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Introduction 

The role of oral health and its association to colorectal 
cancer and other gastrointestinal malignancies has been 
the subject of many research articles and studies over the 
past several years. Many studies have focused on tooth loss, 
periodontal disease, chronic inflammation, oral microbiome, 
and their relationship to gastrointestinal cancer. 

The oral microbiome has been related to a number of 
systemic diseases. These diseases include cardiovascular, 
pneumonia, heart disease, rheumatoid arthritis, colorectal 
cancer, esophageal cancer, pancreatic cancer, stroke and 
adverse pregnancy problems (1). Determining whether oral 
health status is a factor related to gastrointestinal could help 
in identifying and treating these malignancies. 

A meta-analysis of colorectal cancer risk factors 
concluded that there is a significantly higher risk of 
colorectal cancer for both a diagnosis of inflammatory bowel 
disease and a history of colorectal cancer in a first-degree 
relative (2). There was also a significant risk associated with 
a high BMI, tobacco smoking and red meat consumption (2). 
Although this study is very inclusive, emerging studies have 
shown a possible link of oral health, periodontal disease, 
and the oral microbiome to gastrointestinal malignancies. 

This paper will discuss the relationships between the oral 
microbiome, periodontitis and gastrointestinal malignancies. 
In addition, this paper will highlight systemic inflammation 
and the possible role of specific oral microorganisms in 
gastrointestinal cancers. Understanding the connection 
between oral health and gastrointestinal malignancies could 
lead to better management, diagnosis and treatment of 
these cancers.

The oral microbiome 

The oral cavity is the gateway between the external 
environment and the gastrointestinal tract. The oral 
cavity contains over 700 microbiota species along with 
fungi, archaea, protozoa and viruses.1 The Human Oral 
Microbial Database collected 165 rRNA gene sequences. 
The databases includes 619 taxa in 13 phyla are follows: 
Actinobacteria, Bacteroidetes, Chlamydiae, Chloroflexi, 
Euryarchaeota, Firmicutes, Fusobacteria, Proteobacteria, 
Spirochaetes, SRI, Synergistetes, Tenericutes, and TM7 (3). 

The oral microbiome plays an important role in the 
balance between health and disease. Every microbial player 
has its own role in the oral ecosystem regulation and in the 
symbiotic relationship between the oral microbiome and the 
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host. Oral diseases are associated with a reduced microbial 
diversity and an oral dysbiosis. However, it is unclear 
whether disease is caused by loss of diversity or whether the 
specific niche in pathological tissue represents a very selective 
environment resulting in less diverse microbial ecology (4). 

Periodontal disease 

Periodontitis is an infection induced low-grade chronic 
inflammation that results in the loss of connective tissue 
attachment and bone support of teeth. The worldwide 
prevalence of periodontal disease ranges from 10–15% (5). 
Risk factors such as poor oral hygiene, smoking, diabetes, 
medication, hereditary, age and stress are related to 
periodontal disease (6). 

The microorganisms identified in the development 
of periodontal disease include Porphyromanos gingivalis, 
Actinobacillis Actinomycetemcomitans, Tannerella 
Forsythensis and Treponema denticola. The progression of 
periodontal disease is signaled by a change in the bacterial 
makeup in the dental biofilm from largely anerobic gram-
positive bacteria to a more pathogenic infectious state 
dominated by a composition of anerobic gram-negative 
organisms (7). Fusobacterium nucleatum is also a common 
gram-negative anaerobe associated with periodontitis (8). 

Previous literature has shown that the systemic markers 
of inflammation associated with periodontal disease were 
increased as compared to unaffected controlled groups (9).  
C-reactive protein and interleukin-6 were elevated in 
individuals with periodontal disease when compared to 
healthy individuals (10). Additionally, a study has shown 
that individuals that received periodontal therapy exhibited 
a significant decrease in serum C-reactive protein and 
interleukin-6 (11). This shows that periodontitis may add to 
systemic inflammatory burden effective individuals (11). 

Periodontitis and its resultant systemic inflammation 
has been associated with numerous systemic diseases. 
Studies have shown an association with cardiovascular 
disease, diabetes, adverse pregnancy outcomes, rheumatoid, 
arthritis, respiratory diseases, chronic kidney disease, 
impairment of cognitive function and cancers (6). 
Researchers have estimated that 15% of human tumors are 
a result of inflammation (12).

Studies have shown that the microbiota connected with 
periodontal disease can produce a systemic bacteremia (13). 
These oral bacteria can travel to extra-oral host cells and 
induce inflammation. This systemic inflammation has been 
associated with a number of systemic disease (13). 

Since evidence supports an association between chronic 
inflammation and cancer, this suggests a link between 
chronic periodontal disease and cancer. Although the 
exact mechanism involved in carcinogenesis by oral and 
periodontal microorganisms are not known at this time, 
studies have demonstrated that inflammatory mediators 
produced as a result of periodontal disease could mediate 
carcinogenesis or these oral microorganisms can directly 
promote cellular transformation. 

Periodontal disease and its association with 
colorectal adenoma

A recent study of 42.871 individuals at Kavgbuk Samsung 
Hospital in South Korea investigated whether there 
is an association between periodontitis and the risk of 
colorectal adenoma in asymptomatic healthy people (14). 
The results of the study concluded that periodontitis when 
compared to other risk factors, the odds ratio (OR) of 
periodontitis was similar to that of smoking 10-20 pack 
of cigarettes per year or a moderate amount of alcohol  
intake (14). This study suggests that periodontitis and poor 
oral health may be at risk factor for colorectal adenoma. 
The study concluded that further studies of the association 
between oral health and gastrointestinal neoplasm may help 
to identify and prevent gastrointestinal malignancy (14). 

Periodontal disease and its association with 
precancerous lesions of gastric cancer

A study hypothesized that individuals with poor periodontal 
conditions would have an increased periodontal pathogen 
burden and changes in the microbial diversity, leading to 
an increased risk of precancerous lesions of gastric cancer 
(PLGC) (15). The results of this study that compared 
the control group patients with PLGC experience a high 
level of bleeding on probing, high levels of T. Denticola 
and A. Actinomycetemcomitans  (periodontal disease 
associated microorganisms) and less bacterial diversity 
in saliva and dental plaque (15). This study concluded 
that the periodontal pathogenic burdens and decreased 
bacterial diversity in the oral cavity are important factors 
contributions to a potential increased risk of developing 
precancerous lesions of gastric cancer (15). 

Periodontitis and H. pylori infection

A study completed by Zheng and Zhou discovered a correlation 
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between periodontal health status and H. pylori infection (16). 
Individuals in this study with moderate to severe periodontal 
disease showed a significantly higher urease C gene and 
cag A gene of H. pylori than these of the control (16). This 
study concluded that periodontal health status of individuals 
with periodontitis correlated with H. pylori infection in the 
stomach (16). 

In another study the prevalence of H. pylori in the 
oral cavity and stomach were compared to determine if 
a relationship between oral H. pylori and gastric H. pylori 
exists (17). In this study, oral H. pylori was present in 
the dental plaque in 263 (59.4%) of the 443 individuals 
and gastric H. pylori in the stomach of 273 (61.6%)  
individuals (17). The prevalence of gastric infection was 
significantly higher in those individuals with a positive test 
for H. pylori in their dental plaque than in the individuals 
with no H. pylori infection in dental plaque (17). This study 
concluded the presence of H. pylori in the oral cavity might 
be a source for H. pylori infection in the stomach (17). 

A recent study by Yuksel Sert et al. studied the effect of 
periodontal treatment and oral hygiene on the eradication 
of gastric H. pylorii (18). In this study, individuals with 
gastric H. pylori infection were placed into two groups (18). 
One group received triple-therapy regime and the other 
received triple-therapy regime and periodontal treatment 
(18). The triple-therapy regime consisted of a 10-day 
course of a Proton-Pump-Inhibitor (PPI) with amoxicillin 
(2×1 gram daily) and clarithromycin (2×500 mg daily) (18). 
Periodontal therapy consisted of scaling, root planning, and 
oral hygiene instructions (18). The triple-therapy regime 
plus periodontal treatment resulted in a 64.7% eradication 
rate, while the triple therapy regime alone resulted in a 
51.1% (18). Additionally, it was noted oral hygiene and 
plaque control improved the H. pylori eradication rate 
(18). This study provides evidence of the importance 
of periodontal therapy and oral hygiene on achieving a 
satisfactory elimination of gastric H. pylori (18).

Oral microbiome and gastrointestinal cancer

Cancer is a multifaceted disease influenced by genetic 
factors and the environment. The mechanisms by which 
and the role the microbiome influence carcinogenesis are 
not fully understood. Over the past several years, research 
has linked oral microorganisms to gastrointestinal cancer. 
Studies are providing more evidence that the microbiome 
has more a role in gastrointestinal malignancies than 
previously thought. The possible mechanisms that the oral 

microbiota induced carcinogenesis are the induction of 
chronic inflammation, local metabolism of carcinogens, 
interferences of cell cycles and immune regulation (19). The 
association of H. pylori to gastric cancer may be reason for 
increase in research in the area (20). 

Several studies have explained the association between 
the oral microbiome and gastrointestinal cancers. Ahn et al.  
examined whether periodontal disease is associated with 
orodigestive cancer mortality (21). The study addressed 
directly the microbe-cancer association by investigating 
the relationship of serum antibody levels for P. gingivalis in 
relation to orodigestive cancer mortality (21). The results 
showed that orodigestive cancer was increased in individuals 
with periodontal disease (21). There was also evidence that 
orodigestive cancer mortality increased with the severity 
of periodontal disease (21). Individuals with periodontal 
disease had excess mortality due to colorectal and pancreatic 
cancer (21). Participants with high levels of serum antibody 
to P. gingivalis also tended to have excess orodigestive 
cancer mortality overall (21). This study showed an 
increasing risk for orodigestive cancer mortality in relation 
to increasing severity of periodontal disease in relation to 
serum P. gingivalis IgG, a biomarker for exposure to this 
periodontitis related pathogen (21). Although the research 
sample size was small it appears that there is an association 
between pancreatic and colorectal cancer and individuals 
with periodontal disease (21). 

A study completed in 2012 by Michaud et al. measured 
the plasma antibodies to 25 oral bacteria in 405 pancreatic 
cancer patients and 416 matched controls (22). This 
study showed that patients with high antibodies against P. 
gingivalis (ATTC Strain 53978) a pathogenic periodontal 
bacteria had a two fold higher risk of pancreatic cancer 
than individuals with lower levels of these antibodies (22).  
This may indicate a possible association between 
periodontal disease and pancreatic cancer (22). More 
research is needed to determine if oral bacteria have direct 
effects on pancreatic cancer pathogenesis or can be a 
potential biomarker (22). 

In another study, Castellarin et al. evaluated frozen 
sections of 11 matched pairs of colorectal carcinoma and 
adjacent normal tissue specimens (23). The only alignments 
obtained from the results that were remarkable was a higher 
rate of a gram negative microorganisms, Fusobacterium 
nucleatum (ATTC Strain 25586), associated with periodontal 
disease in the tumor versus the control tissue (23).  
In 9 of the 11 tissue specimens showed at least a two-
fold higher read counts of F. nucleatum in the tumor tissue 
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relative to the corresponding control tissue (23).
Ito et al. evaluated the presence of Fusobacterium 

nucleatum in 465 premalignant lesions and 511 colorectal 
cancer lesions (24). The study concluded that F. nucleatum 
was identified in premalignant colorectal cancer lesions but 
were more frequent in CpG island methylator phenotype 
(CIMP) high lesions (24). F. nucleatum was significantly 
higher (56%) in colorectal cancer lesions than in many 
premalignant lesions (24). F. nucleatum increased accordingly 
to the increasing histological grade of the lesions (24). 
This study suggests that F. nucleatum may contribute to the 
progression of colorectal cancer (24).

Rubinstein et al. studied the relationship between F. 
nucleatum and the promotion of colorectal carcinogenesis 
by modulating E-cadherin/β-catenin signaling via its 
Fusobacterium adhesion A (FadA) (25). The study 
demonstrated the F. nucleatum binds to both normal and 
cancerous epithelial cells via FadA binding to epithelial 
E-cadherin activating β-catenin signaling leading to 
an increase in the expression of transcription factors, 
oncogenes, Wnt genes, inflammatory genes and growth 
stimulation of CRC cells (25).  Colon tissue from 
patients with adenomas and adenocarcinomas had FadA 
levels >10–100 times higher when compared to normal  
individuals (25). The FadA binding site on E-cadherin has 
been mapped to an 11 amino acid region (25). A synthetic 
peptide corresponding to this region prevents F. nucleatum 
from binding and invasion of colorectal cancer cells (25). 
This abolishes induced CRC cell growth, oncogenic 
and inflammatory responses, and gene expression (25). 
This study makes it evident that F. nucleatum contributes 
to colorectal cancer and identifies FadA as a potential 
diagnostic and therapeutic target for CRC (25).

These studies all show how the oral microbiota may 
play a role in gastrointestinal cancers. Further studies 
are required to investigate the underlying mechanisms 
of how the oral microbiota induce carcinogenesis and 
gastrointestinal malignancies. These future studies will be 
beneficial to the prevention, diagnosis, and treatment of 
these cancers.

Conclusions

There is increasing evidence for an association between 
poor oral hygiene, periodontitis, the oral microbiome, and 
gastrointestinal cancer. Studies have shown that treatment 
and reduction of periodontal disease has resulted in 
improved systemic disease. 

Healthcare providers should be familiar with the oral-
health/systemic-health link and the impact of oral-health on 
a patients’ overall health. Also, healthcare providers should 
educate their patients on the importance of oral healthcare. 
Based on the findings and information from the literature 
reviewed, it is important for those patients diagnosed with 
a premalignant or malignant gastrointestinal tumor to be 
referred to a dentist for a comprehensive oral examination. 
Those patients diagnosed with periodontal disease should 
receive the appropriate periodontal treatment and to 
continue with periodontal maintenance and good oral 
hygiene. 

Additional studies are needed to focus on the association 
between oral health and gastrointestinal cancers. This will 
help in the possible prevention, diagnosis and treatment of 
gastrointestinal cancers. The emerging field of molecular 
pathological epidemiology (MPE) may provide the clues 
about risk factors, mechanisms of disease and biomarkers. 
This knowledge may help in understanding the link between 
oral health and gastrointestinal malignancies. This in turn 
may lead to strategies for disease prevention and treatment. 
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