
Periodontal and inflammatory bowel diseases: Is there 
evidence of complex pathogenic interactions?

Ronaldo Lira-Junior, Carlos Marcelo Figueredo

Ronaldo Lira-Junior, Carlos Marcelo Figueredo, Department 
of Periodontology, Faculty of Odontology, Rio de Janeiro State 
University, Rio de Janeiro, RJ 20551-030, Brazil

Author contributions: Lira-Junior R and Figueredo CM 
contributed equally to this manuscript; both authors conceived 
the paper, performed the literature search and interpretation, 
wrote the article, and gave final approval of the manuscript.

Conflict-of-interest statement: The authors declare no potential 
conflict of interest.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Invited manuscript

Correspondence to: Dr. Carlos Marcelo Figueredo, Depart-
ment of Periodontology, Faculty of Odontology, Rio de Janeiro 
State University, Boulevard 28 de Setembro 157, 20 Andar, Vila 
Isabel, Rio de Janeiro, RJ 20551-030, 
Brazil. cmfigueredo@hotmail.com
Telephone: +55-21-28688282

Received: March 29, 2016
Peer-review started: April 4, 2016
First decision: May 30, 2016
Revised: June 29, 2016
Accepted: August 1, 2016 
Article in press: August 1, 2016
Published online: September 21, 2016

Abstract
Periodontal disease and inflammatory bowel disease 
(IBD) are both chronic inflammatory diseases. Their 

pathogenesis is mediated by a complex interplay 
between a dysbiotic microbiota and the host immune-
inflammatory response, and both are influenced by 
genetic and environmental factors. This review aimed 
to provide an overview of the evidence dealing with a 
possible pathogenic interaction between periodontal 
disease and IBD. There seems to be an increased 
prevalence of periodontal disease in patients with 
IBD when compared to healthy controls, probably 
due to changes in the oral microbiota and a higher 
inflammatory response. Moreover, the induction of 
periodontitis seems to result in gut dysbiosis and 
altered gut epithelial cell barrier function, which might 
contribute to the pathogenesis of IBD. Considering the 
complexity of both periodontal disease and IBD, it is 
very challenging to understand the possible pathways 
involved in their coexistence. In conclusion, this review 
points to a complex pathogenic interaction between 
periodontal disease and IBD, in which one disease 
might alter the composition of the microbiota and 
increase the inflammatory response related to the 
other. However, we still need more data derived from 
human studies to confirm results from murine models. 
Thus, mechanistic studies are definitely warranted to 
clarify this possible bidirectional association.
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Core tip: The prevalence of periodontal disease seems 
to be increased in patients with inflammatory bowel 
disease (IBD). Moreover, the induction of periodontitis 
seems to result in gut dysbiosis and altered gut 
epithelial cell barrier function. This review points to a 
complex pathogenic interaction between periodontal 
disease and IBD, in which one disease might alter 
the composition of the microbiota and increase the 
inflammatory response related to the other disease.
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INTRODUCTION
Periodontal disease is a biofilm-induced chronic 
inflammatory condition that affects the tooth-supporting 
tissues, which in its severe form may lead to tooth 
loss and negatively affect systemic health. Although 
host immune and inflammatory responses are crucial 
in the control of this biofilm, their persistence and 
dysregulation may lead to destruction of periodontal 
tissues[1], where neutrophils and macrophages might 
play an important role[2,3]. Moreover, it has been shown 
that periodontitis is associated with several chronic 
inflammatory diseases, among which inflammatory 
bowel disease has raised special attention[4,5].

Inflammatory bowel disease (IBD) is a chronic 
inflammatory condition of the gastrointestinal tract, 
which comprises two main forms, Crohn’s disease 
and ulcerative colitis[6]. The pathogenesis of IBD 
involves genetic and environmental factors, such as 
diet, smoking, stress, and microorganisms[7], and it is 
characterized by intestinal inflammation and epithelial 
injury[8,9]. Crohn’s disease (CD) is characterized by 
macrophage aggregation, frequently forming non-
caseating granulomas and transmural inflammation. The 
terminal ileum is the most common site affected, but 
the disease can involve any site of the gastrointestinal 
tract. Ulcerative colitis (UC) is characterized by a 
significant infiltration of neutrophils within the lamina 
propria and the crypts, forming micro-abscesses and 
superficial mucosal ulceration. The distal colon is the 
most affected region[6,7]. As previously mentioned, 
both cell types, macrophages and neutrophils, are also 
relevant to the pathogenesis of periodontal disease, 
suggesting that under a similar cytokine signalling, 
these diseases might share similar pathways.

Indeed, the presence of periodontal disease is 
more frequent in patients with IBD when compared 
to controls[4]. In addition, greater severity and extent 
of periodontitis have been found in IBD patients 
when compared to healthy controls[5]. This might be 
related to a higher expression of IL-18 in the serum of 
IBD patients with periodontitis[10]. However, different 
cytokine clustering patterns were observed in gingival 
tissues in comparison to those found in intestinal 
tissues[11]. This might suggest that although a common 
pathway may exist in serum, local cytokine behaviour 
may be slightly different.

Considering the complexity of both periodontal 
disease and IBD, it is very challenging to comprehend 
the possible pathways involved in their coexistence. 

Therefore, this review aimed to provide an overview 
of the evidence dealing with a possible pathogenic 
interaction between periodontal disease and IBD.

PERIODONTAL DISEASE
Periodontal disease is one of the most prevalent 
chronic diseases of mankind. Gingivitis, the initial 
lesion, is a reversible inflammatory condition of 
the soft tissue surrounding the teeth, induced by a 
direct immune response to the biofilm formed on 
the tooth surfaces on a daily basis. Periodontitis is a 
multifactorial inflammatory disease that destroys the 
tooth-supporting structures and may lead to tooth 
loss[12]. Its severe form affects over 740 million people 
worldwide[13]. Figure 1 depicts a simplistic view of 
healthy periodontal tissue on one side and diseased 
tissue on the other. 

The pathogenesis of periodontal disease, similarly 
to that of IBD, involves a complex interplay between 
periodontopathogens and the host immune-inflam-
matory response, greatly influenced by genetic and 
environmental factors. Although the presence of 
microorganisms is required, it is not sufficient for 
disease initiation[14]. Rather, it is the unbalanced, 
persistent host inflammatory reaction against the 
pathogens that results in the destruction of periodontal 
tissues[14]. 

While it was once believed that a few specific 
microorganisms, mainly those forming the so-called 
“red complex” (Porphyromonas gingivalis, Treponema 
denticola and Tannerella forsythia), were involved in 
the aetiology of periodontitis, advances in technology 
and our deeper understanding of microbiome dynamics 
have pointed to a dysbiotic microbial community 
as responsible for eliciting a non-resolving chronic 
inflammation and tissue destruction[15,16]. This dysbiotic 
community provides a constant challenge to the innate 
immune system[17]. Bacterial components, such as 
lipopolysaccharides, peptidoglycans and proteases, 
induce an inflammatory response through stimulation 
of pattern recognition receptors on inflammatory cells 
as well as on resident cells. 

This host inflammatory response is mediated 
mainly by neutrophils, monocytes/macrophages, 
and T and B lymphocytes. As a result, inflammatory 
mediators, including cytokines, chemokines and 
proteolytic enzymes, are produced and contribute to 
tissue degradation and bone resorption. Neutrophils 
are the first cells to arrive at the inflammatory inflitrate 
and predominate within the junctional epithelium 
and gingival crevice[18]. Previous studies from our 
group have shown that neutrophils from periodontitis 
patients are hyper-reactive and contribute to tissue 
destruction[3,19,20]. These neutrophils have also been 
shown to present a cytokine hyper-reactivity[21] and a 
dysfunctional chemotaxis[22].

When the resolution of inflammation is not achieved, 
antigen-presenting cells are activated by bacterial pro-
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ducts and interact with naïve T helper cells (Th0), driving 
their differentiation into several subsets, such as Th1, 
Th2, Th17, and Treg. These subsets are characterized 
according to the cytokines they produce[18]. For a long 
time, periodontitis lesions were conceptually defined 
based on a Th1/Th2 paradigm, with inconclusive 
studies pointing to both Th1 and Th2 responses as 
characterizing disease progression[23]. More recently, 
the Th17 subset has been implicated in periodontitis 
pathogenesis, mainly due to its involvement as the 
specialized lymphocyte linking T-cell activation to 
bone resorption[24]. In a non-human primate model 
of periodontitis, Ebersole et al[25] have shown an 
overexpression of the Th17/Treg responses (IL-1β, 
IL-6, TGF-β, and IL-21) in disease initiation, followed 
by a persistence of the Th17 response in periodontitis 
progression.

In conjunction with infiltrating inflammatory 
cells, gingival fibroblasts take part in the inflamma-
tory process in the periodontium and contribute to 
the disease persistence[18]. These cells are able to 
produce cytokines, chemokines and matrix metallo-
proteinases[26-28]. Baek et al[26] have found that gingival 
fibroblasts from periodontitis patients expressed 
higher mRNA of IL-1β, IL-6 and TIMP-3, and lower 
mRNA of IL-4, than fibroblasts from healthy patients. 
Periodontal ligament fibroblasts also participate in 
the inflammatory response and play an important 
role in alveolar bone remodelling[29]. When in cell-
cell contact with osteoclast precursors, periodontal 
ligament fibroblasts up-regulated osteoclastogenesis-

related genes and significantly increased the number 
of osteoclast-like cells[30].

As a consequence of the unresolved inflammation 
and an increased concentration of inflammatory me-
diators, tissue destruction occurs. Matrix metallopro-
teinases (MMPs) are proteolytic enzymes involved in 
the homeostasis of connective tissue and the balance 
between MMPs and their endogenous inhibitors (tissue 
inhibitor of matrix metalloproteinases - TIMPs) controls 
the MMP activity[18,31]. MMPs play an important role 
in tissue degradation observed in periodontitis and 
there is strong evidence of their increased activity in 
periodontitis[32,33], as well as of an imbalance between 
MMPs and TIMPs[34]. 

Regarding bone loss, the main system regulating 
normal bone resorption and deposition activities 
that occur during bone remodelling is RANK/RANKL/
OPG. RANKL (receptor-activator of nuclear factor-κB 
ligand) is expressed by several cell types and binds 
to RANK on osteoclast precursors, causing them to 
differentiate into active cells that secrete enzymes 
that degrade bone. OPG (osteoprotegerin) is a soluble 
decoy receptor of RANKL that prevents the RANK-
RANKL interaction[17]. In periodontitis, higher levels of 
RANKL and lower levels of OPG have been detected in 
gingival crevicular fluid[35,36]. Several cytokines, such 
as IL-1β, TNF-α, IL-6, and IL-17, have the ability to 
stimulate bone resorption, whereas others, such as 
IL-4, IL-10 and TGF-β, act as inhibitors[37]. Therefore, 
the inflammatory periodontal milieu, which is rich in 
pro-resorptive cytokines, can directly affect bone loss 
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Figure 1  Depiction of the tooth inserted into the alveolar bone in a scenario of periodontal health (left) and periodontitis (right). In periodontal health, the 
alveolar bone and connective tissue are covered by the oral epithelium. The junctional epithelium (JE) connects the gingiva to the tooth, and the gingival crevice (GC) 
is the area between the sulcular epithelium (SE) and the tooth surface. In periodontitis, there is a periodontal pocket, a severe inflammatory infiltrate in response to the 
biofilm, and bone resorbtion. 
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assessing the association between periodontitis and 
IBD is presented in Table 1.

The reasons why IBD patients presented poorer 
periodontal health have not been comprehensively 
investigated. Since both diseases share pathogenic 
similarities and their development is related to an 
aberrant immune response to a dysbiotic microbiota, 
disturbances of these factors are proposed as the 
mechanisms responsible for the interaction between 
the diseases.

Microbiological impact 
An important topic that has been evaluated as a 
possible factor responsible for the altered susceptibility 
to periodontal disease in IBD patients is the oral 
microbiota. Van Dyke et al[43] have assessed the 
periodontal microflora of patients with IBD and found 
a microflora composed predominantly of small, motile, 
Gram-negative rods that were most consistent with 
the genus Wolinella. Another study has reported 
decreased overall diversity of the oral microbiota in 
pediatric patients with CD, but not in patients with 
UC[44]. Said et al[45] have found a significant difference 
in salivary microbiota composition in patients with IBD. 
The authors also observed a significant increase of 
the genus Prevotella in the salivary microbiota of IBD 
patients. In mouse models of colitis, changes were 
seen in the microbiota of the tongue, buccal mucosa 
and saliva. Also, the microbial community in saliva 
was more sensitive to change than that in tongue and 
buccal mucosa[46].

Our group has analysed the subgingival microbiota 
in patients with untreated periodontal disease and IBD. 
We found that several species, such as Campylobacter 
gracilis and Treponema denticola differed between 

by increasing RANKL/OPG ratio[17].

IMPACT OF IBD ON PERIODONTAL 
DISEASE
The clinical presentation of IBD is characterized by the 
co-existence of extra-intestinal manifestations, which 
may affect eyes, joints, skin, liver, pancreas, blood, 
and mouth[7]. These extra-intestinal manifestations 
may precede or follow the intestinal symptoms by 
years[38]. Oral manifestations of CD were first described 
in 1969[39], and can include pyostomatis vegetans, 
gingival hyperplasia, papillomatosis of the oral mucosa, 
vesicular eruptions such as in pemphigus vegetans, 
periodontitis, and caries[4,40]. Also, oral and gingival 
mucosa may be affected by hypertrophy and swelling 
of lips, cobblestone appearance of the oral mucosa 
and palate, presence of vesicles, erosions, ulcers, 
aphthous-like ulcerations, polypoid lesions, and areas 
of necrosis[38,41].

Some epidemiological studies have been performed 
to investigate a possible increase in the prevalence of 
periodontal disease in patients with IBD. These studies 
have presented conflicting results. Grössner-Schreiber 
et al[42] have shown that periodontal status was not 
significantly distinct from the control group, suggesting 
the IBD did not appear to enhance the susceptibility to 
periodontal disease. However, only partial periodontal 
examinations were performed in that study. Other 
studies using full-mouth periodontal examination 
have found an increased prevalence of periodontal 
disease[4,5], as well as higher severity and extent of 
periodontitis, in IBD patients[5]. These changes seemed 
to be more pronounced in UC than in CD patients[4,5]. 
A summary of the main epidemiological studies 

Table 1  Summary of the main epidemiological studies assessing the relationship between inflammatory bowel disease and 
periodontitis

Ref. Methods Principal findings

Flemmig et al[74] 1991 107 IBD patients (46 with CD and 61 with UC). Periodontal 
examination was carried out at two sites of all teeth in two 
quadrants. There was no control group and results were 

compared with the assessment of Oral Health of United States 
Adults

IBD patients presented an 11.9% higher prevalence, but 
lower severity

Grossner-Schreiber 
et al[42] 2006

62 patients with IBD (46 with CD and 16 with UC) and 59 
healthy controls. Periodontal examination was performed in two 

quadrants

IBD patients had more sites with attachment loss of at least 
4 and 5 mm, although periodontal disease was not clearly 

different from the control group
Brito et al[4] 2008 179 patients with IBD (99 with CD and 80 with UC) and 74 

controls. Full-mouth periodontal examination was performed
CD and UC patients had higher prevalence of periodontitis 

than controls, but smoking was an effect modifier
Habashneh et al[5] 2012 160 patients with IBD (59 with CD and 101 with UC) and 100 

control patients. Full-mouth periodontal examination was 
performed

Patients with IBD have higher prevalence, severity and 
extent of periodontitis compared with those having no IBD

Vavricka et al[75] 2013 113 patients with IBD (69 with CD and 44 with UC) and 113 
controls

Gingivitis and periodontitis markers were higher in patients 
with IBD than in healthy control. No clear association was 

found between IBD clinical activity and periodontitis
Koutsochristou et al[76] 
2015

55 children and adolescents with IBD and 55 controls. 
Community periodontal treatment needs indices were evaluated

More clinical signs of gingival inflammation and increased 
periodontal treatment needs were observed in children and 

adolescents with IBD

CD: Crohn’s disease; UC: Ulcerative colitis; IBD: Inflammatory bowel disease.  
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patients with CD, UC and controls in inflamed sites 
irrespective of the degree of periodontal destruction, 
and these differences were more pronounced in 
CD patients. These species might be harmful for 
the microbe-host interaction[47]. Kelsen et al[48], in 
a cohort of pediatric patients with CD, have shown 
that Capnocytophaga, Rothia, and TM7 were more 
abundant in CD relative to healthy controls. The 
importance of these alterations to the pathogenesis of 
periodontal disease needs further evaluation.

Immunological impact
The immune-inflammatory response is the main 
factor driving the tissue damage observed in IBD and 
periodontitis. Therefore, it is reasonable to assume 
that the inflammatory response could be the leading 
factor for posing an increased risk for periodontitis in 
the IBD population. 

Our group investigated the expression of IL-1β, 
IL-4, IL-6, IL-10, IL-12p40, IL-12p70, IL-18, and INF-γ 
in gingival crevicular fluid and serum from patients 
with untreated periodontitis and IBD. We found 
a significantly decreased level of IL-4 in inflamed 
sites without tissue destruction from UC patients in 
comparison with controls. However, for the other 
cytokines analysed, the expression in gingival fluid 
was similar in all groups. In serum, IL-18 showed 
significantly higher levels in CD and UC patients when 
compared with controls[10]. Similarly to the gingival 
fluid results, we found that there were no significant 
differences in the expression of an array of cytokines 
(IL-1β, IL-4, IL-6, IL-10, IL-21, IL-22, IL-23, IL-25, 
IL-31, IL-33, IL-17A, IL-17F, IFN-γ, sCD40L, and 
TNF-α) between CD and UC when assessing the 
gingival tissue of these patients[11]. Unpublished data 
from our group suggests that IBD activity probably 
increases the inflammatory response in the gingival 
tissue of IBD patients with periodontitis, as evidenced 
by significantly higher levels of IL-4, IL-10 and IL-21 
and a tendency towards higher levels of IL-1β.

Some investigations have focused on the salivary 
alterations in patients with IBD. Increased levels of 
pro-inflammatory cytokines have been found in IBD 
patients, especially those with active disease[49,50]. 
Aleksandra Nielsen et al[51] have reported increased 
salivary levels of IL-6 in patients with CD and not 
in patients with UC, but only seven patients were 
analysed in the UC group. Szczeklik et al[49] have 
found higher salivary levels of IL-1β, IL-6, and TNF-α 
in patients with active CD than in patients with inactive 
disease and in controls. Interestingly, CD patients also 
presented significant reductions in total antioxidant 
capacity, and increased TGF-β(1), nitric oxide, and lipid 
peroxidation[50]; UC patients presented higher TGF-β(1) 
and nitric oxide levels in comparison to the control 
group[52].

Decreased lysozyme and increased IgA and LL37 
in saliva have also been reported in CD and UC pati-

ents[46]. It seems that the salivary inflammatory state 
tended to be slightly higher in UC than in CD group[46]. 
It is noteworthy that these studies have not always 
assessed the presence of periodontal disease, which 
could have entailed a strong confounding effect on the 
results, since periodontal disease could alter the level 
of biomarkers in saliva[53]. Though it is tempting to 
speculate that these salivary changes might account 
for the increased prevalence of periodontitis in IBD 
patients, how these alterations might affect the 
development and/or progression of periodontal disease 
still needs further investigation. 

Interestingly, it has also been reported that buccal 
epithelial cells from pediatric patients with CD without 
oral lesions released increased amounts of chemokines 
(CXCL-8, CXCL-9, and CXCL-10) when compared 
to epithelial cells from healthy controls, children 
with UC and adults with CD. Adults with CD did not 
exhibit increased chemokine production. In addition, 
stimulation with lipopolysaccharide or zymosan resulted 
in increased chemokine production by epithelial cells 
from pediatric patients with CD[54].

Neutrophil behaviour, which plays an important 
role in the pathogenesis of periodontitis, has also 
been investigated in patients with IBD. Lamster et 
al[55] have shown that peripheral neutrophils from 
patients with active IBD displayed greater metabolic 
activity than neutrophils from patients with inactive 
IBD, which presented greater metabolic activity than 
neutrophils from patients without systemic disease. On 
the other hand, salivary neutrophils from IBD patients 
displayed an average of 45% less activity than salivary 
neutrophils from patients without systemic disease. 
The authors speculated that this might relate to a prior 
activation of peripheral neutrophils in the circulation of 
IBD patients. This activation in peripheral blood may 
compromise the ability of the neutrophils to respond 
to what becomes a second challenge. Van Dyke 
et al[43] have revealed a serum-mediated defect in 
neutrophil chemotaxis in IBD patients with periodontal 
disease, although neutrophil phagocytosis was normal. 
Interestingly, in this study, the levels of PGE2 in 
gingival fluid from IBD patients were four times higher 
than the levels of the control group[43].

The impact of single nucleotide polymorphisms on 
periodontal status in patients with CD has also been 
a matter of investigation. Stein et al[56] have found 
a decreased frequency of Prevotella intermedia in 
carriers of CARD15 mutations compared to the wild 
type, although the clinical periodontal parameters did 
not differ significantly between them. On the other 
hand, Schulz et al[57] have shown that CD patients 
carrying the A allele (cDNA-238G>A) or GA haplotype 
(cDNA-308G>A/cDNA-238G>A) of the TNF-α 
polymorphisms presented worse clinical periodontal 
symptoms: increased bleeding on probing, probing 
depth, and clinical attachment level.

It is interesting to note that in a mouse model 
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of progressive CD-like ileitis (SAMP1/YitFc), the 
occurrence of spontaneous periodontal disease was 
observed in the absence of any exogenous stimuli[58]. 
The authors have observed similar alveolar bone 
resorption on both sides of the mouth, suggesting 
a systemic phenomenon. Thus, they concluded that 
periodontal disease and IBD likely share similar 
aetiopathogenic features and multiple pathogenic 
mechanisms[58]. Previously, Oz et al[59] had shown that 
the oral administration of the low dose DSS (dextran 
sulphate sodium) induced alveolar bone loss and 
chronic colitis, as evidenced by severe shrinkage of 
the colonic tissue and infiltration of inflammatory cells 
into the colonic tissue. The authors pointed out that 
this model elicits chronic inflammatory responses in 
the gut and oral cavity that mimic aspects of IBD and 
periodontal disease progression in patients. 

Furthermore, Park et al[60] have used a T-cell 
transfer model of IBD, using CD4+CD45RBHigh T cells, 
to assess the alveolar bone metabolism. It was found 
that this T cell subset was sufficient for the induction 
of alveolar bone resorption. It was also reported that 
alveolar bone marrow stromal cells showed decreased 
osteogenic and increased adipogenic potential. The 
authors suggested that diseases such as IBD, through 
the induction of generalized inflammation, could 
potentially contribute to alveolar bone resorption. More 
studies are certainly warranted to further investigate 
these aspects.

When assessing the possible association between 
periodontitis and IBD, we have to consider that altered 
bone metabolism is frequent in IBD patients, where 
excessive bone loss is a common finding. The exact 
mechanisms for this are only partially understood, 
but it has been speculated that corticosteroid therapy, 
calcium and vitamin D deficiency, hypogonadism, 
malnutrition, smoking, alcohol consumption, and 
reduced physical activity are all contributory factors[61]. 
Also, systemic inflammatory activity is an important 
factor for the development of osteoporosis in IBD 
patients[62]. These factors could somehow take part 
in the association between IBD and periodontitis, 
contributing to the increased alveolar bone loss seen in 
this group of patients. Our previous study found that 
IBD patients taking immunosuppressive drugs had 
significantly lower concentrations of IL-4 and IFN-γ in 
the gingival fluid when compared with controls[10]. 

IMPACT OF PERIODONTAL DISEASE ON 
IBD
Periodontitis has been associated with other chronic 
inflammatory diseases for over 20 years. The 
inflammation evoked by periodontitis could result 
in low-grade systemic inflammation and thus it is 
plausible to speculate that periodontitis might influence 
IBD. Locally produced pro-inflammatory cytokines 
might enter the systemic circulation, induce an acute-

phase response in the liver, and contribute to several 
processes, such as an atherosclerotic process[63].

Also, as large quantities of oral bacteria are con-
stantly swallowed via the saliva into the gut, it has 
been proposed that swallowed P. gingivalis may cause 
alterations to the gut microbiota, thereby leading to 
increased gut epithelial permeability and endotoxemia, 
which causes systemic inflammation[63]. Arimatsu et 
al[64] have used a mouse model to evaluate whether 
endotoxemia is responsible for inflammation in several 
organs and tissues. Oral administration of P. gingivalis, 
a proposed periodontopathogen, induced changes of 
bacterial composition of the gut microbiota along with 
alterations of gut epithelial cell barrier function. Insulin 
resistance and change of gene expression in adipose 
tissue and liver were also observed. Interestingly, 
P. gingivalis was not detected in the gut. Thus, the 
mechanisms responsible for the changes in gut 
microbiota remain to be established. 

The effects of a single administration of P. gingivalis 
on the gut microbiota, gut barrier function, and influx 
of gut bacteria into the liver were investigated in a 
mouse model. This single administration had a great 
impact on the gut microbiota, as evidenced by an 
increased proportion of the phylum Bacteroidetes 
and a decreased proportion of the phylum Firmicutes. 
In addition, the administration of P. gingivalis 
downregulated the expression of the tight junction 
protein 1 (tjp-1) and occluding (ocln) in the small 
intestine, in parallel with an influx of bacteria into 
the liver. IL-6 expression was significantly elevated 
and Rorγt expression was significantly decreased in 
the small intestine, whereas TNF-α expression was 
significantly increased in the large intestine[65]. Another 
study by the same group, using a ligature-induced 
periodontitis model, has shown that the ligature 
placement induced qualitative but not quantitative 
changes in the gut microbiota, together with trends 
toward lower expression of tjp1 and ocln in the small 
intestine and of ocln in the large intestine[66].

Recently, Blasco-Baque et al[67] set up a mouse 
model of periodontitis by infecting the periodontal 
tissue with P. gingivalis, F. nucleatum and P. 
intermedia. The mice were fed with either a normal 
chow diet or a diabetogenic, high-fat, carbohydrate-
free diet and were then assessed for periodontal and 
gut microbiota changes. The authors have found 
that in mice fed a normal chow diet, periodontitis 
was associated with modest changes of the gut 
microbiota which included increased members of 
the Actinobacteria and Deltaproteobacteria groups. 
Similarly, in mice fed a high-fat, carbohydrate-free 
diet, subtle changes of gut microbiota were also 
observed. 

Another study has postulated that salivary 
microbiota can affect the development of gut microbiota 
to some extent, since saliva always flows into the 
gastrointestinal tract, and thus, salivary bacteria have 
many opportunities to reach the intestine[46]. In a 
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study performed to assess the metatranscriptome 
and metagenome of the human gut microbiota, it was 
found that oral species, derived from saliva samples, 
were detectable in the gut at the DNA level, although 
they showed minimal transcriptional activity there[68]. 
Interestingly, it was reported that in patients with liver 
cirrhosis, most of the patient-enriched species in the 
gut microbiome are of oral origin, suggesting that oral 
bacterial species could invade the gut[69]. 

Our study that evaluated the subgingival microbiota 
found that IBD patients harbour higher levels of bacteria 
that are related to opportunistic infections, such as S. 
aureus and S. anginosus[47]. As shown by Van Dyke et 
al[43], the Wolinella isolates, the predominant genus in 
periodontal microflora of IBD patients, had a profound 
effect on neutrophil chemotaxis in vitro, suggesting 
that this oral pathogen could play a role in IBD as an 
infectious agent or as a host response modifier. The 
impact of these disturbances on IBD remains unknown.

In a study performed to assess the effects of probio-
tic supplementation on ligature-induced periodontitis 
and intestinal morphology in rats, Messora et al[70] have 
found that the animals with ligature-induced periodontitis 
showed alteration in the intestinal structure, such as 
defects of the villi, epithelial stratification, basal lamina 
degeneration, and neutrophil infiltration in the small 
intestine. Also, ligature-induced periodontitis seemed to 
have shortened and damaged the villi of the jejunum. 
Probiotic supplementation attenuated these alterations. 
Another study by the same group has also shown that 
ligature-induced periodontitis altered villous height and 
crypt depth in the small intestine[71]. Pietropaoli et al[58], 
in a mouse model of progressive CD-like ileitis (SAMP1/
YitFc), have found evidence of a correlation between the 
severity of periodontal disease and the severity of ileal 
scores, and this correlation was independent of age. 
Furthermore, it was shown, in ApoEnull mice, that oral 
infection with P. gingivalis, T. denticola and T. forsythia 

impaired the BH4/nNOS/NRF2 pathway in proximal, 
mid- and distal colon. These results raised the possibility 
that oral bacteria associated with periodontitis might 
contribute to colonic motility dysfunctions[72]. 

A recent study was performed in order to assess 
the global transcriptome of periodontitis, as well as its 
association with cardiovascular disease, rheumatoid 
arthritis and UC, using gingival biopsies. Processes 
related to immune responses, cell motion, cell death, 
and homeostasis were up-regulated in all the diseases, 
but only one gene, pleckstrin (PLEK), was commonly 
up-regulated in all four diseases, suggesting that it 
could be a key link between periodontitis and these 
inflammatory diseases. MMP7 and B-cell lymphoma 
2-related protein A1 (BCL2A1) were also up-regulated 
across periodontitis and UC[73].

Taken all together, the studies cited herein show 
that a model of the interaction of the pathogenesis 
of periodontitis and inflammatory bowel disease 
involves a complex interplay between the immune-
inflammatory response and the dysbiotic microbiota, 
under the influence of environmental and genetic 
factors. We also suggest that there is an interplay 
between both diseases, where the diseases might 
have a cyclic impact on each other, which can be seen 
in Figure 2.

CONCLUSION
This review points to a complex pathogenic interaction 
between periodontal disease and IBD, in which one 
disease might alter the composition of the microbiota 
and increase the inflammatory response related to the 
other. However, we still need more data derived from 
human studies to confirm these preliminary results 
from murine models. Thus, mechanistic studies are 
definitely warranted to clarify the possible bidirectional 
association between periodontitis and IBD. 

Figure 2  Model of pathogenesis of both periodontal disease and inflammatory bowel disease. This involves a complex interplay between the immune-inflammatory 
response and a dysbiotic microbiota under the influence of genetic and environmental factors, where the diseases might have a cyclic impact on each other.
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