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Abstract

Research has established a significant association between primary snoring
and hypertension, suggesting that primary snoring may be a potential risk fac-
tor for developing high blood pressure. This condition can adversely impact
the cardiovascular system and metabolic processes, promote vascular smooth
muscle hypertrophy, and either contribute to or exacerbate hypertension.
Presently, comprehensive management strategies are primarily implemented
for the treatment of both primary snoring and hypertension.
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1. Introduction

Hypertension is a prevalent chronic condition that affects many individuals and
presents challenges for both personal health and society, contributing notably to
healthcare costs and economic burdens. It is also a crucial risk factor for cardio-
vascular diseases, underscoring its importance for our overall health. Similarly,
snoring, often associated with sleep disorders, occurs when the muscles in the
throat relax during sleep. This relaxation causes the surrounding tissues to vibrate,
producing sound [1]. Snoring can be a sign of several conditions, including pri-
mary snoring (PS), upper airway resistance syndrome (UARS), and obstructive
sleep apnea (OSA), among other sleep disorders. Notably, PS may indicate early
signs of narrowing in the upper airway during sleep, potentially signaling the ini-

tial stages of upper respiratory issues.
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2. Definition of PS

Primary snoring is defined as the regular sound produced by the vibration of the
soft palate and adjacent tissues during sleep. To ascertain whether snoring behavior
within a population indicates the presence of OSA or is classified as PS, a definitive
diagnosis necessitates using polysomnography (PSG). This multi-channel sleep
monitoring procedure is conducted in a controlled laboratory environment to en-
sure accurate results. Most current studies define the apnea-hypopnea index (AHI)
using a cutoff value of less than 5 - 15 episodes per hour of sleep. Some studies also
incorporate BMI [2] [3], peak snoring intensity [4], and absence of daytime symp-
toms [5] into the definition. The widespread adoption of PSG encounters several
challenges. These include a complex and time-consuming operation process, the
high costs of the necessary equipment, and the requirement for patients to visit spe-
cialized sleep laboratories for testing. Additionally, skilled personnel are needed to
monitor and analyze the results. Long waiting periods for appointments further
complicate efforts to promote its widespread use. The current definition of PS is still
lacking a consistent conclusion. Therefore, epidemiological studies on snoring can
increase the possibility of screening for OSA to some extent. In current hypertension

management, actively improving patients” adverse sleep behaviors is vital.

3. Snoring Measurement Methods

Objective measurement devices for snoring encompass PSG conducted in laboratory
settings, portable PSG, and smartphone application software (Table 1) designed for
monitoring the duration and peak intensity of snoring. In the subjective realm, ques-
tionnaires are frequently employed to collect data regarding the intensity and fre-
quency of snoring episodes. The inherent variability of snoring during nighttime,
coupled with the lack of standardized reference values among researchers and clini-
cians concerning intensity and frequency, contributes to the absence of specific diag-

nostic criteria for evaluating both acoustic indicators of snoring and the associated

Table 1. Measurement methods for snoring.

Measurement Equipment Detection Method Measurement Content Influencing Factors Applicable Population

PSG/Portable Sleeping The location of the microphone
Monitoring Recorder Microphone [6] [7] Acoustic analysis Position during sleep
(PSMR) The intensity threshold of snoring
Patients with a high suspicion
The vibration caused by snoring is of moderate to severe OSA and
converted into an electrical signal ~ Sensor Location/The algorithm  other sleep-disordered
. . that oscillates in proportion to the  for converting vibration breathing conditions; or those
Piezoelectric sensor [8] L Lo .
PSG/PSMR (9]/humidity sensor [10] change in air pressure/periodic  frequency/sleep breathing with severe complications or
umidity sensor
¥ humidity changes during humidity into electrical signals is  other sleep disorders, such as
breathing and is monitored to inconsistent chronic obstructive pulmonary
record breathing behavior disease, congestive heart
failure, neuromuscular
Sleeping Positions disorders
PSG nasal transducer Capture pressure airflow signals ~ Sensor placement is affected by

(11]-[13]

and audio recordings

changes in sleep posture/pressure
differences defining snoring
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Continued
Sleeping Position of Mobile
. . . OSA remote management,
i Phone/Differences in Defining o
Smartphone Microphone X X R K monitoring, and follow-up
o Acoustic analysis Snoring Parameters/Differences , L.
applications [14] [15] have certain application

in Approaches to Handling

rospects.
Snoring Sounds prosp
“Do you snore when you
sleep?” Those who
answered “yes” were The data is typically collected
. . further asked about their  through face-to-face interviews Epidemiological survey of
Questionnaire survey . . . R . - . .
(16] [17] snoring frequency. or questionnaires conducted by  Subjectivity/Privacy/Unobjective snoring and screening for
Participants were divided  researchers who have received OSA

into  “never/unknown,”  training

“occasionally,” and

“often.”

non-acoustic and social impacts. Although there are various methods for measuring
snoring, the measurement results still show heterogeneity due to individual differ-
ences, environment, device accuracy, and the subjective judgments of the assessors.
Estimating snoring parameters at a single nighttime point may not comprehen-
sively reflect the underlying characteristics of snoring or the cumulative exposure
risks associated with these characteristics over time. Consequently, it is imperative
to integrate snoring assessments into clinical care and the management of sleep
disorders. In contrast to relying on PSG, which involves single-night recordings
in laboratory environments, the exploration and application of novel methods
that detect and evaluate snoring in a simple, objective, and non-invasive manner

offer enhanced clinical practicality and convenience.

4. Clinical Features of PS

Craniofacial abnormalities and pharyngeal collapse during sleep are recognized as
potential etiological and pathophysiological factors contributing to the progres-
sion of OSA. Among these factors, the obstruction theory attributable to the hy-
pertrophy of the uvula and palatal structures is widely accepted. PSG is regarded
as the gold standard for differentiating between PS and OSA; however, it cannot
pinpoint the specific site of obstruction. Karakoc et al [18] did not reveal signifi-
cant differences in nasal congestion between patients who snore without OSA and
those with OSA characterized by an unspecified AHI

Nevertheless, noteworthy differences were identified concerning the location of
airway obstruction as categorized by the Fujita classification and the Mallampati
tongue size classification within the AHI-based grouping. The evaluation of the
obstruction site is of paramount importance for informing patient treatment strat-
egies. A study [19] examining the cephalometric characteristics of Turkish male
populations revealed that the cephalometric analysis of individuals with PS and
OSA exhibited varying degrees of similar traits. These included an increased dis-
tance between the mandibular plane and the hyoid bone, a reduced posterior air-
way space, and an elongated soft palate. In OSA subjects, the posterior airway
space and the distance between the mandibular plane and the hyoid bone were

notably greater. In contrast, the distance for PS subjects exceeded that of the
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normal control group. These findings may elucidate the posterior displacement of
the tongue and the constriction of the pharyngeal airway, particularly in obesity,
which may contribute to neck fat deposition leading to the downward movement
of the hyoid bone. The cephalometric analysis of PS and OSA subjects showed
varying degrees of similar characteristics, including increased distance between
the mandibular plane and hyoid bone, reduced posterior airway space, and in-
creased length of the soft palate. The OSA subjects had higher values for the pos-
terior airway space and the distance between the mandibular plane and hyoid
bone than the normal control group. In contrast, the PS subjects had a higher
mandibular plane and hyoid bone distance. This may explain the backward move-
ment of the tongue and narrowing of the pharyngeal airway, where obesity leading
to neck fat deposition may cause the hyoid bone to move downward. Previous
studies have reported that the hyoid bone level of PS subjects is more similar to
the normal control group rather than OSA subjects [20].

Numerous studies have demonstrated that OSA is an independent risk factor for
hypertension, and some studies consider OSA to be a progressive disease, with PS
and patients with mild and moderate OSA experiencing an increase in AHI over
time. However, this is affected first by weight gain and then by time [21]. In contrast
to pharyngeal muscle hypertrophy in the obstruction theory, the neurogenic hy-
pothesis of OSA postulates that the vibrating action of snoring leads to nerve atro-
phy, which in turn leads to muscle atrophy [22]. Two theories are often considered
mutually exclusive, but they may complement each other. That is, the initial differ-
ences in the pharyngeal structure may lead to snoring, which can cause atrophy of
some muscles and compensatory hypertrophy of different muscles, exacerbating
respiratory problems and anatomical structural changes. The vibrational effects of
snoring may have a degenerative impact on the local nerves, creating a self-perpet-
uating cycle that can lead to progressive nerve damage. This damage may impair the
ability of the upper airway muscles to maintain their openness.

Additionally, Gates et al [23] conducted a study on a small group of 11 patients
who did not have UARS or cortical arousal. They found that, compared to a con-
trol group, snorers showed increased activity in the sympathetic nervous system
and decreased activity in the parasympathetic nervous system. The imbalance in
autonomic nervous system regulation and heart rate variability alterations are be-
ing explored as a potential mechanism through which snoring may contribute to
cardiovascular events. This study posits that PS, even in the absence of upper
UARS, may indicate a continuum of disease susceptibility that could ultimately
progress to severe OSA. Although there are no overt pathological or injurious
manifestations associated with PS, its potential neural implications and its role in

the development of OSA merit careful examination.

5. The Current Research Status of PS and Hypertension

5.1. PS and Hypertension Risk Factors

Arteriosclerosis (AS) represents an early manifestation of the aging process within
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the vascular system, characterized by a deterioration in the arterial ability to con-
tract and relax. This condition diminishes the elasticity of the arteries and results
in an increase in pulse pressure, which subsequently inflicts direct damage on the
cardiovascular system. In the progression of arterial lesions, the deterioration of
contraction and relaxation functions typically precedes the onset of structural ab-
normalities. This deterioration gradually escalates into a series of serious cardio-
vascular events, including ischemia, infarction, and the potential for arterial rup-
ture. Pulse Wave Velocity (PWV) measurement technology is a straightforward
and non-invasive approach for assessing the stiffness of arteries. This methodol-
ogy effectively evaluates arterial rigidity, providing valuable insights into cardio-
vascular health. A study has found [24] that 30 children who snore but do not
demonstrate apnea or hypoventilation on polysomnography are considered to
have primary snoring diagnosed with PS demonstrated significantly elevated
blood pressure readings across several parameters compared to the control group.
Specifically, the systolic blood pressure was measured at 112 £ 10 mmHg in the
PS group, in contrast to 105 + 8 mmHg in the control group (P = 0.001). The
diastolic blood pressure was recorded at 60 + 7 mmHg for the PS group, compared
to 53 + 9 mmHg for the control group (P = 0.004). Furthermore, the mean blood
pressure in the PS group was 81 + 7 mmHg, while 71 + 8 mmHg in the control
group (P < 0.001). Additionally, the PWV was notably higher in the PS group,
registering at 9.7 = 1.6 m/s as opposed to 7.9 + 2.0 m/s in the control group (P =
0.001). Children with PS show significant daytime systemic blood pressure eleva-
tion and reduced arterial compliance. After adjusting for multiple regression anal-
ysis, PS was independently confirmed as the only key factor affecting reduced ar-
terial compliance unaffected by body weight. This indicates that PS impacts ath-
erosclerosis in early life, and this impact is not influenced by body weight. How-
ever, whether it ultimately progresses to adult hypertension and leads to cardio-

vascular events remains challenging to assess.

5.2. PS and Hypertension

A cross-sectional study conducted in Taiwan Region reveals that compared to
children who are not obese and do not have PS, those who are both obese and
suffer from moderate to severe OSA have a significantly increased risk of poor
blood pressure conditions by three times [25]. This study enrolled 1689 children,
which is a sufficiently large size. While PS may not directly elevate the risk of se-
vere adverse blood pressure, the combination of obesity and more significant
sleep-disordered breathing does heighten the likelihood of developing such issues.
Furthermore, higher blood pressure can exacerbate sleep apnea problems in pa-
tients with PS. A retrospective study conducted in Sichuan revealed that higher
baseline diastolic blood pressure independently influenced the development of an
increased AHI during subsequent follow-ups with PS patients, regardless of the
duration of sleep apnea [26]. In a study conducted in Australia utilizing home

monitoring technology to assess snoring and sleep conditions, objective snoring
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time data were collected from 12,287 participants over several nights. The findings
revealed that a higher proportion of snoring time (specifically, 12% at the 75th
percentile versus 0.04% at the 5th percentile) was associated with approximately
a 1.9-fold increase in the risk of uncontrolled hypertension (OR [95%CI]: 1.87
[1.63, 2.15]). Notably, this association was independent of sleep apnea [6]. Even
when the effects of sleep apnea are excluded, frequent snoring still increases the
risk of poor blood pressure control. This may be more closely related to the
chronic obstruction of breathing itself rather than to the impacts of hypoxia or
sleep disorders. However, participants were also predominantly male, which lim-
its generalization and raises the need for caution when interpreting sex difference
comparisons. Participants were also self-selected based on their decision to pur-
chase and regularly use the under-the-mattress sleep sensor and blood pressure
monitor devices from which these data were derived. Consumer choices could re-
flect concerns about sleep and blood pressure, potentially contributing to a bias
toward overestimating snoring prevalence. Additionally, a clinical trial hypothe-
sized that patients with normal blood pressure exhibit a reduced sensitivity to the
baroreflex during wakefulness and non-rapid eye movement (NREM) sleep. In
contrast, this decrease in sensitivity is deemed absent in other cases. The interven-
tion utilized nasal continuous positive airway pressure (nCPAP). During the ap-
plication of nCPAP, baroreflex sensitivity was assessed in both the experimental
and control groups. Non-apneic snorers exhibited a reduction in baroreflex sen-
sitivity during sleep, but nCPAP treatment effectively mitigated this decline, re-
storing sensitivity levels to near those observed during wakefulness. In contrast,
the control group showed no significant change in baroreflex sensitivity while
asleep, and nCPAP treatment did not have a meaningful impact on their meas-
urements [27]. Although adherence to nCPAP was self-reported by the partici-
pants, the measurements observed between the groups during the trial were sim-
ilar. This suggests that PS may change baroreflex sensitivity at night, potentially
occurring before noticeable alterations in other cardiovascular variables. Slow-
wave sleep (SWYS) is a vital component of the sleep cycle, characterized by high-
amplitude, low-frequency synchronized slow waves (J waves). These waves are
crucial in body growth, physical recovery, alleviating fatigue, and maintaining en-
docrine balance. Research indicates a significant interaction between moderate to
severe OSA and the duration of SWS with hypertension (P = 0.002). A reduction
in SWS is linked to a higher incidence of hypertension in OSA patients, a trend
not observed in those with primary sleep disorder [28]. This may relate to OSA
affecting hypoxia, activating the sympathetic nervous system, and reducing slow-
wave sleep (SWS), all of which affect blood pressure regulation. Therefore, a thor-
ough and individualized assessment of PSG is critical. An objective evaluation of
the underlying causes is crucial for effective airway management during sleep.
This study used a large sample, improving generalizability. Nonetheless, it is es-
sential to consider that office BP may not be representative of the 24-hour BP

profile, And the white-coat phenomenon. Participants underwent only a single
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nocturnal polysomnography, so nocturnal variability and first-night effects can-
not be ruled out. Additionally, research on the relationship between PS and un-
controlled hypertension is limited. Given the unequal distribution of medical re-

sources, this area warrants greater attention in future medical practice.

5.3. Primary Snoring and the Prognosis of Hypertension

5.3.1. Carotid Intima-Media Thickness

Snoring, which arises from oscillating pressure waves in the upper airway, can
propagate through the surrounding tissues to the wall of the carotid artery. Con-
sidering the short distance between the carotid bifurcation and the lateral wall of
the pharynsx, it is likely that these vibrations influence the carotid artery. In a pro-
spective paired cohort study with a median follow-up period of five years, the
findings indicated that childhood primary snoring exposure was significantly cor-
related with adverse cardiovascular outcomes. Specifically, there was a noted de-
terioration in endothelial function, an increase in carotid intima-media thickness
(IMT), and elevated 24-hour ambulatory blood pressure measurements at the
five-year mark. regardless of obstructive sleep apnea severity [29], similar results
were found in adult PS [30]. PS presents a significant risk to cardiovascular health
during the early stages of growth and development. Further, longitudinal studies
must be conducted to investigate the long-term implications of PS. PS may expe-
dite subclinical alterations in adjacent arterial structures, potentially mediated by
mechanisms such as mechanical vibration of the mucosal surface or other patho-
physiological processes [31]. The duration of PS significantly impacts vascular
sclerosis. A generalized propensity score analysis was conducted to examine the
carotid IMT among 180 participants who snored and a control group of non-
snoring individuals following PSG. The findings revealed an independent associ-
ation with subclinical alterations in IMT was present solely in female participants
who snored for at least 25% of their sleep duration. Specifically, the average ca-
rotid IMT demonstrated a progressive increase correlated with snoring duration:
non-snoring individuals exhibited an IMT of 0.707 mm, and mild snorers had an
IMT of 0.718 mm. In comparison, moderate to severe snorers showed an IMT of
0.774 mm [32]. Morphological differences between men and women, such as fat
distribution in neck and soft tissue volumes in the upper airway, could cause gen-
der differences due to snoring. Although IMT itself is not a direct causal factor in
the elevation of blood pressure, the progressive thickening of IMT can lead to a
gradual narrowing of the carotid artery lumen. This narrowing results in increased
resistance to blood flow. Consequently, the heart must augment its output to sus-

tain adequate cerebral perfusion, contributing to increased blood pressure.

5.3.2. Atherosclerosis of the Arteries

Hypertension can harm the vascular endothelium, encourage lipid deposition,
and expedite the development of atherosclerosis. This condition, in turn, decreases
vascular elasticity and subsequently raises blood pressure further. However, the

influence of snoring on atherosclerosis can differ across various body regions. In
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a study involving 110 participants without obstructive sleep apnea, severe snoring
was found to have a significant association with carotid atherosclerosis, demon-
strating an (OR = 10.5; 95%CI: 2.1 - 51.8; P=0.004). In contrast, this association
was not found concerning femoral atherosclerosis. [33]. In addition, the study
group consisted of patients with relatively mild degrees of nocturnal hypoxia. due
to the bias towards the selection of snoring subjects over OSA patients. The study
was not designed or powered to test for nocturnal hypoxia as a risk factor for ath-
erosclerosis. Therefore, the lack of association should not be interpreted as ex-
cluding hypoxia as a risk factor for atherosclerosis in other study populations. The
vibrations and mechanical stresses caused by snoring can be transmitted to the
tissues and blood vessels in the neck, potentially resulting in endothelial dysfunc-
tion and worsening atherosclerosis, as well as increasing the risk of carotid plaque
rupture. Furthermore, the vibrations associated with snoring may elevate local in-
flammatory responses in the upper airway tissues, further contributing to athero-

sclerosis in the neck’s blood vessels.

5.3.3. Metabolic Syndrome

Metabolic Syndrome (MetS) is a complex pathological condition defined by the
presence of abdominal obesity, dyslipidemia, hypertension, hyperglycemia, and
insulin resistance, among other interrelated factors that interact synergistically.
These elements are interrelated and function synergistically, notably increasing
the risk of cardiovascular and cerebrovascular diseases, as well as diabetes. A
cross-sectional study [34] conducted in China revealed that patients with obstruc-
tive sleep apnea exhibited more pronounced metabolic disorders and a higher
prevalence of metabolic syndrome compared to individuals without snoring. PS
was significantly associated with an increased risk of MetS in all participants (OR
=2.328,95%CI: 1.340 - 4.045) and female participants (OR = 2.382, 95%CI: 1.136
- 4.994). About the components of MetS, PS was significantly associated with an
increased likelihood of hypertension (OR = 1.730, 95%CI: 1.130 - 2.650); in terms
of the Mets component, PS was significantly associated with an increased chance
of hypertension (OR = 1.730, 95%CI: 1.130 - 2.650). Moreover, most cross-sec-
tional studies have investigated the correlation between habitual snoring and
MetS and its subclinical-related indicators, suggesting that snoring may precede
the occurrence of MetS. It has been suggested that sleep-disordered breathing
caused by snoring may affect the hyperactivity of the sympathetic nervous system
[35]. Thus, by increasing glycogenolysis and gluconeogenesis, it damages glucose
homeostasis and induces insulin resistance [36]. Moreover, hypoxia promotes the
release of pro-inflammatory cytokines, including tumor necrosis factor-alpha and
interleukin-6, leading to impaired glucose tolerance. However, the assessment of
snoring in these studies was mainly based on self-reported snoring frequency, and
patients with sleep apnea were not excluded. Large-scale prospective studies are
still needed to determine the causal relationship between PS and metabolic abnor-

malities.
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5.3.4. Cardiovascular and Cerebrovascular Events

In the exploration of cardiovascular and cerebrovascular events, akin to investi-
gations of metabolic syndrome, most association studies generally assess the link
between snoring and cardiovascular or cerebrovascular diseases by considering
factors such as the frequency and intensity of snoring, and the duration of snoring
episodes. A significant number of these studies concentrate on middle-aged men,
likely due to the higher incidence of both snoring and cardiovascular diseases
within this demographic. Presently, there exists a limited number of studies that
objectively assess the relationship between snoring and the prevalence of cardio-
vascular and cerebrovascular diseases. Notably, one community cohort study that
quantitatively measured snoring indicated that both in an unadjusted Cox regres-
sion model and in a model that accounted for OSA and other confounding risk
factors, snoring—whether considered as a categorical or continuous variable—did
not demonstrate a statistically significant association with mortality, cardiovascu-
lar disease, or stroke [37]. Despite the potential implications of the findings, this
cohort is characterized by a limited sample size, necessitating further investigation

through a larger cohort study to achieve validation.

6. Intervention

Currently, consistent intervention measures for PS and hypertension are lacking.
At the same time, an Australian position statement has proposed comprehensive
treatment recommendations for PS [38]. The goal is to promote the effective treat-
ment of primary snoring based on the best available evidence and expert experi-
ence, including weight loss, reducing alcohol consumption, avoiding medications
that exacerbate snoring, positional therapy, the use of mandibular advancement
devices, the application of CPAP devices, and, if necessary, surgical treatment. In-
dividualized assessments should be made according to population characteristics,
while hypertension treatment emphasizes improving lifestyle and actively seeking

out related factors for poor blood pressure control.

7. Conclusion

Currently, there needs to be more objective methods for measuring snoring, and
different research tools are selected according to various research purposes.
Whether primary snoring is an early stage of increased upper airway resistance
remains controversial. However, the studies mentioned above tend to suggest a
significant correlation between PS and the early progression of hypertension, as
well as an elevated risk of associated adverse clinical outcomes. Furthermore, there
is a dearth of consistent intervention measures specifically targeting PS and hy-
pertension. Given this, early identification and adoption of appropriate manage-

ment measures are crucial for the health management of hypertensive patients.

Conflicts of Interest

The authors declare that they have no known competing financial interest or

DOI: 10.4236/jbm.2024.1212019

244 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2024.1212019

X. L. Zhang, Y. Q. Feng

personal relationships that could have appeared to influence the work reported in

this paper.

References

(1]

(2]

(4]

[10]

(11]

(12]

[13]

(14]

Huyett, P. (2023) What Is Snoring? JAMA Otolaryngology—Head & Neck Surgery,
149, 286. https://doi.org/10.1001/jamaoto.2022.4615

Baisch, A., Maurer, J.T., Hérmann, K. and Stuck, B.A. (2008) Combined Radiofre-
quency Assisted Uvulopalatoplasty in the Treatment of Snoring. European Archives
of Oto- Rhino- Laryngology, 266, 125-130.
https://doi.org/10.1007/s00405-008-0709-6

Welt, S., Maurer, J.T., Hérmann, K. and Stuck, B.A. (2006) Radiofrequency Surgery
of the Tongue Base in the Treatment of Snoring—A Pilot Study. Sleep and Breathing,
11, 39-43. https://doi.org/10.1007/s11325-006-0080-z

Michael, H., Andreas, S., Thomas, B., Beatrice, H., Werner, H. and Holger, K. (2007)
Analysed Snoring Sounds Correlate to Obstructive Sleep Disordered Breathing. Fu-

ropean Archives of Oto- Rhino- Laryngology, 265, 105-113.
https://doi.org/10.1007/s00405-007-0408-8

Samimi, A.S., Dadgarnia, M.H., Baradaranfar, M.H., Mazidi, M., Rabbani, M., Behni-
afard, N., et al (2013) Radiofrequency Uvulopalatoplasty for Primary Snoring. Acta
Medica Iranica, 51, 530-536.

Lechat, B., Naik, G., Appleton, S., Manners, J., Scott, H., Nguyen, D.P., et al (2024)
Regular Snoring Is Associated with Uncontrolled Hypertension. npj Digital Medi-
cine, 7, Article No. 38. https://doi.org/10.1038/s41746-024-01026-7

Lu, C., Lee, L., Lee, G. and Li, H. (2022) Obstructive Sleep Apnea and Auditory Dys-
function—Does Snoring Sound Play a Role? Diagnostics, 12, Article 2374.
https://doi.org/10.3390/diagnostics12102374

Samuelsson, L.B., Rangarajan, A.A., Shimada, K., Krafty, R.T., Buysse, D.]J., Strollo,
P.J., et al (2016) Support Vector Machines for Automated Snoring Detection: Proof-
of-Concept. Sleep and Breathing, 21, 119-133.
https://doi.org/10.1007/s11325-016-1373-5

Tsai, C., Liu, W., Hsu, W., Majumdar, A., Stettler, M., Lee, K., et al (2023) Screening
the Risk of Obstructive Sleep Apnea by Utilizing Supervised Learning Techniques

Based on Anthropometric Features and Snoring Events. Digital Health, 9.
https://doi.org/10.1177/20552076231152751

Yan, M., Hao, Q., Diao, S., Zhou, F., Yichen, C., Jiang, N., et al. (2023) Smart Home
Sleep Respiratory Monitoring System Based on a Breath-Responsive Covalent Or-
ganic Framework. ACS Nano, 18, 728-737. https://doi.org/10.1021/acsnano.3c¢09018

Khazaie, H., Negahban, S., Ghadami, M.R., Sadeghi Bahmani, D., Holsboer-Trachsler,
E. and Brand, S. (2018) Among Middle-Aged Adults, Snoring Predicted Hyperten-
sion Independently of Sleep Apnoea. Journal of International Medical Research, 46,
1187-1196. https://doi.org/10.1177/0300060517738426

Kim, S.G., Cho, S. and Kim, J. (2022) Definition of the Snoring Episode Index Based
on the Analyses of Snoring Parameters and the Apnea Hypopnea Index. Scientific
Reports, 12, Article No. 6761. https://doi.org/10.1038/s41598-022-10934-1

Lee, H., Kim, H. and Lee, K. (2015) Nasal Pressure Recordings for Automatic Snoring
Detection. Medical & Biological Engineering & Computing, 53, 1103-1111.
https://doi.org/10.1007/s11517-015-1388-2

Figueras-Alvarez, O., Cant6-Navés, O., Cabratosa-Termes, J., Roig-Cayén, M.,

DOI: 10.4236/jbm.2024.1212019

245 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2024.1212019
https://doi.org/10.1001/jamaoto.2022.4615
https://doi.org/10.1007/s00405-008-0709-6
https://doi.org/10.1007/s11325-006-0080-z
https://doi.org/10.1007/s00405-007-0408-8
https://doi.org/10.1038/s41746-024-01026-7
https://doi.org/10.3390/diagnostics12102374
https://doi.org/10.1007/s11325-016-1373-5
https://doi.org/10.1177/20552076231152751
https://doi.org/10.1021/acsnano.3c09018
https://doi.org/10.1177/0300060517738426
https://doi.org/10.1038/s41598-022-10934-1
https://doi.org/10.1007/s11517-015-1388-2

X. L. Zhang, Y. Q. Feng

(15]

(16]

(17]

(18]

(19]

(20]

(21]

[22]

(23]

(24]

[25]

(26]

(27]

Felipe-Spada, N. and Tomas-Aliberas, J. (2020) Snoring Intensity Assessment with
Three Different Smartphones Using the Snorelab Application in One Participant.
Journal of Clinical Sleep Medicine, 16, 1971-1974. https://doi.org/10.5664/jcsm.8676

Tiron, R., Lyon, G., Kilroy, H., Osman, A., Kelly, N., O’Mahony, N., et al (2020)
Screening for Obstructive Sleep Apnea with Novel Hybrid Acoustic Smartphone App
Technology. Journal of Thoracic Disease, 12, 4476-4495.
https://doi.org/10.21037/jtd-20-804

Xiao, M., Tang, X., Zhang, F., Zhou, L., Bu, X,, Liu, X., ef al (2020) Association be-
tween Self-Reported Snoring and Hypertension among Chinese Han Population

Aged 30-79 in Chongqing, China. Environmental Health and Preventive Medicine,
25, Article No. 78. https://doi.org/10.1186/s12199-020-00908-y

Zhang, H., Li, S., Chen, G., Abdulai, T., Liu, X., Wang, Y., et al. (2020) Ambient Air
Pollutants Aggravate Association of Snoring with Prevalent Hypertension: Results
from the Henan Rural Cohort. Chemosphere, 256, Article 127108.
https://doi.org/10.1016/j.chemosphere.2020.127108

Karakoc, O., Akcam, T., Gerek, M., Genc, H. and Ozgen, F. (2012) The Upper Airway
Evaluation of Habitual Snorers and Obstructive Sleep Apnea Patients. ORL, 74, 136-
140. https://doi.org/10.1159/000337134

Akpinar, M.E., Celikoyar, M.M., Altundag, A. and Kocak, I. (2010) The Comparison
of Cephalometric Characteristics in Nonobese Obstructive Sleep Apnea Subjects and
Primary Snorers Cephalometric Measures in Nonobese OSA and Primary Snorers.
European Archives of Oto-Rhino-Laryngology, 268, 1053-1059.
https://doi.org/10.1007/s00405-010-1448-z

Sforza, E., Bacon, W., Weiss, T., Thibault, A., Petiau, C. and Krieger, J. (2000) Upper
Airway Collapsibility and Cephalometric Variables in Patients with Obstructive Sleep

Apnea. American Journal of Respiratory and Critical Care Medicine, 161, 347-352.
https://doi.org/10.1164/ajrccm.161.2.9810091

Berger, G., Berger, R. and Oksenberg, A. (2008) Progression of Snoring and Obstruc-
tive Sleep Apnoea: The Role of Increasing Weight and Time. Furopean Respiratory
Journal, 33, 338-345. https://doi.org/10.1183/09031936.00075408

Bassiouny, A., Nasr, S., Mashaly, M., Ayad, E., Qotb, M. and Atef, A. (2008) Electron
Microscopy Study of Peripheral Nerves in the Uvulae of Snorers and Obstructive
Sleep Apnoea Patients. The Journal of Laryngology & Otology, 123, 203-207.

https://doi.org/10.1017/s0022215108002971

Gates, G.J., Mateika, S.E. and Mateika, J.H. (2005) Heart Rate Variability in Non-
Apneic Snorers and Controls before and after Continuous Positive Airway Pressure.
BMC Pulmonary Medicine, 5, Article No. 9. https://doi.org/10.1186/1471-2466-5-9

Kwok, K.L., Ng, D.K.K. and Cheung, Y.F. (2003) BP and Arterial Distensibility in
Children with Primary Snoring. Chest, 123, 1561-1566.
https://doi.org/10.1378/chest.123.5.1561

Kang, K., Weng, W, Chiu, S., Lee, P. and Hsu, W. (2022) Office Blood Pressure Mon-
itoring in Children with Obesity and Obstructive Sleep Apnea. The Journal of Pedi-
atrics, 246, 138-144.E2. https://doi.org/10.1016/].jpeds.2022.03.024

Pan, W,, Xia, L., Liu, L., Gu, L., Xiang, M., Zhang, H., et al. (2022) Increased Diastolic
Blood Pressure and Apnea Time Contribute to the Poor Apnea and Hypopnea Index

and Life Quality of Primary Snoring: A Cohort Study Combined with External Vali-
dation. Sleep and Biological Rhythms, 20, 561-568.
https://doi.org/10.1007/s41105-022-00402-8

Gates, G.J., Mateika, S.E., Basner, R.C. and Mateika, ].H. (2004) Baroreflex Sensitivity

DOI: 10.4236/jbm.2024.1212019

246 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2024.1212019
https://doi.org/10.5664/jcsm.8676
https://doi.org/10.21037/jtd-20-804
https://doi.org/10.1186/s12199-020-00908-y
https://doi.org/10.1016/j.chemosphere.2020.127108
https://doi.org/10.1159/000337134
https://doi.org/10.1007/s00405-010-1448-z
https://doi.org/10.1164/ajrccm.161.2.9810091
https://doi.org/10.1183/09031936.00075408
https://doi.org/10.1017/s0022215108002971
https://doi.org/10.1186/1471-2466-5-9
https://doi.org/10.1378/chest.123.5.1561
https://doi.org/10.1016/j.jpeds.2022.03.024
https://doi.org/10.1007/s41105-022-00402-8

X. L. Zhang, Y. Q. Feng

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

in Nonapneic Snorers and Control Subjects before and after Nasal Continuous Posi-
tive Airway Pressure. Chest, 126, 801-807. https://doi.org/10.1378/chest.126.3.801

Ren, R., Covassin, N., Zhang, Y., Lei, F., Yang, L., Zhou, J., et al (2020) Interaction
between Slow Wave Sleep and Obstructive Sleep Apnea in Prevalent Hypertension.
Hypertension, 75, 516-523. https://doi.org/10.1161/hypertensionaha.119.13720

Au, C.T., Chan, K.C,, Chook, P., Wing, Y.K. and Li, A.M. (2021) Cardiovascular Risks

of Children with Primary Snoring: A 5-year Follow-up Study. Respirology; 26, 796-
803. https://doi.org/10.1111/resp.14089

Deeb, R., Judge, P., Peterson, E., Lin, J.C. and Yaremchuk, K. (2014) Snoring and
Carotid Artery Intima-Media Thickness. The Laryngoscope, 124, 1486-1491.
https://doi.org/10.1002/lary.24527

(2019) Abstracts of 28th Year Annual Meeting of Turkish Society of Neuroradiology
with International Participation, Conrad Istanbul Bosphorus, Istanbul, Turkey, Feb-
ruary 15-17, 2019. Neuroradiology, 61, 229-239.
https://doi.org/10.1007/s00234-018-2143-9

Kim, J., Pack, A.L, Riegel, B.J., Chirinos, J.A., Hanlon, A., Lee, S.K,, et al (2016) Ob-
jective Snoring Time and Carotid Intima-media Thickness in Non-Apneic Female
Snorers. Journal of Sleep Research, 26, 147-150. https://doi.org/10.1111/jsr.12471

Lee, S.A., Amis, T.C., Byth, K, Larcos, G., Kairaitis, K., Robinson, T.D., et a/ (2008)
Heavy Snoring as a Cause of Carotid Artery Atherosclerosis. Sleep, 31, 1207-1213.
Zou, J., Song, F., Xu, H., Fu, Y., Xia, Y., Qian, Y., et al (2019) The Relationship be-
tween Simple Snoring and Metabolic Syndrome: A Cross-Sectional Study. Journal of
Diabetes Research, 2019, Article 9578391. https://doi.org/10.1155/2019/9578391

Fletcher, E.C. (2003) Sympathetic over Activity in the Etiology of Hypertension of
Obstructive Sleep Apnea. Sleep, 26, 15-19. https://doi.org/10.1093/sleep/26.1.15

Hjalmarsen, A., Aasebp, U, Birkeland, K., Sager, G. and Jorde, R. (1996) Impaired
Glucose Tolerance in Patients with Chronic Hypoxic Pulmonary Disease. Diabetes &
Metabolism, 22, 37-42.

Marshall, N.S., Wong, K.K.H., Cullen, S.R.J., Knuiman, M.W. and Grunstein, R.R.
(2012) Snoring Is Not Associated with All-Cause Mortality, Incident Cardiovascular
Disease, or Stroke in the Busselton Health Study. Sleep, 35, 1235-1240.
https://doi.org/10.5665/sleep.2076

Sarkis, L.M., Jones, A.C., Ng, A., Pantin, C., Appleton, S.L. and MacKay, S.G. (2023)
Australasian Sleep Association Position Statement on Consensus and Evidence Based
Treatment for Primary Snoring. Respirology, 28, 110-119.
https://doi.org/10.1111/resp.14443

DOI: 10.4236/jbm.2024.1212019

247 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2024.1212019
https://doi.org/10.1378/chest.126.3.801
https://doi.org/10.1161/hypertensionaha.119.13720
https://doi.org/10.1111/resp.14089
https://doi.org/10.1002/lary.24527
https://doi.org/10.1007/s00234-018-2143-9
https://doi.org/10.1111/jsr.12471
https://doi.org/10.1155/2019/9578391
https://doi.org/10.1093/sleep/26.1.15
https://doi.org/10.5665/sleep.2076
https://doi.org/10.1111/resp.14443

X. L. Zhang, Y. Q. Feng

Abbreviations
PS Primary Snoring
PSG Polysomnography
PSMR Portable Sleeping Monitoring Recorder
AHI Apnea-Hypopnea Index
SS Simply Snoring
UARS Upper Airway Resistance Syndrome
AS Arterio Sclerosis
PWV Pulse Wave Velocity
NREM Non-Rapid Eye Movement
SWS Slow-Wave Sleep
IMT Intima-Media Thickness
EEG Electroencephalography
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