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PERIODONTOLOGY

Screening for the Risk of OSA in Periodontitis Patients.
A Pilot Study

Alexander R.E. Verhelstd / Madeline X.F. KoshoP / Ghizlane Aarab¢ / Bruno G. Loosd

Purpose: To determine the possibility of screening for the risk for Obstructive Sleep Apnea (OSA) in periodontitis
patients.

Materials and Methods: Periodontitis patients and non-periodontitis controls were recruited and asked to complete
a validated screening questionnaire to calculate individual probabilities (%) of OSA. Also, for both groups, the risk
for OSA was classified as low, medium and high.

Results: Seventy periodontitis patients (49% male) and 77 controls (60% male) were included and both had an av-
erage age of 54 years. There was no statistically significant difference in the probability of the risk of OSA between
periodontitis patients and controls, 38.6% + 29.7%, and 34.2% + 23.3%, respectively (p = 0.31). After sub-group-
ing individuals in “not high risk” (low plus intermediate) and “high OSA risk” categories, we observed statistically
significantly more periodontitis patients than controls in the “high risk” category for OSA (21% vs 9%, p = 0.041,
OR 2.73 [95% Cl = 1.04 — 7.15]).

Conclusion: These findings suggest that screening for OSA among periodontitis patients may help in early recogni-
tion of a “high risk” of OSA, but further research is needed.
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Periodontitis is a complex chronic inflammatory disease,
also considered a chronic immune disorder (CID), which
results in the loss of tooth-supporting structures and the
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resorption of alveolar bone.28:31 Factors known to contrib-
ute to the risk for developing periodontitis are: dysbiotic
biofilms, genetic and epigenetic variants, systemic diseases
such as diabetes mellitus, and lifestyle-related factors, in-
cluding obesity and smoking.4.25.26 Moreover, periodontitis
patients are more prone to suffer from diabetes mellitus34
and atherosclerotic cardiovascular disease.33 Periodontitis
is a complex disease, i.e. all of the risk factors described
above may simultaneously interact with each other and de-
termine immune fitness in individual patients.25,26
Obstructive sleep apnea (0OSA) is defined as a recurrent
obstruction of the upper airways, often resulting in oxygen
desaturation and arousal (awakening) from sleep.2 OSA pa-
tients can suffer from a range of consequences of their
condition, including not only complaints of snoring and ex-
cessive daytime sleepiness, but also symptoms of neuro-
cognitive impairment and mood disturbance.23 Individuals
with untreated OSA are at increased risk of several sys-
temic diseases, such as heart failure,17.18.29 DM,22 and
hypertension.? In addition, individuals with OSA may suffer
from other fatigue-related issues, such as car accidents.15
The golden standard for the diagnosis of OSA is poly-
somnography (PSG), which requires physiologic measure-
ments of brain activity during sleep and measurements of
the amount of airflow reductions and oxygen desaturation
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during sleep.12 Based on the PSG, an apnea-hypopnea
index (AHI) is obtained and those with an AHI of at least 5
events/hour are diagnosed with OSA.2 Nevertheless, the
symptoms and/or disease-related knowledge of the indi-
vidual, of his/her family members or even of the family phy-
sician, are not always present.32 Consequently, the pathol-
ogy of OSA and its diagnosis often goes undetected.
Therefore, the prevalence of OSA is not clearly defined. Nev-
ertheless, in a systematic review, the prevalence of OSA
was estimated to be 49.0% for an AHI score of > 5 events
per hour and 28.5% for an AHI score of > 15 events per
hour among the Dutch population in the age range of 30 —
69 years.5

Several risk factors have been suggested for OSA, obe-
sity being the strongest. An increase in body weight of 10%
leads to a 6-times higher risk of having an AHI value
of > 15/h and might be associated with an increase of
32% in AHI score.30 Moreover, a reduction of 10% in body
weight might yield a reduction of AHI of 26%.19 A recent
review described that OSA patients show an increased
prevalence of diabetes (15% in OSA patients vs 3% in a
general population). Since reduced sleep can increase in-
sulin resistance and/or glucose intolerance, it could have
a direct relationship with OSA, but a causal link has not yet
been established.8 When comparing sexes, two studies
found males to be at an increased risk for high AHI val-
ues.19:38 Also, age is associated to OSA: people show an
increased risk for having a higher AHI-value up to the 7th
decade of life.19:39 In a systematic review assessing the
influence of smoking on sleep and OSA, it was stated that
smokers have a greater probability of OSA than non-smok-
ers and former smokers.10 However, the latter paper also
mentioned that the literature lacks strong evidence for the
relation between smoking and OSA. Since OSA shares sev-
eral of the above mentioned risk factors with periodontitis
and co-morbidities, all related to a reduced immune func-
tion, it is conceivable that patients suffering from periodon-
titis are more prone to a higher risk for OSA than individu-
als without periodontitis.

Several studies have reported on the association be-
tween OSA and periodontitis. However, there are no studies
investigating the prevalence of OSA or the risk of having
OSA among periodontitis patients using the validated ques-
tionnaire developed by Eijsvogel et al.13 One article27 is
available on the risk for OSA and periodontitis; however, it
employed the less accurate STOP-BANG questionnaire. A
moderate positive association between periodontitis and
OSA was found in that study.

Therefore, the aim of this pilot study was to determine
whether it is possible to screen periodontitis patients for
the risk of having OSA, carried out at a periodontal clinic in
a population predisposed to potentially suffer from OSA. To
assess the risk for OSA, we used a validated risk-screening
questionnaire which was originally validated against poly-
somnography (PSG); the purpose was not to diagnose OSA.
Since periodontitis and OSA share risk factors, we hypoth-
esized that a person’s risk for OSA would be higher if he or
she has periodontitis.
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MATERIAL AND METHODS

Patient Recruitment
For the current cross-sectional pilot study, patients were re-
cruited over a period of 10 months at the dental clinics of
the Academic Centre for Dentistry Amsterdam (ACTA) (March
2018 - January 2019). The study is a part of a larger study
which investigates systemic conditions among subjects with
and without periodontitis (study in progress). All participants
received verbal and written information about the purpose of
the study and provided informed consent. Participants had
to be able to read and understand the Dutch language. The
parent study was registered at the ClinicalTrials.gov (Identi-
fier NCTO3459638) and was approved by the Medical Ethics
Committee (METC) of the VU University Medical Center
(2017.490 (A2019.151) — NL62337.029.17). For this
study, the STROBE guidelines were followed.37

All subjects > 40 years of age, diagnosed with periodonti-
tis and referred for treatment of periodontitis to the Depart-
ment of Periodontology at ACTA, were asked to volunteer for
this study. Patients were initially diagnosed with periodontitis
if they fulfilled the criteria of the Centers for Disease Control
and Prevention — American Academy of Periodontology (CDC-
AAP) case definition.14 Based on the clinical measurements
and the radiographic analysis, subjects that were diagnosed
with periodontitis (> 2 interproximal sites with CAL > 3 mm
and > 2 interproximal sites with PPD > 4 mm [not on same
tooth] or one site with PPD > 5 mm) were asked to partici-
pate. Staging and grading was applied for each included
periodontitis case according to criteria of the consensus re-
port of the World Workshop on the Classification of Peri-
odontal and Peri-Implant Diseases and Conditions.28

Control subjects were recruited consecutively among
dental patients without periodontitis from the ACTA Clinics
for General Dentistry, where appointments were scheduled
for regular dental check-ups or restorative procedures. No
efforts were made to match patients with control subjects
with respect to age, sex or other characteristics. Control
subjects, > 40 years of age, were included if they did not
fulfil any of the aforementioned criteria for case definition.
In addition, these subjects showed no interproximal alveolar
bone loss on <1-year-old dental bitewing radiographs.

Clinical Procedures

Both periodontitis patients and control subjects underwent

research-related examinations, which involved the following

procedures and/or analyses:

e Measurement of systolic and diastolic blood pressure.
Blood pressure was measured three times on the right
arm with a digital sphygmomanometer (Omron; Kyoto,
Japan). The blood pressure was defined as the average
of the second and third measurement.

e Measurement of height and body weight, waist and neck
circumference, and a questionnaire for demographic
characteristics.

* Finger-prick for measuring HbAlc levels: a drop of blood
was obtained with a finger prick (Greiner Bio-one Safety
Lancet) and collected in a special collection tube (Hem-
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Fig 1 Flowchart of
selection of periodontitis
patients and controls.

’ Start of the study ‘

A/\

4203 ACTA registered subjects were
screened for selection

145 patients referred to the periodontal
clinic were screened for selection

'

4007 excluded
— Age <40 years and/or
— Bitewings >1 year old

{

196 controls suitable
for participation

30 excluded
— Age <40 years and/or
— No available radiographs

Y

115 patients suitable
for participation

v
119 excluded
— Refused to participate (n = 111)
— Non Dutch-speaking ( n = 4)
— Incomplete questionnaires (n = 4)

v
45 excluded
— Refused to participate (n = 39)
— Non Dutch-speaking (n = 4)
— Incomplete questionnaire (n = 2)

'

'

77 controls available for analysis

70 patients available for analysis

Col, Labonovum BV; Limmen, the Netherlands). The col-
lection tube was sent to the laboratory for biochemical
analysis by regular mail.

Recently, a new validated questionnaire consisting of
24 questions was introduced to screen for the risk of OSA.
The questionnaire consists of items that best predict the
risk of OSA.13 The risk of OSA was classified as low < 35%,
intermediate 35-55%, and high >55%.13 Patients were pro-
vided with the OSA questionnaire after periodontal and clin-
ical measurements were taken and the finger-prick proced-
ure was performed (24 questions, supplement 1). All study
subjects filled out the questionnaire privately. The question-
naire was labelled with a research number and took
10-15 min. The resulting risk for OSA was sent by letter to
the patient, including a letter to their general practitioner if
the OSA risk was high.

Data Analysis

The primary outcome was the risk for OSA in periodontitis
patients and controls. No sample calculation was per-
formed, since no data were available about a possible rela-
tionship between periodontitis and OSA, using the validated
OSA risk questionnaire. Therefore, this study should be con-
sidered a pilot study.

First, the risk of OSA was determined for each individual
with the validated questionnaire, which also takes into ac-
count demographic data such as sex, age, weight, and neck
circumference. Participants were assigned to one of the three

doi: 10.3290/j.0hpd.b3125665

pre-determined risk categories for OSA: low, intermediate or
high.13 Subsequently, the high-risk category was assessed
for its distribution in periodontitis patients and controls.

Data were analysed with SPSS 25.9.6.0.0 (IBM SPSS;
Armonk, NY, USA). The means, standard deviations and fre-
quency distributions were calculated. Background and OSA-
related characteristics within the study population were
compared with parametric and non-parametric tests (inde-
pendent samples t-test and chi-squared test, respectively).
Odds ratios (OR) with corresponding 95% confidence inter-
vals (Cl) were calculated when applicable. To further explore
possible confounding effects of variables that were not in-
cluded in the questionnaire, we performed a logistic regres-
sion analysis, creating three models. Model one corrected
for smoking, the second model corrected for elevated
HbA1c, and the third model corrected for both smoking and
elevated HbAlc. We applied a cut-off value of HbAlc > 7%
(53 mmol/Il), corresponding to the probability of having dia-
betes in the Dutch population, and avoiding the inclusion of
possible false positive subjects.36

For all analyses, the significance level was set at
p<0.05.

RESULTS
Background characteristics

In this study, 145 referred periodontitis patients were
screened for suitability. Seventy cases fulfilled the inclusion
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Table 1 Background characteristics of the study population

Control Periodontitis

(n=77) (n=70) p-value
Age (years) 53.6 + 9.3 54.3 £8.5 0.620
Sex 0.174
Male 46 (59.7) 34 (48.6)
Female 31 (40.3) 36 (51.4)
Origin 0.678
European 52 (67.5) 45 (64.3)
Non-European 25 (32.5) 25 (35.7)
Education? 0.105
Primary 9 (11.7) 16 (22.9)
Secondary 21 (27.3) 22 (31.4)
>Secondary 47 (61.0) 32 (45.7)
BMI (kg/m2) 26.0+ 4.8 26.8+ 4.3 0.277
BMI > 25 kg/m?2 39 (50.6) 40 (57.1) 0.430
Smoking status 0.001
Current 9 (11.7) 24 (34.3)
Former 25 (32.5) 25 (35.7)
Never 43 (55.8) 21 (30.0)
Hypertension* 26 (33.8) 23 (32.9) 0.907
HbAlc > 7%** 10 (13.0) 19 (27.1) 0.031
Values represent means + SD or numbers (%) of subjects. BMI: body mass index. *Based on clinical measurements: > 140 mmHg systolic and/or > 90 mm
Hg diastolic (average of 2nd and 3rd measurement). **HbA1c level of > 7% is equal to > 53 mmol/I. @Primary: primary education or preparatory secondary
vocational education. Secondary: higher secondary general education, pre-university education. >Secondary: beyond secondary education.

criteria in the study period and were available for analysis.
There were 4203 potential non-periodontitis controls
screened for selection, of which 77 fulfilled all inclusion
criteria and were available for analysis. Figure 1 presents a
flowchart with details on patient recruitment and reasons
for exclusion.

Background characteristics are presented in Table 1. The
mean ages for controls and periodontitis patients were 53.6
and 54.3 years, respectively (p = 0.620). Overall differences
between both groups in sex distribution, origin (European vs
non-European) and education (primary, secondary and
> secondary) were not statistically significant (p = 0.174,
p =0.678 and p = 0.105, respectively). The mean BMI was
26.0 kg/m?2 for controls and 26.8 kg/m?2 for periodontitis
cases, and 39 controls (50.6%) and 40 periodontitis cases
(57.1%) had a BMI of > 25 kg/m2 (p = 0.277 and p = 0.430,
respectively). In addition, when comparing cases and con-
trols, no statistically significant difference regarding the prev-
alence of hypertension was found (p = 0.907). Among the
periodontitis patients, there were statistically significantly
more current smokers (34.3%), while this was 11.7% among
controls (p = 0.001). A statistically significant higher propor-
tion of periodontitis patients was found with elevated HbA1c
compared to controls (27.1% vs 13%, p = 0.031).
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The periodontal condition is presented in Table 2. Peri-
odontitis patients had statistically significantly fewer teeth
than controls (26.3 vs 27.7, p < 0.001), on average 2.7
teeth with > 50% bone loss, 7.6 teeth with PPD > 6 mm and
15.5 sites with PPD > 6 mm. Controls had no alveolar bone
loss, nor any site with PPD of > 6 mm.

Of the 70 periodontitis patients, 81.4% were classified
as stage Il and 18.6% were stage IV. Moreover, 34.4% were
grade B and 65.7% were grade C.

Risk for 0SA

The mean risk for OSA, calculated via the validated question-
naire is presented in Table 3. The mean risk for OSA was
34.2% for controls and 38.6% for periodontitis patients. This
difference was not statistically significant (p = 0.307). When
assigning subjects to predetermined risk categories, a trend
could be observed, where almost the same proportion of sub-
jects belonged to the low-risk category (48.1% for periodonti-
tis patients and 47.1% for controls). A higher proportion of
controls (42.9%) than periodontitis cases (31.4%) proved to
have an intermediate risk of OSA, while more periodontitis
patients than controls were found in the high OSA risk group
(21.4% and 9.1%, respectively). However, differences in pro-
portions were not statistically significant (p = 0.081).

Oral Health & Preventive Dentistry
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Table 2 Clinical periodontal characteristics of periodontitis patients and controls

Control Periodontitis

(n=77) (n=70) p-value
# Teeth 27.7+2.2 26.3+ 2.6 <0.001
# Teeth with > 50% bone loss NA 2.7+3.4 NA
# Teeth with PPD > 6 mm NA 7.6 +6.0 NA
# Sites with PPD > 6 mm NA 15.5+ 15.8 NA
Stage Il NA 57 (81.4) NA
Stage IV NA 13 (18.6) NA
Grade B NA 24 (34.4) NA
Grade C NA 46 (65.7) NA
Values represent means + standard deviation or number (%) of patients. NA: not applicable; PPD: probing pocket depth.

Table 3 Risk for OSA, determined with the validated OSA risk questionnaire13 and frequency distributions of subjects

in risk categories

Controls Periodontitis

(n=77) (n=70) OR (95% Cl) p-value
Risk for OSA (%) 34.2 +£23.3 38.6 £ 29.7 0.307
Risk category for OSA

Low 37 (48.1) 33 (47.1)

Intermediate 33 (42.9) 22 (31.4) 0.081

High 7(9.1) 15 (21.4)

Risk for OSA

Not high 70 (90.1) 55 (78.6)

Highl 7(9.1) 15 (21.4) 2.73(1.04 -7.15) 0.041
Values represent means + SD or numbers (%) of subjects. Cl: confidence interval; OR: odds ratio; OSA: obstructive sleep apnea. 1Model 1: adjusted for
smoking: OR (95% Cl) = 2.72 (1.01 — 7.35); p = 0.049. Model 2: adjusted for elevated HbAlc: OR (95% Cl) = 2.24 (0.82 — 6.07); p = 0.114. Model 3:
adjusted for smoking and elevated HbAlc: OR (95% Cl) = 2.08 (0.74 — 5.82); p = 0.165.

When combining the low and intermediate OSA risk
groups to a ‘not high risk’ group, a statistically significantly
higher percentage for a high risk of OSA was observed for
periodontitis patients than for controls (21.4% and 9.1%)
with an OR of 2.73 (95% Cl = 1.04-7.15, p = 0.041). After
adjusting for smoking, the frequency of periodontitis pa-
tients in the high OSA risk category remained statistically
significantly increased, compared to the frequency of con-
trol subjects (ORaqgj = 2.72, 95% Clgg; = 1.01-7.35,
Padj = 0.049). However, when adjusting for elevated HbAlc,
the distribution of periodontitis patients and control sub-
jects in the high OSA risk category lost statistical signifi-
cance (ORaq; = 2.24, 95% Clagj = 0.82-6.07, pag; = 0.114).
Again, when we adjusted for both smoking and elevated
HbAlc, the frequencies of periodontitis patients and non-
periodontitis subjects in the high risk category were not sta-
tistically significantly different (ORaq; = 2.08, 95% Clag;
0.74-5.82, pag; = 0.165).

doi: 10.3290/j.0hpd.b3125665

DISCUSSION

In this pilot study, the risk of OSA was assessed in peri-
odontitis patients and in non-periodontitis controls. Based
on the outcomes of the validated questionnaire employed,
the frequency of a high risk for OSA was statistically signifi-
cantly higher in periodontitis patients than among controls.
To date, only limited research on a possible association
between OSA and periodontitis has been done. So far, sev-
eral studies have described the prevalence of periodontitis
in an already diagnosed OSA population, whereas the re-
verse — the prevalence of OSA in periodontitis patients —
has not yet been investigated.” Some studies found a
(weak) association between periodontitis and 0SA,1.16.34
while one study could not confirm this suggested relation-
ship.24 Nevertheless, in a meta-analysis of four studies, a
statistically significant association between OSA and peri-
odontitis was revealed, with an OR of 1.65 (95% CI 1.11 —
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2.46) for OSA in periodontitis patients,3 although it was
stated that due to extensive heterogeneity more studies are
needed. We are the first to report that severe periodontitis
patients (stage > lll) may have a high risk of OSA.

One of the limitations of the study is that the main find-
ing — periodontitis patients more often had a “high risk” for
OSA - is based on 15 out of 70 periodontitis patients vs 7
out of 77 controls. Therefore, the current study must be
considered a pilot study and further confirmational research
is needed. Secondly, our study did not aim to diagnose
OSA. Polysomnography is the golden standard for diagnos-
ing OSA. Nevertheless cheaper and less time-consuming
alternatives, such as validated questionnaires, can be of
added value in pre-selecting potential cases or for excluding
those without OSA. Thus, the current questionnaire was de-
veloped as a screening tool and risk estimator.13 The ques-
tionnaire was validated in a Dutch population of healthy
blue- and white-collar workers. For the current study’s inves-
tigation of a possible association between periodontitis and
OSA, we only used the questionnaire to assess the risk for
OSA. With an overall specificity of 90.1% and 95.5% for the
high OSA risk group,13 this questionnaire is very well appli-
cable in a clinical dental context. Nevertheless, another
limitation may be that all patients and controls were re-
cruited from a university setting and the generalisability is
currently unknown.

In the current study, smoking was not a statistically sig-
nificant potential confounder associated with high risk of
OSA in periodontitis patients. Earlier studies noted that it
was still unclear whether smoking per se is a risk factor for
0SA.10.20 On the other hand, elevated HbA1c was a statisti-
cally significant confounding factor in the finding of high risk
of OSA in periodontitis patients. The association between
0OSA and diabetes has been found before.32 Interestingly,
having OSA may lead to a higher prevalence of diabetes.
However, the underlying mechanisms are poorly understood
and the relationship is suggested to be bi-directional.8

A recent narrative review linked reduced immune function
with sleep disorders.6 Despite the fact that most of the
possible mechanisms remain (partly) unclear, it was stated
that the immune system and sleep are bi-directionally re-
lated and influenced by each other. Moreover, a number of
medications for the treatment of various diseases may have
sleep-disturbing effects, thereby potentially decreasing the
immune-supportive effects of sleep.6 In a study conducted
among 574 university students to investigate their per-
ceived immune status, it appeared that sleep apnea was
significantly associated with a weakened immune system.11

Due to the fact that several co-morbidities, including peri-
odontitis, are associated with OSA, it can have a major im-
pact on the individual’s life in terms of health as well as
socioeconomic aspects.?? It is clear that adequate treat-
ment may reduce the consequences of sleep apnea. How-
ever, if socially and economically significant reductions in
morbidity, mortality and social impact are to be achieved,
early disease identification and management are needed.
Therefore, evaluation of a general screening and disease-
management programme is a prerequisite.21 From this per-
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spective, screening by means of a questionnaire among
periodontitis patients in a dental practice or in a periodon-
tology referral practice, could be useful for early detection
and, as a consequence, result in earlier diagnosis and
treatment, with less co-morbidities, less socioeconomic im-
pact and an improved quality of life for patients.

CONCLUSION

In the current pilot study, periodontitis patients were found
to more often have a high risk for OSA than non-periodonti-
tis controls. Within the limitations of the current study, our
findings suggest that screening for the risk of OSA among
periodontitis patients can be of added value to prevent
major co-morbidities associated with OSA and thereby con-
tribute to general health.

REFERENCES

1. Ahmad NE, Sanders AE, Sheats R, Brame JL, Essick GK. Obstructive
sleep apnea in association with periodontitis: a case-control study. J
Dent Hyg 2013;87:188-199.

2. American Academy of Sleep Medicine Task Force. Sleep-related breathing
disorders in adults: recommendations for syndrome definition and mea-
surement techniques in clinical research. The Report of an American
Academy of Sleep Medicine Task Force. Sleep 1999;22:667-689.

3. Al-Jewair, TS, Al-Jasser R, Almas K. Periodontitis and obstructive sleep ap-
nea’s bidirectional relationship: a systematic review and meta-analysis.
Sleep Breath 2015;19:1111-1120.

4. Bartold PM, Van Dyke TE. An appraisal of the role of specific bacteria in
the initial pathogenesis of periodontitis. J Clin Periodontol 2019;46:6-11.

5. Benjafield AV, Ayas NT, Eastwood PR, Heinzer R, Ip M, Morrell MJ, et al. Esti-
mation of the global prevalence and burden of obstructive sleep apnoea: a
literature-based analysis. Lancet Respir Med 2019;7:687-698.

6. Besedovsky L, Lange T, Haack M. The sleep-immune crosstalk in health
and disease. Physiol Rev 2019;99:1325-1380.

7. Billings ME. Putting some teeth into it: connecting periodontitis with
sleep apnea. Sleep 2015;38:1153-1154.

8. Chattu VK, Chattu SK, Burman D, Spence DW, Pandi-Perumal SR. The in-
terlinked rising epidemic of insufficient sleep and diabetes mellitus.
Healthcare (Basel) 2019;7. doi:10.3390/healthcare7010037

9. Crinion SJ, Ryan S, McNicholas WT Obstructive sleep apnoea as a cause
of nocturnal nondipping blood pressure: recent evidence regarding clini-
cal importance and underlying mechanisms. Eur Respir J 2017;49.

10. Deleanu OC, Pocora D, Mihalcuta S, Uimeanu R, Zaharie AM, Mihaltan FD.
Influence of smoking on sleep and obstructive sleep apnea syndrome.
Pneumologia 2016;65:28-35.

11. Donners AA, Tromp MD, Garssen J, Roth T, Verster JC. Perceived immune
status and sleep: a survey among Dutch Students. Sleep Disorders 2015;
721607.

12. Eijsvogel MM, Schimsheimer RJ, Vos PJE, de Vries N, Raats CJI, Trooster
R. Richtlijn diagnostiek en behandeling van het obstructieveslaapap-
neusyndroom bij volwassenen. 2009.

13. Eijsvogel MM, Wiegersma S, Randerath W, Verbraecken J, Wegter-Hilbers
E, van der Palen J. Obstructive sleep apnea syndrome in company work-
ers: development of a two-step screening strategy with a new question-
naire. J Clin Sleep Med 2016;12:555-564.

14. Eke PI, Page RC, Wei L, Thornton-Evans G, Genco RJ. Update of the case
definitions for population-based surveillance of periodontitis. J Periodon-
tol 2012;83:1449-1454.

15. Filtness AJ, Reyner LA, Horne JA. One night's CPAP withdrawal in other-
wise compliant OSA patients: marked driving impairment but good aware-
ness of increased sleepiness. Sleep Breath 2012;16:865-871.

16. Gamsiz-Isik H, Kiyan E, Bingol Z, Baser U, Ademoglu E, Yalcin F. Does ob-
structive sleep apnea increase the risk for periodontal disease? A case-
control study. J Periodontol 2017;88:443-449.

17. Garcia-Rio F, Alonso-Fernandez A, Armada E, Mediano O, Lores V, Rojo B,
et al. CPAP effect on recurrent episodes in patients with sleep apnea and
myocardial infarction. Int J Cardiol 2013;168:1328-1335.

Oral Health & Preventive Dentistry



Verhelst et al

18.

19.

20.

21.

22.

23.

24,

25.
26.
27.

28.

29.

doi

Gottlieb DJ, Yenokyan G, Newman AB, O’Connor GT, Punjabi NM, Quan SF,
et al). Prospective study of obstructive sleep apnea and incident coronary
heart disease and heart failure: the sleep heart health study. Circulation
2010;122:352-360.

Heinzer R, Vat S, Marques-Vidal R Marti-Soler H, Andries D, Tobback N, et al.
Prevalence of sleep-disordered breathing in the general population: the
HypnolLaus study. Lancet Respir Med 2015;3:310-318.

Hoffstein V. Relationship between smoking and sleep apnea in clinic pop-
ulation. Sleep 2002;25:519-524.

Jennum R Kjellberg J. Health, social and economical consequences of
sleep-disordered breathing: a controlled national study. Thorax 2011;66:
560-566.

Kendzerska T, Gershon AS, Hawker G, Tomlinson G, Leung RS. Obstructive
sleep apnea and incident diabetes. A historical cohort study. Am J Respir
Crit Care Med 2014;190:218-225.

Kerner NA, Roose SR Obstructive sleep apnea is linked to depression and
cognitive impairment: evidence and potential mechanisms. Am J Geriatr
Psychiatr 2016;24:496-508.

Loke W, Girvan T, Ingmundson R Verrett R, Schoolfield J, Mealey BL. Inves-
tigating the association between obstructive sleep apnea and periodonti-
tis. J Periodontol 2015;86:232-243.

Loos BG, Papantonopoulos G, Jepsen S, Laine ML. What is the contribution
of genetics to periodontal risk? Dent Clin North Am 2015;59:761-780.
Loos BG, Van Dyke TE. The role of inflammation and genetics in periodon-
tal disease. Periodontol 2000 2020;83;26-39.

Mukherjee S, Galgali SR. Obstructive sleep apnea and periodontitis: A
cross-sectional study. Indian J Dent Res 2021;32:44-50.

Papapanou PN, Sanz M, Buduneli N, Dietrich T, Feres M, Fine DH, et al.
Periodontitis: Consensus report of workgroup 2 of the 2017 World Work-
shop on the Classification of Periodontal and Peri-implant Diseases and
Conditions. J Periodontol 2018;89(suppl 1):S173-S182.

Peker Y, Hedner J, Norum J, Kraiczi H, Carlson J. Increased incidence of
cardiovascular disease in middle-aged men with obstructive sleep apnea:
a 7-year follow-up. Am J Respir Crit Care Med 2002;166:159-165.

: 10.3290/j.0hpd.b3125665

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Peppard PE, Young T, Palta M, Dempsey J, Skatrud J. Longitudinal study of
moderate weight change and sleep-disordered breathing. JAMA 2000;
284:3015-3021.

Pihlstrom BL, Michalowicz BS, Johnson NW. Periodontal diseases. Lancet
2005;366(9499):1809-1820.

Punjabi NM, Shahar E, Redline S, Gottlieb DJ, Givelber R, Resnick HE.
Sleep-disordered breathing, glucose intolerance, and insulin resistance:
the Sleep Heart Health Study. Am J Epidemiol 2004;160:521-530.

Sanz M, Ceriello A, Buysschaert M, Chapple |, Demmer RT, Graziani F, et
al. Scientific evidence on the links between periodontal diseases and dia-
betes: Consensus report and guidelines of the joint workshop on peri-
odontal diseases and diabetes by the International diabetes Federation
and the European Federation of Periodontology. Diabetes Res Clin Pract
2018;137:231-241.

Seo WH, Cho ER, Thomas RJ, An SY, Ryu JJ, Kim H, et al. The association
between periodontitis and obstructive sleep apnea: a preliminary study. J
Periodontal Res 2013;48:500-506.

Teeuw WJ, Kosho MX, Poland DC, Gerdes VE, Loos BG. Periodontitis as a
possible early sign of diabetes mellitus. BMJ Open Diabetes Res Care
2017;5:e000326.

van ‘t Riet E, Alssema M, Rijkelijkhuizen JM, Kostense PJ, Nijpels G,
Dekker JM. Relationship between A1C and glucose levels in the general
Dutch population: the new Hoorn study. Diabetes Care 2010;33:61-66.
von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke
JP The strengthening the reporting of observational studies in epidemiol-
ogy (STROBE) statement: guidelines for reporting observational studies.
PLoS Med, 2007;4:€296.

Young T, Palta M, Dempsey J, Skatrud J, Weber S, Badr S. The occurrence
of sleep-disordered breathing among middle-aged adults. N Engl J Med
1993;328:1230-1235.

Young T, Shahar E, Nieto FJ, Redline S, Newman AB, Gottlieb DJ, Samet
JM. Predictors of sleep-disordered breathing in community-dwelling adults:
the Sleep Heart Health Study. Arch Intern Med 2002;162:893-900.

249



Verhelst et al

Supplement 1: Validated questionnaire on the
risk of osa, as used in the current study13

This questionnaire contains questions about your health,
your sleep and your well-being

It's important to answer all questions, even if they seem
similar. All answers are needed to calculate your risk for
sleep apneal!

The questionnaire starts with some general questions
about you and your health.

What is your age?

What gender are you?

What is your weight?

What is your height?

What is the circumference of your neck in cm?

Do you have an increased blood pressure?
Yes

No

Don’t know

Questions 3-8 are about your well-being, your
functioning and possible fatigue. Please circle the
best fitting answer.

How often do you get up, feeling you are tired and have not
had enough sleep?

Almost every day

3-4 times a week

1-2 times a week

1-2 times a month

Never or very rarely

When you are awake, do you often feel tired, not rested or
not alert?

Almost every day

3-4 times a week

1-2 times a week

1-2 times a month

Never or very rarely

Do you often feel tired, not rested or sleepy during the day?

Yes
No
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Sense of well-being during the day

Normal

Slightly decreased

Markedly decreased

Very decreased

Functioning (physical and mental) during the day
Normal

Slightly decreased

Markedly decreased

Very decreased

Sleepiness during the day
None

Mild

Considerable

Intense

Questions 9-14 are about your sleep and about snhoring.

Do you snore?
Yes

No

Don’t know

When you snore, is this:

Slightly louder than breathing?

The same volume as talking?

Louder than talking?

Very loud — can be heard in adjacent rooms?

Do you snore loudly (louder than talking and loud enough to
be heard through closed doors)?

Yes

No

How often do you snore?
Almost every day

3-4 times a week

1-2 times a week

1-2 times a month

Never or very rarely

Has your snoring ever disturbed other people?
Yes

No

Don’t know
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Has anyone ever seen you stop breathing when you were
asleep?

Yes

No

These questions are about how you experience possible
sleeping issues. Please indicate at the following situations
how problematic the situation is for you (assuming you ex-
perience this at least 3 times per week).

Sleep induction (time it takes you to fall asleep after turning
off the lights)

No problem

Slightly delayed

Markedly delayed

Very delayed or did not sleep at all

Awakening during the night

No problem

Minor problem

Considerable problem

Serious problem or did not sleep at all

doi: 10.3290/j.0hpd.b3125665

Final awakening earlier than desired
Not earlier

A little earlier

Markedly earlier

Much earlier or did not sleep at all

Total sleep duration

Sufficient

Slightly insufficient

Markedly insufficient

Very insufficient or did not sleep at all

Overall quality of sleep (no matter how long you slept)
Satisfactory

Slightly unsatisfactory

Markedly unsatisfactory

Very unsatisfactory or did not sleep at all
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