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Abstract: The increasing incidence of nonalcoholic fatty liver disease (NAFLD) and nonalcoholic
steatohepatitis (NASH), along with global lifestyle changes, requires further in-depth research to
elucidate the mechanisms and develop new treatment strategies. In addition, the number of patients
with periodontal disease has increased recently, suggesting that periodontal disease is sometimes
associated with systemic conditions. In this review, we summarize recent studies linking periodontal
disease and NAFLD, the concept of the mouth–gut–liver axis, oral and intestinal microbiota, and
liver disease. We suggest new research directions toward a detailed mechanistic understanding and
novel targets for treatment and prevention. Forty years have passed since the concepts of NAFLD
and NASH were first proposed. however, no effective prevention or treatment has been established.
We also found that the pathogenesis of NAFLD/NASH is not limited to liver-related diseases but has
been reported to be associated with various systemic diseases and an increasing number of causes
of death. In addition, changes in the intestinal microbiota have been shown to be a risk factor for
periodontal diseases, such as atherosclerosis, diabetes, rheumatoid arthritis, nonalcoholic fatty liver
disease, and obesity.

Keywords: nonalcoholic fatty liver disease; nonalcoholic steatohepatitis; periodontitis; dysbiosis;
multiple parallel hits; treatment; P. gingivalis

1. Introduction

Nonalcoholic fatty liver disease (NAFLD) and nonalcoholic steatohepatitis (NASH)
are the most common liver diseases. There has been a rapid increase in the number of
patients worldwide with these diseases due to the rising prevalence of obesity and type 2
diabetes. The prevalence of NAFLD is 25.2%, with approximately 10–20% of these patients
considered to have NASH. The prevalence is increasing yearly [1,2].

The multiple parallel hits hypothesis, which states that NAFLD/NASH is caused by
the simultaneous action of many factors, such as obesity; diabetes including insulin resis-
tance, dyslipidemia, and other factors of metabolic syndrome; disruption of the intestinal
microflora; and cytokine abnormalities, has become the mainstream hypothesis [3,4].

Periodontal disease is a general term for a group of diseases characterized by inflam-
matory lesions in the periodontal tissues (gingiva, periodontal ligament, cementum, and
alveolar bone). The cause of periodontal disease is dental plaque, a biofilm-like growth of
oral bacteria. The inflammatory response to plaque bacteria causes the formation of deep
periodontal pockets between the teeth and gingiva. Deep periodontal pockets provide a
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favorable environment for the growth of anaerobic periodontopathogenic bacteria, and
persistent inflammation leads to resorption and destruction of the periodontal ligament
and alveolar bone, supporting tissues of the teeth, and deep gingival epithelial growth,
resulting in further periodontal pocket deepening. Among the hundreds of bacterial species
found in deep periodontal pockets, some Gram-negative anaerobes, such as P. gingivalis,
are thought to be pathogenic bacteria that contribute to the pathogenesis of the periodontal
disease. When periodontitis is present in all teeth, the size of ulcers in periodontal pockets
can reach 50 cm2 or more [5]. It is assumed that inflammatory cytokines and bacteria
are hematogenously transmitted from ulcers in periodontal pockets to the whole body,
resulting in changes in the intestinal microflora and involvement in various diseases, in-
cluding type 2 diabetes [6–9]. Recent oral bacteriological and epidemiological studies have
reported many effects of oral bacteriology, especially periodontal disease, on the whole
body. Therefore, the concept of “periodontal medicine,” in which periodontal disease is
involved in a bidirectional manner with systemic diseases, has been proposed [10].

NAFLD and NASH, liver diseases that develop from lifestyle-related diseases, have
also been reported to be associated with periodontal disease. The relationship between
periodontal disease and abnormal liver function in humans was first reported by Furta
et al. in 2010 [11]. Later, the relationship between Porphyromonas gingivalis (P. gingivalis)
and NAFLD was first reported by Yoneda et al. in 2012 [12], and has since attracted
much attention. However, the increasing incidence of NAFLD and NASH, along with
global lifestyle changes, requires further in-depth research to elucidate the mechanisms and
develop new treatment strategies. Herein, we review the association between periodontal
disease and NAFLD/NASH.

2. Epidemiology of NAFLD/NASH and Periodontal Disease

Epidemiological studies have reported significant associations between NAFLD and
periodontal disease worldwide. In Korea, 4272 participants were investigated based on the
Korea National Health and Nutrition Examination Survey. The fatty liver index (a surrogate
index for fatty liver calculated from the body mass index, abdominal circumference, serum
γ-glutamyl transpeptidase [γGTP] level, and serum triglyceride level) and periodontal-
disease-related index (community periodontal index) were reported to be associated with
periodontal disease [13]. In China, the number of missing teeth and NAFLD diagnosed by
ultrasonography were investigated in 24,470 people. A significant correlation was found
between the number of missing teeth and a higher presence of NAFLD in men but not
women [14]. In Japan, Furuta et al. reported a correlation between alanine transaminase
(ALT) and the incidence of periodontal disease [11]. In addition, Yoneda et al. reported a
higher detection rate of P. gingivalis in saliva by polymerase chain reaction (PCR) in patients
with biopsy-proven NAFLD and NASH than in healthy individuals [12]. Furthermore,
Ahmed et al. reported that the combination of metabolic syndrome and a high ALT
level was associated with periodontal pocket depth [15], and Morita et al. reported that
periodontal disease was associated with the serum γGTP level (Table 1) [16].

Periodontitis, identified by Probing pocket depth ≥ 4 mm, was reported to be a risk
factor for NAFLD, diagnosed by ultrasound or hepatic stiffness in a cross-sectional study of
a Japanese oral health check population (n = 887 without NAFLD, n = 339 with NAFLD) [17],
and correlated with liver stiffness in patients with NAFLD and advanced fibrosis [18].

In an epidemiological study of 5421 individuals with oral status and fatty liver in the
National Health and Nutrition Examination Survey, adults with fewer than 20 remaining
teeth, moderate to severe periodontitis, and untreated caries were each 1.5 times more
likely to have NAFLD than their counterparts. The fibrosis index and periodontal disease
were also reported to be significantly associated with a high odds ratio (OR) (OR = 3.1 95%
confidence interval [CI]: 2.31–4.17) [19]. The serum level of the γGTP enzyme was also
significantly higher in NAFLD subjects than their counterparts without NAFLD [17].
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Table 1. Cross-sectional studies of periodontitis and NAFLD.

Author Country Year
Published

Number of
Participants Result

Kim et al. [13] Korea 2020 4272 The fatty liver index was associated with
periodontal disease.

Qiao et al. [14] China 2018 24,470 The number of missing teeth was associated with a
higher presence of NAFLD in men.

Furuta et al. [11] Japan 2010 2225 High ALT levels were associated with
periodontal disease.

Yoneda et al. [12] Japan 2012 150
There was a higher detection rate of P. gingivalis in saliva

by PCR in patients with biopsy-proven NAFLD and
NASH than in healthy participants.

Ahmed et al. [15] Japan 2017 5683 A combination of metabolic syndrome and a high ALT
level was associated with the periodontal pocket depth.

Morita et al. [16] Japan 2014 1510 Periodontal disease was associated with the serum
γGTP level.

ALT, alanine transaminase; PCR, polymerase chain reaction; P. gingivalis, Porphyromonas gingivalis; NAFLD,
nonalcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis.

3. Pathophysiology Linking NAFLD/NASH and Periodontal Disease

P. gingivalis, closely related to periodontal disease, has been reported to be involved in
the development of NAFLD and NASH. The periodontopathogenic bacterium P. gingivalis
enters the bloodstream through the periodontitis lesions, and the pathogenic bacteria, their
products, and inflammatory cytokines are transported throughout the body and reach the
liver; Furusho et al. reported the presence of P. gingivalis in the liver tissue from the patients
with NASH by immunohistochemical staining, and the presence of this organism in the
liver is associated with hepatic fibrosis [20]. Furthermore, this report describes that when
P. gingivalis infects mice with diet-induced fatty liver through the pulp chamber, the serum
LPS concentration increases, and further liver steatosis progresses [20]. In other experi-
ments using a mouse model of fatty liver, the intravenous administration of P. gingivalis and
intraoral administration of P. gingivalis caused exacerbation of obesity, insulin resistance,
and steatohepatitis [12,21]. It is mainly due to the endotoxin produced by P. gingivalis.
The leading cause is thought to be the endotoxin lipopolysaccharide (LPS) produced by
P. gingivalis and the innate immune system response via the TLR2/TLR4 pathway [20].
In vitro studies have shown that stimulation of the cell line HepG2 isolated from hepa-
tocellular carcinoma with LPS from P. gingivalis resulted in an increase in MyF88, one
of the adapter molecules that mediate both TLR2 and TLR4 signaling pathways, and an
increase in proinflammatory cytokines. In this report, LPS from P. gingivalis contributes to
intracellular lipid accumulation and inflammatory responses in HepG2 cells via activation
of nuclear factor-κB and JNK signaling pathways [22]. Conversely, it has also been reported
that lipid droplets in the liver affect P. gingivalis. A study using oleate-induced HepG2 cells
reported that fat droplets in the liver increase intracellular P. gingivalis and that fat droplets
affect the removal of P. gingivalis by altering the autophagy mechanism [23]. In a study
examining the effects of P. gingivalis-derived LPS on immortalized human fetal hepatocytes
(Hc3716-hTERT) induced to steatosis by palmitic acid, the expression of TLR2, one of the
P. gingivalis-derived LPS receptors, was upregulated and mRNA levels of inflammasomes
(NLRp 3, Casp-1) and proinflammatory cytokine were increased [20].

In a human study, P. gingivalis was detected by PCR in the saliva of 60, 48, and
102 healthy individuals with NAFL and NASH, respectively, and the positive rates were
21.7%, 35.4%, and 50.2%, respectively. Additionally, the frequencies of types II, Ib, and IV,
which are highly pathogenic strains of FimA, were 50%, 30%, and 14.3%, respectively [12].
Serum immunoglobulin (Ig)-G antibody titers against FimA measured by enzyme-linked
immunoassay were compared with histological findings in 200 cases of biopsy-proven
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NAFLD, and it was reported that the possession of FimA type IV was significantly cor-
related with advanced hepatic fibrosis in multivariate analysis [24]. Furthermore, in a
cross-sectional study of 164 patients with NAFLD, P. gingivalis positivity in saliva (P. gingi-
valis ratio > 0.01%) was significantly correlated with liver stiffness assessed by magnetic
resonance elastography (MRE) (p < 0.0001). Additionally, patients with NAFLD who were
considered to have significant liver fibrosis according to Liver stiffness measurements by
MRE had significantly elevated endotoxin activity in the blood. Note that in this study,
NAFLD patients with more than 10 periodontal pockets ≥ 4 mm deep had significantly
higher liver stiffness in both vibration-controlled transient elastography and MRE [18].

In addition to P. gingivalis, an association with Aggregatibacter actinomycetemcomitans
(A. actinomycetemcomitans) has also been reported as a periodontopathogenic bacterium.
Komazaki et al. reported that anti-A A. actinomycetemcomitans antibody levels in 52 pa-
tients with NAFLD were associated with visceral fat, the degree of insulin resistance and
hepatic steatosis measured by computed tomography. Furthermore, administration of
A. actinomycetemcomitans to mice resulted in glucose intolerance and insulin resistance, and
administration of this organism to a mouse model of fatty liver exacerbated liver steatosis.
Additionally, in mice treated with A. actinomycetemcomitans, 16rs RNA sequencing revealed
that the gut microbiota is altered. Metagenomic prediction in the gut microbiota results in
the up-regulation of fatty acid biosynthesis and down-regulation of fatty acid degradation.
The study concluded that A. actinomycetemcomitans infection exacerbates fatty liver via
changes in gut microbiota, glucose metabolism, and lipid metabolism [25].

Many reports support the association between NAFLD and periodontal disease, but
since both diseases are closely related to metabolic functions, many factors are considered
to be mutually involved (Figure 1).

Nutrients 2023, 15, x FOR PEER REVIEW 5 of 13 
 

 

Komazaki et al. reported that anti-A A. actinomycetemcomitans antibody levels in 52 pa-
tients with NAFLD were associated with visceral fat, the degree of insulin resistance and 
hepatic steatosis measured by computed tomography. Furthermore, administration of A. 
actinomycetemcomitans to mice resulted in glucose intolerance and insulin resistance, and 
administration of this organism to a mouse model of fatty liver exacerbated liver steatosis. 
Additionally, in mice treated with A. actinomycetemcomitans, 16rs RNA sequencing re-
vealed that the gut microbiota is altered. Metagenomic prediction in the gut microbiota 
results in the up-regulation of fatty acid biosynthesis and down-regulation of fatty acid 
degradation. The study concluded that A. actinomycetemcomitans infection exacerbates 
fatty liver via changes in gut microbiota, glucose metabolism, and lipid metabolism [25].  

Many reports support the association between NAFLD and periodontal disease, but 
since both diseases are closely related to metabolic functions, many factors are considered 
to be mutually involved (Figure 1). 

 
Figure 1. Pathogenic Mechanisms Linking Periodontal Disease and NAFLD. NAFLD, nonalcoholic 
fatty liver disease; TNF, tumour necrosis factor; LPS, lipopolysaccharide; ↑, increase in blood 
concentration; ↓, decrease in blood concentration 

4. Periodontal Disease and Oral–Gut–Liver Axis 
Recently, new molecular biological techniques have revealed that intestinal bacteria 

are involved in the pathogenesis and progression of various diseases. The liver is the first 
target organ for bacteria, endotoxins, and metabolites that invade the portal vein from the 
intestinal tract. The effects of intestinal wall barrier dysfunction (leaky gut syndrome) [26–
28], qualitative and quantitative abnormalities of intestinal bacteria, and increased endog-
enous alcohol are considered exacerbating factors in various liver diseases. Recently, an 
increasing number of reports have suggested that changes in the oral microbiota may af-
fect the intestinal microbiota. Analysis of the intestinal microbiota of patients with liver 
cirrhosis revealed a decrease in species diversity. However, a high frequency of bacteria 
of oral origin (four species of Streptococcus and six species of Veillonella) correlated with 
disease severity, and the concept of an oral–gut–liver axis was proposed [29]. Humans 
produce 1–1.5 L of saliva daily, which contains 8.3 ×106/mL of P. gingivalis in patients with 
moderate periodontitis, and it was reported that the intraoral administration of experi-
mental P. gingivalis [21,30] and intravenous P. gingivalis-derived LPS [31] altered the in-
testinal microflora and microbiota. 

 Additionally, the oral administration of P. gingivalis causes disruption to the intes-
tinal wall barrier function (leaky gut syndrome) [21,28]. Recently, Yamazaki et al. reported 
that the oral administration of Prevotella intermedia or P. gingivalis caused significantly 
more severe NAFLD in mice. Furthermore, the metagenomic analysis revealed that ad-
ministering these oral bacteria increased the expression of genes involved in synthesising 
aromatic amino acids in the intestinal microflora, impaired intestinal barrier function, and 
caused endotoxinemia. In particular, the administration of P. gingivalis affected the ex-
pression of genes involved in the development and progression of NAFLD, such as those 

Figure 1. Pathogenic Mechanisms Linking Periodontal Disease and NAFLD. NAFLD, nonalco-
holic fatty liver disease; TNF, tumour necrosis factor; LPS, lipopolysaccharide; ↑, increase in blood
concentration; ↓, decrease in blood concentration.

4. Periodontal Disease and Oral–Gut–Liver Axis

Recently, new molecular biological techniques have revealed that intestinal bacteria are
involved in the pathogenesis and progression of various diseases. The liver is the first target
organ for bacteria, endotoxins, and metabolites that invade the portal vein from the intesti-
nal tract. The effects of intestinal wall barrier dysfunction (leaky gut syndrome) [26–28],
qualitative and quantitative abnormalities of intestinal bacteria, and increased endogenous
alcohol are considered exacerbating factors in various liver diseases. Recently, an increasing
number of reports have suggested that changes in the oral microbiota may affect the intesti-
nal microbiota. Analysis of the intestinal microbiota of patients with liver cirrhosis revealed
a decrease in species diversity. However, a high frequency of bacteria of oral origin (four
species of Streptococcus and six species of Veillonella) correlated with disease severity, and
the concept of an oral–gut–liver axis was proposed [29]. Humans produce 1–1.5 L of saliva
daily, which contains 8.3 × 106/mL of P. gingivalis in patients with moderate periodontitis,
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and it was reported that the intraoral administration of experimental P. gingivalis [21,30] and
intravenous P. gingivalis-derived LPS [31] altered the intestinal microflora and microbiota.

Additionally, the oral administration of P. gingivalis causes disruption to the intestinal
wall barrier function (leaky gut syndrome) [21,28]. Recently, Yamazaki et al. reported that
the oral administration of Prevotella intermedia or P. gingivalis caused significantly more
severe NAFLD in mice. Furthermore, the metagenomic analysis revealed that administering
these oral bacteria increased the expression of genes involved in synthesising aromatic
amino acids in the intestinal microflora, impaired intestinal barrier function, and caused
endotoxinemia. In particular, the administration of P. gingivalis affected the expression of
genes involved in the development and progression of NAFLD, such as those involved in
the expression of the genes related to the endoplasmic reticulum stress, circadian rhythm,
fibrosis, and tumorigenesis. In addition, it has been suggested that gingival pathogens
swallowed with saliva may alter the composition and function of intestinal bacteria and
adversely affect liver function by increasing intestinal permeability, which may be involved
in the onset and progression of NAFLD [32] (Figure 1).

In an examination of intestinal bacteria, obesity-associated hyperleptinemia activated
STAT3 signaling in Kupffer cells, which induced an excessive inflammatory response of
the liver to LPS via increased expression of CD14, a co-receptor for TLR4, leading to the
development of NASH pathogenesis [33].

5. Is Periodontal Therapy Useful as a Treatment for NAFLD?

There is still no established pharmacotherapy for NAFLD/NASH [34–36]. Currently,
drug treatment in accordance with each factor of the metabolic syndrome associated
with NAFLD/NASH is recommended. Although there are few reports on whether the
periodontal intervention improves NAFLD pathophysiology, non-surgical periodontal
treatment in 10 patients with NAFLD was reported to improve liver function test results,
such as aspartate aminotransferase (ALT) and AST after 3 months [12], suggesting that
periodontal treatment may be a helpful, supportive therapy in the management of NAFLD.
Kamata et al. randomized 40 patients to a scaling and root planning (SRP) or tooth brushing
group to evaluate the efficacy of periodontal treatment in patients with NAFLD. The SRP
group showed significantly lower ALT levels and P. gingivalis IgG antibody titers than the
toothbrushing group [37]. However, a large-scale, multicenter study is needed to verify the
efficacy of periodontal therapy in patients with NAFLD.

6. Relationship between Periodontal Disease and Atherosclerosis

In 2015, Angulo et al. reported that in a histological study of 619 patients with
NAFLD/NASH observed for 12.6 years, 33.2% of patients died or underwent liver trans-
plantation. Cardiovascular disease was the most common cause of death (38.3%)—more
cardiovascular disease-related deaths than liver-related deaths, such as cirrhosis or hepato-
cellular carcinoma [38]. Similarly, in a European study of 646 NAFLD/NASH patients with
histology from 2017 and a mean follow-up of 20 years, 33.1% of patients died; the most
common cause of death was cardiovascular events (36.9%), followed by extrahepatic malig-
nancies (25.7%), and liver-related death was fourth at 7.9% [39]. In NAFLD disease, liver
fibrosis progression is strongly associated with liver disease and causes of death, including
cardiovascular disease. Therefore, patients with NAFLD require appropriate evaluation for
cardiovascular disease [36]. Periodontal disease has been reported to increase the incidence
of atherosclerotic cardiovascular disease and mortality. A meta-analysis revealed that peri-
odontal disease has a statistically significant association with atherosclerotic cardiovascular
disease [40,41]. Elevated levels of inflammatory markers such as CRP, IL-6, IL-1, IL-8,
and TNF-α in the blood of patients with periodontitis are thought to be associated with
atherosclerotic lesion formation. In an analysis of 5297 patients with periodontal disease,
patients with poor response to periodontal therapy reported a significantly increased risk of
developing cardiovascular disease [42]. Systematic review and meta-analyses showed that
periodontal treatment improves endothelial function and reduces biomarkers of atheroscle-
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rotic disease in those already suffering from cardiovascular disease and/or diabetes [43,44].
Because atherosclerosis also plays a role in the prognosis of patients with NAFLD, future
studies on the relationship between periodontal disease and atherosclerosis are warranted.

7. Relationship between Periodontal Disease and Diabetes Mellitus

Follow-up studies of patients with severe periodontitis have reported an increased risk
of new onset of diabetes, worsening of glycated hemoglobin A1c (HbA1c), a marker of glu-
cose control, and increased frequency of diabetic complications. Multiple mechanisms have
been postulated to exacerbate periodontal disease in diabetic patients. First, dehydration
due to high blood glucose causes dryness of the oral cavity and a decrease in self-cleansing
by saliva. Second, leukocyte migration, phagocytosis, and bactericidal activity are reduced
by hyperglycemia, resulting in decreased resistance to periodontopathogenic bacteria.
Lastly, AGEs (advanced glycation end products), which are formed when excess glucose
in the blood binds to proteins, alter the function of type I collagen and laminin, which
are important substrate molecules of periodontal tissue. Inflammatory cytokines have
also been reported to play a role in the development of diabetes. Tumour necrosis factor
(TNF)-α is the best-known factor that inhibits insulin signalling. Although TNF-α levels
are elevated in the lesions of periodontally ill patients, there is no agreement on whether
they are also elevated in the blood and induce insulin resistance [45]. However, numerous
studies have reported elevated levels of the inflammatory cytokine interleukin (IL)-6 in
the blood of patients with periodontal disease [46]. In addition, IL-6 induces C-reactive
protein (CRP) production in the liver [47]. IL-6 and CRP are involved in insulin resistance,
and now these inflammatory factors are thought to be the cause of the adverse effect of
periodontitis on glycemic control.

It has been shown that the severity of periodontal disease is significantly higher in
diabetic patients [48], and diabetes play an important role because of the high associa-
tion between periodontal disease and NAFLD. Furthermore, longitudinal studies on the
progression of periodontal disease in patients with type 1 diabetes have revealed that
periodontal disease progresses more frequently in the poorly glycemic-controlled group
than in the well glycemic-controlled group [49,50] and that periodontal disease recurs more
frequently after periodontal treatment [51].

In type 2 diabetes, a report based on a large epidemiological study in the Pima Tribe
of the United States was made in 1990, showing that the incidence of periodontal disease
in diabetic patients was 2.6 times higher than in non-diabetic patients [52]. The Third
National Nutrition Examination Survey (NHANES III) reported that the odds ratio of
severe periodontal disease in patients with type 2 diabetes was 2.90 times higher for
HbA1c ≥ 9.0% and 1.56 times higher for HbA1c < 9.0% [53]. A German cohort study
reported that diabetic patients with an HbA1c of 7.0% or higher had a significantly higher
risk of periodontal disease progression and tooth loss [54]. A large 20-year cohort study of
US men reported that type 2 diabetes increased the incidence of periodontal disease by 29%
and tooth loss by 9% per year [55].

It is well known that hyperglycemia decreases immune function and alters the body’s
response to inflammation and that diabetes increases the incidence and risk of progression
of periodontal disease, which is an inflammatory disease. Periodontitis causes plaque
accumulation and the formation of periodontal pockets with numerous micro-ulcers under
the gingival margin. Inflammatory reactions mediated by periodontal pockets cause local
alveolar bone resorption and affect the whole body as a minor chronic inflammation. The
mechanism of inflammation is thought to include increased insulin resistance or decreased
insulin sensitivity via inflammatory cytokines, which may worsen glycemic control and
localized effects of AGEs on periodontal tissues [56]. Periodontal disease may also cause
abnormal glucose tolerance. The high risk of glucose intolerance due to periodontal
disease has been demonstrated in an NHANES III study [57] and the Hisayama Study from
Japan [58]. In 2013, the joint consensus of the American Academy of Periodontology and the
European Academy of Periodontology stated that mild to moderate periodontitis increases
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the risk of progression to diabetes and severe periodontitis worsens glycemic control [59].
In a cross-sectional study of the Japanese oral health examination population, HbA1c was
significantly higher in participants with probing pocket depth ≥ 6 mm (n = 211) compared
to participants with probing pocket depth ≤ 3 mm (n = 285) or 4–5 mm (n = 730) [17].

The systematic review of the European Academy of Periodontology and the Interna-
tional Diabetes Federation, which updated the same report by adding references in 2018,
also stated that HbA1c and worse glycemic control by fasting blood glucose and oral glu-
cose tolerance test were clearly associated with the presence of periodontal disease [60]. A
recent meta-analysis showed that the mean improvement in the HbA1c level after 3 months
of periodontal treatment was 0.4% [61]. The effect of periodontal disease on diabetes has
been studied not only in terms of glycemic control but also in terms of the endpoint of the
development of complications, and cohort studies have shown that diabetic patients with
severe periodontitis have an increased incidence of diabetic nephropathy [62] and mortality
due to ischemic heart disease [63].

8. Relationship between Periodontal Disease and Cancer

Periodontal disease has been reported to be associated with a risk of malignancy [64,65].
The abundance and richness of the intestinal microbiota are increased in patients with
colorectal cancer compared to healthy individuals. One of the factors is thought to be the
ectopic colonization of bacteria derived from the oral cavity. In particular, Fusobacterium
nucleatum (F. nucleatum) of oral origin, which is involved in the development of periodontal
disease, promotes the proliferation and migration of colon cancer cells and is strongly
associated with the development of colon cancer (4). In patients with colorectal cancer,
the same strains of F. nucleatum were detected in the oral cavity and tumors. This report
suggests that F. nucleatum of oral origin is involved in the development of colorectal cancer
and that prevention of colorectal cancer may be possible by targeting oral bacteria [66].

Regarding other cancer types, several cohort studies have noted a significantly in-
creased risk of pancreatic cancer in patients with periodontal disease compared to healthy
individuals. For example, a meta-analysis by Michaud et al. reported five cohort studies on
periodontal disease and pancreatic cancer, all of which showed a more than 50% increased
risk of pancreatic cancer in the presence of periodontal disease. The hazard risk for pan-
creatic cancer is reported to be 1.54–4.56, which is statistically significant in three of the
five cohort studies. [65,67]. Two cohort studies have also reported an association between
periodontal disease and the risk of developing breast cancer. According to these studies,
the risk of developing breast cancer is significantly 1.14 to 1.36 times higher in patients
with periodontal disease than in healthy individuals [68,69].

Additionally, it was reported that P. gingivalis, a major causative agent of periodontal
disease, was increased in the esophageal flora of esophageal cancer patients, and that
P. gingivalis was positively correlated with several clinicopathological features of esophageal
cancer, such as differentiation status, metastasis, and overall survival [70,71]. Thus, oral
bacteria and periodontal disease have been reported to be involved in malignancy in
multiple carcinomas. With respect to hepatocellular carcinoma (HCC), periodontal disease
has been reported to correlate with the HCC stage [72]. However, there are few reports on
the relationship between periodontal disease and HCC, and further research in this area
is warranted.

9. Prognosis of NAFLD/NASH Associated with Periodontal Disease

Prospective cohort studies on the association between periodontal disease and NAFLD
have also been published. In a 5-year follow-up study of 341 patients with NAFLD,
Kuroe et al. showed that the progression of liver fibrosis was strongly associated with the
clinical attachment level (CAL), which indicates the degree of destruction of periodontal
tissue in patients with obesity (OR = 2.87, 95% CI: 1.23–6.69) [73]. In a German study of
2623 individuals over a median of 7.7 years, 605 cases of NAFLD occurred (32.5 cases per
1000 person-years); the risk of developing new NAFLD was 1.28 times higher in those with
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CAL (≤30%) than in those without CAL (≥30%), and that was 1.60 times more frequent
in extensive CAL-periodontitis [74]. In addition, it has been suggested that periodontitis
is associated with the rate of fibrosis development in the liver [75]. A 13-year follow-up
study of 1801 patients with NAFLD in Finland found that severe periodontitis significantly
increased the occurrence of liver-related events (hospitalization for liver disease, liver
disease-related fat, and diagnosis of liver cancer) (HR = 6.94, 95% CI: 1.43–33.6) in patients
with severe periodontitis [76].

These reports suggest that periodontitis may contribute not only to the development
of NAFLD but also to its severity.

10. Conclusions

Forty years have passed since the concepts of NAFLD, and NASH were first proposed;
however, no effective prevention or treatment has been established. The pathogenesis of
NAFLD/NASH is not limited to liver-related diseases. Still, it has been reported to be asso-
ciated with various systemic diseases and an increasing number of causes of death. Studies
on periodontal disease and NAFLD/NASH are expected to elucidate the bi-directional
relationship between periodontal disease and NAFLD/NASH, as both are associated with
lifestyle-related diseases. Recently, there has been a series of reports suggesting a relation-
ship between oral and intestinal microflora. Changes in the intestinal microbiota have been
shown to be a risk factor for periodontal diseases, such as atherosclerosis, diabetes, rheuma-
toid arthritis, nonalcoholic fatty liver disease, and obesity. Future integrated analysis of the
effects of P. gingivalis and other oral bacteria, identification of fluctuating intestinal bacteria
and their relationship to pathogenesis, and changes in metabolites and their effects on the
immune system should lead to clarification of the pathogenesis of periodontal disease and
NAFLD and the development of new treatment methods.

Author Contributions: Conceptualization, T.K. and M.Y.; writing—original draft preparation, T.K.,
M.I., A.N. (Asako Nogami), Y.O., K.I., Y.H., S.S., A.N. (Atsushi Nakajima), M.Y.; writing—review and
editing, T.K. and M.Y; visualization, T.K. All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: The administrative assistance of Naho Kobayashi, Ayako Ujiie, and Yoshiko
Yamazaki is also gratefully acknowledged. All authors approved the final version of the article,
including the authorship list.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Ludwig, J.; Viggiano, T.R.; McGill, D.B.; Oh, B.J. Nonalcoholic steatohepatitis: Mayo Clinic experiences with a hitherto unnamed

disease. Mayo Clin Proc. 1980, 55, 434–438. [PubMed]
2. Younossi, Z.M.; Koenig, A.B.; Abdelatif, D.; Fazel, Y.; Henry, L.; Wymer, M. Global epidemiology of nonalcoholic fatty liver

disease-Meta-analytic assessment of prevalence, incidence, and outcomes. Hepatology 2016, 64, 73–84. [CrossRef]
3. Tilg, H.; Moschen, A.R. Evolution of inflammation in nonalcoholic fatty liver disease: The multiple parallel hits hypothesis.

Hepatology 2010, 52, 1836–1846. [CrossRef]
4. Tilg, H.; Adolph, T.E.; Moschen, A.R. Multiple parallel hits hypothesis in nonalcoholic fatty liver disease: Revisited after a decade.

Hepatology 2021, 73, 833–842. [CrossRef]
5. Page, R.C. The pathobiology of periodontal diseases may affect systemic diseases: Inversion of a paradigm. Ann. Periodontol.

1998, 3, 108–120. [CrossRef]
6. Katagiri, S.; Shiba, T.; Tohara, H.; Yamaguchi, K.; Hara, K.; Nakagawa, K.; Komatsu, K.; Watanabe, K.; Ohsugi, Y.; Maekawa, S.;

et al. Re-initiation of oral food intake following enteral nutrition alters oral and gut microbiota communities. Front Cell. Infect.
Microbiol. 2019, 9, 434. [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/7382552
http://doi.org/10.1002/hep.28431
http://doi.org/10.1002/hep.24001
http://doi.org/10.1002/hep.31518
http://doi.org/10.1902/annals.1998.3.1.108
http://doi.org/10.3389/fcimb.2019.00434


Nutrients 2023, 15, 1269 9 of 11

7. Karlsson, F.H.; Tremaroli, V.; Nookaew, I.; Bergström, G.; Behre, C.J.; Fagerberg, B.; Nielsen, J.; Bäckhed, F. Gut metagenome in
European women with normal, impaired and diabetic glucose control. Nature 2013, 498, 99–103. [CrossRef]

8. Turnbaugh, P.J.; Ley, R.E.; Mahowald, M.A.; Magrini, V.; Mardis, E.R.; Gordon, J.I. An obesity-associated gut microbiome with
increased capacity for energy harvest. Nature 2006, 444, 1027–1031. [CrossRef]

9. Ley, R.E.; Turnbaugh, P.J.; Klein, S.; Gordon, J.I. Microbial ecology: Human gut microbes associated with obesity. Nature 2006, 444,
1022–1023. [CrossRef] [PubMed]

10. Williams, R.C.; Offenbacher, S. Periodontal medicine: The emergence of a new branch of periodontology. Periodontology 2000
2000, 23, 9–12. [CrossRef]

11. Furuta, M.; Ekuni, D.; Yamamoto, T.; Irie, K.; Koyama, R.; Sanbe, T.; Yamanaka, R.; Morita, M.; Kuroki, K.; Tobe, K. Relationship
between periodontitis and hepatic abnormalities in young adults. Acta Odontol. Scand. 2010, 68, 27–33. [CrossRef] [PubMed]

12. Yoneda, M.; Naka, S.; Nakano, K.; Wada, K.; Endo, H.; Mawatari, H.; Imajo, K.; Nomura, R.; Hokamura, K.; Ono, M.; et al.
Involvement of a periodontal pathogen, Porphyromonas gingivalis on the pathogenesis of non-alcoholic fatty liver disease. BMC
Gastroenterol. 2012, 12, 16. [CrossRef] [PubMed]

13. Kim, J.Y.; Lee, G.N.; Song, H.C.; Park, Y.M.; Ahn, Y.B.; Han, K.; Ko, S.H. Association between fatty liver index and periodontitis:
The Korea national health and nutrition examination survey. Sci. Rep. 2020, 10, 3805. [CrossRef]

14. Qiao, F.; Fu, K.; Zhang, Q.; Liu, L.; Meng, G.; Wu, H.; Xia, Y.; Bao, X.; Gu, Y.; Shi, H.; et al. The association between missing teeth
and non-alcoholic fatty liver disease in adults. J Clin. Periodontol. 2018, 45, 941–951. [CrossRef]

15. Ahmad, A.; Furuta, M.; Shinagawa, T.; Takeuchi, K.; Takeshita, T.; Shimazaki, Y.; Yamashita, Y. Association of periodontal status
with liver abnormalities and metabolic syndrome. J. Oral. Sci. 2015, 57, 335–343. [CrossRef] [PubMed]

16. Morita, T.; Yamazaki, Y.; Fujiharu, C.; Ishii, T.; Seto, M.; Nishinoue, N.; Sasaki, Y.; Kawato, T.; Motohashi, M.; Maeno, M. Serum
γ-glutamyltransferase level is associated with periodontal disease independent of drinking habits in Japanese adults. Med. Sci.
Monit. 2014, 20, 2109–2116. [CrossRef]

17. Iwasaki, T.; Hirose, A.; Azuma, T.; Ohashi, T.; Watanabe, K.; Obora, A.; Deguchi, F.; Kojima, T.; Isozaki, A.; Tomofuji, T. Correlation
between ultrasound-diagnosed non-alcoholic fatty liver and periodontal condition in a cross-sectional study in Japan. Sci. Rep.
2018, 8, 7496. [CrossRef] [PubMed]

18. Sato, S.; Kamata, Y.; Kessoku, T.; Shimizu, T.; Kobayashi, T.; Kurihashi, T.; Takashiba, S.; Hatanaka, K.; Hamada, N.; Kodama, T.;
et al. A cross-sectional study assessing the relationship between non-alcoholic fatty liver disease and periodontal disease. Sci.
Rep. 2022, 12, 13621. [CrossRef] [PubMed]

19. Weintraub, J.A.; Lopez Mitnik, G.; Dye, B.A. Oral diseases associated with nonalcoholic fatty liver disease in the United States. J.
Dent. Res. 2019, 98, 1219–1226. [CrossRef] [PubMed]

20. Furusho, H.; Miyauchi, M.; Hyogo, H.; Inubushi, T.; Ao, M.; Ouhara, K.; Hisatune, J.; Kurihara, H.; Sugai, M.; Hayes, C.N.; et al.
Dental infection of Porphyromonas gingivalis exacerbates high fat diet-induced steatohepatitis in mice. J. Gastroenterol. 2013, 48,
1259–1270. [CrossRef] [PubMed]

21. Arimatsu, K.; Yamada, H.; Miyazawa, H.; Minagawa, T.; Nakajima, M.; Ryder, M.I.; Gotoh, K.; Motooka, D.; Nakamura, S.;
Iida, T.; et al. Oral pathobiont induces systemic inflammation and metabolic changes associated with alteration of gut microbiota.
Sci. Rep. 2014, 4, 4828. [CrossRef]

22. Ding, L.Y.; Liang, L.Z.; Zhao, Y.X.; Yang, Y.N.; Liu, F.; Ding, Q.R.; Luo, L.J. Porphyromonas gingivalis-derived lipopolysaccharide
causes excessive hepatic lipid accumulation via activating NF-κB and JNK signaling pathways. Oral. Dis. 2019, 25, 1789–1797.
[CrossRef]

23. Zaitsu, Y.; Iwatake, M.; Sato, K.; Tsukuba, T. Lipid droplets affect elimination of Porphyromonas gingivalis in HepG2 cells by
altering the autophagy-lysosome system. Microbes Infect. 2016, 18, 565–571. [CrossRef]

24. Nakahara, T.; Hyogo, H.; Ono, A.; Nagaoki, Y.; Kawaoka, T.; Miki, D.; Tsuge, M.; Hiraga, N.; Hayes, C.N.; Hiramatsu, A.; et al.
Involvement of Porphyromonas gingivalis in the progression of non-alcoholic fatty liver disease. J. Gastroenterol. 2018, 53, 269–280.
[CrossRef]

25. Komazaki, R.; Katagiri, S.; Takahashi, H.; Maekawa, S.; Shiba, T.; Takeuchi, Y.; Kitajima, Y.; Ohtsu, A.; Udagawa, S.; Sasaki, N.;
et al. Periodontal pathogenic bacteria, Aggregatibacter actinomycetemcomitans affect non-alcoholic fatty liver disease by altering
gut microbiota and glucose metabolism. Sci. Rep. 2017, 7, 13950. [CrossRef]

26. Rivera, C.A.; Adegboyega, P.; van Rooijen, N.; Tagalicud, A.; Allman, M.; Wallace, M. Toll-like receptor-4 signaling and Kupffer
cells play pivotal roles in the pathogenesis of non-alcoholic steatohepatitis. J. Hepatol. 2007, 47, 571–579. [CrossRef]

27. Seki, E.; De Minicis, S.; Osterreicher, C.H.; Kluwe, J.; Osawa, Y.; Brenner, D.A.; Schwabe, R.F. TLR4 enhances TGF-beta signaling
and hepatic fibrosis. Nat. Med. 2007, 13, 1324–1332. [CrossRef]

28. Kobayashi, T.; Iwaki, M.; Nakajima, A.; Nogami, A.; Yoneda, M. Current research on the pathogenesis of NAFLD/NASH and the
gut-liver axis: Gut microbiota, dysbiosis, and leaky-gut syndrome. Int. J. Mol. Sci. 2022, 23, 11689. [CrossRef]

29. Qin, N.; Yang, F.; Li, A.; Prifti, E.; Chen, Y.; Shao, L.; Guo, J.; Le Chatelier, E.; Yao, J.; Wu, L.; et al. Alterations of the human gut
microbiome in liver cirrhosis. Nature 2014, 513, 59–64. [CrossRef]

30. Nakajima, M.; Arimatsu, K.; Kato, T.; Matsuda, Y.; Minagawa, T.; Takahashi, N.; Ohno, H.; Yamazaki, K. Oral administration of
P. gingivalis Induces dysbiosis of gut microbiota and impaired barrier function leading to dissemination of enterobacteria to the
liver. PLoS ONE. 2015, 10, e0134234. [CrossRef]

http://doi.org/10.1038/nature12198
http://doi.org/10.1038/nature05414
http://doi.org/10.1038/4441022a
http://www.ncbi.nlm.nih.gov/pubmed/17183309
http://doi.org/10.1034/j.1600-0757.2000.2230101.x
http://doi.org/10.3109/00016350903291913
http://www.ncbi.nlm.nih.gov/pubmed/19878045
http://doi.org/10.1186/1471-230X-12-16
http://www.ncbi.nlm.nih.gov/pubmed/22340817
http://doi.org/10.1038/s41598-020-60797-7
http://doi.org/10.1111/jcpe.12929
http://doi.org/10.2334/josnusd.57.335
http://www.ncbi.nlm.nih.gov/pubmed/26666857
http://doi.org/10.12659/MSM.891204
http://doi.org/10.1038/s41598-018-25857-z
http://www.ncbi.nlm.nih.gov/pubmed/29760403
http://doi.org/10.1038/s41598-022-17917-2
http://www.ncbi.nlm.nih.gov/pubmed/35948584
http://doi.org/10.1177/0022034519866442
http://www.ncbi.nlm.nih.gov/pubmed/31369716
http://doi.org/10.1007/s00535-012-0738-1
http://www.ncbi.nlm.nih.gov/pubmed/23307045
http://doi.org/10.1038/srep04828
http://doi.org/10.1111/odi.13153
http://doi.org/10.1016/j.micinf.2016.05.004
http://doi.org/10.1007/s00535-017-1368-4
http://doi.org/10.1038/s41598-017-14260-9
http://doi.org/10.1016/j.jhep.2007.04.019
http://doi.org/10.1038/nm1663
http://doi.org/10.3390/ijms231911689
http://doi.org/10.1038/nature13568
http://doi.org/10.1371/journal.pone.0134234


Nutrients 2023, 15, 1269 10 of 11

31. Sasaki, N.; Katagiri, S.; Komazaki, R.; Watanabe, K.; Maekawa, S.; Shiba, T.; Udagawa, S.; Takeuchi, Y.; Ohtsu, A.; Kohda, T.;
et al. Endotoxemia by Porphyromonas gingivalis injection aggravates non-alcoholic fatty liver disease, disrupts glucose/lipid
metabolism, and alters gut microbiota in mice. Front. Microbiol. 2018, 9, 2470. [CrossRef] [PubMed]

32. Yamazaki, K.; Kato, T.; Tsuboi, Y.; Miyauchi, E.; Suda, W.; Sato, K.; Nakajima, M.; Yokoji-Takeuchi, M.; Yamada-Hara, M.; Tsuzuno,
T.; et al. Oral pathobiont-induced changes in gut microbiota aggravate the pathology of nonalcoholic fatty liver disease in mice.
Front. Immunol. 2021, 12, 766170. [CrossRef]

33. Imajo, K.; Fujita, K.; Yoneda, M.; Nozaki, Y.; Ogawa, Y.; Shinohara, Y.; Kato, S.; Mawatari, H.; Shibata, W.; Kitani, H.; et al.
Hyperresponsivity to low-dose endotoxin during progression to nonalcoholic steatohepatitis is regulated by leptin-mediated
signaling. Cell. Metab. 2012, 16, 44–54. [CrossRef]

34. Chalasani, N.; Younossi, Z.; Lavine, J.E.; Charlton, M.; Cusi, K.; Rinella, M.; Harrison, S.A.; Brunt, E.M.; Sanyal, A.J. The diagnosis
and management of nonalcoholic fatty liver disease: Practice guidance from the American Association for the Study of Liver
Diseases. Hepatology 2018, 67, 328–357. [CrossRef]

35. European Association for the Study of the Liver (EASL); European Association for the Study of Diabetes (EASD); European
Association for the Study of Obesity (EASO). EASL-EASD-EASO Clinical Practice Guidelines for the management of non-alcoholic
fatty liver disease. J. Hepatol. 2016, 64, 1388–1402. [CrossRef]

36. Tokushige, K.; Ikejima, K.; Ono, M.; Eguchi, Y.; Kamada, Y.; Itoh, Y.; Akuta, N.; Yoneda, M.; Iwasa, M.; Yoneda, M.; et al.
Evidence-based clinical practice guidelines for nonalcoholic fatty liver disease/nonalcoholic steatohepatitis. J. Gastroenterol. 2021,
56, 951–963. [CrossRef]

37. Kamata, Y.; Kessoku, T.; Shimizu, T.; Sato, S.; Kobayashi, T.; Kurihashi, T.; Morozumi, T.; Iwasaki, T.; Takashiba, S.; Hatanaka, K.;
et al. Periodontal treatment and usual care for nonalcoholic fatty liver disease: A multicenter, randomized controlled trial. Clin.
Transl. Gastroenterol. 2022, 13, e00520. [CrossRef]

38. Angulo, P.; Kleiner, D.E.; Dam-Larsen, S.; Adams, L.A.; Bjornsson, E.S.; Charatcharoenwitthaya, P.; Mills, P.R.; Keach, J.C.; Lafferty,
H.D.; Stahler, A.; et al. Liver fibrosis, but no other histologic features, is associated with long-term outcomes of patients with
nonalcoholic fatty liver disease. Gastroenterology 2015, 149, 389–397. [CrossRef]

39. Hagström, H.; Nasr, P.; Ekstedt, M.; Hammar, U.; Stål, P.; Hultcrantz, R.; Kechagias, S. Fibrosis stage but not NASH predicts
mortality and time to development of severe liver disease in biopsy-proven NAFLD. J. Hepatol. 2017, 67, 1265–1273. [CrossRef]

40. Sanz, M.; Marco Del Castillo, A.; Jepsen, S.; Gonzalez-Juanatey, J.R.; D’Aiuto, F.; Bouchard, P.; Chapple, I.; Dietrich, T.; Gotsman, I.;
Graziani, F.; et al. Periodontitis and cardiovascular diseases: Consensus report. J. Clin. Periodontol. 2020, 47, 268–288. [CrossRef]

41. Almeida, A.P.C.P.S.C.; Fagundes, N.C.F.; Maia, L.C.; Lima, R.R. Is there an association between periodontitis and atherosclerosis
in adults? A systematic review. Curr. Vasc. Pharmacol. 2018, 16, 569–582. [CrossRef]

42. Holmlund, A.; Lampa, E.; Lind, L. Poor Response to Periodontal Treatment May Predict Future Cardiovascular Disease. J. Dent.
Res. 2017, 96, 768–773. [CrossRef] [PubMed]

43. Humphrey, L.L.; Fu, R.; Buckley, D.I.; Freeman, M.; Helfand, M. Periodontal disease and coronary heart disease incidence: A
systematic review and meta-analysis. J. Gen. Intern. Med. 2008, 23, 2079–2086. [CrossRef]

44. Teeuw, W.J.; Slot, D.E.; Susanto, H.; Gerdes, V.E.; Abbas, F.; D’Aiuto, F.; Kastelein, J.J.; Loos, B.G. Treatment of periodontitis
improves the atherosclerotic profile: A systematic review and meta-analysis. J. Clin. Periodontol. 2014, 41, 70–79. [CrossRef]
[PubMed]

45. Bakshi, D.; Kaur, G.; Singh, D.; Sahota, J.; Thakur, A.; Grover, S. Estimation of plasma levels of tumor necrosis factor-a, interleukin-
4 and 6 in Patients with Chronic Periodontitis and Type II Diabetes Mellitus. J. Contemp. Dent. Pract. 2018, 19, 166–169. [CrossRef]
[PubMed]

46. Stys, L.P.A.; Böttcher, D.E.; Scarparo, R.K.; Gonçalves Waltrick, S.B.; de Figueiredo, J.A.P.; Gomes, M.S.; Campos, M.M. Serum
levels of inflammatory markers and HbA1c in patients with type 2 diabetes and apical periodontitis: Preliminary findings. Aust.
Endod. J. 2022, 48, 105–115. [CrossRef]

47. Yoneda, M.; Mawatari, H.; Fujita, K.; Iida, H.; Yonemitsu, K.; Kato, S.; Takahashi, H.; Kirikoshi, H.; Inamori, M.; Nozaki, Y.; et al.
High-sensitivity C-reactive protein is an independent clinical feature of nonalcoholic steatohepatitis (NASH) and also of the
severity of fibrosis in NASH. J. Gastroenterol. 2007, 42, 573–582. [CrossRef]

48. Nishimura, F.; Kono, T.; Fujimoto, C.; Iwamoto, Y.; Murayama, Y. Negative effects of chronic inflammatory periodontal disease on
diabetes mellitus. J. Int. Acad. Periodontol. 2000, 2, 49–55.

49. Seppälä, B.; Seppälä, M.; Ainamo, J. A longitudinal study on insulin-dependent diabetes mellitus and periodontal disease. J. Clin.
Periodontol. 1993, 20, 161–165. [CrossRef]

50. Firatli, E. The relationship between clinical periodontal status and insulin-dependent diabetes mellitus. Results after 5 years. J.
Periodontol. 1997, 68, 136–140. [CrossRef]

51. Tervonen, T.; Karjalainen, K. Periodontal disease related to diabetic status. A pilot study of the response to periodontal therapy in
type 1 diabetes. J. Clin. Periodontol. 1997, 24, 505–510. [CrossRef] [PubMed]

52. Nelson, R.G.; Shlossman, M.; Budding, L.M.; Pettitt, D.J.; Saad, M.F.; Genco, R.J.; Knowler, W.C. Periodontal disease and NIDDM
in Pima Indians. Diabetes Care 1990, 13, 836–840. [CrossRef] [PubMed]

53. Tsai, C.; Hayes, C.; Taylor, G.W. Glycemic control of type 2 diabetes and severe periodontal disease in the US adult population.
Community Dent. Oral. Epidemiol. 2002, 30, 182–192. [CrossRef]

http://doi.org/10.3389/fmicb.2018.02470
http://www.ncbi.nlm.nih.gov/pubmed/30405551
http://doi.org/10.3389/fimmu.2021.766170
http://doi.org/10.1016/j.cmet.2012.05.012
http://doi.org/10.1002/hep.29367
http://doi.org/10.1016/j.jhep.2015.11.004
http://doi.org/10.1007/s00535-021-01796-x
http://doi.org/10.14309/ctg.0000000000000520
http://doi.org/10.1053/j.gastro.2015.04.043
http://doi.org/10.1016/j.jhep.2017.07.027
http://doi.org/10.1111/jcpe.13189
http://doi.org/10.2174/1570161115666170830141852
http://doi.org/10.1177/0022034517701901
http://www.ncbi.nlm.nih.gov/pubmed/28363032
http://doi.org/10.1007/s11606-008-0787-6
http://doi.org/10.1111/jcpe.12171
http://www.ncbi.nlm.nih.gov/pubmed/24111886
http://doi.org/10.5005/jp-journals-10024-2231
http://www.ncbi.nlm.nih.gov/pubmed/29422465
http://doi.org/10.1111/aej.12569
http://doi.org/10.1007/s00535-007-2060-x
http://doi.org/10.1111/j.1600-051X.1993.tb00338.x
http://doi.org/10.1902/jop.1997.68.2.136
http://doi.org/10.1111/j.1600-051X.1997.tb00219.x
http://www.ncbi.nlm.nih.gov/pubmed/9226392
http://doi.org/10.2337/diacare.13.8.836
http://www.ncbi.nlm.nih.gov/pubmed/2209317
http://doi.org/10.1034/j.1600-0528.2002.300304.x


Nutrients 2023, 15, 1269 11 of 11

54. Demmer, R.T.; Holtfreter, B.; Desvarieux, M.; Jacobs, D.R., Jr.; Kerner, W.; Nauck, M.; Völzke, H.; Kocher, T. The influence of
type 1 and type 2 diabetes on periodontal disease progression: Prospective results from the Study of Health in Pomerania (SHIP).
Diabetes Care 2012, 35, 2036–2042. [CrossRef]

55. Jimenez, M.; Hu, F.B.; Marino, M.; Li, Y.; Joshipura, K.J. Type 2 diabetes mellitus and 20 year incidence of periodontitis and tooth
loss. Diabetes Res. Clin. Pract. 2012, 98, 494–500. [CrossRef]

56. Lalla, E.; Papapanou, P.N. Diabetes mellitus and periodontitis: A tale of two common interrelated diseases. Nat. Rev. Endocrinol.
2011, 7, 738–748. [CrossRef] [PubMed]

57. Arora, N.; Papapanou, P.N.; Rosenbaum, M.; Jacobs, D.R., Jr.; Desvarieux, M.; Demmer, R.T. Periodontal infection, impaired
fasting glucose and impaired glucose tolerance: Results from the Continuous National Health and Nutrition Examination Survey
2009. J. Clin. Periodontol. 2014, 41, 643–652. [CrossRef] [PubMed]

58. Saito, T.; Shimazaki, Y.; Kiyohara, Y.; Kato, I.; Kubo, M.; Iida, M.; Koga, T. The severity of periodontal disease is associated with
the development of glucose intolerance in non-diabetics: The Hisayama study. J. Dent. Res. 2004, 83, 485–490. [CrossRef]

59. Borgnakke, W.S.; Ylöstalo, P.V.; Taylor, G.W.; Genco, R.J. Effect of periodontal disease on diabetes: Systematic review of
epidemiologic observational evidence. J. Periodontol. 2013, 84, S135–S152. [CrossRef]

60. Graziani, F.; Gennai, S.; Solini, A.; Petrini, M. A systematic review and meta-analysis of epidemiologic observational evidence on
the effect of periodontitis on diabetes An update of the EFP-AAP review. J. Clin. Periodontol. 2018, 45, 167–187. [CrossRef]

61. Teeuw, W.J.; Gerdes, V.E.; Loos, B.G. Effect of periodontal treatment on glycemic control of diabetic patients: A systematic review
and meta-analysis. Diabetes Care 2010, 33, 421–427. [CrossRef]

62. Saremi, A.; Nelson, R.G.; Tulloch-Reid, M.; Hanson, R.L.; Sievers, M.L.; Taylor, G.W.; Shlossman, M.; Bennett, P.H.; Genco, R.;
Knowler, W.C. Periodontal disease and mortality in type 2 diabetes. Diabetes Care 2005, 28, 27–32. [CrossRef] [PubMed]

63. Shultis, W.A.; Weil, E.J.; Looker, H.C.; Curtis, J.M.; Shlossman, M.; Genco, R.J.; Knowler, W.C.; Nelson, R.G. Effect of periodontitis
on overt nephropathy and end-stage renal disease in type 2 diabetes. Diabetes Care 2007, 30, 306–311. [CrossRef] [PubMed]

64. Hajishengallis, G.; Chavakis, T. Local and systemic mechanisms linking periodontal disease and inflammatory comorbidities.
Nat. Rev. Immunol. 2021, 21, 426–440. [CrossRef] [PubMed]

65. Michaud, D.S.; Fu, Z.; Shi, J.; Chung, M. Periodontal Disease, Tooth Loss, and Cancer Risk. Epidemiol. Rev. 2017, 39, 49–58.
[CrossRef]

66. Komiya, Y.; Shimomura, Y.; Higurashi, T.; Sugi, Y.; Arimoto, J.; Umezawa, S.; Uchiyama, S.; Matsumoto, M.; Nakajima, A. Patients
with colorectal cancer have identical strains of Fusobacterium nucleatum in their colorectal cancer and oral cavity. Gut 2019, 68,
1335–1337. [CrossRef] [PubMed]

67. Arora, M.; Weuve, J.; Fall, K.; Pedersen, N.L.; Mucci, L.A. An exploration of shared genetic risk factors between periodontal
disease and cancers: A prospective co-twin study. Am. J. Epidemiol. 2010, 171, 253–259. [CrossRef]

68. Freudenheim, J.L.; Genco, R.J.; LaMonte, M.J.; Millen, A.E.; Hovey, K.M.; Mai, X.; Nwizu, N.; Andrews, C.A.; Wactawski-Wende, J.
Periodontal Disease and Breast Cancer: Prospective Cohort Study of Postmenopausal Women Periodontal Disease and Breast
Cancer. Cancer Epidemiol. Biomark. Prev. 2016, 25, 43–50. [CrossRef] [PubMed]

69. Chung, S.D.; Tsai, M.C.; Huang, C.C.; Kao, L.T.; Chen, C.H. A population-based study on the associations between chronic
periodontitis and the risk of cancer. Int. J. Clin. Oncol. 2016, 21, 219–223. [CrossRef]

70. Peters, B.A.; Wu, J.; Pei, Z.; Yang, L.; Purdue, M.P.; Freedman, N.D.; Jacobs, E.J.; Gapstur, S.M.; Hayes, R.B.; Ahn, J. Oral
Microbiome Composition Reflects Prospective Risk for Esophageal Cancers. Cancer Res. 2017, 77, 6777–6787. [CrossRef]

71. Gao, S.; Li, S.; Ma, Z.; Liang, S.; Shan, T.; Zhang, M.; Zhu, X.; Zhang, P.; Liu, G.; Zhou, F.; et al. Presence of Porphyromonas
gingivalis in esophagus and its association with the clinicopathological characteristics and survival in patients with esophageal
cancer. Infect. Agents Cancer 2016, 11, 3. [CrossRef] [PubMed]

72. Tamaki, N.; Takaki, A.; Tomofuji, T.; Endo, Y.; Kasuyama, K.; Ekuni, D.; Yasunaka, T.; Yamamoto, K.; Morita, M. Stage of
hepatocellular carcinoma is associated with periodontitis. J. Clin. Periodontol. 2011, 38, 1015–1020. [CrossRef] [PubMed]

73. Kuroe, K.; Furuta, M.; Takeuchi, K.; Takeshita, T.; Suma, S.; Shinagawa, T.; Shimazaki, Y.; Yamashita, Y. Association between
periodontitis and fibrotic progression of non-alcoholic fatty liver among Japanese adults. J. Clin. Periodontol. 2021, 48, 368–377.
[CrossRef]

74. Akinkugbe, A.A.; Slade, G.D.; Barritt, A.S.; Cole, S.R.; Offenbacher, S.; Petersmann, A.; Kocher, T.; Lerch, M.M.; Mayerle, J.;
Völzke, H.; et al. Periodontitis and Non-alcoholic Fatty Liver Disease, a population-based cohort investigation in the Study of
Health in Pomerania. J. Clin. Periodontol. 2017, 44, 1077–1087. [CrossRef]

75. Alazawi, W.; Bernabe, E.; Tai, D.; Janicki, T.; Kemos, P.; Samsuddin, S.; Syn, W.K.; Gillam, D.; Turner, W. Periodontitis is associated
with significant hepatic fibrosis in patients with non-alcoholic fatty liver disease. PLoS ONE 2017, 12, e0185902. [CrossRef]

76. Helenius-Hietala, J.; Suominen, A.L.; Ruokonen, H.; Knuuttila, M.; Puukka, P.; Jula, A.; Meurman, J.H.; Åberg, F. Periodontitis is
associated with incident chronic liver disease-A population-based cohort study. Liver Int. 2019, 39, 583–591. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.2337/dc11-2453
http://doi.org/10.1016/j.diabres.2012.09.039
http://doi.org/10.1038/nrendo.2011.106
http://www.ncbi.nlm.nih.gov/pubmed/21709707
http://doi.org/10.1111/jcpe.12258
http://www.ncbi.nlm.nih.gov/pubmed/24708451
http://doi.org/10.1177/154405910408300610
http://doi.org/10.1902/jop.2013.1340013
http://doi.org/10.1111/jcpe.12837
http://doi.org/10.2337/dc09-1378
http://doi.org/10.2337/diacare.28.1.27
http://www.ncbi.nlm.nih.gov/pubmed/15616229
http://doi.org/10.2337/dc06-1184
http://www.ncbi.nlm.nih.gov/pubmed/17259499
http://doi.org/10.1038/s41577-020-00488-6
http://www.ncbi.nlm.nih.gov/pubmed/33510490
http://doi.org/10.1093/epirev/mxx006
http://doi.org/10.1136/gutjnl-2018-316661
http://www.ncbi.nlm.nih.gov/pubmed/29934439
http://doi.org/10.1093/aje/kwp340
http://doi.org/10.1158/1055-9965.EPI-15-0750
http://www.ncbi.nlm.nih.gov/pubmed/26689418
http://doi.org/10.1007/s10147-015-0884-6
http://doi.org/10.1158/0008-5472.CAN-17-1296
http://doi.org/10.1186/s13027-016-0049-x
http://www.ncbi.nlm.nih.gov/pubmed/26788120
http://doi.org/10.1111/j.1600-051X.2011.01777.x
http://www.ncbi.nlm.nih.gov/pubmed/22092473
http://doi.org/10.1111/jcpe.13415
http://doi.org/10.1111/jcpe.12800
http://doi.org/10.1371/journal.pone.0185902
http://doi.org/10.1111/liv.13985

	Introduction 
	Epidemiology of NAFLD/NASH and Periodontal Disease 
	Pathophysiology Linking NAFLD/NASH and Periodontal Disease 
	Periodontal Disease and Oral–Gut–Liver Axis 
	Is Periodontal Therapy Useful as a Treatment for NAFLD? 
	Relationship between Periodontal Disease and Atherosclerosis 
	Relationship between Periodontal Disease and Diabetes Mellitus 
	Relationship between Periodontal Disease and Cancer 
	Prognosis of NAFLD/NASH Associated with Periodontal Disease 
	Conclusions 
	References

