
medicina

Article

Prevalence of Periodontitis and Its Association with
Reduced Pulmonary Function: Results from the
Korean National Health and Nutrition
Examination Survey

Euni Lee 1 and Seok-Woo Lee 2,*
1 College of Pharmacy and Research Institute of Pharmaceutical Sciences, Seoul National University,

Seoul 03080, Korea
2 Departments of Dental Education and Periodontology, School of Dentistry, Dental Science Research Institute,

Chonnam National University, Gwangju 61184, Korea
* Correspondence: swlee@chonnam.ac.kr; Tel.: +82-62-530-5820; Fax: +82-62-530-5810

Received: 30 July 2019; Accepted: 6 September 2019; Published: 10 September 2019
����������
�������

Abstract: Background and Objectives: The current study was performed to evaluate the prevalence of
periodontitis and to examine the association between reduced pulmonary function and periodontitis
using Sixth Korea National Health and Nutrition Examination Survey (KNHANES) in 2014. Materials
and Methods: A cross-sectional evaluation was conducted to estimate the prevalence of periodontitis
and to examine the association between periodontitis and reduced pulmonary function while adjusting
for sociodemographic characteristics and current smoking status in survey participants between 40
and 79 years old. The presence of periodontitis was evaluated by community periodontal index
defined by the World Health Organization, and the assessments of reduced pulmonary function data
were made as “normal,” “restrictive impairment,” or “obstructive impairment.” Results: A total of 4004
survey participants representing 25.4 million Koreans were included in the study. Overall, 41.1% of the
study population were determined to have periodontitis, and 22.1% had reduced pulmonary function;
7.9% and 14.2% had restrictive- and obstructive- pulmonary impairments, respectively. Age, male
gender, and current smoking status were positive predictors for periodontitis. Insurance coverage by
workplace and higher education were protective factors against periodontitis. The association between
periodontitis and restrictive impairment (adjusted odds ratio (OR) = 1.059, 95% CI 0.729–1.540) or
obstructive impairment (adjusted OR = 1.140, 95% CI 0.849–1.530) was not significant. Conclusions:
For Koreans, 40–79 years old, age, smoking status, gender, education, and insurance coverage were
significant predictors of periodontitis. The prevalence of periodontitis was not significantly associated
with reduced pulmonary function. To better understand the relationship between periodontitis and
reduced pulmonary function, well-designed and larger scale epidemiologic studies are needed.

Keywords: chronic obstructive pulmonary disease; periodontitis; association; epidemiology;
emphysema; neutrophil; neutrophil extracellular trap; oxidative stress; periodontal diseases;
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1. Introduction

Chronic obstructive pulmonary disease (COPD) is a generic term used to describe chronic
lung diseases, including emphysema, chronic bronchitis, small airways disease, and non-reversible
asthma [1]. It affects around 200 million people worldwide and is a major cause of morbidity and
mortality [2]. COPD is characterized by airflow limitation that is usually progressive and associated
with an abnormal inflammatory response of the lung to noxious particles or gases. The main cause
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of COPD is smoking, and it is aggravated by exacerbations likely caused by bacterial and/or viral
infections [3]. Inflammation is considered to contribute to the etiology of COPD, as smoking or other
toxic particles induce macrophage-predominant inflammation, airspace enlargement, and oxidative
stress, leading to releasing proteases and tissue destruction [3].

Periodontitis is a chronic inflammatory disease that can lead to tissue destruction as a result of the
perturbation of the homeostasis between the subgingival microflora and the host defense in susceptible
individuals [4,5]. Immunological and inflammatory responses by the host to dental plaque biofilm via
host-parasite interaction are manifested by signs and symptoms of periodontitis [6]. The initiation
and progression of periodontitis are also influenced by genetic and environmental risk factors [7].
According to a recent Korean national disease statistics, the prevalence of periodontitis was 26.4%
among adults aged 19 and older in 2014 [8].

Recently, more pieces of evidence have shown that a poor oral and periodontal condition is a
potential risk factor for systemic diseases, strongly indicating the two-way interrelationship between
oral and general systemic health [9–11]. For example, epidemiological and biological data indicate
potential links between chronic periodontitis and systemic diseases, such as cardiovascular disease,
diabetes, respiratory disease, rheumatoid arthritis, and adverse pregnancy outcomes [12–15].

A link between periodontitis and COPD has been proposed. Several studies have suggested
that periodontitis is a co-factor for COPD [16]. It has also been observed that improved oral health
may lower the frequency of COPD exacerbations in susceptible populations [17–19]. While a few
studies reported associations between COPD and periodontitis, other studies showed no associations,
and issues on diagnostic variability and data sources have also been raised [20,21]. Recent studies have
suggested a strong association between COPD and periodontal disease. A systematic review study
demonstrated that COPD patients suffer from worse periodontal condition [22]. A population-based
study reported that the prevalence of periodontal disease was higher among COPD patients compared
to non-COPD controls [23].

The purpose of the current study was to evaluate the prevalence of periodontitis and to examine
the association between lung function test results, as indicators for COPD, and periodontitis using a
national-level population data.

2. Materials and Methods

2.1. Data Source and Study Population

The study used a nationwide, population-based, cross-section survey known as the Korea National
Health and Nutrition Examination Survey version 6 (KNHANES VI-1) data, specifically KNHANES
2014 data [8]. The survey data were collected by the Korea Centers for Disease Control and Prevention
(KCDC) to examine the general health and nutritional status of Koreans since 1998 using a complex,
stratified, and multistage probability-cluster sampling design representing non-institutionalized
civilians in South Korea. Of the included three surveys of a health examination survey, a health
interview survey and a nutritional survey were used and they included data obtained by direct physical
examination, clinical and laboratory tests, and personal interviews [24].

Out of 7550 survey participants from the 2014 survey data, a total of 4004 participants, who were
between 40 and 79 years old, were included in the analysis. This age group was determined as the
study group because the pulmonary function test was collected only from these participants. Baseline
characteristics, including sociodemographic characteristics (i.e., age, gender, education, marital status,
and health insurance status), lifestyle factor on current smoking status, pulmonary function test
assessments, and clinical condition of periodontitis, were collected.

2.2. Definition of Pulmonary Function Test Assessment

Pulmonary function test included measurements of forced vital capacity (FVC) and forced
expiratory volume in one second (FEV1). Obstructive impairment was defined as FEV1/FVC < 0.70,
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and restrictive impairment was defined as FEV1/FVC≥ 0.70 and FVC < 80%, while normal lung function
was defined as FEV1/FVC ≥ 0.70 and FVC ≥ 80% [25,26]. A variable on the pulmonary function test
assessment coded as “normal lung function”, “restrictive pulmonary impairment”, and “obstructive
pulmonary impairment”, that was created and made publicly available by the KCDC, was used in the
analysis (Table 1).

Table 1. Descriptive characteristics of the study population from 2014 KNHANES.

Characteristics N (%) *

Total population 25,407,219 (100.0)

Age

40–49 8,514,426 (33.5)
50–59 7,949,223 (31.3)
60–69 5,384,433 (21.2)
70–79 3,559,137 (14.0)

Gender

Female 13,208,012 (52.0)
Male 12,199,207 (48.0)

Education

Middle school or less 8,930,595 (37.9)
High school graduate 8,234,346 (34.9)

College graduate or higher 6,422,220 (27.2)

Marital status

Single 751,615 (3.0)
Married 21,740,710 (85.7)

Divorced, separated, or widowed 2,868,036 (11.3)

Health insurance

Self-employed 9,000,430 (35.7)
Workplace 15,508,011 (61.6)

Other † 668,318 (2.7)
Current smoking status 5,141,912 (21.3)

Pulmonary function assessment

Normal 19,796,391 (77.9)
Restrictive impairment 2,008,743 (7.9)
Obstructive impairment 3,602,085 (14.2)

Periodontal status

Periodontitis 9,357,475 (41.1)

* Weighted frequencies were tabulated using sampling weight variable accounting for the complex sampling design
provided by the KCDC (Korea Centers for Disease Control and Prevention). As not all demographic characteristics
had complete records, aggregated frequencies for education, marital status, insurance status, current smoking status,
and periodontitis were lower than the total population. † Health insurance accounted for national health insurance.
‘Other’ group includes Medical Aid class 1 and 2, no health insurance, or unknown. KNHANES: Korea National
Health and Nutrition Examination Survey.

2.3. Definition of Periodontitis

The World Health Organization (WHO) community periodontal index (CPI) was used to assess the
periodontal status [27]. Using a CPI probe satisfying the WHO guidelines, the presence of periodontitis
was measured and defined as having a CPI greater than or equal to “code 3,” which indicates that
at least one site had a periodontal pocket depth greater than 3.5 mm. CPI “code 4” had at least one
site of pocket depth greater than 5.5 mm. The mouth was divided into sextants, and the index tooth
numbers were 2, 3, 8, 14, 15, 18, 19, 24, 30, and 31. An approximately 25–35 g probing force was used
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for measuring a probing depth. Up to twenty dentist examiners participated in these measurements.
The inter-examiner mean of Kappa value was 0.78, and the intra-examiner mean was 0.87.

2.4. Statistical Analysis

The analysis of the study focused on estimating the prevalence of recorded periodontitis diagnosis
and evaluating its predictive factors. Using the unweighted sample data and the assigned sampling
weight variable adjusted for the survey participants on pulmonary function test and complex sampling
design, national-level estimates were calculated when they were aggregated to generate weighted
frequencies. Descriptive statistics were used to calculate the frequencies of demographic characteristics
and the prevalence of disease status. Univariable and multivariable logistic regression analyses
were performed using weighted data. To assess the predictive factors for periodontitis diagnosis
as the dependent variable (yes/no), a multivariable logistic regression model was constructed with
pulmonary function test assessment as the independent variable with “normal lung function” as the
reference group and determined the adjusted ORs with 95% confidence intervals (CIs) while adjusting
confounders available from the data source and relevant to healthcare access, such as age, gender,
current smoking status, level of education, marital status, and health insurance type, reflecting the
Korean health insurance structure.

All analyses in the study used weighted data to yield national-level frequencies using SPSS
version 23.0 (SPSS Inc., Chicago, IL, USA). The significance level was set at p < 0.05. The study used
publicly available national-level data without patient identifiers or linkable information. The study was
approved by the Institutional Review Board from the Chonnam National University Dental Hospital,
Gwangju, Korea (Approval number: CNUDH-EXP-2018-005, approved on 24 October 2018).

3. Results

From the KNHANES VI 2014 survey including 7550 study samples, a total of 4004 survey
participants whose ages were between 40 and 79 years old representing 25.4 million Koreans were
included in the study population. The mean (SD) age of the survey participants was 58.48 (SD 11.09).
Demographic characteristics are described in Table 1. More female participants were recorded (male vs.
female, 48% vs. 52%). Majority of the patients were married living with a spouse (85.7%) and covered
by health insurance through their workplace (61.6%).

The prevalence of periodontitis was 41.1%. as determined by CPI. and 22.1% of the study
population had reduced pulmonary function; 7.9% and 14.2% had restrictive- and obstructive-
pulmonary impairments, respectively (Table 1).

Univariate and multivariate associations were evaluated by logistic regression analysis using
weighted data. Age and current smoking status (adjusted odds ratio (OR) = 2.330, 95% CI 1.745–3.110)
showed a statistically significant relationship with periodontitis (Table 2). Male participants were
more likely to be diagnosed with periodontitis (adjusted OR = 2.045, 95% CI 1.618–2.585). Education
level was also a strong predictor of periodontitis. Although significant associations were found from
univariate analysis for higher level of education as a protective factor against periodontitis (unadjusted
OR = 0.801, 95% CI 0.643–0.998 for middle school or less vs. high school graduate; unadjusted
OR = 0.595, 95% CI 0.448–0.790 for middle school or less vs. college graduate or higher), college
graduation or higher educational level was only a significant predictor in the adjusted model (adjusted
OR = 0.598, 95% CI 0.423–0.846). Health insurance covered by workplace was also a protective factor
against periodontitis (adjusted OR = 0.822, 95% CI 0.678–0.995) (Table 2).
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Table 2. Predictive factors for periodontitis.

Population Characteristics Unadjusted OR (95% CI) * Adjusted OR (95% CI) *

Age

40–49 1 1
50–59 1.623 (1.314–2.005) † 1.684 (1.300–2.181) †

60–69 1.623 (1.242–2.121) † 1.708 (1.241–2.352) †

70–79 1.750 (1.307–2.344) † 1.809 (1.244–2.631) †

Pulmonary function assessment

Normal 1 1
Restrictive impairment 1.402 (0.995–1.977) 1.059 (0.729–1.540)
Obstructive impairment 1.729 (1.344–2.223) † 1.140 (0.849–1.530)

Gender

Female 1 1
Male 2.503 (2.051–3.055) † 2.045 (1.618–2.585)†

Education

Middle school or less 1 1
High school graduate 0.801 (0.643–0.998) † 0.861 (0.670–1.107)

College graduate or higher 0.595 (0.448–0.790) † 0.598 (0.423–0.846) †

Marital status

Single 1 1
Married 1.106 (0.606–2.019) 0.339 (0.686–2.617)

Divorced, separated, or widowed 1.119 (0.577–2.169) 1.323 (0.633–2.764)

Health insurance

Self-employed (community) 1 1
Workplace (employment) 0.779 (0.652–0.931) † 0.822 (0.678-0.995) †

Other 0.926 (0.535–1.602) 0.978 (0.543–1.762)

Smoking status

No 1 1
Yes 2.834 (2.202–3.647) † 2.330 (1.745–3.110) †

* Odds Ratios (ORs) of the likelihood of periodontitis is based on weighted data. Adjusted OR refers to OR adjusted
by all covariates included in the table. † p < 0.05. ‘Other’ group includes Medical Aid class 1 and 2, no health
insurance, or unknown.

For the pulmonary function assessments, obstructive pulmonary impairment, but not restrictive
pulmonary impairment, was a significant predictor of periodontitis from univariate analysis (unadjusted
OR = 1.729, 95% CI 1.344–2.223). However, the association between periodontitis and restrictive
pulmonary impairment (adjusted OR = 1.059, 95% CI 0.729–1.540) or obstructive pulmonary impairment
(adjusted OR = 1.140, 95% CI 0.849–1.530) did not reach a statistical significance.

4. Discussion

In the present study, it was found that the prevalence of periodontitis was determined to be 41.1%
among Korean population aged 40–79, as compared to 25.3% that was observed among adults aged
over 19 in our previous study using identical national survey data [28]. This finding corroborates
the fact that age is one of the most significant risk factors for periodontitis, as shown in numerous
epidemiological and clinical studies [6,7,29].

In this study using a nationally representative population, we could not find any statistically
significant association between reduced lung function and the prevalence of chronic periodontitis.
Although several studies in the literature evaluated the association between pulmonary diseases and
periodontitis [22,23,30], it has not yet been determined how these two maladies affect each other.
Evidence of a positive association between COPD and periodontitis comes from a meta-analysis of
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14 observational studies [31], where a pooled association OR was reported as 2.08 (95% CI 1.48–2.91).
Another nationwide population-based cohort study by Shen et al. [32] reported that the overall
incidence of periodontitis was 1.19-fold greater in COPD patients, compared with non-COPD patients.
However, they defined the case of COPD based only on a questionnaire without measuring any reduced
lung functions. The association can, therefore, be explained in part that periodontitis and COPD share
several common risk factors, including smoking, age, and health behavior, as these factors may be
involved in the initiation and progression of both diseases [33]. There are also reports suggesting an
unclear relationship between COPD and periodontitis due to inadequate study designs and significant
limitations in recognizing common risk factors, such as smoking [20,21]. Bergstrom et al. [33] failed
to find an association between COPD and periodontitis, as they found that smoking was the major
risk factor for periodontal pocket depth (OR 24.2; 95% CI 2–286.8). One NHANES III survey found no
relationship between the two diseases among former or non-smokers [34]. It is plausible that defining
causality between these disorders may be premature at present. Therefore, more definitive studies
designed to establish causality and evaluate treatment outcomes are required to better understand a
precise relationship between COPD and periodontitis.

The strengths of our study include the source of the data from national representative samples
and the quality of the data from a quantitative analysis of the impaired and/or reduced lung function.
More specifically, “obstructive” lung function (FEV1/FVC <70%) was used as a criterion for COPD,
as defined by the Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines, while other
epidemiological studies adopted the value less than 65% of FEV1/FVC for COPD [35]. Although
variabilities of cutoff value for defining “obstructive” lung function from the published studies may
hinder a direct comparison between our findings and the results from other studies in assessing
concrete relationships between COPD and periodontitis, KNHANES data could serve as a valuable
research tool as it includes measurements of the lung function collected and coordinated by the KCDC
following the GOLD guidelines that can be comparable to other healthcare-related data.

A link between periodontitis and respiratory diseases, including COPD, has been proposed, as they
may share common pathological processes resulting from immunological and inflammatory activities.
It was suggested that periodontal microbes might play a role in the pathogenesis of COPD [36],
as dental plaque bacterial species were identified in tracheal aspirate samples. Although the evidence
of an independent association between chronic periodontitis and chronic obstructive pulmonary
disease grows stronger, there remains a lack of definitive studies designed to establish causality and
treatment effects. There is a need for future research to be focused on answering these questions. It was
also found that oral hygiene interventions or periodontal treatment led to an improved condition
of asthma and COPD [37–39]. Uncontrolled periodontal infection, characterized by the growth of
dental plaque biofilms in periodontal tissues, may act as a constant source of chronic inflammation
that can reach to other parts of the body beyond the oral cavity. It is, therefore, crucial to reduce and/or
eliminate dental plaque biofilms to decrease the inflammatory burden to the whole body. This can
be achieved by strict oral hygiene measures and routine periodontal care by dental professionals.
Patients with COPD and periodontitis may require stricter and periodic follow-up, preferably through
multidisciplinary collaborations.

This study has several limitations, primarily due to the nature of the KNHANES IV as a secondary
dataset. First, the periodontitis was assessed by the CPI, i.e., a simpler method of assessing the needs
for periodontal treatment in a community setting. The CPI is reported to overestimate or underestimate
the prevalence of periodontitis because the use of representative teeth does not truly reflect the whole
periodontal condition [40]. Besides, the CPI scheme does not measure clinical attachment loss, i.e.,
a measurement of genuine periodontal tissue loss, and thus can underestimate the extent and severity
of periodontal destruction that has previously occurred in the past [41]. Another limitation is derived
from the nature of the cross-sectional design that does not allow clinical determination of COPD
severity, and that makes impossible to determine the causal relationship between periodontitis and
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COPD. Therefore, the study can only describe the presence and the level of the association rather than
describing the risk of developing periodontitis.

Despite several pieces of evidence suggesting a link between COPD and periodontitis, the exact
mechanisms involving the association have not been fully elucidated. Therefore, well-designed future
prospective observational studies or large scale big data analyses are required to clarify the causality,
biological mechanisms, and clinical relationships in the future. Also, more research is required to
improve and simplify technologies to assess the COPD condition reflecting the inflammatory and
destructive process in the lung or to indicate responsiveness to treatment.

5. Conclusions

The results of the present study revealed that age, smoking status, gender, education, and insurance
coverage were significant predictors of periodontitis. The reduced pulmonary function, both obstructive-
and restrictive-pulmonary impairments, was not a significant predictor for the prevalence of
periodontitis. Well-designed epidemiologic studies are needed to better understand a potential link
and further find a causal relationship between periodontitis and obstructive pulmonary impairment.

Author Contributions: Conceptualization, E.L. and S.-W.L.; Data curation, E.L.; Formal analysis, E.L.; Funding
acquisition, E.L. and S.-W.L.; Investigation, E.L. and S.-W.L.; Methodology, E.L.; Project administration, S.-W.L.;
Resources, E.L. and S.-W.L.; Supervision, S.-W.L.; Writing—original draft, E.L. and S.-W.L.; Writing—review and
editing, E.L. and S.-W.L.

Funding: This research was partially funded by the Seoul National University and Chonnam National University
Hospital (Research Institute of Clinical Medicine Grant BCRI19040). The funders had no role in study design,
data collection and analysis, decision to publish, or preparation of the manuscript.

Conflicts of Interest: The authors report no conflicts of interest related to this study.

References

1. Rabe, K.F.; Beghé, B.; Luppi, F.; Fabbri, L.M. Update in Chronic Obstructive Pulmonary Disease 2006. Am. J.
Respir. Crit. Care Med. 2007, 175, 1222–1232. [CrossRef] [PubMed]

2. Lopez, A.D.; Mathers, C.D.; Ezzati, M.; Jamison, D.T.; Murray, C.J. Global and regional burden of disease and
risk factors, 2001: systematic analysis of population health data. Lancet 2006, 367, 1747–1757. [CrossRef]

3. Decramer, M.; Janssens, W.; Miravitlles, M. Chronic obstructive pulmonary disease. Lancet 2012, 379,
1341–1351. [CrossRef]

4. Williams, R.C. Periodontal Disease. N. Engl. J. Med. 1990, 322, 373–382. [CrossRef] [PubMed]
5. Pihlstrom, B.L.; Michalowicz, B.S.; Johnson, N.W. Periodontal diseases. Lancet 2005, 366, 1809–1820.

[CrossRef]
6. Dentino, A.; Lee, S.; Mailhot, J.; Hefti, A.F. Principles of periodontology. Periodontol. 2000 2013, 61, 16–53.

[CrossRef] [PubMed]
7. Genco, R.J.; Borgnakke, W.S. Risk factors for periodontal disease. Periodontol. 2000 2013, 62, 59–94. [CrossRef]
8. Korea National Health & Nutrition Examination Survey Overview. Available online: https://knhanes.cdc.go.

kr/knhanes/eng/index.do (accessed on 7 May 2016).
9. Dave, S.; Van Dyke, T. The link between periodontal disease and cardiovascular disease is probably

inflammation. Oral Dis. 2008, 14, 95–101. [CrossRef]
10. Papapanou, P.N. Systemic effects of periodontitis: lessons learned from research on atherosclerotic vascular

disease and adverse pregnancy outcomes. Int. Dent. J. 2015, 65, 283–291. [CrossRef]
11. Cullinan, M.P.; Seymour, G.J. Periodontal disease and systemic illness: Will the evidence ever be enough?

Periodontol. 2000 2013, 62, 271–286. [CrossRef]
12. Paju, S.; Scannapieco, F. Oral biofilms, periodontitis, and pulmonary infections. Oral Dis. 2007, 13, 508–512.

[CrossRef] [PubMed]
13. Lalla, E.; Papapanou, P.N. Diabetes mellitus and periodontitis: a tale of two common interrelated diseases.

Nat. Rev. Endocrinol. 2011, 7, 738–748. [CrossRef] [PubMed]

http://dx.doi.org/10.1164/rccm.200704-586UP
http://www.ncbi.nlm.nih.gov/pubmed/17545457
http://dx.doi.org/10.1016/S0140-6736(06)68770-9
http://dx.doi.org/10.1016/S0140-6736(11)60968-9
http://dx.doi.org/10.1056/NEJM199002083220606
http://www.ncbi.nlm.nih.gov/pubmed/2405268
http://dx.doi.org/10.1016/S0140-6736(05)67728-8
http://dx.doi.org/10.1111/j.1600-0757.2011.00397.x
http://www.ncbi.nlm.nih.gov/pubmed/23240942
http://dx.doi.org/10.1111/j.1600-0757.2012.00457.x
https://knhanes.cdc.go.kr/knhanes/eng/index.do
https://knhanes.cdc.go.kr/knhanes/eng/index.do
http://dx.doi.org/10.1111/j.1601-0825.2007.01438.x
http://dx.doi.org/10.1111/idj.12185
http://dx.doi.org/10.1111/prd.12007
http://dx.doi.org/10.1111/j.1601-0825.2007.01410a.x
http://www.ncbi.nlm.nih.gov/pubmed/17944664
http://dx.doi.org/10.1038/nrendo.2011.106
http://www.ncbi.nlm.nih.gov/pubmed/21709707


Medicina 2019, 55, 581 8 of 9

14. Ebersole, J.L.; Novak, M.J.; Michalowicz, B.S.; Hodges, J.S.; Steffen, M.J.; Ferguson, J.E.; DiAngelis, A.;
Buchanan, W.; Mitchell, D.A.; Papapanou, P.N. Systemic Immune Responses in Pregnancy and Periodontitis:
Relationship to Pregnancy Outcomes in the Obstetrics and Periodontal Therapy (OPT) Study. J. Periodontol.
2009, 80, 953–960. [CrossRef] [PubMed]

15. Papapanou, P.N.; Trevisan, M. Periodontitis and atherosclerotic vascular disease: what we know and why it
is important. J. Am. Dent. Assoc. 2012, 143, 826–828. [CrossRef] [PubMed]

16. Linden, G.J.; Lyons, A.; Scannapieco, F.A. Periodontal systemic associations: review of the evidence.
J. Periodontol. 2013, 84, S8–S19. [CrossRef] [PubMed]

17. Liu, Z.; Zhang, W.; Zhang, J.; Zhou, X.; Zhang, L.; Song, Y.; Wang, Z. Oral hygiene, periodontal health
and chronic obstructive pulmonary disease exacerbations. J. Clin. Periodontol. 2012, 39, 45–52. [CrossRef]
[PubMed]

18. Peter, K.P.; Mute, B.R.; Doiphode, S.S.; Bardapurkar, S.J.; Borkar, M.S.; Raje, D.V. Association Between
Periodontal Disease and Chronic Obstructive Pulmonary Disease: A Reality or Just a Dogma? J. Periodontol.
2013, 84, 1717–1723. [CrossRef] [PubMed]

19. Nayak, R.; Spoorthi, B.; Vadiraj, S.; Choudhary, G.K.; Kudyar, N. Periodontal Pathogens and Respiratory
Diseases— Evaluating Their Potential Association: A Clinical and Microbiological Study. J. Contemp. Dent. Pr.
2013, 14, 610–615. [CrossRef]

20. Usher, A.K.; A Stockley, R. The link between chronic periodontitis and COPD: a common role for the
neutrophil? BMC Med. 2013, 11, 241. [CrossRef]

21. Hobbins, S.; Chapple, I.L.; Sapey, E.; A Stockley, R. Is periodontitis a comorbidity of COPD or can associations
be explained by shared risk factors/behaviors? Int. J. Chronic Obstr. Pulm. Dis. 2017, 12, 1339–1349. [CrossRef]

22. Shi, Q.; Zhang, B.; Xing, H.; Yang, S.; Xu, J.; Liu, H. Patients with Chronic Obstructive Pulmonary Disease
Suffer from Worse Periodontal Health—Evidence from a Meta-Analysis. Front. Physiol. 2018, 9, 33. [CrossRef]
[PubMed]

23. Lopez-De-Andrés, A.; Vazquez-Vazquez, L.; A Martinez-Huedo, M.; Hernández-Barrera, V.;
Jimenez-Trujillo, I.; A Tapias-Ledesma, M.; De Miguel-Diez, J.; Jiménez-Garcia, R. Is COPD associated
with periodontal disease? A population-based study in Spain. Int. J. Chronic Obstr. Pulm. Dis. 2018, 13,
3435–3445. [CrossRef] [PubMed]

24. Kim, Y. The Korea National Health and Nutrition Examination Survey (KNHANES): Current Status and
Challenges. Epidemiology Heal. 2014, 36. [CrossRef] [PubMed]

25. Kim, H.Y.; Sohn, T.S.; Seok, H.; Yeo, C.D.; Kim, Y.S.; Song, J.Y.; Lee, Y.B.; Lee, D.H.; Lee, J.I.; Lee, T.K.; et al.
Prevalence and risk factors for reduced pulmonary function in diabetic patients: The Korea National Health
and Nutrition Examination Survey. Korean J. Intern. Med. 2017, 32, 682–689. [CrossRef] [PubMed]

26. Mannino, D.M.; Doherty, D.E.; Buist, A.S. Global Initiative on Obstructive Lung Disease (GOLD) classification
of lung disease and mortality: findings from the Atherosclerosis Risk in Communities (ARIC) study.
Respir. Med. 2006, 100, 115–122. [CrossRef] [PubMed]

27. Cutress, T.W.; Ainamo, J.; Sardo-Infirri, J. The community periodontal index of treatment needs (CPITN)
procedure for population groups and individuals. Int. Dent. J. 1987, 37, 222–233. [PubMed]

28. Lee, S.-W.; 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]

29. Eke, P.I.; Wei, L.; Borgnakke, W.S.; Thornton-Evans, G.; Zhang, X.; Lu, H.; McGuire, L.C.; Genco, R.J.
Periodontitis prevalence in adults >/= 65 years of age, in the USA. Periodontol. 2000 2016, 72, 76–95.
[CrossRef]

30. Rivera, R.; Andriankaja, O.M.; Perez, C.M.; Joshipura, K. Relationship between Periodontal disease and
Asthma among overweight/obese adults. J. Clin. Periodontol. 2016, 43, 566–571. [CrossRef]

31. Zeng, X.-T.; Tu, M.-L.; Liu, D.-Y.; Zheng, D.; Zhang, J.; Leng, W. Periodontal Disease and Risk of Chronic
Obstructive Pulmonary Disease: A Meta-Analysis of Observational Studies. PLoS ONE 2012, 7, e46508.
[CrossRef]

32. Shen, T.C.; Chang, P.Y.; Lin, C.L.; Chen, C.H.; Tu, C.Y.; Hsia, T.C.; Shih, C.M.; Hsu, W.H.; Sung, F.C.; Kao, C.H.
Risk of Periodontal Diseases in Patients With Chronic Obstructive Pulmonary Disease: A Nationwide
Population-based Cohort Study. Medicine (Baltimore) 2015, 94, e2047. [CrossRef] [PubMed]

33. Bergstrom, J.; Cederlund, K.; Dahlen, B.; Lantz, A.-S.; Skedinger, M.; Palmberg, L.; Sundblad, B.-M.; Larsson, K.
Dental Health in Smokers with and without COPD. PLoS ONE 2013, 8, e59492. [CrossRef] [PubMed]

http://dx.doi.org/10.1902/jop.2009.080464
http://www.ncbi.nlm.nih.gov/pubmed/19485826
http://dx.doi.org/10.14219/jada.archive.2012.0275
http://www.ncbi.nlm.nih.gov/pubmed/22855892
http://dx.doi.org/10.1902/jop.2013.1340010
http://www.ncbi.nlm.nih.gov/pubmed/23631586
http://dx.doi.org/10.1111/j.1600-051X.2011.01808.x
http://www.ncbi.nlm.nih.gov/pubmed/22092913
http://dx.doi.org/10.1902/jop.2013.120347
http://www.ncbi.nlm.nih.gov/pubmed/23339345
http://dx.doi.org/10.5005/jp-journals-10024-1373
http://dx.doi.org/10.1186/1741-7015-11-241
http://dx.doi.org/10.2147/COPD.S127802
http://dx.doi.org/10.3389/fphys.2018.00033
http://www.ncbi.nlm.nih.gov/pubmed/29422870
http://dx.doi.org/10.2147/COPD.S174898
http://www.ncbi.nlm.nih.gov/pubmed/30425473
http://dx.doi.org/10.4178/epih/e2014002
http://www.ncbi.nlm.nih.gov/pubmed/24839580
http://dx.doi.org/10.3904/kjim.2016.045
http://www.ncbi.nlm.nih.gov/pubmed/28142231
http://dx.doi.org/10.1016/j.rmed.2005.03.035
http://www.ncbi.nlm.nih.gov/pubmed/15893923
http://www.ncbi.nlm.nih.gov/pubmed/3481626
http://dx.doi.org/10.1902/jop.2017.160706
http://www.ncbi.nlm.nih.gov/pubmed/28398111
http://dx.doi.org/10.1111/prd.12145
http://dx.doi.org/10.1111/jcpe.12553
http://dx.doi.org/10.1371/journal.pone.0046508
http://dx.doi.org/10.1097/MD.0000000000002047
http://www.ncbi.nlm.nih.gov/pubmed/26579813
http://dx.doi.org/10.1371/journal.pone.0059492
http://www.ncbi.nlm.nih.gov/pubmed/23544074


Medicina 2019, 55, 581 9 of 9

34. Hyman, J.J.; Reid, B.C. Cigarette Smoking, Periodontal Disease, and Chronic Obstructive Pulmonary Disease.
J. Periodontol. 2004, 75, 9–15. [CrossRef] [PubMed]

35. Barros, S.P.; Suruki, R.; Loewy, Z.G.; Beck, J.D.; Offenbacher, S. A Cohort Study of the Impact of Tooth
Loss and Periodontal Disease on Respiratory Events among COPD Subjects: Modulatory Role of Systemic
Biomarkers of Inflammation. PLoS ONE 2013, 8, e68592. [CrossRef]

36. Tan, L.; Wang, H.; Li, C.; Pan, Y. 16S rDNA-based metagenomic analysis of dental plaque and lung bacteria
in patients with severe acute exacerbations of chronic obstructive pulmonary disease. J. Periodontal Res. 2014,
49, 760–769. [CrossRef] [PubMed]

37. Kucukcoskun, M.; Baser, U.; Oztekin, G.; Kiyan, E.; Yalcin, F. Initial Periodontal Treatment for Prevention
of Chronic Obstructive Pulmonary Disease Exacerbations. J. Periodontol. 2013, 84, 863–870. [CrossRef]
[PubMed]

38. Romero, S.S.; Pinto, E.H.; Longo, P.L.; Dal Corso, S.; Lanza, F.C.; Stelmach, R.; Rached, S.Z.;
Lino-Dos-Santos-Franco, A.; Mayer, M.P.; Bussadori, S.K.; et al. Effects of periodontal treatment on
exacerbation frequency and lung function in patients with chronic periodontitis: study protocol of a 1-year
randomized controlled trial. BMC Pulm. Med. 2017, 17, 23. [CrossRef]

39. Zhou, X.; Han, J.; Liu, Z.; Song, Y.; Wang, Z.; Sun, Z. Effects of periodontal treatment on lung function and
exacerbation frequency in patients with chronic obstructive pulmonary disease and chronic periodontitis:
A 2-year pilot randomized controlled trial. J. Clin. Periodontol. 2014, 41, 564–572. [CrossRef]

40. Kingman, A.; Albandar, J.M. Methodological aspects of epidemiological studies of periodontal diseases.
Periodontol. 2000 2002, 29, 11–30. [CrossRef]

41. Lewis, J.M.; Morgan, M.V.; Wright, F.A.C. The validity of the CPITN scoring and presentation method for
measuring periodontal conditions. J. Clin. Periodontol. 1994, 21, 1–6. [CrossRef]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1902/jop.2004.75.1.9
http://www.ncbi.nlm.nih.gov/pubmed/15025211
http://dx.doi.org/10.1371/annotation/066cd415-327b-41cb-adce-3db7e5cb527d
http://dx.doi.org/10.1111/jre.12159
http://www.ncbi.nlm.nih.gov/pubmed/24484531
http://dx.doi.org/10.1902/jop.2012.120399
http://www.ncbi.nlm.nih.gov/pubmed/23003917
http://dx.doi.org/10.1186/s12890-017-0394-6
http://dx.doi.org/10.1111/jcpe.12247
http://dx.doi.org/10.1034/j.1600-0757.2002.290102.x
http://dx.doi.org/10.1111/j.1600-051X.1994.tb00268.x
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Data Source and Study Population 
	Definition of Pulmonary Function Test Assessment 
	Definition of Periodontitis 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

