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Study Objectives: Compare treatment efficacy and objective adherence between the NightBalance sleep position treatment (SPT) device and auto-adjusting 
positive airway pressure (APAP) in patients with exclusive positional obstructive sleep apnea (ePOSA) defined as a supine apnea-hypopnea index (sAHI) ≥ 2 
times the nonsupine AHI (nsAHI) and a nsAHI < 10 events/h.
Methods: This prospective multicenter randomized crossover trial enrolled treatment naive participants with ePOSA (AHI ≥ 15 events/h and nsAHI < 10 
events/h) or (AHI > 10 and < 15 events/h with daytime sleepiness and nsAH < 5 events/h). Polysomnography and objective adherence determination (device 
data) were performed at the end of each 6-week treatment. Patient device preference was determined at the end of the study.
Results: A total of 117 participants were randomized (58 SPT first, 59 APAP first). Of these, 112 started treatment with the second device (adherence cohort) 
and 110 completed the study (AHI cohort). The AHI on SPT was higher (mean ± standard deviation, 7.29 ± 6.8 versus 3.71 ± 5.1 events/h, P < .001). The 
mean AHI difference (SPT-APAP) was 3.58 events/h with a one sided 95% confidence interval upper bound of 4.96 events/h (< the prestudy noninferiority 
margin of 5 events/h). The average nightly adherence (all nights) was greater on SPT (345.3 ± 111.22 versus 286.98 ± 128.9 minutes, P < .0001). Participants 
found the SPT to be more comfortable and easier to use and 53% reported a preference for SPT assuming both devices were equally effective.
Conclusions: Treatment with SPT resulted in non-inferior treatment efficacy and greater adherence compared to APAP in ePOSA suggesting that SPT is an 
effective treatment for this group.
Clinical Trial Registration: Registry: ClinicalTrials.gov; Title: The POSAtive Study: Study for the Treatment of Positional Obstructive Sleep Apnea; Identifier: 
NCT03061071; URL: https://clinicaltrials.gov/ct2/show/NCT03061071
Keywords: continuous positive airway pressure, obstructive sleep apnea, position treatment
Citation: Berry RB, Uhles ML, Abaluck BK, Winslow DH, Schweitzer PK, Gaskins RA Jr, Doekel RC Jr, Emsellem HA. NightBalance sleep position treatment 
device versus auto-adjusting positive airway pressure for treatment of positional obstructive sleep apnea. J Clin Sleep Med. 2019;15(7):947–956.

INTRODUCTION

Obstructive sleep apnea (OSA) is a common disorder1,2 with 
important consequences if untreated including daytime 
sleepiness, an increased risk of cardiovascular morbidity3 
and motor vehicle accidents.4 While effective treatments 
such as positive airway pressure exist, a substantial percent-
age of patients do not accept or adhere to therapy.5,6 Thus, 
new treatment alternatives are urgently needed. The impor-
tance of sleeping position as a major factor determining the 
severity of OSA has been recognized for over 30 years.7 With 
positional OSA (POSA) defined as a supine apnea-hypopnea 
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index (sAHI) at least 2 times the nonsupine AHI (nsAHI), 
a substantial proportion of patients with OSA exhibit this 
pattern.8–10 The prevalence of POSA varies between 60% 
and 75% depending on the definition and the population 
studied.8–11 In addition, a group of patients with POSA and 
a nsAHI less than 5 to 10 events/h could be characterized 
as having exclusive POSA (ePOSA). The prevalence of eP-
OSA has been estimated to be 25% to 30% and decreases 
with greater OSA severity and body mass index.9,10 A re-
cent population based study found that ePOSA defined as a 
nsAHI < 5 events/h was present in 47% of individuals with 
OSA.10 Thus, positional therapy is potentially an effective 

BRIEF SUMMARY
Current Knowledge/Study Rationale: New treatment options are needed for obstructive sleep apnea. Patients with positional obstructive sleep 
apnea and a nonsupine apnea-hypopnea index < 10 events/h could potentially be treated with a device preventing supine sleep.
Study Impact: This investigation suggests that the NightBalance sleep position treatment (SPT) device provides a treatment option that compares 
favorably with auto-adjusting positive airway pressure with respect to reduction in the apnea-hypopnea index and treatment adherence in patients with 
positional obstructive sleep apnea. Position treatment devices that are comfortable may be more acceptable to patients than positive airway pressure. 
Objective adherence monitoring capability and physician follow-up are as essential for positioning devices as for positive airway pressure treatment.
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treatment for ePOSA which characterizes a substantial por-
tion of patients with OSA.

The treatment efficacy of several devices to prevent sleep in 
the supine position has been studied.11–13 The devices range from 
a ball in a pocket on the back of a shirt or a backpack, the so-
called tennis ball technique,14–17 bumper cushions held in place 
by a soft strap around the chest,18,19 and devices that vibrate 
when the patient turns to the supine position.15,19–25 Discomfort 
and lack of the ability to provide the clinician with information 
about adherence and the efficacy of the device in maintaining 
nonsupine sleep are two problems limiting the use of mechani-
cal positioning devices. A new generation of devices for posi-
tional treatment are designed to address these limitations.20,25

The NightBalance sleep position treatment (SPT) device 
(NightBalance, B.V., a Philips company, The Netherlands) is 
a small device worn over the center of the chest that vibrates 
when the wearer is in the supine position. The device is at-
tached by soft comfortable straps and has advanced capabili-
ties including an adaptation period and escalating stimulation 
if the supine position is maintained. The adherence time and 
the residual amount of time in the supine position is stored in 
memory and available for the clinician. The effectiveness of 
the device has been documented in several clinical trials.15,21–26 
However, the relative effectiveness, adherence, and satisfac-
tion compared to the gold standard of positive airway pres-
sure treatment has not been tested in a group of patients with 
ePOSA. The purpose of this study was to demonstrate nonin-
feriority of the SPT device compared to auto-adjusting positive 
airway pressure (APAP).

METHODS

The POSAtive Study (NCT03061071) was a prospective, 
6-week, randomized crossover trial comparing the SPT to 
APAP in treatment naïve patients with ePOSA. The coprimary 
endpoints were (1) noninferiority AHI analysis by polysom-
nography on each device after 6 weeks of treatment and (2) 
noninferiority of objective adherence (average nightly minutes 
of use with zero for nights not used) over the 6 weeks. Patients 
were recruited from 11 investigational centers in the United 
States. The study was approved by central or local institutional 
review boards (IRBs) prior to the start of the patient recruit-
ment. The study was run in accordance with Good Clinical 
Practices to ensure the rights, safety and well-being of the par-
ticipants. All participants signed informed consent.

Potential participants were screened for POSA with in-
laboratory polysomnography (PSG) which was scored by a 
central scoring laboratory (Clayton Sleep Institute, Missouri, 
USA). The main inclusion criteria for POSA included a total 
night AHI of ≥ 15 events/h, or AHI > 10 and < 15 events/h 
with the Epworth Sleepiness Scale (ESS)27 score > 10. The su-
pine AHI was required to be at least twice the nsAHI, and the 
nsAHI < 10 events/h or < 5 events/h in milder participants with 
a total AHI > 10 and < 15 events/h. Participants were required 
to have a minimum of 30% sleep time in both supine and non-
supine positions during the diagnostic PSG. The minimum 
sleep time of 30% was chosen to increase the chance that an 

acceptable amount of non-rapid eye movement (NREM) and 
rapid eye movement (REM) sleep would be recorded in both 
positions (supine or nonsupine).

Exclusion criteria consisted of prior surgery to treat OSA 
(nasal surgery alone not an exclusion), current or past PAP 
treatment for OSA (CPAP use only during the titration portion 
of a prior split sleep study not an exclusion), or other current 
therapy to treat OSA. Other exclusions included unstable or 
severe medical conditions as well as treatment with medica-
tions that at the discretion of the local primary investigator 
were felt to potentially impair sleep quality, increase daytime 
sleepiness, or adversely affect the participant’s ability to safely 
complete the study.

The use of nocturnal supplemental oxygen, severe claustro-
phobia, or shoulder, neck or back complaints that would re-
strict sleeping position or usage of APAP or SPT were also 
exclusions. A total of 187 participants (62% male, 20 to 77 
years of age) were enrolled and 117 participants were random-
ized (Figure 1). Of those not meeting inclusion/exclusion cri-
teria (Figure 1), the main reasons for screen failure included 
nsAHI > 10 events/h (or > 5 events/h in mild participants; 
n = 38) and a total AHI < 15 events/h with ESS score ≤ 10 or 
total AHI < 5 events/h if ESS score > 10 (n = 18).

Fifty-eight participants were randomized to the SPT first, 
and 59 to APAP first. A total of five participants withdrew 
in the first 6 weeks (three started with SPT, two started with 
APAP). A total of 112 participants crossed over to the second 
device, and two participants withdrew after crossover (one on 
SPT and one on APAP). All 112 were included in the adher-
ence primary endpoint analysis with 0 minutes of use imputed 
for each night of non-use up to 6 weeks. A total of 110 par-
ticipants completed the study and were analyzed for the AHI 
primary endpoint.

Baseline measures consisted of basic demographics, ESS,27 
the Functional Outcomes of Sleep Questionnaire (FOSQ),28 
and the Short Form Health Survey (SF-36).29 Once deemed 
eligible to participate, participants were randomized 1:1 block 
design, stratified by site and AHI severity, (EDC system, IBM 
Clinical Connect, Armonk, New York, USA) to treatment or-
der. Participants were trained on the device randomly selected 
as the first treatment and commenced a 6-week home use pe-
riod. The participants also kept a daily sleep diary recording 
their estimate of the previous night’s total sleep time.

The 6-week clinic visit consisted of collection of the current 
device 6-week objective adherence information, an in-labora-
tory PSG with the current device, and repeat assessments of 
ESS, FOSQ, and SF-36. Following completion of the PSG night 
and assessments, the participant was trained on use of the de-
vice randomly selected as the second treatment and proceeded 
with a 6-week home use period. All follow-up visits and proce-
dures were the same as the first 6 weeks. All data were moni-
tored and verified prior to database lock by protocol trained 
monitors. At the final study visit, participants completed a de-
vice satisfaction/preference survey.

Polysomnography
Full-night PSG tests were recorded following the recommen-
dations of The AASM Manual for the Scoring of Sleep and 
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Associated Events: Rules, Terminology and Technical Speci-
fications (AASM Scoring Manual)30 and included two electo-
oculograms; a chin electromyogram; two frontal, two central, 
and two occipital EEG channels; an electrocardiogram; two 
lateral anterior tibialis electromyogram channels; nasal pres-
sure and oral-nasal thermal flow (SPT device) or positive air-
way pressure flow (APAP device); thoracic and abdominal 
effort; and pulse oximetry. Body position was noted via tech-
nologist documentation and confirmed via time synchronized 
video. The recorded data was converted to European Data For-
mat (EDF) and sent to a central scoring site (Clayton Sleep 
Institute, Missouri, USA) for analysis. The baseline and two 
treatment studies for each participant were scored by the same 
experienced registered polysomnography technologist. Re-
cordings were scored according to AASM Scoring Manual30 
using the recommended hypopnea definition (30% reduction 
in airflow [nasal pressure or PAP flow] associated with a ≥ 3% 
arterial oxygen desaturation or arousal). An awakening was 
defined as an arousal that lasted 15 seconds or longer.

Sleep Position Treatment
The SPT device is a rechargeable battery-operated device 
worn around the chest in an elasticized torso band and contains 
a digital accelerometer that continuously monitors a patient’s 
sleep position. When using the device, if a patient turns to the 
supine position, it will react with a soft vibration that will con-
tinue until the patient returns to a nonsupine position. Initiation 
of patient therapy begins with an adaptation program intended 
to customize the vibrational stimuli to the patient’s needs and 
gives the patient the opportunity to gradually adjust to wear-
ing and being treated by the device. After SPT treatment ini-
tiation participants had scheduled follow-up phone calls at 1 

day, 1 week, and 4 weeks to intervene for treatment issues. 
Sleep technologists were available at any time by telephone 
to answer participant questions. The SPT records the time the 
device is turned on as well as duration of use (temperature sen-
sor). Adherence was determined at a 2-week clinic visit and the 
participant encouraged to maintain or improve (as indicated by 
the adherence data) nightly use for the entire duration of sleep.

APAP Treatment
Patients were set up on an APAP device (Dreamstation Auto, 
Philips Respironics, Murrysville, Pennsylvania, USA) with 
pressure range settings of 4 to 20 cmH2O, and a mask as tol-
erated. Mask fitting and device education were performed at 
the start of treatment. The standard masks used were the Wisp 
(nasal), Nuance (nasal pillows) and Amara View (full face) all 
manufactured by Philips Respironics. If these masks were not 
satisfactory, the individual sites could try other mask options 
of their choice. Sleep technologists were available by telephone 
at any time to intervene for participant issues. Scheduled tele-
phone calls at 1 day, 1 week, and 4 weeks were made to answer 
participant questions. Mask changes were allowed as indicated 
for participant comfort. APAP adherence was determined at a 
two-week clinic visit and the participant encouraged to main-
tain or improve (as indicated by the adherence data) nightly use 
for the entire duration of sleep.

Statistical Analysis
The primary objective of the study was to demonstrate non-
inferiority of treatment with the SPT as compared to APAP. 
Both primary endpoints (AHI and adherence) must be passed 
to declare SPT not inferior to APAP in treating this popula-
tion. For the adherence primary endpoint, the noninferiority 

Figure 1—Flow chart.

A flow chart showing the number of participants at each step of the study as well as the adherence and AHI primary endpoint cohorts. AHI = apnea-hypopnea 
index, APAP = auto-adjusting positive airway pressure, ESS = Epworth Sleepiness Scale, OSA = obstructive sleep apnea, SPT = sleep position treatment.
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(SPT-APAP) margin was 30 minutes. For the AHI primary 
endpoint, a noninferiority margin of 5 events/h was used. The 
noninferiority delta values were selected to represent the mini-
mum clinically meaningful difference. Assuming both APAP 
and SPT performed similarly with a one-sided alpha of .05 and 
with a standard deviation of up to 71 minutes for adherence 
and 11 events/h for AHI, a sample size of 100 participants had 
at least 90% power (calculated using PASS 14, NCSS Software, 
Kaysville, Utah, USA) to demonstrate noninferiority.

A mixed model with indicator variables for treatment, pe-
riod and sequence (carry-over) fixed effects31 was fit to the data 
where the parameter of interest was available for both treatment 
periods, and participant was a random effect nested under se-
quence. Participants with incomplete data were excluded from 
these analyses. For the primary analyses, the one-sided 95% 
confidence bound was used for testing noninferiority as speci-
fied previously. Additional crossover analyses were performed 
using this same approach for secondary endpoints including 
PSG and questionnaire data. No adjustments were made for 
multiple testing, an alpha of .05 was considered statistically sig-
nificant, and no imputations were performed for missing data 
aside from adherence. Carry-over effects were not statistically 
significant. Paired proportions were compared using the McNe-
mar test and unpaired proportions using Fisher exact test.

As a secondary analysis, the AHI values at baseline and on 
the two treatments were compared for each of three conditions 
(sleep, NREM sleep, and REM sleep) using the analysis of 
variance for repeated measures. Individual pairwise compari-
sons were made using the Bonferonni correction. A prelimi-
nary analysis revealed no effect of treatment order. Analysis 
of device preference was performed with a binomial analysis 
of device preference compared to a 50% proportion (no pref-
erence). All analyses were conducted using SAS 9.4 (Cary, 
North Carolina, USA) or MedCalc Statistical Software version 
18.11.3 (MedCalc Software bvba, Ostend, Belgium).

RESULTS

Baseline Patient Characteristics
Fifty-eight participants were randomized to SPT first and 59 to 
APAP first. The participants were middle aged, mildly obese, 

and had, on average, moderate OSA. As shown in Table 1 the 
participants in each sequence of treatment had similar charac-
teristics. The APAP first group had a slightly higher body mass 
index but the difference was not clinically important. Patients 
with all severities of sleep apnea were recruited. The AHI co-
hort included mild (AHI 5 to < 15 events/h, n = 17), moderate 
(AHI 15 to 30 events/h, n = 77), and severe (AHI > 30 events/h, 
n = 16) participants.

Sleep Architecture and Device Efficacy
The results of PSG after 6 weeks of device use are shown in 
Table 2. There was no treatment effect (SPT versus APAP) for 
total sleep time, sleep efficiency, sleep latency, wake after sleep 
onset, or the duration of sleep stages as a percentage of total 
sleep time. The arousal index was lower on SPT, although the 
difference was small. The treatment AHI on SPT was greater 
than on APAP (mean 7.29 versus 3.71 events/h, Figure 2). 
However, the mean difference between the AHI on the SPT 
and APAP (3.58 events/h with a one sided 95% confidence in-
terval upper bound of 4.96 events/h) was within our prestudy 
noninferiority difference (AHI [SPT-APAP] < 5 events/h). The 
number of participants with an AHI < 5 events/h was 54 on 
SPT and 88 on APAP (P < .001). The corresponding numbers 
of participants with an AHI < 10 events/h were 79 on SPT and 
99 on APAP (P < .002). The AHI during NREM and REM 
sleep was also significantly greater on SPT than APAP with a 
larger difference during REM sleep (Figure 2).

Analysis of the type of respiratory events showed higher 
obstructive apnea and hypopnea indices and a slightly lower 
central apnea index on SPT compared to APAP. The AHI in 
the nonsupine positions was lower on APAP. The supine AHI 
was slightly lower on APAP but this difference was not sta-
tistically significant. As expected the minutes of supine sleep 
and % supine sleep (% total sleep time) were much lower on 
SPT treatment (Table 2). The desaturation index was lower 
on APAP, but the values were low on both treatments. The 
minimum SpO2 was slightly but not significantly higher on 
APAP. The percentage of total sleep time with an arterial oxy-
gen saturation less than 90% was smaller on APAP. The heart 
rate and blood pressure measured on the night of the poly-
somnography did not differ between SPT and APAP nights 
(Table S1 in the supplemental material).

Table 1—Baseline patient characteristics.
All (n = 117) SPT First (n = 58) APAP First (n = 59) P

Age (years) 51.1 ± 12.6 50.8 ± 12.6 51.57 ± 12.7 .772
BMI (kg/m2) 30.3 ± 5.5 29.2 ± 4.7 31.3 ± 6.1 .0424
Male sex, % (n) 59.8 (70) 58.6 (34) 61.0 (36) .85
ESS score 10.0 ± 4.9 9.5 ± 4.5 10.4 ± 5.2 .324
Baseline AHI (events/h) 21.2 ± 8.2 21.3 ± 8.4 21.1 ± 8.2 .923

AHI < 15 events/h, % (n) 21.4 (25) 24.1 (14) 18.6 (11)
.507

AHI ≥ 15 events/h, % (n) 78.6 (92) 75.9 (44) 81.4 (48)

Values are presented as mean ± standard deviation or % (n). P value is for SPT first versus APAP first sequence comparison. Fisher exact test used for sex 
and baseline AHI < 15 or ≥ 15 events/h proportions; all other comparisons used the Student t test. AHI = apnea-hypopnea index, APAP = auto-adjusting 
positive airway pressure, BMI = body mass index, ESS = Epworth Sleepiness Scale, SPT = sleep position treatment.
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As the study group included participants with mild, moder-
ate, and severe AHI, the relative efficacy of SPT in varying 
severity of sleep apnea is of clinical interest. A post hoc analy-
sis comparing the differences in AHI between SPT and APAP 
treatments with respect to OSA severity group (Figure 3) us-
ing the analysis of variance showed no significant difference 
between groups. The fractions of participants with a greater 
than 50% decrease in the AHI AND an AHI < 10 events/h on 
SPT in the mild, moderate, and severe diagnostic AHI groups 
were 12/17, 51/77, and 10/16, respectively. There was no signifi-
cant difference between the fractions for the different severities 
(P = .68 by chi-square analysis).

Sleepiness and Quality of Life Outcomes
Outcomes of treatment are displayed in Table 3. The mean 
ESS score at baseline was just within the normal range sug-
gesting that a substantial fraction of the study cohort was 
composed of individuals who were not clinically sleepy. Al-
though participants with mild OSA were required to have an 
ESS score > 10, those with AHI ≥ 15 events/h were not re-
quired to be sleepy. There was a small decrease in the ESS 
on both treatments with the mean ESS lower on APAP than 
SPT. However, the difference between treatments was small 
(less than 1) and unlikely to be clinically important. Because 

only 49 of 110 participants had a baseline ESS score > 10, a 
post hoc analysis was performed on this sleepy sub-cohort 
using the analysis of variance for repeated measures with 
the Bonferroni correction for pairwise comparisons. In the 
sleepy cohort, the baseline ESS score was 14.4 ± 2.8, the 
APAP ESS score was 9.5 ± 4.2, and the SPT ESS score was 
11.5 ± 4.9. The APAP and SPT ESS values were significantly 
less than baseline (P ≤ .0001) and the APAP ESS score was 
significantly less than the SPT ESS score (P = .0034). In ad-
dition, 31 participants on APAP and 21 on SPT dropped the 
ESS score to 10 or less (31/49 versus 21/49, P = .04 by chi-
square analysis).

The total FOSQ score (higher is better) was minimally in-
creased on treatment with either device. There was slightly 
more improvement of the total FOSQ score on APAP com-
pared to SPT. The posttreatment FOSQ components (general 
productivity and vigilance) were significantly higher on APAP 
but the differences were small. The vitality component of the 
SF-36 was slightly higher on APAP but this difference was not 
statistically significant. The physical component summary and 
the mental component summary did not differ between SPT 
and APAP. None of the other SF-36 components were sta-
tistically different between SPT and APAP (Table S2 in the 
supplemental material).

Table 2—Polysomnographic data (n = 110).
Baseline SPT APAP P

TST (minutes) 379.96 ± 57.54 369.90 ± 59.40 360.30 ± 71.70 .13
Sleep efficiency (%) 85.10 ± 35.30 85.47 ± 31.82 80.96 ± 12.16 .14
Sleep onset latency (minutes) 17.32 ± 20.57 14.31 ± 14.09 15.96 ± 19.68 .49
WASO (minutes) 62.10 ± 37.98 59.40 ± 41.58 62.69 ± 43.96 .43
Stage N1 sleep (%TST) 22.44 ± 11.40 15.02 ± 7.86 13.87 ± 7.56 .22
Stage N2 sleep (%TST) 49.45 ± 11.40 55.70 ± 9.13 56.00 ± 9.76 .72
Stage N3 sleep (%TST) 9.30 ± 7.40 8.90 ± 7.50 9.60 ± 8.10 .27
Stage R sleep (%TST) 18.80 ± 6.50 20.30 ± 6.60 20.49 ± 6.52 .86
Arousal index (events/h) 8.60 ± 7.90 8.50 ± 4.30 10.11 ± 6.24 .0057
Number of awakenings 40.50 ± 36.30 41.70 ± 27.71 44.79 ± 36.03 .2406
AHI (events/h) 21.46 ± 8.34 7.29 ± 6.76 3.71 ± 5.06 < .001
Obstructive apnea index (events/h) 8.35 ± 7.87 2.21 ± 4.05 0.40 ± 1.07 < .0001
Central apnea index (events/h) 0.36 ± 1.73 0.11 ± 0.26 0.53 ± 2.17 .0493
Mixed apnea index (events/h) 0.73 ± 1.49 0.29 ± 0.47 0.33 ± 0.76 .6819
Hypopnea index (events/h) 12.04 ± 5.95 4.68 ± 4.54 2.44 ± 3.34 < .001
AHI NREM (events/h) 20.44 ± 10.42 5.67 ± 6.37 3.53 ± 5.61 < .01
AHI REM (events/h) 24.26 ± 18.21 13.61 ± 14.57 4.37 ± 6.58 < .0001
AHI supine (events/h) 38.86 ± 16.22 9.67 ± 21.75 5.68 ± 9.84 .0815
AHI nonsupine (events/h) 5.11 ± 2.83 6.54 ± 6.76 2.34 ± 3.61 < .0001
Desaturation index 3% (events/h) 12.55 ± 7.52 3.82 ± 4.82 1.58 ± 2.46 < .0001
Min SpO2 (%) 83.16 ± 6.28 85.72 ± 12.71 88.37 ± 8.86 .0578
TST SpO2 < 90% (%TST) 7.04 ± 13.81 4.61 ± 14.79 1.38 ± 5.28 .0134
Supine time (%TST) 49.93 ± 11.41 7.72 ± 16.50 46.90 ± 27.38 < .0001
Supine time (minutes) 187.03 ± 46.98 28.12 ± 62.08 171.10 ± 104.77 < .0001

Data displayed as mean ± standard deviation. P value for the treatment effect (SPT versus APAP). AHI = apnea-hypopnea index, APAP = auto-adjusting 
positive airway pressure, NREM = non-rapid eye movement, min SpO2 = minimum arterial oxygen saturation, REM = rapid eye movement, SPT = sleep 
position treatment, TST = total sleep time, TST SpO2 < 90% = total sleep time with the SpO2 less than 90%, WASO = wake after sleep onset. 
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Objective Adherence, Adverse Events, 
and Patient Preference
Nightly adherence (Table 4 and Figure 4) defined as the aver-
age nightly device use (including 0 minutes for nights not used) 
was significantly higher on SPT than APAP (345.3 versus 286.9 
minutes). The mean SPT-APAP adherence difference was 58.9 
minutes with a 95% confidence one sided lower bound of 36.6 
minutes. That is, the lower bound for SPT adherence was 36.6 
minutes greater than APAP adherence. In contrast, the non-
inferiority hypothesis required SPT adherence to be no more 

than 30 minutes lower than that for APAP. In addition, aver-
age nightly use (nights used) and the percentage of nights with 
use ≥ 4 hours were also both significantly better with the SPT 
than APAP. The percentage of nights each device was used did 
not differ. As noted above, participants also completed a sleep 
diary to provide participant reported sleep duration. Of interest 
the reported sleep duration on SPT was similar to the average 
objective device use (nights used).

A total of 29 device-related adverse events (AEs) were re-
ported in 24 (20.5%) participants and are listed in detail in 
Table S3 in the supplemental material. All device-related AEs 
resolved without complication. The APAP-related AEs (n = 24) 
were noted in 22 participants and included nasal, facial, and ear 
irritation and dry throat/mouth. The SPT-related AEs in 5 par-
ticipants included back, shoulder or neck pain (n = 4) and ab-
dominal skin irritation (n = 11) and were all classified as mild.

Patient treatment preference was determined at the end of 
the study and the results are shown in Table 5. The patients 
found the SPT device easier to use, easier to adjust to and more 
comfortable. However, patients felt the APAP device treated 
their sleep apnea better. The patient preference of a device for 
long-term treatment (assuming both were effective) did not dif-
fer between the two devices.

DISCUSSION

The major findings of this study are that the treatment AHI on 
SPT was noninferior to that on APAP in patients with exclusive 
positional sleep apnea (nsAHI < 10 events/h) and that objective 

Figure 2—Baseline and treatment AHI values for sleep, NREM sleep and REM sleep. 

The box plot shows AHI values—median (horizontal line), interquartile range (rectangle), and the range of values excluding outlier values (whiskers) 
at baseline and on SPT and APAP treatment. The small black ellipses are the means. For sleep, NREM sleep, and REM sleep both treatments were 
significantly lower than baseline. The AHI for APAP was also lower than for SPT. The mean (SPT-APAP) AHI difference for participants was 3.58 events/h. 
However, the upper bound of the one sided 95% confidence interval of the mean difference was 4.96 events/h and within the prestudy noninferiority 
difference hypothesis of 5 events/h. AHI = apnea-hypopnea index, APAP = auto-adjusting positive airway pressure, NREM = non-rapid eye movement, 
REM = rapid eye movement, SPT = sleep position treatment.

Figure 3—Apnea-hypopnea index differences by severity.

The mean AHI difference between SPT and APAP treatments for mild 
(AHI 5 to < 15 events/h), moderate (AHI 15–30 events/h), and severe 
(AHI > 30 events/h) categories of severity. The error bars are the 95% 
confidence intervals of the means. The mean group AHI differences 
were not different across OSA severity (P = .4235). AHI = apnea-
hypopnea index, APAP = auto-adjusting positive airway pressure, 
OSA = obstructive sleep apnea, SPT = sleep position treatment.
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adherence to treatment (average nightly use for all nights) was 
significantly better with SPT. Patients felt that the SPT was 
easier to use, easier to adjust to, and more comfortable. Al-
though patients did express more confidence in the ability of 
APAP to treat their positional sleep apnea, roughly half would 
still choose to continue treatment with SPT if available. Of 
note, this study included a substantial number of the partici-
pants with moderate to severe POSA.

While it has long been appreciated that position control has 
potential as a treatment option for POSA, use of this therapeu-
tic option has been limited by the characteristics of the avail-
able devices. Comfort has been a major issue both with respect 
to patient acceptance and long-term adherence.11,16 Lack of 
capability for the objective monitoring of adherence has also 
limited physician enthusiasm for the available devices. Re-
cently positional devices have become available that are more 
comfortable and have objective adherence monitoring capabil-
ity.15,20,21–26 The SPT is one such device. However, treatment 
efficacy and adherence with the SPT device had not been pre-
viously compared with positive airway pressure. In addition, 
the ability of the SPT device to treat patients with moderate 
to severe OSA has not been well studied. The current inves-
tigation was designed to compare SPT and APAP in patients 
with POSA over a wide spectrum of OSA severity. While the 
treatment AHI was lower on APAP than SPT, the relative ef-
fectiveness of SPT and APAP was similar across the categories 
of AHI severity (Figure 3).

In the current study, APAP resulted is a significantly lower 
AHI compared to SPT. However, the difference between APAP 

and the SPT device was within our a priori noninferiority hy-
pothesis of 5 events/h. Approximately 84% of our study AHI 
cohort included patients with an AHI ≥ 15 events/h (77/110 
moderate, 16/110 severe). Ha et al13 evaluated 3 studies com-
paring positional treatment with CPAP and found a mean AHI 
difference of 4.28 events/h. Jokic et al17 used a crossover design 
with 2-week treatment periods and found a mean AHI of 3.4 
events/h on CPAP versus 9.5 events/h on positional treatment 
in 13 participants with a mean baseline AHI of 17.9 events/h. 

Figure 4—Treatment adherence.

A box plot showing median, interquartile range, and range of night 
adherence in minutes per night for the SPT and APAP treatments. The 
small black ellipses are the means. The SPT adherence (all nights) over 
the six-week treatment period was significantly longer than for APAP 
(P < .001). APAP = auto-adjusting positive airway pressure, SPT = sleep 
position treatment.

Table 3—Sleepiness and quality of life outcomes (n = 110).
Baseline SPT APAP P

ESS score 9.80 ± 4.91 8.27 ± 4.98 7.37 ± 3.98 .0074
FOSQ score 16.58 ± 2.43 17.32 ± 2.18 17.62 ± 1.87 .0584
FOSQ general productivity 3.40 ± 0.61 3.50 ± 0.55 3.61 ± 0.43 .0057
FOSQ vigilance 3.14 ± 0.65 3.32 ± 0.59 3.45 ± 0.56 .0030
SF-36 physical component summary 50.53 ± 7.47 51.10 ± 7.44 51.46 ± 7.13 .4057
SF-36 mental component summary 48.98 ± 10.02 51.52 ± 8.96 52.40 ± 6.97 .1796
SF-36 vitality 48.90 ± 20.60 56.50 ± 18.40 59.50 ± 16.30 .055
SF-36 social role 82.00 ± 23.50 86.10 ± 21.70 88.90 ± 16.20 .087

Data displayed as mean ± standard deviation. P values for treatment effect (SPT versus APAP). APAP = auto-adjusting positive airway pressure, 
ESS = Epworth Sleepiness Scale, FOSQ = functional outcomes of sleep questionnaire, SF-36 = Short Form Survey, SPT = sleep position treatment. 

Table 4—Device adherence and sleep diary data (n = 111).*
SPT APAP P

Average nightly use on all nights * (minutes) 345.30 ± 111.22 286.98 ± 128.90 < .0001
Average nightly use on nights used (minutes) 422.80 ± 84.60 328.00 ± 112.80 < .0001
Percentage of nights used 81.20 ± 24.82 81.96 ± 22.00 .82
Percentage of nights with ≥ 4 hours of use 74.00 ± 25.30 63.90 ± 30.90 .0012
Days recorded in sleep diary (n = 109) 26.84 ± 9.57 25.69 ± 12.99 .038
Average minutes slept per sleep diary (n = 109) 418.20 ± 54.00 396.00 ± 69.60 .823

* Data is presented for 111 of 112 participants within the adherence cohort; data is missing for one participant when the SPT adherence data could not 
be downloaded. Sleep diary data was not completed for both treatments in 3 participants. APAP = auto-adjusting positive airway pressure, SPT = sleep 
position treatment. 
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These results are similar to those found in the current study. 
The study by Permut and coworkers18 compared one night of 
CPAP to one night of treatment with a positional device in a 
group of patients with POSA and a nonsupine AHI < 5 events/h. 
The median AHI values were 11, 2, and 0 events/h on baseline, 
position treatment, or CPAP respectively. In that study position 
treatment, reduced the AHI to less than 5 events/h in 92% of 
patients. Our study group had more severe OSA (mean AHI 21 
events/h) and a nonsupine AHI < 10 events/h (< 5 events/h only 
in milder patients). The fact that our patient group was more 
severe may explain why our average AHI values on both SPT 
and APAP treatments were higher and the AHI was reduced 
to less than 10 events/h in 79/110 patients by the SPT device.

Our inclusion criteria of a nsAHI < 10 events/h during the 
qualifying PSG did not result in a total AHI < 10 events/h in 
some participants on SPT. The average supine sleep time on 
SPT was only about 28 minutes, therefore the main factor de-
termining the total night AHI was the nsAHI on SPT. During 
non-supine sleep, the AHI during REM sleep is usually greater 
than during NREM sleep.32 In the current study the nsAHI 
on SPT during REM sleep was over twice that during NREM 
sleep. A greater amount of nonsupine REM sleep on SPT dur-
ing the treatment PSG compared to the qualifying study might 
explain a higher total AHI in some participants.

The percentage of nights with > 4 hours of use in the current 
study was 74% on SPT and 63.9% on APAP. A study of SPT 
adherence over 6 months by van Maanen et al23 found use ≥ 4 
hours of 64% in patients with available data over the study 
period. The APAP adherence found in our study is typical of 
a number of previous PAP adherence studies. For example, a 
multicenter investigation comparing various PAP modalities33 
found an average nightly use over 3 months on APAP of 4.64 
hours (278 minutes) which is very similar to the average value 
(all nights) of 286 minutes in the current study. These compari-
sons show that our adherence results are consistent with those 
of prior studies of the SPT and APAP.

The reason for higher adherence on SPT than APAP treat-
ment could not be determined by our study. Better adherence 
could have been due to patient perception that the device was 
easier to use and more comfortable than APAP. The SPT treat-
ment program consists of a 3-phase algorithm to optimize 
adaptation to the device. Phase 1 (nights 1 and 2) measures 
the patient’s supine sleep percentage without any vibrational 
feedback. Phase 2 (nights 3 through 9) will gradually decrease 

the time allowed sleeping in the supine position and custom-
ize the vibrational stimuli required to keep the patient in a 
nonsupine position. In phase 3, the treatment phase (nights 
10 +) the device will provide vibrational feedback every time 
the patient moves to the supine position following a “sleep in” 
mode to allow the individual to fall asleep naturally on their 
back if they choose. If the wearer pushes a pause button, the 
SPT will also stop treatment for 5 minutes. Although there 
was higher SPT adherence, a majority of participants felt that 
APAP treated their OSA better and roughly 50% would choose 
APAP for long-term treatment. In a study by Jokic et al17 com-
paring CPAP and position therapy (ball in back pack) only 4 
of 13 patients preferred positional treatment. While the cur-
rent study did not directly compare types of position devices, 
it seems likely that patients might prefer a less cumbersome 
position treatment device. Our study did not explore the rea-
sons for treatment preference or the reason a majority of the 
participants felt better treated on APAP. It seems likely that 
many of the study participants were aware that PAP is consid-
ered the treatment of choice for OSA from discussions with 
the physician initiating the evaluation for sleep apnea. Thus, 
pretreatment perceptions might have influenced their attitude 
about which treatment they felt was more effective. It is also 
possible that some patients prefer to sleep supine for some por-
tion of the night or that residual snoring persisted in the non-
supine positions on SPT. In addition, some participants may 
have noted a greater improvement in symptom on APAP. In 
any case, having an opportunity to try both treatments, around 
50% of participants would choose SPT for long term treatment. 
This suggests that SPT would be acceptable to a substantial 
proportion of patients with POSA.

The current study has some limitations that must be con-
sidered. Because of different flow signals (nasal pressure, oro-
nasal thermal airflow on SPT, PAP flow signal on APAP), the 
technologists scoring sleep studies were not blind to the type 
of device being used. To reduce variability, the same technolo-
gist scored both APAP and SPT treatment studies for a given 
participant. In addition, a central scoring location was used to 
reduce variability in scoring. Another limitation is that each 
device was only used for 6 weeks. It is possible that a longer 
duration study would reveal different results. Published data 
suggests that the adherence to both PAP and SPT treatments 
decreases over time.5,6,21 To our knowledge a study systemati-
cally comparing the durability of PAP and position treatment 

Table 5—Patient preference (n = 110).
SPT APAP P

This device was easier to use 82.73 (91) 17.27 (19) < .0001
This device was easier to adjust to 80.00 (88) 20.00 (22) < .0001
This device was more comfortable 81.82 (90) 18.18 (20) < .0001
I feel this device better treated my sleep apnea 38.53 (42) 61.47 (67) .0166
Assuming both devices treated my positional sleep 
apnea I would prefer to use this device

53.21 (58) 46.79 (51) .5026

Values are presented as % (n). P value for preference for SPT compared to APAP. APAP = auto-adjusting positive airway pressure, SPT = sleep 
position treatment.
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adherence has not been performed. A study by de Rutier et al21 
investigated the durability of treatment effects of the SPT and 
oral appliance therapy over 12 months in patients with posi-
tional sleep apnea. An intention to treat analysis found the per-
centages of nights with > 4 hours use to be 57.4% on SPT and 
47.8% on the oral appliance. Ongoing adherence monitoring 
would be as important for SPT treatment as for PAP and oral 
appliance therapy. Future long-term studies of SPT treatment 
are needed to assess the durability of adherence.

Clinical outcomes other than reduction in AHI and adher-
ence are important in evaluating a treatment. In the current 
study there were small decreases in ESS score on both treat-
ments with a greater decrease on APAP. In one previous study 
of the SPT device the median ESS score decreased from 9 to 
7 at 3 months.21 Another study found a decrease in ESS score 
from 11 to 8 after 1 month of treatment.23 In general, patients 
with POSA have a lower AHI and less daytime sleepiness. A 
post hoc, analysis of patients with a ESS score > 10 in our study 
found a significant improvement (statistically and clinically) on 
SPT treatment, although the effect was smaller than with APAP 
treatment. A recent investigation estimated that the minimum 
clinically important difference in the ESS score after treatment 
to be −2 to −3.34 The mean drop in the ESS score in the sleepy 
group on SPT was 2.9 suggesting that the decrease was clini-
cally significant (although less than APAP). Future studies of 
the SPT in an a priori sleepy cohort are needed to better assess 
the impact of SPT treatment on daytime sleepiness.

In summary, the current investigation suggests that the SPT 
can provide an effective treatment option for patients with 
POSA and a nsAHI < 10 events/h. The SPT reduced the AHI 
in all categories of OSA severity. In this study the SPT treat-
ment AHI was noninferior to that of APAP and the nightly ad-
herence longer. Patients found the SPT more comfortable and 
easier to use with about 50% of patients choosing SPT over 
APAP for long term treatment.

ABBRE VI ATIONS

AHI: apnea hypopnea index
APAP: auto-adjusting positive airway pressure
ePOSA: exclusive positional obstructive sleep apnea
nsAHI: non-supine AHI
POSA: positional obstructive sleep apnea
sAHI: supine AHI
SPT: sleep position treatment
TST: total sleep time
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