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Abstract
The purpose of this study was to assess the effect of a digital patient support (DPS) tool, complementary to standard care on 
continuous or automatic positive airway pressure (auto)CPAP adherence and daytime sleepiness after 12 weeks in patients 
diagnosed with severe obstructive sleep apnea (OSA). All patients with apnea–hypopnea index (AHI) ≥ 30 per hour were 
prospectively included and randomized to receive standard care (SC) or standard care with personalized DPS via a mobile 
app prototype version (SC + DPS). Patients in the SC + DPS arm received additionally automated feedback on their therapy, 
motivational messages and therapy recommendations. 100 patients completed the study (SC: 50, SC + DPS: 50). No dif-
ferences were found in characteristics of SC vs. SC + DPS (mean ± SD) for age (53.9 ± 10.8 vs. 51.7 ± 12.3 years), initial 
diagnostic apnea–hypopnea index (51.1 ± 15.5 vs. 50.9 ± 17.7 events/h), BMI (33.8 ± 6.7 vs. 33.5 ± 4.5 kg/m), and Epworth 
Sleepiness Scale (ESS) baseline score (9.5 ± 4.2 vs. 9.1 ± 5.2). After 12 weeks, mean ESS score was significantly lower 
(SC: 7.6 ± 4.1 vs. SC + DPS: 5.5 ± 3.9; p = 0.006) in the SC + DPS group vs. standard care group. Therapy adherence was 
significantly higher (SC: 268.7 ± 122.1 vs. SC + DPS: 338.8 ± 106.8 min; p = 0.002) in the SC + DPS group compared to 
standard care group. No difference was found in the residual AHI between both groups. However, SC + DPS group showed a 
trend towards fewer phases with increased leakage compared to SC group. Intention-to-treat analysis (112 (56/56) patients) 
showed similar results. After 12 weeks, (auto)CPAP adherence and daytime sleepiness improved significantly in patients 
with severe OSA using the digital patient support tool.
Clinical Trial Registration (retrospectively registered): Registry: NCT05440279; Title: Effects of Telemedical Support 
on Therapeutic Results of CPAP Patients; URL: https://​clini​caltr​ials.​gov/​ct2/​show/​NCT05​440279; Date of registration: 
June 30, 2022.
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Abbreviations
AHI	�  Apnea–hypopnea index
(auto)CPAP	� Automatic continuous positive airway 

pressure
CPAP	� Continuous positive airway pressure
ESS	� Epworth Sleepiness Scale
FOSQ	� Functional Outcomes of Sleep 

Questionnaire

OSA	� Obstructive sleep apnea
PAP	� Positive airway pressure
PSG	�  Polysomnography
SC	� Standard care
DPS	� Digital patient support

Introduction

Obstructive sleep apnea (OSA) is a sleep-related breathing 
disorder with negative consequences on health and highly 
prevalent in adults [1, 2].

Positive airway pressure (PAP) therapy is the gold stand-
ard in treating OSA. Mostly used therapy modes are: con-
tinuous PAP (CPAP) and automatic PAP (APAP) mode.
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Studies have shown that increased PAP adherence results 
in decreased daytime sleepiness, enhanced functional out-
comes and memory improvement [3–5], respectively, a 
greater reduction in blood pressure [6]. Therefore, optimiz-
ing PAP therapy adherence is crucial for therapy success.

Many PAP users quit during initial therapy phase. Up to 
50% discontinue by 12 months [7, 8].

Therapy adherence is affected by patient demographics 
and physiology [9–12] as well as patients’ willingness or 
ability to change lifestyle and mindset, experience of side 
effects (e. g. mask discomfort, sleep disruption) or psycho-
logical factors [13–15].

An important predictive factor of low adherence is bad 
experience during the initial weeks of therapy [16, 17].

Patient-centered psychological approaches have a signif-
icant impact on adherence: perceived self-efficacy relates 
to PAP adherence [18] and patient´s understanding of the 
underlying disorder influences adherence and outcomes [19].

PAP device data on adherence, mask leaks, residual 
apneas are very accurate [20] and can be used to offer digital 
self-monitoring options for patients, which have been shown 
to be appreciated [21].

This indicates that digital support has the potential to 
positively affect PAP adherence.

Literature reviews show an increase of average use in 
communication-technology-based therapy compared to 
usual care [22–24]. As evidence for effects is low and tel-
emedicine technologies are becoming more apparent [25], 
randomized controlled trials are needed.

Methods

Following the design of a monocentric, prospective, ran-
domized controlled trial, two methods of 12 week follow-
up therapy after (auto)CPAP treatment initiation have been 
compared: standard care (SC) and standard care with person-
alized digital patient support (DPS) via a prototype version 
of a later mobile application (“prisma APP”) (SC + DPS). 
The primary study endpoint was the improvement of self-
reported sleepiness (Epworth Sleepiness Scale, ESS [26]) in 
both groups after 12 weeks of (auto)CPAP therapy.

Secondary endpoints included (1) mean nightly (auto)
CPAP adherence and proportion of days with average 
usage > 4 h, (2) Functional Outcomes of Sleep Question-
naire (FOSQ) score [27, 28], (3) Apnea–Hypopnea-Index 
(AHI), (4) leakage, (5) periods of stable respiration (defined 
as even breathing without apneas nor hypopneas and even 
without sub-hypopnea variations as potential indicator for 
unfragmented NREM sleep, the parameter showing moder-
ate correlation to N3 sleep in unpublished pilot data), (6) 
patient satisfaction with treatment, (7) number of phone con-
tacts and on-site appointments and (8) drop-out rate. Stable 

respiration serves as an indicator of physically restorative 
deep sleep when muscles relax, blood pressure and breath-
ing rate decline.

Subjects

Patients who were referred to receive (auto)CPAP devices 
(prisma SMART/prisma SOFT, Löwenstein Medical Tech-
nology GmbH + Co. KG, Hamburg, Germany) for OSA 
treatment were admitted as potential recruits to a German 
Sleep Lab (Sonneberg) between February 2019 and October 
2021.

Inclusion criteria were age 18–80 years, PAP-naïve, con-
firmed severe OSA (AHI > 30/h) diagnosis based on poly-
somnography (PSG) (MiniScreen PRO with Software Minis-
creenViewer, Dr. Fenyves & Gut, Rangendingen, Germany 
and according to AASM scoring manual version 2.4), as 
well as written informed consent to participate in the study, 
including a data protection statement.

Exclusion criteria were the presence of a contraindica-
tion to PAP therapy, participation in another trial influencing 
automated electronic support, lack of possibility to receive 
emails or use electronic means of communication, or lack 
of patient consent.

Sample size calculation and randomization

Literature indicates that patients with untreated OSA often 
range between 12 to 14 points on the Epworth Sleepiness 
Scale (ESS) on average [29]. The ESS score is a medical 
parameter to measure the severity of daytime sleepiness. It is 
categorized in five sections defined as lower normal daytime 
sleepiness (0–5 points), higher normal daytime sleepiness 
(6–10), mild excessive daytime sleepiness (11–12), moderate 
excessive daytime sleepiness (13–15) and severe excessive 
daytime sleepiness (16–24). CPAP therapy can reduce the 
ESS score depending on adherence and optimized therapy 
pressure setting down to 6 points on average [26, 30, 31].

With an estimated standard deviation of 1.5 ESS points in 
each arm we defined an additional reduction of 1 ESS point 
in the intervention arm based on the complementing digital 
support as clinically relevant [29]. The null hypothesis was 
that the changes in ESS Score are not significantly differ-
ent between the two groups. In an a priori power analysis, 
we calculated an effect size d = 0.666667 based on the esti-
mated standard deviation and the extra reduction of ESS 
in the intervention group. Using a one-sided test, an alpha 
significance level of 0.005, a power of 0.95 and an allocation 
ratio of 1:1 the power analysis resulted in a sample size of 
50 each arm to disprove the null hypothesis. We estimated 
a drop-out rate of 30% and defined an overall sample size of 
130 (65 per arm).
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A drop-out was defined as presence of one of the follow-
ing factors: the primary endpoint data was not available, e. g. 
when a patient did not attend the follow-up visit to complete 
the ESS score; there were final discrepancies between the 
collected data and the source data; there was an exchange 
of the responsible sleep center or therapy type; informed 
consent was revoked.

All 130 planned subjects were randomized via an online 
randomization scheme (randomizer.org) into blocks of 
52:78. After undergoing screening and enrollment, partici-
pants were assigned to either SC follow-up or to SC + DPS 
follow-up group, see Fig. 1. As the drop-out rate was lower 
than estimated and 100 complete data sets were already 
available after recruitment of 112 patients, the completion 
of the full number of 130 patients has been waived.

PAP therapy and interventions

At baseline, all patients received an education session held 
by a respiratory therapist about OSA and its consequences, 
proper use and maintenance of the PAP device and mask, 

and therapy expectations. All patients were provided 
with a fixed or automatic PAP device (prisma SMART/
prisma SOFT, Löwenstein Medical Technology GmbH & 
Co. KG), a heated humidifier (prismaAQUA, Löwenstein 
Medical Technology GmbH & Co. KG) if needed, and a 
fitting interface. The initiation of therapy with anamnesis, 
diagnosis night, titration night, education, etc., and stand-
ardized therapy control after 12 weeks was carried out 
identically in SC and in SC + DPS group and according to 
clinical routine. With completion of the study, each patient 
assessed their satisfaction with the PAP therapy in general 
and with focus on therapy instructions and support. For 
this purpose, patients rated their agreement to eight state-
ments on a scale of 0–4 (0: strongly disagree, 1: barely dis-
agree, 2: partly agree, 3: mostly agree, 4: strongly agree).

The following eight statements had to be rated:

1.	 I was introduced to (auto)CPAP therapy very well.
2.	 I was introduced to handling of therapy device and 

equipment very well.

Fig. 1   Study flow chart. OSA obstructive sleep apnea; AHI apnea–hypopnea index; CPAP continuous positive airway pressure; APAP automatic 
positive airway pressure ESS Epworth Sleepiness Scale; FOSQ Functional Outcomes of Sleep Questionnaire
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3.	 I was offered effective ways of self-help and the possibil-
ity of personal contact in case of problems.

4.	 I was guided very well in case of trouble with device 
handling or therapy itself.

5.	 I use the (auto)CPAP therapy on a regular basis.
6.	 The (auto)CPAP therapy supports me. If so (optional): 

how does the therapy support you?
7.	 Therapy management is easy for me. If not (optional): 

what kind of trouble appears?
8.	 I see no therapy side effects. If not: what kind of side 

effects do you experience?

The SC + DPS group received electronic therapy sup-
port in addition to usual care. The electronic therapy sup-
port as a prototype of a mobile application with identical 
content for feedback and motivation consisted of:

(a)	 emails with personalized, schema-guided therapy feed-
back (derived from device data received via modem 
or data entered by the patient via electronic question-
naire),

(b)	 electronic questionnaires (web-based) on possible prob-
lems during therapy and subjective therapy success

(c)	 possibility to set personal adherence goals every week,
(d)	 links to explanations and videos on therapy and the 

handling of therapy equipment and accessories,

(e)	 provision of data for the trial center in the event of con-
tact by the patient, and for routine therapy monitoring.

Therapy termination did not lead to an analysis exclu-
sion if device usage data was available. Therapy termination 
was defined as mean device usage < 1 h/day during at least 
14 days before therapy control visit.

DPS

The DPS was a web-based prototype version of a later 
mobile app and communicated with the patient via phone or 
PC. Patients received emails with personalized, automated 
feedback on their therapy.

The relevant therapy data were received via modem 
from patients’ therapy device and as information entered 
by patients via web-based electronic questionnaires. The 
patient reported outcome enabled the identification of pos-
sible problems during therapy and the evaluation of subjec-
tive therapy success.

The therapy and questionnaire data were combined 
and analyzed according to a categorization scheme. The 
results were presented as daily and weekly email reports 
(see Table 1 and Fig. 2). The weekly report included the 
possibility to set a personal weekly adherence goal for 
enhanced therapy commitment (see Fig. 2). As part of the 
therapy check questionnaire, the DPS also provided links to 

Table 1   Feedback scheme

Feedback Direction of feedback Description Number in total dur-
ing 12 weeks of PAP 
therapy

Time

Welcome email DPS → patient Patient information to their 
email-based CPAP therapy 
support

1 Study initiation

Planned therapy check DPS → patient → DPS Questionnaire about therapy 
efficacy, side effects, device 
and interface including 
links to explanations and 
tutorial videos

2 7 days and 4 weeks after study 
start

Spontaneous therapy check Patient → DPS On demand na

Daily report DPS → patient Daily CPAP usage report 
with possibility to trigger 
spontaneous therapy check

72 Monday to Saturday

Weekly report DPS → patient Detailed weekly CPAP usage 
report with possibility to 
trigger spontaneous therapy 
check and invitation to set 
adherence goal via link

12 On Sundays

Weekly adherence goal Patient → DPS Optional setting of adherence 
goals

11 On Sundays

Spontaneous summary for 
experts

Patient → DPS Summary of device and ques-
tionnaire data shared with 
sleep center as preparation 
for a visit or phone call

On demand na

Final summary for experts Patient → DPS 1 End of patients’ study duration

Farewell DPS → patient Credits for participation 1 End of study
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explanations and videos about therapy and the handling of 
the therapy device and accessories.

The digital patient support (DPS) provided therapy sup-
port according to a specific scheme (see Table 1).

Data assessments/statistical analysis

The aims of the statistical analysis were as follows: (1) com-
parison between baseline characteristics for the SC group 
and SC + DPS group; (2) comparison between baseline and 
follow-up for each group; (3) comparison between groups 
for each variable; and (4) determination of the validity of 
each variable. The statistical analysis included descriptive 
statistics.

Data sets were tested for normal distribution using the 
Kolmogorov–Smirnov test. Depending on the variance, the 
data sets were tested for significance using the two-sample 
t test. A p value of ≤ 0.05 was considered as statistically 

significant and was graded as follows: *p ≤ 0.05; **p ≤ 0.01; 
***p ≤ 0.001; ****p ≤ 0.0001.

For intention to treat analysis, ESS score was replaced 
by the value of the one available score (baseline or follow-
up visit) if one of the two values was missing. If both ESS 
Scores were missing, they were replaced by group mean. 
Missing home therapy device data were replaced by group 
mean, if follow-up ESS Score was available and by “0” 
(null), if follow-up ESS Score was not available as therapy 
was probably discontinued.

All specific analyses were made with complete available 
data sets and corresponding sample sizes.

The statistical analysis and graphics were created 
using Microsoft Excel 2016 (Microsoft; Redmond, WA). 
The data sets generated or analyzed during this study are 
included in this published article and its supplementary 
information file. This study was approved by the ethics 
committee and is registered at NCT05440279.

Fig. 2   App prototype screens. a Daily report: therapy feedback to 
patient per day with highlighted current day. Therapy duration per 
day. Advice for therapy duration. Last night usage, mean usage cur-
rent week, personal goal achievement. Information about mask fit-
ting, therapy efficacy and deep sleep. Links to supportive videos and 
websites. Link to share a summary of data with the sleep center. b 
Weekly report: therapy feedback to patient per day for the last week. 

Therapy duration and efficacy for completed week. Estimated dura-
tion of deep sleep. c Weekly evaluation: detailed information about 
weekly goal and current goal attainment. Link to set weekly goal. 
Detailed information about usage, mask fitting, therapy efficacy and 
deep sleep (with ranking). Hints to improve therapy. Link to therapy 
check. Links to supportive videos and websites. Link to share a sum-
mary of data with the sleep center
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Results

As the drop-out rate was lower than estimated the required 
number of 100 evaluable subjects for per protocol analysis 
was reached at 112 enrolled patients. 12 patients (SD: 6 
vs. SD + DPS: 6) were excluded due to incomplete data 
(one of the two ESS Scores was missing). An intention 
to treat analysis regarding ESS Score and adherence to 
identify a possible selection bias was made for all 112 
enrolled patients.

Per protocol, 50 vs. 50 patients were assigned to stand-
ard care (SC) group vs. standard care plus digital patient 
support (SC + DPS) group, while intention to treat patients 
were distributed 56 vs. 56 to SC group vs. SC + DPS 
group, see Fig. 1.

Intention to treat (ITT) analysis compared to per pro-
tocol (PP) analysis showed similar results regarding ESS 
and adherence:

total cohort ITT vs. PP: mean ESS baseline 9.1 ± 4.6 
vs. 9.3 ± 4.7; mean ESS follow-up 6.7 ± 4.0 vs. 6.6 ± 4.1; 
mean adherence 305.4 ± 120.1 min. vs. 304.5 min.

SC group ITT vs. PP: mean ESS baseline 9.3 ± 4.1 vs. 
9.5 ± 4.2; mean ESS follow-up 7.6 ± 3.9 vs. 7.6 ± 4.1; 
mean adherence 265.9 ± 120.0 min. vs. 268.8 ± 123.4 min.

SC + DPS group ITT vs. PP: ESS baseline 8.9 ± 5.0 vs. 
9.1 ± 5.2; ESS follow-up 5.7 ± 3.9 vs. 5.5 ± 3.9; mean adher-
ence 344.2 ± 106.9 vs. 338.8 ± 107.9 min.

Per protocol analysis revealed the following:
No difference was found in characteristics of SC vs. 

SC + DPS for age, initial diagnostic apnea–hypopnea 
index, BMI, and ESS baseline score, see Table 2. Of the 
100 patients, 97 used continuous PAP and 3 used automatic 
PAP therapy mode. For follow-up results, see Table 3.

ESS scale and adherence

ESS score compared at baseline and follow-up of the total 
cohort significantly improved (9.3 ± 4.7 vs. 6.6 ± 4.1; 
p < 0.0001), see Fig. 3. In addition, the reduction of the 
ESS score was significantly higher by 1.7 score points in 
the SC + DPS group compared to standard care group after 
12 weeks, see Table 3.

A subgroup of 36 patients (20 SC vs. 16 SC + DPS) with 
excessive daytime sleepiness (ESS > 10) at baseline showed 
a difference between SC and SC + DPS group regarding 

Table 2   Demographic and 
clinical data of the study 
population—baseline

Data are presented as mean ± standard deviation or median (interquartile range, IQR), unless otherwise 
stated. BMI body mass index; PSG polysomnography; AHI apnea–hypopnea index; oAI obstructive apnea-
index; ESS Epworth Sleepiness Scale; FOSQ Functional Outcomes of Sleep Questionnaire; p value refers 
to comparison of standard care group and standard care with digital patient support group

Total cohort Standard care Standard care with digi-
tal patient support

p Value

Subjects (n) 100 50 50 –
Demografics
 Age in years (mean ± SD) 52.8 ± 11.6 53.9 ± 10.8 51.7 ± 12.3 0.174
 Sex
  Male (n) 76 38 38 –
  Female (n) 24 12 12 –

 BMI in kg/m2 (Mean ± SD) 33.7 ± 5.7 33.8 ± 6.7 33.5 ± 4.5 0.387
Diagnostic PSG
 AHI (n/h)
  Mean ± SD 51.0 ± 16.6 51.1 ± 15.5 50.9 ± 17.7 0.476
  Median (IQR) 48.4 (24.4) 48.5 (26.1) 48.1 (20.9) –

 oAI (n/h)
  Mean ± SD 25.8 ± 21 26.9 ± 24.2 24.8 ± 17.7 0.310
  Median (IQR) 19.6 (25.0) 17.8 (24.5) 21.8 (24.5) –

Questionnaire scores
 ESS—baseline
  Mean ± SD 9.3 ± 4.7 9.5 ± 4.2 9.1 ± 5.2 0.315
  Median (IQR) 9.0 (6.25) 9.0 (6.5) 8.5 (7.0) –

 FOSQ—baseline
  Mean ± SD 16.4 ± 2.5 16.2 ± 2.6 16.7 ± 2.4 0.284
  Median (IQR) 16.8 (4.1) 16.7 (4.5) 16.9 (3.7) –
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Table 3   Summary of findings for outcomes

Total cohort
(n = 100)

SC
(n = 50)

SC + DPS
(n = 50)

p value

Questionnaire scores
 ESS—baseline
  Mean ± SD 9.3 ± 4.7 9.5 ± 4.2 9.1 ± 5.2 0.315
  Median (IQR) 9.0 (6.3) 9.0 (6.5) 8.5 (7.0)

 ESS—follow-up
  Mean ± SD 6.6 ± 4.1 7.6 ± 4.1 5.5 ± 3.9 0.006**
  Median (IQR) 6.0 (6.3) 6.5 (7.8) 5.0 (4.8)

 FOSQ—baseline
  Mean ± SD 16.4 ± 2.5 16.2 ± 2.6 16.7 ± 2.4 0.284
  Median (IQR) 16.8 (4.1) 16.7 (4.5) 16.9 (3.7)

 FOSQ—follow-up
  Mean ± SD 18.2 ± 2.1 17.8 ± 2.2 18.5 ± 1.9 0.053
  Median (IQR) 19.1 (2.6) 18.5 (2.6) 19.3 (1.3)

Total cohort
(n = 98)

SC
(n = 48)

SC + DPS
(n = 50)

p value

Adherence (Ø min/d)
 Mean ± SD 304.5 ± 120.4 268.7 ± 122.1 338.8 ± 106.8 0.002**
 Median (IQR) 327.1 (146.1) 305.3 (166.8) 357.9 (108.0)

Adherence (d)
 Mean ± SD 57.9 ± 24.5 50.8 ± 25.7 64.6 ± 21.1 0.002**
 Median (IQR) 67.0 (31.5) 59.5 (45.3) 70.0 (19.5)

Duration of stable respiration (min)
 Mean ± SD 75.7 ± 50.7 64.3 ± 41.2 79.7 ± 56.6 0.015*
 Median (IQR) 70.1 (76.1) 61.4 (65.4) 79.7 (109.9)

Pressure P50 (hPa)
 Mean ± SD 10.2 ± 1.5 10.4 ± 1.5 10.1 ± 1.6 0.164
 Median (IQR) 10.3 (1.6) 10.3 (2.0) 10.2 (2.0)

Leakage (l/min)
 Leakage P50
  Mean ± SD 4.0 ± 3.6 4.6 ± 4.0 3.4 ± 3.2 0.055
  Median (IQR) 2.8 (3.7) 3.5 (5.1) 2.4 (3.0)

 Leakage P95
  Mean ± SD 18.7 ± 11.7 20.6 ± 12.4 16.9 ± 10.7 0.061
  Median (IQR) 15.8 (18.0) 18 (20.7) 13 (16.8)

Apnea indices (n/h)
 AHI—baseline (PSG)
  Mean ± SD 51.0 ± 16.6 51.1 ± 15.5 50.1 ± 17.7 0.476
  Median (IQR) 48.4 (24.4) 48.5 (26.1) 48.1 (20.9)

 AHI—home therapy (device)
  Mean ± SD 3.8 ± 2.8 4.1 ± 3.0 3.5 ± 2.6 0.170
  Median (IQR) 2.9 (3.5) 3.1 (3.3) 2.8 (3.5)

 oAI—baseline
  Mean ± SD 25.8 ± 21.0 26.9 ± 24.2 24.8 ± 17.4 0.310
  Median (IQR) 19.6 (25.0) 17.8 (24.5) 21.8 (24.5)

 oAI—home therapy (device)
  Mean ± SD 0.9 ± 0.9 1.0 ± 1.0 0.8 ± 0.8 0.147
  Median (IQR) 0.6 (1.1) 0.6 (1.1) 0.5 (1.1)
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improvement of ESS after 12 weeks in favor of SC + DPS 
group: ESS Score SC group baseline 13.8 ± 2.6 and fol-
low-up 9.7 ± 3.8 vs. ESS Score SC + DPS group baseline 
15.3 ± 2.8 and follow-up 7.7 ± 4,6. Remaining high ESS 
Score > 10 at follow-up visit was documented for 10 out of 
20 patients (50%) of the SC group vs. 5 out of 16 patients 
(31.2%) of the SC + DPS group.

Two patients of the SC group had to be excluded from 
adherence analysis because of missing therapy device data. 

After 12 weeks, in the cohort of 98 patients (48 SC vs. 50 
SC + DPS) mean PAP adherence was significantly higher 
in the SC + DPS group compared to standard care group 
with a mean difference of 70.1 min (SC 268.7 ± 122.1 vs. 
SC + DPS 338.8 ± 106.8; p = 0.002), see Fig. 4. Moreover, 
device usage measured by number of days with > 4 h usage 
was significantly higher in the SC + DPS group compared to 
standard care group, see Fig. 4.

Applying the definition of therapy termination (defined 
as mean device usage < 1 h/day) to the adherence analysis 
(cohort of 98 patients), seven patients in the SC group and 
only three patients in the SC + DPS group (10 in total) would 
be classified as having discontinued therapy.

Our data analysis shows that for this specific study cohort 
a threshold of 299 min for average adherence during the last 
29 days prior to follow-up ESS assessment could achieve 
specificity and sensitivity of 0.64 each to predict residual 
daytime sleepiness (ESS follow-up ≥ 10). No significant 
bivariate correlation could be found between adherence and 
follow-up ESS.

FOSQ scale

The comparison of baseline and follow-up values of the 
total cohort also shows a significant increase in the FOSQ 
score (16.4 ± 2.5 vs. 18.2 ± 2.1; p < 0.0001), see Table 3. 
After 12 weeks, the digital patient support group indicates 
a trend towards a better FOSQ score compared to standard 
care group.

Data are presented as mean ± standard deviation or median (interquartile range, IQR), unless otherwise stated. ESS Epworth Sleepiness Scale; 
FOSQ Functional Outcomes of Sleep Questionnaire; P 50 Median; P 95 95th percentile; AHI apnea–hypopnea index; oAI obstructive apnea-
index
p value refers to standard care group and standard care with digital patient support group. *p ≤ 0.05; **p ≤ 0.01

Table 3   (continued)

Total cohort (n = 97) PSG/
PG = 55/43

SC (n = 48) PSG/
PG = 27/21

SC + DPS (n = 49) PSG/
PG = 28/21

p value

AHI—follow-up (PSG/PG)

 Mean ± SD 5.7 ± 5.6 5.8 ± 5.4 5.6 ± 5.9 0.432
 Median (IQR) 4.2 (5.0) 4.5 (5.8) 4.1 (4.8)

oAI—follow-up (PSG/PG)
 Mean ± SD 0.7 ± 1.8 0.6 ± 0.9 0.9 ± 2.4 0.236
 Median (IQR) 0.2 (0.8) 0.2 (0.9) 0.2 (0.6)

Total cohort
(n = 99)

SC
(n = 50)

SC + DPS
(n = 49)

p value

Patient satisfaction
 Median (IQR) 3.7 (0.6) 3.6 (0.6) 3.7 (0.5) 0.048*

Fig. 3   Box plots illustrating ESS score at baseline and follow-up per 
study arm. Horizontal line within boxes depicts the median. Upper 
and lower box boundaries are 75th and 25th percentile, respectively. 
**p ≤ 0.01; ***p ≤ 0.001; ****p ≤ 0.0001
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AHI, pressure, leakage, and duration of stable 
respiration (indication for undisturbed sleep)

The residual AHI was detected based on the device record-
ings during the 12 weeks of home therapy as well as on 
the sleep center follow-up visit including PG or PSG meas-
urement after 12 weeks of home therapy. The device AHI 
relates to the adherence analysis cohort of 98 patients with 
a distribution of 48 (SC) vs. 50 (SC + DPS), while the AHI 
measured by the sleep lab relates to a cohort of 97 patients 
with a distribution of 48 (SC) vs. 49 (SC + DPS) due to miss-
ing therapy control night data of one of the 98 adherence 
analysis cohort. In both cohorts, no difference was found 
between the SC and SC + DPS group.

Therapy pressure, leakage and duration of stable respira-
tion were determined based on the mean values recorded by 
the therapy device during the 12 weeks of home therapy.

After 12 weeks, in the cohort of 98 patients (48 SC vs. 
50 SC + DPS) no difference was found in the applied pres-
sure between both groups, see Table 3. However, with a dif-
ference of 3.7 l/min (p = 0.061) SC + DPS group showed a 
trend towards lower P95 (95th percentile) of leakage com-
pared to SC group and significantly longer periods of stable 
respiration, serving as a potential indicator of physically 
restorative deep sleep.

Interventions/contacts with the provider or sleep 
lab

In view of the participants, 35 patients in total (15 of SC vs. 
20 of SC + DPS group) had contact with the provider. Mean 

compliance in this subgroup was 306.1 ± 126.9 compared to 
304.5 ± 120.4 in the total cohort.

With reference to the number of contacts, standard care 
group has made contact 18 times (corresponds to an average 
of 0.36 per patient), whereas standard care + digital patient 
support group has made contact 29 times (average of 0.58 per 
patient) with the provider or sleep center during study duration.

A distinction between the types of contact was made 
between a telephone call and an on-site appointment. For 
standard care group 10 phone calls and 9 on-site appoint-
ments were recorded. Standard care + digital patient sup-
port group made 23 phone calls and arranged 7 on-site 
appointments.

A more detailed evaluation of the reasons for contact is 
shown in Table 4. As patients could have had more than one 
reason for contacting their provider or sleep center, the total 
numbers in Table 4 are different from the mentioned num-
bers of contacts. In the SC + DPS group, 12 contacts by nine 
patients were made due to the additional digital support tool 
and could only appear in this study arm (“welcome email not 
received” or “problems with data transmission by modem”).

The most frequently reported reasons other than the 
SC + DPS group specific were mask problems/desire to 
change mask, dry mouth and feedback on therapy use/miss-
ing therapy benefit.

Patient satisfaction

One patient of the SC + DPS group was excluded from 
analysis of patient satisfaction because of missing data. 

Fig. 4   Box plots illustrating adherence and device usage according to number of used days (> 4 h) after 12 weeks per study arm. Horizontal line 
within boxes depicts the median. Upper and lower box boundaries are 75th and 25th percentile, respectively. **p ≤ 0.01
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The assessment of patient satisfaction was determined by 
means of eight statements, rated on a scale of 0–4, with a 
4 being the best rating. We calculated a statistically signifi-
cant difference between SC + DPS and SC group (0.1 points, 
p = 0,048). As therapy satisfaction was very high in both 
groups (see Table 3) we do not consider this difference as 
clinically meaningful.

Discussion

ESS score (primary endpoint) and adherence

To our knowledge, this is one of the first randomized con-
trolled trials showing that daytime sleepiness improved 
by additional 1.7 score points (to follow-up ESS values 
of 5.5 ± 3.9 in −SC + DPS vs. 7.6 ± 4.1 in SC) and (auto)
CPAP therapy adherence increased by additional 70.1 min/d 
(338.8 ± 106.8 in SC + DPS vs. 268.7 ± 122.1 in SC) sig-
nificantly and to a clinically relevant extend in patients 
with severe OSA when using a digital patient support tool 
in combination with an (auto)CPAP device compared to 
standard care alone after 12 weeks. Though other studies 
such as Malhotra et. al. [32] recruited a large sample size, 
their evidence level is low as they are not randomized con-
trolled. The difference between the two groups illustrates an 
area between two health conditions (lower normal vs. higher 
normal daytime sleepiness) that might make a difference 

for a single patient`s well-being. Especially patients with 
an ESS Score > 10 at baseline are at risk to fail in normal-
izing the ESS Score during the first 12 weeks of therapy 
[30]. Additional improvement of daytime sleepiness through 
the digital patient support might have a significant positive 
effect on patients’ daily life like improved concentration, the 
experience of alertness or being less sleepy while driving. 
Therefore, it has the potential to strengthen the therapy effect 
in the decisive initial therapy phase.

Obtaining a frequent and long nightly PAP device use is 
mandatory to achieve clinical benefits by PAP therapy, such 
as enhanced functional outcome, reduction in blood pres-
sure, or improvement in memory [3–6]. Our hypothesis that 
a digital patient support tool would improve adherence was 
confirmed and is in line with previous investigations [22]. 
With the prototype of the mobile app, even an increased 
improvement could be achieved.

The impact of telemonitoring on improvement of adher-
ence was already demonstrated in former studies: Aardoom 
et al. found in a meta-analytic review of 18 RCTs with 
eHealth interventions that on average the improvement in 
therapy adherence was about 0.5 h [22]. Bouloukaki et al. 
[33], showed a significant improvement of 90 min/d CPAP 
usage and 3 points in ESS score after 24 months as a result of 
additional visits, telephone calls and education in 3100 OSA 
patients. Hwang et al. showed a significant effect on 90-day 
CPAP use in a 4-arm randomized controlled trial with 1455 
OSA patients of 60 min/d after 90 days with a web-based 

Table 4   Reasons and number 
of phone contacts or on-site 
appointments per study arm

Several reasons for contact are possible per patient
SC standard care; DPS digital patient support.

Reason for contact Total SC group SC + DPS 
group

DPS-specific feedback
 Welcome e-mail not received 8 – 8
 Problems with data transmission by modem 4 – 4

Therapy/equipment feedback
 Feedback on therapy use/missing therapy benefit 9 1 8
 Mask problems/desire to change mask 25 14 11
 Malfunction of therapy device 1 – 1
 Problems with therapy pressure/therapy mode 7 5 2
 Problems with circuit system 2 1 1

Side-effects
 Dry mouth/nose 8 3 5
 Aerophagy 1 – 1
 Nasal congestion/rhinorrhea 4 4 –
 Feeling of suffocation 1 1 –
 Dyspnea 1 1 –
 Other
 Seizure 1 1 –

Total 72 31 41



59Sleep and Biological Rhythms (2024) 22:49–63	

1 3

OSA education and automated patient feedback in addi-
tion to standard care [19]. However, telemedicine-based 
patient education alone resulted in no significant adherence 
improvement. Furthermore, no differences in ESS or the 
FOSQ-10 score in any intervention study arm compared 
to standard care was observed. Bouloukaki et al. [33] con-
cluded that additional video education session (15 min), a 
lecture from the sleep clinic’s registered nurses (10–15 min), 
phone calls by the nurse on the 2nd and 7th day to discuss 
any concerns, followed by home visits in case of concerns, 
two additional reviews by the sleep specialist, invitations to 
discuss therapy barriers, experiences, concerns, fears and 
beliefs, etc. is a time-consuming care beyond measure and 
difficult to integrate into clinical routine, the author discloses 
that the “intensive intervention entailed an additional cost 
of 30% above the cost of the standard intervention” [33]. 
Munafo et al. [34] showed in a prospective study that a web-
based automated telehealth-messaging program reduced 
the time expenditure for healthcare professionals by 59%, 
compared to standard care, with maintaining adherence and 
effectiveness.

Considering former studies and our current outcomes 
concerning the impact of telemonitoring on (auto)CPAP 
therapy results, the use of the app prototype alone does not 
constitute the reason for altered ESS and FOSQ scores in 
our study results. Rather, the improvement is a consequence 
of increased (auto)CPAP use. As Antic et al. [30] already 
confirmed, indicators for subjective daytime sleepiness, 
functional status, and sleep-related quality of life, such as 
the ESS and FOSQ scores, are dose-dependent on CPAP 
treatment, with greater improvements in more-adherent 
patients. Regarding a presumable relation of (auto)CPAP 
adherence and ESS score, our results show an association 
of (auto)CPAP adherence with a reduction of ESS Score and 
are thereby in line with the meta-analysis of Li et al. [35]. 
However, the impact of factors such as age, BMI, baseline 
ESS, etc. is at least equally strong. Therefore, a prediction 
of residual daily sleepiness would have to include several 
factors and the identified discrimination threshold of less 
than 299 min adherence as predictor for residual sleepiness 
is not likely to be transferrable to patient cohorts with differ-
ent characteristics. To obtain significant results regarding the 
correlation between adherence and follow-up ESS, a larger 
sample size is needed.

The significantly improved ESS and the trend in the 
FOSQ score compared to standard care in our study indicates 
that additional digital patient support has a positive impact 
on daytime sleepiness and functional status in adults. This 
might be reducible to our carefully designed automated feed-
back that considered OSA patient characteristics (well-doc-
umented in the thesis “PSI theory and adherence in nightly 
PAP therapy” of the psychology student M. Michalzyk) and 
the impact of the possibility to set individual and reachable 

personal goals on human decisions [36]. In addition, the 
personal contact patients made during home therapy phase 
might have affected their outcome. When looking at the 
number of phone contacts or on-site appointments, the group 
using the app prototype contacted the sleep therapist more 
frequently. However, considerably less than 1 contact per 
patient was registered on average and 12 of those contacts 
(made by 9 patients) are referrable to the study design or 
immature technology of the prototype as participants did not 
receive the welcome email or reported problems with data 
transmission by modem. This even might have led to frustra-
tion during the early therapy experience of these patients but 
apparently not to a degree of significant negative impact on 
their therapy adherence. However, initial technical difficul-
ties cannot be generally ruled out in the future. Nevertheless, 
problems with data transmission by modem become obso-
lete by providing the possibility to use Bluetooth. A missing 
welcome email becomes irrelevant outside the study, while 
installation problems still could pose a small risk. The more 
frequent contact of the SC + DPS group even might have 
had a positive influence on these patients` adherence due to 
personal interaction with healthcare professionals and a pos-
sibly related motivating effect. In addition, the experience of 
solving a problem-like getting transmission of data started 
might have had an inspiring influence on SC + DPS group. 
As contacts due to therapy use or missing therapy benefit 
were mainly made by the SC + DPS group, the examina-
tion of the automated therapy feedback might have been the 
more relevant factor than the contact itself. Adherence of 
the subgroup with contacting patients is with less than 2 
min not higher than in the total cohort (306.1 ± 126.9 com-
pared to 304.5 ± 120.4) and over two-thirds of the population 
had no personal contacts at all. No difference was found in 
age, BMI, diagnosed AHI and oAI and in baseline ESS and 
FOSQ score between both groups. In addition, follow-up 
data shows no difference in the applied therapy pressure. 
Therefore, it is far from likely, that either the number of per-
sonal contacts nor other patient-related factors are the cause 
for increased adherence and possibly related improvement 
of ESS in the SC + DPS group.

The trend of lower leakage is due to the app use, as the 
application is designed to monitor and support the user’s 
therapy on a daily basis by providing personalized, schema-
guided feedback, electronic questionnaires on potential prob-
lems and links to explanations and videos on therapy and the 
handling of therapy equipment. Hence, automated feedback 
on acute mask leakage may help the patient to check and 
improve mask fit or suggest a mask change. It is, therefore, 
no surprise that more than twice as many responses regard-
ing mask problems were recorded in the standard care group. 
With the background, that CPAP pressure can be associated 
with an increased risk of unintentional leakage [37], it needs 
to be mentioned that in our study no difference between both 
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groups was found in the used therapy pressure after 12 week 
follow-up.

No difference in the AHI/oAI follow-up was identified 
between SC and SC + DPS. The cause might be that both 
groups were already well-adjusted during titration night and 
no readjustment by the sleep center had to be recommended 
for the SC + DPS group by the app prototype.

Furthermore, a mean residual AHI of 4.1 n/h in the stand-
ard care group indicates how effectively the (auto)CPAP 
therapy devices used in this trial treat sleep apnea in clini-
cal routine without additional digital support. The clinical 
benefit of those therapy devices even without additional DPS 
is also clearly recognizable as after 12 week adherence is 
high and ESS and FOSQ score improved significantly, even 
though patients showed only moderate daytime sleepiness 
at baseline. Furthermore, therapy termination rate was par-
ticularly low in both study arms which might be the result of 
the high level of care provided which is confirmed by patient 
satisfaction with the PAP therapy in general and with focus 
on therapy instructions and support.

Personal digital support in terms of an email-based 
mobile app prototype was well-accepted by PAP patients and 
worked reliably. In addition, the DPS was consistently used 
as a supportive tool and not as a replacement of conventional 
therapy support, as all patients continued standard therapy 
care while using the DPS.

In comparison with previous reports like Munafo et al. 
[34] or Malhotra et. al. [32], our study shows better improve-
ment in adherence and consequent reduction in daytime 
sleepiness. We found no difference in age, BMI, diagnosed 
AHI and baseline ESS score compared to these reports. The 
better results might be due to a more intuitive or attractive 
handling of the tool. In addition, differences in comorbidi-
ties, which were not particularly investigated in this study, 
might be a reason for the success of our digital patient sup-
port tool.

Study strengths

All subjects followed the identical initiation of therapy and 
standardized therapy follow-up procedure according to clini-
cal routine. SD and SD + DPS group had the same educa-
tion session held by a respiratory therapist about OSA and 
its consequences, proper use and maintenance of the PAP 
device, mask fitting, and therapy and study expectations. 
All patients were provided with the same (auto)CPAP device 
types.

This study was designed as a prospective, randomized and 
controlled trial. After the enrollment, participants were rand-
omized to either SC or to SC + DPS group. Consideration of 
the baseline data shows that randomization was successful. 
No difference was found in age, BMI, diagnosed AHI and 
oAI and in ESS and FOSQ score between both groups. In 

addition, follow-up data shows no difference in the applied 
therapy pressure. The drop-out rate was particularly low, as 
only six subjects in the SC and six in the SC + DPS group 
were excluded from the study, what most probably is a result 
of the excellent care and education provided by the sleep lab 
and homecare provider personnel. This is also reflected by 
generally low therapy termination rates and high adherence 
values in both groups, posing a significant challenge to the 
DPS tool to show an additional positive effect.

Through our eyes the homogeneity of the groups concern-
ing demographic, baseline and follow-up data are seen as a 
huge study strength as none of the factors mentioned above 
can be the cause of the significant differences in adher-
ence, ESS score, and duration of stable respiration between 
groups. In fact, the automated feedback seems to have a 
strong impact on these parameters.

Malhotra et al. [32] showed the potential contribution of 
a patient management app (Res Med “My Air”) to improve 
adherence, using big data and propensity score matching. 
This was not a randomized study, and thus prone to possible 
selection bias; those who were highly motivated to treat with 
a high level of education might have used this application 
selectively. Our current study, despite being small in scale, 
has the strength of being randomized, which clears this bias.

Munafo et al. [34] showed that a web-based automated 
telehealth-messaging program involving healthcare provid-
ers to manage patients reduced the time expenditure by 59% 
with similar results in adherence and effectiveness com-
pared to standard care. To our knowledge no randomized 
controlled trials exist that show improved adherence and 
daytime sleepiness based on an only patient-managed auto-
mated coaching tool compared to standard care like our 
current trial. The automated monitoring and feedback of 
sleep status, identification of problems and presentation of 
solutions lead to patient empowerment and psychological 
reinforcement.

Study limitations

The current investigation had limitations that must be 
considered.

First, the cohort of participants consisted of patients 
diagnosed and treated in the same center and with severe 
OSA only. Hence, the transferability of the study results to 
patients with mild or medium OSA is limited. Participants 
were predominantly male and obese, which also impedes the 
transferability to other patient groups. However, distribution 
of sex and BMI is in line with those in similar studies [16, 
38–40] indicating that the patient population in the current 
study is representative for the use of telemedical support. 
Furthermore, the distribution of sex within the two groups 
was identical (12 women and 38 men each).
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Second, the observation period of the study was only 
12 weeks, although the fact that adherence decreases within 
the first months is well-known [8, 10, 41]. However, there is 
no evidence that the change in adherence of the two groups 
would differ over a longer period of time.

Third, time expenditure per patient and per study arm was 
not determined. However, in the staff's assessment, which 
was verbally communicated, the SC + DPS group did not 
generate a higher time expenditure compared to standard 
care group. Evidence is the number of phone contacts or on-
site appointments. If the feedback due to technical problems 
with the app prototype is not taken into account, the PAP 
therapy of the SC + DPS group has generated about the same 
amount of follow-up contacts. Nevertheless, it is impossible 
to distinguish how much time the individual study groups 
generated per response.

Another limitation is that the unknown influence of home 
environments (e. g. relatives helping with setup/operation of 
the app). This was not considered in previous studies and is 
difficult to measure.

Conclusion

Digital feedback and support as incorporated in the app 
prototype and the later mobile app may enable patients to 
improve their adherence and long-term outcome of (auto)
CPAP therapy by feedback, motivation and troubleshooting 
support. Expert interventions can be focused on patients who 
cannot succeed autonomously, e. g. in case of an elevated 
residual AHI or residual sleepiness. In the future, receiving 
therapy device data and self-reported outcome may support 
experts with intervention decisions such as summoning 
patients for an in-lab therapy adjustment. Technologies such 
as a digital patient support tool bear the potential to enhance 
additional clinical benefits associated with PAP treatment, 
such as reduced blood pressure. Further randomized con-
trolled trials are needed to evaluate the current results in 
greater detail.

Summary

In summary, this prospective, randomized controlled study 
indicates that the addition of a digital patient support tool 
for therapy monitoring and motivation of PAP-naïve patients 
with severe OSA resulted in improved (auto)CPAP adher-
ence and daytime sleepiness after 12 weeks compared to 
standard care. The app prototype was well-accepted by those 
patients and worked reliably in combination with the (auto)
CPAP therapy devices.
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