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Abstract: Periodontitis is a common chronic bacteria-initiated inflammatory disease that is closely associated with various systemic 
diseases, including chronic obstructive pulmonary disease (COPD). Periodontitis and COPD share similar risk factors, pathology and 
microorganisms. Epidemiological and clinical research have shown positive correlation between the two diseases. Individuals with 
severe periodontitis had a higher risk of developing COPD. Moreover, the relative risk of COPD in severe periodontitis was much 
higher compared to people without periodontal disease and patients with mild to moderate periodontitis. COPD patients with 
periodontitis had a higher frequency of COPD exacerbation and periodontal treatment demonstrated some control of COPD. 
However, the nature of periodontitis affecting COPD still needs further exploration. Periodontitis caused microbial and immune 
imbalances of the lung through several aspects: (I) under periodontitis status, periodontal pathogens directly caused the lung 
inflammatory reaction after inhalation and colonization on the lung, (II) periodontitis status promoted the oral colonization of 
pneumonia-associated pathogens, (III) periodontitis status affected the respiratory epithelium structure and (IV) periodontitis status 
caused imbalances in neutrophils, macrophages and inflammatory cytokines. In this review, we conclude the association between 
periodontitis and COPD through several aspects and further discuss the potential mechanism by which periodontitis affects COPD. 

Plain Language Summary: Epidemiological and clinical research have shown positive correlation between periodontitis and 
COPD. Individuals with severe periodontitis had a higher risk of developing COPD. COPD patients with periodontitis had a higher 
frequency of COPD exacerbation. Meanwhile, periodontal treatment demonstrated some control of COPD. In this review, we 
concluded the association between periodontitis and further summarized that periodontitis caused microbial and immune imbalances 
of the lung through several aspects: (I) under periodontitis status, periodontal pathogens directly caused the lung inflammatory reaction 
after inhalation and colonization on the lung, (II) periodontitis status promoted the oral colonization of pneumonia-associated 
pathogens, (III) periodontitis status affected the respiratory epithelium structure and (IV) periodontitis status caused imbalances in 
neutrophils, macrophages and inflammatory cytokines. 
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Introduction
Periodontitis, also known as the destructive gum disease, is one of the six most prevalent non-communicable diseases 
worldwide.1,2 Periodontitis is a chronic inflammation of the periodontal supporting tissue caused mainly by polymicrobial 
infection.3 Microorganisms adhere to the tooth surface and cause aggressive immune response, eventually leading to tooth 
loosening and loss.3 The prevention of periodontitis is mainly achieved through daily self-performed oral hygiene, however, 
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the incidence of periodontitis remains high and continues to increase, and is considered as the most common cause of tooth 
loss.4 In China, more than 90% of adults suffer from periodontal disease.2 Periodontitis not only causes tooth loss, but also 
adversely affects a variety of systemic diseases, such as cardiovascular disease, diabetes, rheumatoid arthritis, osteoporosis, 
chronic obstructive pulmonary disease (COPD), etc.

COPD is a chronic systemic inflammatory pulmonary disease characterized by incomplete and progressive airflow 
restriction, which is related to the abnormal inflammatory response of the lungs to harmful gases or particles.5,6 With 
repeated attacks and acute exacerbations of the disease, pulmonary function in COPD patients gradually decreases and 
shortness of breath occurs during daily activities and even at rest. COPD is a major cause of morbidity and disability, 
with a prevalence of around 10% in people over the age of 40.7 It is considered as the third leading cause of death 
globally,8 with approximately 90% of COPD related deaths occurring in Asia and Africa.8

Periodontitis has been shown to be closely associated with systemic diseases, including COPD. Periodontitis and COPD 
are common chronic diseases and both of the two diseases can significantly affect the quality of life. Both conditions have been 
linked to a range of risk factors, including smoking, microbial infection, environmental pollution, diabetes, poor socio-
economic status and poor dental habits. In recent years, there has been growing interest in the potential relationship between 
these two conditions, with research suggesting that they may be closely linked. However, the studies on the correlation 
between periodontitis and COPD are mainly limited to the condition that clinical cohort studies and meta-analysis have 
confirmed the positive correlation between them. While, the mechanisms of how periodontitis affects the progression of 
COPD remain unclear and require further study.

In this review, we conclude the association between periodontitis and COPD through epidemiological, clinical, 
pathological and microbial analysis, and further discuss the potential mechanisms by which periodontitis affects COPD.

Association Between Periodontitis and COPD
Periodontitis is a type of microbial infectious disease, closely related to systemic diseases. Recently, periodontitis was 
found to have a close relationship with respiratory system diseases, among which the association between periodontitis 
and COPD has become an area of intense interest. Here, we review the association between periodontitis and COPD 
through various aspects (Figure 1).

Figure 1 The association between periodontitis and COPD. Periodontitis and COPD share some associations through various aspects, including epidemiological and clinical 
phenotypes, risk factors and pathogenesis features.
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Epidemiological Association Between Periodontitis and COPD
In the 1990s, it was first hypothesized that there might be a correlation between periodontitis and COPD (the pulmonary 
emphysema sub-type).9 In the following years, increasing amounts of epidemiological data confirmed the correlation 
between the two chronic diseases. Scannapieco et al10 analyzed the first National Health and Nutrition Examination 
Survey (NHANES I) results in 1998 and indicated a correlation between periodontitis and chronic respiratory diseases. 
Three years later, Scannapieco et al11 conducted a follow-up study based on NHANES III and found that the periodontal 
attachment loss of patients with a history of COPD was significantly higher than that of patients without a history of 
COPD, with patients presenting a mean attachment loss ≥ 3.0 mm having a higher risk of COPD. Through the two 
studies, Scannapieco et al concluded that there’re some associations between periodontitis and COPD and further 
speculated that periodontitis might promote COPD progression.

In recent years, additional epidemiological investigations have confirmed these opinions. It was pointed that the worse 
periodontal condition, the more serious the COPD symptoms, and among all the periodontal indicators, plaque index was 
found to have the most significant correlation with COPD.12 Zhou et al and Javaheri et al confirmed that gingival index 
(GI), probing pocket depth (PD), bleeding on probing (BOP), and clinical attachment loss (CAL) are negatively 
correlated with forced expiratory volume in the first second/forced vital capacity (FEV1/FVC) and forced expiratory 
volume in the first second (FEV1), which indicated that poor periodontal health was associated with obstructive lung 
disease.13,14 Analysis of the data from NHANES III with machine learning and deep learning algorithms suggested that 
periodontitis could act as a crucial predictor of COPD.15 Similarly, it was found that patients with COPD had 
significantly poorer periodontal health, greater gingival inflammation, and deeper pockets or CALs compared to non- 
COPD controls.14,16 In a recent cohort study, Verma et al17 compared the periodontal status between 100 hospitalized 
non-tubercular respiratory ill patients (majority of the patients were diagnosed as lung cancer and COPD) containing 
group and 100 periodontal patients containing group and found that hospitalized patients with non-tubercular respiratory 
diseases had more severe pocket probing depth, plaque index and CAL, suggesting that there existed some associations 
between periodontitis and respiratory diseases (mainly lung cancer and COPD).

Moreover, some prospective studies and longitudinal studies also confirmed the positive correlation. Shen et al 
performed a large-scale population-based longitudinal cohort study, in which 22,332 patients with COPD, and two 
randomly selected matching individuals without COPD for each case, were included for evaluating the risk of periodontal 
diseases.18 11 years of observation indicated that the overall incidence of periodontal diseases was 1.19-fold greater in 
the COPD group.18 Takeuchi et al19 observed 900 community residents without COPD for 5 years and indicated that the 
relative risk of COPD in severe periodontitis group was much higher compared with the periodontally healthy group and 
the mild to moderate periodontitis group.

Clinical Association Between Periodontitis and COPD
Numerous epidemiological studies have confirmed the association between periodontitis and COPD, prompting researchers 
to investigate whether periodontal therapy can improve symptoms in patients with COPD. Interestingly, there exists 
evidence to suggest that treating periodontitis may improve lung function in people with COPD. Through reviewing the 
published literature of the last four decades, Gupta et al20 concluded that periodontal attachment loss had an impact on the 
risk of COPD occurrence and that periodontal treatment could reduce COPD exacerbations. Kucukcoskun et al21 equally 
divided 40 COPD patients with periodontitis into two groups, a control group without intervention and a treatment group 
with periodontal treatment. At the 1-year follow-up, the median frequency of acute episodes of COPD decreased from an 
average of 3 to 2 per person per year in the periodontal treatment group and increased from 2 to 3 in the control group. 
Similarly, Zhou et al22 divided 60 COPD patients with periodontitis into 3 groups, and treated with periodontal scaling and 
root planning (SRP), supragingival scaling, or oral hygiene instructions only with no periodontal treatment, respectively. 
Compared with the control group (without periodontal treatment), FEV1/FVC and FEV1 values in the treatment groups 
were significantly improved. The frequencies of COPD exacerbation were significantly decreased in the two treatment 
groups, while they increased in the control group, suggesting that periodontal treatment can control the acute exacerbations 
of COPD patients. Similarly, Sharma et al23 suggested that non-surgical periodontal therapy led to the improvement of lung 
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function. These studies further indirectly confirmed that periodontitis promoted the aggravation of pulmonary symptoms in 
COPD patients to some extent.

Overall, the clinical association between periodontitis and COPD highlights the importance of maintaining good oral 
health to reduce the risk of developing respiratory diseases. Individuals with periodontitis or COPD should receive 
regular dental and medical check-ups and follow a comprehensive treatment plan to manage both conditions.

Shared Pathophysiological Process Between Periodontitis and COPD
It has been suggested that periodontitis and COPD are linked through a complex pathophysiological process. These two 
conditions share some pathological features, including T helper 17 (Th17) cells lineage, neutrophil, protease/anti- 
protease imbalance, oxidative stress and inflammatory cytokines.

Th17 and its associated inducing and secreting cytokines play important roles in both periodontitis and COPD 
pathological process.24 Th17 cells secrete proinflammatory cytokine Interleukin-17 (IL-17) to promote chronic inflamma-
tion, which act as the one of the main pathological features in both COPD and periodontitis. IL-17 promotes periodontal 
inflammation by stimulating primary gingival epithelial cells and periodontal ligament (PDL) cells to highly express 
proinflammatory cytokines, including Chemokine (C-X-C motif) ligand 1 (CXCL1), Chemokine (C-X-C motif) ligand 5 
(CXCL5), Interleukin-1β (IL-1β), Interleukin-6 (IL-6), Interleukin-10 (IL-10), Interleukin-12 (IL-12), Tumor necrosis 
factor-alpha (TNF-α), stromelysin, Prostaglandin E2 (PGE2), etc.25 Similarly, IL-17 induces airway epithelial cells to 
secrete CXCL1, CXCL5, Chemokine (C-X-C motif) ligand 8 (CXCL8), Granulocyto-colony-Stimulating-Factor (G-CSF), 
and Granulocyte-macrophage colony stimulating factor (GM–CSF) to promote lung tissue inflammation and damage, 
aggravating the severity of COPD.26 In addition, by promoting the expression of Th17 cell differentiation-inducing 
cytokines, mainly including IL-1β, IL-6, IL-23, and Transforming growth factor-β (TGF-β), environmental stimulants 
like Porphyromonas gingivalis (P. gingivalis) or cigarette smoke could promote the production of Th17 and eventually 
cause periodontitis and COPD.27,28 In short, periodontitis and COPD share a similar Th17 lineage pathological process. In 
this process, IL-6, IL-1β, IL-23, and TGF-β induce Th17 differentiation and recruitment, followed by IL-17 secretion, 
which further promotes both periodontitis and COPD.

Both periodontitis and COPD share the characteristics of neutrophilic inflammation and neutrophil-mediated tissue 
damage. It’s shown that chemotaxis and extracellular proteolysis were significantly enhanced in neutrophils from COPD 
subjects, which indicated a stronger destructive potential.29,30 Moreover, it was observed that neutrophils of COPD 
moved with greater speed and formed fewer pseudopods during migration.29 Similarly, neutrophils also acted as the 
predominant inflammatory cells in gingivitis and neutrophil infiltration was also a characteristic of periodontitis.31 

Abnormal neutrophil function was associated with increased prevalence of periodontitis.32 Hajishengallis et al found 
that neutrophils from patients with chronic periodontitis showed reduced speed, velocity, and accuracy,32 and that this 
abnormal behavior could be improved after periodontitis treatment.33 Therefore, neutrophils are a shared crucial 
pathology of both COPD and periodontitis.

The protease / anti-protease imbalance hypothesis has been widely accepted as the key pathological process mediating 
tissue destruction in COPD patients. Neutrophil elastase and α1-antitrypsin (AAT) are a common protease / anti-protease 
pairing. AAT deficiency is closely related with chronic respiratory diseases.34 Meanwhile, elastase was also found to induce 
emphysema.35 Bronchoalveolar lavage fluid detection from patients with COPD indicated a relationship between the 
elastase / anti-elastase imbalance and the extent of emphysema, in which elastase burden and anti-elastase capacity 
correlated directly and inversely with emphysema, respectively.36 Matrix metalloproteinases (MMPs) were also shown 
to induce the pathological destructive process of COPD, however these enzymes are controlled by specific tissue 
metalloproteinases inhibitors in healthy state.37 This imbalance hypothesis is relatively less well studied in periodontitis. 
However, it was found that the concentration of neutrophil elastase was significantly higher in the crevicular fluid of chronic 
gingivitis.38 A series of studies since then have also indicated that the AAT and neutrophil elastase imbalance is also 
associated with periodontitis.38–40 MMPs were also shown to be correlated with periodontal destruction, as in COPD.41

Oxidative stress acts as another shared feature of COPD and periodontitis, and is believed to be the important pathological 
process in COPD and periodontitis. Many oxidative stress associated signals including hydrogen peroxide level, oxidant-induced 
DNA damage marker, lipid peroxidation products, and superoxide dismutase 3 gene polymorphism, were significantly increased 
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in patients with COPD, suggesting the crucial role of oxidant stress in this condition.42 Interestingly, some similar results were 
also observed in periodontitis. Stimulation with the periodontitis associated pathogen Fusobacterium nucleatum (F. nucleatum) 
led to a significant increase of intracellular reactive oxygen species (ROS) production in human gingival fibroblasts.43 This 
suggested that oxidative stress was also a key pathology in periodontitis.

Pro-inflammatory cytokines are a factor that directly promote inflammatory diseases, including COPD and period-
ontitis. Many pro-inflammatory cytokines are activated in periodontitis, and there exists a similar increase of some 
cytokines, including TNF-α, IL-6, C-reactive protein (CRP), IL-1β, etc. in COPD patients’ blood samples or lung 
secretions,44,45 indicating that, to some degree, periodontitis and COPD share a common inflammatory process.

Overall, the pathophysiological procedure between periodontitis and COPD is complex. Chronic inflammation and 
immune dysregulation play a key role in the development and progression of both conditions, and interventions targeting 
these mechanisms may have therapeutic potential for both periodontitis and COPD.

Shared Risk Factors Between Periodontitis and COPD
Both periodontitis and COPD are multi-risk factor chronic diseases. Interestingly, studies have suggested that period-
ontitis and COPD shared several common risk factors, including smoking, microbial infection, environmental pollution, 
diabetes, poor socioeconomic status and poor dental habits.

Smoking is a well-established risk factor for both periodontitis and COPD. Smoking damages the tissues of the oral 
cavity and respiratory tract, leading to chronic inflammation and increased risk of infection. Smoking is considered as the 
major risk factor for COPD. The prevalence of COPD in current smokers is twice of that in former smokers, and about 
5.5 times of that in non-smokers.46 Smoking also acts as an important risk factor of periodontitis. The risk of periodontal 
diseases was significantly higher in smokers compared to that in nonsmokers.47 Tobacco smoke can cause inflammation 
and damage to the lungs, as well as the periodontal tissues in the mouth, leading to an increased risk of COPD and 
periodontal disease.

Microbial infection is another shared risk factor. Periodontitis is a bacterial infectious disease, and dental plaque 
biofilm is the main cause of its occurrence. Similarly, microbial infection is also a risk factor for COPD and bacterial 
infection is the most common cause of COPD exacerbation.48 Streptococcus pneumoniae, Haemophilus influenzae and 
Moraxella catarrhalis are the bacteria which are most frequently associated with acute exacerbations of COPD.49 

Moreover, COPD can be further affected by oral microbial infections. Bacteria in the mouth can travel to the lungs 
and cause respiratory infections, potentially worsening COPD symptoms. In addition, chronic inflammation in the gums 
caused by periodontitis can lead to an increase in systemic inflammation, which can contribute to the development and 
progression of COPD.

Exposure to environmental pollutants such as particulate matter and air pollution can increase the risk of both 
periodontitis and COPD.50,51 Several air pollutants, including particulate matter of 10 μm (PM10), ozone and sulfur 
dioxide (SO2), were found to be associated with the occurrence of periodontitis, which suggested that air pollution might 
be a new modifiable risk indicator for periodontitis.50 Similarly, higher concentrations of PM2.5, PM10 and NO2 were 
significantly associated with the prevalence of COPD, resulting in lower lung function, and lower FEV1 and FVC.51 

These pollutants can cause chronic inflammation and damage to respiratory and oral tissues.52,53

Diabetes is a risk factor for both periodontitis and COPD.54,55 High blood sugar levels can weaken the immune 
system and increase susceptibility to infections. Periodontitis and diabetes are linked by an established bidirectional 
relationship. In diabetes patients, the risk for periodontitis is two to three times higher than that in individuals without 
diabetes.56 Diabetes may increase periodontal inflammation through elevated inflammatory cytokines in the gingival 
crevicular fluid and exacerbate bone resorption through activation of osteoclasts via the Receptor activator of nuclear 
factor kappa-Β ligand (RANK-L) pathway.55 Similarly, it’s concluded that the diabetic state, including poor glycemic 
control and duration and level of severity, was associated with worsening of lung function, including decreased FVC and 
FEV1, and that after correction of hyperglycemia, these abnormalities could be mitigated.57

Poor socioeconomic status is also a shared common risk factor of COPD and periodontitis.58 COPD patients were less well 
educated and had lower income,59,60 meanwhile, it has been demonstrated that periodontal disease prevalence increased as 
educational level and monthly income decreased.60 Moreover, through Modified Kuppuswamy’s socioeconomic scale 
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assessment, Verma et al17 demonstrated that low-income individuals were at greater risk of periodontal infections than 
high-income individuals. The findings of Lenk et al also indicated that patients with higher periodontitis indices were less well 
educated.61

In addition, poor dental habitat is another crucial shared risk factor of the two diseases. It is well known that poor 
dental habitat is closely related to periodontitis, however, relationship between poor dental habitat and COPD has not 
been frequently reported. Previous published reports suggested that COPD patients had significantly reduced brushing 
frequency, oral health knowledge scores, and were less likely to use dental floss and have regular dental visits.16,62

Overall, these studies indicate that COPD and periodontitis had some associations on the aspect of shared common 
risk factors. These shared risk factors suggest that individuals with periodontitis or COPD should take steps to reduce 
their risk of both diseases, including quitting smoking, maintaining a healthy diet, avoiding exposure to environmental 
pollutants, managing any underlying medical conditions such as diabetes, and maintaining good oral hygiene.

The Potential Mechanisms by Which Periodontitis Affects COPD
The pathophysiological connection between periodontitis and COPD involves changes in the microbial community, 
which leads to chronic inflammation and immune dysregulation in both the oral cavity and lungs. In addition, period-
ontitis also results in the release of pro-inflammatory cytokines and bacterial toxins into the bloodstream. These 
inflammatory mediators can subsequently reach the lungs, where they contribute to the development and progression 
of COPD (Figure 2).

Periodontitis Promotes COPD Progression Through Microbial Interactions
Several microbial-infection associated mechanisms between periodontitis and respiratory diseases have been posited 
previously,63,64 including directly causing inflammation reaction, promoting the oral colonization of pneumonia- 
associated pathogens and affecting respiratory epithelium structure.

Oral Pathogens Could Be Aspirated into the Lung and Subsequently Cause Lung Inflammation
Numerous studies have confirmed that there exists microbial communication between periodontitis and COPD. 
Periodontal bacteria Aggregatibacter actinomycetemcomitans, Capnocytophaga sputigena, Porphyromonas gingivalis, 
Tannerella forsythia and Treponema denticola were detected in the tracheal aspirate of severe acute exacerbation COPD 

Figure 2 The potential mechanisms by which periodontitis affected COPD. Periodontitis promotes COPD progression mainly through causing imbalances in the microbial 
community and immune system.
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patients, suggesting that dental bacteria may contribute to the pathology of severe acute exacerbation of COPD.65 

Moreover, it was reported that P. gingivalis, Treponema odontocera and Forsytanella detected in subgingival plaque and 
respiratory secretions of patients with acute exacerbation of COPD were homologous,66 suggesting that aspiration of 
periodontal pathogens into the lung promoted exacerbation of COPD symptoms. Tian et al67 indicated that the period-
ontal pathogen P. gingivalis could transfer to the lung tissue and subsequently promoted lung inflammation and decreased 
lung function. Moreover, elevated levels of inflammatory factors in lung tissue such as TNF-α, IL-17 and G-CSF were 
also detected, which further confirmed that periodontal pathogens could stimulate the secretion of inflammatory factors to 
induce lung injury after entering the lung. Parashar et al68 and Budden et al69 revealed that P. gingivalis induced lung 
injury by activating toll-like receptor-2 (TLR-2) and its downstream nuclear factor kappa-B (NF-κB) signaling pathway.

Periodontitis Promotes the Oral Colonization of Respiratory Pathogens, Which Then Travel to the Lung via 
Aspiration
The oral cavity is the closest reservoir for respiratory pathogens.70 Some respiratory pathogens can be inhaled through 
the mouth and upper respiratory tract before colonizing the lungs. During periodontitis, periodontal pathogens can 
enhance the oral colonization of respiratory pathogens, promoting the aspiration of more pathogens.70 In severe acute 
exacerbation COPD patients, lung pathogens such as Acinetobacter baumannii, Klebsiella pneumoniae, Pseudomonas 
aeruginosa and S. pneumoniae were detected in subgingival plaque biofilm.65 Tan et al71 found that P. gingivalis and 
several respiratory pathogens, including Klebsiella pneumoniae, Pseudomonas aeruginosa and Streptococcus pneumo-
niae in the subgingival plaque of COPD patients were higher than those of the non-COPD group and there was 
a significant negative correlation between P. gingivalis and FEV1/FVC in COPD patients.

Periodontitis-Associated Pathogens Could Damage Respiratory Epithelium and Promote Respiratory 
Pathogen Infection
Over production of mucin can lead to the further decrease of respiratory function in COPD patients.72 The periodontal 
pathogen P. gingivalis can significantly elevate the expression of a core mucin protein, Mucin 5AC (MUC5AC), in 
bronchial epithelial cells.73 Similarly, intratracheal administration of the periodontal pathogen F. nucleatum significantly 
elevated the number of Goblet cell metaplasia (associated with mucin hypersecretion) and expression of MUC5AC.74 

Moreover, it has been suggested that F. nucleatum also exacerbates COPD through increased expression of MMP12 to 
promote alveolar wall destruction.74

Pneumonia-causing bacterial infection mediated by platelet-activating factor receptor (PAFR) is a crucial trigger for 
COPD exacerbation.72 The periodontal pathogen P. gingivalis promoted the expression of PAFR by alveolar epithelial 
cells, which led to increased adherence of pneumonia-causing pathogen S. pneumoniae.75

In short, aspiration of periodontal pathogens may damage the epithelium and simultaneously promote infection by 
pneumonia-causing pathogens, which would further promote COPD progression.

Periodontitis Promotes COPD Progression by Affecting the Immune Process
Immune imbalance plays an essential role in COPD progression. Periodontitis could affect the immune homeostasis in 
several ways, including causing neutrophil imbalance, inflammatory cytokines imbalance, macrophage imbalance and 
impacting the immune and inflammatory state of the circulatory system.

Periodontitis Affects COPD Progression Through Causing Imbalance of Neutrophil Number and Function
As discussed above, neutrophil-mediated inflammation is a shared pathogenic characteristic of both periodontitis and COPD. 
More importantly, previously studies demonstrated that periodontitis might affect lung inflammation by causing an imbalance 
of neutrophil number and function. It was shown that ligature together with P. gingivalis-induced periodontitis had the ability 
to induce pulmonary inflammation through the elevation of cytokines and neutrophils in lung tissue and blood.67 Moreover, in 
COPD patients, regardless of patient’s alpha-1 antitrypsin deficiency (AATD) status, with increasing severity of periodontitis, 
the migratory speed and accuracy of neutrophils declined.76 Therefore, an imbalance in neutrophil number and function plays 
an essential role in how periodontitis affects COPD.
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Periodontitis Affects the Expression of Inflammatory Cytokines in Lung Tissue
Pro-inflammatory cytokines are the factors that directly promote inflammatory diseases, including COPD and periodontitis. 
Additionally, periodontitis could further promote the expression of inflammatory cytokines in lung tissue, which might act as 
one of the mechanisms by which periodontitis exacerbates COPD. Supernatants of the periodontal pathogen P. gingivalis 
elevated the expression of inflammatory cytokines, including TNF-α, Macrophage inflammatory protein 2 (MIP-2), IL-1β and 
IL-17, in the lung tissue of S. pneumoniae-infected mice, which further promoted the pneumonia inflammation.77 Extracellular 
vesicles of P. gingivalis-infected macrophages could induce the expression of TNF-α and IL-6 in lung epithelium cells, further 
inducing lung injury and inflammation.78 Moreover, it has been reported that F. nucleatum can trigger COPD by increasing the 
expression levels of IL-8 and IL-6 in several human respiratory epithelium cells and mouse lung tissue.79 In the F. nucleatum- 
exacerbated COPD mouse model, expressions of inflammatory cytokines were also significantly elevated in lung tissue, 
including expression of IL-6, CXCL-1, CXCL-5, Monocyte chemoattractant protein-2 (CCL-2), and CXCL-10.74 In short, 
periodontitis might exacerbate COPD by elevating the inflammatory cytokines in lung tissue.

Periodontitis Affects Macrophage Polarization in Lung Tissue
The functions of macrophages play important roles in the occurrence and progression of COPD. Macrophages are the 
most abundant immune cells in lung tissue and perform both pro-inflammatory and anti-inflammatory roles,80 and could 
exhibit various polarized phenotypes in order to respond and adapt to microenvironmental change. Macrophage 
polarization associated immune responses play important roles in COPD development. Macrophage polarization phe-
nomenon and co-expression of M1 and M2 polarization are significantly elevated in COPD lung tissue.81

Periodontal pathogens can stimulate macrophage polarization, towards both M1 and M2.82 Moreover, periodontitis 
could affect systemic diseases by influencing the microphage polarization to some degree. Xu et al83 performed an 
in vivo study with obese rats and found that periodontitis promoted diabetic development by activating classical 
polarization of macrophages. Lyu et al also indicated that human β-defensin 3 could be therapeutic towards periodontitis 
associated systemic inflammation by modulating macrophage polarization.84 However, there are few published reports on 
the aspect of macrophage polarization between periodontitis and COPD. Several studies have shown that periodontitis 
could promote the expression of M1-related (such as the previously mentioned IL-1β, TNF-α, CXCL-1, CXCL-5 and 
CXCL-10) or M2-related (CCL-2, IL-17 and MMP-12) inflammatory factors in COPD lung tissue, therefore, we 
hypothesize that, like other systemic diseases, periodontitis may also influence COPD progression by affecting the 
polarization of local macrophages. However, the specific impacts require further study.

Periodontitis Affects COPD Progression by Influencing the Immune and Inflammatory State of the Circulatory 
System
In addition to local inflammation, periodontitis also results in the elevation of pro-inflammatory cytokines and bacterial 
toxins in the bloodstream. These inflammatory mediators in the circulatory system can also contribute to the progression 
of COPD.

Wang et al demonstrated that periodontitis could decrease lung function and exacerbate COPD via elevation of the 
inflammatory cytokines TNF-α, IL-1 and RANKL in serum, and that periodontitis treatment could decrease the level of 
inflammatory cytokines in serum, relieving their exacerbation on COPD.85 In the periodontal pathogen F. nucleatum- 
triggering COPD mouse model, the levels of KC (an IL-8 homologous neutrophil chemoattractant) and IL-6 were 
significantly increased.79 In the patients of periodontitis with acute exacerbation of COPD, the levels of IL-8 and IL-6 in 
the serum were evidently increased compared to those in periodontitis, acute exacerbation of COPD and healthy control 
groups.86 According to these results, it can be concluded that periodontitis could promote COPD progression by affecting 
the immune and inflammatory state of the circulatory system to some degree.

Conclusion
Periodontitis is closely associated with COPD. Both periodontitis and COPD share similar risk factors, microbial 
communication and pathology, as well as epidemiological and clinical features. Periodontitis could affect COPD 
progression through various aspects, including directly causing lung inflammatory reaction by periodontal pathogens, 
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promoting oral colonization of pneumonia-associated pathogens, affecting the respiratory epithelium structure and 
causing imbalances in neutrophils, macrophages and inflammatory cytokines. Addressing oral health and inflammation 
are very important in reducing the risk of developing COPD and improving outcomes for those already afflicted by the 
disease. By recognizing the intricate relationship between periodontitis and COPD and implementing appropriate oral 
care measures, we can potentially alleviate the burden of COPD and enhance the overall quality of life for affected 
individuals. Therefore, reinforcing daily oral hygiene management and the control of periodontitis should be regarded as 
a crucial aspect of COPD management.
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