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Abstract
Study Objectives: Females with obstructive sleep apnea (OSA) 
have more flow limitation, lower apnea-hypopnea index (AHI), 
shorter apneas, and less severe oxygen desaturations than 
males. A female-specific auto-adjusting continuous positive airway 
pressure (fAPAP) algorithm has been developed to target these 
characteristics. This study investigated the effects of fAPAP therapy 
on quality of life (QoL) in women with OSA.

Methods: Female patients with AHI ≥ 15/h were eligible. Participants 
underwent polygraphy or polysomnography. The primary endpoint 
was change from baseline in Functional Outcomes of Sleep 
Questionnaire (FOSQ) score after 3 months’ fAPAP (AutoSet for 
Her, ResMed). Secondary endpoints included other sleep-related 
and QoL questionnaires. 

Results: A total of 122 patients were enrolled in the study (age 53.7 
± 9.5 years, body mass index 32.8 ± 6.2 kg/m2, apnea-hypopnea 
index [AHI] 39.0 ± 18.2/h); 111/122 completed the study. There was 
a significant improvement (p<0.0001) in FOSQ score from baseline 
(15.0 ± 3.3) to 3 months (16.9 ± 3.2). Significant improvements 
were also seen in the Patient Health Questionnaire-9 score (12.3 
± 6.0 vs. 7.2 ± 5.4), Epworth Sleepiness Scale score (10.8 ± 4.9 
vs. 7.3 ± 4.7), EuroQol (EQ)-5D Index score (0.636 ± 0.248 vs. 
0.763 ± 0.210), EQ-5D visual analogue scale score (54.4 ± 21.7 
vs. 64.5 ± 21.5) (all p<0.0001), and Changes in Sexual Functioning 
Questionnaire score (38.7 ± 9.5 vs. 42.4 ± 8.5; p=0.001). In patients 
with PSG data, fAPAP improved other respiratory parameters (AHI, 
oxygen desaturation index, oxygen saturation; all p<0.0001), and 
increased time spent in rapid eye movement (REM) sleep (39.7 ± 
24.0 vs. 48.1 ± 24.5 min; p=0.022). Average daily fAPAP usage was 
4.8 ± 2.0 h/night.

Conclusion: 	
Usage of fAPAP significantly improved QoL and increased REM 
sleep, with good treatment compliance.
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Introduction
Obstructive sleep apnea (OSA) is a common disorder characterized 

by upper airway closure during sleep, resulting in disrupted breathing 
and arousals. Moderate to severe OSA (apnea-hypopnea index 
[AHI] ≥ 15/h) is present in 4-23% of the female population [1,2], 
and may impact as many as 26% of females aged between 20-70 
years [1-3]. 

There are well known gender differences in OSA. This includes 
both clinical manifestations and impact on quality of life (QoL). 
Females often do not present with classic OSA symptoms, such 
as snoring, obesity and difficulty staying awake during the day. 
Instead females with OSA may complain of depression, anxiety, 
mood disturbance, reduced QoL, insomnia and fatigue [4-7]. The 
presence of OSA in women appears to increase the risk of developing 
diabetes, dementia and cardiovascular diseases [8-10]. Female sexual 
health may also be impacted by OSA, although this has not yet been 
fully explored. A recent study found that females with OSA had 
significantly more sexual distress and sexual dysfunction compared 
to those without OSA [11].

The severity of OSA also often differs between genders, with 
polysomnography (PSG) data showing that females have less severe 
OSA with overall lower AHI, shorter apneas, and a higher likelihood 
of rapid eye movement (REM)-only events [12-15]. Younger women 
in particular often have more episodes of upper airway resistance 
rather than obstructive apneas. 

Continuous positive airway pressure (CPAP) is considered the 
gold standard treatment for OSA. CPAP applies a fixed pressure that 
acts as a pneumatic splint to the upper airway, preventing collapse. 
Auto-adjusting CPAP (APAP) devices monitor breathing on a 
breath-by-breath basis and respond by delivering the appropriate 
pressure throughout the night. Effective CPAP treatment in adherent 
patients has been shown to improve sleepiness and QoL and reduce 
cardiovascular risk [16-18]. However, the majority of clinical trials of 
CPAP have included predominantly male participants. Indeed, patient 
populations in studies during the development and validation of early 
APAP devices were typically 100% male [19-21]. Only one study to 
date has examined QoL changes in an entirely female population of 
OSA patients treated with CPAP [22]. 

A female-specific APAP (fAPAP) treatment algorithm has been 
developed with the goal of optimally treating the characteristics of 
OSA in women. Compared with existing APAP devices, fAPAP is 
more sensitive in recognizing and increasing pressure in response 
to flow limitation [23]. A new respiratory effort-related arousal 
(RERA) detection algorithm alerts clinicians to ongoing problems 
with respiratory arousals. The fAPAP algorithm protects against 
strings of REM-based events by introducing an individualized nightly 
minimum pressure to prevent repeated obstructions. The fAPAP 
algorithm is designed to increase comfort for users by slowing the rate 
of pressure increases and decreases, and keeping the overall pressure 
lower, while still being efficacious [24]. Use of fAPAP has been shown 
to effectively control AHI while reducing residual flow limitation 
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and lowering 95th percentile pressure in female OSA patients during 
a two-night study [24], but longer term improvements in symptoms 
have not been determined.

This study investigated changes in symptoms and sleep parameters 
in female OSA patients during 3 months’ treatment with fAPAP.

Materials and Methods
Study design

This prospective, observational, open-label, single cohort study 
was conducted at one sleep clinic in Spain and two sleep clinics in 
Germany. The study was approved by local ethics committees and all 
participants provided informed consent

Patients

Female patients who presented to the sleep clinic with suspected 
OSA were screened for OSA as per the usual clinical routine (home 
polygraphy (PG) in Spain or in-lab polysomnography (PSG) in 
Germany). Eligible patients were those aged ≥18 years who had an 
AHI of ≥15/h on diagnostic testing. Participants were excluded from 
the study if they were unable to complete a one-hour CPAP run in. 
Additional exclusion criteria included: current use or experience with 
CPAP; use of supplemental oxygen; pregnancy or planned pregnancy 
in the next 3 months; pre-existing lung disease or condition 
predisposing to pneumothorax.

Procedures and assessments

At the first study visit, tolerance of CPAP was assessed with a 
one-hour run in on therapy. Baseline data, including height, weight, 
age, blood pressure and comorbidities, were collected from patients 
continuing in the study. Participants were then asked to complete the 
following questionnaires, with assistance from the nurse/clinician if 
required: Functional Outcomes of Sleep Questionnaire (FOSQ); Patient 
Health Questionnaire (PHQ-9); Epworth Sleepiness Scale (ESS); Changes 
in Sexual Function Questionnaire (CSFQ); and EuroQol 5D (EQ-5D). 
Patients also provided information on subjective sleep quality based on a 
Likert scale from 0 (worst) to 10 (best).

Participants were then initiated on fAPAP therapy (AutoSet for 
Her; ResMed), with humidification and an appropriately fitting mask, 
and instructed to use fAPAP every night while sleeping for the next 3 
months. All participants were phoned during the first weeks of therapy 
to troubleshoot any issues. If necessary, the participant was invited 
back to the clinic for a face-to-face visit. All participants returned 
to the clinic after one month for a visit. During this visit study staff 
reviewed device usage and attempted to resolve any problems that the 
participant was experiencing.

Three months after initiation of CPAP, participants returned to 
the clinic for a final visit. Patient data were downloaded from the 
device for analysis, including usage, AHI, mask leak, and pressures. At 
this time participants completed all questionnaires again. In addition, 
patients in Germany underwent an on-treatment PSG

Endpoints

The primary endpoint was change in QoL during fAPAP based 
on the FOSQ. Secondary endpoints included change in QoL and 
sexual function based on other questionnaires, change in sleep quality 
at 3 months versus baseline based on PSG data, and change in other 
respiratory parameters at 3 months versus baseline.

Sample size

Sample size was determined based on the results of the CATNAP-
trial [25], which showed an unadjusted mean change in FOSQ total 
score from baseline to week 8 in the modified intention-to-treat 
population of 0.98 ± 2.89. To achieve power of 80% at α=0.05 it was 
calculated that a total of 71 patients would be required to detect an 
increase in FOSQ total score in this study. Assuming a drop-out rate 
of approximately 10%, the target minimum sample size was set at 80 
participants.

Statistical analysis

Differences in baseline characteristics and study endpoints 
between Germany and Spain were assessed using the t-test or 
Wilcoxon-Mann-Whitney test for continuous parameters, and 
Fisher’s exact test for categorical parameters. All study results were 
presented combined because pool-ability was confirmed (i.e. it was 
determined that there was no significant difference between the 
countries with respect to the primary study endpoint [change in 
FOSQ]). Primary and secondary endpoints are displayed separately 
when significant differences were detected.

Demographic data, baseline characteristics, medical history, 
medications, baseline PG/PSG data, CPAP data, device usage and 
QoL endpoints for combined data were summarized descriptively. 
Number evaluated, mean, standard deviation (SD), median, minimum 
and maximum were generated for continuous variables. Number 
evaluated proportion of patients and 95% confidence intervals (CI) 
were calculated for categorical variables.

Changes in quality of life scores from baseline to 3 months were 
analyzed for combined data using a paired t-test, testing the null 
hypothesis that there is no change in QoL scores. Wilcoxon paired 
signed rank tests were also generated when a non-parametric test was 
warranted. For comparison of EQ-5D dimensions between baseline 
and 3 months, a Mantel-Haenszel test was performed with modified 
ridit scores. All statistical analyses were performed using SAS version 
9.4.

Results
Study population

A total of 122 patients (25 from Spain and 97 from Germany) 
were enrolled in the study (age 53.7 ± 9.5, body mass index [BMI] 
32.8 ± 6.2, 56% with hypertension) (Table 1). The majority of patients 
(74%) used an AirFit P10 for Her mask as the device interface (Table 
1). Of the 122 enrolled patients, 111 completed the study.

Participants from Spain and Germany were similar for most 
baseline characteristics, but those from Spain versus Germany had a 
significantly higher BMI (36.0 ± 7.8 vs. 31.9 ± 5.5 kg/m2; p=0.02), and 
were significantly more likely to have comorbid insomnia (36% vs. 
9%; p=0.002), anxiety (44% vs. 3%; p<0.0001) or depression (36% vs. 
7%; p=0.001).

Questionnaire results

The change in FOSQ total score for participants in Spain versus 
Germany was not significantly different (2.6 ± 3.7 vs. 1.8 ± 3.2; p=0.31), 
thus primary and secondary endpoints are presented as pooled 
results. FOSQ total score (primary endpoint) improved significantly 
from baseline to 3 months (Table 2). Significant improvements from 



Citation: Wimms A, Woehrle H, Topfer V, Lips A, Fietze I, et al. (2020) Improvements in quality of life in female obstructive sleep apnea patients using a gender 
specific positive airway pressure device. J Sleep Disor: Treat Care 9:1.

• Page 3 of 7•Volume 9 • Issue 1 • 1000227

Parameter
Spain Germany

p-value
(N=25) (N=97)

Age (years) 
n 25 97 0.371
Mean ± SD (median) 52.1 ± 8.6 (54.0) 54.1 ± 9.8 (55.0) -
Min, Max 39, 68 25, 76 -
BMI (kg/m2)
n 25 95 0.021
Mean ± SD (median) 36.0 ± 7.8 (35.0) 31.9 ± 5.5 (32.0) -
Min, Max 22, 51 18, 49 -
Systolic blood pressure (mmHg)
N 25 91 0.081
Mean ± SD (median) 137.6 ± 13.7 (140.0) 143.7 ± 19.5 (142.0)  -
Min, Max 110, 165 100, 214  -
Diastolic blood pressure (mmHg)
N 25 91 0.071
Mean ± SD (median) 87.0 ± 11.0 (90.0) 92.7 ± 14.4 (94.0) -
Min, Max 70, 114 11, 122 -
Comorbidities n/N (%): 
Heart disease 2/25 (8.0%) 2/97 (2.1%) 0.193

Hypertension 12/25 (48.0%) 56/97 (57.7%) 0.383

Diabetes 2/25 (8.0%) 9/97 (9.3%) 1.003

Anxiety 11/25 (44.0%) 3/97 (3.1%) <0.00013

Depression 9/25 (36.0%) 7/97 (7.2%) 0.00073

Insomnia 9/25 (36.0%) 9/97 (9.3%) 0.0023

Other 22/25 (88.0%) 33/97 (34.0%) <0.00013

Mask Type, n/N (%)
AirFit N10 for Her 1/25 (4.0%) 0/97 (0.0%) <0.00013

AirFit N10 11/25 (44.0%) 1/97 (1.0%) -
Mirage FX For Her 0/25 (0.0%) 1/97 (1.0%) -
AirFit P10 for Her 13/25 (52.0%) 95/97 (97.9%) -

Independent samples t-test; 2. Wilcoxon-Mann-Whitney test; 3. Fisher’s exact test (or Chi-square where applicable).

Table 1. Baseline characteristics of the study population.

  Baseline fAPAP (3 months) Change from baseline p-value

FOSQ total score (n=121) (n=111) (n=110) -

Mean ± SD (range) 15.0 ± 3.3 (6–20) 16.9 ± 3.2 (6–20) 1.9 ± 3.3 (–14, 13) <0.0001

PHQ-9 total score (n=119) (n=111) (n=108) -

Mean ± SD (range) 12.3 ± 6.0 (1–27) 7.2 ± 5.4 (0–24) –5.0 ± 4.9 (–16, 5) <0.0001

ESS score (n=122) (n=108) (n=108) -

Mean ± SD (range) 10.8 ± 4.9 (1–24) 7.3 ± 4.7 (0–20) –3.6 ± 5.0 (–20, 6) <0.0001

CSFQ total score (n=87) (n=70) (n=63) -

Mean ± SD (range) 38.7 ± 9.5 (21–63) 42.4 ± 8.5 (22–63) 2.4 ± 5.9 (–12, 16) 0.001

EQ-5D index score  (n=115) (n=108) (n=102) -

Mean ± SD (range) 0.64 ± 0.25 (0.1–1.0) 0.76 ± 0.21 (0.1–1.0) 0.12 ± 0.21 (–0.4, 0.6) <0.0001

EQ-5D health status (VAS score) (n=108) (n=110) (n=98) -

Mean ± SD (range) 54.4 ± 21.7 (5–100) 64.5 ± 21.5 (7–100) 9.7 ± 21.5 (–45, 75) <0.0001

Note: CSFQ: Changes in Sexual Function Questionnaire; ESS, Epworth Sleepiness Scale; fAPAP: female-specific auto-titrating positive airway pressure; FOSQ: 
Functional Outcomes of Sleep Questionnaire; PHQ-9: Patient Health Questionnaire-9; SD: standard deviation; VAS: visual analog scale

Table 2: Change in questionnaire scores after 3 months’ female-specific auto-titrating positive airway pressure therapy.

baseline were also seen in total scores for the PHQ-9, ESS, CSFQ, 
indexed EQ-5D (based on country-specific reference values), and 
EQ-5D health status visual analog scale (Table 2). When individual 
EQ-5D dimensions were assessed, patients reported a significant 

improvement in their ability to perform usual activities, significantly 
fewer participants reported extreme pain or discomfort at 3 months 
compared with baseline, and patients also reported significant 
improvements in the Anxiety and Depression dimension after 3 
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Dimension; n (%) Baseline fAPAP (3 months) p-value*
Mobility (n=116) (n=109)  
No problems in walking about 91 (78.4) 89 (81.7)

0.55Some problems in walking about 25 (21.6) 20 (18.3)
Confined to bed 0 0
Self-care (n=117) (n=111)
No problems with self-care 108 (92.3) 106 (95.5)

0.32Some problems with washing or dressing 9 (7.7) 5 (4.5)
Unable to wash or dress myself 0 0
Usual activities (n=117) (n=111)  
No problems performing usual activities 64 (54.7) 78 (70.3)

0.02Some problems performing usual activities 51 (43.6) 32 (28.8)
Unable to perform usual activities 2 (1.7) 1 (0.9)
Pain/discomfort (n=115) (n=110)  
No pain or discomfort 22 (19.1) 32 (29.1)

0.002Moderate pain or discomfort 64 (55.7) 69 (62.7)
Extreme pain or discomfort 29 (25.2) 9 (8.2)
Anxiety/depression (n=115) (n=111)  
Not anxious or depressed 40 (34.8) 57 (51.4)

0.005Moderately anxious or depressed 62 (53.9) 49 (44.1)
Extremely anxious or depressed 13 (11.3) 5 (4.5)
Note: fAPAP: female-specific auto-titrating positive airway pressure. 
*p-values generated using Mantel-Haenszel test with modified ridit scores.

Table 3: Change in EuroQol 5D dimensions after 3 months’ female-specific auto-titrating positive airway pressure therapy.

months’ fAPAP therapy (Table 3).

Improvements in the majority of secondary outcome 
questionnaires were similar in the Spanish and German subgroups. 
The exception was the ESS score, which improved to a significantly 
greater extent in Spain versus Germany (mean ± SD change from 
baseline to 3 months of -6.9  5.7 (median -4) vs. -2.7 ± 4.4 (median 
–3); p=0.002).

None of the mean questionnaire scores reached normal 
population values after 3 months of fAPAP, but changes from 
baseline were greater than the minimal clinically important difference 
(MCID) (Table 4).

Respiratory and sleep parameters

Patients from the Spanish center had OSA diagnosed using 
PG. Baseline PG data and device data after 3 months of fAPAP in 
these patients are shown in Table 5. OSA and related respiratory 
events were largely eliminated in all patients. Participants enrolled 
in Germany underwent full PSG at baseline and after 3 months of 
fAPAP. There were no significant changes in total sleep time, sleep 
efficiency or time in slow wave sleep from baseline to 3 months, but 
the time spent in stage 1 sleep decreased significantly and time in 

REM sleep was significantly increased (Table 6). Combined 3-month 
device data from all participants showed that OSA was effectively 
treated (AHI 1.3 ± 1.7/h, respiratory event-related arousals 0.2 ± 
0.5/h) with low mean mask leak (2.4 ± 4.1 L/min, range 0–23). The 
95th percentile pressure was 10.2 ± 1.8 cm H2O.

Device usage

For the 111 patients who completed the study, average device 
usage was 4.8 ± 2.0 h/night (median usage 5.1 h/night), and 75% of 
patients used their device for at least 4 h/day (Table 7). For those 
calculations, zero hours usage was assumed for the duration of the 
study in patients who stopped using the device prior to the 3-month 
visit, providing a conservative estimate of device usage. In analyses 
that included only days where the device was used, average device 
usage was 5.2 ± 1.9 h/night (median 5.5 h/night) and 83% of patients 
used their device for at least 4 h/day. There was a trend towards 
greater use of the fAPAP device in Spain versus Germany (calculated 
average usage 5.5 ± 1.4 vs. 4.6 ± 2.2 h/day); findings were similar for 
the proportion of days with usage >4 hours (78.2 ± 21.4 vs. 63.1 ± 
31.6%).

Subjective sleep quality

Subjective sleep quality improved from baseline after fAPAP 

Questionnaire Healthy population scores
Baseline score fAPAP (3 months) Change from baseline with 

fAPAP MCID
(mean ± SD) (mean ± SD)

FOSQ ≥ 17.9 15.0 ± 3.3 16.9 ± 3.2 1.9 ± 3.3 0.75
ESS ≤ 9 10.8 ± 4.9 7.3 ± 4.7 –3.6 ± 5.0 2–3
PHQ-9 ≤ 4 12.3 ± 6.0 7.2 ± 5.4 –5.0 ± 4.9 5
CSFQ 47.8 ± 9 38.7 ± 9.5 42.4 ± 8.5 2.4 ± 5.9 Unknown
EQ-5D Index 1 0.636 ± 0.248 0.763 ± 0.210 0.12 ± 0.21 0.074
Note: CSFQ: Changes in Sexual Function Questionnaire; ESS, Epworth Sleepiness Scale; fAPAP: female-specific auto-titrating positive airway pressure; FOSQ: 
Functional Outcomes of Sleep Questionnaire; MCID: minimal clinically important difference; PHQ-9: Patient Health Questionnaire-9; SD: standard deviation.

Table 4: Questionnaire scores in relation to healthy populations and minimal clinically important difference.
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Baseline fAPAP (3 months) 
(n=25) (n=23)

AHI, /h 39.2 ± 20.5 (17–76) 0.9 ± 0.7 (0–3)
ODI, /h 39.8 ± 21.5 (13–79) -
RERA, /h - 0.2 ± 0.3 (0–1)
OAI, /h 8.2 ± 10.6 (0–36) 0.3 ± 0.3 (0–1)
CAI, /h 0.4 ± 1.1 (0–5) 0.2 ± 0.3 (0–1)
Mean SaO2, % 97.1 ± 1.6 (92–99) -
Minimum SaO2, % 77.3 ± 8.3 (52–88) -
Total sleep time, min 381.5 ± 56.5 (273–486) -
Mean leak, L/min - 3.8 ± 3.8 (0–16)
95th percentile leak, L/min - 18.7 ± 8.2 (5–35)
Median pressure, cmH2O - 9.1 ± 1.4 (7–11)
95th percentile pressure, cmH2O - 11.0 ± 1.1 (9–13)
Note: Values are mean ± standard deviation (range). 
AHI: apnea-hypopnea index; CAI: central apnea index; fAPAP: female-specific auto-titrating positive airway pressure; OAI: obstructive apnea index; ODI: oxygen 
desaturation index; RERA: respiratory event-related arousals; SaO2: oxygen saturation.

Table 5: Respiratory data at baseline (polygraphy) and 3 months (device) for patients from Spain.

 
fAPAP (3 months) 
(n=111)

Average usage, h/day 4.8 ± 2.0 (0.1–8.2)

Days with usage >4 h/day, % 66.2 ± 30.4 (1.9–100.0)

Average usage ≥ 4 h/day, n (%) 75 (67.6)

Note: Values are mean ± standard deviation (range) or number of patients (%). fAPAP: female-specific auto-titrating positive airway pressure.

Table 7:. Device usage (completed cases).

  Baseline fAPAP (3 months) Change from baseline P value
How easy/difficult was it to fall asleep? (n=120) (n=107) (n=106)
Mean ± SD (range)* 5.2 ± 2.9 (0–10) 6.3 ± 2.5 (0–10) 1.1 ± 2.7 (–5, 7) <0.0001
How well did you feel like you slept most nights? (n=119) (n=109) (n=107)
Mean ± SD (range)* 3.5 ± 2.4 (0–10) 6.1 ± 2.3 (1–10) 2.6 ± 2.7 (–3, 8) <0.0001
How refreshed did you feel in the mornings on waking? (n=120) (n=108) (n=107)
Mean ± SD (range) 2.4 ± 2.0 (0–10) 6.3 ± 2.4 (0–10) 3.8 ± 3.0 (–5, 10) <0.0001
On average, how many times did you wake up each night? n (%) (n=119) (n=109)  
None 7 (5.9) 19 (17.4)  

<0.0001**

2-Jan 43 (36.1) 58 (53.2)  
4-Mar 56 (47.1) 31 (28.4)  
6-May 12 (10.1) 1 (0.9)  
More than 6 1 (0.8) 0  
*Score on a scale from 0 (worst) to 10 (best) **Mantel-Haenszel test (modified ridit scores) SD: Standard Deviation

Table 8: Subjective sleep quality.

Baseline (n=97) fAPAP (3 months) (n=87) p-value
Respiratory parameters
AHI, /h 39.0±17.7 (14-100) 3.3±6.0 (0-50) <0.0001
ODI, /h 19.1±18.0 (1-86) 4.3±7.0 (0-56) <0.0001
OAI, /h 27.2±34.4 (0-289) 0.9±2.4 (0-14) <0.0001
CAI, /h 1.1±3.1 (0-27) 1.2±3.0 (0-25) 0.03
Basal SaO2, % 93.5±2,2 (87-97) 94.6±2.2 (89-98) <0.0001
Minimum SaO2,% 79.9±8.3 (53-95) 86.7±4.8 (69-96) <0.0001
Sleep parameters
Total sleep time, min 321.0±63.9 (160–568) 326.5±72.2 (116–478) 0.80
Sleep efficiency, % 79.4±12.6 (34–99) 79.7±14.7 (25–99) 0.91
Time in S1 sleep, min 39.1±38.1 (5–260) 29.4 ± 25.2 (3–150) 0.02
Time in S2 sleep, min 197.2±57.9 (38–326) 193.4±49.0 (25–296) 0.50
Time in SWS, min 40.0±26.3 (0–132) 47.0±29.4 (0–113) 0.07
Time in REM sleep, min 39.7±24.0 (0–142) 48.1±24.5 (0–110) 0.02

Table 6. Polysomnography data at baseline and 3 months for patients from Germany.

Values are mean ± standard deviation (range).
AHI: apnea-hypopnea index; CAI: central apnea index; fAPAP: female-specific auto-titrating positive airway pressure; OAI: obstructive apnea index; ODI: oxygen 
desaturation index; REM: rapid eye movement; SaO2: oxygen saturation; SD: standard deviation; SWS: slow-wave sleep.
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therapy, as did the number of hours patients reported that they slept 
each night (Table 8).

Discussion
This is the first appropriately-powered study to examine the 

impact of a new female-specific APAP device on QoL in female OSA 
patients. The results showed that APAP therapy using a female-
specific algorithm was associated with improvements in a range of 
QoL measures.

Our population was, on average, middle-aged and moderately 
obese with a moderate level of sleepiness at baseline and low levels 
of anxiety and depression. The primary endpoint, FOSQ score, 
improved significantly from baseline during the 3-month study in 
this group of women. Weaver et al. described a FOSQ score cut-off 
value of ≥ 17.9 as being normal [26]. Based on this, the proportion of 
patients with normal FOSQ values at baseline in our study was 23%. 
After treatment, this had increased to 53%, but 47% of patients still 
had FOSQ scores below normal. These results are similar to another 
study of CPAP patients, where only 35% of patients had normal 
scores after treatment [27]. The MCID for the FOSQ is 0.75. The 
average improvement in our patient group during fAPAP therapy 
was 1.9 points. Thus, although QoL was not normalized in all patients, 
improvements were of a magnitude that would result in a relevant 
improvement in clinical symptoms. Clinically relevant improvements 
(based on the MCID) were also seen in the ESS, PHQ-9 and EQ-5D 
index scores in our study, while the CSFQ score MCID has not yet 
been defined.

We used the CSFQ in this study to better explore the area of 
female sexual heath and function in OSA. In men, untreated OSA is 
associated with erectile dysfunction and low sexual hormone levels, 
which are improved by treatment with CPAP [28]. However, there 
are comparatively few data on the implications of OSA for female 
sexual health. Two small questionnaire-based studies in female 
patients (n=22 and n=25) found that women with OSA score lower 
on sexual function questionnaires compared with controls [29,30]. 
One study found that women with untreated OSA (n=80), regardless 
of severity, were at higher risk of having sexual difficulties, and rated 
higher on the sexual dysfunction and sexual distress scales than a 
population-based sample of women without OSA [11]. In the current 
study, we also showed that females with OSA rated lower than the 
population average on the CSFQ. During the conduct of our study, 
it was emphasized that completion of the CSFQ was optional. This 
was done to avoid any feelings of embarrassment for participants. 
The response rate to the CSFQ was significantly lower than the other 
questionnaires. Therefore, future studies will need to carefully consider 
the methodology used to collect female sexual function information. 
Our findings that the CFSQ score improved from outside the normal 
range to the lower end of what might be considered normal, suggest 
that fAPAP has the potential to improve sexual function in female 
patients with OSA. Increases in the CFSQ score reached statistical 
significance versus baseline, and this beneficial effect of fAPAP 
warrants further investigation.

The questionnaires used in our study had been validated in both 
the German and Spanish languages. Therefore, it is reasonable to 
conclude that the improvements reported between countries were 
referring to the same symptoms. However, we did see some regional 
differences. At baseline, patients from Spain had a higher BMI and 
reported more sleepiness, anxiety and depression than those from 
Germany, although rates in Germany were particularly low compared 

with similar studies [4-7]. They also showed a significantly greater 
improvement in sleepiness (ESS score). It is possible that the higher 
BMI in the Spanish group was responsible for the higher levels of 
sleepiness, anxiety and depression, as obesity is associated with 
these symptoms even in the absence of OSA [31]. Greater sleepiness 
at baseline may also have meant greater potential to improve. In 
addition, device usage was greater in the Spanish group (average 5.5 
± 1.4 vs. 4.6 ± 2.2 h/night; p=0.02), which may have been due to the 
higher levels of baseline sleepiness, and also may have contributed 
to the greater improvement in sleepiness seen in this group. It has 
been suggested previously that CPAP usage for ≥ 5 h/night is required 
to achieve significant improvements in daytime sleepiness, a finding 
supported by our results.

Only one previous clinical study focused on QoL in female-only 
CPAP users [22]. Campos-Rodriguez et al. used the Quebec Sleep 
Questionnaire as a primary endpoint, plus the Hospital Anxiety and 
Depression scale (HADS), the abbreviated Profile of Mood Stages 
(POMS), and the Short Form Health Survey (SF-12), none of which 
were used in our study. Our questionnaires were selected, in part, 
due to the availability of validation in both the German and Spanish 
languages. Despite the different questionnaires used, the study by 
Campos-Rodriguez et al. reported significant improvements in 
all QoL measures in females using fixed CPAP compared with 
the control group, consistent with our findings. In addition, both 
studies showed a similar improvement in ESS scores during CPAP 
therapy (by 3 points in the Campos-Rodriguez et al. study and 3.6 
points on average in this study). The findings of these two trials 
strengthen the limited pool of data evaluating females during 
CPAP therapy [22].

Women in our study showed adequate compliance with fAPAP 
therapy, with mean daily usage of 4.8 ± 2.0 hours. Generally, device 
usage of >4 h/night is considered acceptable. An analysis of female 
CPAP compliance published in 2013 found that females were 
generally compliant with CPAP, with 79.9% still using CPAP after 
10 years and median usage of 6 h/day [32]. In our study population, 
median usage of fAPAP was nearly as high, at 5.5 h/day in Spain and 
4.6 h/day in Germany.

Use of fAPAP in our study resulted in patients spending 
significantly less time in stage one sleep and significantly more time 
in REM sleep compared with baseline, as measured by PSG in 
Germany. Time spent in slow wave sleep was also increased, but 
this did not reach statistical significance. REM sleep is thought 
to be important for consolidation of procedural memories, 
while slow wave sleep may help patients feel rested and benefit 
declarative memories [33].

The focus of this study was on determining the efficacy of fAPAP 
therapy. Therefore, ability to tolerate a CPAP run-in, provision of 
ongoing support, and one-month follow-up for all patients were 
part of the study design. This is not the standard clinical pathway in 
every country, therefore the results may not be widely generalizable. 
Another important limitation of this study was its design (single 
cohort rather than randomized trial) and the resulting lack of a 
comparator group (e.g. APAP with a standard, rather than female-
specific, algorithm). It is therefore not possible to categorically 
state that the improvements in QoL that occurred during fAPAP 
treatment were due to optimization of therapy based on the female-
specific algorithm or whether standard APAP therapy would have 
had similar effects. Future research should focus on effectiveness 
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of fAPAP treatment compared with other forms of positive airway 
pressure therapy.

Conclusion
In conclusion, this study showed significant improvements in 

QoL in female OSA patients treated for 3 months with a female-
specific APAP device. This included improvements in sexual function, 
which have been rarely studied in these patients. The female-specific 
algorithm evaluated in this study represents one approach to 
targeting therapy for individual patients (personalized medicine). The 
availability of therapeutic options that take into account differences 
in the physiology and presentation of OSA in women could have the 
potential to improve outcomes for these patients.
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