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Objective: The characteristics of the upper airway (UA) are important for the evaluation
and treatment of obstructive sleep apnea (OSA). This study aimed to investigate the
association of UA characteristics with OSA severity, titration pressure, and initiation of
and 3-month compliance with continuous positive airway pressure (CPAP).

Methods: This retrospective study included consecutive patients examined using a
semi-quantitative UA evaluation system (combination with physical examination and
awake endoscopy) during 2008-2018 at the Department of Respiratory and Critical Care
Medicine, Peking University First Hospital. First, the differences in UA characteristics
were compared between patients with simple snorers and mild OSA and those with
moderate-to-severe OSA. Then, the effect of UA characteristics on the initiation to CPAP
therapy and 3-month adherence to CPAP was conducted.

Results: Overall, 1,002 patients were included, including 276 simple snorers and
patients in the mild OSA group [apnea-hypopnea index (AHI) <15] and 726 patients
in the moderate-to-severe OSA group (AHI >15). Tongue base hypertrophy, tonsillar
hypertrophy, mandibular recession, neck circumstance, and body mass index (BMI)
were independent risk factors for moderate-to-severe OSA. Among those patients, 119
patients underwent CPAP titration in the sleep lab. The CPAP pressures in patients
with thick and long uvulas, tonsillar hypertrophy, lateral pharyngeal wall stenosis, and
tongue hypertrophy were higher than those of the control group (P < 0.05, respectively).
The logistic regression analysis showed that nasal turbinate hypertrophy, mandibular
retrusion, and positive Muller maneuver in the retropalate and retroglottal regions were
independent predictors for the initiation of home CPAP treatment.

Conclusion: Multisite narrowing and function collapse of the UA are important factors
affecting OSA severity, CPAP titration pressure, and the initiation of home CPAP therapy.
Clinical evaluation with awake endoscopy is a safe and effective way for the assessment
of patients with OSA in internal medicine.
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INTRODUCTION

Obstructive sleep apnea (OSA) is a common sleep disorder
characterized by repetitive complete (apneas lasting for >10s)
or partial (hypopnea) upper airway (UA) collapse leading to
intermittent hypoxia (1, 2), with a prevalence of 6-13% in adults
(3). It is associated with chronic and systemic inflammation,
several biomarkers, and comorbidities such as neurovegetative
disorders, cardiovascular, and nasal inflammation (4, 5).
Although neuroregulation plays an important role in OSA,
UA (nasal, glossopharyngeal, and oropharyngeal) features and
collapse are also important influencing factors for OSA (6).
Previous studies used imaging modalities, including radiography,
CT (7), and MRI (6), for UA assessments. Yet, these
imaging modalities can only perform static observations, not
functional assessments. The use of these modalities is also
limited by the associated radiation exposure and complex
instrument design.

Transnasal endoscopy is a well-established method for
visualizing and evaluating the UA (8). There are mainly
three methods of endoscopy evaluation: awake electronic
endoscopy, drug-induced sleep endoscopy (DISE), and natural
sleep endoscopy. Drug-induced sleep laryngoscopy represents
the gold standard for the diagnosis of obstructive site (9) and
is often used for preoperative evaluation in ear, nose and throat
(ENT) surgeries (10). However, it carries some risk due to the
drugs, requires closer monitoring, and is more complex and
expensive. Natural sleep endoscopy can observe the UA under
normal sleep conditions, but it is time-consuming and laborious
and requires a longer hospital visit, which is not conducive to
routine outpatient examination (11, 12). Relatively, awake supine
laryngoscopy is more convenient and safer for patients with OSA
in an internal medicine department; it is a convenient visual
modality to evaluate the UA, including its collapsibility, using the
Miiller maneuver (8).

Continuous positive airway pressure (CPAP) is the first-
line treatment and the primary treatment in internal medicine-
led sleep centers (2, 13). Therefore, sleep centers in internal
medicine departments currently tend to pay less attention to the
characteristics of the UA in patients with OSA. Evaluation of
the UA is mainly performed in the surgical setting. However,
understanding the anatomy of the UA, sites of obstruction,
and collapse pattern is crucial to elucidate the pathogenesis of
OSA and characterize its subtypes and may be associated with
CPAP treatment. Some studies showed that CPAP titration levels
were positively correlated with the UA length (UAL) and the
mandibular plane to hyoid bone (p < 0.05) assessed using CT
(14). Nasal and pharyngeal obstruction was significantly higher in
the CPAP nonadherent group than in the CPAP adherent group
(15). However, the relationship between the UA configuration
and the efficacy of and adherence to CPAP remains unclear.

Therefore, this study aimed to investigate the UA
characteristics in Chinese patients with OSA managed by
the internal medicine team using awake evaluation and to
investigate the association of the UA characteristics with OSA
severity, influence on titration, and initiation of and 3-month
adherence to CPAP.

METHODS
Study Design and Patients

This cross-sectional study included consecutive patients referred
to the authors’ sleep laboratory with a chief complaint of snoring
and who underwent awake endoscopy between 2008 and 2018
at the Department of Respiratory and Critical Care Medicine of
Peking University First Hospital.

Inclusion criteria were: (1) >18 years of age and (2)
polysomnography (PSG) study and awake UA evaluations
performed at the department.

Exclusion criteria were failure to perform or complete an
overnight PSG monitoring or awake laryngoscopy, resulting in
incomplete data or age <18 years.

This study was approved by the Ethics Committee of Peking
University (2020-562) and complied with the principles of the
Declaration of Helsinki. The requirement for informed consent
was waived considering the retrospective nature of this study.

The flowchart of the enrollment is shown in Figure 1.

DATA COLLECTION AND DEFINITION

The semi-quantitative UA evaluation system established in
a previous study by the authors’ group (16) was combined
with physical examination, endoscopy, and Miiller maneuver
examination. Patients were examined at the waking state.

Data of the height of the soft palate, length of the uvula, size
of the bilateral tonsils, and condition of the lateral pharyngeal
wall were collected. Data on the presence of nasal septum
deviation, inferior turbinate hypertrophy, nasal polyps or other
masses, mucosal edema, or secretions caused by rhinitis were
also collected. Data of the collapsibility of the UA, collapse of
the pharyngeal walls, and the base of the tongue were then
collected (16-18).

The size of the tongue was recorded. Tonsils were classified
according to their size as grades I, II, and III. Tonsil size is
usually classified into grades 0-4 (19, 20). In this study, for
simplicity, we classified the tonsil size into the following three
grades: grade 1 (defined as tonsils absent or tonsils hidden inside
the pillars or tonsils extending to the pillars), grade 2 (defined
as tonsils extending beyond the pillars), and grade 3 (defined as
tonsils extending to the midline). Grades 2 and above suggest
tonsillar enlargement.

Examination of the tongue size can be performed with the
tongue relaxed, using the occlusal plane of the mandibular teeth.
If the tongue is at or below the level of the occlusal plane of the
lower teeth, then the tongue is considered to be of normal size. If
the tongue is beyond this level, then the tongue is considered to
be enlarged (21).

The height of the oropharynx was evaluated using
the Friedman palate position score (22, 23) based on
visualization of structures in the mouth, with the mouth
open widely without protrusion of the tongue. Grade I
indicated visualization of the entire uvula and tonsils. Grade II
indicated visualization of the uvula, but not the tonsils. Grade
III allows visualization of the soft palate, but not the uvula.
Grade IV allows visualization of the hard palate only. Grades
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FIGURE 1 | Patient enrollment flow chart.

III and IV generally represent a relatively low position of the
soft palate.

The obstruction of the regions during Miiller maneuver was
measured according to a semi-quantitative method and it can
be divided into four levels: no obstruction or up to 25, 50, 75,
and 100% of obstruction (8). In this study, a positive result
in Miller maneuver in the retropalate (RP) was defined as the
collapse area being more than 75% and a positive result in
Miiller maneuver in the retroglottal (RG) was defined as the
collapse area being more than 50%. Data on the pharyngeal
space were collected using a four-point ordinal scale (24).
Class I indicated that the palatopharyngeal arch intersected
at the edge of the tongue. In class II, the palatopharyngeal
arch intersected at >25% of the tongue diameter. In class III,
the palatopharyngeal arch intersected at >50% of the tongue
diameter. In class IV, the palatopharyngeal arch intersected at
>75% of the tongue diameter. Classes IIT and IV indicated lateral
pharyngeal wall narrowing.

The shape of the retropalatal region was classified as flat oval
(i.e., the anterior and posterior diameters were less than the right
and left diameters), long oval (i.e., the anterior and posterior
diameters were greater than the right and left diameters), or
quasicircular (i.e., the anterior and posterior diameters were
nearly equal to the right and left diameters).

Tongue base hypertrophy was judged as lingual tonsillar
hypertrophy and the hypertrophy of the tongue base oppresses
the epiglottis and partially covers the glottis visible on awake
laryngoscopy (25).

There were broadly six regions according to the examination
procedure: nasal (nasal physical examination), oropharyngeal
(oropharyngeal physical examination), jaw and neck physical
examination, and RP and RG (evaluated by endoscopy). The
presence of narrowing or obstruction was assessed at each region.
The number of narrowing or obstruction regions was calculated
(0-6 scores).

A regular overnight PSG (Compumedics, E-Series,
Australia) monitoring was conducted. Six channels of
electroencephalography signals (C3-M2, C4-M1, F3-M2, F4-M1,
01-M2, and O2-M1), two channels of electro-oculography
signals (E1-M2 and E1-M2), chin electromyography (EMG)
(EMG1-EMG2, EMG1-EMGS3), electrocardiography, respiration
(nasal pressure and airflow), oxygen saturation (SpO;),
abdominal and chest movement, and leg movements were
recorded according to the American Academy of Sleep
Medicine (AASM) guidelines (26, 27). Sleep stage and
respiratory events were analyzed manually by an experienced
technician and reviewed by the registered polysomnographic
technologist (RPSGT) (Registry Number: 18903) according
to the AASM guidelines, version 2.3. The apnea-hypopnea
index (AHI) (i.e., the sum of apnea and hypopnea events
per hour) was calculated using the above monitoring
indicators, according to the AASM manual (26, 27). Following
the AASM guidelines, OSA was diagnosed and classified
based on the AHI Patients were classified into the two
groups according to their AHI scores in the PSG as the
mild OSA group (simple snorers and mild OSA, AHI <
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15) and the moderate-to-severe OSA (M-S OSA) group
(AHI >15).

Continuous Positive Airway Pressure

Titration

Patients whose AHI was >15.0 per h and agreed to CPAP
therapy were underwent full-night CPAP titration under
PSG monitoring.

Follow-Up
Patients who had pressure titration were followed-up by
telephone in March 2021.

Questions regarding purchase of the CPAP, time of use per
day, total time of use, improvement in clinical symptoms and
comfort, and problems with ventilator use were asked in addition
to whether the compliance was good (defined as over 4 h per day
and more than 70% use per month).

Statistical Analysis

Statistical analyses were performed using SPSS software version
23.0 (IBM SPSS Statistics, USA). Basic information, anatomical
narrowing, morphology, and UA collapse were compared
between the two groups. The normality of the distribution of
the continuous variables was determined by the Shapiro-Wilk
test. Normally distributed continuous variables are presented
as mean £ SD. Nonnormally distributed continuous variables
[age, body mass index (BMI), neck circumference (NC), and
AHI] are presented as the median (25th—75th percentile) and
analyzed using the Mann-Whitney U test. Categorical variables
are presented as n (%) and compared using the chi-squared
test. The Spearman’s rank correlation coefficient was used for
correlation analysis.

The multivariate logistic regression analysis was used to
identify the independent risk factors associated with the risk
of M-S OSA and initiation of home noninvasive ventilation
from UA characteristics. First, a one-way analysis of the relevant
factors was conducted and factors with P < 0.15 were included
and those factors with significant collinearity were excluded. The
backward method was used in the logistic regression model. P <
0.05 indicated statistical significance.

RESULTS

Part 1, Comparisons of UA characteristics were made between
patients with simple snorers and mild OSA and those with
M-S OSA.

Characteristics of Baseline and UA

Anatomical Narrowing
Of 1,186 patients, 184 patients without PSG data (n = 161), with
incomplete laryngoscopic data (n = 19) and < 18 years of age (n
= 4) were excluded. Finally, 1,002 patients were included in the
analysis (Figure 1). In the total sample, 827 and 175 patients were
male and female, respectively. The mild OSA group included 276
patients, while the M-S OSA group included 726 patients.

There was no significant between-group difference in age
[median (interquartile range): 45 years (35-55 years) vs. 46 years

TABLE 1 | Distribution of upper airway narrowing by OSA severity.

Mild OSA group  Moderate-to- P
(AHI < 15) severe OSA
group
(AHI > 15)
Age, years [median (IQR)] 45 (35-55) 46 (37-55) 0.168
BMI, kg/m? [median (IQR)] 25.9 (23.7-28.2) 28.4 (25.9-31.1)  0.000
NC, cm [median (IQR)] 39 (36-41) 41 (39-43) 0.000
RP regions collapse during 80% (64-100%) 90% (75-100%)  0.000
Muller maneuver [median (IQR)]
RG regions collapse during 55% (50-75%) 55% (50-75%) 0.382
Muller maneuver [median (IQR)]
Gender (male:female) 203:73 624:102 0.000
Nasal septum deviation (%) 43.60% 45.10% 0.677
Nasal stenosis (%) 34.80% 32.50% 0.494
Nasal turbinate hypertrophy (%) 18.50% 24.20% 0.053
Thick and long uvulas (%) 39.90% 50.10% 0.004
Tonsillar hypertrophy (%) 2.30% 10.70% 0.000
Lateral pharyngeal wall 7.70% 19.00% 0.000
stenosis (%)
Tongue hypertrophy (%) 42.70% 57.70% 0.000
Tongue base hypertrophy (%) 24.00% 34.60% 0.001
Friedman score >3 (%) 29.10% 33.70% 0.169
Mandibular retrusion (%) 41.20% 55.70% 0.000
Morphology of the retropalatal 20.70% 39.00% 0.000
region (long oval and
quasicircular) (%)
Positive MUller maneuver in the 72.50% 83.70% 0.000
RP region (%)
Positive MUller maneuver in the 47.50% 53.30% 0.098
RG region (%)
Positive MUller maneuver in both 35.50% 44.50% 0.010

the RP and RG regions (%)

A positive Muller maneuver in the RP region was defined as more than 75% of the
collapsed area. A positive Mliller maneuver in the RG region was defined as more than
50% of the collapsed area.

OSA, obstructive sleep apnea; AHI, apnea-hypopnea index; RF, retropalate; RG,
retroglottal; BMI, body mass index; NC, neck circumstance.

Data were expressed as the median (25th—75th percentile) or the percentage.

(37-55 years), P > 0.05]. The M-S OSA group had a significantly
higher proportion of male patients (86.0 vs. 73.6%; P < 0.001)
and significantly higher BMI [28.4 kg/m? (25.8-31.1 kg/m?) vs.
25.9 kg/m? (23.7-28.2 kg/m?)] and NC [41cm (39-43 cm) vs.
39cm (36-41cm), P < 0.001] than the snorer-mild OSA group
(Table 1).

There were no significant between-group differences in the
proportion of patients with nasal septum deviation (45.1 vs.
43.6%), presence of nasal stenosis on at least one side (32.5 vs.
34.8%), and presence of at least one nasal turbinate (24.2 vs.
18.5%) in the M-S OSA and the snorer-mild OSA groups (all
P > 0.05). The M-S OSA group included a significantly higher
proportion of patients with thicker and longer uvulas (50.1 vs.
39.9%, P < 0.05), patients with lingual hypertrophy (57.7 vs.
42.7%, P < 0.05), and patients with tonsillar hypertrophy (10.7 vs.
2.3%, P < 0.001). Furthermore, the proportion of patients with
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the Friedman score of >3 points was similar between the two
groups (33.7 vs. 29.1%, P = 0.169). Meanwhile, the proportion
of patients with lateral pharyngeal wall stenosis was significantly
higher in the M-S OSA group (19.0 vs. 7.7%, P < 0.001) (Table 1).

Morphology of the Retropalatal Region and

Jaw Characteristics
The proportion of patients with a long oval and quasicircular
shape retropalatal region (i.e., the anterior and posterior
diameters were greater than or equal to the right and left
diameters) was significantly higher in the M-S group than the
snorer-mild OSA group (39.0 vs. 20.7%, P < 0.001). A long oval
and quasicircular retropalatal region was associated with M-S
OSA [odds ratio (OR): 2.45, 95% CI: 1.76-3.41, P < 0.001].

The proportion of patients with mandibular retrusion was
higher in the M-S OSA group (55.7 vs. 41.2%, P < 0.05) (Table 1).

Collapsibility of the RP and RG Regions

The rate of a positive Miiller maneuver in the RP was significantly
higher in the M-S OSA group than in the mild OSA group (83.7
vs. 72.5%, P < 0.001). The rate at the tongue base was also higher
in the M-S OSA group than in the other group, but the difference
did not reach statistical significance (53.3 vs. 47.5%, P = 0.098).
The rate of a positive Miiller maneuver in both the RP and RG
regions was also significantly higher in the M-S OSA group (44.5
vs. 35.5%, P = 0.010) (Table 1).

The degree of collapse of the RP regions during Miiller
maneuver was significantly higher in the M-S OSA group than
in the mild OSA group (P < 0.05). There were no significant
differences in the degree of collapse of the RG regions between
the two groups (P > 0.05).

Regression Analysis

First, a one-way analysis of the relevant factors was conducted.
The results of the univariate logistic regression analyses are
shown in Table 2. Those factors with P < 0.15 were included
and those with serious collinearity were excluded. Then, factors
such as BMI, NC, sex, nasal turbinate hypertrophy, thick and
long uvulas, tonsillar hypertrophy, narrowing of the lateral
pharyngeal wall, tongue hypertrophy, tongue base hypertrophy,
mandibular recession, morphology of the RP region, Miiller
maneuver in the RP, Miiller maneuver in the RG, and degree
of collapse of the RP regions during Miiller maneuver were
brought into the regression model. The backward method was
used in the regression model. Finally, factors such as BMI, NC,
tongue base hypertrophy, tonsillar hypertrophy, and mandibular
recession were entered into the final regression model, which
were indicated as independent predictors for M-S OSA (Table 2).

Part 2, to explore the effect of UA characteristics on
CPAP titration pressure and initiation and compliance of
CPAP therapy.

Association Between the UA

Characteristics and CPAP Titration

Of 1,002 patients enrolled above, 138 patients underwent
noninvasive ventilation pressure titration under PSG monitoring

TABLE 2 | Association between the characteristics of the upper airway structure
and severity of OSA in the regression model.

Dependent Independent B P OR (95% CI)

variable variable

Moderate BMI 0.126 0.000 1.134 (1.061-1.213)

and severe Neck circumstance 0.105 0.004  1.111 (1.035-1.192)

OSA Tonsillar hypertrophy 1.984 0.007 7.274 (1.708-30.976)
Tongue base hypertrophy 0.617 0.005  1.854 (1.204-2.856)
Mandibular recession 0.693 0.000 2.000 (1.397-2.866)

OSA, obstructive sleep apnea; BMI, body mass index; OR, odds ratio; RG, retroglottal;
RP, retropalate; Cl, confidence interval.

in a sleep lab. Of these patients, bilevel positive airway pressure
(BiPAP) titration was applied in 19 patients and CPAP titration
was performed in 119 patients. The relationship between UA
characteristics and CPAP titration was analyzed in 119 patients
who underwent CPAP application.

Compared to the control subjects, there were no significant
differences in CPAP titration among the groups of deviated
septum, nasal stenosis, nasal turbinate hypertrophy, tongue
base hypertrophy, mandibular retrusion, Friedman score >3,
morphology of the retropalatal region as long oval and
quasicircular, and positive Miiller maneuver in the RP or RG
regions (P > 0.05).

The CPAP titration pressure of men was higher than that
of women (12.1 &+ 2.2 vs. 10.7 & 2.0cm H;0, P = 0.038).
The CPAP values in patients with thick and long uvulas,
tonsillar hypertrophy, lateral pharyngeal wall stenosis, and
tongue hypertrophy were higher than those in subjects of the
control group (12.5+2.2vs. 11.2 £ 2.1,13.2 2.0 vs. 11.8 £ 2.3,
12.7 £2.3vs. 11.6 2.1, 12.4 £ 2.3 vs. 11.5 £ 2.1, respectively, P
< 0.05).

There was a positive correlation between CPAP and BMI and
NC (r=0.389,0.410, respectively, P = 0.000) and a weak negative
correlation with age (r = —0.297, P = 0.001).

Effect of UA Characteristics on the
Initiation of Home CPAP Therapy and
3-Month Adherence

Of 119 patients who received CPAP titration, 93 patients were
followed-up by telephone.

There were no significant differences of gender, age, BMI,
NC, deviated nasal septum, nasal stenosis, morphology of the RP
region, tongue base hypertrophy, Friedman score of >3, thick
and long uvula, tonsillar hypertrophy, mandibular retrusion,
lateral pharyngeal wall stenosis, and tongue hypertrophy were
not significantly different between the initiation and not-
initiation home CPAP therapy groups (P > 0.05) (Table 3).

There were significant differences between the two groups for
nasal turbinate hypertrophy and positive Miiller maneuver in the
RP, RG, and both the regions (P < 0.05) (Table 3).

The multivariate logistic regression analysis was applied with
the backward method. Variables with P < 0.15 in the univariate
logistic regression analysis were included and those with
severe covariance were excluded. The final variables included
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TABLE 3 | Effect of upper airway (UA) characteristics on the initiation of home
continuous positive airway pressure (CPAP) therapy.

Not initiation of Initiation of P
home CPAP home CPAP
group group
Gender (male: female) 5:33 7:48 0.951
Age, years [median (IQR)] 43.5(36.0, 57.3) 47.0(36.0,59.0) 0.409
BMI, kg/m? [median (IQR)] 28.4(26.0,31.9) 29.1(26.6,32.5) 0.501
NC, cm [median (IQR)] 41.0 (40.0, 43.8) 42.0(40.0,44.0) 0.882
Nasal septum deviation (%) 34.2% 22.6% 0.223
Nasal stenosis (%) 42.1% 32.7% 0.356
Nasal turbinate hypertrophy (%) 31.6% 12.7% 0.027
Morphology of the retropalatal 36.8% 36.4% 0.962
region (long oval and
quasicircular) (%)
Positive MUller maneuver in the 71.1% 90.7% 0.014
RP region (%)
Tongue base hypertrophy (%) 13.2% 21.8% 0.288
Friedman score >3 (%) 21.1% 29.1% 0.384
Thick and long uvulas (%) 52.6% 52.7% 0.993
Tonsillar hypertrophy (%) 10.8% 16.3% 0.465
Mandibular retrusion (%) 55.3% 38.2% 0.104
Lateral pharyngeal wall 17.1% 25.0% 0.384
stenosis (%)
Positive Mller maneuver in the 39.5% 63.6% 0.022
RG region (%)
Positive Muller maneuver in both 31.6% 58.2% 0.012
the RP and RG regions (%)
Tongue hypertrophy (%) 65.8% 56.4% 0.361

Data were expressed as the actual value, median (25th—75th percentile) or
the percentage.

TABLE 4 | Association between UA characteristics and the initiation of home
CPAP treatment in the regression model.

Dependent Independent variable B P OR (95% CI)
variable
Initiation of ~ Nasal turbinate —1.358 0.021 0.257 (0.081-0.813)
home CPAP  hypertrophy
Mandibular retrusion —1.143 0.027 0.319(0.116-0.876)
Positive Muller maneuver  1.637 0.014 5.140 (1.393-18.962)
in the RP region
Positive Miller maneuver  1.251  0.012  3.495 (1.309-9.327)

in the RG region

OR, odds ratio; Cl, confidence interval; CPAR, continuous positive airway pressure; UA,
upper airway.

in the regression equation were nasal turbinate hypertrophy,
mandibular retrusion, and positive Miiller maneuver in the RP
and RG regions (Table 4).

Of 93 patients who received home CPAP therapy, 18 patients
had <3 months of home CPAP therapy or had poor compliance
and 55 patients had more than 3 months of home CPAP therapy
and had good compliance.

The univariate logistic regression analysis results showed that
the group with good compliance for 3 months had a higher

proportion of morphology of the retropalatal region as long oval
and quasicircular and a higher proportion of thick and long uvula
than those of the control group (45.9 vs. 16.7%, 62.2 vs. 33.3%,
respectively, p < 0.05).

DISCUSSION

This study shows that the characteristics of the UA influence
the severity of OSA, CPAP pressure, and home CPAP therapy.
Patients with M-S OSA had multiple sites of velopharyngeal and
glossopharyngeal narrowing and increased functional collapse.
Tongue root hypertrophy, tonsillar hypertrophy, mandibular
recession, NC, and BMI were independent predictors for M-
S OSA. The CPAP pressures in patients with thick and long
uvulas, tonsillar hypertrophy, lateral pharyngeal wall stenosis,
and tongue hypertrophy were higher than those of the control
group (P < 0.05, respectively). Nasal turbinate hypertrophy,
mandibular retrusion, and positive Miiller maneuver in the RP
and RG regions were independent predictors for the initiation of
home CPAP treatment.

Although the role of neuroregulation in the development
of OSA has been emphasized in the recent years (28, 29), UA
anatomy and function are still important factors affecting OSA.
In this study, the M-S OSA group had a higher proportion of
patients with a long uvula, tongue hypertrophy, hypertrophy
of the tongue root, narrowing of the lateral pharyngeal wall,
tonsillar hypertrophy, and Friedman scores >3. The M-S OSA
group included a higher proportion of patients with a positive
Miiller maneuver in the RP region and tended to have a shortened
left-right diameter of the RP region. It is unclear whether patients
with flat oval and quasicircular shapes are more prone to snoring
or whether the change in pharyngeal morphology is due to the
spasm of the UA muscles caused by sleep apnea. Anyway, stenosis
of the UA anatomy might be an important factor causing severe
OSA in the Chinese population. In addition, this study showed
that the BMI of patients with M-S OSA was only 28.4 kg/m?,
which is lower than that of the OSA population reported in the
West (30, 31). It suggested that even if patients with OSA in
China are not overweight, the severity of OSA may be high. This
may be related to the multiplane and multisite stenosis.

For the characteristics of the UA, in addition to the narrowing
of the anatomical structures, there is functional collapse. UA
collapsibility plays a crucial role in the physiology of UA. This
study showed that there was a higher proportion of Miiller
maneuver positivity in the RP in the M-S OSA group than
in the mild OSA group, suggesting an increased collapsibility.
The collapse pattern and degrees can be assessed directly by
Miiller maneuver under awake endoscopy or DISE. Previous
studies have showed that the aging effect on OSA collapse has
been demonstrated to be associated with OSA severity (32, 33).
Some studies showed that older age correlated with multisites
obstruction, including palatopharyngeal and hypopharyngeal
level obstructions (32). Other studies showed that elderly patients
showed a higher incidence of total collapse in the velum region
compared to younger patients and no difference in tongue base
collapses (33).
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The musculature of the pharynx has complex and
sophisticated functions, which is not only related to respiration,
but also to swallowing function. Studies reported that there
were pharyngeal swallowing impairments in patients with
OSAs, including delayed initiation of pharyngeal swallow and
penetration/aspiration (34). Olfactory function has also been
correlated with the presence of OSA disorders, particularly
with more symptoms in patients with more severe apneas
(35, 36). Olfaction is one of the five neurosensory systems and
cognitive impairment can influence on olfactory function. When
considering the negative effects of OSA on cognitive functions,
patients with OSA should be warned against olfactory function
decline (36).

The evaluation of the UA is mainly used in the surgical setting.
Few studies have examined the role of endoscopy in internal
medicine. This study revealed the anatomical characteristics of
the UA in patients with OSA who visited an internal medicine
department. Since changes in the UA are the main causes of OSA,
assessing the UA is necessary for the management of OSA. The
determination of UA anomalies is associated with the titration of
CPAP in the internal medicine department (14).

This study showed that the CPAP titration pressures were
associated with thick and long uvulas, tonsillar hypertrophy,
lateral pharyngeal wall stenosis, and tongue hypertrophy (P <
0.05, respectively). Hypertrophy of the soft tissues of the pharynx
causes narrowing of the airway, which exacerbates the increased
airway resistance in the presence of decreased UA muscle tone
during the sleep state. Greater pressure support is required to
open the UA. Therefore, it is a key factor affecting the pressure
of CPAP therapy. A study assessed the UA features in patients
with OSA by CT during Miiller maneuver and the results showed
that BMI and the UA length were independently associated with
CPAP titration pressure (p < 0.05) (14).

Second, the characteristics of the UA were also found to
influence the acceptance and compliance with home CPAP
therapy in this study. Nasal turbinate hypertrophy, mandibular
retrusion, and the collapse of UA represented by Miiller
maneuver were independent predictors for the initiation of
home CPAP treatment (Table 4). Among them, nasal turbinate
hypertrophy and mandibular retrusion had a negative effect on
the initiation of home ventilator therapy.

The assessment of the respiratory airways must also include
the assessment of nasal function. Although nasal septal deviation
or turbinal hypertrophy has not been shown to represent a site of
UA collapse, nasal surgery has been shown to improve both the
CPAP compliance and snoring severity (37, 38).

From a clinical point of view, nasal problems are
indeed an important factor affecting patients receiving
ventilator therapy. Previous studies have shown similar
results that higher grades of hypertrophic change of
the inferior turbinate were observed more in the CPAP
nonadherent group (15). Nasal resistance was higher in
patients who discontinued CPAP therapy and nasal disease
and nasal parameters are key factors for early CPAP therapy
discontinuation (39). The excessive UA blockage in the nasal
cavity might cause the subjective discomfort that decrease
CPAP adherence.

On the other hand, the collapsibility of UA was a positive
factor influencing home CPAP therapy, indicating that patients
with high airway collapsibility were prone to accept home CPAP
therapy. The collapse of UA represented by Miiller maneuver
is more suggestive of functional collapse, which might be
more suitable for CPAP therapy. In those patients who had
initiated home CPAP therapy, follow-up was performed to assess
adherence at 3 months. Results revealed that UA characteristics
including morphology of the retropalatal region and thick and
long uvula were also associated with 3-month adherence. The
exact mechanism is still unclear. According to the results of the
previous part of this study, the RP region tends to have a flat
oval shape in mild patients with OSA, while it tended to have
an elongated oval and quasicircular shape in patients with M-
S OSA. The change in pharyngeal morphology might be due to
the spasm of the UA muscles caused by sleep apnea and, thus,
sustained CPAP treatment has the potential to restore the normal
morphology of the RP region.

For internists, the evaluation of UA characteristics may have
significance for OSA precision treatment, classification,
prediction of CPAP treatment pressure, and treatment
compliance (14, 20).

Transnasal endoscopy is an important technique for the
visualization of the anatomical narrowing of the UA and the
assessment of its functional status. This technique can be applied
in three ways. DISE is currently the most important and the
forefront method in evaluating the UA obstruction (40, 41). It
involves sleep induction using anesthetic drugs and evaluating
the UA with an endoscope (10, 33). It is of great significance
to evaluate the site and degree of collapse to select the surgical
method and predict the surgical efficacy before ENT surgery (42).
However, this approach has its limitations. For example, there are
differences between narcotics-induced sleep and real sleep as well
as differences in the sleep state induced by different drugs and
the depth of sedation (43). Moreover, there are certain risks in
using anesthetic drugs to induce sleep (12, 41). In patients with
OSA, the UA is prone to stenosis and collapse, aggravating during
drug-induced sleep, thus requiring careful monitoring (8). Some
studies suggest that the most severe obstruction seen on DISE is
not necessarily the narrowest, but may simply be the weakest site.
Therefore, not all the cases are suitable for a relatively complex
evaluation such as the DISE. Natural sleep endoscopy can show
the structure of the UA during natural sleep, which has the
advantage of displaying the actual patient’s condition without the
interference of drugs (11, 12). However, natural sleep endoscopy
is time-consuming and laborious, since it requires patients to
fall asleep by themselves, which might not be easy and there
is a risk of waking the patient when inserting the endoscope.
Awake endoscopy is advantageous in a comprehensive sleep
center, considering its simplicity, convenience, and safety. It does
not require special care or monitoring, since drugs are not used.
Using our UA assessment system assisted by endoscopy, we
observed only a few nosebleeds and no significant adverse effects
or intolerance. The main disadvantage of awake endoscopy is
that the physiology is inconsistent with sleep when OSA occurs.
Some previous studies compared waking laryngoscope to drug-
induced endoscopy (40, 44, 45). Still, the velum and oropharynx
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positions showed good correlations between the waking state and
drug-induced sleep. However, at the level of the tongue base,
the correlations of both the assessments are uncertain (44, 46).
Therefore, this study suggests that UA evaluation in waking state
is a safe and effective method for OSA UA evaluation in sleep
centers dominated by internal medicine.

This study has limitations. This was a retrospective cross-
sectional study and, thus, the causal relationship of UA
anatomical stenoses and functional collapse with OSA could not
be clarified. Moreover, this study was performed in a population
undergoing laryngoscopy for assessment of the UA rather than
in the general population; as such, the possibility of selection
bias could not be eliminated. The CPAP therapy follow-up is a
telephone follow-up rather than an outpatient follow-up and may
have inaccurate or incomplete information. More information
would be available, if SD data from the patient’s CPAP could be
downloaded and analyzed.

In conclusion, patients with M-S OSA have multiple
loci of velopharyngeal and glossopharyngeal stenosis and
collapse. The UA characteristics also affect CPAP titration
pressure and compliance. Awake state assessment of UA (UA
physical examination, laryngoscopy, and Miiller maneuver)
is a safe, convenient, and effective assessment method in
internal medicine.

Therefore, we recommend that endoscopy-assisted UA
examination can be wused in sleep centers dominated
by internal medicine where available. This allows for a
more precise assessment of the indications for patient
treatment. Refer appropriate patients to the appropriate
specialty for specialist care. This is formally in line with
the principles of multidisciplinary care. Most patients
are first seen in internal medicine and this system of
assessment is more conducive to multidisciplinary cooperation,
improved management of OSA and help precision medical
practice (47).

REFERENCES

1. Vos WG, De Backer WA, Verhulst SL. Correlation between the
severity of sleep apnea and upper airway morphology in pediatric
and adult patients. Curr Opin Allergy Clin (2010)
10:26-33. doi: 10.1097/ACIL.0b013e328334{659

2. Epstein LJ, Kristo D, Strollo PJ Jr, Friedman N, Malhotra A, Patil SP,
et al. Clinical guideline for the evaluation, management and long-term
care of obstructive sleep apnea in adults. J Clin Sleep Med. (2009) 5:263-
76. doi: 10.5664/jcsm.27497

3. Senaratna CV, Perret JL, Lodge CJ, Lowe AJ, Campbell BE, Matheson MC, et al.
Prevalence of obstructive sleep apnea in the general population: A systematic
review. Sleep Med Rev. (2017) 34:70-81. doi: 10.1016/j.smrv.2016.07.002

4. Pace A, Iannella G, Rossetti V, Visconti IC, Gulotta G, Cavaliere C, et al.
Diagnosis of obstructive sleep apnea in patients with allergic and non-
allergic rhinitis. medicina (Kaunas). (2020) 56. doi: 10.3390/medicina560
90454

5. Pollicina I, Maniaci A, Lechien JR, Iannella G, Vicini C, Cammaroto
G, et al. Neurocognitive performance improvement after obstructive
sleep apnea treatment: state of the art. Behav Sci (Basel). (2021)
11. doi: 10.3390/bs11120180

6. Avci S, Lakadamyali H, Lakadamyali H, Aydin E, Tekindal MA. Relationships
among retropalatal airway, pharyngeal length, and craniofacial structures

Immunol.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

This study was approved by the Ethics Committee of
Peking University (2020-562). Written informed consent
for participation was not required for this study in accordance
with the national legislation and the institutional requirements.

AUTHOR CONTRIBUTIONS

CZ is responsible for data sorting, statistical analysis, and the
writing. GW participated in research design, conception, and
planning. JM is responsible for the research design, data analysis,
and article modification. YS and YG are respectively responsible
for the input and sorting of PSG and laryngoscope data. MC is
responsible for data entry. All authors contributed to the article
and approved the submitted version.

FUNDING

This study was supported by the Foundation of National Natural
Science (Grant Number 82000096).

ACKNOWLEDGMENTS

We would like to thank the staff of the Sleep Lab and the
Bronchoscopy Unit of Peking University First Hospital for
performing relevant clinical examinations on the patients. We
would like to thank Prof. Xueying Li in the Department of
Biostatistics for assisting with the statistical analyses of the data
for this study.

determined by magnetic resonance imaging in patients with obstructive sleep
apnea. Sleep Breath. (2019) 23:103-15. doi: 10.1007/s11325-018-1667-x

7. Passos UL, Genta PR, Marcondes BE, Lorenzi-Filho G, Gebrim E. State-
dependent changes in the upper airway assessed by multidetector CT in
healthy individuals and during obstructive events in patients with sleep apnea.
] Bras Pneumol. (2019) 45:€20180264. doi: 10.1590/1806-3713/¢20180264

8. Gregorio MG, Jacomelli M, Figueiredo AC, Cahali MB, Pedreira WL Jr,
Lorenzi Filho G Evaluation of airway obstruction by nasopharyngoscopy:
comparison of the Miiller maneuver versus induced sleep. Braz |
Otorhinolaryngol. (2007) 73:618-22. doi: 10.1016/S1808-8694(15)30121-X

9. Iannella G, Magliulo G, Cammaroto G, Meccariello G, De Vito A, Pelucchi S,
et al. Effectiveness of drug-induced sleep endoscopy in improving outcomes
of barbed pharyngoplasty for obstructive sleep apnea surgery: a prospective
randomized trial. Sleep Breath. (2021). doi: 10.1007/s11325-021-02528-4

10. Wang Y, Sun C, Cui X, Guo Y, Wang Q, Liang H. The role of drug-induced
sleep endoscopy: predicting and guiding upper airway surgery for adult OSA
patients. Sleep Breath. (2018) 22:925-31. doi: 10.1007/s11325-018-1730-7

11. Van den Bossche K, Van de Perck E, Kazemeini E, Willemen M,
Van de Heyning PH, Verbraecken J, et al. Natural sleep endoscopy
in obstructive sleep apnea: a systematic review. Sleep Med Rev. (2021)
101534. doi: 10.1016/j.smrv.2021.101534

12. Park D, Kim JS, Heo §J. Obstruction patterns during drug-induced
sleep endoscopy vs natural sleep endoscopy in patients with

Frontiers in Neurology | www.frontiersin.org

March 2022 | Volume 13 | Article 767336


https://doi.org/10.1097/ACI.0b013e328334f659
https://doi.org/10.5664/jcsm.27497
https://doi.org/10.1016/j.smrv.2016.07.002
https://doi.org/10.3390/medicina56090454
https://doi.org/10.3390/bs11120180
https://doi.org/10.1007/s11325-018-1667-x
https://doi.org/10.1590/1806-3713/e20180264
https://doi.org/10.1016/S1808-8694(15)30121-X
https://doi.org/10.1007/s11325-021-02528-4
https://doi.org/10.1007/s11325-018-1730-7
https://doi.org/10.1016/j.smrv.2021.101534
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Zhang et al.

Upper Airway Characteristics in OSA

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

obstructive sleep apnea. JAMA Otolaryngol Head Neck Surg. (2019)
145:730-4. doi: 10.1001/jamaoto.2019.1437
Greenstone M, Hack M. Obstructive
348:g3745. doi: 10.1136/bmj.g3745

Xie HS, Chen GP, Huang JE Zhao JM, Zeng AM, Wang BY, et al
Impact of upper airway configuration on CPAP titration assessed by CT
during Muller’s maneuver in OSA patients. Respir Physiol Neurobiol. (2021)
284:103559. doi: 10.1016/j.resp.2020.103559

Park P, Kim J, Song YJ, Lim JH, Cho SW, Won TB, et al
Influencing factors on CPAP adherence and anatomic characteristics
of upper airway in OSA subjects. Medicine (Baltimore). (2017)
96:e8818. doi: 10.1097/MD.0000000000008818

Ma ], Wang G. Upper airway examination for sleep breathing
disorders (In Chinese). Chin ] Tuberc Respir Dis. (2007) 30:946-9.
doi: 10.3760/j.issn:1001-0939.2007.12.024

Terris DJ, Hanasono MM, Liu YC. Reliability of the Muller maneuver and its
association with sleep-disordered breathing. Laryngoscope. (2000) 110:1819-
23. doi: 10.1097/00005537-200011000-00010

Liu SY, Riley RW Yu MS. Surgical Algorithm for
Sleep Apnea: An Update. Clin Exp Otorhinolaryngol.
13:215-24. doi: 10.21053/ce0.2020.01053
Friedman M, Ibrahim H, Bass
disordered  breathing.  Otolaryngol
127:13-21. doi: 10.1067/mhn.2002.126477

Zhao C, Viana A, Ma Y, Capasso R. High tongue position is a risk
factor for upper airway concentric collapse in obstructive sleep apnea:
observation through sleep endoscopy. Nat Sci Sleep. (2020) 12:767-
74. doi: 10.2147/NSS.S273129

Goldberg AN, Schwab R]. Identifying the patient with sleep apnea: upper
airway assessment and physical examination. Otolaryngol Clin North Am.
(1998) 31:919-30. doi: 10.1016/S0030-6665(05)70099-2

Friedman M, Tanyeri H, La Rosa M, Landsberg R, Vaidyanathan K, Pieri
S, et al. Clinical predictors of obstructive sleep apnea. Laryngoscope. (1999)
109:1901-7. doi: 10.1097/00005537-199912000-00002

Friedman M, Ibrahim H, Joseph NJ. Staging of obstructive sleep
apnea/hypopnea syndrome: a guide to appropriate treatment. Laryngoscope.
(2004) 114:454-9. doi: 10.1097/00005537-200403000-00013

Tsai WH, Remmers JE, Brant R, Flemons WW, Davies J, Macarthur C, et al.
decision rule for diagnostic testing in obstructive sleep apnea. Am ] Respir Crit
Care Med. (2003) 167:1427-32. doi: 10.1164/rccm.200112-1100C
Yellon RF. Epiglottic and base-of-tongue prolapse in
grading and  management.  Laryngoscope. (2006)
200. doi: 10.1097/01.mlg.0000191562.67363.e5

Berry RB, Budhiraja R, Gottlieb DJ, Gozal D, Iber C, Kapur VK, et al. Rules
for scoring respiratory events in sleep: update of the 2007 AASM Manual for
the Scoring of Sleep and Associated Events. Deliberations of the sleep apnea
definitions task force of the American academy of sleep medicine. J Clin Sleep
Med. (2012) 8:597-619. doi: 10.5664/jcsm.2172

Grigg-Damberger MM. The AASM Scoring Manual four years later. J Clin
Sleep Med. (2012) 8:323-32. doi: 10.5664/jcsm.1928

Pagel JE, Kwiatkowski C. The nightmares of sleep apnea: nightmare frequency
declines with increasing apnea hypopnea index. J Clin Sleep Med. (2010)
6:69-73. doi: 10.5664/jcsm.27713

Waters KA, Tinworth KD. Habituation of arousal responses after intermittent
hypercapnic hypoxia in piglets. Am ] Respir Crit Care Med. (2005) 171:1305-
11. doi: 10.1164/rccm.200405-5950C

Grewal G, Joshi GP. Obesity and obstructive sleep apnea in the ambulatory
patient. Anesthesiol Clin. (2019) 37:215-24. doi: 10.1016/j.anclin.2019.01.001
Resta O, Foschino-Barbaro MP, Legari G, Talamo S, Bonfitto P, Palumbo A,
et al. Sleep-related breathing disorders, loud snoring and excessive daytime
sleepiness in obese subjects. Int ] Obes Relat Metab Disord. (2001) 25:669—
75. doi: 10.1038/sj.ij0.0801603

Zhao C, Viana A Jr, Ma Y, Capasso R The effect of aging on
drug-induced sleep endoscopy findings. Laryngoscope. (2018) 128:2644-
50. doi: 10.1002/lary.27265

Vicini C, De Vito A, Iannella G, Gobbi R, Corso RM, Montevecchi
E et al. The aging effect on upper airways collapse of patients with
obstructive sleep apnea syndrome. Eur Arch Otorhinolaryngol. (2018)
275:2983-90. doi: 10.1007/s00405-018-5163-5

sleep apnoea. BM]J. (2014)

Obstructive
(2020)

L. Clinical
Head

staging  for
Neck  Surg.

sleep-
(2002)

children:
116:194-

34.

35.

36.

37.

38.

39.

40.

42.

43.

44,

46.

47.

Bhutada AM, Broughton WA, Focht Garand KL. Obstructive sleep apnea
syndrome (OSAS) and swallowing function-a systematic review. Sleep Breath.
(2020) 24:791-9. doi: 10.1007/s11325-020-02037-w

Tannella G, Magliulo G, Maniaci A, Meccariello G, Cocuzza S,
Cammaroto G, et al. Olfactory function in patients with obstructive
sleep apnea: a meta-analysis study. Eur Arch Otorhinolaryngol. (2021)
278:883-91. doi: 10.1007/s00405-020-06316-w

Salihoglu M, Kendirli MT, Altundag A, Tekeli H, Saglam M, Cayé6nii M, et al.
The effect of obstructive sleep apnea on olfactory functions. Laryngoscope.
(2014) 124:2190-4. doi: 10.1002/lary.24565

Takahashi R, Ohbuchi T, Hohchi N, Takeuchi S, Ohkubo J, Ikezaki
S, et al. [Effect of septoplasty and turbinectomy on obstructive
sleep apnea syndrome]. Nihon Jibiinkoka Gakkai Kaiho. (2013)
116:789-92. doi: 10.3950/jibiinkoka.116.789

Cocuzza S, Maniaci A, Di Luca M, La Mantia I, Grillo C, Spinato G, et al. Long-
term results of nasal surgery: comparison of mini-invasive turbinoplasty. J Biol
Regul Homeost Agents. (2020) 34:1203-8.

Inoue A, Chiba S, Matsuura K, Osafune H, Capasso R, Wada K. Nasal
function and CPAP compliance. Auris Nasus Larynx. (2019) 46:548-
58. doi: 10.1016/j.anl.2018.11.006

Kotecha B, De Vito A. Drug induced sleep endoscopy: its role in
evaluation of the upper airway obstruction and patient selection
for surgical and non-surgical treatment. ] Thorac Dis. (2018)
10:540-S7. doi: 10.21037/jtd.2017.10.32

. Lan MC, Liu SY, Lan MY, Huang YC, Huang TT, Hsu YB. Role of drug-

induced sleep endoscopy in evaluation of positional vs non-positional OSA.
] Otolaryngol Head Neck Surg. (2020) 49:83. doi: 10.1186/s40463-020-00478-7
Kim JS, Heo SJ. Test-retest reliability of drug-induced sleep endoscopy
using midazolam. ] Clin Sleep Med. (2020) 16:675-8. doi: 10.5664/jcs
m.8314

Chang ET, Certal V, Song SA, Zaghi S, Carrasco-Llatas M, Torre
C, et al. Dexmedetomidine versus propofol during drug-induced sleep
endoscopy and sedation: a systematic review. Sleep Breath. (2017) 21:727-
35. doi: 10.1007/s11325-017-1465-x

Lin HY, Lin YC, Hsu YS, Shih LC, Nelson T, Chang WD, et al. Comparison
of findings between clinical examinations and drug-induced sleep endoscopy
in patients with obstructive sleep apnea syndrome. Int ] Environ Res Public
Health. (2020) 17. doi: 10.3390/ijerph17176041

. Soares D, Folbe AJ, Yoo G, Badr MS, Rowley JA, Lin HS. Drug-induced

sleep endoscopy vs awake Muller’s maneuver in the diagnosis of severe
upper airway obstruction. Otolaryngol Head Neck Surg. (2013) 148:151-
6. doi: 10.1177/0194599812460505

JM, Durr ML, Nardone HC, Baldassari

Amos CM, Duggins A,

Ishman SL. Systematic review of drug-induced sleep endoscopy
scoring systems. Otolaryngol Head Neck Surg. (2018) 158:240-
8. doi: 10.1177/0194599817737966

Zinchuk A,  Yaggi HK.  Phenotypic  subtypes of  OSA:
a challenge and opportunity for precision medicine.
Chest. (2020) 157:403-20. doi: 10.1016/j.chest.2019.
09.002

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Zhang, Chen, Shen, Gong, Ma and Wang. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Neurology | www.frontiersin.org

March 2022 | Volume 13 | Article 767336


https://doi.org/10.1001/jamaoto.2019.1437
https://doi.org/10.1136/bmj.g3745
https://doi.org/10.1016/j.resp.2020.103559
https://doi.org/10.1097/MD.0000000000008818
https://doi.org/10.3760/j.issn:1001-0939.2007.12.024
https://doi.org/10.1097/00005537-200011000-00010
https://doi.org/10.21053/ceo.2020.01053
https://doi.org/10.1067/mhn.2002.126477
https://doi.org/10.2147/NSS.S273129
https://doi.org/10.1016/S0030-6665(05)70099-2
https://doi.org/10.1097/00005537-199912000-00002
https://doi.org/10.1097/00005537-200403000-00013
https://doi.org/10.1164/rccm.200112-110OC
https://doi.org/10.1097/01.mlg.0000191562.67363.e5
https://doi.org/10.5664/jcsm.2172
https://doi.org/10.5664/jcsm.1928
https://doi.org/10.5664/jcsm.27713
https://doi.org/10.1164/rccm.200405-595OC
https://doi.org/10.1016/j.anclin.2019.01.001
https://doi.org/10.1038/sj.ijo.0801603
https://doi.org/10.1002/lary.27265
https://doi.org/10.1007/s00405-018-5163-5
https://doi.org/10.1007/s11325-020-02037-w
https://doi.org/10.1007/s00405-020-06316-w
https://doi.org/10.1002/lary.24565
https://doi.org/10.3950/jibiinkoka.116.789
https://doi.org/10.1016/j.anl.2018.11.006
https://doi.org/10.21037/jtd.2017.10.32
https://doi.org/10.1186/s40463-020-00478-7
https://doi.org/10.5664/jcsm.8314
https://doi.org/10.1007/s11325-017-1465-x
https://doi.org/10.3390/ijerph17176041
https://doi.org/10.1177/0194599812460505
https://doi.org/10.1177/0194599817737966
https://doi.org/10.1016/j.chest.2019.09.002
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Impact of Upper Airway Characteristics on Disease Severity and CPAP Therapy in Chinese Patients With OSA: An Observational Retrospective Study
	Introduction
	Methods
	Study Design and Patients

	Data Collection And Definition
	Continuous Positive Airway Pressure Titration
	Follow-Up
	Statistical Analysis

	Results
	Characteristics of Baseline and UA Anatomical Narrowing
	Morphology of the Retropalatal Region and Jaw Characteristics
	Collapsibility of the RP and RG Regions
	Regression Analysis
	Association Between the UA Characteristics and CPAP Titration
	Effect of UA Characteristics on the Initiation of Home CPAP Therapy and 3-Month Adherence

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


