
Vol.:(0123456789)

Sleep and Breathing 
https://doi.org/10.1007/s11325-024-03042-z

SLEEP BREATHING PHYSIOLOGY AND DISORDERS • ORIGINAL ARTICLE

Effectiveness of remote monitoring in improving CPAP compliance 
and the impact of preexisting organisation of standard care: 
a randomised controlled trial

Stephan van der Kleij1,2   · Ingrid de Backer1 · Barbara Hanraets1,3 · Johan Verbraecken4 · Jerryll Asin1

Received: 3 November 2023 / Revised: 11 February 2024 / Accepted: 24 April 2024 
© The Author(s) 2024

Abstract
Purpose     Continuous positive airway pressure (CPAP) is often the treatment of choice for obstructive sleep apnea (OSA). 
Short-term adherence and early perceived benefits are the best predictors of long-term adherence. The aim of this study was 
to determine the effect of telemonitoring in the first period of treatment with CPAP (auto-titrating PAP) on compliance and 
the long-term outcome.
Methods  Patients aged between 18–75 years old with symptomatic severe OSA (apnea–hypopnea index (AHI) ≥ 30) requir-
ing CPAP therapy were included in this single-blind, single-centre, randomised, controlled trial. They were divided into 2 
groups (telemonitored standard clinical care versus standard clinical care without telemonitoring).
Results  A total of 230 patients (115 patients/group) were included (mean age 54 ± 16.6 years, BMI 32.6 ± 5.4 kg/m2, ESS 
13.1 ± 6.2, AHI 47.5 ± 14.8/hr). At week 10 compliance was similar in both groups (telemonitoring vs control 6:27 and 
6:35 h, respectively, p = 0.57), as were AHI (2.4; 2.4/hr, p = 0.89) and ESS (5.8; 4.9, p = 0.22). The number of contacts of a 
patient with a healthcare professional was significantly higher during the follow-up from week 3 until week 10 (0.25; 0.13, 
p = 0.03). The number of patients who could be evaluated after 1 year was equally distributed in both groups (104; 104, 
p = 1.00), as were compliance (6:43; 6:49 h, p = 0.59) and residual AHI (1.9; 2.2/hr, p = 0.41).
Conclusions  In patients with severe OSA with standard intensive follow-up during the initial weeks of CPAP therapy and 
good compliance, telemonitoring did not improve CPAP compliance nor the clinical outcome in the short or long term. The 
practical consequences can be highly relevant for patients and healthcare professionals.

Keywords  Obstructive sleep apnea · Telemedicine · Telemonitoring/remote monitoring · Compliance · Positive airway 
pressure

Introduction

Obstructive sleep apnea (OSA) is the most common sleep-
related breathing disorder. OSA can be characterised by par-
tial or complete inspiratory upper airway collapse during 
sleep, resulting in periodic oxygen desaturation and disrup-
tion of sleep [1, 2]. When these events occur frequently, they 
can result in daytime symptoms such as excessive sleepi-
ness, impaired cognition and memory, mood alterations, and 
impediment in daily functioning. Patients with untreated 
OSA are at increased risk for cardiovascular and metabolic 
complications [3–8].

Continuous positive airway pressure (CPAP) is the treat-
ment of choice for severe OSA, with adherence of 60-70% 
[9, 10]. Because short-term adherence and early perceived 
benefits are the best predictors of long-term adherence, 
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efforts to optimise adherence are best done before or shortly 
after starting treatment [10–14]. Intensive support has 
proven before to be beneficial [15–17].

Telemedicine can be of use in multiple ways [18]. Telem-
onitoring is enabling clinicians to continuously monitor 
specific parameters of treatment efficacy, thereby permit-
ting prompt and timely adjustments to therapy if indicated. 
This was originally done by interactive patient-controlled 
communication by telephone combined with positive re-
enforcement and later by remote monitoring [12, 19]. The 
primary outcome of our study was to investigate the effect 
of telemonitoring on mean hours/night of CPAP use after 10 
weeks of treatment.

Methods

We performed a single-blind, single-centre, randomised, 
controlled trial of telemonitoring added to standard care 
versus standard care alone in patients with severe OSA (AHI 
≥30). Patients were randomised to the telemonitoring or 
standard care group in a 1:1 ratio through blinded allocation 
using an envelope-procedure. The study was approved by a 
Research Ethics Board of the Maxima Medisch Centrum 
(NL 52339.015.15).

Participants

Participants were recruited among adult patients (18 – 75 
years of age) with newly diagnosed symptomatic severe 
obstructive sleep apnea (AHI ≥ 30 /hr by polysomnography 
(PSG) according to the AASM) with an indication for CPAP 
therapy. Written informed consent was mandatory. 
Exclusion criteria were an anxiety disorder, mental disorder 
or handicap, a significant central sleep apnea component, 
and expected other changes in physical wellbeing due to 
non-related comorbidity and/or expected weight loss or gain 
such as pregnancy and bariatric surgery.

Protocol

All patients were included after a standard workup. After 
obtaining permission by written informed consent, patients 
were randomised to either auto-titrating CPAP (APAP) 
with remote monitoring (AirView) or APAP without 
remote monitoring. Patients of both groups were provided 
with a Resmed Airsense 9 or 10 APAP with an option 
for telemonitoring and an (oro)nasal mask. Patients were 
blinded for the group to which they were allocated until 
there was an unscheduled contact for an intervention. 
APAP was started and regular check-ups were planned for 
both groups according to the standard care in our hospital. 

These included a phone call on day 2 or 3 after the start 
of treatment and hospital visits at weeks 3 and 10, and 
after 6 and 12 months. During the check-up at week 10, an 
evaluation was done with the patient and the decision was 
taken whether or not to continue APAP therapy. All patients 
were instructed to contact the clinic in case of problems. The 
clinic was available on workdays during office hours. In the 
intervention group, data from the APAP was assessed daily 
through remote monitoring during the first 3 weeks, except 
weekends (hours of usage per night, mask leakage and AHI). 
From week 4 until week 10, data was assessed on a weekly 
basis (the last night of that week was measured) unless there 
was an indication to monitor more frequently.

If CPAP usage was <3 hours per night in week 1, <4 
hours per night in weeks 2 and 3, or <5 hours in weeks 4-10, 
patients were called by the nurse of the outpatient sleep 
clinic. Assessment included among others mask problems 
such as airleakage or discomfort, or nasal patency. When 
necessary, action was taken for the problem such as mask 
fitting or prescription of nasal spray. An intervention was 
also performed if the AHI did not decrease to <10/hour, or 
if a mask leakage of >24L/min was detected (fig. 1).

Once an early intervention was needed, patients knew that 
they were assigned to the remote monitoring group. From 
that point on it was no longer a single-blind study. These 
interventions were documented.

At baseline and after 10 weeks of follow-up, patients 
filled out the ESS and FSS questionnaires for sleepiness and 
fatigue, respectively. ESS ≥ 11 and FSS ≥ 36 were consid-
ered clinically relevant for sleepiness or fatigue, with higher 
scores indicating more complaints [20].

We recorded mean hours of CPAP use per night, the num-
ber of patients who dropped out, the number of contacts ini-
tiated by the patient and interventions initiated by the nurses, 
for example for CPAP-related complaints (mask leakage) 
and a persistently high AHI.

Statistical analysis

The primary outcomes measure was mean hours of CPAP 
use per night after 10 weeks follow-up. Secondary out-
comes were mean hours of CPAP use per night after one 
year and the number of compliant patients and/or drop-
outs after 10 weeks and 1 year follow-up. Compliance was 
defined as a CPAP use > 4 h during at least 5 days a week. 
We also looked at the efficiency of additional telemonitor-
ing regarding additional check-ups and contacts with the 
staff related to symptoms or complaints. The analysis was 
performed by an intention-to-treat protocol. Continuous 
data were presented as mean ± standard deviation. For 
the primary outcome (mean hours of CPAP use per night), 
comparison was made using an unpaired two-sample t-test. 
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The statistical tests were two-sided, and tests with a value 
of p<0.05 were considered significant.

A variety of secondary outcomes was analysed: the dif-
ference in mean hours per night of CPAP use after one 
year follow-up, and the difference in numbers of patients 
discontinuing CPAP use and contacts were tested using an 
unpaired two-sample t-test. A multivariate linear regres-
sion analysis was used to assess possible independent pre-
dictors of CPAP adherence if applicable.

A pilot study showed a mean compliance of 6:12 hours 
after 3 months of CPAP-use with a standard deviation of 
1:21 hours. Power calculation mandated the inclusion of 
230 patients for a difference of 0:30 hours between groups 
(power 80%, α=0.05, β=0.2) [21].

Results

During the study period, a total of 288 patients was 
screened for inclusion. A total of 230 patients who were 
willing and eligible to participate were enrolled in the 
study with balanced baseline characteristics (fig. 2).

Table 1 shows the patient characteristics. There were 
no significant differences in age, BMI, AHI, ESS or FSS 
between the two study groups.

Compliance with CPAP after 10 weeks was similar in 
both groups. During the last week of this period, patients 
in the telemonitoring arm used CPAP for a mean of 6:27 
hr/day versus 6:35 hr/day in the standard care arm (mean 
difference = 8 min, p = 0.57) (Table 2). Other outcomes 

Yes 

Compliance 

Week 1 usage <3 hr/night  

weeks 2 and 3 usage <4 hr/night  

weeks 4-10 usage <5 hr/night  

Mask leakage 

> 24 L/min 

AHI 

< 5 

> 5, but decreasing > 10 com-
pared to baseline    

Telemonitoring 

Try to find the cause:  

- Assess AHI 

- Check mask leakage  

- Call patients (ask for CPAP-
related complaints)  

Find out problem, 

interventions can be:  

- Adjust positive airway 
pressure 

- Nasal spray 

- Mask fitting  

Find out problem: 

- Check mask leakage 

- Check pressure and adjust 
positive airway pressure 

No Yes No Yes No 

Call patient if necessary (ask for CPAP-related complaints) 

No intervention 

Fig. 1   Decision tree for intervention during telemonitoring based on compliance, mask leakage and AHI which could be indicated independent 
of each other
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of therapy were comparable as well: AHI (2.4; 2.4/hr, p = 
0.89), ESS (5.8; 4.9, p = 0.22), FSS (28.2; 28.7, p = 0.80). 
The number of contacts of each patient with a healthcare 
professional was significantly higher during the follow-up 
from week 3 until week 10 in the telemonitoring group 
(0.25; 0.13, p = 0.03). The number of patients who could 
be evaluated after 1 year was equally distributed (104 vs 
104, p=1.00), as were compliance in mean hours of CPAP 

3 and 2 patients, respectively, did not 
complete enrollment (questionnaires, 
starting CPAP, first read-out of CPAP) 

Patients who started therapy  (n=112) Patients who started therapy  (n=113) 

Assessed for eligibility (n=288) Excluded (n=58): 

Declined to participate 

Randomised (n=230) 

Allocated to standard care (n=115) Allocated to telemonitoring (n=115) 

Discontinued CPAP after 1 year (n=11) Discontinued CPAP after 1 year (n=11) 

Adhered to CPAP (n=104) Adhered to CPAP (n=104) 

Fig. 2   Inclusion flowchart

Table 1   Baseline characteristics (mean ± SD)

Unpaired t-test for continuous variables, Chi-Square test for numbers 
or proportions
AHI: apnea–hypopnea index, BMI: body mass index, ESS: Epworth 
Sleepiness Scale Score, FSS: Fatigue Severity Scale, SD: standard 
deviation

Baseline Control Telemonitoring P

Number of patients 
at week 3

112 113 0.65

% Male 74 75 0.88
Age [years] 54 (± 17.1) 54 (± 16.1) 0.96
AHI [/hr] 48 (± 14.8) 47 (± 14.7) 0.58
BMI [kg/m2] 32.7 (± 5.2) 32.5 (± 5.6) 0.71
ESS 12.3 (± 5.6) 13.8 (± 7.0) 0.09
FSS 37.1 (± 14.1) 37 (± 12.7) 0.95

Table 2   Results of telemonitoring and standard care (mean ± SD)

Unpaired t-test for continuous variables, Chi-Square test for numbers 
or proportions
AHI: apnea–hypopnea index, ESS: Epworth Sleepiness Scale Score, 
FSS: Fatigue Severity Scale, SD: standard deviation

Results Control Telemonitoring P

3 weeks Compliance [hr] 
(SD)

6:37 (1:42) 6:18 (1:37) 0.17

AHI [/hr] (SD) 2.85 (2.62) 3.01 (5.63) 0.79
10 weeks Compliance [hr] 

(SD)
6:35 (1:45) 6:27 (1:42) 0.57

AHI [/hr] (SD) 2.36 (2.43) 2.40 (2,46) 0.89
ESS (SD) 4.93 (4.48) 5.75 (5.28) 0.22
FSS (SD) 28.69 (14.90) 28.20 (13.65) 0.80
Interventions 

between weeks 
3 and 10 (SD)

0.13 (0.33) 0.25 (0.50) 0.03

Dropouts (%) 6 (5) 6 (5) 1.00
6 months Compliance [hr] 

(SD)
6:37 (1:39) 6:33 (1:19) 0.76

AHI [/hr] (SD) 2.17 (2.62) 2.11 (2.01) 0.83
12 months Compliance [hr] 

(SD)
6:49 (1:12) 6:43 (1:20) 0.59

AHI [/hr] (SD) 2.18 (2.27) 1.93 (2.12) 0.41
Dropouts (%) 11 (10) 11 (10) 1.00
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use (6:43; 6:49 hr, p=0.59) and residual AHI (1.9; 2.2/hr, 
p=0.41).

In univariate analyses, there were no significant 
predictors of CPAP adherence or discontinuation of CPAP 
(ESS, age).

Discussion

Remote monitoring of CPAP therapy did not have any addi-
tional effect on compliance in our population of CPAP- naïve 
patients with symptomatic severe OSA in the setting of a 
patient-counselling system with high adherence to CPAP, 
which implies a ceiling effect for improving CPAP compli-
ance (90%, 6:46 hours/night after 1 year). This high com-
pliance may be due to a high complaint burden (ESS) and 
the standard intensive follow-up and support already used 
in the control group, which also showed good compliance. 
This is in line with other studies and a recent meta-analysis, 
which confirmed that telemonitoring was helpful when basal 
compliance is lower (60-70%) in the control group [18, 22, 
23]. Our study is the first one performed in the Netherlands 
that investigated the effectiveness of remote monitoring in 
improving CPAP compliance in patients with symptomatic 
severe OSA. The results from earlier studies in a Canadian 
and American population cannot be generalised to our Dutch 
population, especially when a high adherence is expected in 
the general sleep-apnea population [24, 25].

The interventions in our study were mainly focussed on 
improving compliance and reducing the side effects of CPAP 
therapy, using telemonitoring data to guide and adjust the 
therapy if needed in an early stage. Interventions were pre-
dominantly performed during the first 3 weeks. Our study 
mainly carried out interventions during the first 10 weeks of 
treatment. Other studies have shown that interventions which 
were implemented in an early stage had the greatest effect 
on compliance [26]. It was not clear when interventions are 
necessary in patients with a high degree of compliance.

Our protocol for interventions used lower thresholds for 
intervention compared to other studies. Our minimum for 
compliance was 5 hr/night instead of 3 or 4 hours and mask 
leakage under 24 l/min instead of 27-50 l/min [18, 27, 28].

Dropouts occurred mainly in the first 3 months of 
treatment, primarily because of CPAP intolerance, and 
were equally distributed over both groups. Dropouts after 
3 months were mainly due to other reasons, for example 
resolved OSA (weight loss), OSA-unrelated death (2), meta-
static malignancy or change to a mandibular advancement 
device (MAD).

Turino et al. had similar results to ours using a control 
reference group with a lower compliance of 4.9 hr/night 
when compared to our study, but with a lower burden of 
complaints at baseline [28]. Antallainen et al. reported a 

comparable adherence level in both groups compared to 
our study, with a lower level of complaints at baseline but 
probably a more intense follow-up during the first 4 weeks 
[AHI 34.6/hr, ESS 8.2]. In their study, adjustments were 
performed by a nurse by phone or visit to the outpatient ward 
and not by a web-based approach or by making use of other 
multimedia, as was done in most other studies. In addition, 
Antallainen et al. only randomised patients after the titra-
tion period, which was done as well by Sparrow et al. [16, 
24]. The latter authors suggested that they may have lost 
patients who had a negative titration experience, or may have 
had a bias in the enrolment of patients who anticipated they 
needed help with adherence to CPAP. Our results showed 
that telemonitoring can be used directly from the initiation 
of PAP therapy, and dropouts due to intolerance in a highly 
compliant group could not be influenced by this telemonitor-
ing approach.

Studies with patient groups with low compliance (mean 
≤ 3.2 hr/night) such as Sparrow et al. and Fox et al. (self- 
reported compliance by automated telephone linked moti-
vational enhancement or telemonitoring to interventions by 
the nurse) showed that an intervention resulted in a clini-
cally and significantly improved CPAP adherence in both 
their control and telemonitored patient group compared to 
our study [16, 27]. Criteria for sufficient use are defined 
as 4 hours of use per night on 70% of days [29]. However, 
the complaint burden was lower in the study of Fox et al. 
(ESS before treatment: 9.9 vs 9.7 for remote monitoring vs 
control) [27].

Bruyneel et al. suggested that guidance by medical staff 
is more effective in optimising compliance than interven-
tion generated by automated feedback systems for both the 
telemonitoring and the control group [15]. The limitations in 
previous studies are the relatively modest number of patients 
included and the lack of using the same type of CPAP device 
with only the telemonitoring option switched off in the con-
trol group [27]. This implies that the patients’ perception 
of monitoring might have increased their adherence. They 
might have felt more responsible and more motivated not 
to disappoint their healthcare providers. In our study, both 
groups used the same CPAP device, with the telemonitoring 
function switched off in the control group.

Our study emphasises the effect of telemonitoring of 
APAP parameters (such as compliance, air leakage and AHI) 
on compliance during the first weeks after starting treat-
ment in a Dutch population, as well as the effect of early 
intervention on continuing the therapy after 10 weeks up to 
1 year follow-up. As previously mentioned, the first weeks 
of treatment are crucial for adherence. Remote monitoring 
can be helpful during the initial CPAP titration, for example 
to detect problems earlier, and could reduce the need for 
outpatient contacts, but there is insufficient evidence that the 
total number of contacts can be reduced without sacrificing 
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compliance. Remote monitoring may simplify and improve 
telemedicine, especially for patients who have to travel 
a long distance to the hospital, and may replace physical 
appointments or may complement an E-health consultation 
[24]. Implementation of this type of system could result in 
substantially improved care in patients with OSA, but this 
requires the availability of wireless options and internet, 
depending on the type of remote-monitoring system. Effec-
tive therapy with good adherence mostly depends on the 
patient’s motivation, supplemented with a solid foundation 
of a well-functioning outpatient clinic providing personal 
support for the patient with human interaction. Implementa-
tion of telemonitoring may also lead to greater patient sat-
isfaction and possibly a reduction in staff time and cost. It 
is essential to regulate telemonitoring contacts according 
to a standardised protocol to prevent unnecessary contacts 
with the patient and temper the workload for the sleep pro-
fessionals. In our clinic this protocol has been effectively 
implemented in daily practice according to the conditional 
recommendation of the American Academy of Sleep Medi-
cine guideline [30].

Limitations

There are several limitations to our study. Only patients with 
a high AHI and excessive daytime sleepiness were included. 
Therefore, the results cannot be extrapolated to patients with 
less severe OSA. Furthermore, this is a single-centre study, 
and reproducing our findings in other centres and patient 
populations would allow generalisability. Our high adher-
ence might be explained by our intensive standard care 
protocol.

Conclusions

Remote monitoring of CPAP had no additional effect on 
compliance in our single-centre population of patients with 
symptomatic severe OSA. This was probably because of the 
standard intensive follow-up system and support, with high 
adherence to CPAP as a result (“ceiling effect”). However, 
telemonitoring might be of benefit in certain patient 
groups with complex problems at the start of therapy or 
observed low adherence. These findings must be verified 
in other centres. The benefits may extend to patients with 
less mobility or long traveling distances and can replace 
outpatient consultations by E-health.
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