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Abstract
Objectives Continuous positive airway pressure (CPAP) is the current gold-standard treatment for
moderate to severe obstructive sleep apnea (OSA), and upper airway anatomy plays an increasingly
important role in evaluating the e�cacy of CPAP therapy. The aim of this observational study was to
investigate the in�uence of upper airway anatomy on CPAP titration in OSA patients assessed by
computed tomography (CT) during Müller's maneuver. Methods Consecutive patients under investigation
for OSA by undergoing polysomnography and CT scan of the upper airway while awake were enrolled.
Successful full-night manual titration was performed to determine the optimal CPAP pressure level for
OSA patients in supine position using a nasal mask. Results A total of 157 subjects (134 males and 23
females) were included. Both apnea–hypopnea index (AHI) and LaSO2 signi�cantly correlated with CPAP
titration level, upper airway length (UAL), distance from mandibular plane to hyoid bone (MPH), and neck
circumference (all p<0.05). There were signi�cant positive correlations between CPAP titration level and
UAL (r=0.348, p=0.000) and MPH (r=0.313, p=0.002). Stepwise multiple linear regression analyses were
performed to evaluate the independent predictors of AHI, LaSO2, and CPAP titration level. CPAP titration
level was identi�ed as an independent explanatory variable for AHI and LaSO2 after adjustment for
confounders. Multiple linear regression analyses also indicated that body mass index (BMI) and UAL
were independently associated with CPAP titration level (all p<0.05). Conclusions Upper airway
abnormalities combined with anthropometric parameters play important roles in CPAP titration for OSA
patients, providing additional insight into the factors in�uencing OSA treatment strategies. UAL and BMI
should be taken into consideration when choosing CPAP titration level to improve CPAP compliance.

Background
Obstructive sleep apnea (OSA) is characterized by repetitive occlusion of the upper airway during sleep as
a result of anatomic and physiologic abnormalities, which results in partial or complete air�ow
obstruction. Continuous positive airway pressure (CPAP), the primary therapy for patients with OSA,
reduces its cardiovascular morbidity including systemic hypertension, left ventricular systolic function,
and sympathetic nervous activity [1]. Despite its proven e�cacy, a variety of factors may contribute to
poor CPAP compliance, such as technical problems with the device, individual patient characteristics, and
psychosocial issues [2]. The titration level of CPAP treatment appears to be an important in�uential factor
in CPAP compliance, given that upper airway narrowing was improved and airway resistance was
decreased after surgical operation and CPAP lately has been compliance [3–5].

Obstruction in any upper airway can interfere with CPAP titration levels because of increasing negative
pressure in the pharyngeal airway and the predisposition of the pharynx to collapse, which may
contribute to the underlying pathogenesis of poor CPAP compliance. Therefore, characterizing the
mechanisms leading to upper airway collapse in OSA patients could pave the way to guide treatment
options. Our previous study of the important pathogenic role played by upper airway abnormalities in
OSA showed that assessment by computed tomography (CT) imaging during Müller's maneuver offers
great advantages in detecting sites of upper airway obstruction [6]. However, to the best of our knowledge
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there are no studies that focus on the predictive value of CT imaging during Müller's maneuver with
regard to CPAP titration levels.

         For this reason we embarked on a study to evaluate in OSA patients the correlations between CPAP
pressure and combined polysomnographic and structural changes in the upper airway by employing CT
during Müller’s maneuver. Our aim was to determine the optimal level of CPAP titration and �nd the
relevant anatomic abnormalities that may in�uence CPAP compliance, thus enabling patients to better
tolerate CPAP therapy.

Methods
2.1. Subjects

         Individuals with a snoring problem who were referred to our sleep center with clinical suspicion of
OSA were enrolled in our study from July 2013 to February 2015. All subjects were required to undergo
full-night polysomnography (PSG). Exclusion criteria were as follows: (1) patients with nasal, oral,
pharyngeal, or mandibular diseases; (2) previous CPAP treatment, use of oral appliance, or upper airway
surgery; (3) other diseases including apparent respiratory, cardiac, or renal disease, and hypothyroidism.
All patients were scheduled to undergo an assessment of the upper airway through CT scanning during
Müller's maneuver (described below). Before the study, informed consent was obtained from all subjects
and the local institutional review board approved the study protocol.

2.2. Medical history and anthropometric measurements

         Demographic data including sex, age, and body mass index (BMI), as well as a detailed
questionnaire on sleep symptoms, Epworth sleepiness scale, and history of alcohol consumption and
smoking were collected from all subjects. Body weight and height were measured without shoes while
lightly clothed in the morning, and BMI was calculated as weight (kg)/height2 (m). Waist circumference
was measured around the middle between the 12th rib and the iliac crest, and neck circumference at the
level of the laryngeal prominence, using a measuring tape.

2.3. Polysomnography and CPAP titration

Overnight PSG (P Series Sleep System; Compumedics; Melbourne, Australia) was performed. The
parameters recorded included electroencephalography, electrooculography, electromyography, air�ow by
nasal and oral thermistors, respiratory effort by thoracic and abdominal impedance belts, arterial
oxyhemoglobin saturation by pulse oximetry, snoring by tracheal microphone, and change of body
position during sleep by a sensor. PSG recordings were manually scored for sleep stages by a physician
according to the criteria of the American Academy of Sleep Medicine published in 2012. The apnea–
hypopnea index (AHI) was de�ned as the number of apneic and hypopneic episodes per hour of
polysomnographically recorded sleep time, and the oxygen desaturation index (ODI) was de�ned as the
number of dips in oxygen saturation (SpO2) 4% or greater per hour of polysomnographically recorded
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sleep time. Other polysomnographic parameters included the number of apneic episodes per hour of
polysomnographically recorded sleep time (AI), the percentage of total sleep time spent with SpO2 <90%
(T90%), and lowest O2 saturation (LaSO2).

Patients whose AHI was ≥15.0 per hour after undergoing full-night PSG received automatic CPAP
titration. When the average usage time of CPAP treatment was more than 4.0 h per night and the AHI
decreased to <5 per hour, this was de�ned as good compliance, and the optimal level of CPAP titration
was de�ned as the lowest effective pressure. The data were collected and analyzed electronically by a
smartcard embedded in the CPAP devices.

2.4. CT evaluation

         CT scanning was performed to measure the following parameters in all patients while under Müller's
maneuver: anteroposterior (AP) and transverse (T) diameters at the level of the nasopharynx (NP) (upper
limit: cranial base; lower limit: tip of uvula), oropharynx (OP) (upper limit: tip of uvula; lower limit: tip of
the epiglottis), and hypopharynx (HP) (upper limit: at the level of vallecula; lower limit: at the level of
cricoid cartilage). All the patients remained awake in the supine position with the Frankfort plane
perpendicular to the �oor. Slices in the axial plane extending from the skull base to the hypopharynx,
below the level of the cricoid cartilage, were collected at 5-mm intervals, with a total scan time of 10 s. A
lateral scout view was �rstly taken to determine and standardize the level of the scans during quiet tidal
breathing. The minimal cross-sectional area within the NP, OP, and HP regions (mCSA-NP, mCSA-OP, and
mCSA-HP) was obtained through measuring AP and T, and the shape at each mCSA level was expressed
as the ratio of AP to T (AP/T-NP, AP/T-OP, and AP/T-HP) during Müller's maneuver. Upper airway length
(UAL) was de�ned as the vertical distance from the hard palate to the hyoid in the mid-sagittal plane. We
also calculated the distance from the mandibular plane to hyoid bone (MPH). UAL and MPH were
obtained from the lateral scout view during quiet respiration within the �rst 5 s (Fig. 1a). We did not
recognize any problematic images (e.g., not in the neutral anatomic position while reviewing the CT
scan). To avoid bias, every subject was taught several times how to perform Müller’s maneuver until they
were able to perform the standard maneuver. All measurements were done manually by one clinician who
was blinded to the PSG data.

2.5. Statistical analysis

         SPSS v.17.0 for Windows (SPSS, Chicago, IL) was used to analyze all data. Continuous variables
were tested for normal distribution prior to subsequent statistical analysis. Data were presented as mean
± standard deviation, median (interquartile range), and number (percentage) for normally distributed,
skewed, and categorical data, respectively. Correlations between PSG variables and anthropometric
parameters and CPAP titration level were assessed by the Pearson correlation test. Stepwise logistic
regression analyses were performed to determine the independent predictors of AHI, LaSO2, and CPAP
titration level. Differences were considered signi�cant when the p value was less than 0.05.
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Results
A total of 157 patients (134 men and 23 women) were enrolled in the study. The mean age was
46.40±11.72 years, with mean BMI of 26.98±3.38 kg/m2. Regarding the severity of OSA, the mean AHI
was 46.42±22.28 events/h and mean LaSO2 69.98%±14.24%, ranging from 30% to 90%. The mean CPAP
titration level was 9.68±2.50 mmHg. The other parameters including anthropometric variables,
measurements of upper airway by CT scan, and PSG variables are shown in Table 1.

         Table 2 shows the correlations between the severity of OSA, CPAP titration level, and other variables.
Both AHI and LaSO2 signi�cantly correlated with CPAP pressure, UAL, MPH, and neck circumference (all
p<0.05). Signi�cant positive correlations were found between the CPAP titration level and anthropometric
variables, including age, neck circumference, and waist circumference. Moreover, Spearman correlation
coe�cient analysis showed signi�cant positive correlations between the CPAP titration level and both
UAL (r=0.348, p=0.000) and MPH (r=0.313, p=0.002).

         Stepwise multiple linear regression analyses were performed to evaluate the independent predictors
of AHI, LaSO2, and CPAP titration level. CPAP titration level was identi�ed as an independent explanatory
variable for AHI and LaSO2 after adjustment for confounders. Furthermore, multiple linear regression
analyses indicated that BMI and UAL were independently associated with CPAP titration level (β=0.343
and 0.275, and p=0.000 and 0.000, respectively) (Table 3).

Discussion
In this cross-sectional study, we found that the CPAP titration level partly explained the severity of OSA,
and BMI and UAL were associated with CPAP titration level independent of a variety of relevant factors
including age, neck circumference, waist circumference, MPH, mCSA-NP, mCSA-OP, and mCSA-HP, which
suggested that BMI and UAL might be predictive factors for upper airway pressure.

Anatomic abnormalities and compliance of the upper airway constitute the main causes of OSA, by
changing the size or caliber of the upper airway during sleep. Various methods including physical
examination, �exible �beroptic laryngoscopy, and imaging techniques have been used to assess the
obstruction and collapse of the upper airway in OSA patients [7–9]. Our previous study of 358 snoring
patients also found that NP narrowing, UAL, and MPH seem to play important physiopathogenic roles in
OSA [6]. Some studies have reported that any obstruction of the upper airway would have an effect on
CPAP titration level by interfering with the air�ow [10–12], with a consequential impact on CPAP
compliance.

Previous research evaluating the possible in�uential factors in CPAP titration, aimed at lowering
economic costs and signi�cantly increasing the tolerance of CPAP therapy, have produced varying results
[10, 13, 14]. A systematic review by Camacho et al. [10] showed that BMI and ODI weighed most heavily
in the equation that predicted the CPAP titration level. Bosi et al. [11] reported that PSG variables and
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anthropometric parameters had no signi�cant independent predictive value for CPAP titration, with the
exception of BMI. A study enrolling severe OSA and moderately obese patients analyzed the predictors for
CPAP therapy pressure among PSG variables, anthropometric parameters, and cephalometric
measurements, and found that cephalometric measurements combined with PSG variables and BMI
could predict more accurately the CPAP therapy pressure [14]. Other investigators reported that subjects
with higher BMI lowered CPAP adherence, citing weight loss as an effective means to improve OSA
treatment outcomes [15]. It has also been proposed that obesity-induced hypoventilation might account
for poor adherence to CPAP therapy in morbidly obese patients with OSA [16, 17]. Similar to previous
research, in the present study we also found a signi�cant association between the CPAP titration level
and BMI.

It is noteworthy that our study not only involved PSG variables, anthropometric parameters, and
cephalometric or endoscopic assessment under Müller’s maneuver to predict the CPAP titration level, but
also focused on the role of CT evaluation as a predictor of the CPAP titration level. Indeed we found that
UAL, de�ned as the vertical distance from the hard palate to the hyoid in the mid-sagittal plane, was
associated with the level of CPAP titration. It has been suggested that UAL plays an important role in the
assessment of pharyngeal collapse, whereby reduced UAL would improve the severity of OSA [18–20].
The relationship between UAL and the collapsibility of the pharynx could be interpreted by Bernoulli's law,
which states that an inviscid �uid �owing through a tube is susceptible to an increase in velocity and a
decrease in pressure [21]. Because the pharynx lacks rigid bony structures, it is more prone to collapse
when UAL is longer, based on the rules of buckling of cylindrical shells [22]. Therefore, longer UAL might
become a possible mechanism in explaining the increased collapsibility of the upper airway in patients
with OSA, which would further increase the CPAP titration level. Ben Ner et al. [23] found in their
investigation of 108 male OSA patients that UAL, which indicates pharynx length, correlated signi�cantly
with OSA severity, while BMI and UAL had an additive impact on OSA. Our study also demonstrated that
both AHI and LaSO2 signi�cantly correlated with UAL and MPH. Furthermore, BMI and UAL were
independently associated with CPAP titration level, which plays an important role in CPAP compliance.

The present study clearly has some limitations. First, the subjects enrolled carried a clinical suspicion of
OSA and were not drawn from the general population, which might lead to selection bias. Second, CT
scanning puts patients at risk for radiation exposure compared with other clinical diagnostic methods in
the diagnosis of OSA. Nevertheless, CT scanning is noninvasive and provides multiple-level, rapid-
sequence scans. Third, the CT scan was conducted on patients when they were awake, while OSA is a
dynamic phenomenon that occurs during sleep. However, given the impracticality of performing CT on
sleeping patients, we evaluated the upper airways while under Müller's maneuver, which adequately
simulates upper airway collapse during sleep.

In conclusion, we found that upper airway abnormalities combined with anthropometric parameters are
more likely to play an important role in CPAP titration in OSA patients, and multiple logistic regression
analysis provided additional insight into the factors affecting OSA treatment. Our study suggests that
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UAL and BMI should be taken into consideration in improving CPAP compliance when choosing
additional therapies such as an oral appliance or surgery.

Abbreviations
CPAP Continuous positive airway pressure

OSA obstructive sleep apnea 

CT computed tomography

UAL upper airway length

MPH distance from mandibular plane to hyoid bone

PSG polysomnography

AHI hypopnea index

AI the number of apneic episodes per hour of polysomnographically recorded sleep time

BMI body mass index

ODI oxygen desaturation index

SpO2 oxygen saturation

LaSO2 lowest O2 saturation

T90% the percentage of total sleep time spent with SpO2 <90%

mCSA-NP the minimal cross-sectional area within the nasopharynx

mCSA-OP  he minimal cross-sectional area within the oropharynx

mCSA-HP the minimal cross-sectional area within the hypopharynx
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Table 1 Anthropometric variables, measurements of upper airway by CT scan and PSG variables

Variables Mean ± SD Range

Males (n, %) 157(87.22%) -

Females (n, %) 23(12.78%) -
Age, years 46.40±11.72 21.00-78.00
BMI, kg/m 26.98±3.38 20.08-37.20
AHI, events/h 46.42±22.28 15.00-96.20
AI, events/h 40.33±24.18 13.00-91.70
ODI, events/h 38.18±23.87 0.50-93.60
LaSO2, % 69.98±14.24 31.00-90.00
CPAP titration level 9.68±2.50 3.20-18.80
Neck circumference, cm 39.25±3.50 30.00-53.00
Waist circumference, cm 95.27±9.24 65.00-128.00
mCSA-NP 0.90±0.93 0.00-8.10
mCSA-OP 2.63±1.66 0.00-9.38
mCSA-HP 1.35±1.31 0.00-5.33
UAL 7.65±1.04 1.00-9.87
MPH 2.21±0.83 0.45-4.29
OSA obstructive sleep apnea, CPAP continuous positive airway pressure, BMI Body mass index , AHI apnea-
hypopnea index, ODI oxygen desaturation index, T90% the percentage of total sleep time spent with SpO2<90
%, LaSO2 lowest O2 saturation,mCSA-NP, mCSA-OP, mCSA-HP: The minimal cross sectional area within the
nasopharynx, oropharynx and hypopharynx regions; AP/T anteroposterior/transverse axis ratio; UAL upper
airway length; MPH the distance from mandibular plane to hyoid bone.
 

 

2
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Table 2 Correlations between between the severity of OSA, CPAP titration level and the other variables
  AHI, r(p) LaSO2,r(p) CPAP titration level, r(p)

Age -0.150(0.045*) -0.080(0.290) 0.188(0.012*)
Neck circumference 0.161(0.032*) -0.289(0.000*) 0.289(0.000*)

Waist circumference 0.096(0.201) -0.304(0.000*) 0.275(0.000*)

BMI 0.053(0.479) -0.100(0.184) 0.139(0.063)

AHI - -0.494(0.000*) 0.443(0.000*)
ODI 0.860(0.000*) -0.737(0.000*) 0.376(0.000*)

T90 % -0.174(0.184) 0.025(0.861) 0.298(0.157)
LaSO2 -0.494(0.000*) -0.343(0.000*)

CPAP pressure 0.443(0.000*) -0.343(0.000*)

mCSA-NP -0.147(0.066) 0.169(0.034*) -0.178(0.025*)
mCSA-OP 0.058(0.472) 0.018(0.824) 0.012 (0.880)
mCSA-HP -0.079(0.326) -0.065(0.422) 0.002(0.981)
UAL 0.214(0.006*) -0.181(0.021*) 0.348(0.000*)

MPH 0.169(0.031*) -0.170(0.030*) 0.313(0.000*)

OSA obstructive sleep apnea, CPAP continuous positive airway pressure, BMI Body mass index , AHI apnea-
hypopnea index, ODI oxygen desaturation index, T90% the percentage of total sleep time spent with SpO2<90
%, LaSO2 lowest O2 saturation, mCSA-NP, mCSA-OP, mCSA-HP: The minimal cross sectional area within the
nasopharynx, oropharynx and hypopharynx regions; AP/T anteroposterior/transverse axis ratio; UAL upper
airway length; MPH the distance from mandibular plane to hyoid bone.
*p < 0.05

 

 

Table 3 Stepwise multiple regression analysis of all patients using evaluate AHI, LaSO2 and CPAP titration
level as dependent variables

Dependent variable Independent variable β p values
  BMI 0.247 0.005
AHI CPAP titration level 0.245 0.001*
(R2=0.373 , P =0.001*) Neck circumference 0.282 0.001*
       
LaSO2 CPAP titration level -0.450 0.000*

(R2 =0.360, P =0.000*) Neck circumference -0.300 0.000*
       
CPAP pressure BMI 0.343 0.000*
(R2 =0.222, P =000*) UAL 0.275 0.000*
OSA obstructive sleep apnea, CPAP continuous positive airway pressure, BMI Body mass index , AHI apnea-
hypopnea index, LaSO2 lowest O2 saturation, UAL upper airway length; MPH the distance from mandibular
plane to hyoid bone.
*p < 0.05
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