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INTRODUCTION
Obstructive sleep apnea (OSA) is a common sleep disorder 

affecting 2-7% of the population and when untreated has signif-
icant morbidity and mortality.1-3 Continuous positive airway 
pressure (CPAP)4 when used on a nightly basis is currently 
considered the most effective treatment for OSA, improving 
neurocognitive function, quality of life, cardiovascular disease 
risk, and mood outcomes.5

Due to technological improvements over the past 20 years, 
adherence to CPAP can be accurately and objectively measured. 
Adherence to CPAP has been arbitrarily defined as usage of at 
least 4 h per night, 5 nights per week with most individuals 
either remaining intermittent users, discontinuing treatment, 
or not accepting the treatment following CPAP titration.6-8 
Dropout rates range from 5% to 50% in 1 week to 6 mo.9,10 
Studies of CPAP use have shown variable limitations, including 
use of selected cohorts or very little information available on 
those who do not start CPAP or discontinue its use very early. 
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Few studies report adherence at > 6 h every night despite that 
amount of uninterrupted sleep being seen as an important cutoff 
level in studies linking short sleep duration to impaired health.11 
CPAP adherence is important because greater degrees of CPAP 
use are associated with better neurocognitive and cardio-
vascular outcomes12 and quality of life measures, including 
daytime sleepiness.9,13,14

Factors influencing CPAP acceptance and adherence have 
been recently reviewed extensively,15 and include older age and 
female sex. greater pretreatment OSA severity, greater pretreat-
ment daytime sleepiness, subjective resolution of daytime 
symptoms when using CPAP, initial experience of using CPAP 
and resolution of problems associated with CPAP usage (mask 
fitting, leaks, nasal congestion, claustrophobia), health beliefs 
and attitudes, partner support/bed sharing, socioeconomic 
status, and educational interventions.

Another suggested predictor of CPAP adherence is patient 
self-efficacy. This metric includes the individual’s belief in his 
or her ability to successfully engage in a novel behavior such 
as CPAP in the future by being prepared to use it every night 
(self-regulatory skills), looking after the machine, mask, and 
tubing (setting achievable goals, making specific plans), and 
observing successful but realistic models of successful CPAP 
users.16,17 However, the value of self-efficacy as a predictor of 
CPAP adherence is uncertain, possibly in part because of differ-
ences in timing of measurement of this metric prior to or after 
behavioral and other interventions.9,15,18-20
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A range of nontechnological interventions have been 
designed to improve adherence to CPAP. Purely educational 
strategies have limited effect on adherence.15,21 Behavioral inter-
ventions, based on health psychology approaches to nonadher-
ence to CPAP, appear more promising.21 However, the optimum 
content, delivery, timing, and intensity of such interventions are 
unknown. Our group has previously found two separate social 
cognitive theory (SCT) sessions significantly increased CPAP 
uptake and nightly usage by 2.9 h at 1 mo compared to treat-
ment as usual (TAU), which included mask fitting and informa-
tion about CPAP only.18 The intervention was based on SCT.16,17 
A potential limitation of this study was the unequal interven-
tion time spent with these two groups. The SCT group received 
an additional 2 h of contact compared with the TAU group. 
This increased attention may have also influenced uptake and 
adherence outcomes.

The aim of the current study was to compare a pragmatic 
application of a single SCT group session to an equivalent 
time of social interaction (SI) to investigate CPAP usage in 
a larger patient sample over a longer time period (6 mo). We 
hypothesized that a single SCT session prior to commencing 
CPAP would improve CPAP uptake and compliance and there-
fore provide a simple and potentially cost-effective strategy to 
improve CPAP adherence. Both groups received an enhanced 
behavioral and education session (BES), now routine at our 
centers, that incorporated some elements of the active interven-
tion in our previous study.18

METHODS

Participants
Participants were recruited following diagnosis with 

moderate to severe OSA and referral for a CPAP-titration study 
from three geographically distinct clinics in Sydney, New 
South Wales (Royal Prince Alfred Hospital, Royal North Shore 
Hospital and the Woolcock Institute of Medical Research). 
Recruitment took place between November 2007 and August 
2009. Follow-up was completed by May 2010. Individuals 
were asked to participate in a study that would be valuable in 
helping them to use CPAP. They were informed they would be 
randomized to one of two slightly different educational treat-
ment interventions, SCT or SI, after the routine BES. Partici-
pants attended the intervention predominantly in groups of 
four, and occasionally fewer due to nonattendance. Participants 
were informed they would be asked to complete a number of 
questionnaires and a neurobehavioral test battery at 1 mo and 
6 mo. Results from the neurobehavioral battery are currently 
being prepared in a separate publication. Participants arrived 
at the sleep laboratory at 12:30, gave consent to participate, 
completed baseline questionnaires (including the self-efficacy 
scale) and the neurobehavioral test battery, and undertook 
CPAP education, followed by mask fitting, trial of CPAP at 4 cm 
H2O (acclimatization) and randomization. Although the after-
noon schedule was intense it was designed to minimize study 
visits compared with our previous study.18 The SCT group was 
shown an additional slide presentation and video whereas the 
SI group had afternoon tea and viewed a video of an individual 
undergoing a diagnostic and CPAP titration night at one of the 
participating clinics. Exclusion criteria included an inability 

to understand fluent English and any previous use of CPAP. 
This study was approved by the Ethics Review Committee of 
Sydney South West Area Health Service Sydney and is regis-
tered with the Australian New Zealand Clinical Trials Registry 
(ACTRN12607000424404).

Randomization, Allocation Concealment, and Blinding
Prior to recruitment, a randomization sequence by group 

using random permuted blocks with a 1:1 allocation ratio to SI 
and SCT interventions was generated by an independent inves-
tigator. Although participants were undergoing mask fitting 
with the sleep technologist, the psychologist responsible for the 
interventions opened a sequentially numbered, opaque, sealed 
envelope containing the randomization allocation. Participants 
were then presented with the SCT or SI protocol. Staff admin-
istering the SCT or SI were not blinded to the intervention, but 
did not have ongoing clinical contact with the patients. Other 
staff members interacting with the patients in subsequent visits 
were blinded to group allocation.

Questionnaires
All questionnaires were given at baseline, 1 mo, and 6 mo. 

The SCT questionnaire assesses the likelihood of an individual 
taking up and using CPAP.22 Only three subscales (self-efficacy, 
social support, and outcome expectancy) were used in this trial. 
Self-efficacy measures the individual’s belief that he/she will 
be able to successfully use CPAP at some time in the future. 
Social support measures the level of support the person would 
expect from a bed partner and/or members of the individual’s 
family or social network encouraging the use of CPAP every 
night. Outcome expectancy measures the expectation that using 
CPAP successfully will result in improvement in OSA daytime 
deficits and general health.

Other questionnaires administered included the Epworth 
Sleepiness Scale (ESS),23 Depression Anxiety Stress Scale 
(DASS),24 Fatigue Severity Scale (FSS),25 Pittsburgh Sleep 
Quality Index (PSQI),26 and Functional Outcomes Sleep Ques-
tionnaire (FOSQ).27 Baseline questionnaires were given prior to 
receiving any CPAP education or randomization. The patients 
were specifically asked to ensure they completed the SCT ques-
tionnaire prior to the BES or randomization and these were 
collected prior to provision of any content.

Interventions

Behavioral and Educational Session
This intervention was delivered to both arms. Based on 

previous research findings,18 the standard CPAP education 
now included information about CPAP machines and masks, 
a standardized slide presentation containing information about 
normal sleep, daytime and nighttime health consequences of 
untreated OSA (cardiovascular and driving/occupational acci-
dent risks), and the effectiveness of CPAP treatment. As part 
of the CPAP-titration process, participants were fitted with a 
comfortable, well-sealed mask and familiarized with all the 
equipment (CPAP machine and humidifier) by one of our sleep 
technologists. Side effects encountered when using CPAP 
were highlighted and discussed. All participants had a trial 
of CPAP at a pressure of 4 cm H20 in a supine position and 
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were encouraged to handle the equipment and to ask questions. 
Throughout this session participants were strongly encouraged 
by staff members to seek help and support for any mechanical 
difficulties throughout the study period.

Social Cognitive Therapy
The intervention was predominantly based on social 

cognitive theory factors (increased perceived self-efficacy, 
outcome expectations, and social support) and was delivered 
by one of two experienced psychologists. At the beginning 
of the intervention participants listed a goal for using CPAP, 
reinforcing the message that in using CPAP they would have 
more positive health options in the future. Throughout the 
slide presentation it was stressed how unhelpful thoughts can 
reduce CPAP usage; for example, focusing on side effects 
of CPAP such as a congested nose might override any long-
term perceived positive results from using CPAP. The 20-min 
slide-based SCT intervention promoted future health and 
safety benefits of using CPAP every night such as being more 
involved with partners/family/friends, feeling less sleepy, 
and more likely to feel like exercising. A 15-min video (made 
especially for the study) showed two female and two male 
CPAP users (one younger and one older role model for each 
sex) who described their personal experiences of learning 
to manage CPAP, and to persevere as the long-term health 
benefits (reduced sleepiness, more energy, better memory 
and mood) were worth the effort. Simple relaxation strategies 
were also given, as this was used in the previously published 
study.18 Handouts of the slides and an additional booklet, 
containing information about sleep, OSA/CPAP, and general 
health (exercise, diet, effects of alcohol) was provided to the 
SCT group only. Images of the successful role models were 
used as symbols of success and unhelpful thoughts associ-
ated with CPAP treatment were reframed into more helpful or 
realistic thoughts/goals.

Social Interaction
SI was a social intervention used to ensure equal time was 

spent with all participants. The SI group was provided with 
afternoon tea (20 min) including biscuits (cookies) and decaf-
feinated tea and coffee. The SI group was also shown a 15-min 
video provided by a local television station that followed a 
patient from his baseline diagnostic sleep study to being diag-
nosed with OSA and undergoing a CPAP titration study.

Both interventions were of equal length and scripted by the 
content of the slides and or the different video presentations.

CPAP Titration and Apparatus
Patients underwent an in-laboratory manual titration of their 

CPAP pressure with polysomnography (PSG). CPAP-therapy 
pressure was titrated to treat apnea, hypopnea, and flow limi-
tation, with a therapy target of apnea-hypopnea index (AHI) 
< 5 per hour of sleep. A prescription for an appropriate CPAP 
pressure and well sealing mask were provided for participants. 
Participants were required to purchase their own mask and 
tubing, but a CPAP flow generator was provided for the dura-
tion of the study at no cost.

All participants were provided with either a REMstar 
Pro CPAP (Respironics Inc., Murrysville PA) device with a 

data-storage Smart-Card, or a Sandman Goodnight 420 Series 
Auto HH (Covidien, Mansfield, MA) which allowed usage data 
to be directly downloaded from the machine or via a memory 
key. The data card/key recorded run time while the mask was 
on the patient’s face. The returned data was downloaded by the 
research assistant and automatically analyzed using software 
provided by the respective device manufacturers.

Procedures and Ongoing Interactions
The Behavioral and Educational Session and either the SI 

or SCT interventions, together with the CPAP titration study, 
were conducted during the baseline visit. After participants 
had used their CPAP for 7 nights, a sleep unit staff member 
(blinded to intervention) telephoned participants to request 
the data card from the device be returned by mail in the enve-
lope provided. The staff member also asked participants to 
report on how their CPAP therapy was going and if there were 
any difficulties, which was followed by appropriate trouble-
shooting. This telephone follow-up protocol was also carried 
out at 3 mo. The participants returned to the clinic for a final 
visit at 6 mo to complete questionnaires, repeat the neurobe-
havioral test battery, have their CPAP usage measured, and 
to return the CPAP flow generator and undergo repeat PSG. 
Participants also attended medical follow-up during this 
period as per routine practice.

Statistical Analysis
Usage data were downloaded from the CPAP flow generators 

at 1 week, 1 mo, 3 mo, and 6 mo. The data collected at 1 week 
included the first 7 days of therapy, whereas subsequent data 
collection periods included all days starting from the day after 
the previous data collection (for example, the data collection 
at 1 mo included the period from days 8 to 30). The mask-on 
time for each period was divided by the number of nights to 
obtain a mean daily usage. The two primary outcome measures 
were the proportion accepting and implementing CPAP, which 
was defined by the purchase of a CPAP mask and subsequently 
obtaining a CPAP flow generator from the clinic, and the 
proportion of adherent participants, defined as using CPAP for 
an average ≥ 4 h and ≥ 6 h a night, at 6 mo. Secondary outcomes 
were mean hours of CPAP usage (measured by mask-on time) 
at 1 week, 1 mo, 3 mo, and 6 mo.

Adherence to CPAP and other binary variables were presented 
as proportions (percentages), whereas average nightly CPAP 
use and other continuous variables were described by mean 
and standard deviation. Differences in proportions between 
the two intervention groups were analyzed by the chi-square 
test. Differences in continuous variables were analyzed by 
unpaired t-test. The analysis was by intention to treat. Partici-
pants who withdrew from the study were asked to attend the 
6-mo follow-up visit to collect outcome data. In cases where 
CPAP usage data from device download was missing, usage 
was imputed to be zero hours/night if it was confirmed with 
the participant that had they had refused or abandoned CPAP 
therapy, or else missing values were imputed by carrying 
forward the last observation. Because this strategy might 
lead to an overestimate of CPAP usage, sensitivity analyses 
were conducted, specifically by imputing zero usage to all 
missing data, or confining analysis to cases with complete 
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data. Predictors of CPAP adherence at 6 mo were explored 
by logistic regression, and the effect of the SCT interven-
tion was also evaluated, adjusting for significant predictors 
of adherence or variables found to be different between the 
intervention groups at baseline. P values < 0.05 were consid-
ered significant. Statistical analyses were conducted using 
SAS (SAS Institute, Cary, NC, USA), and R (R Foundation 
for Statistical Computing, Vienna, Austria).

Sample Size
Assuming the proportion using CPAP therapy in the SI group 

to be between 20% and 70%, in order to detect a difference in 
proportions of 20%, 62 to 97 patients would be required per 
group, based on a two-group comparison with 80% power and 
two-tailed significance of 0.05. We aimed to recruit a total of 
220 patients to account for loss to follow-up.

RESULTS
After obtaining consent, 206 participants were randomized 

to either the SI (n = 97) or the SCT group (n = 109). Figure 1 
describes the flow of participants through the study. Baseline 
characteristics of the 206 individuals are shown in Table 1. Sleep 
apnea severity prior to treatment, measured by AHI (P = 0.02) 
and arousal index (P = 0.04) were slightly higher in the SI group 
compared with the SCT group. No differences were found at 
baseline in sex, education level, presence of a bed partner, body 
mass index, daytime sleepiness, or any psychological factors as 
measured by questionnaire data.

Twenty-four patients (10 
in the SCT group, 14 in the 
SI group) were confirmed on 
direct questioning to have 
ceased CPAP therapy during 
the follow-up period, and 
in the absence of usage data 
download from their CPAP 
device, had their nightly usage 
assigned as zero hours. With-
drawal rate was 11% in the 
SCT group (12 participants), 
as compared with 20% (19 
participants) in the SI group 
(P = 0.13). Of these patients 
withdrawing prior to 6 mo of 
follow-up, CPAP usage data 
were unknown in three patients 
in the SCT group and five in the 
SI group. In those completing 
follow-up, an additional six 
patients (two in the SCT, four 
in the SI group) had data cards 
that were missing or corrupted.

CPAP Uptake
The proportion of patients in 

the SCT group who collected 
their loaner CPAP machine 
after having purchased their 
own mask (88%, 96 patients) 

did not differ from the SI group (82%, 80 patients, P = 0.35).

Adherence
Table 2 shows the proportions of patients using CPAP for 

an average of 4 h or greater per night, at the 1 week, 1 mo, 
3 mo, and 6 mo follow-up time points. There were no differ-
ences in CPAP adherence between groups at each of the follow-
up points. At 6 mo, 54.6% of patients were adherent to CPAP 
in the social interaction group, as compared with 47.2% in the 
SCT group (difference, 7.4 percentage points, 95% confidence 
interval [CI], 22.1-7.2, P = 0.4). A higher rate of missing adher-
ence data in the SI group might serve to attenuate any positive 
effect of the SCT intervention, particularly if missing data were 
related to poor adherence. Nevertheless, the finding of no differ-
ences in adherence between intervention groups was robust to 
sensitivity analyses assigning a value of zero to missing usage 
data, or examining complete data only.

At 6 mo (Table 3), 33% of patients in the social interaction 
group were using CPAP for ≥ 6 h a night, as opposed to 20.4% 
in the SCT group (P = 0.06). Mean nightly usage of CPAP was 
4.1 h in the SI group and 3.5 h in the SCT group, with the differ-
ence between groups being 0.64 h (95% CI, 0.10-1.37, P = 0.09).

Logistic regression modeling was used to explore other 
predictors of adherence (Table 4). In univariate analyses, 
pretreatment AHI and self-efficacy were significant predictors 
of adherence. In multivariate models, they remained signifi-
cant predictors with greater OSA severity (odds ratio [OR] 1.1 
per 10 event/h increase in AHI, 95% CI 1.01-1.29, P = 0.04) 

Completed study to 6-mo visit (n = 99)
♦  Two with unknown usage

Withdrew before 6-mo visit (n = 10)
♦  Three with unknown usage

Completed study to 6-mo visit (n = 78)
♦  Four with unknown usage

Withdrew before 6-mo visit (n = 19)
♦  Five with unknown usage

Follow-Up

Analyzed (n = 109)
♦  Five with previous adherence data 

carried forward

Analyzed (n = 97)
♦  Nine with previous adherence data 

carried forward

Analysis

Allocated to cognitive behavioral 
therapy (n = 109)

♦  Education session
♦  Slides and video with SCT 

Allocated to social interaction (n = 97)
♦  Education session
♦  Afternoon tea and video of sleep 

study

Allocation

Assessed for eligibility (n = 294)

Excluded (n = 88)
♦  Previous CPAP use (n = 28)
♦  Refusal (n = 50)
♦  Language difficulty (n = 10)

Randomized (n = 206)

Enrollment

Figure 1—Participant flow diagram. CPAP, continuous positive airway pressure; SCT, social cognitive theory group.
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and higher self-efficacy (OR 2.7 per unit increase score, 95% 
CI 1.7-4.3, P < 0.0001) both associated with treatment adher-
ence at 6 mo. When adjusted for AHI and self-efficacy, there 
was no effect of SCT, compared with SI on adherence (OR 
0.90, 95% CI 0.5-2.1, P = 0.7). The other variables consid-
ered for the regression model included sex, age, education 
level (primary, secondary or tertiary), and the outcomes of the 
symptom questionnaires.

Although baseline self-efficacy was associated with 
increased adherence to CPAP, neither intervention appeared 
to change self-efficacy, when the baseline measurement was 
compared to 1-mo follow-up. In addition, the effect of the inter-
ventions on CPAP adherence did not appear to be influenced 
by the degree of self-efficacy at baseline (interaction effect of 
group by self-efficacy, P = 0.9), this does not support the notion 
that individuals with lower self-efficacy might obtain a greater 
benefit from the SCT intervention.

Symptoms and Questionnaire Data
At follow-up, there was no difference between the groups in 

ESS FOSQ, DASS subscales, FSS PSQI, Social support, Self-
efficacy, and Outcome expectancy (Tables 5 and 6).

DISCUSSION
Previous positive findings from limited randomized 

controlled studies suggested a cognitive behavioral therapy 
(CBT) intervention with a social cognitive component enhanced 
CPAP adherence.15,18 However, contrary to our hypothesis, a 
single CPAP-specific group SCT intervention did not improve 
CPAP uptake or adherence compared with an equivalent time 
period of social interaction, which was in addition to our behav-
ioral and education session. Moreover, there was no difference 
in effect of either arm of the study on a range of subjective 
sleep and psychosocial outcomes. Although higher self-efficacy 
scores at baseline, prior to titration, strongly predicted CPAP 
adherence, neither intervention increased the self-efficacy 
score at 6 mo. As expected, temporal patterns of nonadherence 
showed that most of patients who were nonadherent to CPAP 
treatment at 6 mo were already nonadherent at 1 week.

The “active” intervention was a single SCT group session 
with a cognitive component28 delivered in a group setting to 
increase the uptake and usage of CPAP in patients with OSA. 
The key component of the SCT session was a video of four 
individuals who had overcome considerable difficulties and 
through perseverance were now using CPAP successfully. This 
was a pragmatic choice given such an intervention could be 
delivered as a low-cost, low-intensity adjunct to CPAP treatment 
and was feasible in many clinical settings. Previous work from 
our group had suggested such an intervention delivered prior 
to the first night of CPAP was effective at 1 mo and improved 
CPAP adherence.18 Despite these previous positive findings, we 
observed no difference between the SCT and SI arms.

There are a number of possible explanations for the differ-
ence between our previous findings and the current study. This 
study had a time-matched control arm whereas previously the 

Table 1—Baseline participant characteristics

Variable SI (n = 97) SCT (n = 109)
Age, y 46.8 (14.3) 49.3 (12.3)
Males, % (n) 72% (70) 70% (70)
Education level, % (n)

Primary
Secondary
Tertiary
Unknown

3% (3)
30% (33)
50% (55)
17% (18)

2% (2)
22% (21)
51% (49)
26% (25)

Has bed partner, % (n)
Yes
No
Unknown

31% (30)
43% (42)
26% (25)

34% (37)
50% (55)
16% (17)

BMI, kg/m2 24.4 (13.3) 35.8 (23.3)
ESS, range 0-24 12.0 (5.0) 11.9 (4.9)
FOSQ total score, range 5-20 14.6 (3.6) 14.5 (3.4)
DASS depression, range 0-42 10.9 (9.4) 11.9 (9.8)
DASS anxiety, range 0-42 9.6 (7.9) 10.0 (8.8)
DASS stress, range 0-42 13.5 (9.5) 14.5 (8.5)
FSS total score, range 1-7 4.9 (1.4) 4.7 (1.4)
Self-efficacy, range 1-5 4.0 (0.7) 4.0 (0.8)
Outcome expectancy, range 1-5 4.1 (0.7) 4.2 (0.8)
Social support, range 1-5 4.2 (1.0) 4.1 (0.9)
PSQI global, range 0-21 7.6 (3.6) 8.6 (3.7)
Pretreatment AHI, events/h 39.9 (25.1) 30.4 (28.0)

Data are mean (standard deviation), except for education level and 
sex, quoted as percentages with absolute numbers in parentheses. The 
range, or minimum and maximum possible scores for the questionnaire 
scales, are shown in the table. AHI, apnea-hypopnea index; BMI, body 
mass index; DASS, Depression Anxiety Stress Scale; ESS, Epworth 
Sleepiness Scale; FOSQ, Functional Outcomes of Sleep Questionnaire; 
FSS, Fatigue Severity Scale; PSQI, Pittsburgh Sleep Quality Index; SCT, 
social cognitive theory group; SI, social interaction group.

Table 2—Adherence to continuous positive airway pressure, as defined 
by average nightly usage ≥ 4 h

Time SI (%) SCT (%) Difference (SCT – SI)
1 week 63.4 66.0 2.6 (-11.7 to 16.9), P = 0.8
1 mo 59.4 57.0 -2.4 (-16.9 to 12.2), P = 0.8
3 mo 55.2 50.9 -4.3 (-19.0 to 10.4), P = 0.6
6 mo 54.6 47.2 -7.4 (-22.1 to 7.2), P = 0.36

Differences quoted are in absolute percentage points, with 95% 
confidence limits and P values. SCT, social cognitive theory group; SI, 
social interaction group.

Table 3—Adherence to continuous positive airway pressure, as defined 
by average nightly usage ≥ 6 h

Time SI (%) SCT (%) Difference (SCT – SI)
1 week 32.3 34.9 2.6 (-11.5 to 16.8), P = 0.8
1 mo 33.3 23.4 -10.0 (-23.3 to 3.4), P = 0.16
3 mo 32.3 24.1 -8.2 (-21.6 to 5.1), P = 0.25
6 mo 33.0 20.4 -12.6 (-25.6 to 0.4), P = 0.06

Differences quoted are in absolute percentage points, with 95% 
confidence limits and P values. SCT, social cognitive theory group; SI, 
social interaction group.
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intervention involved extra sessions compared to a TAU arm. 
It is possible that the simple act of having a group session 
with patients interacting and discussing their common health 
problem may not be an inert control. We observed a trend 
toward the patients in the SI arm having better adherence at 
6 mo, if we used a more rigorous adherence criteria of > 6 h 
CPAP usage/night (33% versus 20.4%, P = 0.06). Previously, 
the active intervention group attended two sessions on separate 
occasions prior to CPAP titration and partners were encouraged 
to participate. The current study consisted of an intensive after-
noon consisting of questionnaire completion, a neurobehav-
ioral testing battery (reported in another study), CPAP training, 
and group sessions (usual education and either SCT or SI) 
followed by CPAP titration. The relative intensity and timing 
(12:30-06:00) of the program in patients with untreated OSA 
and possible neurobehavioral impairment may have attenuated 

the efficacy of any active behavioral intervention such as group 
SCT would achieve in comparison with our previous approach 
(two separate CBT sessions at night or Sunday lunchtime). 
The SI group had equal time but a less intense intervention, 
possibly allowing them more time to integrate information. The 
behavioral educational content common to both arms was more 
detailed compared with the previous study and it may have 
influenced CPAP uptake and adherence. Early afternoon educa-
tional interventions in untreated individuals with OSA may not 
be optimal. In addition, the educational background of patients 
in this study was broader; however, even in the current study 
78% completed high school and 51% had university degrees. 
Finally, partners were not able to be directly involved in the 
education sessions in the current study due to the study protocol 
timetable. In the previous study18 partners were encouraged 
to be present at the then-two CBT/SCT sessions, and social 
support was significantly higher in this group compared with 
the TAU control group. Previous research29 has found that 
having a partner was more likely to result in higher CPAP 
usage, whereas other research found increased disease severity 
and a more collaborative spousal relationship positively influ-
enced adherence.30 In the previous study18 the follow-up calls 
were carried out by a CPAP therapist and staff member who 
was known to the participants, although they were blinded to 
participant group. Developing a rapport with the participants, 
where the same staff member interacts on a regular basis, is an 
important factor in CPAP uptake and adherence.31

Recent Cochrane and other reviews15,21 identified two other 
studies from the same institution that have tested SCT/CBT-like 
interventions to increase CPAP adherence. In the first study, 
12 patients were randomized to either two 45-min individual 
sessions of symptom discussion/goal setting or an attention 
control.32 There was a marked improvement in CPAP adherence 

Table 4—Univariate and multivariate logistic regression models examining predictors of continuous positive airway pressure adherence at 6 mo

Variable Univariate analyses Multivariate model
Pretreatment AHI, per 10 events/h 1.17 (1.04 to 1.32), P = 0.005 1.13 (1.01 to 1.29), P = 0.04
Self-efficacy 2.58 (1.70 to 4.04), P = 0.000004 2.67 (1.70 to 4.31), P = 0.00003
Intervention group, SCT vs. SI 0.74 (0.43 to 1.29), P = 0.29 0.90 (0.48 to 2.09), P = 0.7
Sex 1.22 (0.66 to 2.24), P = 0.5
Age, per 10 y 0.92 (0.74 to 1.14), P = 0.44
Education, completed tertiary education 0.93 (0.48 to 1.78), P = 0.8
ESS 1.01 (0.95 to 1.07), P = 0.8
FOSQ 0.99 (0.91 to 1.08), P = 0.8
FSS total score 1.14 (0.93 to 1.01), P = 0.19
PSQI global score 0.99 (0.91 to 1.06), P = 0.7
DASS, depression 1.02 (0.99 to 1.05), P = 0.24
DASS, anxiety 1.02 (0.99 to 1.05), P = 0.64
DASS, stress 1.01 (0.98 to 1.04), P = 0.50
Outcome expectancy 1.63 (1.11 to 2.45), P = 0.01
Social support 1.18 (0.86 to 1.62), P = 0.31

Numbers quoted are odds ratios, with 95% confidence intervals and P value. In univariate analyses, outcome expectancy was associated with continuous 
positive airway pressure adherence, but its effect was not significant when included in a model with self-efficacy (odds ratio 0.97, 95% confidence intervals 
0.56-1.67, P = 0.9), and so it was not included in the final multivariable model. AHI, apnea-hypopnea index; BMI, body mass index; DASS, Depression Anxiety 
Stress Scale; ESS, Epworth Sleepiness Scale; FOSQ, Functional Outcomes of Sleep Questionnaire; FSS, Fatigue Severity Scale; PSQI, Pittsburgh Sleep 
Quality Index; SCT, social cognitive theory group; SI, social interaction group.

Table 5—Questionnaire scales at 6 mo

SI SCT Difference (SCT - SI)
ESS 7.6 (4.5) 7.7 (4.7) 0.1 (-1.3 to 1.5), P = 0.9
FOSQ total 16.7 (2.9) 17.0 (2.9) 0.2 (-0.7 to 1.1), P = 0.6
DASS-D 8.6 (10.8) 6.6 (8.3) -1.9 (-4.9 to 1.1), P = 0.2
DASS-A 7.0 (7.8) 6.8 (7.6) -0.2 (-2.6 to 2.2), P = 0.9
DASS-S 9.9 (8.5) 9.9 (8.0) -0.0 (-2.6 to 2.5), P = 1.0
FSS 3.9 (1.4) 4.3 (1.5) 0.3 (-0.1 to 0.8), P = 0.14
PSQI 5.8 (3.6) 5.5 (3.5) -0.30 (-1.44 to 0.84), P = 0.6

DASS, Depression Anxiety Stress Scale; ESS, Epworth Sleepiness 
Scale; FOSQ, Functional Outcomes of Sleep Questionnaire; FSS, 
Fatigue Severity Scale; PSQI, Pittsburgh Sleep Quality Index; SCT, social 
cognitive theory group; SI, social interaction group.
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with the active intervention. The second study 
randomized 142 patients to either motivational 
enhancement,33 enhanced education, or a TAU 
arm. By the end of the 13-week data collection 
period, 51% of the individuals in the control 
group had discontinued CPAP compared with 
30% of those in the enhanced education group 
and 26% in the motivational enhancement group. 
However, differences were not seen between the 
two interventions and control group in adherence 
at 13 weeks. These two studies used different 
interventions and shorter follow-up periods. In 
both of these studies, interventions were delivered 
after CPAP titration unlike in the current study 
where interventions were delivered the afternoon 
prior to titration. These data, taken together with 
the current finding, question the effectiveness of 
currently available behavioral interventions in improving CPAP 
adherence. Some specific (e.g., SCT) interventions may work 
only in certain settings or need to be administered repeatedly 
over a longer period of time to improve CPAP usage in patients 
with OSA.

Importantly, self-efficacy measured prior to CPAP titration 
strongly predicted adherence at 6 mo. For every unit increase 
on the baseline self-efficacy scale, hours of CPAP use nearly 
doubled (OR = 1.8) irrespective of the group intervention. The 
self-efficacy questionnaire was a subset of one previously used 
in CPAP research28 and was specifically given prior to any 
education or randomization. This approach was taken to ensure 
consistency with our previous protocol where self-efficacy was 
also predictive of CPAP adherence.18 In other protocols exam-
ining CPAP adherence, self-efficacy is typically measured after 
the behavioral intervention or after a short period of time on 
CPAP.9,15,19,20 In these studies self-efficacy has been variably 
related to CPAP adherence.

One potential application of using patient-reported self-
efficacy prior to commencing CPAP treatment is to differen-
tiate which patients may require more or less intensive support 
with CPAP treatment. This approach would support the use of 
a pragmatic and economically sensible stepped care model as 
suggested for insomnia treatment.34

Overall CPAP adherence at 6 mo in both arms of this 
study (47.2-54.6% using 4 h/night cutoff) was consistent 
with a number of recent larger trials examining interventions 
to increase CPAP usage. Using an automated telemedicine 
intervention for 6-12 mo, 44.7% of patients adhered to CPAP 
compared with 34.5% in an attention control group.35 Another 
study comparing motivational enhancement, enhanced educa-
tion, or control showed adherence rates of 61-67% but this was 
measured at 12 weeks.33 In observational follow-up of 330 US 
veterans, CPAP adherence ≥ 4 h occurred in 48.9% after the 
first week of therapy,36 whereas in another study of 91 sleep 
clinic patients followed for the same duration, 39.6% used 
CPAP for > 4 h/night. Given the evidence indicating that greater 
hours of CPAP use result in better psychosocial and other 
outcomes, some have questioned the value of the > 4 h adher-
ence metric.15 Moreover, there is reasonable consensus that 6 h 
or more of normal quality sleep is required for normal neurobe-
havioral functioning and lesser degrees of sleep contribute to a 

range of poor health outcomes.13 We observed that, depending 
on the arm of study, only 20.4-33% of patients used CPAP > 
6 h/night. Others have found both higher (32-45%)33 or lower 
(23.1%)20 levels of this adherence cutoff. These data clearly 
indicate that a large proportion of patients prescribed CPAP 
titration by their doctors do not use CPAP or use it subopti-
mally, providing strong impetus to develop better interventions 
to improve adherence or to validate therapies that are as equally 
effective as CPAP.

The data presented in this study are not questioning the effi-
cacy of all behavioral interventions in patients commencing 
with CPAP treatment. We only used a single-group SCT session 
at baseline, and more frequent use of such interventions early 
in treatment to consolidate an understanding of the treatment 
process is likely to increase CPAP adherence. We used a multi-
component approach that included some aspects of SCT but 
also relaxation. This was not personalized to each individual 
and thus may have diminished the potential effectiveness of 
this intervention. Such interventions using a “one size fits all” 
approach for all patients are expensive (including time factors). 
It is likely the best use of behavioral treatments will require a 
more intensive approach in a subgroup of patients predicted to 
be nonadherent to CPAP by questionnaires or other unidentified 
markers. Moreover, the high rate of nonadherence identified 
by this and other studies in relatively unselected populations 
emphasises the challenges in treating OSA with CPAP.

A single CPAP-specific group SCT intervention did not 
improve CPAP uptake or adherence compared with an equiv-
alent time period of social interaction. Such approaches may 
well be cognitively challenging for patients with OSA, and 
future research should focus on determining optimal timing and 
repetition of both educational information and other behavioral 
interventions. Other factors requiring investigation include 
time of day when the intervention sessions take place, partner 
support, use of known health care providers/staff and/or “health 
coaches.” Randomized controlled trials testing the value of 
self-efficacy as a predictor of CPAP adherence in a potential 
stepped care model also needs to be considered.
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Table 6—Social support, self-efficacy and outcome expectancies at 1 and 6 mo

SI SCT Difference (SCT - SI)
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1 mo 3.94 (1.04) 3.93 (0.94) -0.01 (-0.28 to 0.27), P = 1.0
6 mo 3.88 (1.16) 3.79 (1.10) -0.09 (-0.40 to 0.22), P = 0.6

SCT, social cognitive theory group; SI, social interaction group.
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