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Abstract. Periodontitis is a common chronic inflamma‑
tory and destructive disease in the mouth and is considered 
to be associated with systemic diseases. Accumulating 
evidence has suggested that periodontitis is a risk factor for 
pulmonary diseases such as pneumonia, chronic obstructive 
pulmonary disease (COPD), asthma, coronavirus disease 
2019 (COVID‑19) and lung cancer. The presence of common 
periodontal pathogens has been detected in samples from a 
variety of pulmonary diseases. Periodontal pathogens can 
be involved in lung diseases by promoting the adhesion and 
invasion of respiratory pathogens, regulating the apoptosis of 
respiratory epithelium and inducing overexpression of mucin 
and disrupting the balance of immune systemin respiratory 
epithelium cells. Additionally, measures to control plaque 
and maintain the health of periodontal tissue can decrease 
the incidence of respiratory adverse events. This evidence 

suggests a close association between periodontitis and pulmo‑
nary diseases. The present study aimed to review the clinical 
association between periodontitis and pneumonia, COPD, 
asthma, COVID‑19 and lung cancer, and propose a possible 
mechanism and potential role of periodontal pathogens in 
linking periodontal disease and lung disease. This could 
provide a direction for further research on the association 
between periodontitis and lung disease and provide novel 
ideas for the clinical diagnosis and treatment management of 
these two diseases.
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1. Introduction

Periodontitis is a chronic inflammatory and destructive 
disease of periodontal tissue caused by microorganisms, host 
immune factors and other promoting factors (1). Periodontitis, 
with high prevalence in all countries, is the main cause of 
tooth loss and edentulous jaws in adults, with ~12% of adults 
worldwide affected by severe periodontal disease (1,2). Tooth 
loss caused by periodontitis not only damages tooth function, 
but also damages the patient's speech and self‑confidence. 
Furthermore, the cost of treating periodontitis also brings a 
significant burden on social medical resources (2). Bacteria 
and their products in dental plaque are essential initiating 
factors of periodontitis, which directly or indirectly participate 
in its pathogenesis (3). In previous years, with the development 
of periodontal medicine, periodontitis has been found to be 
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associated with numerous systemic diseases, such as nervous 
system disease, diabetes, cardiovascular disease, rheumatoid 
arthritis, cancer, pregnancy complications and pulmonary 
diseases (4‑6).

Previous research has shown that the oral bacterial 
community in patients with endocarditis is different from that 
of healthy individuals (7). Oral bacteria enter the bloodstream 
through ruptured periodontal pockets or epithelium, which is 
beneficial for the pathogenesis of infectious endocarditis (7). 
Haraszthy et al (8) found that ~50% of carotid endarterectomy 
samples of patients with atherosclerosis contain periodontal 
pathogens [such as Actinobacillus actinomycetemcomitans 
(A.  actinomycetemcomitans), Bacteroides  forsythus (now 
named Tannerella  forsythia), Porphyromonas  gingivalis 
(P. gingivalis) and Prevotella  intermedia (P.  intermedia)], 
which supports the view that periodontal pathogens enter 
the blood circulation (i.e. bacteremia) and cause infection 
of distant organs and systemic diseases (9). Similar mecha‑
nisms have also been discussed in the association between 
periodontitis and Alzheimer's disease, adverse pregnancy 
outcomes and rheumatoid arthritis (10,11). It has been reported 
that periodontal bacteria and their products (including lipo‑
polysaccharide, gingipain and P. gingivalis peptidyl‑arginine 
deiminase) directly enter the bloodstream and promote the 
development of existing systemic diseases by destroyed 
gingival epithelium (10,11). On the other hand, the systemic 
chronic inflammation caused by periodontitis also appears 
to play an important role in the aforementioned systemic 
diseases. A previous study has shown that periodontitis is 
associated with the risk factors of cardiovascular disease via 
proinflammatory markers such as interleukin (IL)‑6, tumor 
necrosis factor‑α (TNF‑α) and C-reactive protein (CRP), and 
periodontal therapy can reduce the risk of cardiovascular 
disease by reducing these biomarkers  (12). The European 
Federation of Periodontology and the International Diabetes 
Federation indicated that the associated mechanisms between 
periodontitis and diabetes included the expression of inflam‑
mation‑related molecules such as IL‑1β, TNF‑α, IL‑6, nuclear 
factor B‑receptor activator ligand, and Toll‑like receptor 
(TLR) 2 and 4, and suggested that professional periodontal 
therapy may help reduce glycated hemoglobin (HbA1C) in 
patients with diabetes (13). Similarly, the erythrocyte sedimen‑
tation rate, CRP, anti‑citrullinated protein antibodies and joint 
disease activity score of patients with rheumatoid arthritis 
were improved after non‑surgical periodontal treatment (14). 
Periodontal treatment was also beneficial for the quality of 
life and cognitive impairment of patients with Alzheimer's 
disease  (10). The treatment principle of periodontitis is to 
control plaque. Related interventional studies have shown that 
professional periodontal therapy can reduce systemic inflam‑
matory markers of periodontitis complications, thus reducing 
the risk of occurrence and aggravation of systemic diseases (9).

Previous studies have investigated the association between 
periodontitis and lung diseases, such as pneumonia  (15), 
asthma  (16), chronic obstructive pulmonary disease 
(COPD) (17), coronavirus disease 2019 (COVID‑19) (18) and 
lung cancer (19). The periodontal status of patients with lung 
disease is relatively severe and the majority of patients have 
a high periodontal index for risk of infection (20). Bacteria 
and their products in plaque may play a crucial role in the 

association between pulmonary diseases and periodontitis. 
Periodontopathogens in periodontal pockets can be inhaled 
into the lungs and play a role in the initiation and development 
of pulmonary diseases by participating in the apoptosis of 
airway epithelial cells, enhancing the adhesion of respiratory 
pathogens, promoting the expression of mucin and regulating 
the immune system.

The present study aimed to review the published epide‑
miological evidence of the association between periodontitis 
and lung diseases, summarize the possible pathophysiological 
mechanisms of periodontal pathogens in lung diseases 
and highlight important research issues that require further 
attention.

2. Literature search

A bibliographical search was performed on PubMed using the 
following search terms: ‘(Periodontitis or periodontal disease) 
and (oral care or oral health or periodontal treatment or peri‑
odontal therapy) and (diabetes) and (cardiovascular diseases) 
and (rheumatoid arthritis) and (cancer) and (pregnancy compli‑
cation or adverse pregnancy outcomes) and (Alzheimer's 
disease) and (lung diseases or respiratory diseases or pulmo‑
nary diseases) and (pneumonia or community‑acquired 
pneumonia or ventilator‑associated pneumonia) and (chronic 
obstructive pulmonary disease) and (asthma) and (lung cancer) 
and (Corona Virus Disease 2019 or severe acute respiratory 
syndrome coronavirus 2) and (Porphyromonas gingivalis) 
and (Prevotella  intermedia) and (Tannerella  forsythia or 
Bacteroides  forsythia) and (Treponema  denticola) and 
(Fusobacterium nucleatum) and (Aggregatibacter actinomy‑
cetemcomitans or Actinobacillus actinomycetemcomitans)’. 
The inclusion criteria involved articles published in English 
up to November 2023, including systematic reviews, literature 
reviews, and in vitro and in vivo studies related to periodontal 
bacteria and pulmonary diseases or other systemic diseases. 
Although publications were generally confined to the last 
10 years, older significant publications were not excluded.

3. Periodontal disease and respiratory diseases

Pneumonia. Pneumonia is inflammation of the lung paren‑
chyma, and can be caused by microbial, immune, physical and 
chemical factors, as well as allergies and drugs (21). It has been 
reported that clinical attachment loss (CAL) and bleeding on 
probing (BOP) in patients with community‑acquired pneu‑
monia (CAP) were more severe, and patients with moderate 
or severe periodontitis patients had an ~4‑fold higher risk 
of suffering from CAP than individuals without periodontal 
infection (22). A 7‑year cohort study also found that, compared 
with patients with periodontal disease, pneumonia mortality 
was significantly lower in patients with hemodialysis without 
periodontal disease, and periodontal disease could be a 
predictor of pneumonia‑related mortality in these patients (23). 
Previous studies have shown that the mouth is a reservoir 
for pulmonary infection. When suffering from periodontal 
disease, dental plaque aggregates in the mouth, thus promoting 
the colonization of respiratory pathogens. Respiratory patho‑
gens such as Pseudomonas aeruginosa (P. aeruginosa) and 
Klebsiella pneumoniae (K. pneumoniae), have been detected 
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in dental plaque. In addition, periodontal pathogens have been 
found in the pulmonary aspiration of patients with aspiration 
pneumonia (4,24‑26).

Previous research has focused on the association between 
periodontitis and hospital‑acquired pneumonia, a type of 
ventilator‑associated pneumonia (VAP). Critically ill and 
long‑term bedridden patients, as well as patients with mobility 
difficulties tend to have poor oral status and increased bacte‑
rial load due to reduced oral saliva, decreased self‑cleaning 
ability and the wearing of dentures. Thus, respiratory patho‑
gens such as Staphylococcus aureus (S. aureus), P. aeruginosa 
and K. pneumoniae have more opportunities to colonize in the 
oral cavity (4). These patients have therefore a higher risk of 
inhalation, and when they inhale oral secretions containing 
respiratory pathogens, the risk of respiratory infection 
increases (4). For these patients, it is of great importance to 
maintain oral hygiene, and to prevent oral biofilm and dental 
plaque formation in order to reduce the potential risk of 
pneumonia (27,28). A previous systematic review showed that 
oral care provided by professionals could decrease the risk of 
pneumonia by reducing the colonization of pathogens in the 
oral cavity (29). Due to the anatomical continuity of the oral 
cavity and respiratory tract, bacteria in the oral cavity may 
cause lower respiratory tract infections due to aspiration to 
the lungs, and poor oral status appears to be associated with 
respiratory infection (30). The incidences of respiratory infec‑
tions and VAP rates in patients within the intensive care unit 
(ICU) that have undergone professional dental treatment are 
both significantly lower than those of patients within the ICU 
receiving routine oral care, which suggests that professional 
dental treatment could prevent respiratory infections, and 
highlights the importance of professional dental treatment 
to prevent pulmonary infections in critically ill patients (30). 
The use of 0.12% chlorhexidine can reduce oropharyngeal 
microbial colonization (31), thus preventing saliva‑containing 
bacteria from being inhaled into the respiratory tract and 
causing lung infections. Additionally, oral care for premature 
infants can effectively prevent the occurrence of early VAP 
after re‑intubation by reducing the number of bacteria in the 
mouth (32). The aforementioned results indicate that oral inter‑
ventions aimed at reducing dental plaque buildup can reduce 
the bacteria load in the mouth and the risk of pneumonia.

COPD. COPD is one of the most common airway diseases 
in humans, and is characterized by progressive obstruction 
of air flow caused by chronic airway inflammation (33). The 
predicted percentage of forced expiratory volume in 1 sec 
(FEV1%) is used to evaluate the severity of airflow limita‑
tion (33). The association between periodontitis and COPD 
has long attracted the attention of numerous researchers. In 
1998, a study showed that the risk of COPD increased with the 
increase in alveolar bone loss (34). A previous study has shown 
that chronic marginal periodontitis is prevalent in patients with 
severe COPD, and there is a significant association between 
the two diseases  (35). Similarly, compared with that of 
patients with COPD, the rate of periodontitis was significantly 
lower in patients without COPD (58.1% vs. 34.0%, P<0.001), 
which emphasized the importance of promoting oral health 
in patients with COPD (36). Additionally, a significant nega‑
tive association between oral hygiene index‑simplified CAL 

and FEV1% has been found in patients with COPD (37). It 
has also been reported that there is a significant association 
between CAL and decreased respiratory function in Northern 
Irish men (38). Compared with patients with COPD without 
periodontal treatment, the incidence of adverse outcomes 
(including risks of deterioration, pneumonia and respira‑
tory failure) was significantly lower in patients with COPD 
receiving periodontal therapy. Moreover, the mortality rate in 
the periodontal treatment group was reduced by 37%. These 
results indicated that periodontal therapy could reduce the risk 
of adverse respiratory events in patients with COPD (39).

Various studies have confirmed the association between 
periodontitis and COPD, but it is not possible to establish 
a causal association between the two diseases because 
the majority of those studies are cross‑sectional  (40,41). 
Furthermore, those studies had several limitations including 
firstly, that there were differences in the diagnostic criteria of 
periodontitis and COPD used in the studies. Secondly, certain 
studies had certain shortcomings including small sample 
size and limited population selection, such as selecting only 
male patients; thus, the results are not representative. Thirdly, 
certain studies did not rule out common risk factors for both 
diseases such as smoking. Therefore, those findings are only 
preliminary, and large‑scale prospective studies should be 
designed to investigate the association between periodontitis 
and COPD in the future. Furthermore, to the best of our 
knowledge, there are no reports to date on whether improving 
lung function improves oral health status.

COVID‑19. COVID‑19 is a life‑threatening respiratory illness 
triggered by severe acute respiratory syndrome coronavirus 2 
(SARS‑CoV‑2) (42). Globally, the number of COVID‑19 cases 
and mortalities is still increasing, greatly affecting society 
and medical care (42). Previous studies have shown that peri‑
odontitis, dental plaque and gingival bleeding are associated 
with COVID‑19, and the presence of periodontal disease may 
elevate the risk of COVID‑19 (18,43). The clinical manifesta‑
tions of periodontal disease (including probing depth, gingival 
recession and CAL) are also significantly associated with 
COVID‑19 complications (44). Similarly, poor oral hygiene 
has also been reported to be associated with complications of 
COVID‑19 (45). Moreover, patients who have both periodontal 
disease and COVID‑19 have a higher risk of mortality (43). 
Thus, periodontitis may be associated with COVID‑19 and 
may promote the occurrence and development of COVID‑19 to 
a certain extent. However, the current evidence is preliminary, 
and additional studies are needed in the future to confirm the 
association between the two diseases, which may contribute to 
the treatment of COVID‑19.

Asthma. Asthma is a chronic inflammation of the airways that 
is characterized by variable airway obstruction and bronchial 
hypersensitivity (46), affecting >200 million individuals world‑
wide (47). Increasing evidence has shown that asthma is linked 
to oral health problems such as tooth decay, dental erosions, 
oral candidiasis and in particular, periodontal disease (48,49). 
Compared with those of patients without asthma, the mean 
and median of BOP, visible plaque index and incidence of 
periodontitis in the group with severe asthma were signifi‑
cantly higher (50). In addition, patients with periodontitis had 
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a 2‑4‑fold higher risk of developing asthma than those without 
periodontitis  (50,51). A meta‑analysis in 2019 showed that 
the presence of papillary bleeding, salivary calculi and CAL 
were more common in asthmatic patients than in healthy indi‑
viduals and concluded that the presence of asthma appeared to 
imply an increased risk of periodontal disease (52). These data 
suggest there may be a potential association between asthma 
and periodontal disease.

It has been reported that periodontitis is more common 
in Jordanian adults with bronchial asthma (BA) than in 
those without BA and BA was positively associated with 
periodontitis (53). A possible reason for this result is the use 
of corticosteroids in patients with asthma. Inhaled corti‑
costeroids (ICs) are usually the first choice of treatment for 
asthmatic patients (54). The use of ICs in asthmatic patients 
results in a significant reduction in bone mineral density in the 
mandible, which is regarded as a risk factor for tooth loss (54). 
Notably, decreases in alveolar bone density and tooth loss are 
important signs of the occurrence and development of peri‑
odontitis (55). The use of ICs was also found to be associated 
with an improved risk of bacterial plaque (56). Additionally, 
the asthmatic patients who used ICs were more susceptible to 
develop periodontal disease (57). Thus, the use of ICs in asth‑
matic patients may promote the occurrence and development 
of periodontitis. Other reasons why patients with asthma are 
more likely to develop periodontitis include: i) The protective 
mechanism is impaired by reduced salivation and secretory 
IgA content; ii) a higher level of calcium and phosphorous 
in saliva contributing to an increase of calculi; iii) dehydra‑
tion of oral mucosa caused by mouth breathing; iv) elevated 
level of IgE in gingival tissue leads to immune dysregulation; 
and v) since periodontitis is a chronic disease, it is not easy 
to detect in the early stage (49). In addition, more attention is 
paid to asthma as it can cause emergency events, which means 
periodontal health is often overlooked (49,50).

Lung cancer. As one of the most common tumors in the world, 
lung cancer has high mortality rates (58). Previous studies 
have indicated that periodontal disease was significantly asso‑
ciated with an increased risk of developing lung cancer (59) 
and patients with periodontitis were more likely to suffer from 
lung cancer than healthy individuals (19). A previous cohort 
study also reported that periodontitis was a hazard factor for 
women with lung cancer (60). Similarly, periodontal disease 
indices including BOP, probing pocket depth and CAL were 
significantly associated with the risk of developing lung carci‑
noma (61). Furthermore, history of tooth loss and periodontitis 
were regarded to be associated with the risk of developing lung 
carcinoma (62,63). These results suggest that periodontitis may 
promote the development of lung cancer; however, the role of 
periodontitis in the pathogenesis of lung cancer needs to be 
further investigated.

4. Periodontal pocket may be a potential source of 
respiratory pathogens

Accumulating evidence suggests that periodontal pathogens 
play a direct or indirect role in promoting systemic diseases, 
such as cardiovascular disease, colorectal cancer, diabetes, 
pregnancy complications, nervous system diseases and 

pulmonary diseases  (6,64‑66). Periodontal pathogens may 
directly cause systemic diseases by producing virulence factors, 
or by transfer to various parts of the body through aspiration 
and blood, thus causing diseases in distant organs (64,67).

Periodontal pathogens may be a mediator between 
periodontitis and lung disease, and periodontitis may have 
an influence on the development of lung disease through 
periodontal pathogens  (9,68). Oral microbiota is one of 
the most complex groups of microorganisms in the human 
body, comprising of 700‑1,000 prevalent taxa at the species 
level (64,69). These microbes can colonize in the teeth, gingival 
epithelium, tongue, gingival sulcus, hard and soft palates, and 
dentures, and concentrate in dental plaque (69). It has been 
reported that dental plaque accumulation and periodontitis are 
known risk factors for aspiration pneumonia (70) and ~50% 
of healthy individuals inhale saliva accidentally when they 
sleep (71). Thus, it is not unusual that adults with periodontal 
disease inhale pathogenic bacteria colonized in dental plaque 
into the lungs, which triggers inflammation.

The following sections will introduce relevant evidence of 
the potential link between periodontal pathogens and various 
lung diseases (Table I).

Pneumonia. ‘Red‑complex’ bacteria including T. forsythia, 
P.  gingivalis and Treponema  denticola (T.  denticola) are 
the key bacterial groups closely related to periodontitis (72). 
It has been reported that aspiration pneumonia is a disease 
resulting from inhaling saliva containing oral bacteria, and 
periodontitis‑related bacteria such as P. gingivalis, T. forsythia, 
T.  denticola and P.  intermedia, which could be detected 
in lung samples in nearly 50% of patients with aspiration 
pneumonia (25).

P. intermedia. P. intermedia, which is a gram‑negative bacte‑
rium related to moderate or severe gingivitis, acute necrotizing 
ulcerative gingivitis and chronic periodontitis, can induce 
severe bacterial pneumonia and pulmonary hemorrhage in 
mice  (73). Similarly, immunohistochemistry revealed that 
neutrophils and macrophages were infiltrated in the lung 
tissue of C57BL/6 mice treated with the culture supernatant 
of P. intermedia, but the ability to trigger pulmonary inflam‑
mation was associated with the high proliferation rate of 
P. intermedia (74). It has been reported that a proliferation rate 
of P. intermedia reaching 108 colony‑forming unit/lung may 
lead to pulmonary pathological changes (74).

P. gingivalis and T. denticola. P. gingivalis is the dominant 
pathogen of periodontal disease, known as the keystone 
pathogen in chronic periodontitis (75). A study has also shown 
that co‑infection of P. gingivalis and T. denticola in mice can 
lead to excessive production of cytokines, resulting in severe 
bronchopneumonia and lung abscess. This lung lesion, caused 
by periodontal bacteria P. gingivalis and T. denticola, resulted 
in the mortality of ~50% of mice within 3 days (76). Notably, 
mice intratracheally inoculated only with P. gingivalis had 
abundant inflammatory cell infiltration in the lung and the 
pathological results show pulmonary edema, necrosis and 
bleeding (25). Similarly, severe bronchopneumonia, pulmonary 
parenchymal necrosis and lung abscesses were observed in mice 
infected with P. gingivalis 24‑72 h after inoculation (70,77). In 
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addition, ligature plus P. gingivalis‑induced periodontitis can 
induce pulmonary inflammation in mice (78).

Fusobacterium nucleatum (F. nucleatum). F. nucleatum is 
another dominant bacterium in the supragingival plaque, 
subgingival plaque and periodontal pocket, and is often 
detected in extra‑oral infections such as in atherosclerotic 
plaques, amniotic fluid, the fetal membrane and respiratory 
tract  (79‑81), suggesting that infection may be caused by 
periodontal disease. In a study involving 87 pneumonia cases, 
the detection rate of Fusobacterium DNA in lower airway 
specimens was 36.8%, which suggested that F. nucleatum was 
a potential causative agent of pneumonia (82). Additionally, 
pulmonary F. nucleatum infection could also be presented 
as aspiration pneumonia and necrotic pneumonia  (83). 
Previous research has indicated that F.  nucleatum and 
Fusobacterium necrophorum were the major pathogens in 
Lemierre's Syndrome, a rare upper airway infection (79) that 
usually starts from oropharyngeal infection and presents 
with internal jugular vein septic thrombophlebitis and other 
metastatic diseases such as pulmonary emboli, pneumonia and 
pleural empyema (84‑86). Lung tissue is affected in >80% of 
cases, and lung lesions can present as necrotic cavity lesions, 
empyema, lung abscess and necrotizing mediastinitis  (86). 
Additionally, pulmonary F. nucleatum infection caused endo‑
bronchial lesions in a healthy 8‑year‑old male patient, and 
F. nucleatum was found in the surgical drainage of pulmonary 

abscess (83). Similarly, F. nucleatum was also detected in the 
lower respiratory tract specimen of patients with empyema and 
the pleural fluid of patients with lung abscess (81). Although 
the source of infection is unknown, F. nucleatum colonized 
in the oropharynx or periodontal pocket may be a source of 
lung infection in individuals who are prone to aspiration (87). 
These results indicate the potential role of F. nucleatum in 
respiratory diseases.

Aggregatibacter actinomycetemcomitans (A. actinomycetem‑
comitans). In addition to the aforementioned periodontal 
pathogens, A.  actinomycetemcomitans, as a periodontal 
pathogen highly associated with aggressive periodontitis, 
could also cause aspiration pneumonia or empyema associated 
with dental disease and oral mucosal injury (88). A literature 
search showed that 3 previously published cases of pneumonia 
caused by A. actinomycetemcomitans resembled malignant 
tumors  (89‑91). Patients with this type of pneumonia had 
similar symptoms and signs, including: i) Cough, hemop‑
tysis, weight loss and fever; ii) chest radiography revealing 
consolidation in the lung; iii) pathology revealing a chronic 
inflammation process, with presence of malignant cells with 
or without sulfur granules; iv) effectiveness of antibiotic treat‑
ment; v) potential co‑infection with Actinomyces spp.; and 
vi) poor oral health (such as periodontitis and missing teeth). 
Pulmonary infection can be caused by A. actinomycetem‑
comitans by either inhalation of bacteria into the lungs due 

Table I. Association between various periodontal pathogens and lung diseases.

Periodontal bacteria	L ung diseases	 (Refs.)

Porphyromonas gingivalis	 Pneumonia	 (25,70,77,78,82,117,124,138)
	 Bronchopneumonia and	 (76)
	 lung abscess
	CO PD	 (37,107,124)
	L ung cancer	 (100)
	CO VID‑19	 (94)
Treponema denticola	 Pneumonia	 (82)
	 Bronchopneumonia and	 (76)
	 lung abscess
	CO PD	 (107)
Fusobacterium nucleatum	 Pneumonia	 (82)
	 COPD	 (71,80,99,107)
	CO VID‑19	 (93,119)
Prevotella intermedia	 Pneumonia	 (82)
	A sthma	 (102)
	 Cystic fibrosis	 (74)
	 COPD	 (108)
	CO VID‑19	 (94)
Aggregatibacter actinomycetemcomitans	 Pneumonia	 (82)
	CO PD	 (107)
	CO VID‑19	 (94)
Tannerella forsythia	 Pneumonia	 (82)
	CO PD	 (107)

COPD, chronic obstructive pulmonary disease; COVID‑19, coronavirus disease 2019.
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to poor oral hygiene or by bacteria entering the bloodstream 
from the broken inner wall of the mouth (hematogenous 
dissemination)  (89‑91). A.  actinomycetemcomitans is an 
important pathogenic bacterium in aggressive periodontitis. 
Therefore, the pathogenicity of A. actinomycetemcomitans in 
this particular type of pneumonia should be noted.

Overall, this suggests that periodontal pathogens may play 
a certain role in the pathogenesis of pneumonia. Thus, aspira‑
tion of pathogens in oral secretion and plaque in patients with 
periodontitis appears to be a potential mechanism by which 
patients with periodontitis are susceptible to lung disease (25). 
Based on the association between periodontitis and systemic 
diseases, it may be speculated that periodontal pathogens can 
enter the blood circulation through the ruptured periodontal 
pocket (8), colonize in the lungs and play a pathogenic role. 
However, the aforementioned studies only describe the fact 
that periodontal pathogens can cause lung inflammation; thus, 
the specific mechanism needs to be explored by conducting 
more rigorous in vivo experiments.

COVID‑19. The initiating factor of periodontitis is the plaque 
attached to the surface of the teeth, especially the subgingival 
plaque in the periodontal pocket (92). It has been reported 
that periodontal bacteria can activate potential viruses such as 
human immunodeficiency virus and Epstein‑Barr virus (93). 
The interaction between viruses and bacteria can cause an 
imbalance of microflora, promote the attachment and colo‑
nization of harmful pathogens, and lead to the development 
of diseases such as COPD, asthma and cystic fibrosis (94,95). 
Single cell RNA‑sequencing analysis of oral tissues based on 
a public database showed that angiotensin converting enzyme 
2 (ACE2) and transmembrane serine protease 2 (TMPRSS2) 
receptors, which are the binding receptors of SARS‑CoV‑2 in 
the human body, were highly expressed in periodontal pocket 
epithelial cells (95,96). These scenarios provided favorable 
conditions for SARS‑CoV‑2 infection.

When periodontitis occurs, oral bacteria and their 
metabolites can activate innate immune cells and release large 
levels of cytokines and chemokines to the periodontal tissue, 
which can also increase the cytokine levels in blood (97). 
Importantly, the cytokine storm caused by immune dysregu‑
lation (overexpression of proinflammatory cytokines and 
chemokines), is considered to be one of the major characteris‑
tics of patients with COVID‑19 (95). In addition, periodontitis 
shares immune‑inflammatory pathways such as the NF‑κB, 
NLRP3/IL‑1β and IL‑6 pathway with COVID‑19  (97): 
i)  Periodontopathogens and SARS‑CoV‑2 activate the 
TLRs/MyD88/NF‑κB signaling pathway to promote the 
expression of cytokines, chemokines and adhesion molecules; 
ii) the pathogenic components of periodontal bacteria (LPS 
and peptidoglycan) and SARS‑CoV‑2 first activate the NF‑kB 
signaling pathway, and then activate the NLR family pyrin 
domain containing 3 inflammasome. In this process, caspase‑1 
is also activated, and continues to cleave pro‑IL‑1 β, pro‑IL‑18 
and Gasdermin D (GSDMD), releasing IL‑1β, IL‑18 and 
GSDMD to induce pyroptosis and inflammation; iii) peri‑
odontal pathogens and SARS‑CoV‑2 induce pathological 
IL‑6‑ and IL‑23‑dependent accumulation in T helper (Th) 17 
cells, disrupt the balance of Th17/regulatory T cells (Tregs) by 
making the balance tend towards Th17 cells, and then release 

a large number of proinflammatory mediators, thus causing 
inflammation (97).

Whole‑genome sequencing data on oral microbiome 
in patients with COVID‑19 showed that the relative abun‑
dance of genera related to periodontitis (namely Prevotella, 
Lactobacillus,  Capnocytophaga, Porphyromonas, 
Abiotrophia, Aggregatibacter and Atopobium) were higher 
in patients with COVID‑19 than in SARS‑CoV‑2‑negative 
subjects affected by non‑respiratory diseases (94). In addi‑
tion, numerous bacteria associated with periodontitis such 
as Prevotella  melaninogenica, jejuni, denticola and oris; 
Eikenella corrodens; Capnocytophaga sputigena and gingi‑
valis; and Aggregatibacter  aphrophilus, were markedly 
increased in patients with COVID‑19 (94). Previous research 
has shown that the use of P. gingivalis‑derived lipopolysac‑
charide stimulates human gingival fibroblasts, leading to 
increased expression of pro‑inflammatory molecules such as 
IL‑1β, TNF‑α and prostaglandin E2, which further promotes 
the expression of ACE2 and TMPRSS2 (96). On the other 
hand, pathogens and their products present in the periodontal 
pocket could enter the lower respiratory tract through the 
oropharyngeal pathway (inhalation or invasive mechanical 
ventilation), colonize the respiratory system and cause 
lung tissue damage (95). Huang et al (98) reported that, by 
detecting cells shed from oral mucosal, ACE‑2 expressing 
SARS‑CoV‑2‑positive ciliated cells, which are common in 
the respiratory tract, could be identified in saliva. In addition, 
periodontal bacteria exist in the bronchoalveolar lavage fluid 
of COVID‑19 (94). Therefore, it is reasonable to suspect that 
poor periodontal condition of patients with COVID‑19 may 
promote the development of COVID‑19 disease.

Although several articles on the association between 
COVID‑19 and periodontitis have been published in the past 
several years, these are epidemiological investigations, control 
studies, case reports, reviews and systematic analyses, and there 
are few reports on the mechanism of periodontal pathogens 
acting on the development of COVID‑19 disease, and how to use 
the association between the two conditions for disease predic‑
tion, diagnosis and treatment management. Therefore, future 
research should be carried out focusing on those aspects.

COPD. The prevalence of P. gingivalis in patients with COPD 
was significantly higher than in patients without COPD (37). 
Moreover, the content of P.  gingivalis in the subgingival 
plaques of patients with COPD was negatively associated 
with FEV1% (37), suggesting that P. gingivalis could be used 
as an index to assess pulmonary function in patients with 
COPD. An additional study showed that the rate of infection 
of F. nucleatum and mixed infection of F. nucleatum and 
P. aeruginosa in the airway samples of patients with acute 
exacerbation of COPD (AECOPD) was 60.8 and 45.3%, respec‑
tively (99). Furthermore, the lung function in patients with 
AECOPD co‑infected with P. aeruginosa and F. nucleatum 
was weakened as the load of F. nucleatum increased (99). 
Accordingly, F. nucleatum may be used as an indicator of 
decreased lung function in patients with AECOPD (99).

Lung cancer, asthma and cystic fibrosis. Periodontopathogens 
are not only associated with the appearance and development 
of the aforementioned lung diseases, but also participate in 
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the occurrence and development of lung cancer, asthma and 
cystic fibrosis. A previous study found P. gingivalis in cancer 
and para‑cancerous tissues of patients with lung cancer, and 
the presence of P. gingivalis reduced the 5‑year survival rate 
of patients with lung cancer  (100). This indicated that the 
colonization of P. gingivalis could change the tumor micro‑
environment and promote tumor metastasis and deterioration. 
Moreover, it has been reported that P. intermedia is associ‑
ated with severe asthma in adults as it is present in relatively 
high levels of the subgingival plaque in these patients (101). 
This may be attributed to the regulation of oral pathogens in 
allergic airway inflammation (102). In addition, P. intermedia 
and antibodies against P. intermedia antigens were detected in 
airway samples and serum, respectively, of patients with cystic 
fibrosis (74). Due to its cytotoxic effect on respiratory epithe‑
lial cells, it was speculated that this periodontal pathogen 
contributed to the pathophysiology of cystic fibrosis.

The aforementioned results suggest that there is an associa‑
tion between periodontitis‑related pathogens and pulmonary 
diseases, and the existence of periodontal pathogens may 
be a potential diagnostic indicator to predict susceptibility 
to pulmonary disease. If this finding is fully confirmed, the 
removal of periodontal microorganisms and periodontitis 
intervention may provide novel ideas for the treatment of 
common pulmonary diseases.

It has been reported that the mouth, more specifically dental 
plaque, is the source of respiratory pathogens  (4,103,104). 
Poor oral status and periodontal diseases are considered to be 
associated with pathogen colonization (103,105,106). Dental 
plaque samples are rich in various pulmonary pathogens such 
as S. aureus, P. aeruginosa, Streptococcus pneumoniae and 
Haemophilus influenzae (104). Potential respiratory patho‑
gens colonized in the dental plaque biofilm could be inhaled 
into the lung, causing infection  (106). On the other hand, 
periodontal bacteria (including P. gingivalis, F. nucleatum, 
P.  intermedia, T.  forsythia and T. denticola) could also be 
found in respiratory specimens of patients with pulmonary 
disease  (82,107). Thus, periodontal anaerobic bacteria in 
dental plaque and oral secretions could also be transferred to 
the airway and participate in the development of respiratory 
diseases (106,108). Previous studies revealed that pathogenic 
microorganisms were indistinguishable in airway and dental 
plaque samples  (104,107,109,110). In addition, bacteria in 
the dental plaque and respiratory specimens from the same 
patient were highly homologous (107), which reinforces the 
view that dental plaque is a crucial origin of airway pathogens. 
Therefore, maintenance of oral hygiene, especially periodontal 
health, may be a feasible way to preclude the occurrence and/or 
progression of respiratory diseases.

5. Potential mechanisms of periodontal pathogens involved 
in respiratory diseases

Periodontal pathogens may be involved in respiratory 
diseases by regulating apoptosis. It has been demonstrated 
that in the presence of periodontal bacteria (including 
P. gingivalis, F. nucleatum and A. actinomycetemcomitans), 
P. aeruginosa invasion to the HEp‑2 cells was significantly 
enhanced, caspase‑3 activity was stronger and release of 
proinflammatory cytokines was increased (111). Similarly, 

P. gingivalis could increase the levels of inflammatory cyto‑
kines and the expression of inducible nitric oxide synthase in 
BEAS‑2B cells infected with H1N1 influenza virus, thereby 
increasing the production of nitric oxide, which in turn 
promoted the apoptosis of pulmonary epithelial cells through 
the Bcl‑2/Bax/caspase‑3 signaling pathway  (112). These 
results suggested that periodontopathogens may increase the 
damage caused by respiratory pathogens to epithelial cells and 
promote the initiation and progression of respiratory diseases 
by promoting invasion and apoptosis, inducing the release of 
cytokines and changing the local microenvironment.

It has also been reported that P. gingivalis temporarily 
suppresses the apoptosis of airway epithelial cells induced by 
P. aeruginosa by activating STAT3 and increasing the expres‑
sion of the anti‑apoptotic genes, survivin and Bcl‑2 (113). At the 
same time, the pro‑apoptotic protein Bad was downregulated 
and the activity of caspase‑3 was suppressed (113). Another 
study showed that P. gingivalis transiently inhibited influenza 
A virus (IAV)‑induced respiratory epithelial cell apoptosis by 
promoting autophagy levels, which resulted in an improve‑
ment of the survival rate of pathogens, and the promotion of 
P. gingivalis and IAV proliferation in cells (114). Therefore, 
inhibition of respiratory pathogen‑induced apoptosis may be 
a strategy for periodontal pathogens to survive and proliferate 
in cells. This mechanism enables pathogens to escape the 
immune defense of the host, which leads to the spread of infec‑
tion and aggravates tissue damage (113). The aforementioned 
results showed that the co‑regulation of apoptosis by respira‑
tory pathogens by periodontal pathogens may function in the 
pathogenesis of lung diseases.

In addition, periodontal pathogens could also induce the 
apoptosis of pulmonary epithelial cells. A previous study 
has shown that P. intermedia has cytotoxic effects on respi‑
ratory epithelial cells, whereby the periodontal bacterium 
caused the injury and death of A549 lung epithelial cells (74). 
Furthermore, He et al (115) reported that after treatment with 
outer membrane vesicles (OMVs) of P. gingivalis, the survival 
rate of A549 cells was significantly decreased. Changes in cell 
morphology were characterized by cell contraction, membrane 
vesicles and cytoplasmic secretion. This phenomenon was 
confirmed to be caused by apoptosis induced by P. gingivalis 
OMVs (115). Furthermore, the cells separated from each other, 
suggesting the loss of adherence between epithelial cells and 
the disruption of the epithelial barrier (115). Therefore, the 
ability of periodontal pathogens to induce apoptosis of alveolar 
epithelial cells may play a role in the pathology of pulmonary 
infections independently from respiratory pathogens.

Periodontal pathogens regulate the attachment and invasion 
of airway pathogens to respiratory epithelial cells. It is well 
known that adhesion and invasion of host cells by bacteria are 
important conditions for bacteria to cause host infection (116). 
Grigg (116) has shown that periodontopathogens can partici‑
pate in the pathogenesis of pulmonary diseases by promoting 
the attachment and invasion of airway pathogens to respiratory 
epithelial cells. Platelet activating factor receptor (PAFR) is an 
important bacterial adhesion receptor in respiratory epithelial 
cells (116). S. pneumoniae evades the defense mechanism of the 
host by the binding of phosphocholine on its cell wall to PAFR 
on respiratory epithelial cells, which leads to pneumonia (116). 

https://www.spandidos-publications.com/10.3892/mmr.2024.13166
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In addition, susceptibility to pneumococcal pneumonia 
increases with the increase in PAFR expression (116). Notably, 
certain periodontal pathogens can promote the adhesion of 
S. pneumoniae to airway epithelial cells by overexpressing 
PAFR. Compared with the group of S. pneumoniae‑infected 
mice without the supernatant of P. intermedia (Pi Sup), the 
survival rates were significantly lower, the levels of S. pneu‑
moniae in the lungs, spleen and blood were higher, and the 
levels of inflammatory cytokines in the early phases signifi‑
cantly increased in the group of S. pneumoniae‑infected mice 
with Pi Sup (73). Pi Sup stimulated the expression of PAFR 
in respiratory cells in mice, thus enhancing the adhesion of 
pneumococcus to respiratory cells, which could therefore 
be inhibited using PAFR inhibitors (73). Similarly, another 
study showed that gingipains, a virulence factor secreted 
by P. gingivalis, also stimulated the expression of PAFR in 
respiratory epithelial cells, thereby promoting the adhesion of 
pneumococcus to pulmonary epithelial cells (117). Previous 
studies have shown that F. nucleatum and its virulence factor, 
butyric acid, could also upregulate the expression of ACE2, 
the main receptor that facilitates the entry of SARS‑CoV‑2 
into cells, in respiratory epithelium, thus increasing the risk 
of COVID‑19 (93,118). This periodontal pathogen also shows 
strong auto‑aggregation because it expresses multiple surface 
adhesins (119). This property promotes the accumulation of 
F. nucleatum and P. aeruginosa on the surface of lung epithe‑
lial cells and promotes the invasion of P. aeruginosa on lung 
epithelial cells (119). In conclusion, periodontal pathogens and 
their secreted virulence factors can cause lung infection by 
changing the expression of receptors on the mucosal surface 
of airway epithelium or promoting pathogen aggregation, and 
by promoting pathogen adhesion and invasion, suggesting that 
periodontal pathogens may participate in the pathogenesis of 
pulmonary diseases through this mechanism. Therefore, when 
a patient suffers from periodontal disease, periodontal patho‑
gens and their virulence factors may cause persistent lung 
infection, which increases the risk of lung diseases.

Periodontal pathogens upregulate mucin expression 
in respiratory cells. Airway obstruction due to mucus 
hypersecretion is one of the characteristics of OPD) (120). 
Mucin is an essential component of mucus, and mucin‑5AC 
(MUC5AC) is the most important mucin secreted by 
the respiratory tract, which has critical influence on the 
pathogenesis of asthma  (121), bronchiectasis  (122) and 
COPD (123). Notably, the relatively low concentrations of 
culture supernatants of F. nucleatum upregulated MUC5AC 
expression in respiratory cells by phosphorylation of 
ERK1/2 (80). Similarly, P. gingivalis culture supernatant 
could increase the expression of the MUC5AC gene and the 
protein levels of MUC5AC in airway epithelial cells and in 
mouse lungs (124). It was also found that virulence factors 
(lipopolysaccharide and FimA fimbriae) of P. gingivalis 
did not affect MUC5AC expression in the airway. However, 
compared with PBS‑treated mice (control) and P. gingivalis 
mutant (gingipain knockout)‑treated mice, the airway 
epithelial cells of mice treated with P. gingivalis mutant 
accumulated more MUC5AC protein and mucins, which 
suggested that the gingipain contributed to the expression of 
MUC5AC in airway epithelial cells (124).

These results indicate that periodontal pathogens can 
induce excessive secretion of airway mucus in the lungs, 
resulting in airway obstruction, thus aggravating OPDs. This 
mechanism suggests that patients with periodontal disease 
can aspirate saliva with periodontal bacteria, which promotes 
the development of OPDs such as COPD and asthma, and 
further verifies the hypothesis that periodontitis may be a risk 
factor for COPD and asthma. Therefore, treating periodontitis 
in individuals with OPD may be a meaningful measure to 
alleviate the progression of pulmonary diseases.

Periodontal pathogens participate in lung diseases by 
regulating the host immune response. When periodontitis 
occurs, an imbalance in the oral microbial system directly or 
indirectly damages the immune system of the host, causing 
an inflammatory reaction in local periodontal tissue, which in 
turn causes damage to the body, including the cardiovascular 
system, nervous system, lungs, uterus and joints (125). With the 
increased understanding of periodontitis and its comorbidities, 
the systemic hypoinflammatory response caused by periodon‑
titis is considered to be a possible mechanism associated with 
periodontitis and chronic systemic diseases (126), in which 
immune cells [including neutrophils, macrophages, dendritic 
cells (DCs) and T cells] play an important role (127‑129).

It has been previously shown that periodontal bacteria 
can migrate into the systemic circulation via damaged 
periodontal pockets or enter the respiratory tract through 
accidental inhalation or invasive mechanical ventilation (24). 
When the body is challenged by microorganisms, neutrophils 
can release a series of chemokines and cytokines to recruit 
macrophages, DCs and T cells into the infected site, resulting 
in the imbalance between Th17 cells and Tregs, which is 
manifested in the higher expression of Th17 cells and lower 
Treg responses (128,129), thus promoting the progression of 
lung diseases (130). For instance, P. gingivalis could use its 
pathogenic factor fimbriae adhesins to invade DCs in tissue or 
blood, promote CD4+ T cells to differentiate into Th17 cells, 
and release IL‑23, which can further induce the expression 
of IL‑17, IL‑22, granulocyte‑macrophage colony‑stimulating 
factor and TNF‑α, thus recruiting monocytes and granulo‑
cytes to the infected site, causing inflammation and tissue 
damage (128,129,131). Among them, IL‑17 can recruit inflam‑
matory cells such as neutrophils to the site of infection (128). 
These neutrophils are considered to be highly reactive and 
promote the production of proinflammatory cytokines (IL‑8, 
IL‑4, TNF‑α and IL‑1β) in peripheral blood (126). Macrophages 
and DCs secrete IL‑6 when stimulated by IL‑23, which is 
beneficial for the differentiation of Th17 cells (132,133). This 
interaction between cytokines and immune cells can further 
exaggerate the inflammatory response in the infected site and 
cause tissue damage (126,128,129). It has been reported that 
a low Treg/Th17 ratio can lead to the uncontrolled release 
of cytokines and chemokine cascades, thus damaging the 
tissue (128,130).

In the peripheral blood of patients with gingivitis and healthy 
subjects the ratio of Treg/Th17 cells in patients with gingivitis 
was significantly downregulated using flow cytometry (134). 
Additionally, the results of an ELISA showed that the levels of 
Th17 cytokines (TGF‑β, IL‑17, IL‑4, IL‑6 and IL‑10) in patients 
with gingivitis were significantly elevated (134). Notably, the 
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imbalance between Treg/Th17 cells plays a similar role in 
tissue damage in lung disease. A recently published review 
suggested that Th17 cytokines (IL‑17A, IL‑6 and IL‑23) could 
promote the progression of COPD, while decreased number of 
Treg cells could increase the levels of IL‑1β and IL‑6, which 
in turn aggravate lung injury  (130). Th17/Treg imbalance 
can aggravate the severity of pulmonary infectious diseases 
such as asthma, COPD, acute respiratory distress syndrome, 
acute lung injury, mycoplasma pneumoniae infection and 
COVID‑19 (130,135‑137). Therefore, it is reasonable to suspect 
that high expression of cytokines and chemokines in blood 
caused by local periodontal inflammation can also indirectly 
promote the occurrence and development of lung diseases.

In addition, periodontal bacteria can directly induce the 
release of pro‑inflammatory cytokines in airway epithelial 
cells and participate in the initiation and progression of lung 
diseases. A previous study showed that F. nucleatum could 
upregulate the expression of IL‑8 and IL‑6 in bronchial, 
pharyngeal and alveolar epithelial cells, and the expres‑
sion levels of proinflammatory cytokine increased with the 
increase in F. nucleatum concentrations (71). The study also 
reported that the expression of IL‑6 in the lung, trachea and 
serum of mice inoculated intratracheally with F. nucleatum 
was increased (71). This role of F. nucleatum in the respiratory 
cells and organs is partly attributed to butyric acid, a virulence 
factor of F. nucleatum (93), and may lead to the exacerbation of 
COPD and COVID‑19 (71,93). A previous study showed that 
P. gingivalis upregulated the levels of IL‑8 and IL‑6 in respira‑
tory epithelial cells via TLR2, thus playing a pro‑inflammatory 
role in aspiration pneumonia (138). Furthermore, when respi‑
ratory epithelial cells were co‑infected with P. aeruginosa 
and F. nucleatum, F. nucleatum had an additive effect on the 
inflammatory cytotoxicity of lung epithelial cells induced by 
respiratory pathogens, as characterized by excessive release 
of proinflammatory cytokines IL‑6 and TNF‑α, which may 
cause aggravation of lung damage and AECOPD (119).

Together, these studies indicate that the cytokines released 
by respiratory cells stimulated by periodontal pathogens can 
change the local inflammatory environment and epithelial 
state by participating in inflammatory responses or regulating 
the immune response, so as to maintain or aggravate respira‑
tory tract infection (Fig. 1). Therefore, when patients with lung 
diseases also suffer from periodontal disease, periodontopathic 
bacteria can increase the production of cytokines in the lung 
and lead to the aggravation and deterioration of lung diseases. 
Thus, it would be beneficial for these patients to carry out peri‑
odontal disease management and maintain regular oral care.

6. Potential strategy for reducing adverse respiratory 
events

Pneumonia. Given the important role of oral microorgan‑
isms in the pathogenesis of VAP, removal of plaque biofilm 
is a simple and effective method to prevent VAP. A prospec‑
tive study found that the combination of toothbrushing and 
chlorhexidine gel in ICU patients decreased the incidence of 
VAP and the length of ICU stay by reducing the microbial 
load (139). Labeau and Blot (140) proposed that brushing teeth 
could be essential for the prevention of VAP in mechanically 
ventilated patients, since it could reduce dental plaque in the 

mouth, help alleviate oral discomfort in patients and reduce 
the risk of oropharyngeal secretions being inhaled into the 
lower respiratory tract. Furthermore, the majority of these 
patients are elderly and more likely to possess dental defects 
or missing teeth; thus, their chances of using dentures are 
also increased (140,141). Dentures are more likely to harbor 
bacteria and are less efficient at chewing than healthy teeth, 
which leads to an increased risk of bacteria being inhaled 
into the respiratory tract; therefore, it is recommended that 
denture cleaner is used regularly to reduce the accumulation 
of plaque biofilm (24‑26,140,141). In addition, dentures should 
be removed and soaked in the cold water while sleeping (142). 
Finally, it has been reported that preoperative professional 
periodontal treatment for patients with lung cancer (143) is 
associated with a decreased rate of postoperative pneumonia 
and similar results have been reported by Iwata et al (144).

COPD. It has been reported that patients with frequent 
exacerbations of COPD have worse oral health habits, which 
is characterized by lower frequency of teeth brushing and 
higher plaque index (145). Poor oral hygiene conditions are 
important risk factors for COPD exacerbation, suggesting that 
healthy periodontal status and oral hygiene may be benefi‑
cial to preventing COPD exacerbation (145). A randomized 
controlled clinical trial found that, compared with patients 
with COPD and chronic periodontitis who only received oral 
hygiene guidance without periodontal treatment, patients 
who received scaling and root planing therapy as well as 
supragingival scaling therapy had lower periodontal index, 
significantly improved pulmonary function and decreased 
COPD exacerbation frequency (146). In addition, the results 
of a previous meta‑analysis showed that periodontal treatment 
was beneficial for reducing the rate of pulmonary function 
decline in patients with COPD and periodontitis, as well as the 
frequency of hospitalization in patients with COPD, thereby 
effectively saving the use of medical resources (147). Patients 
with COPD should use antibiotics to gargle before periodontal 
treatment, which should reduce the microbial load in the 
aerosol caused by dental ultrasound devices, thereby reducing 
the risk of bacterial infection (146).

Asthma. Long‑term use of drugs (β2‑agonists and inhaled 
corticosteroids) in patients with asthma could increase their 
susceptibility to oral diseases such as dental caries and 
periodontitis by changing the oral microenvironment  (16). 
Thus, it could be recommended that patients with asthma use 
special equipment to deliver inhaled drugs directly into the 
airway instead of entering the respiratory tract through the 
oropharynx, and should be encouraged to drink more water 
to alleviate their reduced salivary flow  (16,48). Previous 
research has shown that patients with asthma tend to suffer 
from gingivitis caused by plaque biofilm. The periodontal 
pathogen P. intermedia is considered to be a driver for the 
significant positive association between asthma and periodon‑
titis. The possible mechanism lies in the anatomical proximity 
between the oral cavity and the respiratory tract. Periodontal 
anaerobic bacteria can easily enter the anaerobic environment 
of the respiratory tract, change the respiratory mucosa and 
reshape the airways by releasing cytokines, toxic products 
and hydrolases, thus facilitating the adhesion of pathogens 
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to the respiratory epithelium, thereby causing local allergic 
and inflammatory reactions  (101). Therefore, regular oral 
examinations, periodontal treatment aimed at mechanical 
plaque removal and preventive oral hygiene management 
with antibacterial mouthwash may also effectively prevent the 
occurrence of periodontal disease in patients with asthma (48). 
Compared with patients with asthma and periodontitis 
receiving periodontal therapy, the incidence of deterioration 
of asthma, pneumonia, and respiratory failure (referred to 
as adverse respiratory events), the rate of hospitalization and 
admission to ICU due to these detrimental events, and the 
mortality rate were all significantly lower than in patients with 
asthma without periodontal disease (148). However, due to the 
low heterogeneity and high bias in research, such evidence is 
limited (26). In the future, rigorous clinical controlled trials 
or prospective trials should be performed to clarify whether 
periodontal therapy is really beneficial to patients with asthma.

COVID‑19. It has been reported that periodontal therapy 
can reduce systemic inflammatory markers in serum, which 
are harmful to systemic diseases, thus benefitting overall 
health (13). Considering the important role of a cytokine storm 
in the pathogenesis of periodontitis and COVID‑19, periodontal 
therapy aimed at improving the systemic low inflamma‑
tory state caused by periodontitis may be also beneficial for 
patients with COVID‑19 (149). This view is supported by a 
previous study whereby systemic inflammatory markers such 
as CRP, ferritin, urea, HbA1C and IL‑6 decreased in patients 
with COVID‑19 who received periodontal treatment (149). 
In addition, due to the interaction between SARS‑CoV‑2 and 
periodontal bacteria, and the oral cavity being a reservoir for 
SARS‑CoV‑2, removal of dental calculus and plaque biofilm 
could effectively prevent SARA‑CoV‑2 from colonizing the 
oral cavity and help reduce bacterial infection risk (18,45,97). 
A previous study found that the risk of death, probability of 

Figure 1. Potential mechanisms of periodontal pathogens involved in respiratory diseases. Periodontitis is associated with a variety of respiratory diseases, 
such as pneumonia, asthma, COPD, COVID‑19, lung cancer and cystic fibrosis. Periodontal bacteria, along with their virulence factors and pro‑inflammatory 
cytokines, have the potential to enter the respiratory tract through aspiration or mechanical assisted ventilation, leading to pathogenic effects. Additionally, 
they can enter the bloodstream through ruptured periodontal pockets and reach the lungs, thereby playing a causative role in pulmonary disease: i) Periodontal 
bacteria and respiratory pathogens co‑infect respiratory epithelial cells, leading to respiratory epithelial cell damage, apoptosis and potential fatality; ii) peri‑
odontal bacteria stimulate respiratory epithelial cells, resulting in increased expression of MUC5AC and excessive mucus production; iii) periodontal bacteria 
promote the expression of PAFR, ACE2 and TMPRSS2 in respiratory epithelial cells, facilitating the adhesion and binding of respiratory pathogens; and 
iv) periodontal bacteria can directly enter respiratory epithelial cells and release pro‑inflammatory cytokines. Furthermore, systemic low inflammation caused 
by periodontal bacteria can modulate immune cells, disrupt the balance between Th17/Treg and induce Th17 cells to release pro‑inflammatory cytokines. 
Created with BioRender.com. COPD, chronic obstructive pulmonary disease; COVID‑19, coronavirus disease 2019; SARS‑CoV‑2, severe acute respiratory 
syndrome coronavirus 2; PAFR, platelet activating factor receptor; ACE2, angiotensin converting enzyme 2; TMPRSS2, transmembrane serine protease 2; IL, 
interleukin; Th, T helper cell; Treg, regulatory T cell; GM‑CSF, granulocyte‑macrophage colony‑stimulating factor.
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pulmonary infection, requirement of assisted ventilation 
and ICU occupancy rate decreased significantly in patients 
with COVID‑19 and periodontitis who received periodontal 
therapy, and periodontal therapy could significantly reduce 
in serum the level of D‑dimer, a biomarker of blood coagula‑
tion function, suggesting that periodontal treatment may be a 
potential way to reduce COVID‑19‑associated complications 
and mortality (149,150).

These results indicate that periodontal therapy can 
decrease the colonization of potential respiratory pathogens 
and the number of periodontal pathogens by removing 
dental plaque to improve the prognosis of patients with lung 
diseases, as well as reducing the incidence of postoperative 
pneumonia and the frequency of exacerbation of existing 
pulmonary diseases. Therefore, physicians and patients 
should be aware of the potential association between peri‑
odontitis and lung disease and since disease management 
requires contributions from both patients and physicians, 
the following are different recommendations: i) Patients 
with pulmonary diseases should develop good oral hygiene 
habits, including brushing their teeth twice a day for 2‑3 min 
each time, using dental floss, dental drills and antibacterial 
mouthwash for self‑control of plaque and having preventive 
oral health examinations once or twice a year, while avoiding 
visiting the dentist during an acute infection; ii) physicians 
should refer patients with lung disease to oral/periodontal 
health checks, and advise them to quit smoking, which is 
a common risk factor for periodontitis and lung disease; 
iii) dentists should conduct detailed oral health education 
for patients with lung diseases and make detailed oral health 
examination plans. In addition, the tilt angle of the dental 
chair should be conducive to the breathing of the patient, 
and emergency inhalers should be kept in the dental office 
in case of need (142,151).

To sum up, patients with respiratory diseases should pay 
attention to their periodontal health and have oral examina‑
tions regularly. Periodontal treatments aimed at eliminating 
and controlling plaque may be an effective adjuvant for 
patients with respiratory diseases. At the same time, dentists 
and physicians should be aware of the connection between 
periodontal disease and respiratory disease in clinical work. 
In addition, as dental plaque is relatively easy to obtain, the 
detection of specific periodontal pathogens is expected to be a 
biomarker for predicting susceptibility to pulmonary diseases.

7. Conclusions, limitations and prospects

Periodontitis is a potential risk factor for pulmonary disease, 
and relevant epidemiological studies have been extensively 
reported; however, such studies have certain shortcomings, 
including small sample size, inconsistent diagnostic criteria 
and differences in evaluation criteria (152). These deficiencies 
may lead to false negative results (152). By contrast, interven‑
tion studies on periodontal therapy and pulmonary health or 
respiratory disease prognosis and complications are rarely 
reported.

It is worth noting that the potential pathogenic role of 
periodontal pathogens in lung disease may be the mecha‑
nism behind the association between periodontitis and lung 
disease (153). On the one hand, plaque biofilm, as the initiating 

factor in periodontitis, may be the reservoir of respiratory 
pathogens (153). Microorganisms and their metabolites in the 
mouth can first enter the airway through aspiration or assisted 
mechanical ventilation, and directly play a pathogenic role 
in the respiratory system (153). Their potential role mainly 
includes regulating the apoptosis of respiratory epithelial 
cells  (112‑114), changing the characteristics of respiratory 
epithelium, and promoting the colonization and adhesion 
of respiratory pathogens to the epithelium (117,119). On the 
other hand, periodontal bacteria and their products can indi‑
rectly affect the development of lung diseases by regulating 
the immunity of the body and causing a low inflammatory 
response (71,93,119,126,138).

Previous studies have suggested that periodontal patho‑
gens may play an important role in pulmonary diseases (153). 
However, such evidence is limited, and there are still numerous 
aspects worth exploring in greater depth, including: i) Whether 
periodontal microorganisms can be used as biomarkers to 
predict the development of lung diseases; ii) whether changes 
in oral microorganisms (such as adding beneficial microorgan‑
isms or removing harmful pathogens) are favorable to lung 
health; and iii) identifying the specific biological mechanisms 
of metabolites and pathogenic factors of periodontal microor‑
ganisms in the progression of lung diseases.
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