
Lung function and oral health in
adolescents

To the Editor:

Only a few studies have investigated the association between periodontal diseases (PD), such as gingivitis
or periodontitis, and lung health. The latest systematic review identified 14 observational studies and
reported a pooled OR of 2.08 (95% CI 1.48–2.91) for chronic obstructive pulmonary disease (COPD) [1].
More recent studies have confirmed the adverse effects of oral inflammation on lung disease [2], but not
all [3]. Three interventional trials in adults showed the positive effects of periodontal therapy on lung
function in patients with COPD. Two nonrandomised trials [3, 4] and a randomised trial [5] found
improved lung function and reduced exacerbation rates in COPD patients after oral hygiene instructions
and periodontal treatment. All of these studies on oral inflammation and lung health were restricted to
adults, in whom smoking as a common risk factor for local inflammation and indirect effects due to
systemic inflammation was suggested as an underlying mechanism [6, 7]. However, LINDEN et al. [6]
summarised that the inflammatory status of the airways might be affected by aspiration of dental plaque
and/or haematogenous dissemination of inflammatory mediators and periodontal bacteria.

We therefore analysed the association between lung function assessed using spirometry and oral health
indicators in adolescents, as well as the potential mediating role of low-grade systemic and local
inflammation indicated by high sensitivity serum C-reactive protein (hs-CRP) and exhaled nitric oxide
fraction (FeNO).

The source study populations were two German birth cohorts, GINIplus (German Infant Nutritional
Intervention Program PLUS Air pollution and Genetics on Allergy development) and LISA (Influence of
Life-style related factors on the development of the Immune System and Allergies in East and West
Germany). Both population-based cohorts recruited term-born, normal weight neonates of Caucasian
origin in the years 1995–1999. The details of the study design and its recruitment have been described
previously [8, 9]. The current analyses were restricted to 988 participants from the Munich (Germany)
study centre, who participated in the 15-year follow-up with valid lung function testing and dental
examination, as well as data on hs-CRP and FeNO. Both studies were approved by the local ethics
committees and written informed consent was obtained.

Spirometry and inhalation of bronchodilator medication was performed in line with American Thoracic
Society (ATS)/European Respiratory Society (ERS) recommendations [10]. The EasyOne Worldspirometer
(ndd, Zurich, Switzerland) was used to obtain flow–volume curves; details of spirometry testing are
described elsewhere [11]. Standardised z-scores of the lung function parameters, the largest sum of forced
expiratory volume in 1 s (FEV1), forced vital capacity (FVC), FEV1/FVC, and the mean forced expiratory
flow at 25–75% of FVC (FEF25–75) were calculated based on the reference equations for spirometry from
the Global Lung Initiative (GLI) [12, 13]. The analysis used only post-bronchodilator lung function data.

The methods for dental examination are described in detail elsewhere [14, 15]. Sulcus bleeding index (SBI)
was measured using a blunt probe. Decisions were made for each sextant if sulcus bleeding was present or
not. Due to the young age of the participants, no periodontal pockets were measured (scores 3 and 4). We
labelled the SBI as “gingival bleeding”. To assess the community periodontal index (CPI), the number of
sextants with calculus and the number of sextants with bleeding was summed. As severe periodontal status
was not recorded in young subjects, we labelled the CPI-derived data as “oral hygiene”. The caries status
was determined as the decayed, missing, filled teeth (DMFT) index for permanent dentition, using World
Health Organization (WHO) standard methodology [16].
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TABLE 1 Results of linear regression of oral health inflammation with lung function post-bronchodilation and additional adjustment for high sensitivity serum
C-reactive protein (hs-CRP) and exhaled nitric oxide fraction (FeNO)

Subjects
n

Gingival bleeding# Subjects
n

Oral hygiene¶

Adjusted model+ Additional adjustment hs-CRP Additional adjustment FeNO Adjusted model+ Additional adjustment hs-CRP Additional adjustment FeNO

Beta 95% CI p-value Beta 95% CI p-value Beta 95% CI p-value Beta 95% CI p-value Beta 95% CI p-value Beta 95% CI p-value

FEV1 L FEV1 L
None 753 Ref. Ref. Ref. None 563 Ref. Ref. Ref.
1–3 145 −0.019 −0.10–0.06 0.584 −0.015 −0.09–0.06 0.668 −0.020 −0.10–0.06 0.569 1 261 −0.028 −0.09–0.03 0.344 −0.025 −0.08–0.03 0.412 −0.029 −0.09–0.03 0.340
3–6 81 −0.093 −0.19–0.01 0.049 −0.091 −0.19–0.01 0.053 −0.093 −0.19–0.01 0.049 2–6 155 −0.056 −0.13–0.02 0.116 −0.055 −0.13–0.02 0.123 −0.056 −0.13–0.02 0.116

FVC L FVC L
None 753 Ref. Ref. Ref. None 563 Ref. Ref. Ref.
1–3 145 0.007 −0.07–0.09 0.868 0.012 −0.07–0.09 0.761 0.005 −0.07–0.08 0.900 1 261 −0.026 −0.08–0.03 0.436 −0.021 −0.08–0.04 0.525 −0.027 −0.09–0.03 0.427
3–6 81 −0.115 −0.21– −0.02 0.028 −0.113 −0.21– −0.01 0.031 −0.116 −0.21– −0.02 0.028 2–6 155 −0.033 −0.11–0.05 0.407 −0.032 −0.11–0.05 0.426 −0.033 −0.11–0.05 0.408

FEV1/FVC FEV1/FVC
None 753 Ref. Ref. Ref. None 563 Ref. Ref. Ref.
1–3 145 −0.007 −0.01– −0.01 0.119 −0.007 −0.01– −0.01 0.111 −0.007 −0.01– −0.01 0.123 1 261 −0.003 −0.00– −0.00 0.489 −0.003 −0.00– −0.00 0.468 −0.003 −0.00– −0.00) 0.494
3–6 81 0.001 −0.02–0.02 0.810 0.001 −0.02–0.02 0.819 0.001 −0.02–0.02 0.809 2–6 155 −0.007 −0.01– −0.01 0.138 −0.007 −0.01– −0.01 0.136 −0.007 −0.01– −0.01 0.138

FEF25–75
L·s−1

FEF25–75
L·s−1

None 753 Ref. Ref. Ref. None 563 Ref. Ref. Ref.
1–3 145 −0.119 −0.28–0.04 0.114 −0.114 −0.27–0.04 0.132 −0.12 −0.28–0.04 0.114 1 261 −0.032 −0.15–0.09 0.614 −0.027 −0.14–0.09 0.673 −0.032 −0.15–0.09 0.616
3–6 81 −0.092 −0.29–0.10 0.358 −0.09 −0.29–0.11 0.369 −0.092 −0.29–0.10 0.358 2–6 155 −0.151 −0.31–0.01 0.046 −0.150 −0.31–0.01 0.048 −0.151 −0.31–0.01 0.046

FEV1 GLI
z-score

FEV1 GLI
z-score

None 753 Ref. Ref. Ref. None 563 Ref. Ref. Ref.
1–3 145 −0.045 −0.20–0.11 0.571 −0.037 −0.19–0.12 0.644 −0.045 −0.20–0.11 0.570 1 261 −0.073 −0.21–0.06 0.274 −0.066 −0.20–0.07 0.326 −0.073 −0.21–0.06 0.275
3–6 81 −0.204 −0.42–0.01 0.052 −0.201 −0.42–0.01 0.056 −0.204 −0.42–0.01 0.052 2–6 155 −0.13 −0.29–0.03 0.102 −0.128 −0.28–0.03 0.108 −0.130 −0.29–0.03 0.102

FVC GLI
z-score

FVC GLI
z-score

None 753 Ref. Ref. Ref. None 563 Ref. Ref. Ref.
1–3 145 0.006 −0.15–0.16 0.936 0.016 −0.14–0.17 0.834 0.005 −0.15–0.16 0.949 1 261 −0.064 −0.20–0.07 0.331 −0.055 −0.19–0.08 0.401 −0.064 −0.20–0.07 0.328
3–6 81 −0.221 −0.42– −0.02 0.032 −0.217 −0.41– −0.02 0.034 −0.221 −0.42– −0.02 0.031 2–6 155 −0.073 −0.23–0.08 0.350 −0.070 −0.23–0.09 0.366 −0.073 −0.23–0.08 0.351

FVC/FEV1 GLI
z-score

FVC/FEV1 GLI
z-score

None 737 Ref. Ref. Ref. None 551 Ref. Ref. Ref.
1–3 145 −0.081 −0.26–0.10 0.357 −0.087 −0.26–0.09 0.326 −0.084 −0.26–0.09 0.340 1 257 −0.024 −0.16–0.11 0.745 −0.029 −0.19–0.13 0.695 −0.025 −0.16–0.11 0.738
3–6 80 −0.009 −0.24–0.23 0.938 −0.011 −0.25–0.22 0.925 −0.010 −0.25–0.23 0.933 2–6 154 −0.088 −0.26–0.09 0.323 −0.089 −0.27–0.09 0.316 −0.087 −0.26–0.09 0.325

FEF25–75 GLI
z-score

FEF25–75 GLI
z-score

None 753 Ref. Ref. Ref. None 563 Ref. Ref. Ref.
1–3 145 −0.126 −0.28–0.03 0.121 −0.120 −0.28–0.04 0.140 −0.127 −0.28–0.03 0.120 1 261 −0.037 −0.17–0.10 0.587 −0.032 −0.17–0.11 0.646 −0.037 −0.17–0.10 0.588
3–6 81 −0.095 −0.31–0.12 0.376 −0.093 −0.31–0.12 0.388 −0.095 −0.31–0.12 0.376 2–6 155 −0.163 −0.32– −0.01 0.046 −0.161 −0.32–−0.00 0.048 −0.163 −0.32– −0.01 0.046

Bold indicates statistically significant relationships. FEV1: forced expiratory volume in 1 s; Ref.: reference; FVC: forced vital capacity; FEF25–75: forced expiratory flow at 25–75% of FVC;
GLI: Global Lung Initiative. #: number of sextants with sulcus bleeding; ¶: number of sextants with a community periodontal index degree >0; +: adjusted for study, sex, age, height,
weight, education level, smoking, medication within the last 7 days, and current asthma or positive bronchodilation.
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Serum hs-CRP was measured using the Tina-quant CRP (latex) high-sensitivity assay (Roche, Mannheim,
Germany). FeNO was measured using the NIOX MINO (Aerocrine, Sweden) from controlled expiration for
10 s at a flow rate of 50 mL·s−1 in accordance with the ATS/ERS recommendation [10]. Height and weight
were measured during physical examination without shoes and with light clothing [11]. Education level
was considered to be a proxy for socioeconomic status. Moreover, information was collected on smoking
and medication within the last 7 days [11].

All analyses were performed using the statistical software R, version 3.3.3 (https://www.r-project.org/).
Linear regression models were used to analyse the association between oral health (independent variable)
and spirometric lung function parameters post-bronchodilation (dependent variable) adjusted for study,
sex, age, height, weight, education level, smoking, medication within the last 7 days, and current asthma or
positive bronchodilation.

Sensitivity analyses of oral health and spirometric lung function parameters post-bronchodilation were
conducted in nonsmokers, non-asthmatics and subjects who had not taken any relevant medication during
the past 7 days. The association of DMFT as a negative control with lung function parameters
post-bronchodilation was also analysed to rule out confounding by other potential factors.

The highest categories of gingival bleeding (3–6 sextants with sulcus bleeding) and poor oral hygiene
(2–6 sextants with CPI degree >0) were associated with significantly reduced spirometric lung volumes
and flow rates post-bronchodilation, compared with those with no gingival bleeding or good oral
hygiene, respectively (table 1). Table 1 also shows also that these associations were not affected by
additional adjustment for hs-CRP or FeNO. The association analysis of DMFT (as a negative control)
with all lung function parameters post-bronchodilation did not reveal any substantial adverse association
(data not shown). We performed several sensitivity analyses with lung function parameters
post-bronchodilation, excluding smokers and second-hand smokers, subjects with asthma, and subjects
with anti-inflammatory medication drug intake during the last 7 days prior to medical examination. The
exclusion of these potential influencing factors did not substantially change the effect estimates (data not
shown).

There are several reasons why oral health may be related to lung function [6, 7]: by aspiration of dental
plaque and/or haematogenous dissemination of inflammatory mediators and periodontal bacteria, a shared
pathogenesis between impaired lung function and oral inflammatory indicators. PD may also be associated
with low-grade systemic inflammation, which might affect lung function. This study is novel in two major
aspects. To the best of our knowledge, no previous study has explored the association between markers of
inflammation in oral cavity and lung function in adolescents. Secondly, this study comprised a large
sample of participants who were certainly never-smokers, were not exposed to any occupational toxicants
and did not demonstrate common chronic diseases.

Our findings indicate that the adverse effects of oral inflammation on lung function may start during
adolescence. This result is important, because a high proportion of participants were never-smokers, while
the studies in adults mostly included smokers or exsmokers. As smoking is a strong determinant for PD in
adults, and active and passive smoking is related to poor lung function in adults and children, it is difficult
to disentangle the effect of smoking from other factors in adults.

Our study has several strengths: consistent findings across several oral inflammatory parameters; a large
sample size; an almost never-smoking population; robust associations across several sensitivity analyses;
plausible direction of the effects; and hs-CRP and FeNO data. However, it also has a few limitations: a
cross-sectional study design; selective drop-out; uncertain clinical meaning of the lung function decrease;
limitations of included inflammatory blood markers; and FeNO.

As no effect modification was observed for markers of systemic or local inflammation, we conclude that
aspiration of bacteria or bacterial components from the oral cavity might be considered an underlying
pathomechanism for oral inflammatory and lung function.
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