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Periodontal Diseases: Major Exacerbators of Pulmonary Diseases?
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Periodontal diseases are a range of polymicrobial infectious disorders, such as gingivitis and periodontitis, which affect tooth-
supporting tissues and are linked to playing a role in the exacerbation of several pulmonary diseases. Pulmonary diseases, such
as pneumonia, chronic obstructive pulmonary disease (COPD), asthma, tuberculosis, COVID-19, and bronchiectasis,
significantly contribute to poor quality of life and mortality. The association between periodontal disease and pulmonary
outcomes is an important topic and requires further attention. Numerous resident microorganisms coexist in the oral
cavity and lungs. However, changes in the normal microflora due to oral disease, old age, lifestyle habits, or dental
intervention may contribute to altered aspiration of oral periodontopathic bacteria into the lungs and changing
inflammatory responses. Equally, periodontal diseases are associated with the longitudinal decline in spirometry lung
volume. Several studies suggest a possible beneficial effect of periodontal therapy in improving lung function with a
decreased frequency of exacerbations and reduced risk of adverse respiratory events and morbidity. Here, we review the
current literature outlining the link between the oral cavity and pulmonary outcomes and focus on the microflora of the
oral cavity, environmental and genetic factors, and preexisting conditions that can impact oral and pulmonary outcomes.

1. Introduction

Periodontal disease, also known as gum disease, is defined
as a range of polymicrobial infectious disorders (such as
gingivitis and periodontitis) that affect the tooth-
supporting tissues [1]. Commonly caused by bacteria and
altered inflammation in the gums, gingivitis can lead to
the development of periodontitis that results in a buildup
of plaque on the teeth that advances towards the gum
and leads to tooth loss and bone damage [2]. While being
mostly preventable through good oral hygiene through
brushing, flossing the teeth, and frequent visits to a dental
care provider, most adults suffer from some form of gingi-
vitis or more severe periodontitis [3]. Periodontal disease
is the most common cause of tooth loss [3] and contrib-
utes to systemic diseases [4], such as pulmonary disease
exacerbation [5]. Studies focused on the association of oral

health diseases and lung pathology are more frequently
reported over the last few years, such as pneumonia,
chronic obstructive pulmonary disease (COPD), asthma,
tuberculosis, COVID-19, and bronchiectasis. Importantly,
periodontal disease is also associated with the longitudinal
decline in spirometry lung volume [6–8]. From 2005 to
2015, over 2.7 million deaths were contributed to lower
respiratory infections [9] and pulmonary diseases are a
major contributor to global mortality and financial burden.
Therefore, infections originating from periodontal disease
could contribute to loss of lung function and possibly
mortality. Here, we will review the current literature
outlining the link between the oral cavity and pulmonary
outcomes and focus on the microflora of the oral cavity,
environmental and genetic factors, and preexisting
conditions that can impact oral and pulmonary outcomes
(summarized in Figure 1).
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2. Oral and Dental Plaque Microbiome
Composition Changes during Periodontitis

Microorganisms dwell in every part of our body space and
are represented as symbiotic, commensal, and pathogenic
microorganisms [10]. A disruption in the natural flora of
the microbiome, the community of microbial residents in
our body, could impact disease initiation and progression.
The oral cavity houses the second largest and diverse micro-
bial community in the body [11]. The oral cavity has many
surfaces that microorganisms colonize: the teeth, tongue,
cheeks, gingival sulcus, tonsils, hard palate, and soft palate
[12]. The temperature (37°C), moisture, and pH (6.5-7) of
the oral cavity provide an ideal environment for microbial
growth [13]. The normal oral cavity microbiome contains
mostly bacteria, but also fungi, viruses, archaea, and proto-
zoa [12]. Over 700 species of prokaryotes are identified in
the oral cavity, including Firmicutes, Fusobacteria, Proteo-
bacteria, Actinobacteria, Bacteroidetes, Chlamydiae, Chloro-
flexi, Spirochaetes, Synergistetes, Saccharibacteria, and
Gracilibacteria [14]. The diversity of the flora depends on
the site of the oral cavity, with the tongue containing numer-
ous papillae with few anaerobic sites and harboring mostly
anaerobes [15]. Many fungal species are also present within
the oral environment, such as Candida, Cladosporium, Aur-

eobasidium, Saccharomycetales, Aspergillus, Fusarium, and
Cryptococcus [16]. Oral health is heavily influenced by the
microbiota, with the flora aiding in maintaining oral homeo-
stasis [17]. This includes roles in food digestion, energy gen-
eration, maturation of host mucosa, immune responses, fat
storage and metabolism, detoxification, providing a barrier
(biofilm), and promoting and preventing microorganism
colonization [10]. The periodontal microbiota is particularly
heterogeneous and houses over 400 species [18]. Dysbiosis
or loss of beneficial and commensal microbes that prevent
the colonization of opportunistic pathogens is associated
with local inflammation and exacerbation of periodontal dis-
eases [19].

It is believed that periodontal pathogenesis depends on
tooth-borne microbial biofilms/dental plaque resulting in
altered host inflammation and subsequent periodontal
destruction and tooth loss [20]. Therefore, many studies
investigate the composition of dental plaque to determine
microorganism profile changes in healthy versus diseased
subjects [21, 22]. In a recent metagenomic study, the DNA
from saliva and subgingival samples of 21 healthy and 48
diseased subjects identified 28 out of 1979 operational taxo-
nomic units (OTUs) that were overabundant in diseased pla-
ques and 6 in saliva [11]. OTU is a measurement to classify
bacteria based on the sequence similarity of the 16S marker
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Figure 1: Possible interactions associating periodontal diseases with pulmonary diseases. Created with BioRender.com.
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gene. Twelve OTUs were abundant in healthy plaques [11].
Bacteroidetes, Spirochaetes, Actinobacteria, Veillonella,
Capnocytophaga, and, Leptotrichia were higher in healthy
plaque, while Porphyromonas, Tannerella, Prevotella, Filifac-
tor, Mycoplasma, Phocaeicola, Johnsonella, Desulfobulbus,
and Mogibacterium were elevated in diseased plaque [11].
This study [11] and others suggest [21, 22] that there are dis-
tinctions between taxa and assembly processes of the oral
microbiota between periodontal health and disease. Impor-
tantly, nonsurgical periodontal treatment restored most of
the flora to healthy levels [11]. Therefore, restoration of
microbiome homeostasis may be a critical step in periodon-
tal health.

Colonization of the tooth surface leading to the forma-
tion of dental plaques begins with highly specific interac-
tions between oral bacteria, such as Streptococcus species,
and the tooth pellicle [23]. Streptococcus mutans is viewed
as a primary causative agent of dental plaque formation on
tooth surfaces as it is acid-tolerant [24]. It synthesizes adhe-
sive glucan from sucrose via glucosyltransferases, and the
glucan mediates adherence of the bacterium to the surface
of teeth [25]. Multiple glucan-binding proteins [26] and pro-
tein antigen C [27] also participate in bacterial adherence to
tooth surfaces. Together, these bacterial surface proteins
coordinate to produce dental plaques, thus inducing dental
caries. Similarly, Porphyromonas gingivalis is known to be
a major player in the initiation and progression of periodon-
tal disease [28]. More in-depth discussion of these topics is
found in these review papers [29–32].

3. Environmental and Predisposing Factors
That Alter Periodontal Health

Genetic and environmental factors can influence the oral
microbiome [33] and directly contribute to periodontal
pathogenesis. Here, we will briefly discuss the major factors
associated with periodontal health and disease outside of
day-to-day oral care.

3.1. Cigarette Smoke. Cigarette smoke inhalation is one of
the leading risk factors for global disease burden, with smok-
ing a major contributor to the development and progression
of cancer, cardiovascular disease, chronic obstructive pulmo-
nary disease, and periodontal disease [34]. Epidemiological
studies demonstrate a significantly higher risk for periodon-
tal disease in smokers compared to nonsmokers, which is
proportional to smoking history [35–37]. Smokers exhibit
greater levels of bone destruction, tooth loss [38–40], and
worse clinical treatment outcomes of nonsurgical and surgi-
cal therapies [41, 42]. Smoking increases the host’s suscepti-
bility and risk of infection by inducing immune dysfunction
[43, 44]. Cigarette smoke and its components do not impact
microbial growth [45]. However, smoking can change viru-
lence factors of bacteria such as altering major fimbrial anti-
gen responses of P. gingivalis to TLR2 responses [45],
smoking decreases IL-6 and TNF-α responses to P. gingivalis
biofilms [46], and nicotine enhances S. mutans biofilm for-
mation and biofilm metabolic activity [47]. Cigarette smoke
and its components can trigger responses, such as matrix

metalloproteinases (MMPs) and tissue inhibitors of metallo-
proteinases (TIMPs), to enhance collagen degradation and
bone resorption [48–50]. Periodontally healthy smokers
have a highly diverse subgingival biofilm, with the coloniza-
tion of periodontal pathogens belonging to the genera Fuso-
bacterium, Cardiobacterium, Synergistes, and Selenomonas
[51]. When analyzing subgingival plaque samples from 200
systemically and periodontally healthy smokers and non-
smokers by 16S pyrotag sequencing, two distinct microbial
composition clusters appear that separate smokers from
nonsmokers [52]. In general, smokers appear to have a
higher abundance of pathogenic species [53, 54]. OTUs
belonging to the genera Fusobacterium, Prevotella, and Sele-
nomonas were more abundant in smokers, while Peptococcus
and Capnocytophaga were more abundant in nonsmokers
[55, 56]. Smoking cessation reduces the risk of the onset
and progression of periodontal disease [57]. Finally, smok-
ing can impair the chemotaxis and phagocytosis of neutro-
phils in the periodontium [58]. This is important as
approximately 30,000 polymorphonuclear neutrophils tran-
sit through periodontal tissue every minute [59] and is crit-
ical for bacterial clearance. Therefore, the immune system is
constantly interacting with plaques, and factors like cigarette
smoke directly impact immune responses.

3.2. Diabetes and Weight Gain. The risk of periodontitis is
increased by approximately threefold in type 2 diabetes mel-
litus subjects compared with nondiabetic individuals [60,
61]. Type 1 diabetes mellitus also has an increased risk of
periodontitis, with one early study in the 80s identifying that
around 10% of children (<18 years) with type 1 diabetes
mellitus had increased attachment loss and bone loss but
with similar plaque scores [62]. This was subsequently con-
firmed in a larger cohort of 350 diabetic children (6-18 years
old) vs. 350 nondiabetic controls, again with periodontitis
observed at a greater frequency in children with diabetes
(>20% vs. 8%, respectively) [63]. Other lifestyle factors such
as obesity, physical activity, and diet are all linked to the risk
of periodontitis, as obese rats with periodontitis had more
alveolar bone loss compared with nonobese rats [64] and
physical activity in humans is associated with periodontitis
[65]. Equally, individuals with a BMI of ≥30 kg/m2 have a
significantly higher risk of periodontitis compared with hav-
ing a BMI of 18.5–24.9 kg/m2 [66]. This is also associated
with insulin resistance [67]. Periodontitis can also influence
glycemic control [68] and hemoglobin A1c (HbA1c) levels
[69]. Equally, periodontal therapy can result in reduced
HbA1c [70, 71]. Inflammation is a central feature of the
pathogenesis of both diabetes and periodontitis and could
impact microbial clearance and microbiome composition
in the dental plaque. Type 2 diabetics have elevated levels
of P. gingivalis [72] and type 1 diabetics have elevated P. gin-
givalis and P. intermedia in their oral cavity compared to
nondiabetics [73].

3.3. Other Confounding Factors. There are several other con-
founding factors associated with periodontitis that we will
very briefly outline here, including age, stress, medication,
tooth grinding, cardiovascular disease, rheumatoid arthritis,
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and poor nutrition/diet. Several of these factors can be influ-
enced by social inequalities [74]. The severity of periodonti-
tis also increases with advancing age [75]. In an
epidemiological study, the highest prevalence of chronic
periodontitis was found in the elderly population (82%),
followed by adults (73%) and adolescents (59%) [76].

4. Is There Direct Evidence Linking
Periodontitis to the Exacerbation of
Pulmonary Diseases?

4.1. Pneumonia. Hospital-acquired pneumonia (HAP) and
community-acquired pneumonia (CAP) are associated with
high morbidity and mortality in both healthy and vulnerable
individuals and significantly contribute to the healthcare
economic burden. HAP is defined as pneumonia that
develops 48 hours after hospital admission or within 10 days
after discharge without incubation [77], while CAP refers to
an acute infection of the lungs in individuals who were not
recently hospitalized and are frequently exposed to the
healthcare system [78]. Streptococcus pneumoniae and Hae-
mophilus influenzae are two of the major causes of pneumo-
nia. However, pneumonia is also caused by several viral and
bacterial pathogens observed in periodontitis, such as Myco-
plasma pneumoniae, Chlamydia pneumoniae, Legionella
pneumophila, Porphyromonas gingivalis, and Treponema
denticola [79]. Plaque biofilms, the presence of certain path-
ogens, and periodontal-associated inflammation may con-
tribute to the development and progression of pneumonia
[80]. There is a correlation between dentition status and
aspiration pneumonia in the elderly population [81]. How-
ever, a recent prospective Korean study involving datasets
of 363,541 participants suggested that chronic periodontitis
may not be a potential risk factor for CAP [82]. Alterna-
tively, de Melo Neto et al. demonstrated that moderate and
severe periodontitis are associated with CAP [83]. Many
studies also investigated the impact of periodontal disease
on various other types of pneumonia such as aspiration
pneumonia and ventilator-associated pneumonia [84–86].
There is evidence to suggest that factors associated with peri-
odontitis can influence pneumonia, but further studies are
required to determine the direct impact of periodontitis on
each type of pneumonia.

4.2. Chronic Obstructive Pulmonary Disease (COPD). COPD
is the fourth leading cause of death in the US. The CDC
attributes over 480,000 deaths annually or about 1 in 5
deaths to cigarette smoke [87]. Exposure to cigarette smoke
is the primary environmental factor associated with the
development of COPD in the developed world. In America,
it is estimated that over 30 million people have COPD, and
COPD progression is linked to periodontitis. Periodontal
bacteria A. actinomycetemcomitans, Actinomyces, P gingiva-
lis, and Pseudomonas aeruginosa are detected in COPD
patients [88, 89]. An investigation into the saliva micro-
biome of patients with both COPD and periodontitis or just
periodontitis alone [90] found several members of the bacte-
rial family Lachnospiraceae, such as Rothia, Veillonella, and
Actinomyces, in patients with both conditions. This suggests

that the salivary microbiome of patients with periodontitis,
with or without COPD, has significantly different salivary
microbiomes. A meta-analysis [91] combining data from
14 different studies concluded that COPD patients suffer
from significantly worse periodontal health status with dee-
per periodontal pockets, worse oral hygiene, more inflam-
mation, and more bleeding in the oral tissue. A recent
study, utilizing 16S rRNA gene metagenomic sequencing,
demonstrated that COPD patients without periodontitis
have a decrease in bacteria richness and diversity in the peri-
odontal microenvironment [92]. Johnsonella, Campylobac-
ter, and Oribacterium were associated with COPD without
periodontitis, while Dysgonomonas, Desulfobulbus, Cato-
nella, Porphyromonas endodontalis, Dysgonomonas wimpen-
nyi, Catonella morbi, and Prevotella intermedia were
enriched in COPD with periodontitis [92].

4.3. Asthma. Asthma is a disease that manifests as chronic
inflammation of the airways, with recurrent and reversible
episodes of dyspnea, chest stiffness, coughing, and wheezing
[93]. With asthma, the respiratory airways become inflamed
and mucus production is increased and it is commonly trig-
gered by allergies that can be relieved with treatment.
Asthma affects over 235 million people per year [94]. A pos-
itive association between periodontitis and asthma was
found in a Korean study consisting of 5976 patients aged
19 years and older (adjusted odds ratio: 5.36) [95]. They also
observed that 83% of the patients on regular asthmatic med-
ications were less likely to have a diagnosis of periodontitis
[95]. Equally, in a Brazilian study, researchers observed a
strong association with periodontitis occurring frequently
in asthmatics, with an adjusted odds ratio of 4.88 [96]. They
also observed that periodontitis patients were five times
more likely to have bronchial inflammation than those with-
out periodontal tissue infection [96]. Surprisingly, in an ani-
mal model of both periodontitis and asthma, researchers
reported that periodontitis in asthmatic mice resulted in
reduced migration of eosinophils, lymphocytes, and macro-
phages into the airways, reduced levels of IL-4 and TNF-α,
and decreased mucus production [97]. The underlying
mechanisms of these diseases are unclear, and further stud-
ies are needed.

4.4. Tuberculosis. Tuberculosis (Tb), a chronic granuloma-
tous disease that affects the lungs, skin, bone, lymph nodes,
kidneys, and oral cavity, is also linked to periodontal diseases
[98]. Tb is a major cause of global death, and chemothera-
peutic agents used to treat Tb can result in tuberculous
lesions in the oral cavity [99]. Therefore, Tb is a predispo-
sing/contributing factor in the pathogenesis of periodontal
disease. Mycobacterium Tb is detected in the plaque and
saliva of Tb patients with periodontitis [100, 101]. A recent
study in India determined that Tb patients at 51-60 years
old show a high prevalence of periodontitis, especially in
males [102]. However, no study has investigated the impact
of periodontal diseases on pulmonary outcomes of Tb.

4.5. Bronchiectasis. Patients with bronchiectasis, a chronic
irreversible lung disease with permanent bronchi dilation
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that causes high morbidity and reduced quality of life, suffer
from recurrent acute exacerbations with cough and sputum
production [103]. Little direct data suggests that periodontal
diseases impact bronchiectasis. However, there is an inter-
ventional randomized clinical trial underway (Clinical-
Trials.gov Identifier: NCT02514226) looking at the impact
of periodontitis treatment on exacerbations of bronchiectasis
[104]. The same study groups amended the trial with the
microbiological evaluation listed as the primary outcome
(ClinicalTrials.gov Identifier: NCT02514226) [103]. How-
ever, their findings were not published at the time of this
review submission. A recent study identified different
inflammation profiles when comparing gingival tissues of
bronchiectasis patients having chronic periodontitis, with
7 genes significantly altered in bronchiectasis patients
(LTA, LTB, TNFSF4, TNFSF11, TNFSF13, TNFSF13B, and
TNFRSF11B) [105]. Therefore, bronchiectasis could also
influence oral cavity inflammation.

4.6. COVID-19. Oral cavities have come under renewed
scrutiny as saliva contains a significant infective SARS-
CoV-2 load [106] and angiotensin-converting enzyme
(ACE) 2, a host receptor for SARS-CoV-2, and the proteases
responsible for viral entry are well expressed on the tongue
and other oral mucosae [107]. Therefore, the oral cavity is
an important site of SARS-CoV-2 replication and propaga-
tion. This is further evident with a large number of
COVID-19 patients experiencing taste and smell disorders
[106]. There are several other oral clinical manifestations
during COVID-19, including ulcers, vesicles, vesicular
bleeding, and oral candidiasis [108]. Pseudomonas aerugi-
nosa and Klebsiella pneumoniae are detected in BALF and
sputum of COVID-19-positive patients [109]. Equally,
patients with severe COVID-19 undergoing invasive ventila-
tion for ARDS have infections with Staphylococcus aureus,
Haemophilus influenzae, and Streptococcus pneumoniae
[110]. Bacteria associated with the oral cavity, such as Veillo-
nella, Prevotella, Campylobacter, Treponema, and Fusobac-
terium, are also observed in the BALF of COVID-19
patients [111, 112]. It is also possible that the elderly popu-
lation is more susceptible to pulmonary complications of
COVID-19 due to higher aspiration as the elderly have
reduced swallowing and cough reflex function. A recent ret-
rospective case-control study demonstrates that chronic
periodontitis complicates mild cases of COVID-19 [113].

Periodontitis was associated with a higher risk of ICU
admission, a greater need for ventilation, and mortality of
COVID-19 patients [113]. Fusobacterium nucleatum, an oral
bacterium, induces the expression of ACE2 in alveolar epi-
thelial cells, thereby making the lung cells more susceptible
to SARS-CoV-2 infection [114]. Therefore, the oral cavity
and periodontal diseases may worsen pulmonary outcomes
in COVID-19 patients.

5. Possible Mechanisms Apart from the
Presence of Bacteria?

There is some indirect mechanistic data to link periodontal
disease to pulmonary disease. Periodontal disease is associ-
ated with low-grade systemic inflammation, which could
affect lung function. Adverse effects of oral inflammation
on lung function are suggested to start during adolescence
[115]. The aspiration of bacteria from the oral cavity might
be considered an underlying mechanism for oral inflamma-
tory and lung function [115]. Periodontal pockets, which are
spaces or openings surrounding the teeth under the gum
line, present in disease, can promote the accumulation of
dental plaques, resulting in the growth and reproduction of
pathogenic bacteria [116]. Aspiration of oral pathogens into
the lower airways could trigger the development of pneumo-
nia or induce an exacerbation of asthma, COPD, or bronchi-
ectasis. Subsequent excessive cytokines and chemokine
production could further exacerbate pulmonary responses
including mucus production [117]. One study [118] suggests
that it is due to the physical dissemination of periodontal
bacteria, with inflammation and bleeding of the gums lead-
ing to more opportunity of the bacteria to enter the blood-
stream. It is through the distribution of periodontal
bacteria and likely other factors in the oral cavity in the body
that amplifies the overall systemic inflammatory response.

6. Dental Treatment and Pulmonary Outcomes

Dental treatments can have varied effects on pulmonary
physiology and the course of pulmonary diseases as outlined
in this section and Table 1.

6.1. Asthma. Routine dental treatment is linked to decreased
lung function in children who have underlying asthma
[119]. Colophony, which is used in some fluoride varnishes,

Table 1: Summary of dental treatment and pulmonary outcomes.

Pulmonary diseases Effects of dental treatment

Asthma
(i) Hypersensitivity reactions to colophony [120] and sodium metabisulfite [121]
(ii) Asthma exacerbations due to aerosols from ultrasonic handpieces, tooth enamel dust,

dental material residues, and supine positioning for an extended time [119, 122, 123]

COPD (i) Decrease in COPD exacerbations [125, 126]

Infections
(i) Transmission of Pseudomonas infections [127]
(ii) Reduction in nosocomial infections [128]

Aspiration-linked pulmonary outcomes

(i) Pneumothorax [129]
(ii) Atelectasis [130]
(iii) Hyperinflation [129]
(iv) Bronchiectasis [131]
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is known to cause sensitivity reactions and thus is relatively
contraindicated in children with severe asthma [120]. Simi-
larly, dental providers should be careful while giving local
anesthetics to patients due to the presence of sodium meta-
bisulfite, as it may trigger hypersensitivity reactions that
can result in asthma exacerbations [121]. Sulfite sensitivity,
however, is not common and patients who exhibit such sen-
sitivity usually have severe steroid-dependent asthma. Other
triggers of asthma exacerbations arising in the setting of
dental procedures include aerosols from ultrasonic hand-
pieces, tooth enamel dust, dental material residues, and
supine positioning for an extended time [119, 122, 123].

6.2. COPD. There is some evidence suggesting that peri-
odontal debridement, either through ultrasonic instrumen-
tation or hand instrumentation, does not increase the
incidence of COPD or affect the quality of life of patients
with preexisting COPD [124]. Other studies suggest that
periodontal therapy in COPD patients with chronic peri-
odontitis may improve lung function and decrease the fre-
quency of COPD exacerbations [125, 126].

6.3. Transmission of Infections. Dental procedures and
equipment can be a major source for the transmission of
pathogens. Pseudomonas aeruginosa, a leading causative
agent of nosocomial pneumonia, was detected in the water
line supplying dental units like dental triple function syrin-
ges, contra-angle handpieces, and ultrasonic scalers [127].
On the other hand, some studies have shown that dental
interventions, including oral hygiene by mechanical and
topical chemical means, can reduce the incidence of nosoco-
mial pulmonary infections by approximately 40% [128].

6.4. Aspiration Risk of Foreign Bodies. Dental manipulation
entails the risk of accidental aspiration of foreign bodies.
These objects can be aspirated into the trachea and cause
pulmonary complications. Objects causing complete or par-
tial obstruction of the central airways can lead to respiratory
distress or arrest. Aspiration of sharp objects may lead to
pneumothorax [129] or hemorrhage. Long-term complica-
tions from these instances include atelectasis [130], hyperin-
flation [129], recurrence of pulmonary infections, and
bronchiectasis [131].

7. Conclusions

Alterations in the flora in the oral cavity are frequently
observed in periodontal diseases and may contribute to pul-
monary outcomes in several diseases. In general, oral inter-
ventional approaches appear to yield improved pulmonary
outcomes, but the risk of aspiration, especially in the older
population, may influence exacerbations in patients with
pulmonary comorbidities. While we do not discuss in great
detail here, the treatment for the lung disease could also
affect oral cavity outcomes. Overall, further studies are
required to determine the impact of periodontal diseases
on pulmonary outcomes.
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