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Summary

Poor oral health has long been recognized as a clinical risk factor for developing lung infections.

Recent data using culture-independent techniques assessing the microbiome in healthy subjects have

demonstrated that chronic microaspiration establishes a very similar microbial community between the

mouth and lung, suggesting these 2 anatomic regions are closely intertwined. Dental disease is driven

and aided by a dysbiosis in the oral microbiome, and evidence is mounting that implicates the micro-

biome in a variety of lung diseases including asthma, COPD, pulmonary fibrosis, and pneumonia. This

review describes common dental conditions and potential mechanisms by which poor oral health may

contribute to lung disease. We also review the current literature drawing associations between poor

oral health and lung disease. [Respir Care 2020;65(8):1211–1220. © 2020 Daedalus Enterprises]

Introduction

Poor oral health has systemic health consequences, and

the dental health of patients with lung disease is overall

severely underappreciated. Although most physicians

identify an aspiration event as a cause of pneumonia,

there are more insidious ways that dental disease may

affect the lungs and contribute to a variety of lung dis-

eases. Studies using bacterial 16S ribosomal RNA gene

sequencing reveal that the mouth and lung have similar

microbiomes, emphasizing how interrelated these 2 ana-

tomic regions are.1 Numerous studies have suggested a

relationship between oral hygiene and both acute and

chronic respiratory diseases including asthma, COPD, and

pneumonia.2,3 Despite these data, the biologic mechanisms

behind these associations remain poorly understood and

are inextricably confounded by effects of tobacco use and

comorbid illness.4 This review intends to introduce com-

mon dental conditions, describe how the oral cavity and

lungs are closely related as it pertains to the microbiome,
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and provide potential mechanisms for how dental disease

may impact lung disease. Additionally, we review the cur-

rent clinical evidence for associations between oral health

and common pulmonary conditions.

Dental Disease Primer

Gingivitis

Gingivitis is an inflammatory disease that is triggered

by bacteria in dental plaque, driven by the innate host

response, and characterized clinically by swollen, red, and

tender gums that bleed easily.5 It starts at the gingival

margin of the tooth as a reaction to the accumulation of

bacteria-laden dental plaque. Gingival epithelial cells,

neutrophils, and the complement system are all active

early on as part of the host’s innate defense. This response

produces pro-inflammatory cytokines (eg, interleukins

IL-1, IL-6, IL-8, tissue necrosis [TNF]-a, RANTES),
antimicrobial peptides (eg, calprotectin, cathelicidin,

defensins), proteolytic enzymes (eg, matrix metallopro-

teinases, collagenases), and activated complement, but

the protective plaque biofilm makes it difficult to fully

eliminate bacteria.6,7 Gum disease is clinically evident

after 10–21 d.7 Normal health can be restored to the gum

line by mechanical plaque removal (ie, manual tooth

brushing).

Periodontitis

Chronic inflammation from gingivitis can eventually

lead to periodontitis, which is characterized by loss of liga-

mentous connective tissue holding the tooth in place, bone

resorption, and formation of a clinically evident periodontal

pocket between the tooth and gingiva.5 This is severe gum

disease that can result in tooth loss. It is unclear why some

individuals with gingivitis progress to periodontitis while

others do not, but it is likely related to a combination of the

oral microbiome, the host immune response, and other

environmental factors (eg, smoking).5,7 Increases in IL-1,

IL-6, TNF-a, and prostaglandin E2 are found in gingivoc-

revicular fluid, and some cytokines correlate with dis-

ease severity (IL-1b , IL-8, IL-17, IL-18, MIP-1a).8-10

Gram-negative bacteria such as Porphyromonas gingi-
valis, Treponema denticola, and Actinobacillus species

are the bacteria traditionally described in periodontal

pockets and are believed to drive the host inflammatory

response. In fact, it is probably not a single bacterium

that is responsible for the development of periodontitis,

but an overall dysbiosis of the microbiome. In contrast to

other diseases where the microbiome is characterized by

decreased bacterial diversity, periodontitis has increased

diversity and richness.6

Caries

Dental caries (also called cavities) are caused by bacteria

that metabolize starches to create a local acidic environment

that eventually demineralizes the hard surfaces of the tooth.

This initially presents as white spots on the tooth, but in its

most severe form can lead to tooth decay.11 Streptococcus
mutans and Lactobacilli have been reported as causative bac-
teria, although some reports argue that this view may be too

simplistic and a more complicated interplay of the entire oral

microbiome may be responsible.6,12 Caries do not represent

an inflammatory condition such as gingivitis or periodontitis;

however, if left untreated, caries can develop into serious in-

fectious complications such as a periapical abscess.13

Because bacteria drive the inflammatory response in the

mouth and subsequent pathology, it is worth considering how

this microbial continuum from the mouth to the lung may

prompt the development or exacerbations of lung disease.

The Oral-Lung Axis: A Physiologic Rationale

for Association

Aspiration Is the Source of the Healthy

Lung Microbiome

Early studies of the healthy lung microbiome analyzed

from bronchoalveolar lavage fluid noted significant
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similarity between the oral and lung microbiota.1 This

similarity is biologically plausible because the 2 anatomic

sites are contiguous and microaspiration is common even

among healthy adults.14 Interestingly, compared to the

oropharyngeal microbiota, the nasal microbiota shares

fewer similarities with the lung microbiota.15 This sup-

ports the role of salivary flow and microaspiration as the

main mechanisms that foster the population of the lung

microbiome. Although the composition of the oral and lung

microbiota are very similar, the lung likely harbors its own

resident bacteria and may eliminate other common oral

bacteria such as Prevotella species.15-19

The composition of the healthy lung microbiota is con-

sistent with an ecological model known as the neutral theory

of community ecology. This theory, adapted to the lung,

proposes that the lung microbiota is the result of random im-

migration of bacteria from the oral microbiota, random bac-

terial reproduction in the lung, and random elimination of

lung bacteria. In the lung, immigration is the result of micro-

aspiration, inhalation of bacteria from the air, and mucosal

dispersion. Elimination results from coughing, mucociliary

clearance, and immune/host defenses. The neutral theory

holds that the lung environment holds less influence over

which lung taxa survive or die following immigration to the

lung than do the random events of immigration, growth, or

elimination. Therefore, if the lung microbiota follows the neu-

tral theory, the lung microbiota composition should closely

reflect the source (oral) microbiota composition. Any lung

taxa abundance that is not consistent with stochastic microbial

immigration from the oropharynx or elimination represents

“non-neutral” reproduction or elimination of that taxa in the

lung environment. One large study utilizing all the datasets of

the Human Microbiome Project found that only �1% of

human bacterial communities followed the neutral theory.20

Interestingly, the healthy lung appears to be one of the few

human sites to follow the neutral theory, supporting the inter-

connected microbial niche of the mouth and lungs.1,15-19 With

this evidence, it is now generally accepted that the composi-

tion of the healthy lung microbiota is heavily influenced by

repeated microaspiration of oropharyngeal contents.

Architectural Lung Changes May Alter

the Oral-Lung Axis

Other ecological models have also added to our under-

standing of the lung microbiota. The adapted island model
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Fig. 1. Neutral theory model of oral wash and lung tissue specimens of subjects with COPD. The solid black line represents a best fit line, and
the dashed lines represent 95% CIs. Numbered data points indicate the abundance of select taxa in oral and lung samples. Taxa 1–5

(Pseudomonas, Acinetobacter, Finegoldia, Staphylococcus, and Enterobacteriaceae) illustrate non-neutral behavior with overrepresentation in
the lung microbiota (in comparison to neutral theory predictions based on the oral microbiota abundance). Taxa 6–15 (Prevotella, Haemophilus,
Fusobacterium, Neisseria, Actinomyces, Rothia, Veillonella, Streptococcus, and Parvimonas) follow the neutral theory model; their presence in

the lung microbiota is consistent with the neutral theory prediction based on their oral microbiota abundance. Taxa 16 (Porphyromonas) dem-
onstrates non-neutral behavior with underrepresentation in the lung microbiota (in comparison to neutral theory prediction based its oral micro-

biota abundance). Adapted from Reference 18.
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of lung biogeography holds that the number of taxa in the

lung microbiota decreases as the distance from the upper

airway increases. This is due to increased frequency of im-

migration between 2 adjacent sites compared to sites that

are farther apart. For example, the number of taxa in the

lung microbiota is greater in right upper lobe than in the

right middle lobe—which coincides with a greater dis-

tance between the right middle lobe (compared to the

right upper lobe) and the upper airway.21,22 Lung architec-

ture influences the lung microbiota composition in health,

but it also appears to have a large impact on the micro-

biota in lung disease. As one could imagine, changes

such as oxygen tension or mucociliary clearance mecha-

nisms in emphysema or bronchiectasis may cause active

environmental selection that leads to preferential growth

or elimination of select taxa. This causes the oral-lung

axis to exhibit non-neutral behavior as the lung begins to

sustain a more unique microbiota compared to the mouth

(Fig. 1).19 An early study of the lung microbiome in sub-

jects with advanced COPD showed that distinct micro-

biota could be identified within the same lung lobe

based on micro-anatomic differences.23 Another study

of lung tissue obtained at the time of lung extirpation

during transplantation also revealed notable shifts in the

microbiota in the setting of end-stage lung disease.24

Although anatomic changes such as bronchiectasis or

blebs may be directly responsible for these microbiota

shifts in chronic lung disease, these findings could also

be due to other confounding effects such as treatments

for lung disease (eg, antibiotics, steroids) or other expo-

sures related to chronic illness. Whereas early lung

microbiome studies have surveyed how changes in the

microbiota and oral-lung axis are associated with lung

disease, if and how the microbiota plays a causal role in

chronic lung disease is still being explored.25,26

Additionally, the effect of microbial dysbiosis in caries

or periodontal disease on the lung microbiome has not

been carefully studied.

The Oral-Lung Axis: Potential Mechanisms of

Disease Pathogenesis

We have just described a biologic rationale for the oral-

lung axis in health. There is also evidence to support the

association between oral health and respiratory disease

states. A number of hypotheses have provided biologic

plausibility to strengthen this association. The leading ones

are discussed here (Fig. 2).

Aspiration of Oral Bacteria

The most straightforward example of the oral-lung

axis is aspiration of bacteria directly into the lung to

cause disease. As noted above, there is overlap between

common oral bacteria and lung bacteria. It has been

classically taught that aspiration of oral secretions can

lead to pneumonia, pulmonary abscess or empyema.

Early microbiologic studies implicated numerous anaerobic

oral bacteria such as Bacteroides, Fusobacterium,
Peptostreptococcus, and Prevotella with these pulmo-

nary conditions.27,28 More recent data regarding aspira-

tion pneumonia pathogens reveal a predominance of

aerobic organisms, both in the community and in the

hospital.29 Studies examining dental plaque show that

biofilms harbor commonly recognized pulmonary patho-

gens such as Haemophilus influenzae, Streptococcus
pneumoniae, Staphylococcus aureus, and Pseudomonas
aeruginosa.30-32 It is not entirely known how aspiration of

Poor Oral Health

Oropharyngeal microbial dysbiosis
oral inflammatory cells and proteins

Systemic inflammation

Micro and/or macroaspiration

Lung disease

Lung microbiome dysbiosis
and lung inflammation

Fig. 2. General framework delineating potential mechanisms of how poor oral health may cause or contribute to lung disease.
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bacteria leads to infection in some patients and not

others. It is likely a combination of factors including

the frequency and volume of aspirated material, efficacy

of airway and lung clearance mechanisms, comorbid

conditions, the patient’s immune system, bacterial viru-

lence, and the degree of dysbiosis in the lung

microbiome.29,33

Although it is well recognized that aspirated bacteria

can lead to the acute illnesses listed above, the extent to

which chronic microaspiration contributes to lung disease is

unclear. In a cohort of healthy individuals, the enrichment of

the oral flora Veillonella and Prevotella in bronchoalveolar

lavage fluid has been associated with increased pulmonary

inflammation as measured with number of inflammatory

cells and exhaled nitric oxide.34 A study of the bronchial

microbiome of subjects with atopic asthma found only 4

taxa that were uniquely associated with asthma. Two of

these were the periodontal pathogens, Fusobacterium and

Porphyromonas.35 Prevotella species have been associated

with protracted bacterial bronchitis in children.36 In a

study of subjects with stable COPD, increased bacterial

burden in the airways was associated with FEV1 decline

over time. The common bacteria that were cultured from

sputum included Streptococcus viridans, Nesseria spp.,
Corynebacterium, as well as Hemophilus spp., all of which
are normal oral flora.37

Aspiration of Inflammatory Proteins

Numerous different cytokines and enzymes are elevated

in the saliva of subjects with periodontal disease compared

to controls.38 Many of the inflammatory proteins associ-

ated with periodontitis, which were outlined in the dental

primer, have also been reported in chronic lung diseases

such as COPD, asthma, and pulmonary fibrosis. For exam-

ple, TNF-a has been shown to be increased in the sputum

of patients with COPD, and it is also increased at the time

of COPD and asthma exacerbations.39-41 Matrix metallo-

proteinases, such as MMP-9, have been implicated in the

destruction of periodontal connective tissue and enamel,

as well as lung parenchyma, which may aid in the patho-

genesis of asthma, COPD, and idiopathic pulmonary fibro-

sis.42-44 IL-6 in the sputum is associated with a more rapid

decline in lung function as well as frequent exacerbations

of COPD.45 The persistent aspiration of these molecules

from an inflamed oral cavity may aggravate daily respira-

tory symptoms, lead to exacerbations of disease, or

destroy the lung parenchyma.

Systemic Inflammation

Patients with periodontitis have high levels of systemic

inflammatory markers, such as C-reactive protein.46 Re-

gular periodontal treatments can decrease levels of C-

reactive protein and IL-6, suggesting that a local inflamma-

tory process can have systemic effects.47 This information,

among other supporting observational and animal model

data, has led investigators to link periodontal disease to

other systemic illness such as cardiovascular disease, rheu-

matoid arthritis, pregnancy complications, and osteoporo-

sis.48-51 A causal relationship is not established in these

diseases, but there are mounting data indicating that sys-

temic dissemination of periodontal inflammatory proteins,

repeat episodes of bacteremia, and provocation of autoim-

mune pathways could provide this mechanistic link.52,53

Systemic inflammation is also present in lung diseases such

as asthma and COPD, with C-reactive protein levels inver-

sely correlating with FEV1.
54,55 Little is known about how

dental care affects systemic inflammation in patients with

chronic respiratory illness, and this provides a potential

area of investigation.

Oral Health and Pulmonary Disease

Obstructive Lung Disease

COPD. There is great interest in the relationship between

oral health and COPD. Most studies have been cross-sec-

tional analyses, making it difficult to fully control for cer-

tain shared risk factors such as smoking, which limits

conclusions. While a few studies have found no association

between oral health and COPD after smoking status is con-

sidered, more studies have shown that periodontitis is asso-

ciated with a diagnosis of COPD and may even be an

independent risk factor.56-58 Additionally, several studies

have shown that oral health correlates with other measures

of COPD, such as lung function and exacerbations.59,60

Using the NHANES III database of nearly 14,000 sub-

jects, a correlation was demonstrated between loss of

attachment of periodontal tissue and chronic bronchitis or

emphysema, with an odds ratio of 1.45 (95% CI 1.02–2.05)

once the attachment loss was> 3 mm. This correlation per-

sisted after controlling for demographic data including

smoking history and socioeconomic status.61 A meta-analy-

sis of 14 observational studies (3,988 subjects with COPD

and 22,871 control subjects) reported an association

between periodontitis and a diagnosis of COPD with a

pooled odds ratio of 1.78 (95% CI 1.48–2.91), adjusted for

age, smoking status, dental habits, and socioeconomic sta-

tus.56 One study attempted to establish causation by looking

at incident diagnosis of COPD, defined as an FEV1 < 65%

predicted, over a 25-y follow-up.62 Periodontitis that was

present at baseline examination, as assessed with radio-

graphic alveolar bone loss, was linked to increased odds of

developing COPD (odds ratio 1.6, 95% CI 1.2–2.0) during

the follow-up period.

Other COPD outcome measures associated with oral

health include the BODE index (ie, body mass index, air-
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flow obstruction, dyspnea, exercise capacity), spirometry,

and exacerbation rates. In a case-control study of 581 sub-

jects with COPD and 438 control subjects, higher BODE

scores were associated with worse periodontal indices (eg,

bleeding index, alveolar bone loss, and number of teeth),

with the plaque index having the highest likelihood for an

association with COPD (odds ratio 9.01, 95% CI 3.98–

20.4).63 Peter et al60 evaluated the relationship between

FEV1 and periodontal indices and reported that a worse

clinical attachment level, probing depth, and gingival index

correlated with a decreased FEV1.
60 Exacerbation pheno-

type may also correlate with oral health. COPD frequent

exacerbators have $ 2 exacerbations per year, while in-

frequent exacerbators have 0 or 1 exacerbations per year.

After adjusting for smoking and lung obstruction severity,

those with frequent exacerbations had fewer teeth,

brushed their teeth less, and had more dental plaque, sug-

gesting that poor oral hygiene may be a risk factor for

COPD exacerbation.59

Poor oral hygiene is common in people with COPD.

COPD patients have few remaining teeth, more dental pla-

que, and worse oral health-related quality of life.64,65

Additionally, COPD patients do not brush their teeth, use

dental floss, or visit the dentist as frequently as those with-

out COPD.64,66 Whether these correlations, which are likely

multifactorial, play a causative role in COPD pathogenesis

is unknown.

Despite evidence that periodontitis and poor oral hygiene

practices are associated with COPD, there are limited data

indicating whether improving oral health translates into bet-

ter COPD outcomes. Two small trials evaluated the impact

of periodontal treatments on COPD exacerbation rates.

Kucukcoskun et al67 randomized 40 COPD frequent exac-

erbators with comorbid moderate to severe chronic perio-

dontitis to a periodontal treatment group, which included

oral hygiene instructions, full mouth scaling, and root plan-

ning, or to a control group that received only oral hygiene

instructions. At the 1-y follow-up, there was a significant

reduction in COPD exacerbations in the treatment group

(ie, from a mean of 3 per year to 2 per year), whereas there

was no change in the exacerbation rate of the control group.

Similarly, Zhou et al68 conducted a randomized trial com-

paring periodontal treatment with scaling and root planning

to no periodontal treatment in 60 subjects with COPD. After

2 y of treatment, the odds ratio for developing a COPD exac-

erbation in the treatment group compared to the control

group was 0.29 (95% CI 0.10–0.84) after adjusting for age,

gender, body mass index, smoking status, and baseline exac-

erbations. Although these trials are suggestive of the poten-

tial benefits of periodontal therapies in reducing COPD

exacerbations, larger prospective trials are still needed.

Asthma. Most of the literature on the relationship between

asthma and oral health is in the pediatric population.

Notably, saliva production, which has protective properties

for oral health, is decreased by the use of b -agonist

inhalers, which are commonly prescribed for asthma treat-

ment.69 There is also evidence to suggest that inhaled corti-

costeroids promote caries.70 Results of studies in subjects

with asthma have been largely mixed but are suggestive of

a higher rate of dental caries, gingivitis, and periodontitis

in individuals with asthma.3,71 One study reported a signif-

icant increase in plaque and gingivitis in subjects with

asthma between the ages of 11 and 25 y compared to a

control group.72 Another 4-y follow-up study of similarly

aged asthma subjects demonstrated decreased salivary

flow as well as increased caries progression. A third study

identified lower rates of salivary flow and higher rates of

gingival inflammation and dental caries, again suggesting

medication-induced dental disease.73 Similar to the COPD

literature, inferences regarding cause and effect from any

of these studies are limited by study design, small number

of subjects, and confounding effects of inhaler usage.

Bronchiectasis. Cystic fibrosis and non-cystic fibrosis

bronchiectasis represent another spectrum of COPD

characterized by inflamed and dilated airways. Studies

examining the association between bronchiectasis-based

pulmonary disease and oral health remain scarce. In fact,

no data exist regarding oral health in non-cystic fibrosis

bronchiectasis. Aspiration is commonly cited as a cause of

bronchiectasis, but historically this has referred mainly to

gastroesophageal reflux.74 It is unknown whether chronic

aspiration of oral bacteria and inflammatory proteins in

the saliva eventually leads to bronchiectasis. Small studies

in subjects with cystic fibrosis have noted decreased caries

prevalence in children with cystic fibrosis compared to

matched control groups. Despite these findings, dental

enamel defects are relatively well described in individuals

with cystic fibrosis.75

Non-Obstructive Lung Disease

Pneumonia. The relationship between oral health and

pneumonia has been well described. A systematic review

found an association between poor oral health, such as

caries and periodontitis, and pneumonia with odds ratios

ranging from 1.2 to 9.6, depending on the study.2 As men-

tioned previously, aspiration of oropharyngeal secretions

containing potential respiratory pathogens is thought to be

a critical step in development of pneumonia. Studies sup-

port oral health as a factor in nursing home-, hospital-, and

community-acquired pneumonia.76-78 In one nursing home

study, increased dental plaque was associated with more

febrile days and episodes of pneumonia.79

It has been known for decades that the oropharyngeal

flora of acutely ill hospitalized patients changes, with an

emergence of Gram-negative organisms.80 Mechanically
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ventilated patients’ dental plaque is colonized with respira-

tory pathogens such as S. aureus and P. aeruginosa, and
these organisms decrease in abundance after extubation.81

This shift in oropharyngeal flora in the hospitalized patient

is thought to be a risk factor for developing nosocomial

infections. Indeed, there are trials focused on oral care with

the aim of preventing pneumonia. In a collection of

randomized trials of nursing home residents and hospital-

ized subjects, regular oral care led to a 6.6–11.7% absolute

risk reduction in the development of pneumonia compared

to no oral care.82

Prevention of ventilator-associated pneumonia (VAP)

with the use of topical oral chlorhexidine or selective

decontamination of the orodigestive tract with antibiotics is

controversial. A Cochrane review of 18 randomized con-

trolled trials concluded that chlorhexidine-based oral care

significantly decreased rates of VAP (relative risk 0.75,

95% CI 0.62–0.91) compared to placebo or usual care, but

it did not affect duration of mechanical ventilation, length

of stay, or mortality.78 However, another systematic review

reported a possible increase in mortality with the use of oral

chlorhexidine.83 Similarly, there is conflicting evidence

regarding use of topical oral antibiotics and decontamina-

tion procedures in the ICU. Reviews of randomized trials

on this topic have reported reduced incidence of VAP in

subjects who received topical antibiotics.84 On the other

hand, there is also evidence that implementing oral decon-

tamination protocols in the ICU may cause harm. The inci-

dence of VAP in subjects, both in intervention and control

groups, participating in randomized trials of oral decon-

tamination is higher than known VAP incidence based on

observational data, suggesting that the use of topical oral

antibiotics may paradoxically be putting a population of

ICU patients at risk.85 Given the uncertain benefit for topi-

cal oral antibiotics or chlorhexidine in ventilated patients,

guideline statements have not formally endorsed this prac-

tice, and further study is needed.

Interstitial Lung Disease. Interstitial lung disease repre-

sents a heterogeneous group of lung pathologies, and there

has been interest in how the lung microbiome may shape

disease progression. Currently, no studies describe oral health

in interstitial lung disease. The only published study that

reported the oral flora consisted of a varied group of subjects

with interstitial lung disease in addition to subjects with

Pneumocystis pneumonia and healthy controls.86 There was

no difference in diversity or composition of the lung micro-

biota between the groups. Additionally, only 7 of the 33 sub-

jects had a lung microbiome that differed from the oral

microbiome, and the clinical implications of this were

unclear. In the whole cohort, the most common bacterial fam-

ilies identified in the lung were common oral flora such as

Prevotellaceae, Streptococcaceae, and Acidaminococcaceae.

Further studies of the lung microbiome in subjects with

idiopathic pulmonary fibrosis using bronchoalveolar lavage

fluid demonstrate that the lung microbiome is associated

with progression of disease. In one study, increased abun-

dance of Streptococcus and Staphylococcus taxa correlated
with disease progression.87 Two other studies concluded

that the total abundance of bacteria in the lung was coupled

with progression of fibrosis.25,26 Increasing amounts of bac-

teria in the lung resulted in a dysbiosis with a loss of bacte-

rial diversity. In the study by Molyneaux et al,26 no

individual bacterial taxa could be linked with progression

of fibrosis. Again, the common bacterial taxa noted in the

lung included common oral flora such as Haemophilus,
Neisseria, Streptococcus, and Veillonella. These intriguing
studies offer a new potential therapeutic pathway in a lethal

disease. Questions remain regarding the interplay between

chronic microaspiration, replication, and the elimination of

bacteria in aspirated oropharyngeal secretions, as well as

the role of concomitant bronchiectasis in creating this

increased bacterial burden in the lung. Additionally, how

poor oral hygiene and dental disease may promote bacterial

overgrowth in the setting of idiopathic pulmonary fibrosis

is unknown and a compelling area for future research.

Potential Limitations

Despite the evidence suggesting an association between

oral health and lung disease, there are limitations and con-

founders that require careful consideration. First of all,

there are various definitions used for periodontitis and

COPD in the literature.4 Additionally, smoking is a clear

risk factor for obstructive lung diseases and idiopathic pul-

monary fibrosis, but it also is a risk factor for dental disease

such as periodontitis.88,89 NHANES data indicate that there

is a dose-dependent relationship between tobacco smoke

exposure and likelihood of periodontitis.90 Whereas most

studies looking at an independent association between

COPD and periodontitis try to control for history of smok-

ing, this is difficult to do in observational studies.

Comorbid illnesses also confound the association between

oral health and lung disease. Periodontitis aligns with cardi-

ovascular disease, stroke, and diabetes.49,91 COPD has a

similar overlap of systemic disease comorbidities, which

raises the possibility of an external factor driving the asso-

ciation between oral health and lung disease.92 The role of

respiratory medications affecting oral health must also

be considered. Thrush is a well-known adverse effect of

inhaled corticosteroids, representing a dysbiosis of oral

flora, and b agonists decrease saliva production, which can

lead to changes in pH and dental disease.73 Geo-cultural

and socioeconomic status may also play a role. There may

be variability in diet or access to dental care across regions

or cultures that affect the generalizability of studies.

Socioeconomic status is independently correlated with the
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presence of periodontal disease and influences outcomes

such as lung function, symptoms, and hospital admission in

patients with COPD.93,94 To resolve these confounding

issues, carefully conducted prospective studies are needed.

Finally, there is currently no evidence that specifically

targeting the oral microbiota with antibiotics leads to

improved outcomes in chronic lung disease. Indiscriminate

use of antibiotics to alter the oral microbiome comes with

the risks of creating multi-drug-resistant organisms, adverse

drug reactions, and dysbiosis of the microbiota, which may

lead to complications such as Clostridioides difficile
diarrhea.95

Summary

Aspiration has historically been recognized as a com-

mon inciting event in pulmonary disease. New diagnostic

methods describing the oral-lung microbiome relationship,

as well as numerous epidemiologic studies, have shown

that the mouth and lung are more interconnected than pre-

viously recognized. The epidemiological data for these

associations in chronic lung disease are inconsistent and

evolving. Presently, we lack evidence to conclude that

there is a causal link between oral disease and chronic

lung disease pathogenesis. However, this prospect pro-

vides a potential new therapeutic path that warrants further

evaluation. Future prospective interventional trials to

improve oral health are necessary to evaluate this poten-

tial relationship.
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9. Ozçaka O, Nalbantsoy A, Buduneli N. Interleukin-17 and interleukin-

18 levels in saliva and plasma of patients with chronic periodontitis. J

Periodont Res 2011;46(5):592-598.

10. Rathnayake N, Akerman S, Klinge B, Lundegren N, Jansson H,

Tryselius Y, et al. Salivary biomarkers of oral health - a cross-sectional

study. J Clin Periodontol 2013;40(2):140-147.

11. Selwitz RH, Ismail AI, Pitts NB. Dental caries. Lancet 2007;369

(9555):51-59.

12. Alaluusua S, Kleemola-Kujala E, Nystrom M, Evalahti M, Gronroos

L. Caries in the primary teeth and salivary Streptococcus mutans and

lactobacillus levels as indicators of caries in permanent teeth. Pediatr

Dent 1987;9(2):126-130.

13. Hodgdon A. Dental and related infections. Emerg Med Clin North Am

2013;31(2):465-480.

14. Gleeson K, Eggli DF, Maxwell SL. Quantitative aspiration during

sleep in normal subjects. Chest 1997;111(5):1266-1272.

15. Bassis CM, Erb-Downward JR, Dickson RP, Freeman CM, Schmidt

TM, Young VB, et al. Analysis of the upper respiratory tract microbio-

tas as the source of the lung and gastric microbiotas in healthy individ-

uals. mBio 2015;6(2):e00037.

16. Charlson ES, Bittinger K, Chen J, Diamond JM, Li H, Collman RG,

et al. Assessing bacterial populations in the lung by replicate analysis

of samples from the upper and lower respiratory tracts. PloS One

2012;7(9):e42786.

17. Morris A, Beck JM, Schloss PD, Campbell TB, Crothers K, Curtis JL,

et al. Comparison of the respiratory microbiome in healthy nonsmokers

and smokers. Am J Respir Crit Care Med 2013;187(10):1067-1075.

18. Pragman AA, Lyu T, Baller JA, Gould TJ, Kelly RF, Reilly CS, et al.

The lung tissue microbiota of mild and moderate chronic obstructive

pulmonary disease. Microbiome 2018;6(1):7.

19. Venkataraman A, Bassis CM, Beck JM, Young VB, Curtis JL,

Huffnagle GB, et al. Application of a neutral community model to

assess structuring of the human lung microbiome. mBio 2015;6

(1):e02284-14.

20. Li L, Ma Z. Testing the neutral theory of biodiversity with human

microbiome datasets. Sci Rep 2016;6:31448.

21. Dickson RP, Erb-Downward JR, Freeman CM, McCloskey L, Beck

JM, Huffnagle GB, Schmidt TM. Spatial variation in the healthy

human lung microbiome and the adapted island model of lung bio-

geography. Ann Am Thorac Soc 2015;12(6):821-830.

22. Dickson RP, Erb-Downward JR, Huffnagle GB. Towards an ecology

of the lung: new conceptual models of pulmonary microbiology and

pneumonia pathogenesis. Lancet Respir Med 2014;2(3):238-246.

23. Erb-Downward JR, Thompson DL, Han MK, Freeman CM, Mc-

Closkey L, Schmidt LA, et al. Analysis of the lung microbiome in the

“healthy” smoker and in COPD. PloS One 2011;6(2):e16384.

24. Sze MA, Dimitriu PA, Hayashi S, Elliott WM, McDonough JE,

Gosselink JV, et al. The lung tissue microbiome in chronic obstructive

pulmonary disease. Am J Respir Crit Care Med 2012;185(10):1073-

1080.

25. O’Dwyer DN, Ashley SL, Gurczynski SJ, Xia M, Wilke C, Falkowski

NR, et al. Lung microbiota contribute to pulmonary inflammation and

disease progression in pulmonary fibrosis. Am J Respir Crit Care Med

2019;199(9):1127-1138.

26. Molyneaux PL, Cox MJ, Willis-Owen SAG, Mallia P, Russell KE,

Russell A-M, et al. the role of bacteria in the pathogenesis and progres-

sion of idiopathic pulmonary fibrosis. Am J Respir Crit Care Med

2014;190(8):906-913.

27. Bartlett JG. How important are anaerobic bacteria in aspiration pneu-

monia. Infect Dis Clin North Am 2013;27(1):149-155.

28. El-Solh AA, Pietrantoni C, Bhat A, Aquilina AT, Okada M, Grover V,

et al. Microbiology of severe aspiration pneumonia in institutionalized

elderly. Am J Respir Crit Care Med 2003;167(12):1650-1654.

29. Mandell LA, Niederman MS. Aspiration pneumonia. N Engl J Med

2019;380(7):651-663.

30. El-Solh AA, Pietrantoni C, Bhat A, Okada M, Zambon J, Aquilina A,

et al. Colonization of dental plaques: a reservoir of respiratory

THE IMPACT OF ORAL HEALTH ON LUNG HEALTH

1218 RESPIRATORY CARE � AUGUST 2020 VOL 65 NO 8



pathogens for hospital-acquired pneumonia in institutionalized elders.

Chest 2004;126(5):1575-1582.

31. Fourrier F, Duvivier B, Boutigny H, Roussel-Delvallez M, Chopin C.

Colonization of dental plaque: a source of nosocomial infections in in-

tensive care unit patients. Crit Care Med 1998;26(2):301-308.

32. Scannapieco FA, Stewart EM, Mylotte JM. Colonization of dental pla-

que by respiratory pathogens in medical intensive care patients. Crit

Care Med 1992;20(6):740-745.

33. Wu BG, Segal LN. The lung microbiome and its role in pneumonia.

Clin Chest Med 2018;39(4):677-689.

34. Segal LN, Alekseyenko AV, Clemente JC, Kulkarni R, Wu B, Gao Z,

et al. Enrichment of lung microbiome with supraglottic taxa is asso-

ciated with increased pulmonary inflammation. Microbiome 2013;1

(1):19.

35. Durack J, Lynch SV, Nariya S, Bhakta NR, Beigelman A, Castro M,

et al. Features of the bronchial bacterial microbiome associated with

atopy, asthma and responsiveness to inhaled corticosteroid treatment.

J Allergy Clin Immunol 2017;140(1):63-75.

36. Marsh RL, Smith-Vaughan HC, Chen ACH, Marchant JM, Yerkovich

ST, Gibson PG, et al. Multiple respiratory microbiota profiles are asso-

ciated with lower airway inflammation in children with protracted bac-

terial bronchitis. Chest 2019;155(4):778-786.

37. Wilkinson TMA, Patel IS, Wilks M, Donaldson GC, Wedzicha JA.

Airway bacterial load and FEV1 decline in patients with chronic ob-

structive pulmonary disease. Am J Respir Crit Care Med 2003;167

(8):1090-1095.

38. Jaedicke KM, Preshaw PM, Taylor JJ. Salivary cytokines as bio-

markers of periodontal diseases. Periodontol 2000 2016;70(1):164-

183.

39. Aaron SD, Angel JB, Lunau M, Wright K, Fex C, Le Saux N, et al.

Granulocyte inflammatory markers and airway infection during acute

exacerbation of chronic obstructive pulmonary disease. Am J Respir

Crit Care Med 2001;163(2):349-355.

40. Keatings VM, Collins PD, Scott DM, Barnes PJ. Differences in inter-

leukin-8 and tumor necrosis factor-alpha in induced sputum from

patients with chronic obstructive pulmonary disease or asthma. Am J

Respir Crit Care Med 1996;153(2):530-534.

41. Thomas PS. Tumour necrosis factor-alpha: the role of this multifunc-

tional cytokine in asthma. Immunol Cell Biol 2001;79(2):132-140.

42. Demedts IK, Brusselle GG, Bracke KR, Vermaelen KY, Pauwels RA.

Matrix metalloproteinases in asthma and COPD. Curr Opin Pharmacol

2005;5(3):257-263.

43. King TE, Pardo A, Selman M. Idiopathic pulmonary fibrosis. Lancet

2011;378(9807):1949-1961.

44. Franco C, Patricia H-R, Timo S, Claudia B, Marcela H. Matrix metal-

loproteinases as regulators of periodontal inflammation. Int J Mol Sci

2017;18(2):440.

45. Donaldson GC, Seemungal TAR, Patel IS, Bhowmik A, Wilkinson

TMA, Hurst JR, et al. Airway and Systemic Inflammation and Decline

in Lung Function in Patients With COPD. Chest 2005;128(4):1995-

2004.

46. Paraskevas S, Huizinga JD, Loos BG. A systematic review and meta-

analyses on C-reactive protein in relation to periodontitis. J Clin

Periodontol 2008;35(4):277-290.

47. D’Aiuto F, Parkar M, Andreou G, Suvan J, Brett PM, Ready D,

Tonetti MS. Periodontitis and systemic inflammation: control of the

local infection is associated with a reduction in serum inflammatory

markers. J Dent Res 2004;83(2):156-160.
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