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Abstract Periodontitis and nonalcoholic fatty liver disease (NAFLD) are two prevalent non-
communicable diseases affecting people worldwide. The delicate interplay between oral mi-
crobiome, intestinal barrier, immune system, and liver is susceptible to disruption by environ-
mental and genetic factors which could result in the onset of systemic diseases. The oral-liver
and liver-gut axes have been proposed as the possible mechanisms to explain the links among
these factors. Many evidences are mounting to support the role of imbalanced interactions be-
tween microbiota and immune system in the development of immune-mediated diseases. The
emerging concept of the oral-gut-liver axis is gaining recognition as a means to explore the in-
terconnections among NAFLD, periodontitis, and gut dysbiosis. There is substantial evidence
indicating that oral and gut dysbiosis are the significant risk factors for liver disease. There-
fore, the role of inflammatory mediators in linking these organs cannot be overlooked. Under-
standing these complex relationships is crucial in the development of effective strategies for
the prevention and management of liver diseases.
ª 2023 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
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Introduction

In addition to caries, periodontitis is the most prevalent
oral diseases with a gradually increasing prevalence
worldwide.1 The prevalence of periodontitis has signifi-
cantly increased in Taiwan over the past 17 years.2 Peri-
odontitis is a chronic inflammatory disease that destroy the
supporting tissues of teeth such as gingiva, cementum,
alveolar bone, and periodontal ligament. It occurs as a
result of a complex interaction between the subgingival
biofilm and the host’s immune-inflammatory response. In
addition, many studies have indicated that periodontitis
could cause systemic inflammatory diseases.3 Oral cavity is
the upper part of digestive system. From our previous
studies by Taiwan’s National Health Insurance Research
Database, periodontitis could be positive associated with
digestive system diseases such as peptic ulcer disease,4

inflammatory bowel disease,5 and pyogenic liver abscess.6

Nonalcoholic fatty liver disease (NAFLD) is a growing
problem and also the most prevalent liver disease world-
wide with an estimated global prevalence of 25%.7 NAFLD
manifests as a spectrum of liver phenotypes, ranging from
simple steatosis to nonalcoholic steatohepatitis, liver
fibrosis, and even hepatocellular carcinoma (HCC).8 As the
global campaign to eliminate hepatitis B and C virus in-
fections continues, NAFLD is expected to become the
leading cause of HCC. The increasing prevalence of obesity
and type 2 diabetes is further fueling the disease burden of
nonalcoholic steatohepatitis.9 According to the report from
Estes et al.,10 about 27% of NAFLD cases will be classified as
nonalcoholic steatohepatitis in 2030 compared to 20% in
2015. As a result, NAFLD-related liver disease and mortality
will increase worldwide.10,11

NAFLD and periodontitis are two of the most widespread
non-communicable diseases globally. The relationship be-
tween these two conditions and their link to other bodily
systems are the focus of ongoing research. The oral-liver and
liver-gut axes have been proposed. There is growing evi-
dence to suggest that imbalances in the interactions be-
tween the microbiota and immunity may play a role in the
development of a range of immune-mediated diseases.
Recently, the idea of an interconnecting oral-gut-liver axis
has been gaining traction and this concept is the subject of
current research studies.12e14 In this review, we briefly
summarized the current state of knowledge on the oral-gut-
liver axis.

Oral-liver axis

The oral cavity is home to a diverse community of bacteria
primarily belonging to the phyla Firmicutes, Fusobacteria,
Proteobacteria, and Actinobacteria.15 These bacteria
create complex ecosystems that are adapted to their
unique environment, with certain commensal oral bacteria
serving as the first line of defense against the colonization
of exogenous pathogens. Imbalances in the interactions
between the microbiota and immunity can contribute to
the onset of immune-mediated diseases. Some oral bac-
teria, such as Porphyromonas gingivalis and Fusobacte-
rium nucleatum, have been linked to disorders beyond the
oral cavity.16 Porphyromonas gingivalis, Treponema
973
denticola, and Tannerella forsythia are considered the key
pathogens in the development of periodontitis.12 Dysbio-
sis, or imbalances in the microbial community, can exac-
erbate the normally ecologically balanced biofilm that is
associated with the maintenance of periodontal tissue
homeostasis.17

Periodontitis has been identified as a potential risk
factor for pyogenic liver abscess.6 The oral microbiota is a
complex ecosystem that contains over 500 different bac-
terial species. Previous reports have shown that peri-
odontal pathogens commonly found inside the oral cavity
Fusobacterium necrophorum18 and Prevotella species19

were detected in the liver abscess. The presence of peri-
odontitis may increase the likelihood of liver abscess
through bacteremia, which occurs when bacteria from the
oral cavity enter the bloodstream and spread to distant
organs, such as the liver.

There is also a potential link between periodontitis and
NAFLD through the hematogenous spread of immunogenic
factors and oral pathogenic bacteria from the periodontal
tissues.20,21 Individuals with periodontal disease exhibit an
increase in circulating bacteria and lipopolysaccharides
(LPS), derived from oral infections, compared to those with
healthy periodontal tissue. Moreover, the host cells in the
periodontium, triggered by immune responses to biofilm
bacteria, escalate the emission of reactive oxygen species
and pro-inflammatory cytokines, including IL-1b, IL-6, and
TNF-a.22 This potential liver damage caused by periodon-
titis may be transmitted to the liver via the bloodstream
and contribute to the progression of nonalcoholic steato-
hepatitis and NAFLD.

Gut-liver axis

The gut microbiome plays a crucial role in the development
and progression of NAFLD.23 Disruption of the gut barrier,
which is often caused by tight junction impairment, is
prevalent in adults with NAFLD and leads to increased
translocation of microbial products such as LPS into the
portal circulation, resulting in endotoxemia and inducing
hepatic inflammation.24 The gut microbiome can also
impact NAFLD through the regulation of bile acid meta-
bolism and the production of short-chain fatty acids,
ethanol, and choline.25 Preclinical studies have shown evi-
dence of the gut microbiome’s causal role in the progres-
sion of liver disease in NAFLD.26 The gut microbiomes of
NAFLD patients are often dominated by members of the
Firmicutes and Bacteroides phyla, with Bacteroides being
associated with nonalcoholic steatohepatitis and Rumino-
coccus being linked to significant fibrosis.25,27 As such, the
gut microbiome may serve as a biomarker for NAFLD disease
severity and provide new insights into the pathogenesis of
NAFLD in the future.28

Possible mechanism linking oral-gut-liver axis

The relationship between the liver and the oral cavity can
be complex and multi-faceted. One possible avenue of
connection is through the gut, as a result of impaired in-
testinal permeability. This permeability issue can allow for
the direct transfer of bacteria and their products, as well as



Figure 1 The proposed mechanism of oral-gut-liver axis could occur through the following pathways: (1) direct transfer of
bacteria and their products. (2) gut dysbiosis due to imbalanced oral microbiota. (3) systemic inflammation by the secretion of
inflammatory mediators.
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inflammatory mediators, from the oral cavity to the
bloodstream.14 An imbalanced oral microbiota, which is
enriched in virulence factors and thrives in an inflammatory
environment, can further exacerbate the situation.16 The
decrease in gastric acid secretion can cause oral bacteria to
translocate to the gut, leading to dysbiosis and disruption
of bile acid regulation. Bile acids are essential for digestion
and maintaining the health of both the gut microbiome and
intestinal epithelial cells.14 Different types of gut bacteria
can affect the production of short chain fatty acids, which
can have a significant impact on the risk of NAFLD. Bac-
teroides increases acetate and propionate production, and
propionate trigger hepatic gluconeogenesis. Firmicutes in-
creases butyrate production. All these metabolites are
short chain fatty acids, which furtherly increase reaction of
G-protein-couple receptor and glucagon-like peptide-1
(GLP-1).25 GLP-1 increases expression of fatty acid b-
oxidation. Taken together, this pathway may increase the
risk of NAFLD.

Another possible mechanism is systemic inflammation,
which can be triggered by the secretion of inflammatory
mediators such as IL-1, IL-6, and TNF-a by oral bacteria.
Furthermore, gut dysbiosis increased ethanol and its
metabolite acetaldehyde in the intestinal lumen mediate.26

These mediators can weaken the tight junctions of the in-
testine, leading to an increased translocation of microbial-
associated molecular patterns and gut metabolites, such as
trimethylamine.12 These metabolites elicits intestinal and
hepatic inflammatory responses, leading to progressive
liver damage.29

The overproduction of pro-inflammatory cytokines by
neutrophils and monocytes, in response to circulating LPS,
can also contribute to chronic inflammation and oxidative
stress. LPS furtherly triggers toll-like receptors (TLRs)
family, such as TLR-4, which causes chronic inflammation
and increases oxidative stress.30 This increased production
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of reactive oxygen species by these immune cells can
further deteriorate liver parenchymal tissue.12

Taken together, as illustrated in Fig. 1, the connection
between the liver and the oral cavity can occur through
multiple pathways, including gut dysbiosis, systemic
inflammation, and the direct transfer of bacteria and their
products. Understanding these complex relationships is
important in developing strategies to prevent and manage
liver diseases.

Conclusion

The oral-gut-liver axis is a concept that aims to understand
the potential relationships between different organs,
particularly the oral cavity, gut, and liver. Oral and gut
dysbiosis have been identified as important risk factors for
liver disease, and the role of inflammatory mediators in the
connection between these organs cannot be ignored. It is
believed that the link between the oral cavity and the liver
is not just a result of shared risk factors but is also driven,
to a large extent, by oral infections leading to liver injury.
The role of periodontal treatment as a potential method for
improving NAFLD through the reduction of endotoxin levels
has been proposed,31 but more research is needed to
confirm these findings.

In conclusion, the oral-gut-liver axis is a complex and
evolving area of study, and there are still many questions
that remain unanswered. Further investigation is needed to
better understand the mechanisms driving this connection
and to develop more effective strategies for the prevention
and management of liver disease.
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