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Chapter 9

Summary



Snoring is a common sleep-related breathing condition, which is characterized by audible 
vibrations of the upper airway during respiration in sleep. The reported prevalence is up 
to 78% in adult men and 59% in adult women. Despite the high prevalence of snoring in 
the general population, due attention has not been given to snoring, and much is unknown 
about this phenomenon. This thesis investigated snoring both as a dental sleep condition 
(chapters 2 and 3) and as an acoustic phenomenon (chapters 4, 5, 6, and 7). 

Chapter 1 offers a general introduction, in which the aims of the thesis are described, and 
the research questions are presented.

Chapter 2 describes a systematic review of the literature, with the aim to investigate the 
association between snoring and other dental sleep conditions. Of the 4,696 references 
retrieved from PubMed and Embase.com, 32 eligible studies were finally included as they 
investigated the incidence of snoring in patients with other dental sleep conditions, and/
or employed regression models to assess whether snoring was associated with other 
dental sleep conditions. The available evidence indicates that the presence of snoring is 
associated with higher probabilities of obstructive sleep apnea (OSA), gastroesophageal 
reflux disease (GERD), and headache attributed to temporomandibular disorder (TMD). 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 sleep bruxism (SB) 
and oral dryness. 

Chapter 3 is a retrospective questionnaire study, of which the aim was to investigate the 
presence and associated factors of primary snoring (PS) and OSA in SB patients. In this study, 
a total of 968 self-reported SB patients (31.6% men; median age 44.5 years) were enrolled. 
Self-reported sleep-related breathing status (viz., no sleep-related breathing condition, PS, 
and OSA) was the dependent variable. Independent variables were questionnaire-based 
data on demographics, lifestyle, psychological status, pain, and sleep. Among the 968 
participants, the prevalence of PS was found to be 7.3%. No associated factor was identified 
for PS, neither in the logistic regression models nor in the network analysis. The prevalence 
of OSA in this population was 17.7%. As for the associated factors, increased age, male 
gender, daily alcohol consumption, depression, daytime sleepiness, and high GERD risk 
were found to be associated with increased OSA risk in SB patients, while high TMD pain 
risk and chronic pain were associated with decreased OSA risk in this population. 

Chapter 4 deals with snoring as an acoustic phenomenon. In this prospective study, 
83 adult snorers (mean ± SD age: 42.2 ± 11.3 yrs; male gender: 59%) who underwent an 
overnight polysomnography (PSG) and simultaneous sound recording were included. From 
the 83 participants, a total of 131,745 snoring events were extracted and analyzed. Data 
on both between-individual factors (viz., age, gender, body mass index [BMI], and apnea-
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hypopnea index [AHI]) and within-individual factors (viz., sleep stage and sleep position) 
were extracted from the participants’ PSG reports. It was found that severe OSA (AHI ≥ 
30 events/hour), non-rapid eye movement sleep stage 3 (N3), and supine position were 
all associated with more, longer, and louder snoring events. In general, within-individual 
parameters had significant effects on snoring sound parameters in all temporal, intensity, 
and frequency domains, while between-individual parameters only affected a limited 
number of snoring sound parameters.

Chapter 5 describes a pilot study that assessed which acoustic characteristics of snoring 
sound are associated with its annoying nature, and whether listeners’ personal experiences 
affect their perceived annoyance of snoring sound. From the overnight sound recordings 
used in chapter 4, six one-minute snoring epochs with distinct acoustic characteristics (viz., 
reference, high frequency, high intensity, short interval, irregular intensity, and irregular 
intervals) were extracted. Twenty listeners (age: 42 [30.5 – 57.5]; male gender: 35%) were 
included from among physicians and technicians involved in the healthcare of snoring 
patients. They were divided into three groups based on personal experience with their 
bedpartners’ snoring sounds (viz., non-snoring, snoring but not annoying, and snoring 
and annoying). The test subjects listened to each epoch and rated its level of annoyance. 
It was found that snoring epochs with high intensity, irregular intensity, and irregular 
snoring intervals were more annoying than others. In addition, no significant differences 
in perceived annoyance was observed between listener groups. Hence, it was concluded 
that the acoustic characteristics of snoring sound is decisive for whether a snoring sound is 
annoying, while listeners’ personal experiences do not seem to play a decisive role in their 
perceived annoyance of snoring sounds.

Chapter 6 and chapter 7 focus on the informative nature of snoring sounds. Chapter 6 
describes a systematic review, of which the aim was to investigate the association between 
snoring sound parameters and the collapse site in the upper airway. Of the 1,016 retrieved 
references, 28 eligible studies were included. It was found that the characteristic frequency 
components generated from lower-level obstructions of the upper airway were higher than 
those generated from upper-level obstructions. Prediction models were built mainly based 
on snoring sound parameters in the frequency domain. The reported accuracies ranged 
from 60.4% to 92.2%. In chapter 7, 119 OSA patients (79.8% men; age = 48.1 ± 12.4 years) 
were included, and the possibility of predicting the presence of collapse at each level of the 
upper airway based on demographic and anthropometric variables, clinical examination, 
sleep study, and snoring sound parameters was explored. Of all assessed snoring sound 
parameters, only a longer duration of snoring events was found to be associated with a 
higher probability of complete concentric collapse of the soft palate. In addition, given that 
only a limited number of predictors were identified, it does not seem feasible to predict 
upper airway collapse sites using a logistic regression model based on demographic, 
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anthropometric, clinical examination, sleep study, and snoring sound parameters. More 
intelligent methods like machine learning may perform better in recognizing collapse sites. 
Finally, chapter 8 discusses the main findings of the studies included in the thesis, and 
presents their implications for clinical practice and future research.
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