
REVIEW ARTICLE

Annals of Medicine
2023, VOL. 55, NO. 2, 2255825

Impact of Porphyromonas gingivalis-odontogenic infection on the 
pathogenesis of non-alcoholic fatty liver disease

Linbo Liua, Yan Gengb and Chaoliang Xiongb

aDepartment of Clinical Laboratory, Yulin No.2 Hospital, Yulin, Shaanxi, China; bDepartment of Clinical Laboratory, The Second Affiliated 
Hospital of Xi’an Jiaotong University, Xi’an, Shaanxi, China

ABSTRACT
Aim: Non-alcoholic fatty liver disease is characterized by diffuse hepatic steatosis and has quickly 
risen to become the most prevalent chronic liver disease. Its incidence is increasing yearly, but 
the pathogenesis is still not fully understood. Porphyromonas gingivalis (P. gingivalis) is a major 
pathogen widely prevalent in periodontitis patients. Its infection has been reported to be a risk 
factor for developing insulin resistance, non-alcoholic fatty liver disease (NAFLD), non-alcoholic 
steatohepatitis (NASH), and metabolic syndrome. The aim of this review is to evaluate the 
association between P. gingivalis infection and NAFLD, identify the possible etiopathogenetic 
mechanisms, and raise public awareness of oral health to prevent and improve NAFLD.
Methods: After searching in PubMed and Web of Science databases using ‘Porphyromonas 
gingivalis’, ‘non-alcoholic fatty liver disease’, and ‘hepatic steatosis’ as keywords, studies related 
were compiled and examined.
Results: P. gingivalis infection is a direct risk factor for NAFLD based on clinical and basic research. 
Moreover, it induces systematic changes and systemic abnormalities by disrupting metabolic, 
inflammatory, and immunologic homeostasis.
Conclusion: P. gingivalis-odontogenic infection promotes the occurrence and development of 
NAFLD. Further concerns are needed to emphasize oral health and maintain good oral hygiene 
for the prevention and treatment of NAFLD.

KEY MESSAGES
1.	 Porphyromonas gingivalis exacerbates the development of non-alcoholic fatty liver disease.
2.	 Porphyromonas gingivalis aggravates a homeostasis imbalance in hepatic lipid metabolism 

and an insulin resistance phenotype.

Introduction

In recent years, with the rapid development of the 
economy and the substantial improvement of people’s 
quality of life, the prevalence of NAFLD continues to 
rise and presents a trend of younger onset. NAFLD has 
now replaced hepatitis B as the most common chronic 
liver disease, and is also the leading cause of end-stage 
liver disease worldwide [1–4]. The prevalence of NAFLD 
is about 25% in the general population in China, 57.5–
74.0% in the obese population, and 70–75% in the 
diabetic population [1,5–8]. It is currently believed that 
NAFLD is closely related to obesity, type 2 diabetes, 
hyperlipidemia, and metabolic syndrome. The inci-
dence rates of diabetes, arteriosclerotic cardiovascular 

disease, metabolic syndrome, and tumors increase sig-
nificantly within 5-10 years after NAFLD diagnosis 
[9,10]. The pathogenesis of NAFLD is still incompletely 
understood. While there are many probably candidate 
contributors, one proposed underlying mechanism is 
the infection of Porphyromonas gingivalis (P. gingivalis).

P. gingivalis, a Gram-negative oral anaerobic bacte-
rium, is the most important pathogenic bacterium that 
causes periodontal disease. The infection of P. gingiva-
lis has been reported to be associated with an 
increased risk of a variety of systemic diseases includ-
ing, but not limited to, cardiovascular diseases, rheu-
matoid arthritis, type 2 diabetes, and Alzheimer’s 
disease [11–14]. Emerging evidence shows that P. 

© 2023 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group

CONTACT Yan Geng  gengyan029@163.comChaoliang Xiong  xiongcl@xjtu.edu.cn  Department of Clinical Laboratory, The Second Affiliated 
Hospital of Xi’an Jiaotong University, No. 157 Xiwu Road, Xincheng District, 710004 Xi’an, Shaanxi, China.

https://doi.org/10.1080/07853890.2023.2255825

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/), which 
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article has been 
published allow the posting of the Accepted Manuscript in a repository by the author(s) or with their consent.

ARTICLE HISTORY
Received 9 March 2023
Revised 15 June 2023
Accepted 1 September 
2023

KEYWORDS
Porphyromonas gingivalis; 
non-alcoholic fatty liver 
disease; hepatic steatosis; 
insulin resistance; 
inflammation; intestinal 
microbiota

mailto:gengyan029@163.com
mailto:xiongcl@xjtu.edu.cn
https://doi.org/10.1080/07853890.2023.2255825
http://creativecommons.org/licenses/by-nc/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1080/07853890.2023.2255825&domain=pdf&date_stamp=2023-9-13


2 L. LIU ET AL.

gingivalis infection exacerbates the progression of 
NAFLD. P. gingivalis cell surface components such as 
fimbriae, outer membrane protein A, lipopolysaccha-
ride, etc. are the main pathogenic factors [15–18]. They 
are thought to contribute to the development of 
NAFLD in many ways that range from promoting 
endotoxemia, inflammatory response, oxidative stress, 
metabolic remodeling, macrophage polarization and 
gut microbiome [11,13,19–26]. Therefore, studying the 
specific mechanism and shedding light on the direct 
role of P. gingivalis in the progress of NAFLD will pro-
vide a reference and basis for prevention and treat-
ment of NAFLD.

Definition and multiple parallel hits 
hypothesis of nonalcoholic fatty liver disease

Non-alcoholic fatty liver disease (NAFLD), also known 
as metabolic dysfunction-associated fatty liver disease 
(MAFLD), refers to the exclusion of alcohol and other 
definite liver damage factors (such as drugs), is a clin-
icopathological syndrome characterized by diffuse lipid 
droplet deposition in hepatocytes [1,5,8,27]. According 
to the progression of the disease, NAFLD comprises a 
wide spectrum of pathological conditions ranging 
from simple steatosis to more severe forms of 
non-alcoholic steatohepatitis (NASH) and its related 
liver cirrhosis and hepatocellular carcinoma [27–29].

The pathogenesis of NAFLD is still unclear, and the 
explanation of its pathogenesis by the ‘two-hit’ hypoth-
esis in previous studies has been widely recognized by 
the academic community. The first hit is mainly caused 
by the excessive deposition of lipids in the liver cells 
induced by insulin resistance; the second hit is on the 
basis of the first hit, lipid peroxidation and oxidative 
stress occur, inducing inflammatory response and 
necrosis in liver parenchyma cells and fibrosis, further 
accelerating the progression of the disease. However, 
with the gradual deepening of research, some scholars 
believe that the ‘multiple parallel hits’ hypothesis can 
better explain the pathogenesis of NAFLD. These hit 
factors include insulin resistance, lipid metabolism dis-
orders, and oxidative stress, mitochondrial dysfunction, 
pro-inflammatory cytokines, immune response, intesti-
nal flora disturbance, etc. The vicious circle formed by 
the mutual influence and interaction of the above fac-
tors promotes the progression of NAFLD [27,30–34]. 
Despite a comprehensive understanding of cellular 
biological changes that occur during the development 
and progression of NAFLD, the molecular mechanisms 
underlying these changes remain poorly understood. 
In recent years, studies have found that P. gingivalis 

has a certain influence on the occurrence and devel-
opment of NAFLD [12–14,20,22,24,26,35,36]. However, 
there is still a lack of sufficient experimental data and 
the accumulation of clinical practice.

Porphyromonas gingivalis and systemic 
diseases

P. gingivalis is a non-saccharide gram-negative anaerobic 
coccus that is widely present in the human oral cavity 
and is the key pathogen that is closely related to the 
occurrence and development of periodontitis [18]. The 
action of P. gingivalis is mainly achieved through numer-
ous factors of virulence and pathogenicity such as gin-
givain, fimbriae, hemolysin, hemagglutinin and 
lipopolysaccharides [18,37]. Gingivain is essential for the 
survival and pathogenicity of P. gingivalis, and it plays 
key roles in oral colonization, nutrient acquisition, and 
tissue destruction [17,19]. Gingivesin is a cysteine prote-
ase composed of lysine-gingivain, arginine-gingivain A, 
and arginine-gingivain B, which can be secreted on the 
surface of biofilms or released to the extracellular envi-
ronment in the form of exosomes [38,39].

Studies in recent years have found that P.gingivalis 
is not only one of the main important pathogenic bac-
teria in the development of periodontitis, but also 
closely related to systemic diseases including rheuma-
toid arthritis (RA) [40–45], cardiovascular disease [46–
51], diabetes [36,42,52] and Alzheimer’s disease (AD) 
[53–57]. The imbalance of oral microecology caused by 
the abnormal increase in the relative abundance of P. 
gingivalis can not only cause the destruction of local 
tissues in the oral cavity, but also damage distant tis-
sues and organs far away from the primary lesions 
[16,47,58–61]. P.gingivalis produces gingivain that can 
cause local tissue damage, disrupt the host’s antibac-
terial defense, and lead to excessive growth and dis-
semination of symbiotic bacteria in the oral and 
intestinal tract. This can lead to excessive production 
of toxic metabolites, promoting cardiovascular disease 
and autoimmune related metabolic disorders 
[48,49,62,63]. The gingivain produced by P.gingivalis in 
the brain is of great significance for the occurrence 
and development of AD. Gingivain promotes the 
migration of microglia to the infection site by activat-
ing PI3K/Akt and MEK/ERK pathways, thus accelerating 
the progression of AD [64]. Peptide based arginine 
deiminase (PAD) produced by P.gingivalis is also an 
important pathogenic factor, which can break the 
immune tolerance of citrulline proteins and exacerbate 
the symptoms of individuals susceptible to rheumatoid 
arthritis (RA) [41,65]. Furthermore, studies have found 
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that LPS on the surface of P.gingivalis is recognized 
and mediated by TLR. Through TLR-NF-kB signal axis, it 
promotes the secretion of inflammatory factors IL-1β, 
IL-6, TNF-α, IFN-γ, induces severe endothelial cell oxi-
dative stress, and aggravates atherosclerosis [66,67].

Association between P. gingivalis infection 
and NAFLD

Periodontitis and NAFLD are both chronic inflamma-
tory diseases with multiple risk factors, which have 
been confirmed to be closely related by many stud-
ies. The main pathogen of periodontitis has been 
confirmed to be P. gingivalis, and P. gingivalis infec-
tion is an important risk factor for the pathological 
progression of NAFLD. In 2012, Yoneda et  al. in Japan 
compared 150 NAFLD patients and 60 healthy con-
trols and found that the infection rate of P. gingivalis 
in NAFLD patients was significantly higher than that 
in healthy controls. Injection of P. gingivalis via the 
jugular vein into high-fat fed mice accelerated the 
progression of NAFLD. In contrast, non-surgical peri-
odontal therapy in patients with NAFLD can signifi-
cantly improve liver function parameters [26]. In 2018, 
another Japanese team, Nakahara et  al. found that 
after high-fat feeding and periodontal infection with 
P. gingivalis, the degree of liver steatosis and fibrosis 
in mice was more significant. Among 200 patients 
with biopsy-proven NAFLD, P. gingivalis antibody 

titers were also positively correlated with NAFLD pro-
gression [14]. In 2017, in a study based on the US 
National Health and Nutrition Examination Survey 
(NHANES), Bhandari et  al. conducted a statistical anal-
ysis of the relevant data of 1807 NAFLD patients and 
2608 healthy controls and found that with serum 
porphyrin gingivalis monocytogenes P. gingivalis anti-
body level increased, the incidence of NAFLD showed 
an upward trend, and the higher the serum P. gingi-
valis antibody level, the more severe liver steatosis 
[68]. Therefore, whether elimination of P. gingivalis 
infection alleviate the progress of NAFLD? Takata 
et  al. revealed that the application of macrolide anti-
biotic [azithromycin (AZM)] locally and/or systemically 
to a high-fat-diet-induced NASH mouse model with P. 
gingivalis odontogenic infection inhibited NASH pro-
gression significantly [24]. Taken together, these stud-
ies suggest that P. gingivalis infection may be an 
independent risk factor for NAFLD and may promote 
disease progression.

Proposed mechanisms of pathogenetic role of 
P. gingivalis infection on NAFLD

The exact link between P. gingivalis infection and the 
development of Non-Alcoholic Fatty Liver Disease 
(NAFLD) is not yet fully understood. However, there are 
several mechanisms through which P. gingivalis may 
promote the progression of NAFLD: (1) causing 

Figure 1.  Mechanism of Porphyromonas gingivalis mediated non-alcoholic fatty liver disease.
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bacteremia and endotoxemia; (2) producing 
pro-inflammatory mediators; (3) oxidative stress; (4) 
inducing macrophage polarization; (5) altering 
autophagy-lysosomal system; (6) altering gut microbiota 
(Figure 1).

Causing bacteremia and endotoxemia

The oral mucosa acts as the first line of defense against 
environmental and microbial irritants through intercon-
nected epithelial cells. Grainyhead-like transcription fac-
tor 2 (GRHL2) is an epithelial-specific transcription factor 
that regulates the expression of connexins and plays a 
critical role in the formation of the mucosal epithelial 
barrier. P. gingivalis has been shown to down-regulate 
the expression of GRHL2, leading to disruption of the 
mucosal epithelial barrier [69]. P. gingivalis and its com-
ponents, such as fimbriae, can enter the body through 
periodontal ulcers. The Rgp and Kgp proteases produced 
by P. gingivalis can degrade and inactivate various 
immunoglobulins and cytokines, protecting the bacte-
rium from phagocyte attack and evading the host’s 
immune defense mechanism. This allows P. gingivalis to 
safely enter the bloodstream and produce bacteremia, 
which can lead to colonization of liver cells through the 
circulation [70,71]. Ishikawa et al. infected the oral cavity 
of mice with P. gingivalis, and then found the presence 
of P. gingivalis in mouse liver cells, and P. gingivalis in 
the liver was alive bacteria that could be cultured [12] 
(Figure 2). Hisako et  al. found that P. gingivalis could be 
detected in the liver tissue of 52.5% of patients with 
nonalcoholic steatohepatitis (NASH), and the detection 
of P. gingivalis was positively correlated with liver fibro-
sis scores [26,35]. Endotoxemia is known to promote 
the development of NAFLD. The study found that the 

level of endotoxin in the serum of the rats in the 
infected group was 2.4 times higher than that of the 
rats not infected with P. gingivalis [26]. 
Pathogen-associated molecular patterns (such as pepti-
doglycan, lipopolysaccharides, gingipain, fimbria, etc.), 
and damage-associated molecular patterns (such as 
interleukins-1α, β, −8, etc.) released by pathogens and 
infected periodontium in the periodontal microenviron-
ments, enter the bloodstream, disseminate into the 
whole body, and induce a variety of systemic patholog-
ical effects, including hepatic steatosis and fibrosis [23]. 
Sasaki et  al. found that endotoxemia induced by intra-
venous injection of sonicated P. gingivalis caused 
impaired glucose tolerance, insulin resistance, and liver 
steatosis [72]. Taken together, these findings suggest 
that P. gingivalis infection can lead to the destruction of 
the oral mucosal barrier, followed by bacteremia and 
endotoxemia, which may be an important factor in 
accelerating the progression of NAFLD.

Producing pro-inflammatory mediators

The cell wall of P. gingivalis is mainly composed of 
peptidoglycan, lipoproteins, lipids, and lipopolysaccha-
rides (LPS). These substances are known to be closely 
associated with the release of pro-inflammatory medi-
ators. Furusho et  al. first demonstrated that P. gingivalis 
infection exacerbates hepatic steatosis and fibrosis 
through a mechanism involving the synergistic effect 
between NLRP3 inflammasome activation and the 
LPS-TLR pathway. Mice infected with P. gingivalis after 
a 12-week high-fat diet show significantly higher 
expression of hepatic cytokines (such as IL-1β, IL6, 
IL10, IL12, IL17, TNFα and INF-γ), chemokines (such as 

Figure 2.  Porphyromonas gingivalis infection induces bacteremia and endotoxemia accelerating the progression of NAFLD.
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IL8, macrophage inflammatory protein 1α (MIP-1α), 
monocyte chemoattractant protein 1 (MCP-1), prosta-
glandin E2, and nitric oxide (NO)) and Toll-like receptor 
2 levels. In vitro, the mRNA levels of Nod-like receptor 
3 (NLRP3) and Caspase-1 (Casp-1) were significantly 
increased in hepatocytes after stimulation of hepato-
cytes with P. gingivalis-derived lipopolysaccharide [35]. 
Ding et  al. also found that P. gingivalis-derived lipo-
polysaccharide may lead to intracellular lipid accumu-
lation and inflammatory response in hepatocytes via 
the activation of NF-κB and JNK signaling pathways 
[22]. Atsuhiro et al. demonstrate that P. gingivalis odon-
togenic infection significantly increased the expression 
of pro-inflammatory factors (such as TNFα, IL1β, 
galectin-3), whereas eradication of their infection 

significantly inhibited hepatic steatosis and inflamma-
tory progression [24]. Ahn et  al. also showed that P. 
gingivalis infection exacerbated lobular inflammation 
and hepatocyte ballooning [20] (Figure 3). Taken 
together, these all suggest a functional involvement of 
P. gingivalis infection in the pathological progression 
of NAFLD.

Oxidative stress

Oxidative stress is a state of imbalance between oxida-
tive and antioxidant effects in the body, producing a 
large number of oxidative intermediates, such as reac-
tive oxygen species (ROS), reactive nitrogen species 
(RNS) and free radicals, resulting in host DNA 

Figure 3.  Porphyromonas gingivalis Derivates promote pro-inflammatory mediators leading to intracellular lipid accumulation 
and inflammatory reaction.
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fragmentation, lipid peroxidation and protein oxida-
tion, leading to loss of membrane integrity, changes in 
protein structure and function, and genetic mutations. 
ROS and RNS are considered to be the major toxicity 
mechanisms causing hepatocyte damage [73,74]. In 
chronic periodontitis, the cellular component of P. gin-
givalis, present in dental plaque, recruits and activates 
hyperreactive polymorphonuclear cells, thereby accel-
erating the process of ROS production. Excessive ROS 
severely damage the antioxidant system in the liver, 
stimulating the activation of hepatic intracellular path-
ways (such as c-Jun, N-terminal kinase, ERK1/2, NF- κB, 
etc.) and promoting chronic low-grade inflammatory 
responses, ultimately leading to insulin resistance and 
metabolic disorders [75] (Figure 4). These studies sug-
gest that ROS from P. gingivalis-mediated periodontitis 
may be involved in liver damage.

Inducing macrophage polarization

Macrophages are differentiated from bone marrow 
monocytes and play an important role in the innate 
immune response. Macrophages are a remarkable 
plastic cell type that can undergo morphological, 

functional and phenotypic differentiation after specific 
microenvironmental stimulation, that is, macrophage 
polarization [76,77]. Canonical and alternative pathway 
activated macrophages serve as two extremes of plas-
ticity regulation of their function, termed classically 
activated macrophages (M1 type) and alternatively 
activated macrophages (M2 type), respectively.

M1-type macrophages express specific markers 
such as MHC-II molecules, CD80 and CD86 on the 
surface. Studies have shown that Toll-like receptor 
ligands, interferon-γ (IFN-γ), pathogen-associated 
molecular complex (PAMC), bacterial lipopolysaccha-
ride (LPS), and lipoproteins can induce macrophage 
polarization to the M1 type. Activated M1-type mac-
rophages produce and secrete a series of 
pro-inflammatory cytokines such as interleukin 
(IL)-1α, IL-1β, IL-6, IL-12, IL-23, TNF-α and cyclohexi-
mide enzyme-2 (COX-2), which exert pro-inflammatory 
effects. M2-type macrophages express CD163, man-
nose receptor 1 (MR1), resistin-like molecule-β and 
arginase-1 (Arg-1) on the surface. Studies have 
shown that IL-4, IL-10, IL-13, TLR agonists or IL-1 
receptor ligands can induce macrophage polariza-
tion to the M2 type. Polarized M2 macrophages can 

Figure 5.  Porphyromonas gingivalis infection Involves in the 
pathogenesis of NAFLD by inducing the polarization of 
macrophages.

Figure 4.  Porphyromonas gingivalis infection Accelerates the 
process of ROS production promoting insulin resistance and 
metabolic disorders.
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inhibit the production of pro-inflammatory cytokines 
and induce the secretion of anti-inflammatory cyto-
kines such as IL-10 and IL-12 [78]. Yu et  al. found 
that after infection of bone marrow-derived macro-
phages with P. gingivalis, macrophage could be 
polarized to the M1 type, but not the M2 type [79]. 
Polarized M1 macrophages can produce a series of 
pro-inflammatory cytokines (including IL-1β, IL-6, 
inducible nitric oxide synthase, etc.), which further 
promote the activation of inflammatory signals and 
increase lipid deposition in hepatocytes. Animal 
experiments have also shown that M1-type polariza-
tion of macrophages can increase hepatic lipid 
deposition, and inhibition of its polarization can 
ameliorate hepatic lipid accumulation [80] (Figure 5). 
These suggest that P. gingivalis infection may be 
involved in the pathogenesis of NAFLD by inducing 
the polarization of macrophages.

Altering autophagy-lysosomal system

Autophagy is a highly conserved intracellular self- 
protection mechanism. It mainly degrades damaged 
organelles and macromolecules through autophagy lyso-
somes, and recycles small molecules such as amino acids 
and nucleic acids, and plays an important role in maintain-
ing cellular homeostasis. Autophagy efficiently degrades 
normal cellular metabolites that, when accumulated, can 
cause cytotoxicity, such as redox-active protein aggregates 
and damaged mitochondria [81–84]. Many studies show 
that autophagy can reduce the content of lipid droplets in 
hepatocytes and alleviate hepatic steatosis by degrading 
intracellular lipid droplets (lipophagy). When autophagy is 
impaired, the ability to degrade intrahepatic lipid droplets 
is reduced, which would cause a sustained increase in 
lipid droplets and the development of steatosis. Studies 
have shown that autophagy is inhibited in vivo in NAFLD 

Figure 6.  Porphyromonas gingivalis infection Alters autophagy-lysosomal system accelerating the development of NAFLD.
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patients. In vitro and in vivo experiments have shown that 
inhibition of autophagy can exacerbate hepatic steatosis. 
Therefore, modulation of hepatocyte autophagy may be 
an effective and protective way to treat NAFLD [85,86]. P. 
gingivalis infection can inhibit the formation of auto
phagolysosomes while activating autophagy and coloniz-
ing late autophagosomes, resulting in persistent infection. 
Zaitsu et  al. found that accumulation of intracellular lipid 
droplets in HepG2 cells can delay the clearance of P. gingi-
valis by inhibiting the formation of lysosomes and auto-
phagolysosomes. These lead to sustained intracellular 
inflammatory response and cell damage, which is a risk 
factor for the development of NAFLD [87,88] (Figure 6). 
Therefore, the inhibition of autophagy-lysosome formation 
may play an important role in the development of NAFLD 
caused by P. gingivalis infection.

Altering gut microbiota

The gut microbiota participates in and regulates many life 
activities throughout the life process of the human body, 
and is closely related to host health [89]. The maintenance 
of gut microbiota homeostasis is influenced by a combi-
nation of factors. A large number of clinical studies have 
shown that the composition or dysfunction of the gut 
microbiota plays a key role in the development and 

progression of NAFLD. Bacteroidetes and Firmicutes are 
the two dominant bacterial groups in the human gut, 
and the relative abundances of Firmicutes and 
Bacteroidetes differ in NAFLD patients and healthy con-
trols. Compared to healthy controls, the relative abun-
dance of Bacteroidetes was decreased in the gut of 
NAFLD patients, while the relative abundance of Firmicutes 
was increased. When NAFLD patients consumed a 
low-calorie diet or exercised to lose weight, the abun-
dance of Bacteroidetes increased and the abundance of 
Firmicutes decreased [90]. Nakajima et  al. found that a 
single feeding of P.gingivalis could significantly induce 
changes in the gut flora, with an increase in the abun-
dance of Bacteroidetes and a decrease in the abundance 
of Firmicutes [25,91–93]. Alexandra et  al. found that both 
acute and chronic P. gingivalis infection disrupted the gut 
microbiota composition of mice and reduced the abun-
dance of short-chain fatty acid-producing microbiota, 
resulting in functional changes associated with exacer-
bated NAFLD [94]. Arimatsu et  al. found that oral admin-
istration of P. gingivalis could not only induced similar 
changes in gut microbiota of mice, but also weakened 
the barrier function of intestinal epithelial cells, increased 
intestinal wall permeability, increased serum endotoxin 
levels, and induced systemic inflammation, insulin resis-
tance, and hepatic lipid deposition [95]. Serum endotoxin 
levels began to increase 1 h after a single oral administra-
tion of P. gingivalis, reached a peak after 3 h, and remained 
at the peak for 12 h. Sasaki et  al. found that after intrave-
nous injection of ultrasonically inactivated P. gingivalis into 
mice fed a high-fat diet, the intestinal flora of the mice 
changed significantly compared with the control group. 
Specifically, the numbers of Firmicutes and Proteobacteria 
decreased, the numbers of Alcaligenaceae and 
Erysipelotrichaceae increased significantly; and the num-
bers of Dehalobacteriaceae and Ruminococcaceae 
decreased, and the numbers of Bilophila and 
Dehalobacterium decreased significantly, while the num-
bers of Sutterella and Allobaculum increased significantly. 
In addition, treatment with P. gingivalis resulted in 
increased body weight, increased accumulation of subcu-
taneous fat and visceral fat, impaired glucose and insulin 
tolerance, and significant hepatic steatosis in mice (Figure 
7). These all suggest that P. gingivalis infection may pro-
mote the occurrence and development of NAFLD by 
altering the gut microbiome.

Other non-alcoholic fatty liver disease related 
periodontal pathogens

The relationship between periodontal disease and 
non-alcoholic fatty liver disease has been discussed from 
in vitro, in vivo, and epidemiologic perspectives. In 

Figure 7.  Porphyromonas gingivalis infection may promote the 
occurrence and development of NAFLD by Changing gut microbiota.
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addition to P. gingivalis, studies have found that other 
periodontal pathogens are similarly involved in the occur-
rence and development of NAFLD. For example, Rina 
et  al. found that in the NAFLD population, the antibody 
titer of Aggregatibacter actinomycetemcommitans (Aa) was 
positively correlated with visual fat, fast plasma insulin 
and HOMA-IR. After infected with Aggregatibacter actino-
mycetemcomitans, the mice showed abnormalities in glu-
cose tolerance, insulin resistance and liver steatosis, and 
these abnormalities were mainly mediated by the regula-
tion of glucose metabolism regulation, fatty acid metabo-
lism and intestinal flora. Whereas, antibiotic treatment 
with norfloxacin could improve glucose tolerance and 
liver lipid accumulation, and also lead to changes in the 
gut microbiota [96]. This suggest that periodontal patho-
gens are important factors leading to NAFLD, and main-
taining oral hygiene is crucial in the prevention and 
treatment of NAFLD. Given the oral cavity being a com-
plex microbiome, further insights into the alterations of 
the oral microbial community under the pathological 
state of NAFLD are hence warranted.

Concluding remarks

Although there are currently many studies on the rela-
tionship between NAFLD and gut microbiota, the rela-
tionship between oral microbial community and 
NAFLD has received growing attention in recent years. 
P. gingivalis is the main pathogen of periodontitis, 
which may influence the occurrence and development 
of NAFLD. More research is needed to confirm the role 
of P. gingivalis in the pathogenesis of NAFLD and clar-
ify the underlying mechanisms. In addition, long-term 
chronic infection with P. gingivalis has also been 
reported to damage various systems of the body, such 
as the cardiovascular system, immune system, and 
metabolic system. Therefore, emphasizing oral health, 
maintaining good oral hygiene, seeking timely and 
standardized treatment for various periodontal dis-
eases, especially P. gingivalis-odontogenic infection, 
can have a positive impact on overall health.
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