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Study Objectives: To investigate effectiveness, long-term compliance, and effects on subjective sleep of the Sleep Position Trainer (SPT) in
patients with position-dependent obstructive sleep apnea syndrome (POSAS).

Design: Prospective, multicenter cohort study.

Patients or Participants: Adult patients with mild and moderate POSAS were included.

Interventions: Patients asked to use the SPT for 6 mo. At baseline and after 1, 3, and 6 mo, questionnaires would be completed: Epworth Sleepiness
Scale (ESS), Pittsburgh Sleep Quality Index (PSQI), Functional Outcomes of Sleep Questionnaire (FOSQ), and questions related to SPT use.
Measurements and Results: One hundred forty-five patients were included. SPT use and SPT data could not be retrieved in 39 patients. In the
remaining 106 patients, median percentage of supine sleep decreased rapidly during SPT’s training phase (day 3 to 9) to near-total avoidance
of supine sleep. This decrease was maintained during the following months of treatment (21% at baseline versus 3% at 6 mo). SPT compliance,
defined as more than 4 h of nightly use, was 64.4%. Regular use, defined as more than 4 h of usage over 5 nights/w, was 71.2%. Subjective
compliance and regular use were 59.8% and 74.4%, respectively. Median ESS (11 to 8), PSQI (8 to 6), and FOSQ (87 to 103) values significantly
improved compared with baseline.

Conclusions: Positional therapy using the Sleep Position Trainer (SPT) effectively diminished the percentage of supine sleep and subjective
sleepiness and improved sleep related quality of life in patients with mild to moderate position-dependent obstructive sleep apnea syndrome. SPT
treatment appeared to have sustained effects over 6 months. SPT compliance and regular use rate were relatively good. Subjective and objective
compliance data corresponded well. The lack of a placebo-controlled group limited the efficacy of conclusions.
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INTRODUCTION

Obstructive sleep apnea syndrome (OSAS) is the most preva-
lent type of sleep disordered breathing. It affects 4% of middle-
aged men and 2% of middle-aged women' and is associated
with an increased risk of traffic accidents,? an increased cardio-
vascular disease risk and an increase in all-cause mortality.’

Positional obstructive sleep apnea syndrome (POSAS) occurs
in approximately 56% of patients with OSAS*® and is defined as
an apnea-hypopnea index (AHI) greater than 5 and an AHI in the
supine position twice as high or more when compared with AHI
in nonsupine positions together with subjective complaints.®
POSAS correlates negatively with body mass index (BMI) and
OSAS severity.” Methods to avoid the supine sleeping posi-
tion, i.e., positional therapy (PT), in whichever form, have a
substantial influence on OSAS severity.® PT with a bulky mass
placed against the patient’s back has proved to be as effective as
continuous positive airway pressure (CPAP) in reducing AHI in
patients with mild (5 <AHI < 15) and moderate (15 <AHI <30)
POSAS.? Recently, the Sleep Position Trainer (SPT), a new
form of PT, has been introduced. It has been shown to reduce
the average percentage of supine sleep time from 45.6% to 5.3%

Submitted for publication October, 2013

Submitted in final revised form December, 2013

Accepted for publication January, 2014

Address correspondence to: J.P. van Maanen, MD, Otolaryngologist, Saint
Lucas Andreas Hospital, Department of Otolaryngology/Head Neck Sur-
gery, Jan Tooropstraat 164, 1061 AE Amsterdam, the Netherlands; Tel: +31
(0)20 510 8894; Fax: +31 (0)20 689 9126; E-mail: p.vanmaanen@slaz.nl

SLEEP, Vol. 37, No. 7, 2014

and to cure (defined by an AHI < 5.0) 48% of patients with mild
and moderate POSAS. Furthermore, patients report that it is less
bulky and more comfortable to wear."

Most of the currently available prospective studies inves-
tigating PT in patients with POSAS have studied short-term
effects on AHI and/or subjective sleep parameters during 1
day, week, or month of use.!""'® However, it is a clinical reality
that most OSAS treatment options in which a device has to be
applied (CPAP, mandibular advancement device (MAD), PT)
suffer from long-term compliance problems and hence hamper
therapeutic effectiveness.'” "

The aim of the current study was to investigate the effec-
tiveness, long-term compliance, and effects on subjective sleep
parameters in a group of patients with POSAS using the SPT
for a period of 6 mo.

METHODS

Patients

From February through August 2012, participants were
consecutively recruited from 18 major sleep clinics in the Neth-
erlands for an implementation cohort study. Adult participants,
in whom no longer than 3 mo earlier mild or moderate POSAS
had been diagnosed by means of a polysomnography (PSG) and
who could be followed up digitally and were computer literate,
were included. Exclusion criteria included any prior (P)OSAS
treatment, central sleep apnea, uncontrolled or serious illness
(i.e., cancer, chronic heart failure (New York Heart Association
(NYHA) class II and higher), chronic obstructive pulmonary
disease (Global initiative for chronic Obstructive Lung Disease
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Figure 1—The Sleep Position Trainer.

(GOLD) stage II and higher), any other comorbid sleep disorder
(for example narcolepsy, parasomnia, periodic limb movement
disorder, restless legs syndrome, or primary insomnia), seizure
disorders, cardiac pacemaker, mental retardation, current psychi-
atric disorders (i.e. substance related disorders and psychotic,
mood, anxiety, somatoform, factitious, impulse control and
adjustment disorders), or physical problems causing inability to
sleep on the side. The baseline visit consisted of a medical history
and physical examination by the on-site physician investigator.
Inclusion consisted of enrollment in an online database. A Dutch
medical device distributor company contacted and visited the
included patient to deliver the SPT and instruct the patient on its
use. The patient was assigned an account online to upload SPT
data after registration of his or her SPT in the online database.
The online inclusion system digitally sent the following question-
naires to all registered subjects at baseline, and after the first, third,
and sixth month of use: Epworth Sleepiness Scale (ESS, range
0-24),% Pittsburgh Sleep Quality Index (PSQI, range 0-21),?' and
the Functional Outcomes of Sleep Questionnaire (FOSQ, range
0-120).22 Patients would use the SPT for 6 mo and could keep
their device after the study period ended. Patients could stop
using the SPT at any time. This study was centrally approved by
the Medical Ethics Committee (Amsterdam), followed by local
committees. All participants signed informed consent prior to the
initiation of any research activities.

Polysomnography

PSG recordings were carried out on-site using a digital poly-
graph system. This system recorded the electroencephalogram,
electrooculogram, electrocardiogram, and submental and ante-
rior tibial electromyogram results. Nasal airflow was measured
using a pressure sensor and arterial oxygen saturation by finger
pulse oximetry. Thoracoabdominal motion was recorded
by straps containing piezoelectric transducers. Snoring was
recorded using a piezo snoring sensor. Body position was deter-
mined using a position sensor, which was attached to the midline
of the abdominal wall. This sensor differentiated between the
upright, left side, right side, prone, and supine positions. Data
were downloaded to the computer and analyzed by dedicated
sleep software and manually reviewed for analysis by an expe-
rienced on-site sleep investigator.
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Sleep Position Trainer

The SPT has been described earlier'® and consisted of a
small, lightweight device (72 x 35 x 10 mm, 25 g) that was
worn across the chest with a neoprene strap (Figure 1). The
device used a three-dimensional digital accelerometer to deter-
mine body position. A video-based validation study by the
manufacturer showed that SPT has an accuracy of 96.3% in
the measurement of body position over 167 turns.” Treatment
with the SPT was divided into three phases: a diagnostic phase,
a training phase, and a therapy phase. The first 2 nights were
defined as the diagnostic phase, during which the SPT moni-
tored and recorded the sleeping position and no active feed-
back was given to the patient. The following 7 nights entailed
the training phase, during which the SPT began to vibrate in
an increasing amount of episodes of supine sleep. Night 10
onward comprised the therapy phase, during which the SPT
vibrated every time a supine sleeping position was detected in
order to urge the patient to change his or her sleeping position.
The vibration stimulus was adapted automatically in strength,
pattern, and duration, until a nonsupine position was detected.
If the patient did not react, the vibrations were paused and reini-
tiated after 2 min. Furthermore, the SPT provided an internal
memory to store data on sleeping posture and a USB port to
recharge the integrated battery and to communicate data to an
online self-monitoring system, which also enabled distance
monitoring by the patient’s physician.

Definitions

The criteria for OSAS included an AHI of 5 or more and
evidence of daytime sleepiness. The AHI was defined as the
mean number of apneas and hypopneas per hour during sleep,
and an apnea as a period of 10 sec or more with a reduction of
oronasal airflow of greater than 90%. Hypopnea was defined as
an episode of greater than 30% reduced oronasal airflow for 10
sec or more accompanied by a decrease of 4% or more of the
arterial oxyhemoglobin saturation. AHI thresholds were 5, 15,
and 30 events per hour for mild, moderate, and severe levels of
OSAS,* respectively. POSAS was defined as an AHI of 5 or
higher and an AHI in the supine position at least twice as high
when compared to each of the AHI values found in the other
positions.” Effectiveness was defined in relation to percentage
of supine sleep time. The SPT would be considered effective
when the use of the device would provide a clinically signifi-
cant reduction in percentage of supine sleep time. Compli-
ance, in line with CPAP’s compliance definition, was defined
as the continuous use of the SPT for at least 4 h per night, as
an average over all nights observed. Additionally, regular SPT
use was defined as at least 4 h of SPT usage on 70% of the
days monitored, in line with CPAP’s criteria for regular use.?
Objective data on compliance were obtained through means
of the SPT on a day-to-day basis. Subjective compliance was
measured using online questionnaires after 1, 3, and 6 mo with
the questions “How many hours do you use the SPT per night?”’
and “How many days per week do you use the SPT?”

Statistical Analysis

Changes in parameters before and after treatment were
tested with the Wilcoxon signed rank test. A P value < 0.05
was considered to be significant. All statistical analyses were
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Table 1—Patient characteristics at baseline inclusion
polysomnography (n = 145)

Values between brackets represent the interquartile range.
AHI, apnea hypopnea index; BMI, body mass index.

Table 2—Questionnaire values and percentage of supine sleep time during 6 months of
Sleep Position Trainer) treatment for all available Sleep Position Trainer users

Variable Median
AHI (/h) 11.5[9.0] Variable
AHI supine (/h) 28.2 [25.6] ESS
% supine sleep 35.0[29.0] FOSQ
Age (y) 53 [14.3] PsQl
BMI (kg/m?) 27.0[4.0] % supine
Ratio male : female 471

Values between brackets represent the interquartile range. ESS, Epworth Sleepiness
Scale; FOSQ, Functional Outcomes of Sleep Questionnaire; PSQI, Pittsburgh Sleep
Quality Index. Baseline (t = 0), one month (t = 1), 3 months (t = 3), 6 months (t = 6).

t=0 t=1 t=3 t=6
n Median n Median n Median n Median
145 111[8] 14 818] 104 8[8] 90 8[6]
145 87 [30] 114 98 [30] 103 99[32] 90 103 [30]
144 816] 113 615 102  6[6] 88 6[6]
104 211[30] 94 2[5 75 2[5 53 39
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Figure 2—Patient flow diagram. Baseline (t = 0), one month (t = 1), 3 months (t = 3), 6 months (t = 6).

performed with SPSS statistics software (version 20, IBM
Corporation, Chicago, Illinois, USA). To evaluate the effects of
SPT, a per-protocol analysis was performed.

RESULTS

A total of 145 patients with mild and moderate POSAS,
who met the inclusion criteria, were initially included in our
study and entered into the online database. Baseline patient
characteristics of those 145 patients are shown in Table 1. All
patients filled in the questionnaires (t = 0), which resulted in
the baseline questionnaire scores depicted in Table 2. A patient
flow diagram, filtering out to the sample’s full records list of 53
patients at t = 6, is depicted in Figure 2.
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Objective Compliance and Hours of Use

Of the initial 145 patients, neither SPT use nor SPT data
could be retrieved in 39 of them because patients had not
registered their SPT in the online database and were lost to
follow-up. When reviewing inclusion data for these 39 patients,
no significant differences could be found in terms of baseline
patient characteristics when compared to the group of patients
that registered their SPT. For the group of 106 patients that did
upload their SPT data, the distribution of hours of SPT use is
shown in Table 3. Median SPT use during 6 mo was 923 h
(interquartile range [IQR] = 760], or 5.5 h on average per night
for all nights. As shown in Table 4, 35 patients used the SPT
during all 168 nights. Median SPT use for the 106 patients was
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163 of the 168 days (IQR = 98). Figure 3 shows the gradual
decrease in the number of patients from whom SPT data could
be retrieved and shows the eventual number of patients who
were using the SPT and uploading the data during the full study
period. Objective SPT compliance in this group of 106 patients,
defined as more than 4 h of usage per night as an average over
168 nights, was 64.4%. Regular SPT use was 71.2% over all
nights observed.

Effectiveness and Effect on Subjective Sleep Parameters

Figure 4 illustrates that the median percentage (and IQR) of
supine sleep time, as measured by the SPT, quickly decreases
from baseline to day 9 and that this reduced percentage of
supine sleep is maintained over time. The SPT’s diagnostic and
training (day 1 and 2, and 3 to 9, respectively) and therapeutic

Table 3—Distribution of hours of Sleep Position Trainer use (n = 106).

phase (from day 10 onward) can be clearly identified from
Figure 4. Table 2 shows median questionnaire scores and
percentage of supine sleep with IQR values for all available
SPT users at the different time points. According to test-by-test
exclusion approach on missing data, all parameters showed a
significant decrease when compared to baseline. The median
percentage of supine sleep time decreased significantly from
21% to 2% after 1 mo (Z = -8.015; P < 0.001), to 2% after 3
mo (Z =-7.473; P <0.001) and to 3% after 6 mo (Z = -6.251;
P <0.001).

ESS values significantly decreased from 11 to § after 1 mo
(Z=-6.291; P<0.001), to 8 after 3 mo (Z =-6.647; P <0.001),
to 8 after 6 mo (Z = -6.749; P < 0.001). FOSQ significantly
increased from 87 to 98 after 1 mo (Z =-5.874;P <0.001) to 99
after 3 mo (Z=-5.865;P<0.001) to 103 after 6 mo (Z=-6.063;
P <0.001). PSQI significantly decreased from 8§ to 6 after 1 mo
(Z=-3.922; P<0.001), to 6 after 3 mo (Z=-4.329; P <0.001)
to 6 after 6 mo (Z =-4.410; P <0.001).

Figure 4—Median percentage of sleep time in the supine position per night (dots); the bars depict the interquartile range.
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1,250-1,509 10 9.6% 9.6% Data on self-reported continued use were obtained using the
1,000-1,249 32 30.8% 40.4% online questionnaires at three time points. After 1 mo of therapy,
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Table 5—Questionnaire values and percentage of supine sleep time
during 6 months of Sleep Position Trainer treatment (n = 53).

t=0 t=1 t=3 t=6
Variable Median Median Median Median
ESS 11 [6] 98] 8[8] 71[6]
FOSQ 91129 98 [19] 99 [27] 103 [21]
PSQl 719] 5[4] 6 [5] 6 [6]
% supine 211[30] 2[4] 2[5] 315]

Values between brackets represent the interquartile range. ESS, Epworth
Sleepiness Scale; FOSQ, Functional Outcomes of Sleep Questionnaire;
PSQ, Pittsburgh Sleep Quality Index.

subjective compliance (> 4 h per night, 7 days per week) was
91.8% (n = 110). After 3 mo of therapy 74.3% of the patients
were self-reportedly compliant (n = 101) and after 6 mo the
subjective compliance was 59.8% (n = 87). Subjective regular
SPT use (> 4 h per night, 5 days per week) was 96.4%, after 3
mo and 89.1% and 74.4% after 6 mo.

Follow-up Cohort

Of the 106 patients, we chose to further analyze all patients
for whom complete records could be collected. Questionnaire
scores and percentage of supine sleep time of these 53 patients
are shown in Table 5. Distribution of hours of SPT use is
shown in Table 6. Median SPT use during 6 mo was 1,127 h
[IQR = 191], or 6.7 h on average per night for all nights. Objec-
tive SPT compliance in this group of 53 patients (> 4 h per
night, 7 days per week) was 100%.

DISCUSSION

This is the first long-term follow-up study to evaluate a large
group of patients with POSAS sleeping with the SPT during a
period of 6 mo. The main finding is that selected patients with
mild to moderate POSAS can be effectively treated with the
SPT, reducing the percentage of supine sleep time persistently
over the course of 6 mo. In concordance with our previous
study,!® sleeping with the SPT diminishes subjective sleepi-
ness and improves sleep related quality of life in patients with
mild to moderate POSAS (Table 4). The long-term decrease
in median ESS from 11 (considered sleepy) to 8 (considered
normal) in our group of patients with mild and moderate
POSAS seems comparable to subjective sleep results using
the ESS in patients with mild and moderate OSAS using CPAP
(mean ESS decrease from 10 to 8 in 6 mo).”” Effectiveness
of PT and of PT using the SPT in terms of AHI decrease for
patients with POSAS have been demonstrated before.”'° Figure
4 illustrates that the median percentage of supine sleep quickly
decreases from 21% at baseline to approximately 6% at day
9 (end of training phase), that this percentage of supine sleep
further decreases during the therapy phase (starting on day
10) to 2-3%, and that this percentage of supine sleep is main-
tained over time. This is an interesting finding because the most
studied form of PT, the tennis ball technique, has been shown
to be minimally effective in the long term, because more than
80% of long-term users either do not use it nor avoid the supine
position while asleep during tennis ball therapy.'’
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Table 6—Distribution of hours of Sleep Position Trainer use (n = 53)
Hours of Use n % of Patients
0-249 0 0%
250-499 0 0%
500-749 0 0%
750-999 13 25%
1,000-1,249 30 57%
1,250-1,509 10 19%
Total 53 100%

Long-term follow-up is important in any study that evalu-
ates treatment with a detachable device, because the device
only exerts its effects when in use. CPAP devices currently
are equipped with built-in counters to enable assessment of
the hours of use. Several studies have shown that 29-83% of
CPAP users are noncompliant with therapy (using study periods
of 3 mo to 1 y), when compliance is defined as at least 4 h
of CPAP use per night." Objective usage data for MAD, until
recently,”® have been difficult to collect and limited to subjec-
tive self-report. However, recently it was shown that objec-
tive and subjective long-term MAD compliance data show a
high correspondence.” Long-term subjective MAD compli-
ance rates vary greatly between studies and have shown to be
within a range of 4% to 82% after 1 y of treatment.’** Long-
term PT compliance has been hampered by discomfort and
reports on compliance so far have been limited to subjective
measurements. One study evaluated the tennis ball technique
(TBT) and used a follow-up questionnaire in 67 patients for
whom the TBT was prescribed, with an average follow-up time
of 2.5 £ 1.0 y, and found that long-term compliance was less
than 10%."" Another group studied 14 patients with POSAS
for whom a supine sleeping position preventive vest was
prescribed, and found subjective compliance at an average time
of 24 mo to be less than 30%.** To our knowledge, only one
study has been conducted evaluating objective long-term use
of PT. In this study, 16 patients used a somewhat bulky mass
placed against the back for a period of 3 mo. Using a built-in
actigraphic device they found that their device, on average, was
used during 73.7% =+ 29.3% of nights for 8.0 = 2.0 h/night.
The SPT is equipped with a built-in sensor enabling assess-
ment of hours of use by both physician and patient. Compli-
ance, using CPAP’s compliance criteria,”® was 64.4% in our
current study. Self-reported compliance after 6 mo of therapy
seems to correspond well with the objective compliance rate
and was 59.8%. Objective regular SPT use was 71.2%; subjec-
tive regular use was 74.4%. The high correspondence between
subjective and objective compliance data is in line with a recent
study focusing on subjective and objective MAD compliance
data.? This finding could suggest that patients are relatively
accurate in their estimation and report of their mean use of
more than 4 h per night. However, correlation between the
self-reported and objective data on continuous use could not
be calculated because of the differences in structure of the data.
The subjective compliance rate was based on a single question
at 1, 3, and 6 mo in which the mean use per night during the
overall preceding period of use was questioned. The objective
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data on continuous use were measured on a day-to-day basis
by the SPT. In addition, increased patient guidance and the use
of educational and positive reinforcement programs might be
used to even further increase SPT compliance because these
tools have been shown to increase CPAP compliance.’* To
our knowledge, 64.4% is the second highest long-term compli-
ance rate of any positional therapy device studied so far. Only
the study by Heinzer et al.*® reported on a higher PT compli-
ance rate. However, the shorter study period (3 versus 6 mo),
the smaller sample size (n = 16 compared to n = 106) and strict
inclusion criteria used in that study (prior nontolerance of either
CPAP or oral device therapy and a required < 10% of total sleep
time spent in supine sleeping position during a test night with
the device) might overestimate their reported compliance rate.

There are some limitations concerning our study setup and
data that need to be addressed. One hundred forty-five patients
were included in our study. Thirty-nine patients did not register
their SPT in the online database. No SPT use or SPT data could
be retrieved in these patients, despite implementation of proto-
colled safety nets; registered patients would receive an email
reminding them to fill out the questionnaires in case they had
not done so in time. When designing this trial, the possibility of
patients not registering online was not fully taken into account.
SPT instructions and delivery were taken care of by a Dutch
medical device distributor company. The process of regis-
tering online was left to the patient, which was not ideal from a
research perspective in hindsight. However, the results of this
study, in terms of follow-up potential, are likely a good reflec-
tion of clinical reality. Of these 106 patients, only 53 patients
uploaded their SPT data for the full study period and filled in
the questionnaires at two or more time points. Patients did not
receive any other incentives to fill out the questionnaires or
upload their data. The data retrieved over the full 6 mo might
therefore have resulted in a positive selection bias, showing
merely the best SPT users. However, some patients reportedly
stopped using the SPT because they felt better, no longer had
any subjective complaints, and learned to avoid sleeping in the
supine position. We were not able to collect their experiences
in the questionnaires because most of these patients had already
stopped using the SPT in the first weeks of use and were there-
fore lost to follow-up. Any potential learning effect'® of PT in
general or in sleeping with the SPT remains to be investigated.

This study lacks objective measures on treatment efficacy by
means of a repeat PSG in all patients to evaluate effects on
AHI and snoring. Although effects of SPT use on AHI have
been reported before,'” effects of the SPT on snoring remain to
be investigated. Another limitation of our study is the lack of
a control group. Our results and conclusions could have been
stronger and more valuable had we compared the SPT users to a
group of patients with POSAS with another treatment regimen.

A final limitation of the current study was the lack of an
educational program or positive reinforcement program for the
patients. Loss to follow-up would probably have been less and
compliance would probably have been higher given the posi-
tive results in trials with CPAP users.***’

It is our opinion that in patients with mild and moderate
POSAS, PT could be the ideal method and maybe should be
the initial treatment of POSAS. The treatment concept of SPT,
which consists of a small apparatus that is able to register body
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position as well as provide active feedback effectively to its
user during both night and day, seems to be the best currently
available option for treating patients with POSAS. This cohort
of patients with POSAS using the SPT for a 6-mo study period
has shown that the SPT is capable of quickly reducing the
percentage of supine sleep time within 10 days and main-
taining this decreased percentage of supine sleep time over
time. Furthermore, SPT use diminished subjective sleepiness
and improved sleep-related quality of life. However, future
prospective long-term research is necessary and should focus
on objective PSG parameters in direct comparison with other
generally accepted treatment modalities as well as objective
measurements of continuous usage.

CONCLUSION

Over a period of 6 mo, sleeping with the SPT effectively
and persistently decreases the percentage of supine sleep
time, from 21% to 3% within 10 days and maintaining this 3%
supine sleep time over 6 mo. The SPT significantly diminishes
subjective sleepiness and improves sleep-related quality of life
in patients with mild to moderate POSAS. Of the 106 patients
studied, 64.4% using the SPT were considered compliant,
defined as SPT use of more than 4 h per night during 7 days/w
and 71.2% of patients used the SPT on a regular basis, defined
as more than 4 h during 5 days/w. Subjective and objective
compliance data corresponded well. Future research needs to
focus on objective long-term treatment effects, particularly in
relation to other already generally accepted POSAS treatment
modalities.
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AHI, apnea hypopnea index
BMI, body mass index
ESS, Epworth Sleepiness Scale
FOSQ, Functional Outcomes of Sleep Questionnaire
OSAS, obstructive sleep apnea syndrome
POSAS, positional obstructive sleep apnea syndrome
PSQI, Pittsburgh Sleep Quality Index
PT, positional therapy
SPT, Sleep Position Trainer
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