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Purpose: Infections from the oral microbiome may lead to exacerbations of chronic
obstructive pulmonary disease (COPD). We investigated whether advanced dental cleaning
could reduce exacerbation frequency. Secondary outcomes were disease-specific health
status, lung function, and whether the bacterial load and composition of plaque microbiome
at baseline were associated with a difference in outcomes.

Patients and Methods: One-hundred-one primary and secondary care patients with COPD
were randomized to intervention with advanced dental cleaning or to dental examination
only, repeated after six months. At baseline and at 12 months, data of exacerbations, lung
function, COPD Assessment Test (CAT) score, and periodontal status were collected from
questionnaires, record review, and periodontal examination. Student’s z-test and Mann—
Whitney-U (MWU) test compared changes in outcomes. The primary outcome variable
was also assessed using multivariable linear regression with adjustment for potential con-
founders. Microbiome analyses of plaque samples taken at baseline were performed using
Wilcoxon signed ranks tests for calculation of alpha diversity, per mutational multivariate
analysis of variance for beta diversity, and receiver operating characteristic curves for
prediction of outcomes based on machine learning models.

Results: In the MWU test, the annual exacerbation frequency was significantly reduced in
patients previously experiencing frequent exacerbations (p = 0.020) and in those with
repeated advanced dental cleaning (p = 0.039) compared with the non-treated control
group, but not in the total population including both patients with a single and repeated
visits (p = 0.207). The result was confirmed in multivariable linear regression, where the risk
of new exacerbations was significantly lower in patients both in the intention to treat analysis
(regression coefficient 0.36 (95% CI 0.25-0.52), p < 0.0001) and in the population with
repeated dental cleaning (0.16 (0.10-0.27), p < 0.0001). The composition of microbiome at
baseline was moderately predictive of an increased risk of worsened health status at 12
months (AUC = 0.723).

Conclusion: Advanced dental cleaning is associated with a reduced frequency of COPD
exacerbations. Regular periodontal examination and dental cleaning may be of clinical
importance to prevent COPD exacerbations.

Keywords: alpha diversity, periodontal disease, beta diversity, health status, lung function,

plaque microbiome

Introduction
Exacerbations of chronic obstructive pulmonary disease (COPD) lead to discase

progression, re-exacerbations, and increased risk of mortality.' > Prevention of
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exacerbations includes smoking cessation,* pharmacological
maintenance treatment,”® rehabilitation,” vaccinations,'®
and structured integrated care.'""'> However, recurrent
exacerbations are still a major clinical problem associated
with lower quality of life'* and high healthcare costs.'*

COPD exacerbations are often caused by bacteria,’
acquired from the environment or from colonization of
the upper airways.”> The oral microbiome, especially that
of dental plaque, has been hypothesized to be an impor-
tant source of infection. The concentration of antibiotics
needed to inhibit bacterial strains in steady-state biofilms
in vitro is up to 250 times that sufficient for planktonic
cultures, and a course of antibiotic treatment for an air-
way infection seldom eradicates pathogens in dental
plaque.'””> Two small pilot studies have suggested that
advanced dental cleaning may reduce the risk of exacer-
bations of COPD.'®!”

The primary aim of this study was to determine
whether advanced dental cleaning can reduce COPD
exacerbation frequency. Secondary aims were to investi-
gate if dental cleaning is associated with improved health

status, lung function, or periodontal status and whether

specific components of the plaque microbiome at baseline
are associated with change in exacerbation frequency.

Methods
Study Design

This was a randomized controlled trial, un-blinded for
participants but blinded for the researchers who assessed

the outcomes and performed the statistical analyses.

Baseline Data Collection

Inclusion criteria were a recorded diagnosis of COPD
(ICD J44). Patients were recruited consecutively from
2016
Department of Respiratory Medicine at the University

through 2018 from clinical practice at the

Hospital, Orebro; at the Department of Respiratory
Medicine at Skéne University Hospital, Malmo; and at
several primary healthcare centers in the region Skéne,
Sweden (Figure 1). The COPD diagnoses were confirmed
by spirometry showing a ratio of forced expiratory volume
in one second (FEV1) and forced vital capacity (FVC)
below 0.70 (FEV1/FVC <0.70).'® Patients without teeth

[ Enrollment ]

Patients with COPD recruited at hospitals and PHCCs:
Record review and patient questionnaire
Periodontal examination and microbiological sampling/analysis

Randomization:
N =101

Intervention group

Received allocated intervention: [

Allocation ]

Control group

Recieved allocated control intervention:

N =45

Repeated periodontal examination after 6 months:
(N =41, drop-out = 4)

Exacerbation data from record review and/or patient

N =56

Repeated advanced dental cleaning after 6 months:
(N = 37. drop-out = 19)

Exacerbation data from record review and/or patient

(N = 34, drop-out 11)

questionnaires at baseline and at follow-up questionnaires at baseline and at follow-up
(N = 45, drop-out =0) [ Follow-up ] (N = 56, drop-out = 0)
Lung function at baseline and after 12 months Lung function at baseline and after 12 months
(N =24, drop-out 21) (N =31, drop-out = 25)
CAT score at baseline and after 12 months [ Analysis ] CAT score at baseline and after 12 months

Periodontal examination at baseline and after 12 months
(N = 33, drop-out 12)

(N = 36, drop-out = 20)
Periodontal examination at baseline and after 12 months
(N = 36, drop-out = 20)

Figure | Flow chart. Adapted CONSORT flow chart of data collection, randomization, and follow-up.

Abbreviations: CAT, COPD Assessment Test; PHCC, primary healthcare center.
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or with implants, current lung cancer, or cognitive or
linguistic inability to take part in the study were excluded.

All included patients underwent a baseline visit at the
Clinic for Dental Care in Skdne (Malmé and Lund) or in
Orebro, during which they completed a questionnaire and
underwent periodontal examination and sampling of dental
plaque for microbiological analysis. The questionnaire
included questions on sex, age, smoking status and exacer-
bation history of the previous 12 months. Subjects also
completed the Swedish version of the COPD Assessment
Test (CAT), a disease-specific health status instrument
based on the subjective assessment of eight items. The
score ranges from zero to 40, with higher scores indicating
worse health status.'® An exacerbation was defined as
a worsening of symptoms resulting in a course of oral
antibiotics or steroids.'® A complementary record review
was performed by the responsible physician to obtain
information on height, weight, comorbidities, maintenance
treatment, exacerbation history, and spirometry data.

Periodontal examinations were performed on six sites
per tooth, including the third molar. Inter-examiner agree-
ment was set at >95% within = 1 mm probing depth. Data
of bleeding upon probing, periodontal probing depth, and
attachment loss were recorded. Severe periodontal disease
was defined, in accordance with the American Academy of
Periodontology and the US Centers for Disease Control
and Prevention definitions at the time of planning the
study, by number of periodontal pockets >5 mm.*
Microbiological sampling of dental plaque was performed
at baseline and after 12 months by scraping the sulcus of
the mesio-lingual surface of teeth 32, 31, 41, and 42 using
a curette. The plaque samples were pooled by immersing
the curette in a buffer optimized for extracting high-quality
16S rRNA (DNA Genotek, OMNIgene OMR-110).

Randomization and Intervention
A power analysis based on the standard deviations from
the pilot study of Kucukoskun et al'® indicated 80% power
to detect an overall difference of p < 0.05 of 1.5 exacer-
bations per year in a sample of 49 subjects in each group.
In the referred study, the mean number and standard devia-
tions of exacerbation frequency after one year decreased
from 3 £+ 1.83 to 1.95 = 1.46 (p = 0.01) in the intervention
group and was unchanged in the control group (3.5 + 4.62
vs 3.25 £ 3.35, p = 0.48).

At the Clinic for Dental Care, the patients were rando-
mized 1:1, by blocks of ten, to intervention with advanced
dental cleaning or to a control group. The randomization

was performed online using GraphPad. The intervention
was a modification of the full-mouth disinfection protocol,
performed at baseline and after 6 months.”' If needed to
complete the baseline intervention, the advanced dental
cleaning was divided into more than one occasion within
a short time period. The oral biofilm was disrupted and
removed on the sub- and supra-gingival surfaces of the
teeth by scaling, with the supra-gingival surface biofilm
disrupted using the prophylactic paste RDA 250 supple-
mented with curettage and ultrasonic debridement. The
tongue was cleaned using a tongue scraper while holding
the patients tongue with a piece of gauze. Finally, the
patient was instructed to rinse with 10 mL of 2 mg/mL
chlorhexidine mouthwash for one minute, at the visit and
once per day for the subsequent seven days, and were
given oral hygiene instructions. The control group under-
went an examination and supra-gingival cleaning using
toothpaste, corresponding to tooth brushing.

Follow-Up

All patients were called to return to the Clinic for Dental
Care after six and 12 months for periodontal examination
and a follow-up interview. At the six-month visit, the
advanced dental cleaning was repeated in the intervention
group. At the 12-month visit, both the intervention and
control groups were given the advanced dental cleaning.
The incidence of adverse events was noted in both groups.
After 12 months, records of all patient who underwent the
baseline visit or intervention were reviewed for repeated
spirometry and exacerbations regardless of whether they
returned for follow-up.

Analysis of Microbiota

The microbiological and statistical analyses of plaque
samples were performed at Clinical Microbiomics,
Copenhagen. DNA was extracted using NucleoSpin® 96
Soil (Macherey-Nagel). Polymerase chain reaction was
conducted using the forward primer S-D-Bact-0341-
b-S-17 and reverse primer S-D-Bact-0785-A-A-21 with
Illumina adapters attached.”> The samples were sequenced
in an Illumina MiSeq sequencer using the MiSeq Reagent
Kit V3 (Illumina) for 2 x 300 bp paired-end sequencing,
and an adjusted dada2 pipeline processed the sequence
data into the amplicon sequence variant (ASV) abundance
table.”> Taxonomic assignment of the detected ASVs was
conducted using a naive Bayesian classifier algorithm
comparing the ASV sequences to the expanded Human

Oral Microbiome Database (eHOMD v.15.21).%*
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Microbiological richness (alpha diversity) was assessed as
observed richness (number of ASVs present in a sample)
and the Shannon index (ASV composition). Dissimilarity
in the taxonomic composition among samples (beta diver-
sity) was calculated as Bray-Curtis dissimilarity.

A proprietary machine learning pipeline based on the
R package SIAMCAT? was used to infer associations
between ASVs from the baseline samples and differences
in exacerbation frequency and CAT score at the 12-month
follow-up visit from those at baseline.

Variables

Baseline variables included sex, age, smoking status, body
mass index (BMI), comorbidities, maintenance COPD
treatment, total number of exacerbations and hospitalized
exacerbations the previous year, CAT score, FEV1 in
percentage of predicted value (FEV1%pred), and number
of periodontal pockets >5 mm.

Smoking status was categorized as never, former, and
current daily smoking. BMI was categorized as <22.0,
22.0-29.9, and >30.0 kg/m>.*® Maintenance treatment
was categorized as none, long-acting bronchodilation
with long-acting muscarinic antagonists and/or long-
acting beta-2-agonists, or any combination including
inhaled corticosteroids or roflumilast.

Severity of disease was presented both as Global
Initiative on Obstructive Lung Disease (GOLD) group
(A-D) and stage (1-4)."” According to GOLD, a CAT
score >10 corresponds to a severe symptom level, and
frequent exacerbations is defined as >2 exacerbations or
>one hospitalized exacerbation in one year. GOLD group
A denotes a low level of symptoms and no frequent
exacerbations, group B a high level of symptoms and no
frequent exacerbations, group C a low level of symptoms
and frequent exacerbations, and group D high level of
symptoms and frequent exacerbations. GOLD stage 1
denotes FEV1%pred >80, stage 2 is FEV1%pred 50-79,
stage 3 is FEV1%pred 3049, and stage 4 is FEV1%
pred <30.

Statistical Analysis

Statistical analyses were performed using SPSS version 25
(IBM Corp, Armonk, NY). The primary outcome variable,
difference in exacerbation frequency, was calculated as the
difference between the number of exacerbations in the 12
months preceding inclusion and during the follow-up per-
iod of 12 months. The secondary outcome variables were
differences in CAT score, FEV1%pred, and number of

periodontal pockets >5mm between baseline and the 12-
month follow-up visit. Kolmogorov-Smirnov and Shapiro-
Wilk tests were used to test the null hypothesis of normal
distribution for continuous baseline and outcome
variables.

Baseline and outcome variables in the intervention and
control groups were compared using cross-tabulation and
chi-squared test for categorical variables. Student’s #-test
was used for normally distributed continuous variables
(age, FEV1%pred, and CAT score) and Mann—Whitney-
U (MWU) test for non-normally distributed continuous
variables (exacerbation frequency and number of pock-
ets >5 mm).

Comparisons were conducted as intention-to-treat ana-
lysis of all randomized patients (n = 101). Subgroup ana-
lyses were performed within the population returning for
the six-month follow-up visit (n = 78). The analysis of the
primary outcome variable was repeated stratified for sever-
ity of disease according to GOLD with merging of groups
A and B, groups C and D, stages 1 and 2, and stages 3 and
4, and for presence or absence of severe periodontal dis-
ease. The association of intervention group with the pri-
mary outcome variable was also tested in a multivariable
Poisson regression analysis, with adjustment for sex, age,
smoking, CAT score, exacerbations frequency and FEV1%
predicted at baseline. The potential confounding factors
were chosen a priori based on previous knowledge,'” and
were tested in univariable Poisson regression analyses. In
addition, a paired test of the effect of intervention on
number of pockets per subject within each randomization
group was performed using the Wilcoxon signed rank test.

An attrition analysis compared baseline characteristics
of patients attending and those declining the six-month
follow-up visit, and the main analyses were repeated
including patients with complete lung function data at
baseline.

The Wilcoxon signed rank test was used to calculate
differences in alpha-diversity, and per mutational multi-
variate analysis of variance to investigate differences in
beta-diversity within and between the intervention and
control groups at baseline and 12-month follow-up. In
the machine learning analyses, Least Absolute Shrinkage
and Selection Operator models®’ of the baseline micro-
biome composition data were used to predict change in
exacerbation frequency and CAT score, measured both as
continuous and binary (decreased vs increased/unchanged)
outcome variables. The predictive ability was evaluated
using receiver operating characteristic curves. An area
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under curve (AUC) value >0.9 was considered excellent,
0.8-0.89 good, 0.7-0.79 fair/modest, and 0.5-0.69 poor/
marginal.?® In all other analyses, p < 0.05 was regarded as
significant.

Ethics

The study was conducted in accordance with the
Declaration of Helsinki. All participants gave written
informed consent before the study start. The study was
approved by the Ethical Board in Lund (Dnr 2015/625).
The study protocol was published at clinicaltrials.gov (Id
nr NCT02619903).

Results

Patient Characteristics and Baseline Data
A total of 101 patients were included, randomized at the
first dental clinic visit and followed up after 12 months
with collection of data on exacerbations. Seventy-eight of
these returned for a second periodontal examination/
advanced dental cleaning after six months, and 69 of
those attended the 12-month follow-up. More than two-
thirds of the patients were recruited from secondary care,
and more than half experienced two or more exacerbations
during the 12 months prior to inclusion (Table 1). The
most common comorbidities were hypertension, diabetes
mellitus, and cardiovascular disease. No significant differ-
ences were found in patient characteristics between the
randomization groups at baseline, either in the main popu-
lation (Table 1) or in the subpopulation of patients attend-
ing the six-month follow-up visit (data not shown).

The main reasons for declining to participate in the
study were lack of teeth or having dental implants and
unwillingness to see a dental practitioner other than their
regular provider. The major reason for dropout at the
follow-up visits was the inconvenience of extra visits.
The attrition analysis showed no significant differences
in sex, age, comorbidities, maintenance treatment, pre-
vious exacerbation frequency, or COPD severity with
respect to completion of the full study protocol.
Repeating the main analyses in only those patients in
whom spirometry confirming the COPD diagnosis was
completed at baseline did not substantially change the
results (data not shown).

Effect of Intervention
In the intention to treat analysis, exacerbation frequency at
the 12-month follow-up was slightly decreased compared

to baseline in the group randomized to intervention but not
in the control group, but did not reach significance. In the
per protocol analysis of the subpopulation that underwent
a repeated advanced dental cleaning or examination at six
months, the annual exacerbation frequency decreased sig-
nificantly in the intervention group compared with controls
(Table 2). In the small group (n = 23) with a baseline visit
but no 6-month visit, no statistically significant difference
in exacerbation frequency was found (change in exacerba-
tion frequency (median —0.5 (IQR —2.0-0) vs median —1.5
(IQR —3.5 — —=0.75), p = 0.264)).

The unadjusted Poison regression analyses showed that
the independent variable intervention group, as well as all
potential confounders, were associated with a risk of
exacerbations during the follow-up period (data not
shown). The adjusted Poisson analysis showed that being
in the intervention group with advanced dental cleaning
was independently associated with a significantly lower
risk of exacerbations during the follow-up period, both in
the main group and in the subgroup with repeated inter-
vention (Table 3).

No significant differences in secondary outcomes
between randomization groups were found in the total
population or in the subpopulation attending the six-
month follow-up visit (Table 2). Among subjects with
deep periodontal pockets at baseline, the number of deep
periodontal pockets was reduced in the intervention group
(p = 0.044), but not in the control group (p = 0.360).

In the stratified analyses, the annual exacerbation fre-
quency was significantly reduced in the intervention group
for patients categorized as GOLD group C or D. In the
subpopulation with repeated examination/intervention at
six months, the annual exacerbation frequency was signif-
icantly reduced in both GOLD group A/B, group C/D and
stage 3/4 (Table 4). In patients with no deep periodontal
pockets, there was decreased exacerbation frequency both
in the total and subpopulation (Table 4). No major adverse
events of periodontal disease were recorded during the
study period.

Microbiota Analyses

DNA extracted from dental plaque was 16S gene
sequenced, and more than 90% of the high-quality micro-
biome reads in the samples could be assigned to a genus
and over 60% to a species. No significant changes were
observed in dental plaque microbiome alpha or beta diver-
sity, either between groups or within each group (Figures 2

and 3). The machine learning model showed limited
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Table | Patient Characteristics at Baseline

Baseline Data All Intervention Control p-value
N =101 N =45 N =56
Level of care
Primary care 31 (31 13 (29) 18 (32) 0.725
Secondary care 70 (69) 32.(71) 38 (68)
Sex
Male 40 (40) 17 (38) 23 (41) 0.737
Female 61 (60) 28 (62) 33 (59)
Age (years) 69.4 + 8.6 68.3 + 84 703 + 87 0.248
Smoking status
Current 25 (25) 10 (22) 15 (27) 0.718
Ex 69 (68) 31 (69) 38 (68)
Never 7(7) 49 3 (5)
BMI (kg/m2)*
<22.0 19 (19) 11 (25) 8 (14) 0.385
22.0 to 29.9 65 (65) 26 (59) 39 (70)
230.0 16 (16) 7 (16) 9 (16)
Comorbidity
Hypertension 36 (36) 17 (38) 19 (34) 0.688
Cardiovascular disease 32 (32) 16 (36) 16 (29) 0.453
Diabetes mellitus 13 (13) 6 (13) 7 (13) 0.901
Maintenance treatment
None 34 (34) 17 (38) 17 (30) 0.433
LABA and/or LAMA 21 (21) 7 (16) 14 (25) 0.245
ICS combinations or roflumilast 46 (46) 22 (49) 24 (43) 0.545
FEV |%pred** 479 + 179 484 + 18.6 475+ 175 0.832
CAT score®** 182 + 8.6 174 +9.1 189 + 83 0.405
Number of exacerbations 2.0 (0.5-3.0) 2.0 (0.5-3.0) 2.0 (0.3-3.0) 0.532
previous 12 months
GOLD stages**
| 3(4) 2 (5) I (2) 0.107
2 28 (36) 18 (49) 28 (36)
3 32 (41) 12 (32) 32 (41)
4 15 (19) 5(14) 15 (19)
GOLD groups*#*
A 9 (9) 6 (13) 35 0.470
B 24 (24) 10 (22) 14 (26)
C 9 (9) 5(I1) 4 (7)
D 58 (58) 24 (53) 34 (62)
Number of pockets > 5 mm 1.0 (0.0-3.5) 1.0 (0.0-3.0) 1.0 (0.0-4.0) 0.826
Severe periodontal disease 28 (27.7) 15 (33.3) 13 (23.2) 0.273

Notes: Patient characteristics at baseline. Cardiovascular disease included a history of ischemic heart disease, heart failure, atrial fibrillation, and cerebrovascular disease.
Data presented as numbers (percentages), mean * standard deviations or medians (interquartile ranges), and analyzed using chi-squared test, t-test, or Mann—Whitney-
U test. *Missing data n = |, **Missing data n =23, ***Missing data n = |.

Abbreviations: BMI, body mass index; CAT, COPD Assessment Test; FEV,%pred, forced expiratory volume in one second in percentage of predicted value; GOLD, Global
Initiative for Obstructive Lung Disease; ICS, inhaled corticosteroids; LAMA, long-acting muscarinic antagonists; LABA, long-acting beta-2-agonists.
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Table 2 Effect of Advanced Dental Cleaning on Primary and Secondary Outcomes (MWU Test)

Intervention Control p-value
N = 45 N =56

Change in annual exacerbation frequency
Total population, n = 101 —1.0 (-3.0-0.0) 0.0 (—2.0-0.0) 0.207
Population attending 6-month follow-up, n = 78 —1.0 (-3.5-0.0) 0.0 (—-1.0-1.0) 0.039
Change in CAT score
Population attending 6-month follow-up, n = 70 —0.71 + 6.44 0.39 + 6.07 0.467
Change in FEV1%pred
Total population, n = 55 —242 + 8.87 —3.39 + 6.07 0.649
Population attending 6-month follow-up, n = 40 —2.19 + 943 -232+520 0.958
Change in number of periodontal pockets >5 mm
Population attending the 6-month follow-up, n = 69 0.0 (—1.0-0.5) 0.0 (—0.75-1.75) 0.305

Notes: Difference between the intervention and control groups in change of annual exacerbation frequency, CAT score, FEV1%pred, and number of periodontal pockets >
5 mm from baseline to 12-month follow-up. Values are presented as mean * standard deviation or median (interquartile ranges). Analyses performed using t-test or Mann—
Whitney-U test.

Abbreviations: CAT, COPD Assessment Test; FEV | %pred, Forced expiratory volume in one second in percentage of predicted value; MWU test, Mann—Whitney-U test.

predictive capability of oral microbiome for exacerbation Discussion

frequency and CAT scores as continuous variables. When  Our primary finding was that repeated but not a single
the measures were binarized, AUC for the baseline micro-  baseline intervention with advanced dental cleaning
biome was 0.627 for exacerbation frequency and 0.723 for

CAT score (Figure 4).

reduced exacerbation frequency in patients with COPD.
In patients with frequent exacerbations, as in GOLD group

Table 3 Effect of Advanced Dental Cleaning on Primary Outcomes (Poisson Regression)

Baseline Variables Adjusted Analyses p-value Adjusted Analyses p-value
Total Population Population Attending 6-Month Follow-Up
Regression Coefficient (95% CI) Regression Coefficient (95% CI)

Randomization group

Intervention 0.36 (0.25 to 0.52) <0.0001 0.16 (0.10 to 0.27) <0.0001

Control Ref Ref
Sex

Male Ref <0.0001 Ref <0.0001

Female 0.32 (0.23 to 0.45) 0.32 (0.2 to 0.47)
Age 0.97 (0.95 to 0.98) <0.0001 0.98 (0.97 to 1.00) 0.061
Current daily smoking 0.56 (0.37 to 0.88) 0.011 0.41 (0.23 to 0.71) 0.002
CAT score 1.07 (1.04 to 1.09) <0.0001 1.06 (1.03 to 1.10) <0.0001
Exacerbation frequency .11 (1.04 to 1.17) 0.001 1.25 (1.14 to 1.36) <0.0001
FEV%pred 1.01 (1.00 to 1.02) 0.283 1.02 (1.01 to 1.03) 0.002

Notes: Association of intervention with exacerbations frequency during the study period, compared with the control group, assessed by Poisson regression analysis with
adjustment for sex, age, current daily smoking, CAT score, exacerbation frequency previous |2 months, and FEV1%pred at baseline. The model was repeated both in the
total population and in the population attending the 6-month follow-up with repeated intervention.

Abbreviations: CAT, COPD Assessment Test; Cl, confidence interval; FEV|%pred, Forced expiratory volume in one second in percentage of predicted value.

International Journal of Chronic Obstructive Pulmonary Disease 2021:16 hetps: 3209
Dove


https://www.dovepress.com
https://www.dovepress.com

Dove

Sundh et al

"95e3s1(] 3UnT 9AIRINISQQO 40} FARBRIU| [BGO|D ‘QTOD :UOHEBIARIqQY
*(se8ued anJenbualul) ueipaw se pajuasaud aJe sanjeA ‘dulRsE] B WW G< sIdod [eauopoliad jo Jaquinu pue
sade1s 1O pue sdnou8 g1OD Aq payells 1593 -ASUIIYAA—UUE] Pash sas|euyy “dn-mo||o} Yauow-Z | pUE 2uljaseq UsamIaq Aduanba.y uoneq.adexa [enuue jo a8ueyd ul sdnoJS [013UOD PUB UOIUDAISIUI B3 USIMIDG 9DUDIRYI [SOION

dn-mojjo} yauow-9
9980 (0'1-€1-) 00 (0'1-0°€-) 00 £00°0 (0'1-0'1-) 00 (00-€¥-) 51— 8uipuse uopendog
£58°0 (00-07-) 01— (s0-57-) 00 L¥00 (0'1-0'1-) 00 (00-8¢-) 0'1— uong|ndod [el0)
Aousnbauy uonequadexs [enuue ur a8ueyd
6T=N ST=N [T=N 0C=N
anjea-d |od3u0) UOIURAIRIU| anjea-d |od3u0) UOIURAIRIU|
$S =N IZ ¥ = N o497 Suleseq 18 Ww § < s3od [eauopoliad jo dsquinn
dn-moj|o} yauow-9
900 (01-0) 01— (00-0¢-) 09— 991°0 (0z-07-) 00 (00-8¢-) 0'1— 8uipusne uopejndogy
8870 (o1-€) 01— (00-05-) 0'1— LIEO (00-07-) 00 (00-0¢-) 0'1— uone|ndod [ex0)
Aousnbauy uonequadexs [enuue ur a8ueyd
0£=N Ll =N I1=N 0C=N
anjeA-d |oau0) UONUIAINU| anjea-d |oau0) UONUSAINU|
/¥= N /€ 28e1g 1€= N /| 98e1s sulpeseq e 93eIs 010D
dn-moj|o} yauow-9
1000 (0'1-07-) s0- 01--€£9-) oe— £00°0 (00-00) 00 (0'1-00) 00 8uipusne uopendogy
0200 (01-€7) 01— (s0--0%-) 0T~ ¥0T0 (00-00) 00 (0'1-00) 0'0 uonejndod [e10]
Aousnbauy uonequedexs |enuue ul a8ueyd
8¢ =N 6T=N LI =N 91 =N
anjea-d |o43u0d UoI3UBAIIU] anjea-d |o43uo0d UoIUBAIRU|
L9 = N @/D dnoup £€= N g/v dnoup sujaseq e dnouo Q109

awo2InQ AJewlid 9yl JO SasA[euy uonesynens p ajqer

https International Journal of Chronic Obstructive Pulmonary Disease 2021:16
Dove!

3210



https://www.dovepress.com
https://www.dovepress.com

Dove

Sundh et al

Observed richness

control intervention

Shannon index

12-months Baseline 12-months

'
Baseline

— -
p=0.688 p=0.694
( J
Y
p=0.475

Shannon Index

control intervention

L;JF““W

P
[0}
23- _é‘
= I
o
c |
5 p |
2- P
)
q
g
1 -
D
b 1)
Bastlaline 12—mlonths Bastlaline 12—mlonths
p=0.851 p=0.442
\ J
Y
| J
p=0.617 Y
p=0.929

Figure 2 Alpha diversity of microbiome. Alpha diversity as measured by observed richness and Shannon index, with comparison within each randomization group during
follow-up and between randomization groups at baseline and at 12-month follow-up using Wilcoxon signed ranks tests.

C and D, a single advanced dental cleaning was sufficient
to result in significant differences in the main outcome
between the intervention and the control groups. As the
result was confirmed using a multivariable linear regres-
sion analysis with adjustment for potential confounders,
the reported effect of advanced dental cleaning should be
valid and not be explained by random differences between
the randomization groups. Abundance of microbiota as
measured by ASV could predict a binary change in health
status, and, less accurately a binarized change in exacer-
bation frequency.

Our findings of decreased exacerbation frequency
attributed to dental cleaning are in accordance with two
smaller randomized controlled studies and several obser-
vational studies.'”'®**3! A thorough review by Apessos

et al*” reported no previous shown effect of periodontal
treatment on health status as measured by Saint Georges

Respiratory Questionnaire. Our study suggests that a high

microbiological richness seem to be associated with health
status as measured by CAT score, although the effect of
periodontal intervention in health status is still unclear.
Our study extends the evidence to include a broader spec-
trum of COPD patients with generally low mean FEV1%
pred and, potentially, a more valid outcome using data
collected by both patient questionnaires and record
reviews.

The results demonstrate that advanced dental cleaning
may be of particular benefit to individuals experiencing
frequent exacerbations, regardless of the presence of deep
periodontal pockets. We chose to call the intervention
“advanced dental cleaning”, as opposed to “non-surgical
periodontal treatment”, because the hypothesis of dental
plaque being a reservoir for systemic opportunistic patho-
gens also applies to individuals without periodontal dis-
ease, and periodontal treatment
This is

implies periodontal

disease. consistent with the absence of
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Figure 3 Beta diversity of microbiome. PCoA plot of beta-diversity samples (small dots) and centroids (large dots). Difference in beta diversity based on per mutational

multivariate analysis of variance.
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learning models with ROC-curves.

Abbreviations: CAT, COPD Assessment Test; ROC, Receiver operating characteristic.
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a correlation of the presence of deep periodontal pockets
with exacerbations.

In inter-group comparisons, the intervention showed no
significant effect on the number of deep periodontal pock-
ets. However, in a paired intra-group comparison, inter-
vention was associated with a reduced number of deep
periodontal pockets in subjects with periodontal pockets
at baseline. The lack of a substantial effect of intervention
on periodontal pockets may be attributed to the frequent
use of antibiotics in both groups.*

The effect of the intervention with advanced dental
cleaning may have different explanations, such as reduction
of the overall bacterial burden, a change in bacterial pattern,
or just a reduction of general inflammation in the airways.

The microbiota analyses showed a visual tendency
towards reduction of microbiological richness in both rando-
mization groups, and towards a more pronounced change in
taxonomic composition in the interventional group, but no
changes were statistically significant. However, the modest
predictive ability of the machine learning model based on
microbiome composition at baseline suggests that advanced
dental cleaning may reduce the burden of bacteria, conse-
quently influencing symptoms and exacerbations in patients
with COPD. The absence of statistically significant differ-
ences in alpha and beta diversity between randomization
groups and of associations of alpha and beta diversity at
baseline with continuous outcome variables, may be
a reflection of insufficient power for the microbiome analysis
or due to an interventional effect mediated by mechanisms
other than microbiological.

Research reviewed by Sczepanik et al** and Sapey
et al’> leads to the hypotheses that both oral microbiota
and the host response induce an inflammatory response,
for example through release of neutrophilic proteinases,
that in itself may contribute to COPD exacerbations.
Periodontal treatment may mediate a systemic anti-
inflammatory effect as shown by alterations in systemic
markers of inflammation such as the endothelial profile,
CRP, and IL-6.**° Thus, the systemic anti-inflammatory
effect of periodontal disease treatment may constitute an
additional mechanism mediating the reduction in COPD
exacerbation risk.

The overall decrease in annual exacerbation frequency
was significant only after repeated advanced dental cleaning,
possibly reflecting a group of patients more likely to follow
physician instructions or to a placebo effect among those
who followed the protocol. However, the fact that the inten-
tion to treat analysis showed a significant effect in patients

with previous frequent exacerbations (GOLD C and D) sug-
gests a true effect and that a contributing factor to the absence
of a significant effect in the total population could be that
some patients did not experience exacerbations.

Strengths and Limitations

A major strength of the study is the investigation of
patient-oriented outcome measures and their association
with the oral microbiota. The population included all
severity stages of COPD, which should increase the gen-
eralizability of results, and the randomized trial design
minimized confounding effects.

The major limitation is the dropout of one-third of the
study participants, mainly due to inconvenience of addi-
tional visits. The drop-out was higher in the control group,
which could be explained by the open design. However,
data of exacerbations was available for all enrolled
patients, and patient characteristics at baseline did not
differ for patients dropping out. We speculate that the
result of the MWU test in the total population may have
been affected by the loss of power due to the drop-outs. As
the drop-outs reflect clinical reality, future studies should
take this into account when calculating the sample size.

Although alpha and beta diversity of the oral micro-
biome were analyzed both at baseline and follow-up, cur-
rently no machine learning models can take full advantage
of the longitudinal design for investigating change in the
composition of microbiome with respect to outcomes.
Nevertheless, to our knowledge, this is the first machine-
learning aided microbiome study of COPD, and the results
indicate that oral microbiome data may be useful in pre-
diction models for disease-specific outcomes.

Conclusions

Advanced dental cleaning is associated with a reduced fre-
quency of COPD exacerbations. Regular periodontal examina-
tion and dental cleaning may be of clinical importance to
prevent COPD exacerbations. Diagnostic models based on
the oral microbiome may have a limited potential for prediction
of clinical outcomes in COPD, but needs to be further
investigated.

Data Sharing Statement
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