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Abstract
Purpose Mask type (nasal versus oronasal) can affect the optimal pressure required to correct the apnea/hypopnea index 
(AHI) in obstructive sleep apnea (OSA) subjects treated with CPAP. Our objective was to evaluate if mask type influenced 
CPAP titration outcomes in OSA patients.
Methods A retrospective study of individuals with a baseline AHI ≥ 15.0/h, who received an auto-adjusting CPAP titrating 
device (S9 AutoSet  ResMed®) in a sleep-lab setting. The mask type oronasal (OM) or nasal (NM) was always selected by 
the patients. Optimal pressure requirements, leak, and residual AHI were compared based on mask type.
Results Overall, 436 patients were included: 283 with NM (64.9%) and 153 with OM (35.1%). At baseline, NM and OM 
cohorts had similar AHI (p = 0.160). Patients allocated to the OM cohort had a higher 95th percentile pressure, a higher 
95th percentile leak, and a higher residual AHI than those with a NM: pressure requirement: 12.9 cm  H2O (IQR: 10.6–15.0) 
versus 10.7 cm  H2O (IQR: 9.2–12.3); leak: 21.6 L/min (IQR: 9.6–37.2) versus 9.6 L/min (IQR: 3.6–19.2); and residual AHI: 
4.9/h (IQR: 2.4–10.2) versus 2.2/h (IQR: 1.0–4.4), respectively (p < 0.001 for all).
Conclusions CPAP mask type based on individual preferences exerts profound effects on optimal CPAP pressures and 
efficacy. Patients titrated with OM showed higher pressure requirements, had higher a leak, and higher residual AHI when 
compared to NM, which may adversely impact treatment adherence and other health outcomes.
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Introduction

Obstructive sleep apnea (OSA) is an extremely prevalent 
disease characterized by recurrent upper airway obstructive 
episodes during sleep, causing intermittent hypoxemia and 

sleep fragmentation [1–3]. This disorder is associated with 
several significant comorbidities, such as cardiovascular and 
cerebrovascular disease, metabolic syndrome, neurocogni-
tive and mood deficits, and an increased risk of motor vehi-
cle accidents [4–7].

Currently, continuous positive airway pressure (CPAP) is 
recommended, as the first choice, for treating patients diag-
nosed with moderate to severe OSA [apnea/hypopnea index 
(AHI) ≥ 15.0/h] [8]. The proposed idea for treatment with 
CPAP would be that, when applied with a mask interface, it 
would act as a pneumatic splint to maintain the patency of 
the upper airway [8]. In OSA patients, regular CPAP treat-
ment can effectively reduce excessive daytime sleepiness, 
improve cognitive function, improve quality of life, reduce 
blood pressure in hypertensive individuals, and reduce the 
risk of cardiovascular complications [9,10]. However, treat-
ment effectiveness depends on the regular use of CPAP. Pre-
dictors of adherence to CPAP therapy include OSA severity, 
degree of daytime sleepiness, socioeconomic status, and the 
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level of understanding of the patient concerning therapy and 
mask type [11].

The pressure required for CPAP treatment is usually 
titrated, either automatically or manually, aiming to find the 
minimum and optimal CPAP level that will correct obstruc-
tive events, restore normal arterial oxygen saturation and 
reduce sleep fragmentation [8,12,13]. During titration, it is 
also possible to select the best interface for the patient [14]. 
The adequate selection of mask interface is a key determi-
nant of treatment efficacy and compliance. Although several 
studies demonstrate the effectiveness of CPAP in correct-
ing respiratory events in patients suffering from OSA, many 
patients do not tolerate CPAP and do not adhere to treat-
ment, with compliance being surprisingly and consistently 
low all around the world [15–17]. There are various possible 
reasons for this low adherence, and the discomfort caused 
by mask type is one of the most frequently mentioned by 
patients [18–20].

Generally, nasal masks (NM) are the most used inter-
face. Oronasal masks (OM) are frequently recommended for 
patients who have excessive mask leaks from mouth breath-
ing and, recently, nasal pillows have also gained popular-
ity, since they provide the opportunity to reduce mask size 
[21]. Therefore, it is intuitive to assume that the type of 
interface can have a decisive impact on adherence to CPAP 
treatment. However, CPAP titration effectiveness (pres-
sure requirement, leak, and residual events) according to 
the type of mask used in the titration shows contradictory 
results [19–32].

Notwithstanding, there is only a scarce number of studies 
comparing CPAP titration effectiveness based on mask type 
(OM or NM) as chosen by the patient. In the present study, 
our main objective was to evaluate parameters obtained dur-
ing CPAP titration (pressure requirement, leak, and resid-
ual AHI) in patients grouped according to the mask type 
selected by them: NM or OM.

Materials and methods

Study design

This cross-sectional study was carried out between Jan-
uary 2017 and June 2018. The eligibility criteria were: 
adult patients (age ≥ 18 years) diagnosed with moder-
ate to severe OSA (AHI ≥ 15.0/h) and referred for in-lab 
titration. The exclusion criteria were as follows: 1) indi-
viduals who were already on regular CPAP treatment, 2) 
no baseline full in-lab polysomnography (PSG) available, 
and 3) those who underwent bilevel positive airway pres-
sure (BiPAP) titration. All subjects were grouped into two 
independent cohorts selected from the mask type (NM or 

OM) used during the titration. The choice of the mask was 
always based on the patient’s preference, with no interfer-
ence from the sleep technicians.

Ethical considerations

The study protocol was approved by the Research Ethics 
Committee of the Federal University of Rio de Janeiro 
(#666.608) and waived the patient-consent requirement, 
because no intervention was performed. The anonymity of 
each participant was strictly preserved.

Data acquisition

Gender, age, body-mass index (BMI), neck circumference 
(NC), and Epworth Sleepiness Scale (ESS) were systemati-
cally collected. BMI was calculated by dividing the weight 
in kilograms by the square of the height in meters (kg/m2), 
while NC (in cm) was measured using a flexible tape with all 
subjects in the upright sitting position, with the upper edge 
of the tape measure placed immediately below the laryn-
geal prominence and applied perpendicularly to the long 
axis of the neck. Subjective sleepiness was assessed using 
ESS, an 8-item questionnaire, with four-point scales (from 
zero to three) [33]. Score ≥ 11 points (final score from 0 to 
24 points) was considered as excessive daytime somnolence 
[33].

Overnight in‑lab polysomnography

All sleep tests were conducted in a Brazilian single-center: 
SleepLab - Sleep Laboratory, Rio de Janeiro. All participants 
underwent an attended, in-lab full PSG  (EMBLA® S7000, 
Embla Systems, Inc., Broomfield, CO, USA) consisting of 
the recording of electroencephalography, electrooculogra-
phy, electromyography (chin and legs), electrocardiography, 
airflow, thoracic and abdominal impedance belts, oxygen 
saturation  (SpO2), microphone for snoring, and sensors for 
body position. Polysomnographic data were scored manu-
ally following the latest 2012 American Academy of Sleep 
Medicine (AASM) guidelines [34] by two board-certified 
sleep physicians. Polysomnographic data included AHI and 
oxygen saturation  (SpO2) values (baseline, average, and low-
est). Obstructive apneas were defined as a decrease of at 
least 90% of airflow from baseline with persistent respiratory 
effort, lasting at least 10 seconds, while hypopneas were 
classified with a decrease of at least 30% of pre-event during 
≥ 10 seconds associated with ≥ 3% oxygen desaturation or 
an arousal. AHI was calculated as the number of apnea plus 
hypopnea/total sleep time (in hours).
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Overnight in‑lab titration

All participants were subjected to an auto-adjusting CPAP 
titrating with humidification (S9 AutoSet  ResMed®, Syd-
ney, Australia) in a sleep laboratory setting. All masks were 
selected from the available commercial line produced by 
 ResMed® (Sydney, Australia), with the appropriate size to 
provide a balance between fit, comfort, and sealing of the 
mask. After the patient chose the type of mask (NM or OM), 
sleep technicians adjusted the interface, providing support 
to the patient during the night. The S9 AutoSet  ResMed® 
device was programmed to apply a minimum pressure of 
4.0 cm  H2O and a maximum pressure of 20.0 cm  H2O, with 
expiratory pressure relief (EPR) of 3.0 cm  H2O. The auto-
adjusting CPAP data were downloaded using  ResScan® 
software: CPAP pressures (50th, 95th, and maximum), leak 
(50th, 95th, and maximum), and residual AHI were recorded 
into the database.

Statistical analysis

Data analysis was carried out using SPSS for Windows sta-
tistical software (version 21.0; Chicago, IL, USA). Results 
are summarized as the median and interquartile range (IQR) 
or as number (n) and percentage (%) for quantitative and 
qualitative variables, respectively. Comparisons between 
groups were performed using the Chi-square test for dichoto-
mous variables and Mann–Whitney nonparametric test for 
continuous variables. Multivariate logistic regression was 
developed with clinical and polysomnographic parameters, 
being residual AHI < 5.0/h or < 10.0/h used as outcome. All 
statistical tests were two-tailed and statistical significance 
was set at p < 0.05.

Results

Of a total of 571 consecutive individuals who were referred 
for auto-adjusting in-lab titration, 135 patients (23.6%) were 
subsequently removed for the following reasons: 93 with no 
baseline PSG available, 17 with mild OSA diagnosis, 15 
referred for BiPAP titration, and 10 already receiving regular 
CPAP treatment. Therefore, 436 participants were allocated 
into two independent cohorts: NM (n = 283; 64.9%) or OM 
(n = 153; 35.1%). Our sample included predominantly men 
(65.8%), with a median age of 56.0 years (IQR: 46.0–66.0) 
and a median BMI of 29.5 kg/m2 (IQR: 26.4–33.0). As 
shown in Table 1, all clinical and polysomnographic data 
were similar in the two datasets, except for age (p = 0.019) 
and average  SpO2 (p = 0.009). Interestingly, both NM and 
OM cohorts had similar median baseline AHI values: 40.2/h 
(IQR: 28.5–58.3) versus 44.4/h (IQR: 31.0–65.1), respec-
tively (p = 0.160); Table 1.

Table 2 summarizes the pressure requirements, leaks, 
and residual events data obtained by CPAP titration. 
All values related to optimal CPAP pressures, leak, and 
residual events were significantly higher in subjects with 
OM compared to those who chose the NM (p < 0.001 
for all comparisons). Figure 1 reports the percentage of 
individuals who achieved a residual AHI < 5.0/h or < 

Table 1  Baseline patient characteristics

Data are presented as median (interquartile range) or n (%)
BMI body-mass index, NC neck circumference, ESS Epworth sleepi-
ness scale, AHI apnea/hypopnea index, AI apnea index, HI hypopnea 
index, SpO2 oxygen saturation

Parameter Nasal mask cohort
(n = 283)

Oronasal mask 
cohort
(n = 153)

p value

Clinical data
 Male gender 191 (67.5) 96 (62.7) 0.342
 Age, years 54.0 (43.0–65.0) 59.0 (48.5–67.0) 0.019
 BMI, kg/m2 29.3 (26.4–32.3) 30.1 (26.6–34.4) 0.521
 NC, cm 41.0 (38.0–43.0) 41.0 (38.0–44.0) 0.795
 ESS, points 9.0 (6.0–14.0) 10.0 (6.0–14.0) 0.942

Polysomnographic data
 AHI, n/h 40.2 (28.5–58.3) 44.4 (31.0–65.1) 0.160
 AI, n/h 14.3 (5.7–33.5) 17.7 (7.7–41.9) 0.160
 HI, n/h 20.6 (13.7–29.3) 20.3 (13.9–29.5)  > 0.999
 Baseline  SpO2, 

%
94.1 (92.8–95.1) 93.9 (92.7–94.8) 0.817

 Average  SpO2, % 92.9 (91.5–93.9) 92.4 (91.0–93.4) 0.009
 Lowest  SpO2, % 81.0 (74.0–85.0) 79.0 (74.0–83.0) 0.070

Table 2  Optimal CPAP pressure requirements, leak, and residual 
events according to mask choice during titration

Data are presented as median (interquartile range)
CPAP continuous positive airway pressure, AHI apnea/hypopnea 
index, AI apnea index, HI hypopnea index

Parameter Nasal mask cohort
(n = 283)

Oronasal mask 
cohort
(n = 153)

p value

Pressure, cm  H2O
 50th percentile 7.5 (6.2–9.1) 8.7 (7.1–10.5)  < 0.001
 95th percentile 10.7 (9.2–12.3) 12.9 (10.6–15.0)  < 0.001
 Maximum 12.2 (10.4–14.5) 14.9 (12.4–15.9)  < 0.001

Leak, l/min
 50th percentile 0.0 (0.0–4.8) 3.6 (0.0–14.4)  < 0.001
 95th percentile 9.6 (3.6–19.2) 21.6 (9.6–37.2)  < 0.001
 Maximum 19.2 (10.8–36.0) 44.4 (22.8–81.6)  < 0.001

Residual events, n/h
 AHI, n/h 2.2 (1.0–4.4) 4.9 (2.4–10.2)  < 0.001
 AI, n/h 1.8 (0.8–3.8) 3.5 (1.7–7.7)  < 0.001
 HI, n/h 0.2 (0.0–0.6) 0.6 (0.2–1.4)  < 0.001
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10.0/h, through CPAP titration, based on the choice of 
mask. This percentage was always significantly higher for 
participants who chose the NM over the OM; both with p 
< 0.001. The chance of subjects who chose NM over OM 
to have a residual AHI < 5.0h or < 10.0/h was as follows: 
unadjusted odds ratio (OR): 3.377 [95% confidence inter-
val (CI) 2.215-5.150] and unadjusted OR: 4.655 (95% CI: 
2.606-8.316), respectively.

Multivariate stepwise logistic regression (Table  3) 
revealed that BMI, baseline AHI, and mask type were 
independently associated with residual AHI < 5.0/h: 
adjusted OR: 0.911 (95% CI 0.852–0.975), adjusted OR: 
1.021 (95% CI 1.009–1.033), and adjusted OR: 4.097 (95% 
CI 2.550–6.584), respectively. Also, lowest  SpO2 and 
mask type emerged as independent parameters for residual 
AHI < 10.0/h: adjusted OR: 0.945 (95% CI 0.905–0.988) 
and adjusted OR: 4.671 (95% CI 2.483–8.784). For both 
outcomes (residual AHI < 5.0 or < 10.0/h), the mask type 

shows the greatest degree of association: regression coef-
ficient (β) of 1.410 and 1.541, respectively; Table 3.

Discussion

The main findings of the present study were that patients 
who underwent in-lab CPAP titration with OM required 
higher levels of therapeutic CPAP pressures, and exhibited 
greater leak and residual AHI than individuals who chose 
NM. Besides, the percentage of individuals with residual 
AHI < 5.0/h or < 10.0/h, i.e., therapeutic success, was sig-
nificantly higher in individuals who preferred NM compared 
to those with OM, showing a better correction of respiratory 
parameters in the NM cohort over the OM cohort. Corrobo-
rating these findings, individuals titrated with NM were ~4 
times more likely to exhibit a residual AHI < 5.0/h or < 
10.0/h than individuals who preferred to be titrated with 
OM.

These findings highlight that NM should, whenever pos-
sible, be the first option of mask type in an auto-adjusting 
CPAP titration, with the ulterior intent to achieve improved 
adherence to CPAP treatment. Several studies show that 
the chosen interface is crucial for adequate adherence to 
the treatment offered [16,21–23]. However, a prior study 
reported that adherence to CPAP did not differ between 
different types of masks, although the residual AHI was 
lower with the use of NM compared to OM [24]. Moreover, 
patients reported greater comfort, better sleep quality, and a 
greater preference for NM [24].

Many OSA patients have nasal obstruction, and may, 
therefore, be intolerant to NM. NM completely covers 
the nose, while the pillow mask consists of two intra-
nasal pillows that can be used as an alternative to NM, 
because they are smaller and more comfortable. OM cov-
ers the nose and mouth, allowing the individual to breathe 

77.4

50.3

92.9

73.9

0

10

20

30

40

50

60

70

80

90

100

Nasal mask Oronasal mask

Pe
rc

en
ta

ge
 (%

)
Residual AHI < 5.0/h Residual AHI < 10.0/h

Fig. 1  Frequency (%) of patients with OSA showing residual apnea/
hypopnea index (AHI) < 5.0/h or < 10.0/h in a cohort of individuals 
who preferred a nasal mask compared to those who preferred an oro-
nasal mask. This percentage was always significantly higher for indi-
viduals who chose the NM over the OM (both with p < 0.001)

Table 3  Multivariate stepwise 
logistic regression according to 
residual AHI obtained during 
CPAP titration (n = 436)

CPAP continuous positive airway pressure, AHI apnea/hypopnea index, β regression coefficient, OR odds 
ratio, CI confidence interval, BMI body-mass index, NC neck circumference, ESS Epworth sleepiness scale, 
SpO2 oxygen saturation

Parameter Residual AHI < 5.0/h Residual AHI < 10.0/h

OR (95% CI) β p value OR (95% CI) β p value

Gender 1.220 (0.601–2.476) 0.199 0.583 1.217 (0.470–3.152) 0.197 0.686
Age, years 0.992 (0.973–1.012) − 0.008 0.429 1.004 (0.979–1.030) 0.004 0.750
BMI, kg/m2 0.911 (0.852–0.975) − 0.093 0.007 0.966 (0.886–1.053) − 0.035 0.426
NC, cm 1.052 (0.958–1.156) 0.051 0.286 1.053 (0.934–1.188) 0.052 0.398
ESS, points 0.996 (0.950–1.045) − 0.004 0.875 1.010 (0.948–1.075) 0.010 0.768
Baseline AHI, n/h 1.021 (1.009–1.033) 0.021  < 0.001 1.015 (1.000–1.030) 0.015 0.054
Average  SpO2, % 1.081 (0.941–1.241) 0.077 0.273 1.143 (0.956–1.365) 0.133 0.142
Lowest  SpO2, % 0.967 (0.934–1.001) − 0.033 0.057 0.945 (0.905–0.988) − 0.056 0.012
Mask type 4.097 (2.550–6.584) 1.410  < 0.001 4.671 (2.483–8.784) 1.541  < 0.001
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through both the mouth and the nose. Although OM is a 
larger and more uncomfortable mask, it can be a possible 
and feasible alternative in subjects with nasal obstruction. 
Conversely, the reasons why an OM can induce upper air-
way obstruction are not fully understood. One possibility 
is that OM can push the tongue and soft palate, inducing 
obstruction and increased upper airway resistance [19–35].

The comparison of titration effectiveness from the inter-
faces (NM or OM) is rarely made using the patient’s choice 
as the allocation procedure. This was the reason why we 
opted for a real-life study, in which the sleep-lab techni-
cians who supervised the exams did not influence on the 
choice of the interface type. Our study found that the vast 
majority of participants chose NM over OM. Most studies 
comparing mask type claim that NM is usually associ-
ated with better outcomes (therapeutic pressure, leak, and 
residual events) [25–30], but there are some studies with 
contradictory results [31,32].

In a study with 55 individuals randomly assigned to one 
of three masks (nasal pillows, NM, and OM) who under-
went a CPAP titration, OM required significantly higher 
pressures in subjects with moderate to severe OSA [26]. 
Similarly, 109 patients with moderate to severe OSA were 
studied using an autotitrating device [30]. The therapeutic 
CPAP level was also significantly higher when adminis-
tered via OM, leading to an increased number of residual 
events (both p < 0.05) [30].

However, when 60 participants already using CPAP 
were randomly allocated to a NM or an OM with Auto‐
CPAP titration for 2 weeks, and were then switched to 
the alternative mask for another 2 weeks, there were 
no differences in median 95th percentile pressures (NM: 
11.5 cm  H2O versus OM: 11.7 cm  H2O; p = 0.115) or 
median residual AHI (NM: 4.9 events/h versus OM: 5.3 
events/h; p = 0.234) [31]. Similarly, a randomized crosso-
ver study with 24 participants with moderate to severe 
OSA, therapeutic level of CPAP, as determined during 
titration, was similar for NM and OM [32]. Despite this, 
residual AHI was on average, 5.7 events/h higher with the 
use of an OM versus a NM (p = 0.01) [32].

Among the several studies comparing different mask 
types in the context of OSA treatment, the approaches were 
very heterogeneous, making comparisons between them 
quite challenging if not impossible. Moreover, as they are 
frequently controlled, i.e., patients were not allowed to select 
their mask, this can limit the generalization of their find-
ings. In contrast, our study did not apply any interference 
in the choice of the mask by the researcher or sleep techni-
cian. This choice was exclusively the result of the individual 
patient preference, which can translate into a greater gen-
eralization of our data. Also, as it was a real-life study, we 
were able to include a considerable number of participants, 
increasing the robustness of our findings.

Limitations and strengths

Our study has some limitations that deserve comment. 
First, the patients were all referred to a single sleep labo-
ratory, which may limit the reproducibility of our findings 
in other settings. Second, the possibility of selection bias 
is plausible and should be considered. Also, we did not 
obtain adherence measures as a follow-up to the titration 
procedures to examine whether mask choice and our find-
ings affected treatment adherence. Despite these limita-
tions, our study included an adequate sample size of con-
secutively enrolled individuals. Besides, all participants 
underwent full PSG performed in our laboratory and were 
diagnosed with moderate to severe OSA, according to the 
AASM guidelines [34].

Conclusions

In a real-world setting, the present study showed that the 
choice of mask type significantly influences the main out-
comes obtained by a CPAP titration. The CPAP pressure 
requirements were higher when administered through OM 
compared to NM. Also, the choice of OM led to more resid-
ual events and leak than with NM. Hypothetically, all of 
these factors may negatively impact treatment adherence.
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