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BACKGROUND: Some patients with obstructive sleep apnea syndrome remove the CPAP device
during sleep, although they start CPAP at bedtime. We hypothesized that body position changes
and oxygen desaturations may be associated with patient removal of the CPAP device. METHODS:
We consecutively enrolled 36 poor CPAP adherers and 25 good CPAP adherers. Body positions and
oxygen desaturations were evaluated when these subjects used CPAP during sleep for 2 nights,
permitting the removal of the CPAP device during the recording. RESULTS: Twelve poor CPAP
adherers exhibited subject removal of the CPAP device within 4 h from the start of body position
recording. The frequency of body position changes was significantly higher within 15 min before the
CPAP removal than during other periods when CPAP was used. At the same time, oxygen desatu-
rations were significantly more frequent within 15 min before CPAP removal than during other
periods when CPAP was used. In addition, the majority (66.7%) of the CPAP removal events were
followed by a change from a supine position to a non-supine position within 5 min. The number of
body position changes during the first 4-h recording was significantly higher in the poor CPAP
adherers who had removed their CPAP device compared with the poor CPAP adherers who had not
removed their device. However, the number of body position changes or oxygen desaturation index
under CPAP during the first 4-h recording was not significantly different between the poor CPAP
adherers and good CPAP adherers. CONCLUSIONS: Our findings are the first to indicate asso-
ciations among CPAP removal, body position changes, and oxygen desaturations during sleep in
poor CPAP adherers. However, our findings also indicated that most good CPAP adherers make
frequent body position changes without removal of CPAP device, suggesting that patients can adapt
to the discomfort of CPAP therapy at the time of body position changes. Key words: obstructive sleep
apnea syndrome; positive airway pressure; adherence; body position changes; supine; non-supine. [Respir
Care 2015;60(5):658–665. © 2015 Daedalus Enterprises]

Introduction

Obstructive sleep apnea syndrome (OSAS) is an impor-
tant syndrome that is associated with daytime sleepiness

and an increased incidence of cardiovascular1 and other
diseases.2 CPAP therapy is an effective treatment that re-
duces sleepiness3 and prolongs survival.4,5 However, poor
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adherence to prescribed CPAP therapy is a continuing prob-
lem in the treatment of OSAS.6

Although many studies have been conducted to evaluate
the factors affecting CPAP adherence,7 the reasons for
patient removal of CPAP device during sleep have not
been thoroughly evaluated. Some poorly adherent patients
do not remember when they removed the CPAP device
during sleep, although they started CPAP therapy at bed-
time. Therefore, the factors contributing to the removal of
the CPAP device during sleep and the factors contributing
to the lack of use of CPAP at bedtime might be different.
Although education and social support might enhance the
adherence to CPAP use at bedtime,8-11 other sleep-related
factors might affect the removal of CPAP therapy during
sleep, and may require other types of intervention.

Because some patients complain of discomfort when
changing body positions or being asleep in the lateral po-
sition while using CPAP, we evaluated body positions and
oxygen desaturations when subjects used CPAP during
sleep and their association with the incidence of CPAP
removal during sleep.

Methods

Subjects

Patients with OSAS were consecutively recruited de-
pending on the date when they visited the hospital, be-
cause patients using CPAP therapy are required to visit a
hospital at least once a month in compliance with the
Japanese medical insurance system. We recruited patients
with OSAS who had been treated with CPAP for � 6
months at the University of Tokyo Hospital, and who had
CPAP compliance data available for � 20 follow-up days
from September to December in the most recent 2 y. Pa-
tients with cognitive dysfunction who had difficulty in
performing body position recordings at home were ex-
cluded.

Among the 89 recruited subjects, we found 41 poor
CPAP adherers, who had used their CPAP device for � 4
h on � 70% of the days on which they used the device.
For comparison, we also consecutively enrolled 28 good
CPAP adherers, who had used their CPAP device for � 4
h on � 70% of the days on which they used the device.

The study was performed at the Department of Geriatric
Medicine, Graduate School of Medicine, University of To-
kyo, Tokyo, Japan, and the study protocol was approved
by the institutional review board.

Diagnosis of OSAS and Prescription of CPAP
Therapy

All of the subjects were diagnosed with OSAS based on
the findings of full-night polysomnography and/or full-

night portable polysomnography. In some subjects, fixed
pressure CPAP was prescribed after confirming an ade-
quate reduction in the apnea-hypopnea index under CPAP
using polysomnography. In the other subjects, auto-mode
CPAP was prescribed, and an adequate reduction in apnea-
hypopnea index was confirmed using the records obtained
from the CPAP device. All subjects using CPAP were
required to visit a hospital at least once a month, and the
physicians encouraged and advised the subjects to be ad-
herent to CPAP therapy.

Recording of Body Position and Arterial Oxygen
Saturation During Sleep

We recorded arterial oxygen saturation and body posi-
tion using a portable sleep apnea monitoring device (Ap-
nomonitor mini, Chest, Tokyo, Japan) at home. The re-
cordings began automatically 15 min after turning on this
device. The data for time and body position recorded by
this device were validated after the recording. We advised
the subjects to use their CPAP device as usual, permitting
removal of the CPAP device during the recording. The
subjects were blinded to the objectives of the study, that is,
the recording of body position at the time of CPAP re-
moval. We also instructed the subjects to keep a sleep
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Current knowledge

Obstructive sleep apnea syndrome (OSAS) is associ-
ated with daytime sleepiness and an increased inci-
dence of cardiovascular and other comorbidities. CPAP
therapy is an effective treatment that reduces sleepiness
and prolongs survival. Poor adherence to prescribed
CPAP therapy is commonly reported, negating the po-
tential positive impact of therapy. The reasons for pa-
tient removal of CPAP device during sleep have not
been thoroughly evaluated.

What this paper contributes to our knowledge

Frequent oxygen desaturations were seen just before
CPAP removal, suggesting that suboptimal OSAS treat-
ment would induce body position changes and CPAP
removal. CPAP removal, body position changes, and
oxygen desaturations during sleep were higher in sub-
jects exhibiting poor CPAP adherence. Good CPAP
adherence was associated with frequent body position
changes without removal of the CPAP device, suggest-
ing that patients can adapt to the discomfort of CPAP
therapy during body position changes.
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diary, and at the same time, downloaded the record of
CPAP use from the CPAP device on the same day. The
self-report of the CPAP start time in the sleep diary was
utilized to adjust the time error of the CPAP device. Times
during which the subjects reported that they had been awake
lying in bed with CPAP were excluded from the analysis
of body position.

Definition of CPAP Removal During Sleep

CPAP removal was defined as the discontinuation of
CPAP therapy without the restart of CPAP therapy within
30 min after the subjects were lying in bed. We evaluated
CPAP removal within 4 h from the start of body position
recording with CPAP therapy, because the use of CPAP
for � 4 h is usually regarded as good adherence.

For the subjects who had shown CPAP removal on both
recording days, we utilized the record for the day on which
CPAP removal occurred earlier from the start of body
position recording when analyzing the concurrent removal
of CPAP and a body position change.

Analysis of Body Position During Sleep and Arterial
Oxygen Desaturation Index (ODI)

Each subject’s body position (supine, left, right, prone,
and upright) was recorded automatically every 1 s. Body
positions that did not last for � 1 min were recorded as a

continuation of the preceding body position. When refer-
ring to the events of body position changes, we did not
include the changes from or to an upright position. An
ODI of 3% or more was automatically analyzed after ex-
cluding periods including upright positions and the period
when the subjects clearly reported that they were awake.

Statistical Analysis

The frequency of CPAP removal or simultaneous body
position changes with CPAP removal events was evalu-
ated using the chi-square test or Fisher’s exact test. The
number of body position changes and oxygen desatura-
tions were analyzed among the poor adherers with/without
CPAP removal and good adherers using the Mann–Whit-
ney U test for multiple comparisons with the P values
being corrected according to the Bonferroni method. The
comparison of the ODI or the number of body position
changes within 15 min before CPAP removal and that
during other periods was performed using Wilcoxon
matched-pairs (signed-rank) tests. The comparison of body
position and number of body position changes before and
after CPAP removal was also performed using Wilcoxon
matched-pairs (signed-rank) tests. All of the statistical anal-
yses were performed using the SPSS software program
(version 21.0, SPSS, Chicago, Illinois). Statistical signif-
icance was defined as a P value of � 0.05.

Table 1. Baseline Characteristics

Poor CPAP Adherers
(n � 36)

Good CPAP Adherers
(n � 25)

P

Age (y) 60.6 � 10.0 65.6 � 9.3 .06
Males/females (n) 29/7 21/4 .73
Body mass index (kg/m2) 28.5 � 5.2 27.9 � 5.0 .51
Time (mo) 40.8 � 25.0 43.8 � 29.0 .79
After the diagnosis of OSAS
AHI original 43.4 � 17.1 35.3 � 16.1 .08
Auto-CPAP/fixed CPAP 33/3 21/4 .43
AHI on CPAP 5.9 � 4.6 4.9 � 3.3 .46
Comorbidities (%)

Hypertension 50.0 68.0 .16
Diabetes 30.6 36.0 .66
Congestive heart failure 2.8 4.0 .66
Insomnia 5.6 20.0 .09
Restless leg syndrome 2.8 4.0 .66

CPAP use, min/total days (%) 142.1 � 73.3 347.9 � 92.7 � .001
CPAP use, days/total days 63.5 � 26.8 90.8 � 13.1 � .001
� 4 h use, days/CPAP use days 41.7 � 19.4 89.3 � 8.6 � .001

The values represent the mean � SD where applicable. The comorbidities indicate the percentage of subjects who were treated for each disease.
OSAS � obstructive sleep apnea syndrome
AHI � apnea hypopnea index
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Results

Incidence of CPAP Removal During Sleep

We evaluated body position during CPAP use in 36 of
the 41 enrolled poor CPAP adherers and in 25 of the 28
enrolled good CPAP adherers. The remaining 5 poor CPAP
adherers refused to undergo evaluation (n � 3) or com-
pletely withdrew from CPAP therapy before the recording
of body position (n � 2). The 3 good CPAP adherers

completely withdrew from CPAP therapy (n � 1) or be-
came difficult to contact (n � 2). The characteristics of the
evaluated CPAP users are shown in Table 1.

Twelve of the 36 poor CPAP adherers (33.3%) exhib-
ited subject removal of the CPAP device within 4 h from
the start of body position recording, whereas none of the
25 good CPAP adherers (0.0%) exhibited removal within
4 h from the start of body position recording (P � .001,
Fisher’s exact test).

Fig. 1. Body position changes and oxygen desaturations around the time of CPAP removal. The horizontal axis shows the time course of
the 12 subjects who experienced CPAP removal during the recording. The filled circles show body position changes from a supine position
to non-supine positions, and open circles show body position changes from a non-supine position to a supine position. The diamonds show
an oxygen desaturation of � 3%. The gray bars show the length of time that subjects were in an upright position.
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Association of CPAP Removal and Body Position
Changes

Subsequently, we evaluated the association between
CPAP removal and body position changes in 12 subjects
who experienced CPAP removal during body position re-
cording. The frequency of body position changes was re-
markably high around CPAP removal (Fig. 1).

The number of body position changes increased just
before CPAP removal in many cases. Seven of the 12
subjects (58.3%) had changed their body position once or
more within 15 min before CPAP removal. The frequency
of body position changes was significantly higher within
15 min before CPAP removal than during other 15-min
periods when CPAP was used (P � .047, Wilcoxon
matched-pairs tests).

Subsequently, 8 of the 12 subjects (66.7%) demonstrated
a body position change within 5 min after CPAP removal.
This percentage was significantly higher than that in the
other 5-min periods of Figure 1, where 3 or fewer of the 12
subjects had made body position changes during each 5-min
period (P � .041, by using the chi-square test). Interest-
ingly, all 8 body position changes within 5 min after CPAP
removal occurred during a change from a supine position
to a non-supine position, and 2 of the other 4 subjects had
changed to a non-supine body position before CPAP re-
moval, and thus 10 of the 12 subjects (83.3%) were in a
non-supine position 5 min after CPAP removal.

Although we could not evaluate awakening around the
CPAP removal, none of the 12 CPAP removal events were
associated with an upright position observed before CPAP
discontinuation (Fig. 1). In the sleep diaries of these 12
subjects, subject 6 reported that he had removed his CPAP
device to go to the toilet. Subject 7 reported that she was
awake for a short time at a time corresponding to a body
position change subsequent to CPAP removal. Subject 3
reported that his sleep became poor at a time correspond-
ing to 3 min after body position change, which occurred
simultaneously with CPAP removal. The other subjects
reported no events within 15 min before or after CPAP
removal in their sleep diaries.

Frequent Oxygen Desaturations Preceded CPAP
Removal

We also evaluated the association between oxygen de-
saturations and CPAP removal. Interestingly, a remark-
ably high number of subjects had shown oxygen desatu-
rations of 3% or more before CPAP removal. The ODI
within 15 min before CPAP removal was significantly
higher than that during other 15-min periods when CPAP
was used (P � .041, Wilcoxon matched-pairs tests). In-
terestingly, body position changes also occurred just be-

fore or during these repetitive oxygen desaturations for
many cases (subject 1, 2, 3, 6, 9, and 11) (Fig. 1).

Number of Body Position Changes in the Subjects
With CPAP Removal

We hypothesized that some poor CPAP adherers did not
remove the CPAP device because they remained in the
supine position on the recoding days. Therefore, we eval-
uated the number of body position changes within 4 h
from the start of body position recording. The number of
body position changes during sleep was significantly lower
in the 2-night data for the poor CPAP adherers who had
not removed the CPAP device on either recording day
compared with the 1-night or 2-night data for the 12 poor
CPAP adherers who had removed CPAP therapy on one or
both days (P � .006) (Fig. 2). In particular, the number of
the subjects who had not made any body position changes
within the first 4 h was significantly higher in the poor
CPAP adherers who had not removed the CPAP device
(29.2%), compared with the poor CPAP adherers who had
removed the device (0.0%) (P � .041, Fisher’s exact test).
Furthermore, 5 of the 6 poor CPAP adherers who had
removed the CPAP device on one night and had not re-
moved it on the other night showed less frequent body
position changes on the day without CPAP removal than
on the day with CPAP removal, although the difference
was not statistically significant (P � .17, Wilcoxon
matched-pairs tests).

However, the number of body position changes within
4 h from the start of body position recording was not
significantly different between poor CPAP adherers who
had removed CPAP therapy and good CPAP adherers
(P � .12) (Fig. 2), or between total poor CPAP adherers
and good CPAP adherers (P � .57).

Number of Oxygen Desaturations in the Subjects
With CPAP Removal

We hypothesized that suboptimal OSAS treatment could
induce body position changes and CPAP removal. There-
fore, we evaluated an ODI of 3% or more within 4 h from
the start of body position recording. As for the 12 subjects
who had removed CPAP within 4 h from the start of body
position recording, we evaluated an ODI of 3% or more
from the start of body position recording to the time of
CPAP removal. The ODI during sleep with CPAP was not
significantly different among poor CPAP adherers who
had removed CPAP therapy, poor CPAP adherers who had
not removed CPAP therapy, and good CPAP adherers
(Fig. 3).
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Body Position and Body Position Changes After
Subject Removal of CPAP Therapy

For the 12 subjects who exhibited subject removal of
the CPAP device, the percentage of non-supine body po-
sitions significantly increased during sleep after CPAP re-
moval compared with that observed during sleep before
CPAP removal (P � .02) (Fig. 4A).

We also counted the number of body position changes
during sleep before and after CPAP removal. The number
of body position changes during sleep after CPAP removal

was not significantly different from that observed during
sleep before CPAP removal in the 12 subjects who exhib-
ited subject removal of the CPAP device (P � .12) (Fig.
4B).

Discussion

In this study, we evaluated the associations among body
position changes, oxygen desaturations, and the subject

Fig. 2. Body position changes during sleep with CPAP therapy.
The number of body position changes within 4 h from the start of
body position recording was counted. The Mann-Whitney U test
for multiple comparisons was performed, with P values corrected
according to the Bonferroni method. These comparisons indicated
that there was a significant difference between the poor CPAP
adherers who had removed the CPAP device and the poor CPAP
adherers who had not removed the CPAP device (P � .006).

Fig. 3. An oxygen desaturation index (ODI) of � 3% was counted
within 4 h from the start of body position recording. For subjects
who had removed CPAP within 4 h from the start of body position
recording, we evaluated an ODI of � 3% from the start of body
position recording to the time of CPAP removal. The Mann–Whit-
ney U test for multiple comparisons was performed. These com-
parisons indicated that there were no significant differences among
the poor CPAP adherers who had removed their CPAP device, the
poor CPAP adherers who had not removed their CPAP device,
and the good CPAP adherers.
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removal of the CPAP device during sleep. Although some
CPAP users frequently remove the CPAP device during
sleep, it has not been previously evaluated how CPAP
removal occurs during sleep.

CPAP removal events occurred simultaneously with
body position changes in many cases. Furthermore, we
demonstrated that the subjects who removed the CPAP
device during sleep tended to move into a non-supine po-
sition following CPAP removal. Unintentional effort to
reduce the airway obstruction after CPAP removal would
contribute to this association, because the duration of non-
supine sleep positions significantly increased during sleep
after CPAP removal compared with that observed during
sleep before CPAP removal.

Frequent oxygen desaturations just before CPAP removal
events suggested that suboptimal OSAS treatment would
induce body position changes and CPAP removal. An im-
proved ability to set the pressure would help increase CPAP
adherence for some poor CPAP adherers. At the same
time, suboptimal OSAS treatment would not be the only

reason for subjects removing their CPAP device during
sleep because some good adherers also experienced fre-
quent oxygen desaturations while using CPAP.

Interestingly, repetitive oxygen desaturations before
CPAP removal were also preceded by body position
changes in many cases. The CPAP mask would have been
moved largely because of preceding body position changes,
thus causing insufficient airway pressure before CPAP re-
moval events. Although we could not clearly determine
whether the discomfort at the time of body position changes
caused the CPAP removal, the smaller number of body
position changes in the poor CPAP adherers without CPAP
removal suggests that maintaining the same body position
may help to prevent CPAP removal.

At the same time, our observations showed that some
subjects make unexpectedly frequent body position changes
while using CPAP therapy, even among the good CPAP
adherers. We speculate that patients adherent to CPAP
therapy adapt to the discomfort of CPAP therapy at the
time of body position changes. Better education in regard

Fig. 4. Duration of non-supine positions and the number of body position changes before and after CPAP removal. A: In the 12 poor
adherers who continued to remain in bed without CPAP after CPAP removal, the duration of time in non-supine body positions significantly
increased after CPAP removal (P � .02). B: In the 12 poor adherers who continued to remain in bed without CPAP after CPAP removal, the
number of body position changes during sleep after CPAP removal was not significantly different from that observed during sleep before
CPAP removal (P � .24).
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to mask fitting or the development of a CPAP mask or
pillows that reduce the discomfort at the time of body
position changes might also increase the CPAP adherence
in some poor CPAP adherers.

There are some limitations associated with the present
study. First, the number of subjects was relatively small.
Second, we could not differentiate the CPAP removal with
awakening from the CPAP removal without awakening
because we did not measure electroencephalograms while
recording body position. However, we speculate that many
of the CPAP removals were not associated with long-
lasting awakening, because most of the CPAP removals
were not associated with an upright position observed
around the CPAP discontinuation. Furthermore, no sub-
jects reported awakening before CPAP removal, and only
3 subjects reported awakening after CPAP removal in their
sleep diaries.

Because intense monitoring systems would prevent nat-
ural sleeping and unintentional CPAP removal, we moni-
tored only body positions and arterial oxygen saturations.
We therefore cannot deny that identifying the time of CPAP
removal may include some error, although the association
among CPAP removal, body position changes, and oxygen
desaturations would not be largely altered.

The topic of this study is completely novel, and the
definition of CPAP removal during sleep, as well as stan-
dard procedure for the measurement of CPAP removal and
a definition of good adherence have not been developed.
The oxygen desaturations or body position changes occur-
ring around CPAP removal had not been evaluated in any
previous investigations. Our investigation could help cli-
nicians to assess the reasons for CPAP removal during
sleep and be the first step in creating an effective strategy
for the prevention of CPAP removal during sleep.

Conclusions

Although we could not clarify the causal contribution of
body position changes and oxygen desaturations to CPAP
removal, our findings are the first to indicate a chronolog-

ical association among CPAP removal, body position
changes, and oxygen desaturations. Our findings also in-
dicated that most good CPAP adherers make frequent body
position changes while using CPAP therapy without re-
moving the CPAP device, suggesting that patients can
adapt to the discomfort of CPAP therapy at the time of
body position changes.
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