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Abstract: A growing body of evidence suggests that the effects of poor oral hygiene extend beyond the
oral cavity and are associated with a variety of systemic diseases, including asthma. Asthma, which
results in symptoms of cough, wheezing, and dyspnoea, and is characterized by airflow limitation
with variability and (partial or complete) reversibility, is amongst the most prevalent respiratory
diseases with approximately 262 million patients worldwide, and its prevalence and disease burden
is on the increase. While asthma can occur at a young age, it can also develop later in life and affects
a variety of age groups. Both of these diseases have a chronic course, and various researchers have
suggested a link between the two. In this article, we aim to provide a literature review focusing on the
association between the two diseases. The results demonstrate that medications (primarily, inhaler
medicine), hypoxia induced by asthma, and the breathing behaviour of patients potentially trigger
periodontal disease. In contrast, oral periodontopathogenic microorganisms and the inflammatory
mediators produced by them may be involved in the onset and/or exacerbation of asthma. Common
contributing factors, such as smoking, gastro-oesophageal reflux, and type-2 inflammation, should
also be considered when evaluating the relationship between the two diseases.
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1. Introduction

Poor oral hygiene is common in many countries worldwide and can trigger not only
oral diseases, but also systemic diseases, leading to a significant health burden [1]. Among
these, periodontal disease is frequent, and numerous studies have been conducted on
their association with systemic diseases. Periodontal disease consists of gingivitis and its
advanced form, periodontitis. It is a chronic inflammatory disease caused by the bacterial
infection of the periodontium and leads to the dissolution of the surrounding structure,
including the gums around the teeth and the bone that supports the teeth. If the border
between the teeth and gums (gingival sulcus) is not cleaned properly, a large number of
bacteria can grow there, causing inflammation of the gingival margins [2]. Periodontitis
affects about 50% of the population worldwide [3], and severe periodontitis is found in
9.8% of the global adult population [4]. Severe periodontitis ultimately causes masticatory
dysfunction and nutritional compromise, aesthetic impairment, altered-speech, low self-
esteem, and a poorer overall quality of life (QOL) [5].

Asthma is characterized by a chronic inflammation of the airways that causes res-
piratory tract hyperresponsiveness to various stimuli, resulting in the narrowing of the
airways [6]. According to the World Health Organization, asthma affected an estimated
262 million people in 2019 and caused 455,000 deaths [7]. The frequency of comorbidities is
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increased in older adult patients with asthma [8]. These comorbidities can worsen respira-
tory symptoms, decrease QOL, and worsen asthma control [6]. In Japan, approximately
90% of deaths due to asthma occur in adults aged 65 years or older [9].

In recent years, considerable attention has been paid to the interaction between oral
and systemic diseases, including asthma. Questionnaire surveys indicate an association
between oral diseases, such as periodontal disease and malocclusion, and asthma [10,11]. It
is important in healthcare to understand the relationship between oral diseases and systemic
diseases and whether interventions for oral disease can improve asthma prognosis and
extend healthy life expectancy rates, especially in an ageing society [12,13]. Nevertheless,
conflicting reports of these associations exist, and the underlying biological mechanisms
are not yet fully understood. This review aims to provide suggestions on the possible
interactions between periodontal diseases and asthma, the impact of therapeutic agents,
and the directions for future research.

2. Asthma and Periodontal Disease
2.1. Periodontal Disease and Its Impact on Asthma

Some cross-sectional studies suggest an association between asthma and periodontal
disease. Gingival bleeding was correlated with asthma in late adolescents by questionnaire
surveys in Japan [11]. A self-reported allergic disease diagnosis, including asthma, showed
a positive correlation with poor oral health, including periodontal disease in adolescents,
in the Korean national database survey [14]. In this study, the adjusted odds ratio (OR)
for asthma was 1.48 in the poor oral health group compared to the group with good oral
health. Another Korean, nationwide, population-based survey revealed that participants
with a current asthma condition were five-times more likely to have periodontal disease
(adjusted OR, 5.36) than those without it [15]. Wee et al. also reported a higher prevalence
of asthma in the poor oral hygiene group than in the good /normal groups. Subjective poor
oral hygiene was significantly associated with asthma, with an adjusted OR of 1.19 [16].
Brasil-Oliveira et al. assessed the oral health-related QOL (OHRQoL) among individuals
with severe asthma. Periodontitis was more common in patients with severe asthma than
those with mild-to-moderate asthma and those without, and negatively impacted on their
OHRQoL [17].

Case-control studies have also described a significant association between periodontal
disease and asthma. McDerra et al. conducted a comparison of gingivitis and plaque scores
between children with asthma aged 4-16 years on inhaler therapy and children without
asthma matched for age, sex, race, and socioeconomic status. They reported that asthmatic
children had more severe gingivitis and plaque deposits [18]. Gomes-Filho et al. reported
that adult patients with periodontitis were 4.82-times more likely to have severe asthma
than those without [19]. Soledade-Marques et al. compared the prevalence of periodontitis
between severe asthma and control groups and found that individuals with periodontitis
had about a threefold increased risk of severe asthma than those without periodontitis [20].
Lopes et al. also showed a positive association between periodontitis and severe asthma
with an OR of 4.00, and presented a higher level of Prevotella intermedia, a periodontitis-
related oral pathogen, in the severe asthma group compared to the control group [21].
Patients with asthma in Jordan were three-times more likely to have periodontitis than the
controls, and the extent and severity of periodontal disease were significantly higher in
patients with asthma. The risk of periodontitis and clinical attachment loss (CAL) > 3 mm
were higher in patients on oral corticosteroid treatment compared to inhaled corticosteroids
(ICSs) [22]. In a study in India, periodontal indices, including the plaque index (PI), calculus
index, gingival index (GI), and papillary bleeding index measurements, were higher in
the asthma group than the control group. Moreover, all of these parameters were higher
in patients with moderate-to-severe asthma than in those with mild asthma [23]. Similar
results were obtained by another group [24,25].

In the population-based retrospective cohort study in Taiwan, patients with asthma were
at a 1.18-fold elevated risk of developing periodontal diseases. The risk is much higher for
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those with emergency medical needs, hospitalisation, and those undergoing ICS treatment [26].
An association between asthma and periodontal disease was also suggested in a population-
based prospective cohort study conducted in seven northern European centres. The authors
demonstrated that the presence of asthma and asthma severity assessed by the number of
symptoms were associated with frequent gingival bleeding [27].

Table 1 summarizes the supportive observational studies on the association between
periodontal disease and asthma. Since the adjusted confounders vary among studies and
prospective investigations are limited, further research is needed to determine the causal
relationship between the two.

The association was also demonstrated in several meta-analyses. Moraschini and
colleague performed a meta-analysis of 21 studies examining the relationship between
asthma and periodontal disease and found that patients with asthma showed poorer oral
health (as assessed by gingival bleeding, PI, and GI parameters) compared with healthy
individuals [28]. The meta-analysis conducted by Ferreira et al. showed higher mean values
for the calculus index, papillary bleeding index, and CAL in the asthma group, although the
differences for GI and PI were not statistically significant [29]. Gomes-Filho et al. showed
an association between periodontitis and asthma in a meta-analysis of three studies, with an
adjusted OR of 3.54 [30]. Wu and colleagues demonstrated a significant correlation between
pulmonary and periodontal diseases, with a pooled adjusted OR of 3.03 for asthma. The
study showed that CAL, PI, and GI were lower in patients with asthma, indicating poorer
periodontal health [31].

2.2. Effectiveness of Periodontal Interventions

It is important to assess whether oral care interventions improve asthma symptoms
and other outcomes to determine if there is a link between the two.

Whether an intervention for oral disease can improve asthma-related outcomes is still
under debate. Shen et al. demonstrated that adult patients with asthma undergoing periodon-
tal treatment had a lower incidence of hospitalisation due to respiratory events than those
without periodontal disease by the propensity score-matching method using the nationwide
database [32]. They also showed a lower all-cause mortality rate in the periodontal treatment
group. These results, along with the importance of intervening in periodontal disease, suggest
that there may be unrecognized periodontal disease in patients with asthma. Enomoto et al.
investigated the effect of withholding dental care visits due to behavioural restrictions caused
by coronavirus disease 2019 on the control of systemic diseases. The results of their study re-
vealed that patients who discontinued dental treatment experienced significantly more asthma
exacerbations than those who continued (27.8% vs. 11.5%) [33].

Pambudi et al. investigated the effect of periodontal treatment for respiratory quality
in asthmatic children by a randomized, parallel group trial. They showed a reduced rate of
Gram-negative bacilli colonization in the dental plaque after periodontal treatment, and
its association with improved asthma QOL, airway reversibility, and decreased number of
blood eosinophil [34]. Nelwan et al. investigated the impact of scaling and root planning
on the level of serum immunoglobulin (Ig) E and IgG4 in children with gingivitis and a
house-dust-mite allergy. Most children had concurrent asthma. The results of this study
suggest that 6-month comprehensive dental scaling combined with root planning may help
to reduce IgE levels in this population [35].

There are a limited number of studies examining the effect of oral care on asthma
outcomes in prospective trials, and the number of participants is low (Table 2). Further
studies are warranted to draw adequate conclusions.

2.3. Discrepancies in the Data

Although many studies suggest a link between asthma and poor oral hygiene, some
controversy remains. The data from the Third National Health and Nutrition Examination
Survey (NHANES) IIT (1988-1994) in the United States, including 1596 adolescents who had
an asthma diagnosis, were analysed for various periodontal measures, including bleeding on
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probing, subgingival calculus, supragingival calculus, a probing depth greater than or equal to
3 mm, and a loss of periodontal attachment greater than or equal to 2 mm, none of which were
associated with asthma severity or with the use of anti-asthmatic drugs [36]. Using the NHANES
database, Shah et al. examined the association between asthma and periodontitis in the adult
population. They showed that patients with asthma were significantly less likely to have severe
periodontitis [37]. Chatzopoulos and colleagues found that asthma was significantly associated
with the decreased risk of radiographically confirmed bone loss, which reflected the severity of
periodontal disease, with an OR of 0.695 using the dental record database in the United States,
although the data on individuals’ medications were lacking [38]. Lemmetyinen et al. conducted
a population-based matched cohort study and did not find significant associations between
dental diseases (including tooth decay, chronic apical periodontitis, sialadenitis, and diseases of
the periodontal tissue) and asthma in the adult population using the national hospital discharge
registry in Finland [39]. Hozawa and colleagues found that periodontal disease was associated
with a decreased risk of asthma exacerbations using the Japanese claims database [40]. They
speculated that patients with asthma who received sufficient doses of ICS may have achieved
better disease control and had fewer exacerbations, while their oral hygiene may have been
compromised by the high amount of ICS.

Ho et al. point out that allergic rhinitis (AR), which is often comorbid with asthma, may be a
confounding factor. They investigated the association between the five major oral diseases (dental
caries, periodontitis, pulpitis, gingivitis, and stomatitis/aphthae) and the presence of AR and
asthma using a national database in Taiwan. The incidence of all five oral diseases was higher
in the AR group than in the non-AR group after an adjustment for confounders and asthma.
Similar findings were observed in the asthma group when not adjusted for AR. However, when
adjusted for AR, they found no association between asthma and oral disease [41].

A recent meta-analysis found no significant association between periodontal disease
and asthma [42].

Under the ‘hygiene hypothesis,” some researchers have suggested that periodontal
disease may have a suppressive impact on the susceptibility to allergic disease [43]. Within this
framework, it is presumed that the microbial colonization in the body would trigger a systemic
reaction to prevent the development of allergic disease. Cross-sectional studies revealed
that the elevated serum concentrations of IgG antibodies against periodontal pathogens
Porphyromonas gingivalis and Actinobacillus actinomycetemcomitans were significantly associated
with a lower prevalence of asthma and/or wheezing [44,45]. In a study of obese or overweight
patients with asthma, the OR for having an asthma diagnosis in participants with severe
periodontitis was 0.44 for those with none/mild periodontitis. For participants with severe
periodontitis, the OR for receiving asthma medications was 0.20 for those with no/mild
periodontitis [46]. Friedrich and colleagues investigated the relation between periodontitis
and respiratory allergies in a prospective cohort study, and found an inverse association
between periodontitis and hay fever and house-dust-mite allergies. They also uncovered a
weak inverse relation between periodontitis and asthma [47]. Similarly, they also reported a
strong inverse association between periodontal disease and respiratory allergies (hay fever,
house-dust-mite allergy, and asthma) in patients with type-1 diabetes [48]. A study in Australia
found that the prevalence of asthma was lower in patients with periodontal disease than
in the general population (1.5% vs. 5.6%), although the frequency of allergies (29.2% vs.
22.9%) and pulmonary disorders (8.5% vs. 4.3%) was higher in the periodontal group [49].
When periodontitis was induced in asthmatic mice, inflammatory cells, such as eosinophils,
lymphocytes, and macrophages, in bronchoalveolar lavage fluid decreased. In addition,
levels of interleukin (IL)-4 and tumour necrosis factor-o were reduced, as was the production
of airway mucus [50]. Meanwhile, a recent Mendelian randomization analysis found no
causal effect of periodontal disease on the development of asthma, although asthma might be
protective against periodontal disease [51]. The relationship between asthma and periodontal
disease is complex and influenced by many factors, including used inhaled medications,
comorbidities, and socioeconomic status. The association needs to be confirmed by the
research that adequately controls for these factors (Table 3).
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Table 1. Observational studies that support the detrimental association between periodontal disease and asthma.

Author (Year) Reference Participants Age (Years) Stucdgrullzters;gn Periodontal Parameters Covariate Adjustment Summary of Main Results
Sex and comorbidities (pollinosis,
food/drug allergy, inhaled antigen
9098 University students Cross-sectional Self—'reportecl'bleedlpg allergy, atopic d.ermatltls, all'erglc. ?hmltls, Self-reported gum ble.edmg was associated with
Abe et al., 2020 [11] (1782 females and 7316 males) 18.3 Japan while brushing their otitis media/externa, sinusitis, asthma/cough-variant asthma (OR = 1.303,
emates a s apa teeth respiratory infectious diseases, 95% CI = 1.091-1.556, p = 0.003)
pneumothorax/mediastinal emphysema,
and asthma/cough-variant asthma)
136,027 Age, sex, economic level, region of
Participants selected from the Korea 15.0 (standard Cross-sectional Self-reported oral residence, parents’ educational level, Poor oral health was significantly correlated with
Wee et al., 2020 [14] Youth Risk Behaviour Web-based S8 f 0 OaZ) Sosst}?;z ona symptoms during the obesity, smoking, alcohol intake, physical the prevalence of asthma (adjusted OR = 1.48,
Survey 2014 to 2015 (66,484 females error =1 outh Rorea past 12 months activity, history of other allergic disease, 95% CI = 1.34-1.63, p < 0.001)
and 69,543 males) and dental health-related behaviours
Age, sex, marital status,
Participant 159t7 6d from the Sixth health insurance type, presence
articipants se‘ected o N . of private health Current asthma condition was associated with
Korean National Health and Cross-sectional . . . o .
Lee et al., 2017 [15] e L 514 CPI insurance, level of education, periodontitis (adjusted OR = 5.36,
Nutrition Examination Survey South Korea 4 o
! and lifestyle factors 95% CI = 1.27-22.68, p < 0.05)
(KNHANES) in 2014 (3422 females :
reflecting the Korean health
and 2554 males) ;
insurance structure
Self-reported oral health
227977 status, periodontal Age, sex, economic level, education level, . .
Participants from the Korean Cross-sectional status, frequency of region of residence, smoking, alcohol Poor oral health status was associated with
Wee et al., 2020 [16] p Range: 19 and older s treq Y & 4 & 4 asthma, with an adjusted OR of 1.19

Community Health Survey 2015
(125,380 females and 102,597 males)

South Korea

tooth brushing, and
scaling history within
the past 12 months

obesity, subjective health status, stress
level, and physical activity

(95% CI = 1.07-1.33, p = 0.002)

Brasil-Oliveira
et al., 2020

125
Patients with severe asthma, n = 40
(34 females and 6 males); patients
with mild-to-moderate asthma,
n = 35 (30 females and 5 males);
participants without asthma, n = 50
(24 females and 26 males)

Severe asthma
group,

51.8 £10.8;
mild-to-moderate
asthma group,
425+ 14.2;
no-asthma group,
482+ 124

Cross-sectional
Brazil

OHIP-14, SF-36
version 2, and WAI

Patients with severe asthma had lower scores on
the OHIP-14 domain than patients without asthma
(p < 0.001) and those with mild-to-moderate
asthma (p = 0.013). SF-36 version 2 physical
component summary scores were lower in the
individuals in the severe asthma group compared
with no asthma groups (p < 0.001)

The WAI was also lower among the individuals in
the severe asthma group than among those in the
mild-to-moderate asthma (p = 0.022) and no
asthma groups (p < 0.001)




J. Clin. Med. 2023, 12, 6747

6 of 28

Table 1. Cont.

Author (Year) Reference Participants Age (Years) Stuéigulr)“ers;gn Periodontal Parameters Covariate Adjustment Summary of Main Results
The overall incidence of periodontal disease was
higher in the asthma group
96,030 Occurrence of Ace. sex, monthly income, urbanization (38.6 per 1000 person-years vs.
Participants selected from the periodontal le%e,l all,e roic rhii/litis ato ! ic dermatitis 32.5 per 1000 person-years), with an adjusted
National Health Insurance of The asthma cohort, R . diseases (ICD-9-CM , arergic ranitis, atop . ’ HR of 1.18 (95% CI = 1.14-1.22)
. . etrospective chronic sinusitis, GORD, obesity, L.
Shen et al., Taiwan (48,105 females and 41.5 £ 25.9; the code 523.0 to 523.9) . : Frequent emergency room visits and
[26] X cohort : N . smoking-related diseases, alcohol-related e . . . .
2017 47,925 males) comparison cohort, . Patients with a history of . . . hospitalisations were associated with a higher risk
. N Taiwan Lo X diseases, diabetes, osteoporosis, X . X
19,206 patients with newly 41.3 £25.7 gingival and periodontal d f of developing periodontal diseases
. X . epression, . P .
diagnosed asthma from 2000 diseases at baseline anxiety, tooth loss, and caries The use of ICS resulted in a significantly increased
through 2010, were included were excluded ey S ane risk of periodontal diseases (adjusted HR = 1.12,
95% CI = 1.03-1.23), while systemic corticosteroid
did not (adjusted HR = 1.04, 95% CI = 0.96-1.14)
249
Case (children with asthma), n = 100; Children with asthma had higher gingivitis scores
McD tal control (children without asthma), Case-control Gingivitis and than the control participants (p < 0.01)
cloerra etal, [18] n =149 Range: 4-16 ase-contro dental plaque - Children with asthma aged 4-10 years had higher
1998 England .
The control group was matched for scores plaque scores than the control participants
age, sex, race, and (p <0.05)
socioeconomic status
220
. Case (patients with asthma), n = 113 . . . ", . .
Gomes-Filho . ’ Case, 46.8 £ 11.2; Case-control Age, education level, osteoporosis, Periodontitis was associated with severe asthma
etal, 2014 (1] (92 females and 21 males); control - o [ 7y3 64 144 Brazil PD, CAL, BOP, and PI smoking habit, and BMI (adjusted OR = 4.82, 95% CI = 2.66-8,76)
(participants without asthma),
n =107 (92 females and 15 males)
260 The association between periodontitis and severe
Case (patients with severe asthma), Age, schooling level, family income, g o .
Soledade- ! . . asthma was indicated by logistic regression
n =130 (104 females and 26 males); Case-control household density, osteoporosis, X . . .
Marques et al., [20] L R 482 + 14 . PD, CAL, BOP, and PI . N . . models adjusted for nine different potential
control (participants without Brazil hypertension, diabetes, smoking habit, . . -
2018 confounding variables (adjusted OR = 3.01-3.25,
asthma), n = 130 (113 females and and BMI o
95% CI =1.70-5.76, all p < 0.01)
17 males)
457
Case (patients with asthma), n = 220 . Age, family income, hypertension, There was a statistically significant positive
LOP;SZ%t al, [21] (180 females and 42 males); control Cr?tsf,ISiSi il ?’1 Casg;c;rﬁtrol PD, CAL, BOP, and PI current smoking habits, BMI, and mouth correlation between periodontitis and severe
(participants without asthma), control, a breathing behaviour asthma (adjusted OR = 4.00, 95% CI = 2.26-7.10)
n =237 (206 females and 31 males)
260 Patients with asthma were more likely to have
Khassawneh Case (patients with asthma), n = 130 Case, 46.43 + 12.24; Case-control PI, GI, PD, CAL, Ace. sex. income, highest periodontitis than the controls (adjusted OR =2.91,
tal. 2019 [22] (74 females and 56 males); control control, Jordan gingival recession, and d t% 1'1 N ,i den g n dg mokin 95% CI =1.39-6.11, p = 0.005). Patients on oral
etaly (participants without asthma), 44.18 +11.85 orda BOP education, residency, and smoxing

n =130 (77 females and 53 males)

corticosteroids had a higher risk of periodontitis
and CAL > 3 mm compared with those on ICS
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Table 1. Cont.

Author (Year) Reference Participants Age (Years) Stuggulr)“ers;gn Periodontal Parameters Covariate Adjustment Summary of Main Results
100 (46 females and 54 males) Patients with asthma had th
Bhardwaj et al., Case (patients with asthma), n = 50; Females, 41.62; Case-control PI, GI, PBI, calculus atients with asthma had WOrse scores on these
[23] .. . . ! - parameters than individuals without asthma,
2017 control (participants without males, 38.7 India index, and CAL . iod 1 conditi
asthma), 1 = 50 suggesting a poorer periodontal condition
160
Case (patients with asthma), n = 80; i . T . R
Mehta et al., control (participants without Case, 17.4 £4.3; Case-control Modified Quigley—Fein The mean plaque index and gingival index scores
[24] . plaque index and - were higher in patients with asthma (both
2009 asthma), n = 80 control, 17.2 + 4.2 India s & ]
The control group/was matched for s ’ modified GI p <0.001), indicating a poorer periodontal status
age, sex, and socioeconomic status
140
Case (newly diagnosed patients . . . .
Moeintaghavi with asthma), n = 70 (38 females Case, 37.7 +9.0; Case-control Patients with asthma had 51gn1f1cant‘1y hlgher PL,
[25] PD, CAL, GI, and PI - GI, PD, and AL scores than healthy individuals
et al., 2022 and 32 males); control (healthy control, 38.3 9.7 Iran (p < 0.001)
participants), n = 70 (36 females p <2000
and 34 males)
Population-based Age, sex, smoking, educational level, Gingival bleeding was significantly associated
cohort study centre, cardio-metabolic disease, with three or more asthma symptoms (OR = 2.58,
13,409 Northern . frequency of tooth brushing, GORD, 95% CI = 2.10-3.18), asthma (1.62 [1.23-2.14]), and
Self-reported bleedin, ! Y &
Gémez Real Participants selected from the European centres whileﬁarushin theirg nasal congestion, early life self-reported COPD (2.02 [1.28-3.18]). A
et al.. 2016 [27] Respiratory Health in Northern 52 (Norway, teeth CPIgin developmental factors (mother’s age dose-response relationship was found between
v Europe III cohort Sweden, sub-po ula/tion (n = 261) when giving birth to the participants, respiratory outcomes and frequency of gingival
(female, 53%) Denmark, pop B parental smoking, severe respiratory bleeding (three or more symptoms: gingival
Iceland,

and Estonia)

infections in childhood, and fruit intake
in childhood), and asthma medication

bleeding sometimes 1.42 [1.25-1.60] and
often/always 2.58 [2.10-3.18])

AL, attachment loss; BMI, body mass index; BOP, bleeding on probing; CAL, clinical attachment loss; CI, confidence interval; CPI, community periodontal index; COPD, chronic
obstructive pulmonary disease; GI, gingival index; GORD, gastro-oesophageal reflux disease; ICS, inhaled corticosteroid; OHIP, oral health impact profile; OR, odds ratio; PBI, papillary
bleeding index; PD, probing depth; PI, plaque index; SE, Short-Form 36-Item Health Survey; WAI, work ability index. Ages are expressed as mean =+ standard deviation unless

otherwise specified.



J. Clin. Med. 2023, 12, 6747

8 of 28

Table 2. Investigations exploring the impacts of periodontal treatment on asthma-related outcomes.

Study Design

Author (Year) Reference Country Participants Age (Years) Periodontal Treatment Measured Outcome Summary of Main Results
27,185
Participants selected from the
panellists of a Japanese Internet The impact of the discontinuation The absence of dental treatment was a significant
. research company to represent Range: 15-79 P . . factor in the exacerbation of asthma (p = 0.0094)
Enomoto et al., [33] Cross-sectional the Japanese population Patients with asthma: of dental treatment during the Self-reported exacerbation after the adjustment of covariates (age, sex
2023 L Japan re argin a; IZ gex and 50.1£17.3 . COVID-19 pandemic on disease of asthma smokin livin] situation, homeowners%i/ sta’tus
garding age, sex, : ’ exacerbation was investigated 8/ IVIng 4 . P ’
residential prefecture educational background, and income)
Patients with asthma, n = 677
(male, 49.2%)
Participants selected from the
National Health Insurance claims Overall rates of hospitalisation for respiratory
data of Taiwan . adverse events (adjusted IRR = 0.84,
. Periodontal treatment group: Periodontal treatment Periodontal treatment group: Adverse respiratory eve_nts 95% CI = 0.78-0.92) and ICU admissions (adjusted
Propensity- group group (acute asthma exacerbation, )
Shen et al., 132] mat hp 4 })1’ it individuals with asthma group: 61.9 £ 16.6 subgingival curettage (scaling and neumoni te respirat r, IRR = 0.88, 95% CI = 0.79-0.99) were lower in the
2017 - atched cono comorbid with periodontal Control group: root planning) and periodontal pReumonia, acure respiratory eriodontal treatment group compared with the
p group p 8 p p group p
Taiwan di o failure, hospitalisation, and . .
isease, n = 4771 62.2 4 16.6 flap surgery A control group after the adjustment of covariates
R . ICU admission) . R
Control group: individuals with (age, sex, monthly income, urbanization
asthma not complicated by level, comorbidities, and level of asthma therapy)
periodontal disease, n = 4771
Plaque analysis of participants who underwent
Int 6 . dental treatment showed a significant reductions
. . . niervention group: in the number of microbial colonies (x10% cfu/mL,
36 children with asthma Range: 6-12 dental plaque removal by oral Dental ol lture, blood + 9D —5.0+20; post=32 4+ 2.1;
. Randomized Intervention group: n = 18 Intervention group: biology dentist and guide to enta’ plaque cuiture, bioo mean Jpre = - POSt = 9.2 & S
Pambudi et al., , . € R eosinophil count, pulmonary p < 0.01) and Gram-negative bacilli, while no
[34] controlled trial (female, n = 8; male, n = 10) 92+23 perform an individual oral . - L .
2008 . function test, and 4-point scale significant changes were observed in the
Indonesia Control group: n =18 Control group: health care N
2. _ N . asthma score control group
(female, n = 9; male, n = 9) 89+23 Control group: observation D L [
. . . ecreases in airway reversibility, asthma
without intervention R .
symptoms, and blood eosinophil counts were also
observed in the treatment group
10 participants with gingivitis and The intervention group showed more marked
a positive skin-prick test to house Range: 6-16 . . improvements (p < 0.00) in IgE ([pg/mL,
Nelwan et al Randomized dust mites Intervention group: I;taerfgs?;gﬁe%r??ﬂeigeiﬁg mean =+ SDJ: pre = 99.84 + 2.16,
v [35] controlled trial Intervention group: n =5 10.2 £ 39 N g . Serum IgE and 1gG4 ost = 80.03 =+ 1.65) and IgG4 (pre = 28.62 + 3.88,
group & 8 P gL P
2019 I . S - . Control group: standard allergic -
ndonesia (female, n = 3; male, n = 2) Control group: treatments onl post = 18.05 + 2.38) levels than the control group
Control group: n=5 9.8+24 y (IgE: pre = 139.42 + 1.49, post = 138.48 + 1.45;

(female, n = 3; male, n =2)

IgG4: pre = 38.66 + 1.85, post = 38.75 + 1.87)

cfu, colony forming unit; CI, confidence interval; COVID-19, coronavirus disease 2019; ICU, intensive care unit; Ig, immunoglobulin; IRR, incidence rate ratio; SD, standard deviation;
SRP, scaling and root planning. Ages are expressed as mean =+ standard deviation unless otherwise specified.
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Table 3. Studies that do not support an association between periodontal disease and asthma or suggest a protective association.

Author (Year) Reference Participants Age (Years) Stuéigulr)“ers;gn Periodontal Parameters Covariate Adjustment Summary of Main Results
- Income, sex, race
1596 BOP, subgingival calculus, . o
Participants selected from the supragingival calculus, PD iyhétigggﬂ-wxgge)és?fgizrz Neither asthma nor the cumulative use
Shulman et al., [36] Third National Health and Range: 13-17 Cross-sectional greater than or equal to (anghistamin};s o ;gticosteroi%ls of anti-asthmatic
2003 Nutrition Examination Survey 8¢ USA 3 mm, and loss of and inhalers) /smokin and ’ medication was significantly associated
(NHANES III) 1988-1994 periodontal attachment dental examiniation wit%{in the with periodontal indices
(849 females and 747 males) greater than or equal to 2 mm
past year
Patients with current asthma had lower odds
10,710 Participants selected Age group: 30-44, 1 = 3865 of severe periodontitis, compared with
Shah et al from the National Health and (36.1%) p 45_ 64 r; — 4540 Cross-sectional Age, race/ethnicity, sex, individuals without asthma (adjusted
2022 v [37] Nutritional Examination ( 42' 4%3‘ 65 ,n ~2305 USA CAL and PD education, income, BMI, OR =0.51, 95% CI = 0.30-0.87).
Survey (NHANES) 2009-2014 ’ ’(2—1 50}0) diabetes, and smoking No statistically significant association was
(5438 females and 5272 males) : found between asthma and other forms
of periodontitis
4890
Chatzopoulos Randomly selected patients Retrospective The presence of asthma seemed to be
etal.. 2021 [38] who had attended the 54.14+179 chart review ABL Age, sex, smoking, and diabetes protective against ABL (adjusted OR = 0.695,
v University of Minnesota dental USA 95% CI = 0.564-0.857)
clinic (male, 52.7%)
Asthma group: <59,
1394 patients with asthma n = 1506 (62.8%); 60-69,
(identified from the Drug n =699 (29.1%); 70-79, Population-based Dental diseases (ICD-10 code:
Reimbursement Register of n =166 (6.9%); >80, matfhe d cohort (sex K00-K14, including tooth Dental diseases were not significantly
Lemmetyinen 139] the Finnish Social n =27 (1.1%) ace. and area of ’ decay, chronic apical Smoking, education level, associated with adult asthma
etal., 2021 g Insurance Institution) No-asthma group: <59, resig df;nce matched) periodontitis, sialadenitis, and BMI (adjusted HR = 1.40,
2398 individuals without n =893 (64.1%); 60-69, Finland and diseases of 95% CI =0.93-2.12)
asthma (identified from the n =401 (28.8%); 70-79, periodontal tissue)
Population Register) n =84 (6.0%); >80,
n =16 (1.1%)
42,685 Agl;e, sex, frequency off
Participants selected from the pulmonary tests, use o
Japanese insurance claims E bati ICS/I.SABA/O%S ¢ ar}d ﬁt'h.er' Period ldi iated with
database (May 2014-April 2019) Xacerbation gr'oup, ) ] ) comp 1catloqs (a lergic 1l %mtls, eriodonta lisease was associate Wlt a
Hozawa et al., [40] Patients with asthma who have 443 +12.4; Retrospective cohort Periodontal diseases (ICD-10 chronic sinusitis, atopic decreased risk of asthma exacerbations
2022 experienced exacerbation no-exacerbation group, Japan code: K053) dermatitis, acute airway (adjusted HR = 0.93, 95% CI = 0.88-0.98,
"= 5% 44; patients with asthrlna 43.6 +12.8 disease, CQPD, chronic p =0.006)
who have never experienced an h bronchl.tls, GQRD’
exacerbation, n = 36,841 ypertens1_01}, dlabgtes,
’ ’ and dyslipidaemia)
51,439
Participants selected from the Sex, socioeconomic status, After adiustine for allereic rhinitis, the
National Health Population-based Periodontal diseases urbanization, dentofacial association]betwgen asthm§ and eric,> dontal
Ho et al., 2019 [41] Insurance Research Database in Age group of 21-25 research (ICD-9-CM code: 523.3 anomalies, disease of salivary di ins perk
Taiwan Taiwan isease was not statistically significant

(28,541 females
and 22,898 males)

and 523.4)

flow, diabetes mellitus, and
oesophageal reflux

(RR = 1.02, 95% CI = 0.98-1.06, p = 0.290)
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Table 3. Cont.

Participants

Age (Years)

Study Design
Country

Periodontal Parameters

Covariate Adjustment

Summary of Main Results

9385
Participants selected from the
third National Health and
Nutrition Examination Survey
1988-1994
(5269 females and 4103 males)

Age group: 12-29, n = 3172
(33.8%); 3049, n = 2831
(30.2%); 50-90, n = 3369

(35.9%)

Cross-sectional
USA

Serum IgG antibody
concentrations to
periodontopathic bacteria
Porphyromonas gingivalis and
Actinobacillus
actinomycetemcomitans

Age, sex, race—ethnicity,
education level of family,
census region, urbanization,
serum cotinine, and BMI

Higher serum concentrations of IgG
antibodies against P. gingivalis and
A. actinomycetemcomitans were significantly
associated with lower prevalence of asthma
and/or wheezing: adjusted ORs were
0.41 (95% CI, 0.20-0.87) for asthma and
0.43 (0.23-0.78) for wheezing in P. gingivalis;
0.39 (0.17-0.86) for wheezing in
A. actinomycetemcomitans

Discovery dataset, n = 3700;
validation dataset, n = 4453
Participants selected from the
third National Health and
Nutrition Examination Survey
1988-1994 (4357 females and
3796 males)

Discovery dataset,
60.86 & 13.70; validation
dataset, 60.69 + 13.83

Cross-sectional
USA

Serum IgG antibodies against
19 periodontal
pathogenic species

Age, sex, race/ethnicity,
poverty income ratio,
educational attainment,
healthy eating
index, BMI, smoking,
dental visits,
and systemic diseases (arthritis,
heart disease, stroke,
hypertension, diabetes,
and cancer)

Lower levels of antibodies to periodontal
pathogens were associated with a higher risk
of asthma (adjusted OR = 1.820,

95% CI = 1.153-2.873) and wheezing
(adjusted OR = 1.550, 95% CI = 1.095-2.194) in
the discovery dataset Consistent results were
obtained in the validation dataset

2837
Participants selected from
inhabitants living in
Pomerania area
(female, 50.6%)

Range: 20-59
Participants without
respiratory allergies

(mean =+ standard error),
39.6 0.2
Participants with
hay fever, 35.2 £ 0.6
Participants with a
house-dust-mite allergy,
345+ 1.0
Participants with asthma,
379+£1.0

Cross-sectional
Germany

AL

Age, sex, school
education, smoking status,
alcohol consumption, family
history for
allergies or asthma, and
number of teeth

A slight inverse association was observed
between asthma and AL (severity of AL: mild;
OR =1.10 [95% CI = 0.6-2.0]; moderate;
OR =0.96 [95% CI = 0.5-1.8]; severe;

OR = 0.48, [95% CI = 0.2-1.0]; p (trend) = 0.11)

170 patients with type-1
diabetes mellitus
(female, 45.9%)

Range: 40-65
Participants without
respiratory allergies

(mean =+ standard error),
371+£1.1
Participants with
respiratory allergies,
375%25

Cross-sectional
Germany

AL

Age, sex, smoking, and
duration of diabetes

Compared with individuals with healthy
periodontal condition, patients with severe
periodontal condition had the lowest risk of

respiratory allergies, including asthma

(adjusted OR = 0.05, 95% CI = 0.01-0.35),

followed by moderate AL (adjusted
OR =0.12, 95% CI = 0.02-0.60) and mild AL
(adjusted OR = 0.30, 95% CI = 0.08-1.07)

Author (Year) Reference
Arbes Jretal., "
2006 [44]
Du et al., 2006 [45]
Friedrich et al., )
2006 (471
Friedrich et al., )
2008 (48]
Rivera et al., )
2016 [0l

1315
Participants selected from San
Juan Overweight Adults
Longitudinal Study
(male, 27.8%)

Range: 40-65

Cross-sectional
Puerto Rico

BOP and PI

Age, sex, smoking status, BMI,
family history of asthma, and
income level

Patients with severe periodontitis were less
likely to have asthma compared with
participants with none/mild periodontitis
(adjusted OR = 0.44, 95% CI, 0.27-0.70)
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Table 3. Cont.

Author (Year)

Reference

Participants

Age (Years)

Study Design
Country

Periodontal Parameters

Covariate Adjustment

Summary of Main Results

Sperr et al., )
2018 (491

3597
Case (patients seen at the
Division of
Conservative Dentistry
and Periodontology of
the University
Clinic of Dentistry, Medical
University of Vienna), n = 1199
(female, 53.5%); control (general
Austrian population as
assessed in the Austrian Health
Survey 2006/2007, age- and
sex-matched and those who
were living in the same area),
n = 2398 (female, 53.5%)

Case, 49.3 + 12.3; control,
49.7 £ 13.0

Case-control
Austria

AL, PD, papillary
bleeding index, and PI

Age, sex, education, smoking,
alcohol consumption, and BMI

Prevalence of asthma was significantly lower
in patients with periodontitis compared with
the Austrian population (1.5% vs. 5.6%,
adjusted OR = 0.169, 95% CI = 0.106-0.270,
p <0.001)

Jiao et al., 2023 [51]

Sample size: asthma data,

n = 462,933 (53,598 cases and
409,335 controls); periodontitis
data, n = 198,441 (3046 cases
and 195,395 controls)
Data from the European
population (UK Biobank)

Range: 40-73
(UK Biobank)

Two-sample Mendelian
randomization analysis

Periodontal diseases (ICD-10
code: K05.30 and K05.31)

Each SNP was searched using
the Phenoscanner website to
ensure that there were no
confounding factors,
such as smoking

Asthma may be a protective factor for
periodontitis (inverse variance weighted
OR = 0.34, 95% CI = 0.132-0.87, p = 0.025).
Meanwhile, no evidence was found that
periodontitis was causally related to the

development of asthma

ABL, alveolar bone loss; AL, attachment loss; BMI, body mass index; BOP, bleeding on probing; CAL, clinical attachment loss; CI, confidence interval; COPD, chronic obstructive
pulmonary disease; GORD, gastro-oesophageal reflux disease; ICD-9-CM, International Classification of Diseases, 9th Revision, Clinical Modification; ICD-10, the International
Classification of Diseases, 10th edition; ICS, inhaled corticosteroid; OCS, oral corticosteroid; OR, odds ratio; PD, probing depth; PI, plaque index; RR, relative risk; SABAs, short-acting
{-agonists; SNP, single nucleotide polymorphism. Ages are expressed as mean + standard deviation unless otherwise specified.
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3. How Are Periodontal Diseases and Asthma Related? Biological Evidence

Both the condition of asthma itself and the medications used to treat it can contribute
to the development or progression of oral diseases. There also may be common predisposi-
tions that make a host more susceptible to both diseases. We discuss below some possible
mechanisms that may be involved in the relationship between oral diseases and asthma.

3.1. Common Predisposing Factor

In the field of cardiovascular diseases, certain common genetic predisposing factors
are known to be a risk factor for both periodontal and cardiovascular diseases. Some
examples include gene variants of the angiotensin-converting enzyme and the angiotensin
IT type-I receptor in hypertension and periodontal disease [52]. Regarding asthma and oral
diseases, Loos et al. analysed single nucleotide polymorphisms in the nucleotide binding
oligomerization domain protein 1 (NOD1) gene in patients with aggressive periodontitis,
genetic polymorphisms known to be associated with inflammatory bowel disease and
asthma, but failed to demonstrate an association between them [53]. Although such shared
genetic factors are not yet fully elucidated in asthma and oral diseases, certain diseases
are known to be triggers for both. For example, gastroesophageal reflux may cause both
periodontal disease and asthma. Previous studies have shown that patients with gastro-
oesophageal reflux disease (GORD) have an increased risk of gingival inflammation and
poor oral hygiene due to gastric acid reflux [54,55]. Liu et al. found an association between
the symptoms of severe periodontitis and the risk of GORD (OR, 1.40) using a Chinese
nationwide cross-sectional survey [56]. A Korean cross-sectional study revealed that
GORD was independently associated with an elevated risk of chronic periodontitis (OR,
2.883) [57]. The risk of developing periodontitis was 1.38-fold higher in patients with GORD
than in those without in a study using the Taiwan National Health Insurance Research
Database [58]. A Mendelian randomization study also demonstrated the causal effect
of GORD on periodontitis (OR, 1.229) [59]. Periodontal pathogens, including Veillonella,
Prevotella, Porphyromonas, and Fusobacterium, were commonly found in the oesophagus of
patients with GORD, suggesting the biological relationship between these two diseases [60].

Simultaneously, GORD has also been suggested to be associated with asthma [61,62].
Meanwhile, some asthma medications, including beta-2 agonists and theophylline, cause
the relaxation of the lower oesophageal sphincter [63]; therefore, the effects of the medica-
tion need to be interpreted with caution.

The relationship between periodontal disease and type-2 inflammation has also been
documented in several reports. The levels of granulocyte macrophage colony-stimulating
factor and IL-5, both Th2 cytokines, produced by peripheral blood mononuclear cells from
adult patients with periodontitis were comparable to those from patients with allergic
asthma, suggesting that the Th2 pathway may be activated in chronic inflammation in both
diseases [64]. The authors speculated that these cytokine expressions may contribute to
increased susceptibility of the host to periodontal diseases. Type-2 inflammation has also
been implicated in the development of a subset of asthma, and hosts predisposed to this
type of inflammation may be more likely to develop both asthma and periodontitis. The
involvement of innate lymphoid cells (ILCs) in periodontal disease is controversial. While
one group stated that ILC2s were the most common of the ILCs in periodontal tissues [65],
others reported that ILC1s and ILC3s accounted for the majority of the ILCs in periodontitis
or gingivitis tissues [66,67]. Although ILC2 is considered to be mainly involved in the
pathogenesis of asthma, some reports suggest the involvement of ILC1 in neutrophilic
asthma and asthma—chronic obstructive pulmonary disease (COPD) overlap [68]. Further
research on the link between ILCs and periodontal disease is required.

The role of airborne allergens has also been discussed. Son et al. has examined the
effect of German cockroach extract, a known exacerbator of asthma, on human gingival
epithelial cells. They found that German cockroach extract activated protease-activated
receptor-2 and induced inflammation in human gingival epithelial cells via the production
of pro-inflammatory cytokines, including IL-1b, IL-6, and IL-8, and the nucleotide-binding
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oligomerization domain-like receptor family pyrin domain containing 3 [69]. This indicates
that gingivitis and asthma exacerbation may be triggered by a common inflammatory process.

IL-9 has been reported to be associated with the development of allergic diseases,
including asthma [70], and a recent Mendelian randomization analysis also suggested an
association between circulating IL-9 and periodontal disease [71]. However, the evidence is
still limited, and more research is needed on this key point.

Cigarette smoking is a well-known factor involved in both asthma and periodontal
disease. Cigarette smoking not only leads to the development of asthma [72-74], but also
to worse clinical outcomes, including a deterioration of symptoms, increased exacerbation
frequency, poor QOL, and progression of airflow obstruction [75]. Smoking cessation
improves symptom control, airway inflammation, and respiratory function in patients with
asthma [76]. Cigarette smoking is also an established risk factor for periodontal disease, re-
sulting in its development as well as a decreased effectiveness of periodontal treatment [77].
ALHarthi et al. analysed the impact of smoking cessation on periodontal disease using
the NHANES database. They observed that, in ex-smokers, the OR for periodontitis de-
creased significantly by 3.9% for each year after quitting smoking after an adjustment for
confounders, and concluded that the likelihood of periodontitis decreased with the length
of quitting smoking among ex-smokers [78]. Smoking also enriches Fusobacterium species
in the subgingival plaque in patients with asthma, and this microorganism is associated
with the development of periodontal disease [79].

Vitamin D insufficiency may be involved in both asthma and periodontal disease.
According to the prospective cohort study using the UK Biobank, individuals with optimal
serum vitamin D levels had an 11.1% reduced risk of developing asthma, compared to
individuals with a vitamin D deficiency (hazard ratio [HR] = 0.889; 95% CI = 0.820-0.964;
p = 0.005) [80]. In patients with asthma who had vitamin D insufficiencies, the supplemen-
tation of vitamin D was also shown to reduce the risk of asthma exacerbations [81,82]. In
a double-blind, randomized, placebo-controlled trial, vitamin D supplementation attenu-
ated eosinophilic airway inflammation in patients with nonatopic asthma [83]. Vitamin D
deficiency has also been suggested to be associated with periodontal disease. The meta-
analyses revealed lower levels of serum vitamin D or 25-hydroxyvitamin D in patients
with periodontal diseases compared to healthy individuals [84,85]. In several random-
ized controlled trials, vitamin D supplementation was shown to improve the periodontal
parameters, including CAL, GI, PI, and PD [86]. These findings suggest that vitamin D
insufficiency may negatively affect both periodontal disease and asthma. However, the
association between vitamin D levels and periodontal disease is controversial and warrants
further research [87-89].

It has been suggested that obesity may also be involved in both of the diseases. Several
systematic reviews have shown a positive association between being overweight or obese
and periodontal disease [90-93]. Similarly, a link between obesity and the development of
asthma has also been suggested [94]. Obesity has also been identified as a risk factor for
severe asthma in a subset of patients, particularly those with non-type-2 asthma [95,96].
Adipose tissue-induced low-grade systemic inflammation plays a role in respiratory tract
inflammation and the exacerbation of asthma [97]. When investigating the relationship
between asthma and periodontal disease, it is important to consider the impact of obesity.

3.2. How Do Asthma Medications Affect Oral Health?
3.2.1. Roles of Saliva and Oral Microbiome

The connection between asthma medications and oral diseases should also be dis-
cussed. Inhaler medicines play a critical role in the treatment of obstructive airway diseases,
including asthma. Of the inhaled dose, only approximately 20% actually reaches the lungs,
while the majority remains in the oropharynx [98]. Therefore, drug residues in the oral
cavity can introduce a variety of effects, i.e., on the properties of saliva and oral microbiome.
Some oral medications can also affect periodontal hygiene (Table 4).
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Table 4. Anti-asthma medications and possible effects on oral health.

Type of Medication

Significance in the

Treatment of Asthma Possible Impacts on Oral Health

Beta-2 agonists

Decreases salivary flow
Reduces the buffering capacity of saliva
Inhibits the proliferation of gingival and periodontal ligament fibroblasts
Promotes alveolar bone loss in rats

Bronchodilation

Inhaled/oral corticosteroids

Decreases salivary flow
Decreases salivary IgA, defensin
Reduces bone mineral density in the mandible

Anti-inflammatory effect

Muscarinic antagonist

Bronchodilation Decreases salivary flow

Leukotriene-receptor antagonist

Lowers alveolar bone loss and gingival myeloperoxidase in rats
Portrays inhibitory effects on osteoclast formation in mice
Antibacterial activity against the periodontal pathogen P. gingivalis

Anti-inflammatory effect

Theophylline

Bronchodilation
Anti-inflammation with
low dose

Activates osteoclastic bone resorption in rat teeth

IgA, immunoglobulin A; P. gingivalis, Porphyromonas gingivalis.

Salivary flow enables mechanical cleaning against food debris or microorganisms, and
intraoral clearance is linked to the secretion amount [99]. Due to its properties, saliva is
responsible for keeping the pH of the oral cavity at a neutral level [100]. These effects may
be compromised by inhaled medications due to the hyposalivation characteristics of these
drugs [101,102]. Saliva provides nutrients to the oral microflora, transports antimicrobial
factors, and maintains microbial homeostasis [103]. More than 700 bacterial species have
been recognized in the oral microflora, with Firmicutes being the most frequent bacteria
phylum found in human saliva [104,105]. Asthma and its treatment are known to disturb
the balance of the oral microbiota and increase pathogenic bacteria. It was found that
the family Veillonellaceae were more abundant in saliva in patients with asthma than in
healthy individuals [106]. Ortiz et al. observed that oral dysbiosis, a decrease in commensal
bacteria, such as Neisseria, and an increase in opportunistic anaerobes, including Veillonella,
occurred with the progression of periodontal disease [107]. The next-generation sequencing
study showed alterations in the microbial composition of dental biofilms in the allergic
(asthma and other allergic diseases) group compared to the control group. Furthermore,
periopathogenetic bacteria F. nucleatum was enriched in the allergic group [108].

Some studies found that children with asthma had reduced salivary flow and poorer
gingival condition than the healthy control group [24,109,110]. Significant differences
were also observed in the saliva flow rate between adolescent patients with and with-
out asthma [111]. Similar findings were obtained in a study examining young adult
patients [112].

A low stimulated salivary flow rate coincided with a higher degree of periodontal
inflammation (expressed as a higher periodontal status index) in adult patients with
asthma [113,114]. Reduced salivary flow rates (when stimulated and unstimulated) and
salivary buffer capacities (When unstimulated) in patients with asthma were also confirmed
in a meta-analysis [115].

3.2.2. Beta-2 Agonists

Among the inhaled medications, beta-2 agonists were reported to have had numerous
effects on oral health. For instance, Ryberg et al. reported that patients with asthma treated
with beta-2 adrenoceptor agonists showed a lower secretion rate of saliva (both whole
saliva and parotid saliva) compared to healthy individuals [116,117]. They also confirmed
similar findings when using terbutaline or salbutamol, commonly utilized short-acting
beta-2 adrenoceptor agonists for asthma exacerbation [118].

Animal studies demonstrated that chemical sympathectomy suppressed periodontal
disease and promoted bone regeneration, suggesting that sympathetic nerve stimulation
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may play a role in periodontal disease progression [119,120]. Gruber et al. found that
beta 2-receptor agonists, including salbutamol, a selective beta 2 adrenergic-receptor ag-
onist, inhibited the proliferation of gingival and periodontal ligament fibroblasts [121].
Beta-receptor stimulation with isoproterenol promoted alveolar bone loss in induced pe-
riodontitis in rats [122]. In a study by Okada et al., the administration of beta-blocker
propranolol inhibited osteoclast differentiation and ameliorated the alveolar bone loss
caused by P. gingivalis infection in Sprague-Dawley rats [123]. Rodrigues et al. also showed
that low doses of propranolol attenuated bone resorption by suppressing osteoclast differ-
entiation and inflammatory mediator production [124]. Collectively, these results suggest
that beta-adrenergic signalling may accelerate periodontal disease.

3.2.3. Inhaled Corticosteroids

Although inhaled steroids are one of the most important drugs in the treatment of
asthma, various adverse effects on the oral cavity have also been reported due to their
mechanisms of action. In the 1990s, Hyyppa et al. found that children with asthma who
received ICS had more severe gingivitis than those with asthma who received disodium
cromoglycate [125]. A cross-sectional study in India found that children with asthma
aged 8-15 years showed higher PI and community periodontal index scores than healthy
individuals [126]. Moreover, the dose and duration of taking ICS were associated with
increased severity of periodontal disease. Among patients with asthma, ICS users had
a significantly higher risk of periodontal disease than non-corticosteroid users, with an
adjusted HR of 1.12 in a claims database study of national health insurance in Taiwan [26].
Combination treatment with long-acting beta-2 agonists and ICS for a month reduced the
salivary flow rate in a single-blind study [127]. Bone mineral density in the mandible can
be reduced by ICS, which can lead to poor periodontal health by weakening the supporting
tissues of the teeth [128,129]. Defensin in the saliva possesses antimicrobial activity as
well as immunomodulatory properties, such as wound healing, tissue regeneration, and
elimination of inflammation [103]. Moosavi et al. measured salivary defensin levels before
and after fluticasone inhalations in 17 children with asthma. They found that beta-defensin 2
concentrations in the saliva decreased after inhalation treatment and indicated that this
may have led to poor oral hygiene [130].

Salivary IgA may also contribute to the maintenance of oral hygiene [99]. Patients with
aggressive periodontitis [131] or generalised early onset periodontitis [132] showed statisti-
cally significantly lower concentrations and secretion rates of total salivary IgA, compared
with the age- and sex-matched groups with healthy periodontium. Chang et al. showed
that IgA-deficient mice revealed increased percentages of Aggregatibacer, Actinobacillus, and
Prevotella in their saliva, and a higher level of alveolar bone loss, indicating that IgA acted
protectively against periodontal disease [133]. Fukushima et al. speculate that ICS may
decrease total salivary IgA levels and that patients with lower total salivary IgA levels may
be more susceptible to oral infections, including candidiasis [134].

3.2.4. Anticholinergics and Theophylline

Anticholinergics, such as tiotropium and ipratropium, are used for asthma treatment
as inhaler medicine. A study including 1945 participants from the Northern Finland Birth
Cohort indicated that anticholinergic burden was significantly associated with the number
of teeth with dental plaque. The anticholinergic effect on oral hygiene is postulated to
result from decreased salivary secretion. Hyposalivation is thought to promote plaque
formation by decreasing oral bacterial clearance, increasing bacterial adhesion to hard and
soft tissues, and decreasing the antimicrobial activity of saliva [135]. An experimental
model with white Wistar rats showed that the oral administration of anticholinergics
stimulated the periodontal inflammatory process and augmented the proinflammatory
effects of hyaluronidase [136]. Although the degree of the effect of inhaled medications is
unknown, inhaled anticholinergics can also theoretically deteriorate oral hygiene. On the
contrary, only a few patients appeared to complain of dry mouth in the clinical trials using
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tiotropium [137,138]. Theophylline was a commonly used drug for asthma treatment in the
past. The administration of theophylline promoted osteoclastic bone resorption in the teeth
of rats [139]; however, this agent is not currently recommended for asthma treatment in the
report of the Global Strategy for Asthma [6].

3.2.5. Leukotriene-Receptor Antagonist

Leukotriene-receptor antagonists (LTRAs) play an adjunctive role in asthma therapy
as an add-on to ICS and beta-2 agonists. Several reports have examined the association
between LTRAs and oral diseases. In a rat model of experimental ligature-induced periodon-
titis, montelukast significantly reduced alveolar bone loss and gingival myeloperoxidase
and increased Runt-related transcription factor 2 expression, indicating that the drug might
alleviate periodontal inflammation [140]. Montelukast also exhibited inhibitory effects on
osteoclast formation in a murine bone loss model [141]. Zafirlukast and its derivatives
displayed antibacterial activity against the periodontal pathogen P. gingivalis [142-144].
However, there are limited reports showing an association between LTRAs and periodontal
diseases in humans; therefore, the relationship needs to be further investigated.

3.2.6. Discrepancies in the Data

In a study of 140 children with asthma, neither the duration of illness and medication
use nor the severity of asthma were associated with dental caries, gingival bleeding, or
PI[145]. Dogan et al. found no statistically significant differences between sugar-containing
and sugar-free inhalers, duration of ICS use, inhaler-spacer device use, mouthwash use
after inhaler administration, and plaque/gingival index [146]. Brigic and colleague as-
sessed the oral health condition and stimulated saliva production in children with asthma
aged 7-14 years. The results showed that inhaled anti-asthma medication did not induce
a decrease in saliva production [147]. A nationwide population-based study in Korea
demonstrated that the diagnosis of asthma was associated with periodontitis, whereas the
frequency of periodontitis was lower in patients who regularly used anti-asthma medi-
cations than in those who did not receive regular treatment. Moreover, this association
was not significant when treatment with anti-asthma medications was provided on an
“as needed” basis, although the database lacked information on the details of the medica-
tions [15]. Scarabelot et al. investigated the effect of high and low doses of ICS in a rat model
for periodontal disease. They found that only the repeated administration of low-dose ICS
could reverse the effects of periodontal disease with respect to nucleotide hydrolysis, and
speculated on the protective role of low-dose ICS against chronic inflammation induced by
periodontal disease [148]. The influence of ICS on periodontal tissues may depend on the
dose and duration of treatments.

Sharma et al. investigated the anti-inflammatory effects of salmeterol, a beta-2 agonist
used as a treatment for asthma and COPD in mouse macrophages and a human monocyte
cell line. They showed that salmeterol suppressed the production of inflammatory cytokines
induced by lipopolysaccharide (LPS) from P. gingivalis, indicating that this drug may be
useful in the treatment of periodontal disease [149].

3.3. The Impact of Asthma on Oral Diseases

There exists some evidence that asthma itself is considered a risk factor for increased
oral diseases. In patients with asthma, enamel formation may be impaired due to the
reduced oxygen supply that activates the ameloblasts, resulting in enamel loss and the
reduced resistance of the teeth to acid [150]. Asthma in the early years of life has an impact
on tooth formation and can potentially participate in the development of hypomineralised
enamel lesions [151]. Regarding periodontal disease, hypoxia and subsequent reoxygena-
tion have been reported to enhance alveolar bone resorption in human periodontal ligament
cells [152]. In a rat model with periodontitis, it was shown that a chronic intermittent hy-
poxic condition could impair periodontal bone formation by decreasing the osteogenic
markers RUNX2 and MDM21 [153].
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Some patients with asthma exhibit increased concentrations of fractional exhaled nitric
oxide (FgNO) due to airway inflammation [154]. Although low concentrations of nitric
oxide are involved in important physiological functions, excessive and unregulated nitric
oxide synthesis is detrimental to cells [155]. In water, nitric oxide is converted to nitric
acid, and there is an increased risk of the demineralization of the hard tissues of the teeth
because the oral cavity is typically quite moist. Skold et al. speculated that this mechanism
may be involved in dental caries and dental erosion [150]. Additionally, an increased level
of exhaled nitric oxide may be associated with various oral disease, including periodontal
diseases [156]. Numerous studies suggest a link between nitric oxide and a poor periodontal
status in both human and animal models [157-164]. A meta-analysis conducted by Chen
et al. found a significant increase in nitric oxide levels in the saliva of patients with chronic
periodontitis compared with periodontally healthy individuals [165]. Although nitric oxide
is also produced in inflamed oral tissues, it cannot be ruled out that the increased nitric
oxide associated with asthma may contribute to the progression of periodontal disease.

On the contrary, Zhao et al. did not find a positive association between FENO levels
and the sulcus bleeding index categories or oral inflammation levels in non-asthmatic
children and adolescents [166]. In addition, Silva et al. and Fukada et al. showed that
the selective inhibition of inducible nitric oxide synthase promoted bone resorption, sug-
gesting the protective role of nitric oxide against alveolar bone loss [167,168]. Aurer et al.
observed an inverse association between nitric oxide levels and the severity of periodontal
disease [169]. The effect of increased FENO due to asthma on periodontal disease requires
further study.

The behaviour of patients may also affect their oral condition. Mouth breathing habit is
sometimes observed in individuals with asthma. Kairaitis et al. investigated the breathing
patterns of symptomatic and asymptomatic patients with asthma and healthy individuals.
According to this study, during acute exacerbations of asthma, the patient switched to
oronasal breathing from simple nasal breathing. Patients with asthma, in contrast to the
healthy individuals, switched to oronasal breathing from nasal breathing when wearing
a face mask, regardless of the degree of bronchoconstriction [170]. A community-based
cohort study including 9804 general citizens in Japan unveiled that mouth breathing was
reported by 30% of the adults with asthma, which was higher than that of 17% in the general
population. The study also found that mouth breathing in non-asthmatic individuals was a
risk for sensitization to house dust mites, increased blood eosinophil counts, and decreased
lung functions after an adjustment for AR [171]. The frequency of mouth breathing habits
appeared to be even higher in young adults [112]. Another study found that mouth
breathing, in addition to nasal obstruction, was more common in children with asthma than
in healthy volunteers [172]. A positive correlation was found between mouth breathing
(especially during sleep) and allergic diseases, including asthma, in schoolchildren [173].
People with asthma use the oral route as an alternative breathing method because they
need to inhale larger volumes of air due to the airflow obstruction caused by asthma, and
occasionally due to the nasal obstruction caused by concurrent AR [174]. A meta-analysis
suggested an association between mouth breathing and asthma in children and adolescents
(OR, 2.46) and in adults (OR, 4.60) [175]. Mouth breathing habit has a negative impact on
the periodontal health in adult patients with asthma [19]. As mouth breathing continues,
saliva evaporates due to the changes in humidity in the oral cavity. Consequently, saliva is
unable to maintain its homeostatic functions of filtering foreign substances and controlling
the humidity, temperature, and pH, which is thought to be one of the reasons for the
deterioration of oral hygiene [176,177]. Mouth breathing at rest was linked to an increased
level of dental plaque and the inflammation of the gingiva in schoolchildren [178]. It has
also been suggested that mouth breathing may attenuate the effectiveness of scaling and
root planning treatment in patients with chronic periodontitis [179].
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3.4. Negative Effects of Oral Diseases on Asthma

Several hypotheses have been proposed regarding the pathways by which oral diseases
may affect asthma. Some of the representative ones are highlighted here (Figure 1).

Aspiration of bacteria into the
respiratory tract
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Allergen sensitization?
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Figure 1. Potential pathways through which periodontal disease may affect asthma.

Microaspiration is common in healthy adults. This is supported by the fact that there is
an overlap between common oropharyngeal and lung bacteria, whereas the nasal and lung
microbiota share fewer similarities [2]. The aspiration of bacteria into the lower respiratory
tract can affect the clinical course of asthma. The microbiota involved in the exacerbation
of asthma include Streptococcus pneumoniae, Haemophilus influenzae, and Moraxella species in
children [180]. In adults, the bacterial colonisation of the lower respiratory tract was also
associated with a history of exacerbations in the past year [181].

In contrast, mechanisms have been postulated by which substances of oral origin
can affect distant organs via the bloodstream. Among them, matrix metalloproteinases
(MMPs) are one of the most investigated factors. Through hematogenous spread, MMPs
can contribute to the destruction of the structural protein of the respiratory tract, leading to
airway remodelling [182]. The expression of MMP-9 has been reported to be up-regulated
in patients with asthma and COPD [183]. A study by Carneiro et al. revealed the increased
expression of MMP-9 in epithelialized and non-epithelialized apical periodontitis lesions
when compared to healthy periapical ligaments. The number of MMP-9 positive cells and
their ratio to total cells were higher in non-epithelialized than epithelialized lesions [184].
These results indicate that MMP-9 may be involved in the degradation of the extracellular
matrix in apical periodontitis lesions. Another study found a positive correlation between
periodontal pocket depth and MMP-9 concentration in patients with moderate or severe
periodontitis, and also between the concentration of MMP-9 in the oral fluid and the
number of affected teeth [185]. Kim et al. reported that the levels of salivary MMP-9
and S100A8 were associated with periodontitis and their usefulness in diagnosing the
disease [186]. A meta-analysis also showed statistically significant differences in MMP-9
levels in serum and gingival crevicular fluid between patients with periodontitis and
periodontally healthy individuals [187]. Suzuki et al. showed that periodontopathic bacteria
F. nucleatum induced the expression of MMP-9 in mouse lung and bronchoalveolar lavage
fluid. The production of the MMP-9 protein and mRNA was also induced by F. nucleatum in
a density-dependent manner in A549 cells. The authors suggest that F. nucleatum aspirated
into the lungs may cause the onset and progression of pulmonary disease through the
expression of MMP-9 [188]. Zhang et al. demonstrated that in the human immortalized oral
epithelial cell/human gingival fibroblast co-culture model, the stimulation of P. gingivalis
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lipopolysaccharide promoted MMP-9 activation. Moreover, the inhibition of MMP-9
suppressed extracellular matrix degradation in the same model [189]. Collectively, these
findings suggest that oral disease may lead to the progression of respiratory disease,
including asthma, via the hematogenous spread of MMP-9 from the periodontal tissues.

When IgE binds to the high-affinity IgE receptor on mast cells and basophils, the cells
are activated and release inflammatory mediators through degranulation. This leads to
chronic inflammation and the narrowing of the airways, increased airway hyperresponsive-
ness, and bronchospasm in asthma [190]. Hyyppéa conducted a study that examined the
relationship between asthma and periodontal disease based on salivary concentrations of
IgE and histamine. The results showed that IgE, histamine, and lysozyme concentrations
in patients with asthma and periodontal disease were considerably higher than those in in-
dividuals without periodontal disease or asthma. The author speculated that IgE-mediated
hypersensitivity reactions may occur in the gingival tissue [191]. Hara et al. also confirmed
the presence of IgE-bearing cells in the gingival tissue collected from patients with chronic
periodontitis and a significantly higher ratio of IgE-bearing cells to total inflammatory
cells compared to the healthy subjects [192]. Higher serum IgE levels were also reported
in patients exhibiting asymptomatic dental necrosis compared to the healthy volunteers.
In this study, it was hypothesized that when allergens in necrotic pulp tissue were rec-
ognized by antigen-presenting cells, it was presented to T lymphocytes, which in turn
differentiated B lymphocytes into plasma cells and produced antigen-specific IgE, thereby
leading to IgE-mediated sensitization in patients with periodontal disease [193]. Han and
colleagues exhibited an inverse association between serum total IgE and the number of
natural teeth using the Korean national database. They speculated that the sensitization
to oral pathogens may be related to destructive periodontal disease [194]. Although these
studies are originally indicative of the allergic nature of periodontal diseases, it is also of
interest to understand how allergen sensitization in periodontal tissues may affect the onset
or progression of asthma.

In an experiment by Card et al. where mice were treated with P. gingivalis infection
and ovalbumin sensitization with different orders of administration, serum IgE levels were
elevated in the model where the infection initiated either before or after ovalbumin sensi-
tization, compared to the sensitization-only group. The authors suggested an important
immunomodulatory effect of this bacterium [195]. A similar finding was confirmed by
another study that the administration of LPS from P. gingivalis to neonatal mice increased
serum IgE levels at maturity, while LPS from A. actinomycetemcomitans or Escherichia coli
did not [196]. However, in the study by Card et al., airway hyperresponsiveness did not
alter or was even reduced depending on the timing of infection, despite elevated serum IgE
levels [195], and how IgE-mediated reactions due to periodontal disease relate to asthma is
a subject for future investigations.

4. Conclusions and Future Perspective

Numerous studies have indicated a link between oral disease and asthma, as sum-
marized in Figure 2, although some have yielded conflicting results. Various factors are
involved in this controversy, including the background of the patients studied, differences
in medications, how the outcomes are measured, the availability of appropriate inhalation
techniques (including gargling and mouth washing), and the proper statistical treatment
of confounding factors, such as smoking, economic status, and tooth brushing behaviour.
Most studies to date are retrospective, and interventional studies, e.g., those investigating
whether the treatment of oral disease reduces disease development or improves disease
control in asthma, are limited. The biological mechanisms that underlie the relationship
have also not been fully elucidated.



J. Clin. Med. 2023, 12, 6747 20 of 28

Genetic risk factors?

» ICS and oral corticosteroid: decreased mandibular bone
mineral density

« |ICS: decreased salivary flow, lower concentration of
salivary IgA

* 2 agonists inhaler: hyposalivation

* Mouth breathing: hyposalivation

« Elevated IgE levels in gingival tissue: destruction of
periodontal tissue?

« Low oxygen supply: alveolar bone resorption

« Matrix metalloproteinase: destruction of respiratory tract K// g

* Oral microbiome: immunomodulatory effect by
Porphyromonas gingivalis?
» IgE-mediated antigen sensitization in necrotic pulp tissue?

Environmental risk factors including cigarette smoking
Other common risk factors (GORD, type 2 inflammation, vitamin D status?)

Figure 2. Possible factors linking periodontal disease and asthma. GORD, gastro-oesophageal reflux
disease; ICS, inhaled corticosteroid; Ig, immunoglobulin.

Impact of periodontal disease on the QOL in patients with asthma is also an area for
further study. Although there are reports investigating the oral-related quality of life in
patients with asthma complicated by periodontal disease [17], there are few reports examin-
ing the overall QOL using the respiratory disease-related QOL assessment (e.g., St George’s
Respiratory Questionnaire) or asthma-related QOL assessment (Asthma Quality of Life
Questionnaire, Asthma Bother Profile, Asthma Impact Survey, etc.) [197]. The association
between periodontal disease and asthma should be examined from various viewpoints,
including the development of disease, frequency of exacerbations, decline in pulmonary
function, and deterioration of QOL.

Changes in therapeutic agents should also be considered. It is hard to compare studies
from the time when beta-2 agonists were the mainstay of treatment with those from the
time when the guidelines recommended ICS as the principal therapeutic agent. The impact
of recently introduced ICS and beta-2 agonists, in addition to biologics medication, needs
to be examined. Most clinical studies on the association between inhaled medications and
oral hygiene focus on children to middle-aged individuals [102]; therefore, it is necessary
to examine this topic in the older adult population as well. The relationship between the
two diseases is more complex in the older population, as they are more likely than younger
people to be affected by ageing and smoking in the development of periodontal diseases,
both of which can be confounding factors. Moreover, a recent study reported that maternal
periodontal disease had protective effects on the development of asthma in the offspring in
rats [198], and such a transgenerational impact should also be evaluated. Future research
to resolve these issues is warranted.

Author Contributions: Conceptualization, validation, investigation, data curation, and writing—original
draft preparation: H.T. and A.M.; writing—review and editing: H.T., A.M., M.A. and T.N.; supervi-
sion: M.A. and T.N. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.



J. Clin. Med. 2023, 12, 6747 21 of 28

References

1. Jin, L.J; Lamster, .B.; Greenspan, ].S.; Pitts, N.B.; Scully, C.; Warnakulasuriya, S. Global burden of oral diseases: Emerging
concepts, management and interplay with systemic health. Oral Dis. 2016, 22, 609-619. [CrossRef]

2. Gaeckle, N.T.; Pragman, A.A.; Pendleton, K.M.; Baldomero, A K.; Criner, G.J. The Oral-Lung Axis: The Impact of Oral Health on
Lung Health. Respir. Care 2020, 65, 1211-1220. [CrossRef] [PubMed]

3. Eke, P1; Borgnakke, W.S.; Genco, R.J. Recent epidemiologic trends in periodontitis in the USA. Periodontol. 2000 2020, 82, 257-267.
[CrossRef] [PubMed]

4. GBD 2017 Oral Disorders Collaborators; Bernabe, E.; Marcenes, W.; Hernandez, C.R.; Bailey, J.; Abreu, L.G.; Alipour, V.; Amini, S.;
Arabloo, J.; Arefi, Z.; et al. Global, Regional, and National Levels and Trends in Burden of Oral Conditions from 1990 to 2017: A
Systematic Analysis for the Global Burden of Disease 2017 Study. J. Dent. Res. 2020, 99, 362-373. [CrossRef] [PubMed]

5. Romandini, M.; Baima, G.; Antonoglou, G.; Bueno, J.; Figuero, E.; Sanz, M. Periodontitis, Edentulism, and Risk of Mortality: A
Systematic Review with Meta-analyses. J. Dent. Res. 2021, 100, 37—49. [CrossRef]

6. 2022 GINA Report, Global Strategy for Asthma Management and Prevention. Available online: https://ginasthma.org/gina-
reports/ (accessed on 16 March 2023).

7. World Health Organization Fact sheets Asthma. Available online: https://www.who.int/en/news-room/fact-sheets/detail /
asthma (accessed on 16 March 2023).

8.  Gibson, P.G.; McDonald, V.M.; Marks, G.B. Asthma in older adults. Lancet 2010, 376, 803-813. [CrossRef]

9. Nakamura, Y.; Tamaoki, J.; Nagase, H.; Yamaguchi, M.; Horiguchi, T.; Hozawa, S.; Ichinose, M.; Iwanaga, T.; Kondo, R,;
Nagata, M.; et al. Japanese guidelines for adult asthma 2020. Allergol. Int. 2020, 69, 519-548. [CrossRef]

10. Abe, M,; Mitani, A.; Yao, A.; Zong, L.; Hoshi, K.; Yanagimoto, S. Awareness of Malocclusion Is Closely Associated with Allergic
Rhinitis, Asthma, and Arrhythmia in Late Adolescents. Healthcare 2020, 8, 209. [CrossRef]

11. Abe, M.; Mitani, A.; Yao, A.; Takeshima, H.; Zong, L.; Hoshi, K.; Yanagimoto, S. Close Associations of Gum Bleeding with
Systemic Diseases in Late Adolescence. Int. J. Environ. Res. Public Health 2020, 17, 4290. [CrossRef]

12.  Aida, J.; Takeuchi, K.; Furuta, M.; Ito, K.; Kabasawa, Y.; Tsakos, G. Burden of Oral Diseases and Access to Oral Care in an Ageing
Society. Int. Dent. J. 2022, 72, S5-511. [CrossRef]

13.  van der Putten, G.J.; de Baat, C.; De Visschere, L.; Schols, J. Poor oral health, a potential new geriatric syndrome. Gerodontology
2014, 31 (Suppl. S1), 17-24. [CrossRef]

14.  Wee, ].H.; Park, M\W.; Min, C,; Park, 1.S,; Park, B.; Choi, H.G. Poor oral health is associated with asthma, allergic rhinitis, and
atopic dermatitis in Korean adolescents: A cross-sectional study. Medicine 2020, 99, e21534. [CrossRef]

15. Lee, SW.; Lim, H.J.; Lee, E. Association Between Asthma and Periodontitis: Results From the Korean National Health and
Nutrition Examination Survey. J. Periodontol. 2017, 88, 575-581. [CrossRef] [PubMed]

16. Wee, ].H.; Yoo, D.M.; Byun, S.H.; Lee, H].; Park, B.; Park, M.W.; Choi, H.G. Subjective oral health status in an adult Korean
population with asthma or allergic rhinitis. Medicine 2020, 99, €22967. [CrossRef] [PubMed]

17. Brasil-Oliveira, R.; Cruz, A.A.; Souza-Machado, A.; Pinheiro, G.P.; Inacio, D.D.S.; Sarmento, V.A.; Lins-Kusterer, L. Oral
health-related quality of life in individuals with severe asthma. J. Bras. Pneumol. 2020, 47, €20200117. [CrossRef] [PubMed]

18. McDerra, E.J.; Pollard, M.A.; Curzon, M.E. The dental status of asthmatic British school children. Pediatr. Dent. 1998, 20, 281-287.
[PubMed]

19. Gomes-Filho, L.S.; Soledade-Marques, K.R.; Seixas da Cruz, S.; de Santana Passos-Soares, J.; Trindade, S.C.; Souza-Machado, A.;
Fischer Rubira-Bullen, I.R.; de Moraes Marcilio Cerqueira, E.; Barreto, M.L.; Costa de Santana, T.; et al. Does periodontal infection
have an effect on severe asthma in adults? J. Periodontol. 2014, 85, €179—e187. [CrossRef]

20. Soledade-Marques, K.R.; Gomes-Filho, L.S.; da Cruz, S.S.; Passos-Soares, ].S.; Trindade, S.C.; Cerqueira, EM.M.; Coelho, ] M.E;
Barreto, M.L.; Costa, M.; Vianna, M.LP.; et al. Association between periodontitis and severe asthma in adults: A case-control
study. Oral Dis. 2018, 24, 442-448. [CrossRef]

21. Lopes, M.P; Cruz, A.A.; Xavier, M.T.; Stocker, A.; Carvalho-Filho, P.; Miranda, PM.; Meyer, R.J.; Soledade, K.R.; Gomes-Filho, I.S.;
Trindade, S.C. Prevotella intermedia and periodontitis are associated with severe asthma. J. Periodontol. 2020, 91, 46-54. [CrossRef]

22. Khassawneh, B.; Alhabashneh, R.; Ibrahim, F. The association between bronchial asthma and periodontitis: A case-control study
in Jordan. J. Asthma 2019, 56, 404-410. [CrossRef]

23. Bhardwaj, VK, Fotedar, S.; Sharma, D.; Jhingta, P.; Negi, N.; Thakur, A.S.; Vashisth, S. Association between asthma and chronic
periodontitis -A Case—Control Study in Shimla-Himachal Pradesh. |. Indian Assoc. Public Health Dent. 2017, 15, 319-322. [CrossRef]

24. Mehta, A.; Sequeira, P.S.; Sahoo, R.C.; Kaur, G. Is bronchial asthma a risk factor for gingival diseases? A control study. N. Y. State
Dent. ]. 2009, 75, 44-46. [PubMed]

25. Moeintaghavi, A.; Akbari, A.; Rezaeetalab, F. Association between periodontitis and periodontal indices in newly diagnosed
bronchial asthma. J. Adv. Periodontol. Implant. Dent. 2022, 14, 97-103. [CrossRef] [PubMed]

26. Shen, T.C; Chang, PY,; Lin, C.L.; Wei, C.C.; Tu, C.Y.; Hsia, T.C.; Shih, C.M.; Hsu, W.H.; Sung, F.C.; Kao, C.H. Risk of Periodontal
Disease in Patients With Asthma: A Nationwide Population-Based Retrospective Cohort Study. . Periodontol. 2017, 88, 723-730.
[CrossRef] [PubMed]

27. Gomez Real, F; Perez Barrionuevo, L.; Franklin, K.; Lindberg, E.; Bertelsen, R.J.; Benediktsdottir, B.; Forsberg, B.; Gislason, T.;

Jogi, R.; Johannessen, A.; et al. The Association of Gum Bleeding with Respiratory Health in a Population Based Study from
Northern Europe. PLoS ONE 2016, 11, e0147518. [CrossRef] [PubMed]


https://doi.org/10.1111/odi.12428
https://doi.org/10.4187/respcare.07332
https://www.ncbi.nlm.nih.gov/pubmed/32156792
https://doi.org/10.1111/prd.12323
https://www.ncbi.nlm.nih.gov/pubmed/31850640
https://doi.org/10.1177/0022034520908533
https://www.ncbi.nlm.nih.gov/pubmed/32122215
https://doi.org/10.1177/0022034520952401
https://ginasthma.org/gina-reports/
https://ginasthma.org/gina-reports/
https://www.who.int/en/news-room/fact-sheets/detail/asthma
https://www.who.int/en/news-room/fact-sheets/detail/asthma
https://doi.org/10.1016/S0140-6736(10)61087-2
https://doi.org/10.1016/j.alit.2020.08.001
https://doi.org/10.3390/healthcare8030209
https://doi.org/10.3390/ijerph17124290
https://doi.org/10.1016/j.identj.2022.06.012
https://doi.org/10.1111/ger.12086
https://doi.org/10.1097/MD.0000000000021534
https://doi.org/10.1902/jop.2017.160706
https://www.ncbi.nlm.nih.gov/pubmed/28398111
https://doi.org/10.1097/MD.0000000000022967
https://www.ncbi.nlm.nih.gov/pubmed/33120860
https://doi.org/10.36416/1806-3756/e20200117
https://www.ncbi.nlm.nih.gov/pubmed/33174972
https://www.ncbi.nlm.nih.gov/pubmed/9783301
https://doi.org/10.1902/jop.2013.130509
https://doi.org/10.1111/odi.12737
https://doi.org/10.1002/JPER.19-0065
https://doi.org/10.1080/02770903.2018.1466315
https://doi.org/10.4103/jiaphd.jiaphd_85_16
https://www.ncbi.nlm.nih.gov/pubmed/19280828
https://doi.org/10.34172/japid.2022.010
https://www.ncbi.nlm.nih.gov/pubmed/36714086
https://doi.org/10.1902/jop.2017.160414
https://www.ncbi.nlm.nih.gov/pubmed/28387607
https://doi.org/10.1371/journal.pone.0147518
https://www.ncbi.nlm.nih.gov/pubmed/26808490

J. Clin. Med. 2023, 12, 6747 22 of 28

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Moraschini, V.; Calasans-Maia, J.A.; Calasans-Maia, M.D. Association between asthma and periodontal disease: A systematic
review and meta-analysis. . Periodontol. 2018, 89, 440-455. [CrossRef]

Ferreira, M.K.M,; Ferreira, R.O.; Castro, M.M.L.; Magno, M.B.; Almeida, A.; Fagundes, N.C.F,; Maia, L.C.; Lima, R.R. Is there an
association between asthma and periodontal disease among adults? Systematic review and meta-analysis. Life Sci. 2019, 223,
74-87. [CrossRef]

Gomes-Filho, I.S.; Cruz, S.S.D.; Trindade, S.C.; Passos-Soares, ].S.; Carvalho-Filho, P.C.; Figueiredo, A.; Lyrio, A.O.; Hintz, A M,;
Pereira, M.G.; Scannapieco, F. Periodontitis and respiratory diseases: A systematic review with meta-analysis. Oral Dis. 2020, 26,
439-446. [CrossRef]

Wu, Z.; Xiao, C.; Chen, F; Wang, Y.; Guo, Z. Pulmonary disease and periodontal health: A meta-analysis. Sleep Breath. 2022, 26,
1857-1868. [CrossRef]

Shen, T.C.; Chang, PY.; Lin, C.L.; Wei, C.C; Tu, C.Y,; Hsia, T.C.; Shih, C.M.; Hsu, W.H.; Sung, EC.; Kao, C.H. Impact of periodontal
treatment on hospitalization for adverse respiratory events in asthmatic adults: A propensity-matched cohort study. Eur. . Intern.
Med. 2017, 46, 56—60. [CrossRef]

Enomoto, A.; Lee, A.D.; Shimoide, T.; Takada, Y.; Kakiuchi, Y.; Tabuchi, T. Is discontinuation of dental treatment related to
exacerbation of systemic medical diseases in Japan? Br. Dent. J. 2023. online ahead of print. [CrossRef] [PubMed]

Pambudi, W.; Fabiola, I.; Indrawati, R.; Utomo, H.; Endaryanto, A.; Harsono, A. Changes in bacterial profiles after periodontal
treatment associated with respiratory quality of asthmatic children. Paediatr. Indones. 2008, 48, 327-337. [CrossRef]

Nelwan, S.C.; Nugraha, R.A.; Endaryanto, A.; Dewi, F; Nuraini, P.; Tedjosasongko, U.; Utomo, D.H. Effect of scaling and root
planing on level of immunoglobulin E and immunoglobulin G(4) in children with gingivitis and house-dust mite allergy: A pilot
randomised controlled trial. Singap. Dent. ]. 2019, 39, 21-31. [CrossRef] [PubMed]

Shulman, J.D.; Nunn, M.E.; Taylor, S.E.; Rivera-Hidalgo, F. The prevalence of periodontal-related changes in adolescents with
asthma: Results of the Third Annual National Health and Nutrition Examination Survey. Pediatr. Dent. 2003, 25, 279-284.
[PubMed]

Shah, P.D.; Badner, V.M.; Moss, K.L. Association between asthma and periodontitis in the US adult population: A population-
based observational epidemiological study. J. Clin. Periodontol. 2022, 49, 230-239. [CrossRef]

Chatzopoulos, G.S.; Cisneros, A.; Sanchez, M.; Wolff, L.E. Association between Periodontal Disease and Systemic Inflammatory
Conditions Using Electronic Health Records: A Pilot Study. Antibiotics 2021, 10, 386. [CrossRef]

Lemmetyinen, R.; Karjalainen, J.; But, A.; Renkonen, R.; Pekkanen, J.; Haukka, J.; Toppila-Salmi, S. Diseases with oral manifesta-
tions among adult asthmatics in Finland: A population-based matched cohort study. BM] Open 2021, 11, e053133. [CrossRef]
Hozawa, S.; Maeda, S.; Kikuchi, A.; Koinuma, M. Exploratory research on asthma exacerbation risk factors using the Japanese
claims database and machine learning: A retrospective cohort study. J. Asthma 2022, 59, 1328-1337. [CrossRef]

Ho, S.W.; Lue, KH.; Ku, M.S. Allergic rhinitis, rather than asthma, might be associated with dental caries, periodontitis, and other
oral diseases in adults. Peer] 2019, 7, €7643. [CrossRef]

Molina, A.; Huck, O.; Herrera, D.; Montero, E. The association between respiratory diseases and periodontitis: A systematic
review and meta-analysis. |. Clin. Periodontol. 2023, 50, 842-887. [CrossRef]

Arbes, SJ., Jr.; Matsui, E.C. Can oral pathogens influence allergic disease? |. Allergy Clin. Immunol. 2011, 127, 1119-1127.
[CrossRef]

Arbes, SJ., Jr.; Sever, M.L.; Vaughn, B.; Cohen, E.A.; Zeldin, D.C. Oral pathogens and allergic disease: Results from the Third
National Health and Nutrition Examination Survey. J. Allergy Clin. Immunol. 2006, 118, 1169-1175. [CrossRef] [PubMed]

Du, M.; Xu, S.; Qiu, B,; Hu, S.; Tjakkes, G.E.; Li, A.; Ge, S. Serum antibodies to periodontal pathogens are related to allergic
symptoms. J. Periodontol. 2023, 94, 204-216. [CrossRef] [PubMed]

Rivera, R.; Andriankaja, O.M.; Perez, C.M.; Joshipura, K. Relationship between periodontal disease and asthma among over-
weight/obese adults. . Clin. Periodontol. 2016, 43, 566-571. [CrossRef] [PubMed]

Friedrich, N.; Volzke, H.; Schwahn, C.; Kramer, A.; Junger, M.; Schafer, T.; John, U.; Kocher, T. Inverse association between
periodontitis and respiratory allergies. Clin. Exp. Allergy 2006, 36, 495-502. [CrossRef]

Friedrich, N.; Kocher, T.; Wallaschofski, H.; Schwahn, C.; Ludemann, J.; Kerner, W.; Volzke, H. Inverse association between
periodontitis and respiratory allergies in patients with type 1 diabetes mellitus. J. Clin. Periodontol. 2008, 35, 305-310. [CrossRef]
[PubMed]

Sperr, M.; Kundi, M.; Tursic, V.; Bristela, M.; Moritz, A.; Andrukhov, O.; Rausch-Fan, X.; Sperr, W.R. Prevalence of comorbidities
in periodontitis patients compared with the general Austrian population. J. Periodontol. 2018, 89, 19-27. [CrossRef] [PubMed]
Candeo, L.C.; Rigonato-Oliveira, N.C.; Brito, A.A.; Marcos, R.L.; Franca, C.M.; Fernandes, K.P.S.; Mesquita-Ferrari, R.A;
Bussadori, S.K.; Vieira, R.P,; Lino-Dos-Santos-Franco, A ; et al. Effects of periodontitis on the development of asthma: The role of
photodynamic therapy. PLoS ONE 2017, 12, e0187945. [CrossRef]

Jiao, R.; Li, W.; Song, J.; Chen, Z. Causal association between asthma and periodontitis: A two-sample Mendelian randomization
analysis. Oral Dis. 2023. online ahead of print. [CrossRef]

Gurkan, A.; Emingil, G.; Saygan, B.H.; Atilla, G.; Kose, T.; Baylas, H.; Berdeli, A. Renin-angiotensin gene polymorphisms in
relation to severe chronic periodontitis. J. Clin. Periodontol. 2009, 36, 204-211. [CrossRef]


https://doi.org/10.1902/jop.2017.170363
https://doi.org/10.1016/j.lfs.2019.03.005
https://doi.org/10.1111/odi.13228
https://doi.org/10.1007/s11325-022-02577-3
https://doi.org/10.1016/j.ejim.2017.06.005
https://doi.org/10.1038/s41415-023-5690-3
https://www.ncbi.nlm.nih.gov/pubmed/37041239
https://doi.org/10.14238/pi48.6.2008.327-37
https://doi.org/10.1142/S2214607519500020
https://www.ncbi.nlm.nih.gov/pubmed/32054426
https://www.ncbi.nlm.nih.gov/pubmed/12889707
https://doi.org/10.1111/jcpe.13579
https://doi.org/10.3390/antibiotics10040386
https://doi.org/10.1136/bmjopen-2021-053133
https://doi.org/10.1080/02770903.2021.1923740
https://doi.org/10.7717/peerj.7643
https://doi.org/10.1111/jcpe.13767
https://doi.org/10.1016/j.jaci.2011.03.023
https://doi.org/10.1016/j.jaci.2006.07.029
https://www.ncbi.nlm.nih.gov/pubmed/17088145
https://doi.org/10.1002/JPER.22-0346
https://www.ncbi.nlm.nih.gov/pubmed/35960608
https://doi.org/10.1111/jcpe.12553
https://www.ncbi.nlm.nih.gov/pubmed/27028763
https://doi.org/10.1111/j.1365-2222.2006.02455.x
https://doi.org/10.1111/j.1600-051X.2008.01200.x
https://www.ncbi.nlm.nih.gov/pubmed/18294228
https://doi.org/10.1902/jop.2017.170333
https://www.ncbi.nlm.nih.gov/pubmed/28844189
https://doi.org/10.1371/journal.pone.0187945
https://doi.org/10.1111/odi.14565
https://doi.org/10.1111/j.1600-051X.2008.01379.x

J. Clin. Med. 2023, 12, 6747 23 of 28

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.
64.

65.

66.

67.

68.

69.

70.
71.

72.

73.

74.

75.

76.

77.

78.

79.

Loos, B.G.; Fiebig, A.; Nothnagel, M.; Jepsen, S.; Groessner-Schreiber, B.; Franke, A.; Jervoe-Storm, PM.; Schenck, K,;
van der Velden, U.; Schreiber, S. NOD1 gene polymorphisms in relation to aggressive periodontitis. Innate Immun. 2009, 15,
225-232. [CrossRef] [PubMed]

Yoshikawa, H.; Furuta, K.; Ueno, M.; Egawa, M.; Yoshino, A.; Kondo, S.; Nariai, Y.; Ishibashi, H.; Kinoshita, Y.; Sekine, J. Oral
symptoms including dental erosion in gastroesophageal reflux disease are associated with decreased salivary flow volume and
swallowing function. J. Gastroenterol. 2012, 47, 412-420. [CrossRef] [PubMed]

Watanabe, M.; Nakatani, E.; Yoshikawa, H.; Kanno, T.; Nariai, Y.; Yoshino, A.; Vieth, M.; Kinoshita, Y.; Sekine, J. Oral soft tissue
disorders are associated with gastroesophageal reflux disease: Retrospective study. BMC Gastroenterol. 2017, 17, 92. [CrossRef]
Liu, Z.; Gao, X,; Liang, L.; Zhou, X.; Han, X,; Yang, T.; Huang, K; Lin, Y.; Deng, S.; Wang, Z.; et al. Prevalence, General and
Periodontal Risk Factors of Gastroesophageal Reflux Disease in China. J. Inflamm. Res. 2023, 16, 235-244. [CrossRef] [PubMed]
Song, ].Y.; Kim, H.H.; Cho, E.J.; Kim, T.Y. The relationship between gastroesophageal reflux disease and chronic periodontitis.
Gut Liver 2014, 8, 35—-40. [CrossRef] [PubMed]

Li, X.; Chaouhan, H.S.; Wang, YM.; Wang, L.K.; Lin, C.L.; Shen, T.C.; Li, C.Y.; Sun, K.T. Risk of Periodontitis in Patients with
Gastroesophageal Reflux Disease: A Nationwide Retrospective Cohort Study. Biomedicines 2022, 10, 2980. [CrossRef] [PubMed]
Jiang, S.; Zheng, L.; Miao, Z. Gastroesophageal reflux disease and oral symptoms: A two-sample Mendelian randomization study.
Front. Genet. 2022, 13, 1061550. [CrossRef]

Yang, L.; Lu, X.; Nossa, C.W.; Francois, F.; Peek, R.M.; Pei, Z. Inflammation and intestinal metaplasia of the distal esophagus are
associated with alterations in the microbiome. Gastroenterology 2009, 137, 588-597. [CrossRef]

Vakil, N.; van Zanten, S.V.; Kahrilas, P.; Dent, J.; Jones, R.; Global Consensus, G. The Montreal definition and classification
of gastroesophageal reflux disease: A global evidence-based consensus. Am. ]. Gastroenterol. 2006, 101, 1900-1920, quiz 1943.
[CrossRef]

Havemann, B.D.; Henderson, C.A.; El-Serag, H.B. The association between gastro-oesophageal reflux disease and asthma: A
systematic review. Gut 2007, 56, 1654-1664. [CrossRef]

Boulet, L.P. Influence of comorbid conditions on asthma. Eur. Respir. J. 2009, 33, 897-906. [CrossRef] [PubMed]

Sigusch, B.; Klinger, G.; Glockmann, E.; Simon, H.U. Early-onset and adult periodontitis associated with abnormal cytokine
production by activated T lymphocytes. J. Periodontol. 1998, 69, 1098-1104. [CrossRef] [PubMed]

Qin, X.; Hoda, M.N; Susin, C.; Wheeler, ].N.; Marshall, B.; Perry, L.; Saad, N.; Yin, L.; Elsayed, R.; Elsalanty, M.; et al. Increased
Innate Lymphoid Cells in Periodontal Tissue of the Murine Model of Periodontitis: The Role of AMP-Activated Protein Kinase
and Relevance for the Human Condition. Front. Immunol. 2017, 8, 922. [CrossRef] [PubMed]

Kindstedt, E.; Koskinen Holm, C.; Palmqvist, P.; Sjostrom, M.; Lejon, K.; Lundberg, P. Innate lymphoid cells are present in
gingivitis and periodontitis. J. Periodontol. 2019, 90, 200-207. [CrossRef]

Li, C.; Liu, J; Pan, J.; Wang, Y.; Shen, L.; Xu, Y. ILC1s and ILC3s Exhibit Inflammatory Phenotype in Periodontal Ligament of
Periodontitis Patients. Front. Immunol. 2021, 12, 708678. [CrossRef] [PubMed]

Hsu, A.T.; Gottschalk, T.A.; Tsantikos, E.; Hibbs, M.L. The Role of Innate Lymphoid Cells in Chronic Respiratory Diseases. Front.
Immunol. 2021, 12, 733324. [CrossRef]

Son, G.Y,; Son, A; Yang, YM,; Park, W.,; Chang, L; Lee, ]. H.; Shin, D.M. Airborne allergens induce protease activated receptor-2-
mediated production of inflammatory cytokines in human gingival epithelium. Arch. Oral Biol. 2016, 61, 138-143. [CrossRef]
Coquet, .M. A singular role for interleukin-9 in the development of asthma. Sci. Immunol. 2020, 5, eabc4021. [CrossRef]

Huang, SJ.; Li, R,; Xu, S,; Liu, Y,; Li, S.H.; Duan, S.Z. Assessment of bidirectional relationships between circulating cytokines and
periodontitis: Insights from a mendelian randomization analysis. Front. Genet. 2023, 14, 1124638. [CrossRef]

Coogan, PF,; Castro-Webb, N.; Yu, J.; O’Connor, G.T; Palmer, ].R.; Rosenberg, L. Active and passive smoking and the incidence of
asthma in the Black Women’s Health Study. Am. J. Respir. Crit. Care Med. 2015, 191, 168-176. [CrossRef]

Skaaby, T.; Taylor, A.E.; Jacobsen, R.K.; Paternoster, L.; Thuesen, B.H.; Ahluwalia, T.S.; Larsen, S.C.; Zhou, A.; Wong, A,;
Gabrielsen, M.E.; et al. Investigating the causal effect of smoking on hay fever and asthma: A Mendelian randomization
meta-analysis in the CARTA consortium. Sci. Rep. 2017, 7, 2224. [CrossRef] [PubMed]

Jayes, L.; Haslam, P.L.; Gratziou, C.G.; Powell, P,; Britton, J.; Vardavas, C.; Jimenez-Ruiz, C.; Leonardi-Bee, ].; Tobacco Control
Committee of the European Respiratory Society. SmokeHaz: Systematic Reviews and Meta-analyses of the Effects of Smoking on
Respiratory Health. Chest 2016, 150, 164-179. [CrossRef] [PubMed]

Thomson, N.C.; Polosa, R.; Sin, D.D. Cigarette Smoking and Asthma. J. Allergy Clin. Immunol. Pract. 2022, 10, 2783-2797.
[CrossRef] [PubMed]

Westergaard, C.G.; Porsbjerg, C.; Backer, V. The effect of smoking cessation on airway inflammation in young asthma patients.
Clin. Exp. Allergy 2014, 44, 353-361. [CrossRef]

Apatzidou, D.A. The role of cigarette smoking in periodontal disease and treatment outcomes of dental implant therapy.
Periodontol. 2000 2022, 90, 45-61. [CrossRef]

SSY, A.L,; Natto, Z.S.; Midle, ].B.; Gyurko, R.; O’Neill, R.; Steffensen, B. Association between time since quitting smoking and
periodontitis in former smokers in the National Health and Nutrition Examination Surveys (NHANES) 2009 to 2012. ]. Periodontol.
2019, 90, 16-25. [CrossRef]

Huang, C.; Shi, G. Smoking and microbiome in oral, airway, gut and some systemic diseases. ]. Transl. Med. 2019, 17, 225.
[CrossRef]


https://doi.org/10.1177/1753425909103739
https://www.ncbi.nlm.nih.gov/pubmed/19587002
https://doi.org/10.1007/s00535-011-0515-6
https://www.ncbi.nlm.nih.gov/pubmed/22200941
https://doi.org/10.1186/s12876-017-0650-5
https://doi.org/10.2147/JIR.S395777
https://www.ncbi.nlm.nih.gov/pubmed/36691403
https://doi.org/10.5009/gnl.2014.8.1.35
https://www.ncbi.nlm.nih.gov/pubmed/24516699
https://doi.org/10.3390/biomedicines10112980
https://www.ncbi.nlm.nih.gov/pubmed/36428548
https://doi.org/10.3389/fgene.2022.1061550
https://doi.org/10.1053/j.gastro.2009.04.046
https://doi.org/10.1111/j.1572-0241.2006.00630.x
https://doi.org/10.1136/gut.2007.122465
https://doi.org/10.1183/09031936.00121308
https://www.ncbi.nlm.nih.gov/pubmed/19336592
https://doi.org/10.1902/jop.1998.69.10.1098
https://www.ncbi.nlm.nih.gov/pubmed/9802707
https://doi.org/10.3389/fimmu.2017.00922
https://www.ncbi.nlm.nih.gov/pubmed/28861078
https://doi.org/10.1002/JPER.17-0750
https://doi.org/10.3389/fimmu.2021.708678
https://www.ncbi.nlm.nih.gov/pubmed/34381457
https://doi.org/10.3389/fimmu.2021.733324
https://doi.org/10.1016/j.archoralbio.2015.10.015
https://doi.org/10.1126/sciimmunol.abc4021
https://doi.org/10.3389/fgene.2023.1124638
https://doi.org/10.1164/rccm.201406-1108OC
https://doi.org/10.1038/s41598-017-01977-w
https://www.ncbi.nlm.nih.gov/pubmed/28533558
https://doi.org/10.1016/j.chest.2016.03.060
https://www.ncbi.nlm.nih.gov/pubmed/27102185
https://doi.org/10.1016/j.jaip.2022.04.034
https://www.ncbi.nlm.nih.gov/pubmed/35533997
https://doi.org/10.1111/cea.12243
https://doi.org/10.1111/prd.12449
https://doi.org/10.1002/JPER.18-0183
https://doi.org/10.1186/s12967-019-1971-7

J. Clin. Med. 2023, 12, 6747 24 of 28

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.
98.

99.

100.
101.

102.

103.

104.

105.

106.

Chang, Q.; Zhu, Y.; Zhou, G.; Liang, H.; Li, D.; Cheng, J.; Pan, P,; Zhang, Y. Vitamin D status, sleep patterns, genetic susceptibility,
and the risk of incident adult-onset asthma: A large prospective cohort study. Front. Nutr. 2023, 10, 1222499. [CrossRef]

Jolliffe, D.A.; Greenberg, L.; Hooper, R.L.; Griffiths, C.J.; Camargo, C.A., Jr.; Kerley, C.P; Jensen, M.E.; Mauger, D.; Stelmach, I.;
Urashima, M.; et al. Vitamin D supplementation to prevent asthma exacerbations: A systematic review and meta-analysis of
individual participant data. Lancet Respir. Med. 2017, 5, 881-890. [CrossRef]

Wang, M.; Liu, M.; Wang, C.; Xiao, Y.; An, T.; Zou, M.; Cheng, G. Association between vitamin D status and asthma control: A
meta-analysis of randomized trials. Respir. Med. 2019, 150, 85-94. [CrossRef]

de Groot, J.C.; van Roon, E.N.; Storm, H.; Veeger, N.J.; Zwinderman, A.H.; Hiemstra, P.S.; Bel, E.H.; ten Brinke, A. Vitamin
D reduces eosinophilic airway inflammation in nonatopic asthma. J. Allergy Clin. Immunol. 2015, 135, 670-675.e3. [CrossRef]
[PubMed]

Machado, V.; Lobo, S.; Proenca, L.; Mendes, ] .J.; Botelho, J. Vitamin D and Periodontitis: A Systematic Review and Meta-Analysis.
Nutrients 2020, 12, 2177. [CrossRef]

Liang, F.; Zhou, Y.; Zhang, Z.; Zhang, Z.; Shen, ]. Association of vitamin D in individuals with periodontitis: An updated
systematic review and meta-analysis. BMIC Oral Health 2023, 23, 387. [CrossRef]

Grant, W.B.; van Amerongen, B.M.; Boucher, B.]. Periodontal Disease and Other Adverse Health Outcomes Share Risk Factors,
including Dietary Factors and Vitamin D Status. Nutrients 2023, 15, 2787. [CrossRef] [PubMed]

van der Putten, G.J.; Vanobbergen, J.; De Visschere, L.; Schols, J.; de Baat, C. Association of some specific nutrient deficiencies
with periodontal disease in elderly people: A systematic literature review. Nutrition 2009, 25, 717-722. [CrossRef] [PubMed]
Pinto, J.; Goergen, J.; Muniz, F; Haas, A.N. Vitamin D levels and risk for periodontal disease: A systematic review. ]. Periodontal
Res. 2018, 53, 298-305. [CrossRef]

Hu, Z.; Zhou, F,; Xu, H. Circulating vitamin C and D concentrations and risk of dental caries and periodontitis: A Mendelian
randomization study. J. Clin. Periodontol. 2022, 49, 335-344. [CrossRef]

Chaffee, B.W.; Weston, S.J. Association between chronic periodontal disease and obesity: A systematic review and meta-analysis.
J. Periodontol. 2010, 81, 1708-1724. [CrossRef]

Martinez-Herrera, M.; Silvestre-Rangil, J.; Silvestre, EJ. Association between obesity and periodontal disease. A systematic review
of epidemiological studies and controlled clinical trials. Med. Oral Patol. Oral Y Cir. Buccal 2017, 22, e708—e715. [CrossRef]

Kim, C.M; Lee, S.; Hwang, W.; Son, E.; Kim, TW.; Kim, K.; Kim, Y.H. Obesity and periodontitis: A systematic review and updated
meta-analysis. Front. Endocrinol. 2022, 13, 999455. [CrossRef]

Nascimento, G.G.; Leite, ER.; Do, L.G.; Peres, K.G.; Correa, M.B.; Demarco, F.F.; Peres, M.A. Is weight gain associated with the
incidence of periodontitis? A systematic review and meta-analysis. J. Clin. Periodontol. 2015, 42, 495-505. [CrossRef] [PubMed]
Beuther, D.A.; Sutherland, E.R. Overweight, obesity, and incident asthma: A meta-analysis of prospective epidemiologic studies.
Am. ]. Respir. Crit. Care Med. 2007, 175, 661-666. [CrossRef] [PubMed]

Winsa-Lindmark, S.; Stridsman, C.; Sahlin, A.; Hedman, L.; Stenfors, N.; Myrberg, T.; Lindberg, A.; Ronmark, E.; Backman,
H. Severity of adult onset-asthma-a matter of blood neutrophils and severe obesity. Respir. Med. 2023, 219, 107418. [CrossRef]
[PubMed]

Akerman, M.J.; Calacanis, C.M.; Madsen, M.K. Relationship between asthma severity and obesity. J. Asthma 2004, 41, 521-526.
[CrossRef]

Miethe, S.; Karsonova, A.; Karaulov, A.; Renz, H. Obesity and asthma. J. Allergy Clin. Immunol. 2020, 146, 685-693. [CrossRef]
Chrystyn, H. Methods to identify drug deposition in the lungs following inhalation. Br. ]. Clin. Pharmacol. 2001, 51, 289-299.
[CrossRef]

Thomas, M.S.; Parolia, A.; Kundabala, M.; Vikram, M. Asthma and oral health: A review. Aust. Dent. ]. 2010, 55, 128-133.
[CrossRef]

Widmer, R.P. Oral health of children with respiratory diseases. Paediatr. Respir. Rev. 2010, 11, 226-232. [CrossRef]

Gani, F; Caminati, M.; Bellavia, F.; Baroso, A.; Faccioni, P.; Pancera, P,; Batani, V.; Senna, G. Oral health in asthmatic patients: A
review: Asthma and its therapy may impact on oral health. Clin. Mol. Allergy 2020, 18, 22. [CrossRef]

Bozejac, B.V,; Stojsin, I.; Ethuric, M.; Zvezdin, B.; Brkanic, T.; Budisin, E.; Vukoje, K.; Secen, N. Impact of inhalation therapy on the
incidence of carious lesions in patients with asthma and COPD. |. Appl. Oral. Sci. 2017, 25, 506-514. [CrossRef]

Marsh, P.D.; Do, T.; Beighton, D.; Devine, D.A. Influence of saliva on the oral microbiota. Periodontol. 2000 2016, 70, 80-92.
[CrossRef] [PubMed]

Aas, J.A.; Paster, B.J.; Stokes, L.N.; Olsen, L; Dewhirst, EE. Defining the normal bacterial flora of the oral cavity. J. Clin. Microbiol.
2005, 43, 5721-5732. [CrossRef] [PubMed]

Segata, N.; Haake, S.K.; Mannon, P; Lemon, K.P; Waldron, L.; Gevers, D.; Huttenhower, C.; Izard, ]. Composition of the adult
digestive tract bacterial microbiome based on seven mouth surfaces, tonsils, throat and stool samples. Genome Biol. 2012, 13, R42.
[CrossRef]

Espuela-Ortiz, A.; Lorenzo-Diaz, E; Baez-Ortega, A.; Eng, C.; Hernandez-Pacheco, N.; Oh, S.S.; Lenoir, M.; Burchard, E.G;
Flores, C.; Pino-Yanes, M. Bacterial salivary microbiome associates with asthma among african american children and young
adults. Pediatr. Pulmonol. 2019, 54, 1948-1956. [CrossRef] [PubMed]


https://doi.org/10.3389/fnut.2023.1222499
https://doi.org/10.1016/S2213-2600(17)30306-5
https://doi.org/10.1016/j.rmed.2019.02.016
https://doi.org/10.1016/j.jaci.2014.11.033
https://www.ncbi.nlm.nih.gov/pubmed/25617224
https://doi.org/10.3390/nu12082177
https://doi.org/10.1186/s12903-023-03120-w
https://doi.org/10.3390/nu15122787
https://www.ncbi.nlm.nih.gov/pubmed/37375691
https://doi.org/10.1016/j.nut.2009.01.012
https://www.ncbi.nlm.nih.gov/pubmed/19539173
https://doi.org/10.1111/jre.12531
https://doi.org/10.1111/jcpe.13598
https://doi.org/10.1902/jop.2010.100321
https://doi.org/10.4317/medoral.21786
https://doi.org/10.3389/fendo.2022.999455
https://doi.org/10.1111/jcpe.12417
https://www.ncbi.nlm.nih.gov/pubmed/25952821
https://doi.org/10.1164/rccm.200611-1717OC
https://www.ncbi.nlm.nih.gov/pubmed/17234901
https://doi.org/10.1016/j.rmed.2023.107418
https://www.ncbi.nlm.nih.gov/pubmed/37769879
https://doi.org/10.1081/JAS-120037651
https://doi.org/10.1016/j.jaci.2020.08.011
https://doi.org/10.1046/j.1365-2125.2001.01304.x
https://doi.org/10.1111/j.1834-7819.2010.01226.x
https://doi.org/10.1016/j.prrv.2010.07.006
https://doi.org/10.1186/s12948-020-00137-2
https://doi.org/10.1590/1678-7757-2016-0147
https://doi.org/10.1111/prd.12098
https://www.ncbi.nlm.nih.gov/pubmed/26662484
https://doi.org/10.1128/JCM.43.11.5721-5732.2005
https://www.ncbi.nlm.nih.gov/pubmed/16272510
https://doi.org/10.1186/gb-2012-13-6-r42
https://doi.org/10.1002/ppul.24504
https://www.ncbi.nlm.nih.gov/pubmed/31496123

J. Clin. Med. 2023, 12, 6747 25 of 28

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

Ortiz, A.P; Acosta-Pagan, K.T.; Oramas-Sepulveda, C.; Castaneda-Avila, M.A.; Vilanova-Cuevas, B.; Ramos-Cartagena, ].M.;
Vivaldi, J.A.; Perez-Santiago, ].; Perez, C.M.; Godoy-Vitorino, F. Oral microbiota and periodontitis severity among Hispanic adults.
Front. Cell Infect. Microbiol. 2022, 12, 965159. [CrossRef]

Arweiler, N.B.; Rahmel, V.; Alhamwe, B.A.; Alhamdan, F.; Zemlin, M.; Boutin, S.; Dalpke, A.; Renz, H. Dental Biofilm and Saliva
Microbiome and Its Interplay with Pediatric Allergies. Microorganisms 2021, 9, 1330. [CrossRef]

Stensson, M.; Wendt, L.K.; Koch, G.; Oldaeus, G.; Birkhed, D. Oral health in preschool children with asthma. Int. . Paediatr. Dent.
2008, 18, 243-250. [CrossRef]

Arafa, A.; Aldahlawi, S.; Fathi, A. Assessment of the oral health status of asthmatic children. Eur. J. Dent. 2017, 11, 357-363.
[CrossRef]

Bairappan, S.; Puranik, M.P.; Sowmya, K.R. Impact of asthma and its medication on salivary characteristics and oral health in
adolescents: A cross-sectional comparative study. Spec. Care Dent. 2020, 40, 227-237. [CrossRef]

Stensson, M.; Wendt, L.K.; Koch, G.; Oldaeus, G.; Ramberg, P.; Birkhed, D. Oral health in young adults with long-term, controlled
asthma. Acta Odontol. Scand. 2011, 69, 158-164. [CrossRef]

Lenander-Lumikari, M.; Laurikainen, K.; Kuusisto, P; Vilja, P. Stimulated salivary flow rate and composition in asthmatic and
non-asthmatic adults. Arch. Oral Biol. 1998, 43, 151-156. [CrossRef]

Laurikainen, K.; Kuusisto, P. Comparison of the oral health status and salivary flow rate of asthmatic patients with those of
nonasthmatic adults--results of a pilot study. Allergy 1998, 53, 316-319. [CrossRef] [PubMed]

Hatipoglu, O.; Pertek Hatipoglu, F. Association between asthma and caries-related salivary factors: A meta-analysis. J. Asthma
2022, 59, 38-53. [CrossRef] [PubMed]

Ryberg, M.; Moller, C.; Ericson, T. Effect of beta 2-adrenoceptor agonists on saliva proteins and dental caries in asthmatic children.
J. Dent. Res. 1987, 66, 1404-1406. [CrossRef] [PubMed]

Ryberg, M.; Moller, C.; Ericson, T. Saliva composition and caries development in asthmatic patients treated with beta 2-
adrenoceptor agonists: A 4-year follow-up study. Scand J. Dent. Res. 1991, 99, 212-218. [CrossRef] [PubMed]

Ryberg, M.; Moller, C.; Ericson, T. Saliva composition in asthmatic patients after treatment with two dose levels of a beta
2-adrenoceptor agonist. Arch. Oral Biol. 1990, 35, 945-948. [CrossRef] [PubMed]

Breivik, T.; Gundersen, Y.; Opstad, P.K.; Fonnum, F. Chemical sympathectomy inhibits periodontal disease in Fischer 344 rats.
J. Periodontal Res. 2005, 40, 325-330. [CrossRef]

Wang, T.; Cao, J.; Du, Z].; Zhang, Y.B,; Liu, Y.P.; Wang, L.; Lei, D.L. Effects of sympathetic innervation loss on mandibular
distraction osteogenesis. J. Craniofacial Surg. 2012, 23, 1524-1528. [CrossRef]

Gruber, R.; Leimer, M.; Fischer, M.B.; Agis, H. Beta2-adrenergic receptor agonists reduce proliferation but not protein synthesis of
periodontal fibroblasts stimulated with platelet-derived growth factor-BB. Arch. Oral Biol. 2013, 58, 1812-1817. [CrossRef]
Martins, L.G.; Spreafico, C.S.; Tanobe, P.G.; Tavares, T.A.A.; Castro, M.L.; Franco, G.C.N.; do Prado, R.F; Anbinder, A.L. Influence
of Adrenergic Neuromodulation during Induction of Periodontitis in Rats. J. Int. Acad. Periodontol. 2017, 19, 80-88.

Okada, Y.; Hamada, N.; Kim, Y.; Takahashi, Y.; Sasaguri, K.; Ozono, S.; Sato, S. Blockade of sympathetic b-receptors inhibits
Porphyromonas gingivalis-induced alveolar bone loss in an experimental rat periodontitis model. Arch. Oral Biol. 2010, 55,
502-508. [CrossRef] [PubMed]

Rodrigues, W.E; Madeira, M.E; da Silva, T.A.; Clemente-Napimoga, J.T.; Miguel, C.B.; Dias-da-Silva, V.J.; Barbosa-Neto, O.;
Lopes, A.H.; Napimoga, M.H. Low dose of propranolol down-modulates bone resorption by inhibiting inflammation and
osteoclast differentiation. Br. J. Pharmacol. 2012, 165, 2140-2151. [CrossRef] [PubMed]

Hyyppa, T.M.; Koivikko, A.; Paunio, K.U. Studies on periodontal conditions in asthmatic children. Acta Odontol. Scand. 1979, 37,
15-20. [CrossRef] [PubMed]

Bansal, V.; Reddy, K.V.G.; Shrivastava, S.; Dhaded, S.; Noorani, S.M.; Shaikh, M.I. Oral health assessment in children aging
8-15 years with bronchial asthma using inhalation medication. Tzu Chi Med. |. 2022, 34, 239-244. [CrossRef]

Sag, C.; Ozden, FO.; Acikgoz, G.; Anlar, EY. The effects of combination treatment with a long-acting beta2-agonist and a
corticosteroid on salivary flow rate, secretory immunoglobulin A, and oral health in children and adolescents with moderate
asthma: A 1-month, single-blind clinical study. Clin. Ther. 2007, 29, 2236-2242. [CrossRef]

Han, E.R.; Choi, LS.; Kim, HK,; Kang, Y.W.; Park, ].G.; Lim, ].R.; Seo, ].H.; Choi, ].H. Inhaled corticosteroid-related tooth problems
in asthmatics. J. Asthma 2009, 46, 160-164. [CrossRef]

Gunen-Yilmaz, S.; Aytekin, Z. Evaluation of jaw bone changes in patients with asthma using inhaled corticosteroids with
mandibular radiomorphometric indices on dental panoramic radiographs. Med. Oral Patol. Oral Y Cirugia Bucal 2023, 28,
e285-e292. [CrossRef]

Moosavi, M.S.; Hosseinizade, P.S.; Panahi, G.; Shariat, M. Decreased salivary beta-defensin 2 in children with asthma after
treatment with corticosteroid inhaler. Eur. Arch. Paediatr. Dent. 2023, 24, 249-254. [CrossRef]

Hagewald, S.; Bernimoulin, J.P; Kottgen, E.; Kage, A. Salivary IgA subclasses and bacteria-reactive IgA in patients with aggressive
periodontitis. J. Periodontal Res. 2002, 37, 333-339. [CrossRef]

Hagewald, S.; Bernimoulin, ].P.; Kottgen, E.; Kage, A. Total IgA and Porphyromonas gingivalis-reactive IgA in the saliva of
patients with generalised early-onset periodontitis. Eur. J. Oral Sci. 2000, 108, 147-153. [CrossRef]

Chang, E.; Kobayashi, R.; Fujihashi, K.; Komiya, M.; Kurita-Ochiai, T. Impaired salivary SIgA antibodies elicit oral dysbiosis and
subsequent induction of alveolar bone loss. Inflamm. Res. 2021, 70, 151-158. [CrossRef] [PubMed]


https://doi.org/10.3389/fcimb.2022.965159
https://doi.org/10.3390/microorganisms9061330
https://doi.org/10.1111/j.1365-263X.2008.00921.x
https://doi.org/10.4103/ejd.ejd_65_17
https://doi.org/10.1111/scd.12462
https://doi.org/10.3109/00016357.2010.547516
https://doi.org/10.1016/S0003-9969(97)00110-6
https://doi.org/10.1111/j.1398-9995.1998.tb03894.x
https://www.ncbi.nlm.nih.gov/pubmed/9542614
https://doi.org/10.1080/02770903.2020.1826045
https://www.ncbi.nlm.nih.gov/pubmed/32946317
https://doi.org/10.1177/00220345870660082401
https://www.ncbi.nlm.nih.gov/pubmed/2887602
https://doi.org/10.1111/j.1600-0722.1991.tb01887.x
https://www.ncbi.nlm.nih.gov/pubmed/1871531
https://doi.org/10.1016/0003-9969(90)90013-Z
https://www.ncbi.nlm.nih.gov/pubmed/1706174
https://doi.org/10.1111/j.1600-0765.2005.00803.x
https://doi.org/10.1097/SCS.0b013e31825daab2
https://doi.org/10.1016/j.archoralbio.2013.09.005
https://doi.org/10.1016/j.archoralbio.2010.04.002
https://www.ncbi.nlm.nih.gov/pubmed/20593554
https://doi.org/10.1111/j.1476-5381.2011.01686.x
https://www.ncbi.nlm.nih.gov/pubmed/21950592
https://doi.org/10.3109/00016357909004680
https://www.ncbi.nlm.nih.gov/pubmed/106620
https://doi.org/10.4103/tcmj.tcmj_74_21
https://doi.org/10.1016/j.clinthera.2007.10.014
https://doi.org/10.1080/02770900802553102
https://doi.org/10.4317/medoral.25722
https://doi.org/10.1007/s40368-022-00776-w
https://doi.org/10.1034/j.1600-0765.2002.00337.x
https://doi.org/10.1034/j.1600-0722.2000.00743.x
https://doi.org/10.1007/s00011-020-01418-x
https://www.ncbi.nlm.nih.gov/pubmed/33165644

J. Clin. Med. 2023, 12, 6747 26 of 28

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

Fukushima, C.; Matsuse, H.; Saeki, S.; Kawano, T.; Machida, I.; Kondo, Y.; Kohno, S. Salivary IgA and oral candidiasis in asthmatic
patients treated with inhaled corticosteroid. J. Asthma 2005, 42, 601-604. [CrossRef] [PubMed]

Tiisanoja, A.; Syrjala, A.M.; Anttonen, V.; Ylostalo, P. Anticholinergic burden, oral hygiene practices, and oral hygiene status-
cross-sectional findings from the Northern Finland Birth Cohort 1966. Clin. Oral Investig. 2021, 25, 1829-1837. [CrossRef]
[PubMed]

Batig, V.M.; Kaskova, L.F,; Ostafiichuk, M.A.; Abramchuk, LI.; Mytchenok, M.P.; Karatintseva, K.P,; Ishkov, M.O.; Batih, I.V,;
Sheremet, MLI. Influence of anticholinergic drugs on the development of an experimental periodontitis model. ]. Med. Life 2021,
14, 408-412. [CrossRef] [PubMed]

Dahl, R.; Engel, M.; Dusser, D.; Halpin, D.; Kerstjens, H.A.M.; Zaremba-Pechmann, L.; Moroni-Zentgraf, P.; Busse, W.W.; Bateman,
E.D. Safety and tolerability of once-daily tiotropium Respimat((R)) as add-on to at least inhaled corticosteroids in adult patients
with symptomatic asthma: A pooled safety analysis. Respir. Med. 2016, 118, 102-111. [CrossRef] [PubMed]

Vogelberg, C.; Engel, M.; Laki, I.; Bernstein, J.A.; Schmidt, O.; El Azzi, G.; Moroni-Zentgraf, P.; Sigmund, R.; Hamelmann, E.
Tiotropium add-on therapy improves lung function in children with symptomatic moderate asthma. J. Allergy Clin. Immunol.
Pract. 2018, 6, 2160-2162.€9. [CrossRef] [PubMed]

Yamasaki, K. The role of cyclic AMP, calcium, and prostaglandins in the induction of osteoclastic bone resorption associated with
experimental tooth movement. J. Dent. Res. 1983, 62, 877-881. [CrossRef]

Moro, M.G.; Oliveira, M.D.S.; Santana, M.M.; de Jesus, EN.; Feitosa, K.; Teixeira, S.A.; Franco, G.C.N.; Spolidorio, L.C,;
Muscara, M.N.; Holzhausen, M. Leukotriene receptor antagonist reduces inflammation and alveolar bone loss in a rat model of
experimental periodontitis. ]. Periodontol. 2021, 92, e84—€93. [CrossRef]

Kang, J.H,; Lim, H.; Lee, D.S.; Yim, M. Montelukast inhibits RANKL-induced osteoclast formation and bone loss via CysLTR1
and P2Y12. Mol. Med. Rep. 2018, 18, 2387-2398. [CrossRef]

Thamban Chandrika, N.; Fosso, M.Y.; Alimova, Y.; May, A.; Gonzalez, O.A.; Garneau-Tsodikova, S. Novel zafirlukast derivatives
exhibit selective antibacterial activity against Porphyromonas gingivalis. Medchemcomm 2019, 10, 926-933. [CrossRef]

Howard, K.C.; Gonzalez, O.A.; Garneau-Tsodikova, S. Second Generation of Zafirlukast Derivatives with Improved Activity
against the Oral Pathogen Porphyromonas gingivalis. ACS Med. Chem. Lett. 2020, 11, 1905-1912. [CrossRef] [PubMed]
Howard, K.C.; Garneau-Tsodikova, S. Selective Inhibition of the Periodontal Pathogen Porphyromonas gingivalis by Third-
Generation Zafirlukast Derivatives. |. Med. Chem. 2022, 65, 14938-14956. [CrossRef] [PubMed]

Eloot, A.K.; Vanobbergen, ].N.; De Baets, F.; Martens, L.C. Oral health and habits in children with asthma related to severity and
duration of condition. Eur. |. Paediatr. Dent. 2004, 5, 210-215. [PubMed]

Dogan, M.; Sahiner, UM,; Atac, A.S.; Ballikaya, E.; Soyer, O.U.; Sekerel, B.E. Oral health status of asthmatic children using inhaled
corticosteroids. Turk. J. Pediatr. 2021, 63, 77-85. [CrossRef]

Brigic, A.; Kobaslija, S.; Zukanovic, A. Antiasthmatic Inhaled Medications as Favoring Factors for Increased Concentration of
Streptococcus Mutans. Mater. Socio-Medica 2015, 27, 237-240. [CrossRef]

Scarabelot, V.L.; Cavagni, J.; Medeiros, L.E; Detanico, B.; Rozisky, J.R.; de Souza, A.; Daudt, L.D.; Gaio, E.J.; Ferreira, M.B,;
Rosing, C.K,; et al. Periodontal disease and high doses of inhaled corticosteroids alter NTPDase activity in the blood serum of
rats. Arch. Oral Biol. 2014, 59, 841-847. [CrossRef]

Sharma, M.; Patterson, L.; Chapman, E.; Flood, P.M. Salmeterol, a Long-Acting beta2-Adrenergic Receptor Agonist, Inhibits
Macrophage Activation by Lipopolysaccharide From Porphyromonas gingivalis. J. Periodontol. 2017, 88, 681-692. [CrossRef]
Skold, U.M.; Birkhed, D.; Xu, J.Z; Lien, K.H.; Stensson, M.; Liu, ].E. Risk factors for and prevention of caries and dental erosion in
children and adolescents with asthma. J. Dent. Sci. 2022, 17, 1387-1400. [CrossRef]

Lima, L.R.S.; Pereira, A.S.; de Moura, M.S.; Lima, C.C.B.; Paiva, S.M.; Moura, L.; de Deus Moura de Lima, M. Pre-term birth and
asthma is associated with hypomineralized second primary molars in pre-schoolers: A population-based study. Int. ]. Paediatr.
Dent. 2020, 30, 193-201. [CrossRef]

Motohira, H.; Hayashi, J.; Tatsumi, J.; Tajima, M.; Sakagami, H.; Shin, K. Hypoxia and reoxygenation augment bone-resorbing
factor production from human periodontal ligament cells. ]. Periodontol. 2007, 78, 1803-1809. [CrossRef]

Li, K;; Dong, S.G.; Zhang, H.X.; Zhou, S.; Ma, L.; Yu, Q.Q.; Jiang, Z.Y.; Hu, Q.F.; Zhou, D. Expression of RUNX2 and MDM21 in
rats with periodontitis under chronic intermittent hypoxia. Asian Pac. J. Trop. Med. 2016, 9, 781-785. [CrossRef] [PubMed]
Matsunaga, K.; Hirano, T.; Oka, A.; Ito, K.; Edakuni, N. Persistently high exhaled nitric oxide and loss of lung function in
controlled asthma. Allergol. Int. 2016, 65, 266-271. [CrossRef] [PubMed]

Aksit-Bicak, D.; Emekli-Alturfan, E.; Ustundag, U.V.; Akyuz, S. Assessment of dental caries and salivary nitric oxide levels in
children with dyspepsia. BMC Oral Health 2019, 19, 11. [CrossRef] [PubMed]

Ambe, K.; Watanabe, H.; Takahashi, S.; Nakagawa, T.; Sasaki, J. Production and physiological role of NO in the oral cavity. Jpn.
Dent. Sci. Rev. 2016, 52, 14-21. [CrossRef]

Leitao, R.F; Ribeiro, R.A.; Chaves, H.V.; Rocha, F.A.; Lima, V,; Brito, G.A. Nitric oxide synthase inhibition prevents alveolar bone
resorption in experimental periodontitis in rats. J. Periodontol. 2005, 76, 956-963. [CrossRef]

Kim, Y.S.; Pi, S H.; Lee, YM.; Lee, S.I; Kim, E.C. The anti-inflammatory role of heme oxygenase-1 in lipopolysaccharide and
cytokine-stimulated inducible nitric oxide synthase and nitric oxide production in human periodontal ligament cells. J. Periodontol.
2009, 80, 2045-2055. [CrossRef]


https://doi.org/10.1080/02770900500216259
https://www.ncbi.nlm.nih.gov/pubmed/16169797
https://doi.org/10.1007/s00784-020-03485-0
https://www.ncbi.nlm.nih.gov/pubmed/32748073
https://doi.org/10.25122/jml-2020-0194
https://www.ncbi.nlm.nih.gov/pubmed/34377209
https://doi.org/10.1016/j.rmed.2016.07.001
https://www.ncbi.nlm.nih.gov/pubmed/27578478
https://doi.org/10.1016/j.jaip.2018.04.032
https://www.ncbi.nlm.nih.gov/pubmed/29751157
https://doi.org/10.1177/00220345830620080501
https://doi.org/10.1002/JPER.20-0718
https://doi.org/10.3892/mmr.2018.9179
https://doi.org/10.1039/C9MD00074G
https://doi.org/10.1021/acsmedchemlett.9b00614
https://www.ncbi.nlm.nih.gov/pubmed/33062172
https://doi.org/10.1021/acs.jmedchem.2c01471
https://www.ncbi.nlm.nih.gov/pubmed/36273428
https://www.ncbi.nlm.nih.gov/pubmed/15606319
https://doi.org/10.24953/turkjped.2021.01.009
https://doi.org/10.5455/msm.2015.27.237-240
https://doi.org/10.1016/j.archoralbio.2014.05.004
https://doi.org/10.1902/jop.2017.160464
https://doi.org/10.1016/j.jds.2022.03.007
https://doi.org/10.1111/ipd.12584
https://doi.org/10.1902/jop.2007.060519
https://doi.org/10.1016/j.apjtm.2016.06.002
https://www.ncbi.nlm.nih.gov/pubmed/27569888
https://doi.org/10.1016/j.alit.2015.12.006
https://www.ncbi.nlm.nih.gov/pubmed/26822895
https://doi.org/10.1186/s12903-018-0707-z
https://www.ncbi.nlm.nih.gov/pubmed/30634964
https://doi.org/10.1016/j.jdsr.2015.08.001
https://doi.org/10.1902/jop.2005.76.6.956
https://doi.org/10.1902/jop.2009.090145

J. Clin. Med. 2023, 12, 6747 27 of 28

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.
183.

184.

185.

Batista, A.C.; Silva, T.A.; Chun, J.H.; Lara, V.S. Nitric oxide synthesis and severity of human periodontal disease. Oral Dis. 2002, 8,
254-260. [CrossRef]

Reher, V.G.; Zenobio, E.G.; Costa, F.O.; Reher, P.; Soares, R.V. Nitric oxide levels in saliva increase with severity of chronic
periodontitis. J. Oral Sci. 2007, 49, 271-276. [CrossRef]

Shibata, K.; Warbington, M.L.; Gordon, B.J.; Kurihara, H.; Van Dyke, T.E. Nitric oxide synthase activity in neutrophils from
patients with localized aggressive periodontitis. J. Periodontol. 2001, 72, 1052-1058. [CrossRef]

Lappin, D.E; Kjeldsen, M.; Sander, L.; Kinane, D.F. Inducible nitric oxide synthase expression in periodontitis. ]. Periodontal Res.
2000, 35, 369-373. [CrossRef]

Wadhwa, D.; Bey, A.; Hasija, M.; Moin, S.; Kumar, A.; Aman, S.; Sharma, V.K. Determination of levels of nitric oxide in smoker
and nonsmoker patients with chronic periodontitis. J. Periodontal Implant. Sci. 2013, 43, 215-220. [CrossRef]

Wyszytiska, M.; Czelakowska, A.; Rdj, R.; Zajac, M.; Mielnik, M.; Kasperski, J.; Skucha-Nowak, M. Measurement of the Level
of Nitric Oxide in Exhaled Air in Patients Using Acrylic Complete Dentures and with Oral Pathologies. Coatings 2021, 11, 169.
[CrossRef]

Chen, M.; Cai, W.; Zhao, S.; Shi, L.; Chen, Y,; Li, X.; Sun, X.; Mao, Y.; He, B.; Hou, Y.; et al. Oxidative stress-related biomarkers
in saliva and gingival crevicular fluid associated with chronic periodontitis: A systematic review and meta-analysis. J. Clin.
Periodontol. 2019, 46, 608-622. [CrossRef] [PubMed]

Zhao, T.; Thiering, E.; Jorres, R.A.; Standl, M.; Kuhnisch, ].; Heinrich, J. Oral inflammation and exhaled nitric oxide fraction: A
cross-sectional study. ER] Open Res. 2023, 9, 00640-2022. [CrossRef] [PubMed]

Silva, M.J.; Sousa, L.M.; Lara, V.P.; Cardoso, EP.; Junior, G.M.; Totola, A.H.; Caliari, M.V.; Romero, O.B.; Silva, G.A.; Ribeiro-
Sobrinho, A.P; et al. The role of iNOS and PHOX in periapical bone resorption. J. Dent. Res. 2011, 90, 495-500. [CrossRef]
Fukada, S.Y.; Silva, T.A.; Saconato, L.F.; Garlet, G.P.; Avila-Campos, M.].; Silva, J.S.; Cunha, FQ. iNOS-derived nitric oxide
modulates infection-stimulated bone loss. J. Dent. Res. 2008, 87, 1155-1159. [CrossRef] [PubMed]

Aurer, A.; Aleksic, J.; Ivic-Kardum, M.; Aurer, J.; Culo, F. Nitric oxide synthesis is decreased in periodontitis. J. Clin. Periodontol.
2001, 28, 565-568. [CrossRef] [PubMed]

Kairaitis, K.; Garlick, S.R.; Wheatley, ].R.; Amis, T.C. Route of breathing in patients with asthma. Chest 1999, 116, 1646-1652.
[CrossRef]

Izuhara, Y.; Matsumoto, H.; Nagasaki, T.; Kanemitsu, Y.; Murase, K,; Ito, I.; Oguma, T.; Muro, S.; Asai, K.; Tabara, Y.; et al. Mouth
breathing, another risk factor for asthma: The Nagahama Study. Allergy 2016, 71, 1031-1036. [CrossRef]

Steinsvag, S.K.; Skadberg, B.; Bredesen, K. Nasal symptoms and signs in children suffering from asthma. Int. ]. Pediatr.
Otorhinolaryngol. 2007, 71, 615-621. [CrossRef]

Lee, D.W,; Kim, ].G.; Yang, Y.M. Influence of mouth breathing on atopic dermatitis risk and oral health in children: A population-
based cross-sectional study. J. Dent. Sci. 2021, 16, 178-185. [CrossRef]

Togias, A.; Gergen, PJ.; Hu, ].W.; Babineau, D.C.; Wood, R.A.; Cohen, R.T.; Makhija, M.M.; Khurana Hershey, G.K.; Kercsmar, C.M.;
Gruchalla, R.S,; et al. Rhinitis in children and adolescents with asthma: Ubiquitous, difficult to control, and associated with
asthma outcomes. J. Allergy Clin. Immunol. 2019, 143, 1003-1011.e10. [CrossRef]

Araujo, B.C.L.; de Magalhaes Simoes, S.; de Gois-Santos, V.T.; Martins-Filho, PR.S. Association Between Mouth Breathing and
Asthma: A Systematic Review and Meta-analysis. Curr. Allergy Asthma Rep. 2020, 20, 24. [CrossRef] [PubMed]

Choi, J.E.; Waddell, ].N.; Lyons, K.M.; Kieser, ].A. Intraoral pH and temperature during sleep with and without mouth breathing.
J. Oral Rehabil. 2016, 43, 356-363. [CrossRef] [PubMed]

Eliasson, L.; Carlen, A.; Almstahl, A.; Wikstrom, M.; Lingstrom, P. Dental plaque pH and micro-organisms during hyposalivation.
J. Dent. Res. 2006, 85, 334-338. [CrossRef] [PubMed]

Wagaiyu, E.G.; Ashley, F.P. Mouthbreathing, lip seal and upper lip coverage and their relationship with gingival inflammation in
11-14 year-old schoolchildren. . Clin. Periodontol. 1991, 18, 698-702. [CrossRef]

Kaur, M,; Sharma, R.K,; Tewari, S.; Narula, S.C. Influence of mouth breathing on outcome of scaling and root planing in chronic
periodontitis. BD] Open 2018, 4, 17039. [CrossRef]

Bisgaard, H.; Hermansen, M.N.; Buchvald, F,; Loland, L.; Halkjaer, L.B.; Bonnelykke, K.; Brasholt, M.; Heltberg, A.; Vissing, N.H.;
Thorsen, S.V,; et al. Childhood asthma after bacterial colonization of the airway in neonates. N. Engl. |. Med. 2007, 357, 1487-1495.
[CrossRef]

Zhang, Q.; Illing, R.; Hui, C.K.; Downey, K.; Carr, D.; Stearn, M.; Alshafi, K.; Menzies-Gow, A.; Zhong, N.; Fan Chung, K. Bacteria
in sputum of stable severe asthma and increased airway wall thickness. Respir. Res. 2012, 13, 35. [CrossRef]

Atkinson, ].J.; Senior, R M. Matrix metalloproteinase-9 in lung remodeling. Am. J. Respir. Cell Mol. Biol. 2003, 28, 12-24. [CrossRef]
Grzela, K; Litwiniuk, M.; Zagorska, W.; Grzela, T. Airway Remodeling in Chronic Obstructive Pulmonary Disease and Asthma:
The Role of Matrix Metalloproteinase-9. Arch. Immunol. Ther. Exp. 2016, 64, 47-55. [CrossRef] [PubMed]

Carneiro, E.; Menezes, R.; Garlet, G.P; Garcia, R.B.; Bramante, C.M.; Figueira, R.; Sogayar, M.; Granjeiro, ]. M. Expression analysis
of matrix metalloproteinase-9 in epithelialized and nonepithelialized apical periodontitis lesions. Oral Surg. Oral Med. Oral Pathol.
Oral Radiol. Endodontology 2009, 107, 127-132. [CrossRef] [PubMed]

Kushlinskii, N.E.; Solovykh, E.A.; Karaoglanova, T.B.; Bayar, U.; Gershtein, E.S.; Troshin, A.A.; Kostyleva, O.I.; Grinin, V.M,;
Maksimovskaya, L.N.; Yanushevitch, O.O. Content of matrix metalloproteinase-8 and matrix metalloproteinase-9 in oral fluid of
patients with chronic generalized periodontitis. Bull. Exp. Biol. Med. 2011, 152, 240-244. [CrossRef] [PubMed]


https://doi.org/10.1034/j.1601-0825.2002.02852.x
https://doi.org/10.2334/josnusd.49.271
https://doi.org/10.1902/jop.2001.72.8.1052
https://doi.org/10.1034/j.1600-0765.2000.035006369.x
https://doi.org/10.5051/jpis.2013.43.5.215
https://doi.org/10.3390/coatings11020169
https://doi.org/10.1111/jcpe.13112
https://www.ncbi.nlm.nih.gov/pubmed/30989678
https://doi.org/10.1183/23120541.00640-2022
https://www.ncbi.nlm.nih.gov/pubmed/36891074
https://doi.org/10.1177/0022034510391792
https://doi.org/10.1177/154405910808701207
https://www.ncbi.nlm.nih.gov/pubmed/19029085
https://doi.org/10.1034/j.1600-051x.2001.028006565.x
https://www.ncbi.nlm.nih.gov/pubmed/11350524
https://doi.org/10.1378/chest.116.6.1646
https://doi.org/10.1111/all.12885
https://doi.org/10.1016/j.ijporl.2006.12.012
https://doi.org/10.1016/j.jds.2020.06.014
https://doi.org/10.1016/j.jaci.2018.07.041
https://doi.org/10.1007/s11882-020-00921-9
https://www.ncbi.nlm.nih.gov/pubmed/32430704
https://doi.org/10.1111/joor.12372
https://www.ncbi.nlm.nih.gov/pubmed/26666708
https://doi.org/10.1177/154405910608500410
https://www.ncbi.nlm.nih.gov/pubmed/16567554
https://doi.org/10.1111/j.1600-051X.1991.tb00112.x
https://doi.org/10.1038/s41405-018-0007-3
https://doi.org/10.1056/NEJMoa052632
https://doi.org/10.1186/1465-9921-13-35
https://doi.org/10.1165/rcmb.2002-0166TR
https://doi.org/10.1007/s00005-015-0345-y
https://www.ncbi.nlm.nih.gov/pubmed/26123447
https://doi.org/10.1016/j.tripleo.2008.07.030
https://www.ncbi.nlm.nih.gov/pubmed/18926740
https://doi.org/10.1007/s10517-011-1498-2
https://www.ncbi.nlm.nih.gov/pubmed/22808470

J. Clin. Med. 2023, 12, 6747 28 of 28

186.

187.

188.

189.

190.
191.

192.

193.

194.

195.

196.

197.

198.

Kim, H.D.; Kim, S.; Jeon, S.; Kim, S.J.; Cho, H.J.; Choi, Y.N. Diagnostic and Prognostic ability of salivary MMP-9 and S100A8 for
periodontitis. J. Clin. Periodontol. 2020, 47, 1191-1200. [CrossRef] [PubMed]

Yang, S.; Gu, B.; Zhao, L.; Shi, Q.; Xu, J.; Wen, N. Meta-analysis of the association between serum and gingival crevicular fluid
matrix metalloproteinase-9 and periodontitis. J. Am. Dent. Assoc. 2019, 150, 34—41. [CrossRef] [PubMed]

Suzuki, R.; Kamio, N.; Sugimoto, K.; Maruoka, S.; Gon, Y.; Kaneko, T.; Yonehara, Y.; Imai, K. Periodontopathic Bacterium
Fusobacterium nucleatum Affects Matrix Metalloproteinase-9 Expression in Human Alveolar Epithelial Cells and Mouse Lung.
In Vivo 2022, 36, 649-656. [CrossRef]

Zhang, Z.; Yang, X.; Zhang, H.; Liu, X; Pan, S.; Li, C. The role of extracellular matrix metalloproteinase inducer glycosylation in
regulating matrix metalloproteinases in periodontitis. J. Periodontal Res. 2018, 53, 391-402. [CrossRef]

Hammad, H.; Lambrecht, B.N. The basic immunology of asthma. Cell 2021, 184, 1469-1485. [CrossRef]

Hyyppa, T. Gingival IgE and histamine concentrations in patients with asthma and in patients with periodontitis. J. Clin.
Periodontol. 1984, 11, 132-137. [CrossRef]

Hara, Y.; Maeda, K.; Akamine, A.; Miyatake, S.; Aono, M. Immunohistological evidence for gingival IgE-bearing cells in human
periodontitis. J. Periodontal Res. 1987, 22, 370-374. [CrossRef]

Nevins, A.].; Levine, S.; Faitlowicz-Gayer, Y.; Svetcov, S. Sensitization via IgE-mediated mechanism in patients with chronic
periapical lesions. J. Endod. 1985, 11, 228-230. [CrossRef] [PubMed]

Han, K.; Lee, E.; Park, J.B. Evaluation of the associations between immunoglobulin E levels and the number of natural teeth.
J. Formos. Med. Assoc. 2018, 117, 605-612. [CrossRef] [PubMed]

Card, ].W,; Carey, M.A ; Voltz, ] W.; Bradbury, ].A.; Ferguson, C.D.; Cohen, E.A.; Schwartz, S.; Flake, G.P.; Morgan, D.L.; Arbes, SJ.,
Jr.; et al. Modulation of allergic airway inflammation by the oral pathogen Porphyromonas gingivalis. Infect. Immun. 2010, 78,
2488-2496. [CrossRef] [PubMed]

Kato, T.; Kimizuka, R.; Okuda, K. Changes of immunoresponse in BALB/c mice neonatally treated with periodontopathic
bacterial endotoxin. FEMS Immunol. Med. Microbiol. 2006, 47, 420-424. [CrossRef] [PubMed]

Wilson, S.R.; Rand, C.S.; Cabana, M.D.; Foggs, M.B.; Halterman, ].S.; Olson, L.; Vollmer, WM.; Wright, R.].; Taggart, V. Asthma
outcomes: Quality of life. J. Allergy Clin. Immunol. 2012, 129, S88-5123. [CrossRef] [PubMed]

Rodrigues, G.; Wuo, A.D.V,; Klein, S.; de Almeida, P.; Damazo, A.S.; Marcos, R.L.; Horliana, A.; Lino-Dos-Santos-Franco, A.
The impact of maternal periodontitis in the development of asthma in the offspring. . Dev. Orig. Health Dis. 2021, 12, 293-299.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1111/jcpe.13349
https://www.ncbi.nlm.nih.gov/pubmed/32744384
https://doi.org/10.1016/j.adaj.2018.08.025
https://www.ncbi.nlm.nih.gov/pubmed/30348440
https://doi.org/10.21873/invivo.12749
https://doi.org/10.1111/jre.12524
https://doi.org/10.1016/j.cell.2021.02.016
https://doi.org/10.1111/j.1600-051X.1984.tb00841.x
https://doi.org/10.1111/j.1600-0765.1987.tb01601.x
https://doi.org/10.1016/S0099-2399(85)80065-0
https://www.ncbi.nlm.nih.gov/pubmed/3858418
https://doi.org/10.1016/j.jfma.2017.08.001
https://www.ncbi.nlm.nih.gov/pubmed/28863873
https://doi.org/10.1128/IAI.01270-09
https://www.ncbi.nlm.nih.gov/pubmed/20308298
https://doi.org/10.1111/j.1574-695X.2006.00106.x
https://www.ncbi.nlm.nih.gov/pubmed/16872379
https://doi.org/10.1016/j.jaci.2011.12.988
https://www.ncbi.nlm.nih.gov/pubmed/22386511
https://doi.org/10.1017/S2040174420000203

	Introduction 
	Asthma and Periodontal Disease 
	Periodontal Disease and Its Impact on Asthma 
	Effectiveness of Periodontal Interventions 
	Discrepancies in the Data 

	How Are Periodontal Diseases and Asthma Related? Biological Evidence 
	Common Predisposing Factor 
	How Do Asthma Medications Affect Oral Health? 
	Roles of Saliva and Oral Microbiome 
	Beta-2 Agonists 
	Inhaled Corticosteroids 
	Anticholinergics and Theophylline 
	Leukotriene-Receptor Antagonist 
	Discrepancies in the Data 

	The Impact of Asthma on Oral Diseases 
	Negative Effects of Oral Diseases on Asthma 

	Conclusions and Future Perspective 
	References

