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CHAPTER 2

ABSTRACT

BACKGROUND

Itis important for dentists to know if the presence of snoring is associated with the presence
of other dental sleep conditions (e.g., obstructive sleep apnea [OSA], sleep bruxism [SB],
gastroesophageal reflux disease [GERD], xerostomia, and orofacial pain). If so, dentists
could play a significant role in the early recognition and management of these conditions.

OBJECTIVES

This systematic review aimed to: i) provide an overview of studies that investigated the
associations between the presence of snoring and the presence of other dental sleep
conditions; and ii) determine if it is clinically relevant that dentists assess snoring in their
population.

METHODS

The literature search was performed in PubMed and Embase.com in collaboration with
a medical librarian. Studies were eligible if they employed regression models to assess
whether snoring was associated with other dental sleep conditions, and/or investigated the
incidence of snoring in patients with other dental sleep conditions and vice versa.

RESULTS

Of the 5,299 retrieved references, 36 eligible studies were included. The available
evidence indicates that the presence of snoring is associated with higher probabilities of
OSA, GERD, and headache. Due to limited evidence and conflicting findings, the currently
available articles are not indicative of associations between the presence of snoring and
the presence of SB and oral dryness.

CONCLUSION

Within the limitations of this study, it can be concluded that the presence of snoring is
associated with higher probabilities of OSA, GERD, and headache. Therefore, it is clinically
relevant that dentists assess snoring in their patient population.

KEYWORDS

snoring, obstructive sleep apnea, gastroesophageal reflux, headache, sleep bruxism,

xerostomia
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INTRODUCTION

Dental Sleep Medicine is a discipline that was described extensively in 1999 by Lavigne
and his coworkers."In that landmark article, Lavigne et al. described several common sleep
disorders of interest to dentists, including snoring, obstructive sleep apnea (OSA), sleep
bruxism (SB), xerostomia, hypersalivation, gastroesophageal reflux disorder (GERD), and
orofacial pain. In 2016, Lobbezoo et al. defined Dental Sleep Medicine as ‘a discipline
concerned with the study of the oral and maxillofacial causes and consequences of
sleep-related problems’? Within the framework of this proposed definition, the discipline
covers the following conditions: orofacial pain, oral moistening disorders (oral dryness,
hypersalivation), GERD, sleep-related breathing disorders (snoring, OSA), and mandibular
movement disorders (dyskinesia, dystonia, SB).

In a recent letter to the editor from Aarab and Lobbezoo, the authors pointed out that
evidence suggests the existence of interrelationships between dental sleep conditions.® For
example, Muzalev et al. observed a reduction in SB activity in participants who experienced
temporomandibular disorder (TMD) pain.* Manfredini et al. theorized about a temporal
relationship between SB and OSA episodes.® Further, Aarab et al. demonstrated that effective
mandibular advancement appliance therapy significantly reduces jaw-closing muscle activities
time-related to respiratory arousals in OSA patients.® In addition, evidence also suggests that
GERD and SB are related to one another, with reflux events preceding bruxism events.”®

Snoring is a highly prevalent sleep condition, with prevalence rates up to 78% in adult men
and 59% in adult women.® Insight is emerging that snoring should be considered as an
entity on its own, and not only as a symptom of OSA® For example, evidence suggests
that snoring is associated with excessive daytime sleepiness (EDS) after adjustment for
respiratory disturbance index (RDI) or apnea-hypopnea index (AHI) in multivariable models "
Further, EDS is known to be associated with injuries and mortality, which further underlines
the importance of assessing snoring.**

It would be of interest for dentists to know if snoring is associated with other dental sleep
conditions. If so, dentists could play a significant role in the early recognition and management
of these conditions. Further, the dentist has a unique position in the healthcare system of
the western society, wherein patients visit their dentists regularly for, amongst others, check-
ups. To the best of our knowledge, no systematic review has been performed to investigate
the association between the presence of snoring and the presence of other dental sleep
conditions. Therefore, this systematic review aimed to: i) investigate the associations between
the presence of snoring and the presence of the following dental sleep conditions: orofacial
pain, oral moistening disorders, GERD, OSA, and mandibular movement disorders; and ii)
determine if it is clinically relevant that dentists assess snoring in their population.
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CHAPTER 2

METHODS

SEARCH STRATEGY

A literature search was performed following the PRISMA statement (Preferred Reporting
ltems for Systematic Reviews and Meta-Analyses; http://www.prisma-statement.org). The
protocol for this review was registered at PROSPERO (ID: CRD42020176638). To identify
all relevant publications, a systematic search was conducted in the bibliographic databases
PubMed and EMBASE.com from inception up to May 16, 2022, in collaboration with
a medical information specialist (RV), who provided help to formulate a comprehensive
search strategy. Five separate searches were performed with snoring as the main topic,
in combination with: OSA, orofacial pain, GERD, mandibular movement disorders, and oral
moistening disorders. The search focused on studies assessing the adult population, and
the search was performed without date or language restrictions. The full search strategies
for all databases can be found in Appendix 1 of the Supplementary Material.

INCLUSION AND EXCLUSION CRITERIA

As to enable the formulation of the final inclusion and exclusion criteria, a preliminary title
and abstract review was performed. In this preliminary review, it was found that thousands of
studies reported associations between snoring and OSA. However, this review only aimed
to investigate whether the presence of snoring is associated with the presence of other
dental sleep conditions, i.e., whether patients reporting/diagnosed with snoring are more
likely to have other dental sleep condition(s). Consequently, only two kinds of studies were
included. First, studies were included in which regression models were employed to assess
whether the presence of snoring was associated with the presence of other dental sleep
condition(s). Second, studies were included in which the incidence of snoring in patients
with other dental sleep conditions was compared with that of the general population or
of a control group, and vice versa. A higher incidence of snoring in patients with other
dental sleep conditions as compared to the general population or controls would suggest
an association between the presence of snoring and the presence of other dental sleep
condition(s). When studies reported other associations between snoring and OSA, such as
the positive linear association between snoring sound intensity and AHI™ or the similarity in
the anatomy of the upper airway between OSA patients and snorers', these studies were
not included in this study.

Based on the preliminary title and abstract review, the final inclusion and exclusion criteria

were formulated as follows:
Inclusion criteria:

Studies on otherwise healthy adults (18 years and older);
. Randomized Clinical Trial (RCT) studies, cross-sectional studies, case-control
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studies, or cohort studies;
«  Studies that assess associations between the presence of snoring and the
presence of other dental sleep conditions (regression model and/or incidence).

Exclusion criteria:

. Reviews, editorials, case reports, conference abstracts;

. No full-text available;
No conclusion can be drawn (e.g., only descriptive statistics);

. Studies on children or animals;

. Other disorders/diseases besides dental sleep disorders are involved in the
research (e.g., studies on participants with dementia);

. Snoring is not used as a separate variable (e.g., using snoring and sleepiness as a
combined outcome variable).

STUDY SELECTION

In the formal title and abstract review, two reviewers (ZH and NZ) independently screened
all titles and abstracts for eligibility. Differences in judgement were resolved through a
consensus procedure guided by FL. In the full-text review, which included the decision of
inclusion/exclusion of studies, quality assessment, and data extraction, two reviewers (ZH
and NZ) took different responsibilities. ZH performed all the procedures and NZ checked
the results. Differences in judgement were resolved through a consensus procedure
guided by FL.

QUALITY ASSESSMENT AND DATA EXTRACTION

The quality of case-control and cohort studies was assessed with the Newcastle-Ottawa
Scale (NOS), in terms of selection, comparability, and outcome.” The cutoff values for good,
fair, and poor methodological quality can be found in Appendix 2 of the Supplementary
Material. The quality of cross-sectional studies was assessed with the Appraisal tool for
Cross-Sectional Studies (AXIS), in terms of introduction, methods, results, discussion, and
other™ According to the criteria of AXIS, studies with a total score higher than 15 were
considered to be of high methodological quality, those scoring 10-15 were considered to
be of moderate methodological quality, while those scoring less than 10 were considered
to be of poor methodological quality®?° As for data extraction, the following information
was extracted from the included studies: (i) study design, (i) country, (i) age, (iv) population,
(v) objective, (vi) identification of snoring, and (vii) outcome. It was considered to perform a
meta-analysis. However, it appeared that the studies and outcomes were too heterogeneous
(different study designs, different populations, different measurements) in order to conduct
a meta-analysis.
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RESULTS

STUDY SELECTION

The literature search generated a total of 7,954 references: 3,007 in PubMed and 4,947 in
Embase.com. In addition, two studies were retrieved by hand search. After deduplication,
5,299 references remained. The flow chart of the search and selection process is presented
in Figure 1. In the set of 5,299 articles obtained from databases and hand search, 36 articles
were found eligible for inclusion in this study. Among these, 16 were about snoring and
OSA, eight were about snoring and GERD, eight were about snoring and orofacial pain, four
were about snoring and mandibular movement disorders, and two were about snoring and
oral moistening disorders. The eight included articles on orofacial pain dealt with snoring
and headache, the four included articles on mandibular movement disorders were about
snoring and SB, whereas the two articles on snoring and oral moistening disorders was
about snoring and oral dryness. It needs to be noted that one study from Emodi-Perlman
et al. reported the association between snoring on the one hand and OSA, headache, and
SB on the other hand.?

STUDY CHARACTERISTICS

Of the 36 studies, one article was in Chinese;? all the others were in English. As for the
study design, 29 were cross-sectional studies, six were case-control studies, and one was
a cohort study.

QUALITY ASSESSMENT

Quality assessments were performed separately for case-control studies, cohort study, and
cross-sectional studies. The results of the quality assessments can be found in Appendix 2
of the Supplementary Material. In the case-control studies, according to the criteria of NOS,
several biases were present, and two of six studies were of poor methodological quality.
The only included cohort study was also of poor methodological quality. According to the
criteria of AXIS™2°, 23 of the 29 cross-sectional studies were of high methodological quality,
while the other six studies were of moderate methodological quality.

IDENTIFICATION OF THE PRESENCE OF SNORING

Of the 36 included studies (Table 1), 30 studies?#**'identified the presence of snoring based
on self-report (viz., questionnaire and interview), three studies??5253 identified the presence
of snoring based on acoustic perception/measurement, and three studies®¢ identified the
presence of snoring based on both self-report and acoustic perception/measurement.

Of the 30 studies using self-report, 14 studies?32528303233353739-4247 gy stated that the

identification of the presence of snoring was based on self-report, but did not report the
specific criteria; six studies?"#44505157 ysed a simple “Yes or No” question to identify snoring;
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six studies?62731384849 divided participants into different groups based on the frequency
(times/week) of snoring; three studies®**#°4¢ defined snorers as participants who reported
snoring as their main complaint; and one study?® used a visual analogue scale (VAS) to
evaluate the presence and intensity of snoring.

Figure 1. Flow chart of study selection

Recordsidentified through
database searching

c (PubMedn =3007 Additional dsidentified
itional recordsidentifie
-f,-’ Embase n = 4947)
s through other sources
= n=7954 n=2
- =
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It needs to be noted that only six of the 36 studies distinguished primary snorers from OSA
patients. Basoglu et al. defined primary snoring as self-reported snoring with an AHI < 5
events/h and defined obstructive sleep apnea syndrome (OSAS) as an AHI > 5 events/h
with the presence of clinical symptoms (e.g., excessive daytime sleepiness, loud snoring,
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etc.), or an AHI > 15 events/h without any symptoms.®® Fass et al. distinguished primary snoring
from OSA based on the clinical symptoms, i.e., primary snoring was defined as self-reported
snoring at least 3 nights per week and symptomatic OSA was defined as reporting snoring at
least 3 nights per week and feeling excessively sleepy at least 5 days per month.®” Valipour
et al. diagnosed OSA based on the clinical findings, sleep apnea-related symptoms, spouse’s
history of loud snoring and apneas, and analysis of the sleep study requiring a 4% SaO2 dip
rate of > 5/h. Primary snorers were defined as subjects with a 4% SaO2 dip rate < 5/h, without
a typical history or symptoms of sleep apnea, but audible snoring during the analysis.®® In study
by Ulfberg et al., based on the oxygen desaturation index (ODI) and the detected obstructive
periodic breathing (OPB; measured as a percentage of total sleep time),* heavy snoring was
defined as OPB <18% and ODI < 2, while OSAS was defined as OPB > 45% and ODI > 6.8 Patients
not fulfilling these criteria cannot be diagnosed as either heavy snorers or OSAS patients, and
were thus not included. Neau et al. defined primary snoring as self-reported snoring with an AHI
<15 events/h and defined sleep apnea syndrome (SAS) as AHI > 15 events/h.** Oksenberg et al.
defined primary snoring as AHI <10 events/h without other sleep disorders and defined OSA as
AHI > 10 events/h.%®

RESULTS BY DENTAL SLEEP CONDITIONS

OSA

The study from Miyahara et al. reported that, compared with participants at low risk of OSA,
participants at high risk of OSA had higher scores on VAS of snoring (P < 0.001; Table 1).2° In the
study from Emodi-Perlman et al.,, more snoring women were found to have high risk for OSA
than non-snoring women (P < 0.01).2' Coussa-Koniski et al. found that the prevalence of snoring
increased with the increase of OSA severity (P = 0.002), even though this association was not
significant enough to differentiate severe OSA from mild and moderate OSA (P = 0.09).2° An
interesting finding was that audible snoring during bronchoscopy was significantly associated
with high risk of OSA after adjustment for comorbidities (e.g., chronic obstructive pulmonary
disease and stroke; OR = 1.9).>* In addition, another nine studies also used logistic regression
models to investigate the association between snoring and OSA, and after adjustments for
confounders like age, gender, and body mass index (BMI), the reported OR values varied from
1.8 to 34.5.2427:28313234354950 Jannum et al. also found a significant association between snoring
and respiratory distress index (RDI) [] 5 (P < 0.05), which was the diagnostic criterion of OSA
in that study, but the authors did not report an OR value.?® Significant associations between
snoring and OSA were also reported by two studies with moderate methodological quality. The
study from Gabbay et al. reported that snoring was a predictor of OSAS in both genders and
all age groups, but neither OR value nor P value was reported.?® The study from Shayo et al.
reported that compared with non-snorers, snorers had 2.8-fold increased odds for OSA (OR =
2.8).2% In summary, all available evidence points toward the existence of an association between
the presence of snoring and a higher probability of OSA.
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GERD

Wang et al. reported a higher prevalence of snoring in participants with symptomatic
gastroesophageal reflux (sGER) than participants without sGER (P < 0.01; Table 1).23 This result was
supported by the study from Emilsson et al., in which more self-reported snoring was observed
in subjects with nocturnal gastroesophageal reflux (NnGER) than in subjects without nGER (P <
0.01).5° Emilsson et al. also reported that audio-measured snoring (> 65 dB) was still significantly
associated with nGER after adjusting for BMI, but the OR value was not reported. Shepherd et al.
found that snoring 3-4 times per week was independently associated with any nGER symptom (OR
=1.4) and frequent nGER symptoms (OR = 2.1).°¢ Of note, the above-mentioned three studies did
not differentiate primary snoring from OSA. In three studies that did distinguish primary snoring
from OSA, Fass et al. found that snoring alone was associated with heartburn during sleep, the
most common symptom of GERD, even in the most fully adjusted model (OR = 1.4);*” Basoglu
et al. reported that no statistically significant difference (P = 0.06) in the prevalence of GERD
was observed between primary snorers (32%) and OSAS patients (38.9%);*® and Valipour et al.
also reported a non-significant difference in GERD symptoms between OSA subjects and primary
snorers (P = 0.7), but this study was identified as being of moderate methodological quality.>
In two methodologically poor quality studies, Li et al. reported a higher prevalence of snoring
in GERD patients than non-GERD patients (P < 0.001),*® and Chen et al. reported a significant
association between snoring and non-erosive reflux disease (NERD; OR = 2.3).22 In summary,
all available evidence points toward the existence of an association between the presence of
snoring and a higher probability of GERD.

Headache

Studies from Jennum et al., Rueda-Sanchez et al., and Viana et al. reported that snoring was
associated with headache (OR = 1.5), episodic headache (OR = 2.0), and chronic migraine (OR =
2.2), respectively (Table 1).384%42 |n addition, Emodi-Perlman et al. found that more snoring women
experienced headache upon awakening than non-snoring women (P < 0.05).2' However, primary
snoring was not differentiated from OSA in the above-mentioned four studies. In two studies that
distinguished primary snoring from OSA, Ulfberg et al. found that both males (OR =7.9) and females
(OR = 5.8) showed significant associations between heavy snoring and morning headache, and
that both males (OR = 2.2) and females (OR = 2.7) showed significant associations between heavy
snoring and headache at least once a week.* Neau et al. reported that there was no statistically
significant difference in the frequency of headache between SAS patients and snorers (P =
0.2), but this study was identified as being of moderate methodological quality.*® The positive
associations between snoring and migraine, and between habitual snoring and chronic daily
headache were also reported by another two studies with moderate methodological quality.*#®
In summary, all available evidence points toward the existence of an association between the
presence of snoring and a higher probability of headache, which includes episodic headache,
migraine, and morning headache.
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SB

Four studies were included about snoring and SB, and all four studies showed at least “fair
quality” (Table 1). Three studies employed a simple “Yes or No” question to identify snoring,
but contradictory results were reported. In a relatively small sample size (n = 114) study,
Abe et al. diagnosed SB based on masseter electromyographic recordings and reported
that no significant difference was observed between a SB group and a control group in
daily snoring (P = 0.5).* In contrast, a questionnaire study from Kato et al. included 1,930
participants and found that snoring was more prevalent among subjects who reported SB
than in a control group (P < 0.001).** In addition, the authors also reported a significant
association between snoring and SB (OR = 2.6). Another questionnaire study from Emodi-
Perlman et al. found that more snoring women reported SB than non-snoring women (P <
0.05).% However, the above-mentioned three studies did not differentiate primary snoring
from OSA. The case-control study by Palinkas et al. only included snoring participants
without OSAS, i.e., those who had an AHI < 5 events/h, and reported that there was no
statistically significant difference in the number of snoring episodes between a SB group
and a control group (P =0.07).52 In summary, the included four studies on SB and snoring are
not indicative of an association between the presence of SB and the presence of snoring,
since conflicting findings were reported.

Oral dryness

Of the two studies on snoring and oral dryness (Table 1), the good-quality case-control
study distinguished between primary snorers and OSA patients, and reported comparable
frequencies of dry mouth in primary snorers and mild OSA patients (P = 0.31).“¢ Because
significantly more OSA patients (including all mild, moderate, and severe cases) reported
dry mouth than primary snorers (P < 0.05), only the association between dry mouth and
OSA was studied, while no comparison or logistic regression was performed as to assess
the association between snoring and dry mouth. In the study with moderate methodological
quality, Zhang et al. found that the incidence of dry mouth in snoring group was significantly
higher than that in non-snoring group (P < 0.05).°" In summary, due to the limited evidence,
the included two studies on snoring and oral dryness are not indicative of an association
between the presence of snoring and the presence of oral dryness.
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DISCUSSION

This systematic review aimed to: i) provide an overview of studies that investigated the
associations between the presence of snoring and the presence of other dental sleep
conditions; and ii) determine if it is clinically relevant that dentists assess snoring in their
population. It was found that it is clinically relevant for dentists to assess snoring in their
population, because the presence of snoring is associated with higher probabilities of OSA,
GERD, and headache. However, the available evidence is not indicative of associations
between the presence of snoring on the one hand and the presence of SB and oral dryness
on the other hand.

OSA

Based on the evidence that was brought forward in this systematic review, it can be concluded
that the presence of snoring is associated with a higher probability of OSA. It is also suggested
by American Academy of Sleep Medicine (AASM) that snoring is tightly associated with OSA
as one of the most common symptoms or comorbidities of OSA.%® Previous studies have
investigated different aspects of the association between snoring and OSA. Snoring sounds
were not only analyzed as to predict the presence of OSA° but snoring was also examined
in OSA-related questionnaires as a symptom® or as part of a therapeutic index of OSA®2,
Some researchers also compared the cephalometric characteristics of snorers and OSA
patients aiming to determine the shared pathogenesis of snoring and OSA.5%364 One theory
that may explain these associations recognizes snoring as a progressive condition that starts
with primary snoring and gradually develops into OSA.*® This theory has been advocated
by many researchers.®*%¢ Lindberg et al. followed 29 heavy snorers, who participated in a
10-year follow-up with polysomnography. The number of men with OSA increased from 4 to
13, while no significant association was found between increases in AHI and weight gain.®®
Another 4-year follow-up study on school-aged children also reported that of 70 children, 26
individuals (371%) progressed from primary snoring to OSA, of whom 5 (71%) had moderate to
severe OSA’? These results suggest the existence of the progression from primary snoring
to OSA. One previous study identified the risk factors of this progression”, viz., male gender,
mild-severe excessive daytime sleepiness, and a history of witnessed apneas, but more
comprehensive and large-sample studies are needed.

In the clinic, when patients self-report snoring, dentists may screen for OSA using validated
questionnaires (e.g., STOP-Bang®), extraoral examinations (e.g., profile shape evaluation’273),
and intraoral examinations (e.g., Friedman tonsil classification and Modified Mallampati
system’). In addition, dentists may refer the high-risk patients to a physician/sleep clinician
for further diagnosis and treatment. It needs to be mentioned that dentists can provide
patients with OSA and/or snoring with mandibular advancement device treatment based on
a referral from the sleep physician.
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GERD

In a previous systematic review on reflux and sleep disorders, the authors only aimed for
controlled trials or meta-analyses, but no qualified study could be included. Hence, the authors
only mentioned that a significant proportion of snorers suffer from reflux, but no conclusion was
drawn about the association between snoring and GERD.”® In the present systematic review,
the available evidence suggests that the presence of snoring is significantly associated with
a higher probability of GERD. However, the underlying mechanism is still unclear. Previous
studies hypothesized that the high prevalence of GERD in snorers and OSA patients was
attributed to the negative intrathoracic pressures generated during apneic episodes. The
negative intrathoracic pressures may be sufficient to overcome the barrier function of the
lower esophageal sphincter (LES) and lead to the retrograde flow of stomach contents into
the esophagus./®”” However, Kuribayashi et al. and Shepherd et al. have shown that the barrier
provided by the LES was actually stronger during obstructed breathing events’’® Another
mechanism involved in the pathogenesis of GERD is transient lower esophageal sphincter
relaxations (TLESRs), which account for 48-73% of gastroesophageal reflux episodes.t° We
would like to propose the hypothesis that OSA and snoring may promote the TLESRs-induced
gastroesophageal reflux, because of the combination of negative intrathoracic pressures and
low barrier function of LES during TLESRSs.

It is well-known that acid can lead to tooth erosion. A previous study also demonstrated
that, compared to extrinsic acids from diet, gastric juice has greater erosive effects on
both enamel and dentin.® In addition, acid can also lead to oral soft tissue changes. Oral
submucous fibrosis and ulceration were common in patients with GERD.#? Also enlarged
tonsils were observed in patients with reflux disease,® attributing to pepsin-induced
inflammation of tonsillar crypts and consequently increase in the number of lymphocytes®.
Therefore, given the association between snoring and GERD, dentists should pay attention
to the structural changes of soft tissue and dental hard tissue in snoring patients for both
oral health and recognition of GERD.

HEADACHE

A number of associations between headache and sleep have been found. The ICSD-2
(2005) classified migraine, hypnic headache, cluster headache, and chronic paroxysmal
hemicrania as “sleep-related headaches”®® Furthermore, the classification of sleep apnea
headache (SAH) was proposed by the International Classification of Headache Disorders
(ICHD-3, 2018).58¢ The pathophysiology of morning headache is still unknown, but hypoxia,
hypercapnia, and the transient increase of intracranial pressure in OSA patients were
recognized as potential reasons.f”#® However, a review focusing on rigorous studies
concluded that OSA was not related to migraine or tension-type headache in the general
population.®® Nevertheless, evidence indicated that snoring may be a potential risk factor
for migraine or tension-type headache.®® Another review on headache and sleep reported
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that snoring-induced respiratory event-related arousals (RERAs) may be the reason
of headache in some snorers.?® Although previous studies provide us with some clues
about the close association between snoring and headache, this hypothesis needs to be
proven by rigorous large sample studies. In addition, both Scher et al. and Sancisi et al.
studied the association between snoring and chronic daily headache, but opposite results
were presented. Scher et al. concluded that habitual snoring was associated with chronic
headache (OR = 2.86).¢ On the other hand, the study from Sancisi et al. reported that self-
reported snoring and/or apnea was not associated with chronic headache.® In the present
study, the study from Sancisi et al. was not included, because they combined snoring and
apnea as a single independent variable. Clearly, more studies are needed as to further
clarify the direct associations between snoring and chronic daily headache.

From a clinical point of view, dentists should keep in mind that headache can be a comorbid
condition of snoring. For snoring patients who also report headache, dentists should
recognize the presence of headache and refer patients to a physician for further diagnosis
and treatment.

SB

A study with a large sample of 13,057 participants from UK, Germany, and ltaly, all aged > 15
years, demonstrated a high risk of reporting SB in loud snorers (OR = 1.4).°? In PSG studies,
one study reported that SB was not observed during or in temporal conjunction with snoring
or apneic events in snorers and OSA patients.®® On the other hand, a study from Manfredini
et al.®, in which the temporal relationships between SB and obstructive sleep apnea events
were investigated, suggested a potential protective role of SB against airway obstruction.
Manfredini et al. hypothesized that the co-activation of oropharyngeal muscles may keep the
patency of the airway, which may lead to SB at the same time. Due to the shared pathogenesis
of snoring and OSA, i.e,, the collapse of upper airway, it is reasonable to hypothesize that
SB may also be a protective factor of snoring in the same way as to keep the patency of
upper airway. In contrast, another PSG study proposed an opposite hypothesis, namely that
involuntary movements of the jaw during sleep in individuals with SB promoted floppy soft
orofacial tissue, thus increasing the amount of snoring.>? More studies are needed for a better
understanding of the direct association between snoring and SB. In this systematic review, the
available evidence is not indicative of such association.

ORAL DRYNESS

Studies on the association between oral dryness and snoring were scarce. An uvula biopsy
in severe OSA patients (> 50 apnea/h) and heavy snorers (< 20 apnea/h) found diffuse
hypertrophy of mucous salivary glands and a reduction in size and number of serous
glands94, which may lead to reduced saliva production and consequently to dry mouth.
lzumi et al. studied salivary flow rate in healthy (non-medicated) adults during awake state,
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and found that sweet and salty taste stimulated salivary flow rate in subjects with high
snoring frequency, suggesting the potential influence of frequent snoring on the secretion
of saliva.’®* These two studies may provide some evidence about the existence of a direct
association between snoring and oral dryness. However, the potential influence of OSA in
these two studies cannot be ignored. A priori, we expected that snoring is associated with
oral dryness because subjects with snoring spend more sleeping time with mouth open
seeking for air, which consequently leads to oral dryness upon awakening. However, in
this systematic review, only one study was included, and no result could be reported about
the direct association between snoring and oral dryness.*® For a better understanding of a
potential association between snoring and oral dryness, more studies are needed.

STRENGTHS AND LIMITATIONS

This is the first systematic review on the associations between the presence of snoring
and the presence of other dental sleep conditions, which include OSA, GERD, headache,
SB, and oral dryness. The strengths include the comprehensive search strategy, and no
time and language limitations. There are, however, also some limitations of this systematic
review. First, in some of the included studies, snoring was identified with an inaccurate
method, such as a simple yes or no question, while in some other studies, researchers
did not distinguish primary snorers from OSA patients. This may lead to bias in the results.
Second, in order to include all relevant articles and to avoid the missing of potential data,
articles that reported relevant conditions were included in spite of the minor differences in
their definitions. For example, some studies defined habitual snoring as snoring 3 times/w?’,
while it is 5 times/w®' or daily snoring* in other studies; some studies used OSA (AHI > 5
events/h)?*283 while some other studies used obstructive sleep apnea hypopnea syndrome
(OSAHS; AHI > 5 events/h with excessive daytime sleepiness)®. These discrepancies may
lead to bias in the results and difficulty to compare results between studies. Third, most
of the included studies had a cross-sectional study design. More large-sample long term-
cohort studies are needed for a better understanding of causal associations between
snoring and other dental sleep conditions.

CONCLUSION

Within the limitations of this study, it can be concluded that the presence of snoring is
associated with higher probabilities of OSA, GERD, and headache. Therefore, it is clinically
relevant that dentists assess snoring in their patient population.
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SUPPLEMENTARY MATERIAL

APPENDIX 1: SEARCH STRATEGY
Snoring and sleep-related breathing disorders
PubMed Session Results (16 May 2022)

Search Query Items found
#4  #3 NOT (("Adolescent’[Mesh] OR “Child"[Mesh] OR “Infant’[Mesh] OR adolescen*{tiab] OR 2,566
child*[tiab] OR schoolchild*[tiab] OR infant*[tiab] OR girl*[tiab] OR boy[tiab] OR boysl[tiab]
OR teen[tiab] OR teens[tiab] OR teenager*{tiab] OR youth*[tiab] OR pediatr*{tiab] OR
paediatr*tiab] OR puber*tiab]) NOT (“Adult’[Mesh] OR adult[tiab] OR man[tiab] OR men([tiab]
OR woman[tiab] OR women[tiab]))
#3  #1AND #2 3,080
#2 “Sleep Apnea, Obstructive’[Mesh] OR “obstructive sleep apnea*[tiab] OR “obstructive sleep 39,258
apnoea*’[tiab] OR OSA[tiab]
#1 “Snoring”[Mesh] OR snoring[ti] OR snore*{ti] OR snoring[ot] OR snore*[ot] OR (snoring[tiab] OR 5,538
snore*[tiab] NOT medling[sb])
Embase.com Session Results (16 May 2022)
Search Query Items found
#5 #4 NOT (‘conference abstract’/it OR ‘conference review’/it) 4106
#4 #3 NOT ((‘adolescent’/exp OR ‘child’/exp OR adolescent*:ab,ti,kw OR child*:ab,ti,kw OR 5,964
schoolchild*:ab,ti,kw OR infant*:ab,ti,kw OR girl*:ab,ti,kw OR boy*:abti,kw OR teen:ab,ti,kw
OR teens:ab,ti,kw OR teenager*:ab,tikw OR youth*:ab,ti,kw OR pediatr*:ab,ti,kw OR
paediatrab,tikw OR puber*:ab,ti,kw) NOT (‘adult’/exp OR ‘aged’/exp OR ‘middle aged’/exp
OR adult*:ab,ti,kw OR man:ab,ti,kw OR men:ab,ti,kw OR woman:ab,ti,kw OR women:abti,kw))
#3  #1 AND #2 7227
#2 ‘obstructive sleep apnea*:ab,ti,kw OR ‘obstructive sleep apnoea*:ab,tikw OR osa:ab,ti,kw 59,152
#1 ‘snoring’/exp OR snoring:ti OR snore*:ti OR snoring:kw OR snore*:kw 14,126
Snoring and gastroesophageal reflux disease
PubMed Session Results (16 May 2022)
Search Query Items found
#4  #3 NOT (("Adolescent’[Mesh] OR “Child’[Mesh] OR “Infant’[Mesh] OR adolescen*tiab] OR 86
child*[tiab] OR schoolchild*[tiab] OR infant*[tiab] OR girl*[tiab] OR boy[tiab] OR boysl[tiab]
OR teen[tiab] OR teens[tiab] OR teenager*{tiab] OR youth*[tiab] OR pediatr*{tiab] OR
paediatr*tiab] OR puber*tiab]) NOT (“Adult’[Mesh] OR adult*[tiab] OR man[tiab] OR men([tiab]
OR woman[tiab] OR women[tiab]))
#3  #1AND #2 102
#2 “Gastroesophageal Reflux"[Mesh] OR “gastroesophageal reflux*"[tiab] OR 38,099
“gastrooesophageal reflux*’[tiab] OR “gastro-esophageal reflux*’[tiab] OR “gastro-
oesophageal reflux*[tiab] OR “gastric acid reflux*[tiab] OR GERDJ[tiab]
#1 “Snoring”[Mesh] OR snoring[tiab] OR snore*{tiab] 8,635
Embase.com Session Results (16 May 2022)
Search Query Items found
#5 #4 NOT (‘conference abstract’/it OR ‘conference review'/it) 194
#4 #3 NOT ((‘adolescent’/exp OR ‘child’/exp OR adolescent*:ab,ti,kw OR child*:ab,ti,kw OR 255
schoolchild*:ab,ti,kw OR infant*:ab,ti,kw OR girl*:ab,ti,kw OR boy*:ab,ti,kw OR teen:ab,ti,kw
OR teens:ab,ti,kw OR teenager*:ab,tikw OR youth*:ab ti,kw OR pediatr*:ab,tikw OR
paediatrt:ab,ti,kw OR puber*ab,ti,kw) NOT (‘adult’/exp OR ‘aged’/exp OR ‘middle aged’/exp
OR adult*:ab,ti,kw OR man:ab,tikw OR men:ab,tikw OR woman:abtikw OR women:ab,ti,kw))
#3 #1AND #2 317
#2 ‘gastroesophageal reflux’/exp OR ‘gastroesophageal reflux*:ab tikw OR ‘gastrooesophageal 79,167
reflux™:ab,ti,kw OR ‘gastro-esophageal reflux*:ab,ti,kw OR ‘gastro-oesophageal
reflux*:ab,ti,kw OR ‘gastric acid reflux*:ab,ti,kw OR GERD:ab,ti,kw
#1 ‘snoring’/exp OR snoring:ab,ti,kw OR snore*:abti,kw 16,327
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Snoring and orofacial pain
PubMed Session Results (16 May 2022)

Search

Query Items found

#4

#3
#2

#3 NOT (("Adolescent’[Mesh] OR “Child"[Mesh] OR “Infant’[Mesh] OR adolescen*[tiab] OR 232
child*[tiab] OR schoolchild*tiab] OR infant*tiab] OR girl*[tiab] OR boy[tiab] OR boys][tiab]

OR teen[tiab] OR teens[tiab] OR teenager*{tiab] OR youth*[tiab] OR pediatr*tiab] OR

paediatritiab] OR puberftiab]) NOT (“Adult’[Mesh] OR adult[tiab] OR man[tiab] OR men[tiab]

OR woman[tiab] OR women[tiab]))

#1 AND #2 271
“Facial Pain”[Mesh] OR “orofacial pain*’[tiab] OR “craniofacial pain*”[tiab] OR “oro-facial 141,917
pain*’[tiab] OR “oral facial pain*[tiab] OR “cranio-facial pain*"[tiab] OR “Headache Disorders,

Primary”[Mesh] OR headacheltiab] OR “Craniomandibular Disorders”[Mesh] OR migraine[tiab]

OR temporomandibularftiab] OR “temporo-mandibular’[tiab] OR craniomandibular{tiab] OR
“cranio-mandibular”[tiab]

#1 “Snoring”[Mesh] OR snoring[tiab] OR snore*[tiab] 8,635
Embase.com Session Results (16 May 2022)
Search Query Items found
#5 #4 NOT (‘conference abstract’/it OR ‘conference review’/it) 365
#4  #3 NOT ((‘adolescent’/exp OR ‘child’/exp OR adolescent*:ab,ti,kw OR child*:ab,ti,kw OR 585
schoolchild*:ab,ti,kw OR infant*:ab,ti,kw OR girl*:ab,ti,kw OR boy*:abti,kw OR teen:ab,ti,kw
OR teens:ab,ti,kw OR teenager*:ab,ti,kw OR youth*:ab ti,kw OR pediatr*:ab,tikw OR
paediatrab,ti,kw OR puber*ab,ti,kw) NOT (‘adult’/exp OR ‘aged’/exp OR ‘middle aged’/exp
OR adult*:ab,ti,kw OR man:ab,ti,kw OR men:ab,ti,kw OR woman:ab,ti,kw OR women:ab,ti,kw))
#3 #1AND #2 686
#2 ‘face pain'/exp OR ‘orofacial pain’/exp OR ‘primary headache’/exp OR ‘temporomandibular 219,309
ankylosis’/exp OR ‘temporomandibular joint disorder’/exp OR ‘migraine’/de OR ‘orofacial
pain*:ab,tikw OR ‘craniofacial pain*:ab,ti,kw OR ‘oro facial pain*:ab.ti,kw OR ‘oral facial
pain*:ab,ti,kw OR ‘cranio facial pain*:ab,ti,kw OR headache:abti,kw OR migraine:abti,kw OR
temporomandibular:ab,tikw OR ‘temporo mandibular’:ab,ti,kw OR craniomandibular:ab,ti,kw
OR ‘cranio mandibular:ab,ti,kw
#1 ‘snoring’/exp OR snoring:ab,ti,kw OR snore*:ab,ti,kw 16,327

Snoring and mandibular movement disorders
PubMed Session Results (16 May 2022)

Search Query Items found
#4  #3 NOT (("Adolescent’[Mesh] OR “Child’[Mesh] OR “Infant’[Mesh] OR adolescen*tiab] OR 62
child*[tiab] OR schoolchild*[tiab] OR infant*[tiab] OR girl*[tiab] OR boy[tiab] OR boysl[tiab]
OR teen[tiab] OR teensltiab] OR teenager*[tiab] OR youth*(tiab] OR pediatr*{tiab] OR
paediatritiab] OR pubertiab]) NOT (“Adult’[Mesh] OR adult[tiab] OR man[tiab] OR men[tiab]
OR woman[tiab] OR women(tiab]))
#3  #1 AND #2 n7
#2 ((orofacial[tiab] OR “oro-facial”[tiab] OR oral[tiab] OR mandib*[tiab]) AND (“Dyskinesias’[Mesh] 5,091
OR dyskines'[tiab] OR dystoni*[tiab])) OR “Sleep Bruxism’[Mesh] OR ((sleep*[tiab] OR
nocturnalltiab]) AND (bruxism*(tiab] OR grinding[tiab] OR clamping[tiab] OR clenching[tiab] OR
bracing[tiab] OR thrusting[tiab]))
#1 “Snoring”’[Mesh] OR snoring[tiab] OR snore*[tiab] 8,635

Embase.com Session Results (16 May 2022)

Search Query Items found
#5 #4 NOT (‘conference abstract’/it OR ‘conference review’/it) 75
#4  #3 NOT ((‘ladolescent’/exp OR ‘child’/exp OR adolescent*:ab,ti,kw OR child*:ab,tikw OR 120

schoolchild*:ab ti,kw OR infant*:ab,ti,kw OR girl*:ab,ti,kw OR boy*:ab,ti,kw OR teen:ab,ti,kw
OR teens:ab,ti,kw OR teenager*:ab,tikw OR youth*:ab ti,kw OR pediatr*:ab,tikw OR
paediatr*:ab,tikw OR puber*:ab,tikw) NOT (‘adult/exp OR ‘aged’/exp OR ‘middle aged’/exp
OR adult*:ab,ti,kw OR man:ab,tikw OR men:abtikw OR woman:abtikw OR women:ab,ti,kw))
#3  #1 AND #2 220
#2 ((orofacial:ab,ti,kw OR ‘oro-facial’:ab,ti,kw OR oral:ab,ti,kw OR mandib*:ab,ti,kw) AND 5,927
(‘dyskinesia’/exp OR dyskines*:ab,ti,kw OR dystoni*:ab,ti,kw)) OR ‘sleep bruxism’/exp OR
((sleep™:ab,ti,kw OR nocturnal:ab,ti,kw) AND (bruxism*:ab,ti,kw OR grinding:ab,ti,kw OR
clamping:ab,ti,kw OR clenching:ab,ti,kw OR bracing:ab,ti,kw OR thrusting:ab,ti,kw))
#1 ‘snoring’/exp OR snoring:ab,ti,kw OR snore*:ab,ti,kw 16,327
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Snoring and oral moistening disorders
PubMed Session Results (16 May 2022)

Search

Query

Items found

#4

#3
#2

#1

#3 NOT (("Adolescent’[Mesh] OR “Child"[Mesh] OR “Infant’[Mesh] OR adolescen*[tiab] OR
child*[tiab] OR schoolchild*tiab] OR infant*tiab] OR girl*[tiab] OR boy[tiab] OR boys][tiab]

OR teen[tiab] OR teens[tiab] OR teenager*{tiab] OR youth*[tiab] OR pediatr*tiab] OR
paediatritiab] OR puberftiab]) NOT (“Adult’[Mesh] OR adult[tiab] OR man[tiab] OR men[tiab]
OR woman[tiab] OR women[tiab]))

#1 AND #2

“Sialorrhea”[Mesh] OR “Xerostomia”’[Mesh] OR sialorrhea[tiab] OR sialorrhoea[tiab] OR
ptyalism[tiab] OR xerostomi*[tiab] OR hypersalivation[tiab] OR “hyper-salivation”[tiab] OR
drooling[tiab] OR hyposalivation[tiab] OR “hypo-salivation”[tiab] OR “mouth dryness”[tiab] OR
“dry mouth*”[tiab] OR “dryness of the mouth”[tiab] OR asialia*[tiab] OR “oral moist*’[tiab] OR
“oral dryness”[tiab] OR ((Sjogren*[tiab] OR Sjoegren*(tiab]) AND (syndromeltiab]))

“Snoring”[Mesh] OR snoring[tiab] OR snore*[tiab]

61

85
33,392

8,635

Embase.com Session Results (16 May 2022)

Search

Query

Items found

#5
#4

#3
#2

#1

#4 NOT (‘conference abstract/it OR ‘conference review'/it)

#3 NOT ((‘adolescent’/exp OR ‘child’/exp OR adolescent*:ab,ti,kw OR child*:ab,ti,kw OR
schoolchild*:ab,ti,kw OR infant*:abti,kw OR girl*:ab,ti,kw OR boy*:ab,ti,kw OR teen:ab,ti,kw
OR teens:ab,ti,kw OR teenager*:ab,tikw OR youth*:ab tikw OR pediatr*:ab,tikw OR
paediatrab,tikw OR puber*:ab,ti,kw) NOT (‘adult’/exp OR ‘aged’/exp OR ‘middle aged’/exp
OR adult*:ab,ti,kw OR man:ab,ti,kw OR men:ab,ti,kw OR woman:ab,ti,kw OR women:ab,ti,kw))

#1 AND #2

‘hypersalivation’/exp OR ‘xerostomia’/exp OR ‘Sjoegren syndrome’/exp OR
sialorrhea:ab ti,kw OR sialorrhoea:ab,tikw OR ptyalism:ab,ti,kw OR xerostomi*:ab,ti,kw

OR hypersalivation:ab,ti,kw OR ‘hyper salivation’ab,ti,kw OR drooling:ab,ti,kw OR
hyposalivation:ab,ti,kw OR ‘hypo salivation’ab,ti,kw OR ‘mouth dryness’:ab,ti,kw OR

‘dry mouth*:ab,ti,kw OR ‘dryness of the mouth’ab,ti,kw OR asialia*:ab,ti,kw OR ‘oral
moist*:ab,ti,kw OR ‘oral dryness”ab,ti,kw OR ((Sjogren*:ab,ti,kw OR Sjoegren*:ab,ti,kw) AND
(syndrome:ab,ti,kw))

‘snoring’/exp OR snoring:ab,ti,kw OR snore*:ab,ti,kw

207
252

308
84,765

16,327
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APPENDIX 2: QUALITY ASSESSMENT
Methodological quality assessment of the included case-control studies with the NOS

Selection Comparability Outcome Total 5 .
Quality rating

Paper Q1 Q2 Q@3 Q@4 Q5 Q6 Q7 Q8 score

Abe et al. 2012 a( b b a() ab(™ b a() c 6 Fair quality
Chen et al. 2016 a® a( b a( ab((™ a( b b 6 Poor quality
Emilsson et al. 2016 a(m a(m a(m a( ab(™ b( a() c 8 Good quality
Oksenbergetal.2006 a() a(Y) a() a() ab(™ b a( b 8 Good quality
Palinkas et al. 2019 a(m a( c a( ab(™ b b b 7 Good quality
Scher et al. 2003 a(m a(m a(m a() NA b a() a() 7 Poor quality
NOS = Newcastle-Ottawa Scale, () = allotted star(s)

Good quality: 3 or 4 stars in selection domain AND 1 or 2 stars in comparability domain AND 2 or 3 stars in outcome
domain

Fair quality: 2 stars in selection domain AND 1 or 2 stars in comparability domain AND 2 or 3 stars in outcome domain
Poor quality: O or 1 star in selection domain OR O stars in comparability domain OR 0 or 1 stars in outcome domain

Selection
Q1. Is the case definition adequate?
a) yes, with independent validation *
b) yes, e.g., record linkage or based on self reports
c) no description
Q2. Representativeness of the cases
a) consecutive or obviously representative series of cases *
b) potential for selection biases or not stated
Q3. Selection of Controls
a) community controls *
b) hospital controls
c) no description
Q4. Definition of Controls
a) no history of disease *
b) no description of source

Comparability

Q5. Comparability of cases and controls on the basis of the design or analysis
a) study controls for age *
b) study controls for gender *

Outcome
Q6. Ascertainment of exposure
a) secure record (e.g., surgical records) *
b) structured interview where blind to case/control status *
c) interview not blinded to case/control status
d) written self report or medical record only
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e) no description
Q7. Same method of ascertainment for cases and controls
a)yes *
b) no
Q8. Non-Response rate
a) same rate for both groups *
b) non respondents described
c) rate different and no designation

Methodological quality assessment of the included cohort studies with the NOS

Selection Comparability Outcome
Paper Q1 Q2 Q@3 Q@4 Q5 Q6 Q7 Q8 ::;?L Quality rating
Neau et al. 2002 b a( a() a( NA a(® a(m b 7 Poor quality
NOS = Newcastle-Ottawa Scale, () = allotted star(s)

Good quality: 3 or 4 stars in selection domain AND 1 or 2 stars in comparability domain AND 2 or 3 stars in outcome
domain

Fair quality: 2 stars in selection domain AND 1 or 2 stars in comparability domain AND 2 or 3 stars in outcome domain
Poor quality: O or 1 star in selection domain OR O stars in comparability domain OR O or 1 stars in outcome domain

Selection
Q1. Representativeness of the exposed cohort
a) truly representative of the average snorers in the community *
b) somewhat representative of the average snorers in the community *
c) selected group of users e.g., nurses, volunteers
d) no description of the derivation of the cohort
Q2. Selection of the non exposed cohort
a) drawn from the same community as the exposed cohort *
b) drawn from a different source
¢) no description of the derivation of the non exposed cohort
Q3. Ascertainment of exposure
a) secure record (e.g., surgical records) *
b) structured interview *
c) written self report
d) no description
Q4. Demonstration that outcome of interest was not present at start of study
a)yes *
b) no

Comparability

Q5. Comparability of cohorts on the basis of the design or analysis
a) study controls for age *
b) study controls for gender *
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Outcome
Q6. Assessment of outcome
a) independent blind assessment *
b) record linkage *
c) self report
d) no description
Q7. Was follow-up long enough for outcomes to occur
a) yes (more than three months) *
b) no
Q8. Adequacy of follow up of cohorts
a) complete follow up - all subjects accounted for *
b) subjects lost to follow up unlikely to introduce bias - small number lost (follow up
rate > 80% or description provided of those lost) *
c) follow up rate < 80% and no description of those lost
d) no statement
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Q1. Were the aims/objectives of the study clear?

Q2. Was the study design appropriate for the stated aim(s)?

Q3. Was the sample size justified?

Q4. Was the target/reference population clearly defined? (Is it clear who the research was about?)

Q5. Was the sample frame taken from an appropriate population base so that is closely represented the target/
reference population under investigation?

Q6. Was the selection process likely to select subjects/participants that were representative of the target/reference
population under investigation?

Q7. Were measures undertaken to address and categorise non-responders?

Q8. Were the risk factor and outcome variables measured appropriate to the aims of the study?

Q9. Were the risk factors and outcome variables measured correctly using instruments/measurements that had been
trialled, piloted or published previously?

Q10. Is it clear what was used to determined statistical significance and/or precision estimates? (e.g. p-values,
confidence intervals)

Q11. Were methods (including statistical methods) sufficiently described to enable them to be repeated?

Q12. Were the basic data adequately described?

Q13. Does the response rate raise concerns about non-response bias?

Q4. If appropriate, was information about non-responders described?

Q15. Were the results internally consistent?

Q16. Were the results presented for all the analyses described in the methods?

Q17. Were the authors’ discussion and conclusions justified by the results?

Q18. Were the limitations of the study discussed?

Q19. Were there any funding sources or conflicts of interest that may affect the authors’ interpretation of the results?
Q20. Was ethical approval or consent of participants attained?
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