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Abstract 

Background:  

Over the past three decades, our understanding of sleep apnea in women has advanced, 

revealing disparities in pathophysiology, diagnosis, and treatment compared to men. 

However, no real-life study to date has explored the relationship between mask-related side 

effects (MRSEs) and gender in the context of long-term CPAP.  

Methods:  

The InterfaceVent-CPAP study is a prospective real-life cross-sectional study conducted in an 

apneic adult cohort undergoing at least 3 months of CPAP with unrestricted mask-access (34 

different masks, no gender specific mask series). MRSE were assessed by the patient using 

visual analog scales (VAS). CPAP-non-adherence was defined as a mean CPAP-usage of less 

than 4 h per day. The primary objective of this ancillary study was to investigate the impact of 

gender on the prevalence of MRSEs reported by the patient. Secondary analyses assessed the 

impact of MRSEs on CPAP-usage and CPAP-non-adherence depending on the gender.  

Results:  

A total of 1484 patients treated for a median duration of 4.4 years (IQ25-75: 2.0-9.7) were 

included in the cohort, with women accounting for 27.8%. The prevalence of patient-reported 

mask injury, defined as a VAS score ≥ 5 (p = 0.021), was higher in women than in men (9.6% 

versus 5.3%). For nasal pillow masks, the median MRSE VAS score for dry mouth was 

higher in women (p = 0.039). For oronasal masks, the median MRSE VAS score for runny 

nose was higher in men (p = 0.039). Multivariable regression analyses revealed that, for both 

women and men, dry mouth was independently and negatively associated with CPAP-usage, 

and positively associated with CPAP-non-adherence.  

Conclusion: 

 In real-life patients treated with long-term CPAP, there are gender differences in patient 

reported MRSEs. In the context of personalized medicine, these results suggest that the design 

of future masks should consider these gender differences if masks specifically for women are 

developed. However, only dry mouth, a side effect not related to mask design, impacts CPAP-

usage and non-adherence.  

Trial registration:  

INTERFACEVENT IS REGISTERED WITH CLINICALTRIALS.GOV 

(NCT03013283).FIRST REGISTRATION DATE IS 2016-12-23. 

 

 

 

  

http://clinicaltrials.gov/show/NCT03013283


Background 
 

 

The prevalence of sleep apnea syndrome (SAS) in adults over the age of 35 ranges from 5.9% 

to 79.2%, depending on the clinical symptoms and apnea/hypopnea scoring criteria used [1, 

2]. In 2024, Continuous Positive Airway Pressure (CPAP) remains the cornerstone of SAS 

treatment, despite major advances in alternative therapies [3–5]. CPAP-adherence is 

associated with improved quality of life (QoL) [6, 7], and reduced incident or recurrent major 

adverse cardiovascular events [8, 9]. 

 

Over the past three decades, our understanding of SAS in women has grown, highlighting the 

existence of disparities between women and men in pathophysiology, diagnosis and treatment 

[10–12]. The apnea–hypopnea index (AHI) is lower in women than in men, and QoL is 

worse in women [11, 13]. Some studies also suggest that CPAP-adherence is poorer in 

women [12]. 

 

Although our knowledge about the specificities of SAS in women is increasing, real gaps in 

the research persist, as highlighted by a recent editorial advocating for targeted research on 

gender disparities in SAS [14]. While several manufacturers have developed women’s and 

men’s versions of certain series of their masks, no external study has validated the concept of 

a gender-specific mask. To date, there is no long-term study reporting gender differences in 

MRSEs, nor studies reporting the impact of gender-related MRSEs on CPAP-adherence. 

Therefore, the primary objective of the present study was to investigate the impact of gender 

on the prevalence of patient-reported MRSEs. Secondary analyses assessed the impact of 

MRSEs on CPAP-usage and CPAP-nonadherence (defined as a mean CPAP-usage of less 

than 4 h per day) depending on gender. 

 

 

Methods 
 

Study design and study population 

 

This study presents an ancillary analysis of the InterfaceVent study, which was exhaustively 

described in a prior publication [15]. Briefly, the InterfaceVent study (ClinicalTrials.gov: 

NCT03013283) was a prospective, real-life cross-sectional study conducted from February 7, 

2017 to April 1, 2019 in adults undergoing at least 3 months of CPAP or non-invasive 

ventilation. We herein report results for SAS-patients treated exclusively by CPAP. SAS was 

defined according to the French Social Security (FSS) system criteria: (1) Apnea Hypopnea 

Index (AHI) ≥ 30/h (or AHI ≥ 15/h and more than 10/h respiratory-effort-related arousals), 

and (2) associated with sleepiness and at least three of the following symptoms: snoring, 

headaches, hypertension, reduced vigilance, libido disorders, nocturia. These criteria must be 

met in order for patients to be reimbursement by the FSS. The Apard ADENE group, a non-

profit home care provider, provided care to patients following an initial prescription by one of 

the 336 device-prescribing physicians in the Occitanie region of France. Patient inclusion 

occurred during one of the routine home visits, conducted by one of the 32 Apard technicians, 

that are required to receive reimbursement for CPAP treatment by the FSS-single payer 

system. No CPAP-adherence threshold was required for reimbursement, and patients with 

poor compliance were not systematically excluded (for exclusion criteria, see [15]). Patients 



had unlimited access to 34 masks (see [15]). No specific women’s or men’s versions of the 

mask series were available at the time of study. 

 

 

Collected data 

 

Side-effect visual analogue scales (VAS; see below), the Epworth-Sleepiness-Scale and the 

EQ-5D-3L questionnaire were administered by a technician employed by the home care 

provider during a scheduled visit, as previously described [15]. 

 

An 11-point VAS (0 = no reported side-effect to 10 = very uncomfortable side-effect) was 

used to assess the following MRSEs: dry mouth, partner disturbance due to leaks, patient-

reported leaks, noisy mask, heavy mask, painful mask, mask injury, painful harness, harness 

injury, redness of the eyes, itchy eyes, dry nose, stuffy nose, and runny nose. Importantly, the 

technician did not help patients fill out the questionnaires and the VAS. 

 

 

Statistical analyses 

 

Continuous data were expressed as medians with their associated quartile ranges due to non-

Gaussian distributions. Qualitative parameters were expressed as numbers and percentages. 

Gender effect was evaluated using Wilcoxon– Mann–Whitney test for quantitative data, and 

Chi-square or Fisher tests for qualitative effects. Side-effects and mask model, according to 

gender and mask type, were compared using Chi-square or Fisher tests. For these last 

comparisons, corrected p-value with False Discovery Rate correction were performed. To 

visualize correlations between MRSEs for a given gender and mask type, a principal 

component analysis was performed for women and men on nasal (NM), oronasal (ONM) and 

nasal pillow masks (NPM). Univariate and Multivariable logistic and linear regression 

analyses were used to study, by gender, associations between CPAP-usage and CPAP-non-

adherence (defined as a mean CPAP usage of less than 4 h per day) versus explanatory 

variables (demographic data, Epworth-Sleepiness-Scale (ESS) score, EQ-5D-3L-

questionnaires, device/mask data and MRSEs). All statistical analyses were performed with R 

(V.4.3.1). 

 

 

Results 

 
 

Population baseline characteristics according to mask type and gender are summarized in 

Table 1. A total of 1484 patients (27.8% women) were included in the analysis. Patients 

received significantly different mask types according to gender (p = 0.002). Specifically, 

58.6% of women received NM versus 52.5% of men, 19.6% of women received NPM versus 

16.4% of men, and 21.8% of women received oronasal masks versus 31.1% of men. The 

median BMI was higher in women than in men (32.5 kg/m2 vs. 30.5 kg/m2, p < 0.001), and 

more than half of patients were obese (62.2% for women vs. 53.9% for men, p = 0.007). 

Initial AHI ≥ 30/h occured less often in women (81.2% vs. 88.1%, p = 0.001). Women were 

more likely to live alone compared to men (46.2% vs. 20.7%, p < 0.001), and experienced 

anxiety/depression more frequently (51.5% vs. 34.8%, p < 0.001). Furthermore, median 



EQ-5D-3L health VAS (0–100 score) was lower in women than in men (60.6 vs. 70.2, p < 

0.001). Active workers were 19.8% and 20.9% for women and men respectively (p = 0.628), 

active smokers were 11.9% and 11.8% for women and men respectively (p = 0.952). Median 

global leaks and global large leaks were lower in women than in men for NM (p < 0.001 and 

p = 0.039). Mean pressure was lower in women for NM (p = 0.004). The median CPAP-usage 

was lower in women than in men for both NM and NPM (p = 0.005 and p < 0.001). Women’s 

lower CPAP-usage is also reflected in their higher level of nonadherence (10.9% vs. 6.5%, p 

= 0.005). 

 

CPAP-usage and non-adherence according to mask type and gender are depicted in Fig. 1. For 

women, median CPAP-usage was higher in NM than in NPM (6.5 h/day vs. 6.2 h/day, p = 

0.036), reflecting greater nonadherence in NPM compared with NM (17.3% vs. 7.4%, p = 

0.031). For men, median CPAP-usage was higher in NM than in ONM (7.0 h/day vs. 6.5 

h/day, p = 0.038), reflecting greater non-adherence in ONM compared with NM (9.3% vs. 

4.6%, p = 0.017). 

 

Prevalence of mask related side‑effects reported by the patient depending on gender 

and mask type 

 

Gender differences in terms of specific VAS scores according to mask type are depicted in 

Fig. 2. When we compared genders, we found that median MRSE VAS scores for partner 

disturbing leaks were lower in women (p < 0.001) for NM, were lower for women for runny 

nose (p = 0.039) for ONM, and were higher in women for dry mouth (p = 0.039) for NPM. 

 

MRSE frequencies (VAS score ≥ 1 and VAS score ≥ 5) according to gender were analyzed 

(see Additional file 1). Partner disturbing leaks were lower in women than in men (p < 0.001 

for VAS score ≥ 1 and p = 0.004 for VAS score ≥ 5); the prevalence of mask injury was 

higher in women than in men (9.6% and 5.3%, respectively) for a VAS score ≥ 5 (p = 0.021). 

 

Mask differences in terms of specific VAS scores according to gender were analyzed (see 

Additional file 2). When we compared mask types, we found that, for women, a median 

MRSE VAS score for runny nose was higher in NPM than in ONM (p = 0.045), and median 

MRSE VAS score for patient reported leaks was higher in ONM than in NM (p = 0.012). For 

men, median MRSE VAS scores for dry mouth, patient reported leaks, partner disturbing 

leaks, itchy eyes and red eyes were higher in ONM than in NM (p < 0.001, p < 0.001, p = 

0.042, p = 0.034 and p = 0.013, respectively). Median MRSE VAS scores for dry mouth, 

itchy eyes and red eyes were higher in ONM than in NM (p < 0.001, p < 0.001 and p < 0.001, 

respectively). Median MRSE VAS score for itchy eyes was higher in NM than in NPM (p = 

0.025). 

 

Principal Component Analysis (PCA) suggested that there were comparable groups of side 

effects according to gender for NM and ONM (Additional file 3). For NPM, the groups were 

more dispersed, with different positioning of leak items by gender. 

 

Mask series and gender 

 

There was no difference in the distribution of mask series according to gender (see Additional 

file 4). However, there were significant differences in the distribution of mask series for each 

type of mask by gender (see Additional file 5). For NPM, there was a significant difference 



in Swift Fx ® (51.1%) and Nuance pro ® (31.2%) for men but no significant difference for 

women. For both women and men, Mirage Fx ® and Swift Fx ® were the most popular mask 

series for NM and NPM, respectively. For ONM, Simplus ® was the most popular for women 

and Quattro ® for men. 

 

Mask related side‑effects, CPAP‑usage and CPAP‑non‑adherence according to gender 

 

Tables 2 and 3 summarize univariate and multivariable linear and logistic regression analyses 

evaluating the impact of explanatory variables on CPAP-usage and CPAP-non-adherence 

according to gender. For women, in the model explaining CPAP-usage, the latter was 

independently associated with higher BMI, higher mean pressure, non-active smokers, higher 

VAS score for partner disturbing leaks and lower VAS score for dry mouth. In the model 

explaining CPAP-non-adherence, the latter was independently associated with only lower 

VAS score for partner disturbing leaks. 

 

 



 
 

 

 

 

 

 

 

 



 
 

 

 

 

For men, in the model explaining CPAP-usage, the latter was independently associated with 

higher age, BMI, treatment duration, p90/95th pressure, lower ESS score, availability of the 

mask before 2013, higher VAS score for harness injury, and lower VAS score for dry nose. In 

the model explaining CPAP-non-adherence, the latter was independently associated with 

lower age and BMI, living after 2013, and higher VAS score for dry mouth. 

 

 

 



 

 



 



 
 

 



 

Discussion 
 

 

To our knowledge, this study is the first to report, in a large cohort of patients treated with 

long-term CPAP, the gender-specific prevalence of several MRSEs and their impact on 

CPAP-usage and non-adherence. The main results reported here suggest that: 1) there are 

disparities in MRSEs according to gender and mask type; 2) different MRSEs are 

independently associated with CPAP-usage and non-adherence according to gender. 

 

External validity of our study 

 

In a 2021 narrative review, Bouloukaki et al. estimated the men-women ratio for sleep apnea 

syndrome to be 1.5:1 (i.e., 40% women) [13]. In our study, 27.8% of the patients are women. 

This is comparable to the prevalence of 32.3% recently published in a study by Prigent et al., 

which involved 25,846 patients in France receiving identical care [16]. However, our 

prevalence of women is higher than that of the ISAACC cohort (16.5%) and lower than the 

prevalence in the PLSC (39% women) and HynoLauss (53% women) cohorts [17]. 

Importantly, the characteristics of our population of women are comparable to those reported 

in the literature, with a lower quality of life (including more symptoms of depression), more 

obesity, less severe initial SAS, and less CPAP-adherence than men [11–14, 18]. 

 

Mask related side‑effects depending on gender 

 

The study identified only three MRSEs (dry mouth, runny nose and mask injury) that differed 

between men and women, with only mask injury potentially justifying the design of a gender-

specific mask. 

 

Dry mouth is a MRSE known to be associated with a decrease in CPAP-adherence (Bachour 

and Maasilta, 2004; Rotty et al., 2021). For NPMs, the median MRSE VAS score for dry 

mouth was significantly higher in women, and the use of heated breathing tubes was 

significantly elevated in this group. Similar trends were observed for NMs and ONMs, but did 

not reach significance,. This observation is of crucial importance considering that future NPM 

designs cannot directly mitigate this side effect, and interventions by technicians or patients, 

such as the use of heated humidifiers and heated breathing tubes, should be considered to 

limit dry mouth. Indeed, a recent meta-analysis has reported the efficacy of heated humidifiers 

in addressing dry mouth (Hu et al., 2023), and the use of heated humidifiers is recommended 

with a moderate quality of evidence (Patil et al., 2019a; Patil et al., 2019b). 

 

For ONMs, the median MRSE VAS score for runny nose was significantly higher in men. In 

a previous study, runny nose was associated with residual excessive sleepiness (RES, defined 

as an Epworth-Sleepiness-Scale score of ≥ 11), but not CPAP-adherence, in univariate 

analysis [15]. To mitigate this side effect, the use of heated humidifiers and/or topical steroids 

are proposed, but the quality of evidence is low [4, 5]. 

 

The prevalence of patient-reported mask injury was higher in women than in men. In a 

previous study, we found that mask injury was associated with RES, but not CPAP-

adherence, in univariate analysis [15]. If masks specifically dedicated to women are 

developed in the future, they should take these gender specificities into account. 



 

In accordance with the findings of previous studies [19, 20], our study observed that patient-

reported leaks were the most prevalent MRSE, but no gender differences in prevalence were 

found. 

 

Factors influencing CPAP‑adherence depending on gender 

 

In line with previous long term cohort studies, we reported that: i) for both women and men, 

BMI was independently and positively associated with CPAP adherence [21]; ii) for men, the 

presence of a partner was positively and independently associated with CPAP adherence [21]; 

iii) for men, treatment duration and age were also independently and positively associated 

with CPAP-usage [18]. Partner disturbing leaks, for women, and harness injury, for men, 

were positively associated with CPAP-usage and CPAP-adherence. We observe these results 

as an association and not as a cause, since prolonged CPAP-usage increases the risk of mask-

related injuries in patients and potentially causes discomfort for their partners, particularly in 

cases where sleep disturbances arise from noisy air leaks or skin irritation due to leak 

exposure. 

 

Study limitations 

 

The long-term design of our study serves as both a strength and a limitation. Patients may 

have been treated with various mask series and mask types prior to inclusion. Therefore, we 

cannot ascertain whether the prevalence of different masks or MRSEs was influenced by 

different mask sequences. Furthermore, it is important to keep in mind that since our patients 

were treated with long-term CPAP our observations are not validated for patients treated with 

short-term CPAP. 

 

Patients were enrolled in the study from February 7, 2017, to April 1, 2019. This is also a 

strength and a limitation. It is a strength because the women in the cohort received the same 

treatment as the men, as none of the women used masks specifically designed for women, 

such as the “for her” series by ResMed. However, it is a limitation because only 17% of the 

patients were treated with NPM, despite the increasing use of this type of mask [22, 23]. 

Furthermore, recent minimal contact masks, which are now available, were not used in our 

study, representing another limitation. 

 

The lack of data on comorbidities, as other diseases and medications may impact the 

probability of MRSE. Additionally, in men, the presence of a beard may be a factor affecting 

MRSEs. 

 

 

 

Conclusion 
 

In patients undergoing long-term CPAP therapy, gender differences in MRSEs have been 

observed. The study identified three MRSEs that differed between men and women, with only 

one potentially justifying the creation of a gender-specific mask. Women were more affected 

by dry mouth with NPMs, and men by runny nose with ONMs; however, these side effects 

cannot be directly addressed in future mask designs. On the other hand, the higher incidence 

of mask injuries reported by women could guide the development of masks specifically 

designed for them. In the context of personalized medicine, our results suggest that future 



mask designs should take these gender differences into account when developing masks 

specifically for women. Nonetheless, our study highlights that only dry mouth, a side effect 

not related to mask design, impacts CPAP-usage and non-adherence. 
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