisted of 469,628 participants. The UK
Biobank cohort study obtained full ethical approval
that reflects the ethical guidelines of the 1975
Declaration of Helsinki from the North West Multi-
centre Research Ethics Committee (10 May 2016).16

Demographic information and assessment
of confounders

Participants self-completed a touchscreen questionnaire
including information on month and year of birth, geo-
graphic location, socioeconomic status (Townsend
deprivation index), education level (university degree
or not). Smoking status, alcohol consumption, fruit
and vegetable consumption, and waist circumference
based on International Diabetes Federation criteria
(>94 cm in men;> 80 cm in women) were recorded.
Body mass index (BMI) was derived by dividing
weight (kg) by height (m) squared.
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Assessment of oral health conditions

At baseline, participants were asked to indicate if
they had suffered from any of the oral health con-
ditions listed: mouth ulcers, painful gums, bleeding
gums, loose teeth and toothache. For the purpose
of this study, participants were categorised as having
poor oral health if they self-reported painful gums,
bleeding gums and/or loose teeth. Whilst crude meas-
ures, these three conditions are regarded as clinical
markers of periodontitis and therefore considered as
indicative of poor oral health for the purpose of
this study.

Follow-up and outcomes

Participants were followed from their baseline visit until
primary gastrointestinal tumour diagnosis (through link-
age with national cancer registries), death (through
linkage with national death records), withdrawal from
the study, or the end of follow-up which was
30 September 2014.

Gastrointestinal cancer was classified according to
the International Classification of Diseases 2010
(ICD-10) codes C15–C26. Separate analyses were con-
ducted 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 codes17 to fur-
ther categorise oesophageal cancer into adenocarcin-
oma (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-adenocar-
cinoma (8000, 8010, 8020, 8070, 8240–8041, 8246, 8800,
8936, 8990). 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 intrahe-
patic 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 diag-
nosed in the same individual at the same time and were
excluded from this analysis.

Statistical analysis

The proportion of participants with self-reported poor
oral health and those with self-reported good oral
health were compared for baseline characteristics
using chi-squared tests. Cox proportional hazards
model were applied to generate hazard ratios (HRs)
and 95% CIs to examine the association between self--
reported poor oral health and total gastrointestinal

cancer risk and individual gastrointestinal cancer
site risk. Adjusted analyses included the potential con-
founders: age, sex, socioeconomic status, education,
smoking status, alcohol intake, BMI, waist circumfer-
ence and daily consumption of fruits and vegetables.
Additional subgroup analyses were conducted for
total gastrointestinal and hepatobiliary tract cancers,
stratified by potential effect modifiers. Likelihood
ratio tests were applied to formally test for interactions.
Sensitivity analyses excluding the first year and first
three years of follow-up was conducted to assess the
potential for reverse causation. All statistical analyses
were performed using Stata version 13 (Stata Corp,
College Station, Texas, USA).

Results

Our analysis included 469,628 participants, of whom
4069 developed incident gastrointestinal cancer during
an average of six years follow-up. Of the 4069 gastro-
intestinal cancer cases, 531(13%) reported poor oral
health.

Table 1 demonstrates the baseline characteristics of
the cohort study according to oral health. Participants
with self-reported poor oral health were more likely to
be younger, female, living in deprived socioeconomic
areas, current or former smokers, current alcohol drin-
kers, obese and consume less than two pieces of fruits/
vegetables daily, in comparison with participants with
good oral health.

Table 2 illustrates the association between self-
reported poor oral health and each type of gastrointes-
tinal cancer adjusted by defined confounders. Overall,
there were no significant associations between self-
reported poor oral health and risk of individual types
of gastrointestinal cancers. 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), although this became attenuated in
fully adjusted models (HR 1.32, 95% CI 0.95–1.80)
when compared with participants reporting good
oral health.

The relationship between self-reported poor oral
health and total gastrointestinal or hepatobiliary can-
cers was further investigated in analyses stratified by
potential confounders (Table 3). As per the main ana-
lyses, no significant associations between total gastro-
intestinal 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 par-
ticipants 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
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Table 1. Characteristics of participants by self-reported oral health conditions in the UK Biobank cohort study.

Characteristic Good oral healtha Poor oral healthb

n¼ 399,548 (%) n¼ 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) 9492 (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 4088 (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) 8233 (11.8)

Current light smoker (<20 pack-years) 21,524 (5.4) 4058 (5.8)

Current heavy smoker (�20 pack-years) 19,967 (5.0) 4241 (6.1)

Missing 1470 (0.4) 232 (0.3)

Alcohol intake

Never 17,398 (4.4) 3457 (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) 2692 (3.8)

Missing 1769 (0.4) 361 (0.5)

BMI status (kg/m2)

Underweight (<18.5) 2059 (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 (30þ) 94,444 (23.6) 19,616 (28,0)

Missing 2012 (0.5) 440 (0.6)

Waist circumference31

�94 cm in men;� 80 cm in women 193,068 (48.3) 30,074 (42.9)

>94 cm in men;> 80 cm in womenc 205,111 (51.3) 39,715 (56.7)

Missing 1369 (0.3) 291 (0.4)

Fruit and 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) 2241 (3.2)

aGood oral health: mouth ulcers, toothache /dentures.
bPoor oral health: painful gums, bleeding gums and loose teeth.
cAbdominal obesity according to International Diabetes Federation guidelines.
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affluent socioeconomic areas (HR 1.54, 95% CI 1.03–
2.31). When the likelihood test was performed, none of
the tests for interaction were statistically significant (all
p-values> 0.05).

As shown in Table 4, in the adjusted analysis, 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 associ-
ation 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. Analyses by histological subtypes of
oesophago-gastric cancer did not reveal any significant

associations with self-reported poor oral health
(Supplementary Material Table 1).

Supplementary Material Table 2 presents the asso-
ciation between self-reported poor oral health and
hepatocellular carcinoma and intrahepatic cholan-
giocarcinoma, further stratified by potential effect
modifiers. These results showed largely similar asso-
ciations to those observed in Table 4, although stat-
istical power was more limited. There were a few
exceptions, such as increased the association between
hepatocellular carcinoma risk and poor oral health
being stronger in those consuming more than five
portions of fruit and vegetables per day. However,

Table 2. The association between oral health conditions and gastrointestinal cancers risk in the UK Biobank cohort study.

Oral health

Non-cases/

cancer cases

Model 1a

HR (95% CI)

Model 2b

HR (95% CI)

Model 3c

HR (95% CI)

Total gastrointestinal cancer

Good oral healthd 396,088/3460 1 1 1

Poor oral healthe 69,549/531 0.99 (0.91–1.09) 1.03 (0.94–1.12) 0.97 (0.89–1.07)

Oesophageal cancer

Good oral health 396,088/354 1 1 1

Poor oral health 69,549/50 0.92 (0.68–1.24) 0.99 (0.73–1.33) 0.87 (0.63–1.18)

Gastric cancer

Good oral health 396,088/245 1 1 1

Poor oral health 69,549/39 1.04 (0.75–1.47) 1.12 (0.79–1.57) 0.94 (0.65–1.35)

Pancreatic cancer

Good oral health 396,088/374 1 1 1

Poor oral health 69,549/62 1.09 (0.83–1.43) 1.10 (0.84–1.45) 1.05 (0.80–1.39)

Hepatobiliary cancer

Good oral health 396,323/235 1 1 1

Poor oral health 69,587/51 1.42 (1.05–1.92) 1.45 (1.07–1.96) 1.32 (0.95–1.80)

Small intestine cancer

Good oral health 396,088/78 1 1 1

Poor oral health 69,549/11 0.91 (0.48–1.71) 0.92 (0.49–1.74) 0.93 (0.49–1.76)

Colon cancer

Good oral health 397,941/1607 1 1 1

Poor oral health 69,852/228 0.91 (0.80–1.05) 0.93 (0.81–1.07) 0.92 (0.80–1.06)

Rectal cancer

Good oral health 398,957/591 1 1 1

Poor oral health 69,986/94 1.00 (0.80–1.24) 1.04 (0.84–1.30) 1.02 (0.81–1.30)

Colorectal cancer

Good oral health 396,088/2189 1 1 1

Poor oral health 69,549/319 0.93 (0.83–1.05) 0.96 (0.85–1.08) 0.93 (0.83–1.06)

BMI: body mass index; CI: confidence interval; HR: hazard ratio.
aModel 1: unadjusted model.
bModel 2: age and sex adjusted.
cModel 3: adjusted for age, sex, socioeconomic status, tertiary education degree, smoking status by pack years, 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.
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formal statistical tests for interaction were not
significant.

Supplementary Material Tables 3 and 4 display the
association between self-reported poor oral health and
each type of gastrointestinal cancer after excluding
cases that developed within the first year and three
years of follow-up, adjusted by confounders. The
results remain largely similar, with no association
between self-reported poor oral health and overall

gastrointestinal cancer risk. However, for hepatobiliary
cancer, the associations became weaker compared with
main analyses shown in Table 2.

Discussion

Overall, in this large cohort study, there was no asso-
ciation between self-reported poor oral health and
risk of all gastrointestinal cancers detected. However,

Table 3. 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 healtha
Non-cases/

cancer cases

Total GI

cancer riskb,

adjusted

HR (95% CI)c
p-Value for

interaction

Non-cases/

cancer cases

Hepatobiliary

cancer risk,

adjusted

HR (95% CI)c
p-Value for

interaction

Socioeconomic statusd

Affluent Good oral health 241,911/2081 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 153,701/1375 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)

Smokinge

Never Good oral health 219,673/1515 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 133,909/1490 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 intakef

Never or light Good oral health 239,997/1825 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/former Good oral health 154,333/1624 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 indexg

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 261,882/2530 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 234,189/2082 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 151,125/1267 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)

BMI: body mass index; CI: confidence interval; GI: gastrointestinal; HR: hazard ratio.
aGood oral health: includes mouth ulcers, toothache/dentures; poor oral health: includes painful gums, bleeding gums and loose teeth.
bGI cancers (oesophageal, stomach, small intestine, pancreatic, liver and colon).
cAdjusted 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).
dSocioeconomic status: based on Townsend deprivation index and dichotomised as affluent (including affluent, semi-affluent, middle) or deprived (semi-

deprived, most deprived).
eSmoking: categorised as never or ever Smoker (including smokers categorised as former low, former high, current low and current high pack-years of

smoking).
fAlcohol 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).
gBody mass index: categorised as normal weight (<25 kg/m2) and overweight (�25 kg/m2).
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in site-specific analysis, an increased risk of hepatobiliary
cancer in those with self-reported poor oral health was
observed, particularly for hepatocellular carcinoma.

Our findings, which are the first within a UK popu-
lation, 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.18 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.6 The
risk was 42% and 45% greater for 11–31 and �32 per-
manent teeth lost, compared with participants with
0–10 teeth lost.6 Lastly, a prospective cohort analysis
within a vitamin and mineral supplement trial in
Linxian, China, found a similar result. 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).19

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.
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 statis-
tically significant, possibly due to limited statistical
power for such analyses. We also observed inconsistent

findings in stratified analyses by socioeconomic status,
alcohol intake, body mass index or fruits and vege-
tables intake, which we speculate might be due to the
smaller sample size in these analyses.

Our result of a lack of association between self-
reported poor oral health and risk of other digestive
cancers is consistent with some previous publications.
A meta-analysis revealed no significant association
between tooth loss (uppermost versus no tooth
loss) and colorectal cancer with an OR of 1.00 (95%
CI 0.99–1.01).9 Likewise, the large US Health
Professionals Follow-Up study did not identify an asso-
ciation between the number of remaining teeth and
oesophageal, stomach or colorectal cancer risk once
smoking history had been included in multivariate
adjusted models.20 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.20 Unfortunately, the Health
Professionals Follow-Up study did not report the asso-
ciation between tooth loss, periodontitis and hepatobili-
ary tract cancer risk due to small sample size, preventing
comparisons with our current findings.20 A similar con-
clusion was reached by Hujoel et al. in a study investi-
gating cancer-associated mortality by finding no
significant association between periodontitis and pan-
creatic cancer (OR 1.77, 95% CI 0.85–3.67) and also
no association between periodontitis and gastric and
colon cancers.21

The biological mechanisms by which poor oral
health may be more strongly associated with liver,
rather than other digestive, cancer risk is unclear.

Table 4. 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)

Model 2b

HR (95% CI)

Model 3c

HR (95% CI)

Hepatocellular carcinoma

Good oral healthd 399,478 /70 1 1 1

Poor oral healthe 70,061/19 1.91 (1.17–3.12) 2.07 (1.27–3.38) 1.75 (1.04–2.92)

Intrahepatic cholangiocarcinoma

Good oral health 399,474/74 1 1 1

Poor oral health 70,068/12 0.91 (0.49–1.67) 0.89 (0.49–1.65) 0.81 (0.43–1.53)

Biliary tract cancer

Good oral health 399,459/89 1 1 1

Poor oral health 70,062/18 1.35 (0.81–2.24) 1.34 (0.80–2.22) 1.29 (0.77–2.19)

BMI: body mass index; CI: confidence interval; HR: hazard ratio.
aModel 1: unadjusted model.
bModel 2: age and sex adjusted.
cModel 3: adjusted for age, sex, socioeconomic status, tertiary education degree, smoking status, alcohol status, BMI, waist circumference, daily consump-

tion of fruit 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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Several general mechanisms linking periodontitis and
carcinogenesis have been proposed, particularly high-
lighting the role of periodontitis in exposing the body to
chronic inflammation.22 Tamaki et al. propose that
reactive oxygen metabolites may be a possible physio-
pathology linkage between periodontitis and liver
cancer.23 In their study, they investigated hepatocellu-
lar carcinoma patients in Japan, comparing 31 chronic
periodontitis patients with 33 periodontally healthy
patients. Patients with chronic periodontitis presented
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 peri-
odontitis.23 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.24 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.24

One such bacterium is Fusobacterium nucleatum,
which originates in the oral cavity and has been impli-
cated in colorectal carcinogenesis.25 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 in liver tumour
tissue.26 Future studies investigating the microbiome
and liver cancer aetiology are warranted.

Finally, Abnet et al. have proposed an alternative
theory about the possible connection between poor oral
health and cancer.27 Having a higher number of missing
teeth may influence participants to choose softer foods
which are easier to masticate.27 These foods are often less
nutritious and result in a diet that is lower in essential
vitamins and minerals, potentially contributing to cancer
risk.15 A number of studies have demonstrated that
reduced dentition has negative impacts on dietary
intake, particularly in older adults.28 Although we
adjusted for fruit and vegetable consumption in our ana-
lyses, there may be residual confounding from other
aspects of dietary quality that we have not accounted
for in our analysis. Abnet and colleagues also hypoth-
esised 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.27 However, these hypothesised mechan-
isms are not specific for liver cancer aetiology. We
must also acknowledge the potential for some reverse
causation to explain the associations observed, given
that our results became attenuated in a sensitivity ana-
lysis excluding the first year of follow-up.

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
periodontitis in our study (13%) is similar to other
reports, suggesting our findings are generalisable.20

This study has a number of limitations. 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 patho-
logical conditions including ageing, trauma and previ-
ous orthodontic treatment, and may not necessarily
reflect simply periodontitis.4 The UK Biobank cohort
study does not offer a clinically accurate questionnaire
to measure periodontitis or oral health status despite a
number of validated self-report tools being available.29

A more comprehensive assessment for oral health in
subsequent data collection rounds 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.29 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 volun-
teers.30 However, it is recognised that this limitation
does not negate studying aetiological associations
such as those reported in this study.30

In summary, this study 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.
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