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Abstract

Background: Poor adherence to continuous positive airway pressure (CPAP) treatment by adults with obstructive sleep apnea
(OSA) isacommonissue. Strategies delivered by means of information and communication technologies (ie, eHealth) can address
treatment adherence through patient education, real-time monitoring of apnea symptoms and CPAP adherence in daily life,
self-management, and early identification and subsequent intervention when device or treatment problems arise. However, the
effectiveness of available eHealth technologies in improving CPAP adherence has not yet been systematically studied.

Objective: This meta-analytic review was designed to investigate the effectiveness of a broad range of eHealth interventions
inimproving CPAP treatment adherence.

Methods: We conducted a systematic literature search of the databases of Cochrane Library, PsycINFO, PubMed, and Embase
to identify relevant randomized controlled trials in adult OSA populations. The risk of bias in included studies was examined
using seven items of the Cochrane Collaboration risk-of-bias tool. The meta-analysis was conducted with comprehensive
meta-analysis software that computed differences in mean postintervention adherence (MD), which was defined as the average
number of nightly hours of CPAP use.

Results: The meta-anaysis ultimately included 18 studies (N=5429 adults with OSA) comprising 22 comparisons between
experimental and control conditions. Postintervention datawere assessed at 1 to 6 months after baseline, depending on the length
of the experimental intervention. eHealth interventions increased the average nightly use of CPAP in hours as compared with
care as usual (MD=0.54, 95% CI 0.29-0.79). Subgroup analyses did not reveal significant differencesin effects between studies
that used eHealth as an add-on or as a replacement to care as usual (P=.95), between studies that assessed stand-alone eHealth
and blended strategies combining eHealth with face-to-face care (P=.23), or between studies of fully automated interventions
and guided eHealth interventions (P=.83). Evidencefor the long-term follow-up effectiveness of eHealth adherence interventions
remains undecided owing to a scarcity of available studies and their mixed results.
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Conclusions: eHealth interventions for adults with OSA can improve adherence to CPAP in theinitial months after the start of
treatment, increasing the mean nightly duration of use by about half an hour. Uncertainty still existsregarding the timing, duration,
intensity, and specific types of eHealth interventions that could be most effectively implemented by health care providers.

(J Med Internet Res 2020;22(2):€16972) doi: 10.2196/16972
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Introduction

Obstructive sleep apnea (OSA) is a clinical sleep disorder
characterized by recurrent episodes of partial or complete
obstruction of the respiratory passages during sleep [1,2].
Symptoms include choking or gasping during sleep, daytime
deepiness, startled awakening, poor concentration, and difficulty
staying asleep [2,3]. The prevalence of OSA in the general adult
population has been found to range from 6% to 17% or to be
ashigh as49% at advanced ages[4]. Continuous positive airway
pressure (CPAP) is considered the gold standard for the
treatment of patients with moderate-to-severe OSA. It involves
wearing a mask during sleep that uses a pump to provide a
constant flow of air (pressure) to the throat to keep the airway
open. Treatment with CPAP is highly effective for normalizing
breathing and dleep; it reduces the frequency of respiratory
events during s eep, decreases daytime sleepiness, and improves
blood pressure and quality of life [5,6].

Unfortunately, acceptance and adherence are often suboptimal
in CPAP treatment, thereby jeopardizing the improved health
outcomes. It is estimated that 30% to 80% of OSA patients can
be classified as nonadherent when operationalized as using
CPAP for less than 4 hours per night [7-9]. Numerous factors
have been linked to CPAP nonadherence, although no single
factor has been consistently identified. Many factors presumably
interact and may jointly predict nonadherence [7,10,11],
including patient characteristics (eg, age, race, and smoking
status) [7,12], disease characteristics (eg, symptom severity)
[7,12], experienced side effects (eg, skin irritation, drynessin
the nose or mouth, and abdomina bloating) [11], treatment
titration procedures [8], and psychosocial factors (eg, skills at
coping with challenging situations, mental health problems,
self-efficacy, and social support) [7,11,12].

A growing body of research is investigating interventions to
promote CPAP adherence [12,13]. Such interventions may
incorporate educational, supportive, and therapeutic strategies,
such as cognitive-behavioral techniques. A Cochrane review
by Wozniak et a [13] reported low- to moderate-quality
evidencefor thesetypes of adherenceinterventions. Behavioral
interventions were found to have the largest effects on CPAP
adherence, followed by supportive interventions and educational
interventions. More specifically, the respective intervention
strategiesyielded mean improvements of 1.5 hours, 50 minutes,
and 35 minutes of CPAP use per night.

Strategies delivered by means of information and
communication technologies (ie, eHealth) offer strong potential
to address the relatively poor rate of CPAP adherence through
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standardized education, real-time monitoring of symptoms and
CPAP adherence in daily life, self-management, and early
identification and intervention if device or treatment problems
arise[14-17]. With regard to the then existing evidence base on
eHedlth adherence interventions, Sawyer et al [8] briefly
reviewed technological strategiesto promote CPAP adherence.
They concluded that most strategies were promising in terms
of effect sizes but that larger trials were needed to determine
their potentials. A similar conclusion was reached in a more
recent review, which mainly focused on remote telemonitoring
[15]. Overall, preliminary evidence suggests that eHealth
technology has the potential to improve patient adherence. To
the best of our knowledge, however, no studies have
systematically assessed the impact of the broad range of
available eHedth technologies on CPAP adherence. This
meta-analytic review investigated the effectiveness of eHealth
interventionsinimproving CPAP adherencein adult popul ations
with OSA.

Methods

Search Strategy

Our search strategy was part of a broader search performed in
aresearch project on therole of eHealth in treatment adherence
in chronic lung diseases. The searches for OSA, asthma, and
chronic obstructive pulmonary disease (COPD) were thereby
pooled together.

A systematic literature search was conducted in the electronic
databases of the Cochrane Library (Wiley), PsycINFO
(EBSCO), PubMed, and Embase. The search resultswerelimited
to availablefull-text articlesin English or Dutch with publication
dates from January 1, 2000, to March 20, 2018. The starting
year of 2000 was chosen because technology began greatly
advancing around that time. Terms related to eHedth
technology, patient adherence, and the target populations were
combined, using both free-text and index terms (see Multimedia
Appendix 1 for thefull search string). We additionally checked
reference lists in the ultimately included studies, as well as
systematic reviews on the research topic to locate other
potentially relevant studies.

Eligibility Criteria

The study inclusion criteria were as follows: (1) The target
popul ation comprised patients aged 18 years or older who were
undergoing CPAP treatment and whose OSA diagnosis was
supported by polysomnographic examination, home sleep apnea
testing, or nocturnal pulse oximetry; (2) A major component of

the experimental intervention was delivered by eHealth
technology or an eHealth component was assessed as an add-on
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to care as usual (CAU), irrespective of whether it comprised a
major part of the experimental intervention. The criteria to
qualify as an eHealth intervention were that the intervention
was delivered viainformation and communication technology,
such as telephone calls, telemedicine (eg, videoconferencing),
websites, smartphone applications, SMS and the intervention
was delivered independently of time and place, making distance
a critical factor (eg, videos delivered in face-to-face sessions
were not considered eHealth interventions); (3) CAU did not
include the experimental eHealth intervention or component
under investigation, thus excluding any studies comparing
similar eHealth interventions with differing contents, such as
general versus tailored text messages; (4) Outcomes were
assessed in terms of one or more quantitative measures of patient
adherence to CPAP treatment; (5) Outcomes were compared
statistically between study conditions; (6) Study design was a
randomized controlled trial.

Screening

Two reviewers (JA and LL) independently screened al titles
and abstracts for eligibility. Subsequently, the reviewers
independently screened the full text of the selected papers to
determineeligibility for inclusion. Disagreementswere resolved
by discussion. Covidence software [18] was used to manage
the screening process and risk-of-bias assessments.

Data Extraction, Syntheses, and Analyses

Data on study reference, design, population, interventions,
outcomes, and results were extracted by JA from al eligible
studies (Multimedia Appendix 2). Where feasible, data were
synthesized using anarrative approach and a statistical approach
(ie, meta-analysis). The meta-analysis was conducted with
Comprehensive Meta-Anadys s software (CMA, version 3.3.070,
Biostat, Englewood, New Jersey), which analyzed the computed
differencesin means (MD) in adherence measures (the average
number of nightly hours of CPAP use). The meta-analysis was
performed on available postintervention data.

For studies with multiple intervention conditions, the control
condition was split into two or more groups corresponding to
the number of experimental comparisons, with sample sizes
divided by that number, thus enabling separate comparisons of
intervention conditions within the same meta-analysis. Since
considerable heterogeneity among studies was expected, a
random-effects model was chosen [19]. Heterogeneity between

observed effect sizes was examined with the 12 statistic. To

calculate 95% Cls around 1%, we used the noncentral x-based
approach within the HETEROGI modulefor Stata[20]. Funnel
plots were visualy inspected to assess potential publication
bias, and the Duval and Tweedie trim-and-fill procedure [21]
was conducted to adjust for any such bias. Additionally, funnel
plot symmetry was checked using the Egger linear regression
test of the intercept [22]. Statistical outliers were defined as
studies in which the 95% CI of the MD did not overlap with
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that of the pooled MD. If outliers were identified, sensitivity
analyses were performed by removing them from the analysis
to ascertain whether exclusion would significantly affect the
results.

Subgroup analyseswere conducted using amixed-effects model,
pooling the studies within subgroups with a random-effects
model and testing for significant differences between subgroups
with a fixed-effects model. One subgroup analysis compared
CPAP adherence in studies that tested eHealth interventions as
an add-on to CAU with adherence in studies that tested them
as a replacement of CAU. This was of interest because the
context of eHealth delivery could have important implications
for how interventions are implemented in the process of care
delivery and follow-up, and more generaly, for the efficiency
of and burden on the health care system. A second subgroup
analysiscompared interventions delivering eHealth only versus
blended approaches combining eHealth and face-to-face
strategies. A third analysis compared fully automated versus
guided eHealth interventions given that it is often assumed that
guided and blended interventions lead to better adherence
outcomes.

If included studies did not report the data needed to carry out
main or subgroup analyses, we attempted to contact the first or
corresponding author to gain the necessary data.
Risk-of-Bias Assessment

The Cochrane Collaboration risk-of-bias tool [23] was used to
assess the quality of al included studies. Two reviewers (JA
and LL) independently evaluated the following dimensions of
the risk of bias: (1) adequacy of random sequence generation;
(2) adequacy of concealment of the allocation sequence to
personnel; (3) blinding of study participants and personnel; (4)
blinding of outcome assessors; (5) adequacy of handling of
incomplete outcome data; (6) selective outcome reporting; and
(7) potentia other sources of bias, such as baseline imbalances
and differential dropout. Each study was rated on every
dimension as “low risk,” “high risk,” or “unclear risk."
Disagreements were resolved by discussion.

Results

Search Results

Figure 1 presents the PRISMA flow diagram depicting the
process of the literature search, identification, and selection.
The pooled systematic search for OSA, asthma, and COPD
resulted in a total of 3772 potentially relevant articles. After
removal of duplicates (n=723), a total of 3049 articles were
selected for title and abstract screening. Subsequently, 123
studies were selected for full-text screening, and 56 of these
were found to target OSA. A total of 19 studies targeting
individuals with OSA were eventually included in the narrative
review, and 18 of these were included in the meta-analysis.
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Figurel. PRISMA flowchart describing the study identification and selection process.
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Study Characteristics

Multimedia Appendix 2 provides an overview of the relevant
characteristics of each of the included studies. All studies
focused on adults with OSA who were starting either CPAP or
automatically adjusted positive airway pressure (APAP)
treatment. Adherence to CPAP was assessed mostly in terms
of average nightly CPAP use in hours with or without the
criterion “on nights being used,” the percentage of nights of
CPAP use with or without the criterion “for more than X hours
per night,” or the percentage of patients adherent to CPAP.

Most studies (n=14) compared CAU with and without
supplementation by one or more eHealth components. For
reasons of brevity, these are henceforth called add-on studies.
In the remaining five studies, the eHealth component or
components were used to replace CAU rather than supplement
it. These will be referred to as replacement studies.

Of the 14 add-on studies comparing CAU to the same care
supplemented with eHealth, nine studies added eHealth
components only, whereas five added a combination of
face-to-face and eHealth strategies. Most studies adding eHealth
components alone used telemonitoring tools (n=7) to monitor
CPAP adherence and efficacy data, and telephone calls (n=7)
intended to educate, provide support, promote self-management,
or reinforce adherence. One study included a Web-based
education portal, as well as automated feedback messages by
e-mail, telephone, or SMS, according to CPAP monitoring data
[24]. Mendelson et al [25] gave study participants asmartphone
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with an application incorporating a self-monitoring tool capable
of transmitting clinical information and providing self-care
messages in daily pictograms. In the five studies that added a
combination of face-to-face and eHealth strategies, the eHealth
component generally consisted of telephone calls designed to
troubleshoot, provide support and encouragement, and reinforce
CPAP trestment adherence. The face-to-face components mainly
involved personal consultation for education, consultation, or
early review [26-29], and one included a brief motivational
enhancement program [30].

In the five replacement studies, face-to-face follow-up
consultations were replaced by eHeath strategies. More
specifically, Fields et a [31] replaced four face-to-face
follow-up visits by one video-conferencing consultation and
three telephone calls. Three other studies replaced face-to-face
visits by telemonitoring units and subsequent collaborative
management [32] or by “as needed” clinical contact (eg, in
response to mask leaks or low adherence) [17,33]. Isetta et a
[34] replaced two face-to-face follow-up visits with follow-up
care at adistance asfollows: two video-conferencing visits, “as
needed” televisits or telephone calls, and a Web-based portal
including education, self-monitoring, and a messaging tool for
communicating with staff to solve treatment-related problems.

All studies, except one [34], included postintervention
assessments between 1 and 4 months after baseline. Five studies
included follow-up assessments after completion of the
intervention [26,30,33,35,36], ranging from 1 month [30] to 2
years[26].
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As shown in Multimedia Appendix 2, the types and intensities
of CAU varied considerably. Participants typically received
education about OSA and CPAP, treatment instructions, and
one or more follow-up assessments by sleep practitioners via
telephone calls, home visits, or patient visits to the clinic.

Risk-of-Bias Assessment

Figure 2 presents the results of the risk-of-bias assessment for
each study separately, and Figure 3 summarizesthe percentages
of studies with low, unclear, and high risks of bias. The
methodological quality of the studies varied considerably. One
study had alow biasrisk for only two of the seven risk-of-bias
criteria, eight had it for three criteria, four had it for four criteria,
another four had it for five criteria, and two had it for six criteria

Not a single study was rated as having a low bias risk for all
seven assessment dimensions, and thiswas mainly dueto ahigh
bias risk for the blinding of participants and personnel
dimension. Most studies had a low bias risk for blinding of
outcome assessment because CPAP adherence data were

Aardoom et d

downloaded directly from CPAP devices. A high risk of
selective outcome reporting was identified for two studies that
failed to adequately report on the types of adherence outcomes
specified in their methods sections [24,26] or on the outcome
periods defined there [26]. Studies with a high risk of attrition
bias (Figure 2) generally did not analyze the data according to
an intent-to-treat design, thus excluding participants who did
not adhereto theintervention or werelost to follow-up. Finaly,
identified high risks of other sources of bias (n=4) were in two
studies related to significant baseline differences (P<.05) that
were not controlled for in the analyses [27,31]. Another study
reported that about 80% of participantsreceiving CAU or CAU
plusWeb accessto airway pressure dataweretreated with APAP
rather than CPAP, whereas APAP was used in athird study arm
by only 62% of participants [37]. In a fourth study, bias may
have arisen in the follow-up period because of increased
face-to-face walk-in care received by the CAU group, which
was balanced with an increased number of telephone contacts
in the telemedicine group [17].

Figure 2. Risk of biasfor each individual study included in this meta-analytic review.
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Figure 3. Summary of therisk of biasfor al included studiesin this meta-analytic review.
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Publication Bias

A visual inspection of the funnel plot did not indicate potential
publication bias, but the Egger linear regression test of the
intercept was significant (P=.02). However, no studies were
removed and imputed by the trim-and-fill procedure, suggesting
no evidence of publication bias.

Meta-Analysis of eHealth I nterventions and
Continuous Positive Airway Pressure Adherence

Among the 19 eligible studies identified, one study [35] had to
be excluded from the meta-analysis because postintervention
data on average nightly CPAP use was lacking, being provided
at a 1-year follow-up only. The results of the remaining 18
studies, which contained 22 compari sons between experimental
and control conditions, are shown in Table 1 and Figure 4. The
use of eHealth interventions as a supplement or replacement of
CAU was associated with asignificant improvement in patients
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average nightly CPAP use in hours at the postintervention
measurement (MD=0.54, 95% CI 0.29-0.79), with high

heterogeneity (1°=90%, 95% CI 87-93). The exclusion of studies
identified asoutliers[24-27,30,38] resulted in asimilar rounded
mean difference (Table 1), with a considerable decrease in

heterogeneity (12=51%, 95% CI 10-73).

Because one study [35] could not be included in our
meta-analysis on postintervention data, we will review its
postintervention results narratively. Directly after the
intervention period of 1 month, the monthly average number
of nights when the CPAP device had been used for 4 or more
hourswas significantly higher among participants who received
CAU plusearly extratel ephone support and advice than among
those who received CAU only (P=.02). The extra-support
participants a so showed asignificantly higher rate of adherence,
defined as using CPAP for =24 hours anight for at least 70% of
the nights.
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Table 1. Results of the main and subgroup analyses at postintervention assessment.
Variables Studies,n  Comparisons, N gt N2 Mean difference P value® 12 (95% ClI)
(95% Cl)
CPAF* adherence® 18 22 5429 0.54 (0.29-0.79)® N/AS 90.45 (87-93)
Qutliers excluded 12 14 1433 0.54 (0.27-0.82)® N/A 51.10 (10-73)
Subgroup analyses
Context of experimental care .95
Add-on to usual care 13 17 4879 0.54 (0.20-0.87)® 91.34 (88-94)
Replacement of usual care 5 5 550 0.52 (0.13-0.91)® 69.10 (21-88)
Medium of experimental care .23
eHedlth only 11 14 1690 0.38 (0.07-0.70)° 66.35 (41-81)
Blended: combined eHeadlth+ 5 6 3458 0.76 (0.23-1.29)® 96.73 (95-98)
face-to-face care
Type of experimental care .83
Fully automated 4 7 830 0.60 (-0.03 to 1.24) 57.23 (1-82)
Guided 14 15 4599 93.19 (90-95)

0.53 (0.25-0.81)¢

#Total sample analyzed: total randomized N in intent-to-treat analyses and N of completersin completers-only analyses.

bTwo-tailed P value reflecti ng whether the difference in effect sizes between subgroups is significant.

CCPAP: continuous positive airway pressure.

dcPAP adherence operationalized as average nightly CPAP use in hours.

P value is significant at the .05 level.

Not applicable.

Figure 4. Forest plot of intervention effects on adherence as defined as mean nightly continuous positive airway pressure (CPAP) usein hours.

Study name
Mean

difference
Bouloukaki et al, 2014 [25] 0,900
DeMoalles et al, 2004 [39] 2,400
Fields et al, 2016 [31] 0,800
Fox et al, 2012 [40] 1,450
Hoet et al, 2007 [38] -1,500
Hui et al, 2000 [27] 0,200
Hwang et al, 2018a [24] 0,200
Hwang et al, 2018b [24] 0,600
Hwang et al, 2018¢c [24] 1,000
Isetta et al, 2015 [34] 0,200
Kuna et al, 2015d [37] 1,200
Kuna et al, 2015e [37] 1,000
Lai et al, 2014 [30] 2,200
Mendelson et al, 2014 [25] -1,000
Nilius et al, 2012 [28] 0,700
Pengo et al, 2017f [29] 0,400
Pengo et al, 2017g [29] -0,500
Sedkaoui et al, 2015 [36] 0,200
Stepnowsky et al, 2007 [32] 1,300
Stepnowsky et al, 2013 [33] 0,700
Taylor et al, 2006 [33] 0,100
Turino etal, 2017 [41] 0,200
Overall (random model) 0,538

a: usual care + Tele-ED: Web-based education
b: usual care + Tele-mon: Tele-monitoring with automated feedback

¢ usual care + Tele-ED + Tele-mon

d: usual care + Web-based access to CPAP data
e: usual care + Web-based access to CPAP data + financial incentive

Standard

error

0,045
0,992
0,209
0,526
0,575
0,041
0,415
0,403
0,410
0,051
0,794
0,786
0,398
0,561
0,599
0,905
0,797
0,231
0,636
0,303
0,429
0,430
0,127

f. usual care + Telephone-based positively framed messages
g: usual care + Teleph based framed

Statistics for each study
Variance 95% ClI
0,002 0,812 0,988
0,984 0,456 4,344
0,044 0,390 1,210
0,276 0,420 2,480
0,331  -2,627 -0,373
0,002 0,120 0,280
0,172 -0,613 1,013
0,162 -0,190 1,390
0,168 0,196 1,804
0,003 0,100 0,300
0,630 -0,356 2,756
0,618 -0,541 2,541
0,158 1,420 2,980
0,315 -2,100 0,100
0,358 -0,475 1,875
0,818 -1,373 2,173
0,636 -2,063 1,063
0,053 -0,263 0,653
0,404 0,054 2,546
0,092 0,106 1,294
0,184 -0,740 0,940
0,185 -0,643 1,043
0,016 0,289 0,788

N

3100
30
34
75
37
97
208
168
181
139
72
66
100
107
76
43,5
41,5
379

241
96
100
5429

Timepoint

1 month

2 months
3 months
3 months
3 months
3 months
3 months
3 months
3 months
6 months
3 months
3 months
1 month

4 months
3 months
6 weeks

6 weeks

4 months
2 months
2 months
1 months
3 months

1,00

Difference in means and 95% CI

2,00

Favours usual care

2,00

4,00

Favours eHealth

Subgroup Analysis of eHealth Interventions and
Continuous Positive Airway Pressure Adherence

The results of the subgroup analyses are shown in Table 1. No
significant differencesin CPAP adherence were found between
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studies investigating eHealth as an add-on to CAU (n=13) and
studies investigating eHealth as a replacement of CAU (n=5)
(see Multimedia Appendix 2 for an overview of both types of
studies). A second subgroup analysis compared interventions
providing eHealth only (n=11) [17,24,25,31,34,36-41] with
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blended approaches combining eHealth and face-to-face
strategies (n=5) [26-30]. Two studies [32,33] were excluded,
because it was unclear whether collaborative management was
provided using eHealth technology. No significant differences
between the subgroups were found (Table 1). A third analysis
comparing the effectiveness of fully automated eHealth
interventions (n=4) [24,25,37,39] versus guided eHealth
interventions (n=14) [17,26-34,36,38,40,41] aso found no
significant differences (Table 1).

Review of the Long-Term Follow-Up Effectsof eHealth
I nterventionsand ContinuousPositive Airway Pressure
Adherence

Four studies included follow-up assessments subsequent to the
postintervention measurement. In view of this limited number
of studies and their large variation in follow-up periods, no
meta-analysiswas conducted. Wewill now review thefollow-up
data, distinguishing between short-term follow-up (1-6 months;
three studies) and long-term follow-up (=1 year; two studies).

Regarding studies with short-term follow-up, Lo Bue et a [35]
did not report 3- and 6-month follow-up datain detail. Lai et al
[30] found that participants who received a brief motivational
enhancement education program on top of CAU showed greater
adherence at a 3-month follow-up (see Multimedia Appendix
2 for more details). Stepnowsky et al [33] found that average
nightly CPAP use in hours was higher at a 4-month follow-up
for participantswho received atel emonitoring intervention with
a Web-based portal for education and self-monitoring than for
participants who received CAU consisting of preset contact
with clinical staff (P=.03).

Regarding long-term follow-up, Bouloukaki et al [26] reported
that telephone support supplemented to CAU was superior to
CAU at a 2-year follow-up in terms of the range of CPAP
adherence measures (see Multimedia Appendix 2 for more
details). However, Lo Bueet a [35] found at a1-year follow-up
that tel ephone support adjunctive to CAU was not more effective
than CAU in terms of increasing nightly CPAP use in hours.

Discussion

Principal Findings

To our knowledge, this meta-analytic review is the first to
systematically assess the influence of eHealth interventionsin
improving adherence to CPAP treatment among adults with
OSA. Nineteen €ligible studies were identified, and our
meta-analysis included data from 18 studies reporting 22
comparisons. A heterogeneous collection of eHealth
interventions, employed either as add-ons or as replacements
to CAU, were found to increase the average CPAP adherence
by about half an hour anight as compared with CAU alone. No
significant differences in effects emerged between eHealth
provision supplemented to CAU and eHealth as a replacement
of CAU. Additionally, no significant differences were found
between other subgroups of approaches (eHealth only versus
blended interventions and fully automated versus guided eHealth
interventions).
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Inline with preliminary investigations [8,15], the results of the
meta-analysis suggested the potential of abroad range of eHealth
technologies as tools to promote and reinforce adherence to
CPAPtreatment for adultswith OSA. eHealth technologies can
help to deliver standardized education to patients and to closely
monitor their daily-life CPAP data, enabling early detection of
problems and nonadherence, followed by timely and appropriate
response at a distance. This could have important clinical
implications, potentially reducing the number of necessary
follow-up visits to clinics and enhancing the numerous health
benefits associated with CPAP treatment, such as improved
sleep quality, improved seep efficiency [5,42], and reduced
blood pressure [43,44]. Many studies have furthermoreidentified
dose-responserel ationshipsin the treatment of OSA with CPAP
[8,45,46], demonstrating more hours of CPAP use to be
associated with better outcomes. More specifically, patients
with higher treatment adherence generaly showed larger
decreases in self-reported Sleepiness, as well as greater
improvementsin functional outcomes owing to areduced impact
of excessive sleepiness on everyday activities. Overall, our
meta-analysis showed that eHealth interventions are able to
increase adherence to CPAP treatment, which can positively
impact arange of health outcomes.

It is difficult to determine the clinical relevance of our
meta-analytic finding that eHealth technologies increased
average CPAP adherence by half an hour a night. There is no
established general cut-off point defining how much adherence
leads to clinically meaningful improvement. In contrast to the
dose-response relationships noted above, some studies have
reported effective treatment of OSA with relatively few hours
of CPAP use, whereas others noted little progress at longer
durations. Individual variation in CPAP response in terms of
indicators, such as sleepiness, may depend on factors such as
biological response mechanisms[46]. In other words, different
individuals may experience different changes in their clinical
symptoms in relation to their levels of CPAP adherence and
relative improvement.

As to whether specific characteristics of eHealth adherence
interventions could potentially moderate CPAP response, our
meta-analysis showed no significant differencesin effect sizes
for eHealth adherence interventions delivered as (1)
replacementsto CAU rather than as add-ons, (2) blended versus
eHealth-only strategies, or (3) guided versus fully automated
interventions. These findings should be interpreted with care,
as analyses may have been underpowered and varying types
and intensities of CAU may have influenced the results
independent of the eHealth interventions themselves. Future
studies should therefore compare different eHealth adherence
interventions directly within studies to shed light on the most
effective types or components of such interventions. For
example, a recent study conducted by Hwang et al [24] has
assessed the individual effects of two types of eHealth
interventions on adherence to CPAP treatment, as well as their
combined effect. Adding a Web-based education program to
CAU was not found to be effective in increasing adherence
rates, whereas adding CPAP telemonitoring with automated
patient usage feedback, as well as a combination of
telemonitoring and Web-based education was found to
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successfully increase adherence. Direct comparisons of different
eHealth strategies are a so of interest because these differ widely
interms of implementation effort, complexity, and cost. Partially
or fully automated eHealth components, for instance, would
require no or substantially less involvement of clinical staff,
with favorable clinical implications in terms of intervention
cost and availahility, as well as the alocation of health care
resources.

Study Limitations

Follow-up data beyond posttreatment measurements were too
limited for meta-anal ytical assessment. Furthermore, theresults
are limited to adult populations scoring generally well above
the threshold for severe OSA; it is unclear whether the results
could be generalized to younger populations or those with less
severe OSA. Another limitation was the moderate-to-high
heterogeneity in the results between the included studies, as
well as the high risk of bias in some studies for one or more
dimensions. The type and intensity of CAU provided in the
control condition varied considerably, potentialy biasing the
results. The null findingsin our subgroup or moderator analyses
should be interpreted with caution, as the analyses may have
been underpowered. Further limitations lie in the fact that not
al studies performed conventional polysomnography to
diagnose patients and that CPAP may not have always been
manually titrated. We did not search for gray literature, and we
searched only for literature published after 2000. Finally, in
several studies, routine or as-needed tel ephone support was part
of CAU, whereas in other studies, it was confined to the
experimental intervention condition.

Directions for Future Research

Economic evaluations are needed to determine the
cost-effectiveness of eHealth adherence interventions in
comparison with CAU. To our knowledge, only two studies
[34,41] have carried out such economic evaluations. Theresults
of both these studies suggested the use of eHealth adherence
interventions to produce effects similar to those of traditional
care, with significant cost saving by, for example, reducing
travel costs and productivity losses [34], and reductions in
face-to-face visits to the sleep clinic [41]. Future studies could
specifically adopt both societal and health care perspectivesin
examining cost-effectiveness in comparison with CAU.

Another future research direction would be to investigate the
long-term effectiveness of eHealth interventions in improving
adherence to CPAP treatment. What happenswhen patients are
no longer monitored or followed up by visitsto the clinic after
their first months using the CPAP device?
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Currently, little is known about which eHealth strategies or
components are most effective in increasing CPAP adherence.
Such information could help design the most efficient and
effectiveinterventions. Future studies could also investigate the
benefits of eHealth adherence interventionsfor individualswith
moderate levels of OSA.

With regard to methodology, future studies should carefully
take into account the various risks of bias identified in many
studies in this review, that is, outcome measures should be
defined a priori and should be adequately reported, an
intent-to-treat design should be adopted when analyzing the
data, and any baseline imbalances should be adequately
accounted.

Finally, an interesting direction for future research would be to
examine the potential of incorporating psychological theories
and models into eHealth adherence interventions. Promising
results have already been reported for interventions based on
cognitive-behavioral treatment principles[47] and motivational
interviewing [48,49]. Such interventions can maximize
adherence by focusing on negative or distorted beliefs or
attitudes, outcome expectations, perceived self-efficacy, and
motivational issues.

Practical Implications

The current findings suggest that a broad range of eHealth
interventions are effective in increasing adherence to CPAP
treatment. Given the literature showing that higher CPAP
adherence is generally associated with better outcomes, the
potential of eHealth should be further explored and exploited.
We therefore recommend assessing personal pathwaysin more
detail to determine who can benefit the most from digitally
enabled adherence support. Research is also needed on the
cost-effectiveness of interventions and on how they might be
implemented on alarge scale.

Conclusions

Providing eHealth interventions to adults with OSA during
CPAP treatment can improve treatment adherence in theinitial
months, increasing the mean nightly duration of use by about
half an hour. eHealth technologies can also be employed as
toolsto deliver standardized education and to monitor patients
more closely in daily life. This enables the early detection of
problems and nonadherence and allows timely and appropriate
responses at a distance. More information is still needed about
the specific types of eHealth interventions and the timing,
duration, and intensity of eHealth interventions that health care
providers could effectively implement.
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