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Background and Objective Patients with position-dependent obstructive sleep apnea have a
> 2-fold higher apnea-hypopnea index when sleeping in a supine position compared with a non-
supine position. We investigated the effect of body pillow use on sleeping body position and sleep
architecture in healthy young adults.

Methods In experiment 1, we evaluated the body pressure distribution with or without body
pillow use in 8 healthy young adults [age, 36.5 £ 13.0 years; body mass index (BMI); 20.6 £ 1.2 kg/
m’]. In experiment 2, we performed a randomized-crossover intervention study to evaluate the ef-
fects of body pillow use on sleeping position and sleep architecture in 10 healthy young adults (age,
24.3 * 7.8 years; BMI, 21.4 & 1.7 kg/m?). Sleep architecture was characterized by polysomnogra-
phy, and body positions were monitored using a sensor. Subjective sleep quality was evaluated with
the Oguri-Shirakawa-Azumi sleep inventory, middle age and aged version.

Results In experiment 1, body pillow use significantly reduced mean body pressure on the
shoulder, hip, and whole body. In experiment 2, mean time spent in the supine, lateral, and prone
body positions did not differ significantly between the 2 trials. Body pillow use, however, signifi-
cantly extended the sustained time spent in the lateral body position compared with the control
trial. Subjective sleep quality and sleep architecture did not differ significantly between the 2 trials,
but body pillow use decreased the number of short (30 s) slow-wave sleep episodes.

Conclusions  Sleeping with a body pillow effectively extends sustained time in a lateral sleeping
position and prevents segmentation of slow-wave sleep episodes.
Sleep Med Res 2021;12(1):57-63

Key Words  Body pillow, Sleeping body position, Lateral position, Sleep architecture,
Energy expenditure.

INTRODUCTION

Obstructive sleep apnea (OSA) is a common sleep-linked breathing disorder characterized by
recurrent episodes of upper airway disruption during sleep [1]. Effective treatment of OSA re-
duces medical risk factors associated with cardiovascular and cerebrovascular disease, and met-
abolic syndrome [2,3]. Current guidelines recommend continuous positive airway pressure
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(CPAP) as the gold standard for managing the clinical state of OSA [4]. CPAP improves sleep
quality, subjective or/and objective daytime sleepiness, and mood, especially in those with se-
vere OSA [5]. The use of CPAP decreases complaints of excessive daytime sleepiness and func-
tional impairment due to hypersomnolence [6,7]. In patients with OSA, CPAP decreases the
sleep latency, the percent time in non-rapid eye movement (NREM) stage 1, the arousal index,
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and the respiratory disturbance index, and increases the per-
cent time in NREM stage 2, thereby also affecting the sleep ar-
chitecture [8,9]. Although CPAP is as an effective treatment for
upper airway obstruction in sleep apnea, the treatment is not
always tolerated and compliance with CPAP therapy is limited;
29% to 83% of patients are nonadherent [10]. The main reasons
for noncompliance with CPAP management are the side effects,
which include dry nose and mouth, sneezing, nasal congestion,
skin irritation, abrasions on the nose bridge, and eye irritation
from mask leaks [11].

Patients with position-dependent OSA (POSA) have a greater
than 2-fold higher apnea-hypopnea index (AHI) during sleep
in the supine position compared with a non-supine position
[12]. Patients with POSA are estimated to comprise 70% to 80%
of those with mild (AHI = 5-14 hr'") and moderate OSA (AHI =
15-29 hr'), and approximately 56% to 75% of patients with se-
vere OSA (AHI > 30 hr') [13-15]. In POSA, sleeping in the su-
pine position is associated with worse OSA [16], and many forms
of positional therapy have been developed in an attempt to im-
prove long-term adherence, e.g., chest-worn sleep position train-
ers, tennis ball technique, positional alarms, and verbal instruc-
tions urging patients to shift to a non-supine body position when
the supine body position is detected [17-19]. These treatments
induce pain and discomfort, and subsequently disrupt the sleep
architecture, which also limit compliance. As an alternative meth-
od, a specially designed body pillow was developed to enforce
the lateral position, but its efficacy has not been evaluated [20].

The most likely reason for disrupting a lateral sleeping position
is excess body pressure distribution on the shoulder and hip [21].

We hypothesized that using a body pillow improves body pres-
sure distribution, which extends the duration of a sustained
lateral sleeping body position. In the present study, we evaluat-
ed the effect of body pillow use on sleeping body position, sleep
architecture, and sleeping energy metabolism in healthy young
adults.

METHODS

Protocol and Subjects

For experiment 1, we recruited 8 healthy young adults [mean
+ standard deviation (SD) age 36.5 * 13.0 years, mean body mass
index (BMI) 20.6 +1.2 kg/m’] to evaluate the distribution of body
pressure in the supine, prone, and lateral sleeping positions. The
temporary body pressure distribution was measured in each
sleep position using an ERGOCHECK system (ABW Co. Ltd.,
Hamburg, Germany) in all participants. The measurements were
obtained with the participants awake and under the investiga-
tor’s specific instructions. An example of the body pressure dis-
tribution in each position is shown in Fig. 1.

Experiment 2 was a randomized-crossover intervention study
with or without body pillow use, which were separated a wash-
out period of more than 1 week. One week preceding the experi-
ment, the participants stayed in a whole room metabolic chamber
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Fig. 1. Body pillow, body pressure distribution, and example of body pillow use during sleep. A: Body pillow used in this study. Participants
were provided the opportunity to choose the appropriate body pillow for their body volume among the S-, M-, and L-sized body pillows. B, C:
Examples of body pressure distribution without and with body pillow use. Each grid represents 5 x 5 cm. D: Example of body pillow use
during sleep in experiment 2. Note that 2 pillows were used, 1 on each side of the body.
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as an adaptation night, during which the sensors and electrodes
of the polysomnographic (PSG) recording system were attached
to the participants. Three days prior to the experiment, the par-
ticipants were instructed to maintain a constant 8 h sleep/16 h
wake schedule following their habitual bed and awake time and
to refrain from taking naps, which was confirmed by wrist ac-
tigraphy (ActiGraph, Ambulatory Monitoring, NY, USA), and
to complete daily diaries. Participants refrained from ingesting
caffeine and alcohol for 1 week prior to the experiment. All par-
ticipants, 10 healthy young adults (4 male, 6 female), satisfied
the inclusion criteria: 20 to 65 years of age, BMI 18.5 to 25 (kg/
m?), a regular sleep/wake pattern, and not engaged in regular ex-
ercise more than twice a week. Exclusion criteria were as follows:
self-reported sleep problems (Pittsburgh Sleep Quality Index
score > 5); shiftwork or transmeridian travel within 3 months
before the study; smoking; excessive alcohol intake (> 30 g/day);
currently taking medication for cardiovascular disease, hyper-
tension, diabetes, hypercholesterolemia, hyperglycemia, or hy-
perlipidemia; use of medications affecting sleep or metabolism;
and severe sleep apnea syndrome. The Morningness-Evening-
ness Questionnaire (MEQ) was administered to eliminate par-
ticipants having an extreme morning and evening type (41 <
MEQ scores < 59) [22].

On the experiment day, participants arrived at the laboratory
after dinner. Electrodes for polysomnography and a body posi-
tion sensor were attached before the participants entered the
metabolic chamber where they remained sedentary until their
habitual sleep onset time. Participants went to bed at their habit-
ual bedtime and slept for 8 h. Participants responded to a ques-
tionnaire about subjective sleep quality after waking the follow-
ing morning.

The study was conducted according to the guidelines for pro-
cedures involving human subjects put forth by the Declaration
of Helsinki, and the protocol was approved by the Ethics Com-
mittee of the University of Tsukuba (H30-284). All of the partici-
pants provided written informed consent before study initiation.

Body Pillow

The body pillow was designed to support the upper side of the
arm and leg to reduce body pressure on the lower side of shoul-
der and hip (Fig. 1). The body pillows (Nishikawa Co., Ltd., To-
kyo, Japan) were made from 100% polyester. All participants were
provided the opportunity to choose from among 3 body pillow
sizes according to their body volume (S: diameter 20 cm, length
90 cm, weight 1.19 kg; M: diameter 23 cm, length 90 cm, weight
1.4 kg; and L: diameter 26 cm, length 90 cm, weight 2.0 kg). The
subjects used 2 body pillows, with 1 positioned on each side of
the body (Fig. 1).

Polysomnography
The recording system (PSG-1100; Nihon Kohden, Tokyo, Ja-
pan) comprised 6 electroencephalography derivations (F3-M2,
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F4-M1, C3-M2, C4-M1, O1-M2, and O2-M1), submental and
leg electromyography, bilateral electrooculogram, air flow at the
nose and mouth, chest and abdominal respiratory movement,
oxygen saturation at the fingertip, and a body position sensor
that was fixed on the skin at the center of the sternum. Respira-
tory events such as the AHI and the oxygen desaturation index
(ODI) were scored according to the American Academy of Sleep
Medicine (AASM) criteria: apnea was defined as a drop in air-
flow of at least 90% from baseline lasting 10 s or longer. Hypop-
nea was defined as a > 30% drop in airflow lasting at least 10 s,
associated with either a decrease in arousal or > 3% O, satura-
tion drop [23]. The electroencephalography electrodes were
placed on the surface of the head in accordance with the inter-
national 10-20 system, recording at the frontal (F3, F4), central
(C3, C4), and occipital (O1, O2) sites, and at 2 reference sites on
M1 and M2. Sleep parameters were scored in 30-s intervals as
wakefulness, and stages 1, 2, 3 [slow wave sleep (SWS)], and REM
sleep according to standard criteria of the AASM [23]. In addi-
tion, total sleep time, sleep onset latency, REM sleep latency, and
sleep efficiency were evaluated. The body position sensor dis-
criminated among the 5 body positions; supine, prone, left later-
al, right lateral, and sitting. During the whole sleep period, body
positions were also monitored by an infrared camera.

Subjective Self-Reported Quality of Sleep

The Oguri-Shirakawa-Azumi sleep inventory, middle age and
aged version (OSA-MA) questionnaire was used to assess sub-
jective sleep quality after waking in the morning [24]. This ques-
tionnaire comprises 16 items with 5 factors (“Sleepiness on ris-

ing;” “Initiation and maintenance of sleep,” “Frequent dreaming;’
“Refreshness,” and “Sleep length”

Indirect Calorimetry
The airtight metabolic chamber measures 2.00 X 3.45 X 2.10 m

(FHC-15S; Fuji Medical Science Co., Ltd., Chiba, Japan), and
air in the chamber is pumped out at a rate of 80 L/min. The tem-
perature and relative humidity of incoming fresh air were con-
trolled at 25°C and 55%, respectively. The chamber is furnished
with desk, chair, and toilet. Concentrations of oxygen (O,) and
carbon dioxide (CO,) in the outgoing air were measured with
high precision by online process mass spectrometry (VG Prima
0B; Thermo Electron Co., Winsford, UK). The precision of the
mass spectrometry, defined as the SD for continuous measure-
ment of the calibrated gas mixture (O, 15%; CO,, 5%), was
0.0016% for O, and 0.0011% for CO,. Every minute, O, con-
sumption (VO,) and CO, production (VCO,) rates are calcu-
lated using an algorithm for improved transient response [25].
Energy expenditure was calculated from VO,, VCO,, and uri-
nary nitrogen (N) excretion, as described previously [26]. Uri-
nary N was measured using the Kjeldahl method. Energy ex-
penditure and macronutrient oxidation were calculated from
the VO,, VCO,, and urinary N excretion. The rate of urinary
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N excretion, an index of protein catabolism, was assumed to be
constant during the calorimetry [27].

Statistical Analysis

Physical characteristics of the participants, sleep parameters,
OSA-MA parameters, and body position are expressed as the
mean (SD). Paired t-tests were used to compare the sleep param-
eters and OSA-MA parameters between the mean values of the
trials. Time in each body position and longest duration of sus-
tained lateral time were assessed by 1-way repeated-measures
analysis of variance (ANOVA) and Bonferroni’s correction for
multiple comparisons. The SWS episode frequency was assessed
by 2-way repeated-measures ANOVA and Bonferroni’s correc-
tion for multiple comparisons. Data analysis was conducted us-
ing SPSS ver. 22 (IBM Corp., Armonk, NY, USA). A p value <
0.05 was considered statistically significant.

RESULTS

Subjects Characteristics
The mean * SD age, BMI, and MEQ score of the partici-

pants was 24.3 + 7.8 years, 21.4 = 1.7 kg/m? and 51.1 £ 7.2, re-
spectively. All participants fulfilled all inclusion/exclusion cri-
teria and completed the 2 trials.

Body pressure distribution
In experiment 1, body pillow use significantly reduced the mean
body pressure on the shoulder, hip, and whole body (Table 1).

Objective sleep quality

In experiment 2, the basic sleep architecture did not differ be-
tween the 2 trials in any of the sleep parameters (i.e., durations
of stage 1, 2, SWS, REM, and wakefulness after sleep onset) (Ta-
ble 2). AHI and ODI were also not significantly different between
the 2 experimental conditions. A 2-way ANOVA for the distri-
bution of the SWS episode duration showed significant main ef-
fects of body pillow use [F(1, 9) = 1.609, p = 0.24] and SWS ep-
isode duration [F(9, 81) = 35.2, p < 0.001], as well as a significant
interaction of the body pillow x SWS episode duration [F(9, 81)
= 2.5, p < 0.05]. Post-hoc analysis showed a significant decrease
in the number of SWS episodes lasting only 30 s in the body pil-
low trial (p < 0.001) (Fig. 2). Thus, body pillow use improved deep
sleep maintenance without disturbing the sleep architecture.

Table 1. Mean body pressure in each body part

Parameters Control ~ Body pillow p-value
Shoulder (mm Hg) 33.1+51 282%+40 <0.01
Hip (mm Hg) 414186 315+59 <001

Whole body mean (mm Hg) 13.0+£0.7 11.5+1.1 <0.01

Values are mean * SD for control and body pillow trials.
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Changed sleep body position

The mean time spent in the supine, lateral, and prone body
positions did not differ significantly between the 2 trials (Fig. 3).
The longest sustained duration of the lateral body position was
significantly extended with body pillow use compared with the
control trial [45.10 (7.05) vs. 70.05 (6.96) min for control and
body pillow trials, p < 0.05] (Fig. 4). Thus, body pillow use did
not increase the total amount of time in the lateral body posi-
tion, but did prolong the sustained duration of lateral body po-
sition during sleep.

Subjective sleep quality

None of the parameters (‘sleepiness on rising; ‘initiation and
maintenance of sleep, ‘sleep length, ‘refreshness,; and ‘frequent
dreaming or nightmares’) of subjective sleep quality assessed by
the OSA-MA questionnaire differed significantly between the

Table 2. Sleep architecture

Parameters Control ~ Body pillow p-value
Total bedtime (min) 480.0 480.0

44271419 4494 +182 045

Total sleep time (min)

Wakefulness (min) 31.7+t414 248+ 141 051
Sleep latency (min) 57131 55+51 092
Sleep efficiency (%) 933+£87 948+30 050

Stage 1 (min) 46.0t344 418%190 051

Stage 2 (min) 231.7+£49.1 2239+434 0.57
SWS (min) 89.7+33.1 100.0+43.8 026
REM sleep (min) 753+238 83.8%21.6 020
REM sleep latency (min) 238+ 153 208+86  0.11
Arousal index (/night) 168.1 £90.4 154.2+59.8 0.29
AHI (/h) 23+17  23+15 091
3%0ODI 26*1.6 22116 0.57

Values are mean + SD for control and body pillow trials.
SWS: slow wave sleep, REM: rapid eye movement, AHI: apnea-hy-
popnea index, 3%ODI: 3% oxygen desaturation index.
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Fig. 2. Frequency of slow wave sleep (SWS) episodes lasting
less than 5 min. *p < 0.05.
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Fig. 3. Percent time in each body position between control and
body pillow trials. Values are mean * SD for control and body pil-
low trials, and values from individual participants are also plotted.
SD: standard deviation.
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Fig. 4. Longest sustained duration of lateral body position. Values
are mean £ SD for control and body pillow trials, and values for
individual participants are also plotted. *p < 0.05. SD: standard
deviation.

control and body pillow trials (Table 3). Therefore, the body pil-
low did not affect the subjective assessment of the quality of sleep.

Metabolic data

Energy expenditure [control trial: 381.99 (0.17) kcal/8 h vs.
body pillow trial: 378.81 (0.17) kcal/8 h, p = 0.55] and respira-
tory quotient [control trial: 0.84 (0.06) kcal/8 h vs. body pillow
trial: 0.85 (0.06) kcal/8 h, p = 0.47) during sleep differed between
the 2 trials.

Park |, et al.

Table 3. Subjective sleep quality assessed by the OSA sleep in-
ventory MA version

Parameters Control Body pillow p-value
48.7+7.7 50.0%88 0.65
458+ 12.0 48382 0.42
4241114 428+103 094

Sleepiness on rising

Sleep duration

Initiation and maintenance
of sleep

Refreshness 494+66 478188 071

Frequent dreaming, nightmares 452 +9.1 43.6*114 0.30

Values are mean * SD for control and body pillow trials.
OSA: The Oguri Shirakawa and Azumi standard rating scale, MA:
middle age and aged version.

DISCUSSION

One of the most common and effective treatments for sleep
apnea is CPAP [4]. In a previous study, the effects of positional
therapy were equivalent to that of CPAP for normalizing AHI,
sleep quality, and nocturnal oxygenation in patients with POSA
[20]. Positional therapies are associated with side effects, how-
ever, leading to low compliance. In contrast, a mild intervention,
such as body pillow use, may be free from side effects and be-
come a habitual daily routine. The present study investigated the
effect of body pillow use on sleeping body position and sleep ar-
chitecture in healthy young subjects, as assessed by a sleep ques-
tionnaire, sleep staging, and body position monitoring. Our find-
ings revealed a positive effect of body pillow use to extend the
duration of a sustained lateral sleeping position and suppress
fragmented SWS without interfering with the subjective sleep
quality.

The frequency and severity of apnea/hypopnea events are in-
creased in the supine body position compared with the lateral
body position [28]. Therefore, maintaining a lateral body posi-
tion during sleep might improve sleep apnea and the quality of
natural sleep. Positional therapy using the tennis ball technique
(a tennis ball is fastened to the back to discourage the patient from
sleeping supine) improved subjective sleep quality and daytime
alertness and decreased snoring loudness. Discomfort related to
the technique, however, led to its discontinuation in 38% of the
participants [28]. In another study, 80% of subjects stopped us-
ing the tennis ball technique, claiming that it was uncomfortable
[18]. As an alternative approach to avoid the supine position, pre-
vious studies designed special mattresses and pillows to facilitate
prone positioning, which improved the mean AHI and ODI, and
decreased the time spent in the supine position of OSA patients
without disruption of the sleep architecture judged by the PSG
recording system [29,30]. The special mattresses and pillows were
so effective that some subjects remained in the prone position
for the entire sleeping period, i.e., no changes in sleeping posi-
tion. Given the positive physiologic roles of changing the sleep-
ing position [31-33], it is better for patients with POSA to avoid
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the supine position while not suppressing natural changes in
the sleeping body position. As a less stringent intervention, use
of a body pillow significantly increased the duration of sustained
lateral body position while also allowing for changes in sleeping
positions. The use of a body pillow improved the body pressure
distribution and induced positive changes in sleeping body po-
sitions and sleep architecture without restricting changes in sleep-
ing body positions.

In the present study, we found that body pillow use did not sta-
tistically change objective and subjective sleep parameters com-
pared with the control trial. The absence of changes in the PSG
parameters between the 2 trials might be due to the nature of the
participants in this study. The participants were healthy young
adults with no sleep problems such as sleep apnea. The short sleep
latency, high sleep efficiency, and long SWS duration of the par-
ticipants in the control trial may have resulted in a ceiling effect
that masked the effect of body pillow use on sleep parameters.
The number of short SWS episodes ranging from 0.5-5 min was
decreased by body pillow use, although there was no difference
in the total duration of SWS between the 2 trials. Differences in
the number of short SWS episodes were also observed when the
effects of 2 mattress types on sleep were assessed [21]. Although,
the mechanism responsible for the suppression of SWS episode
fragmentation by body pillow use remains to be elucidated, anal-
ysis of the continuity of SWS episodes may provide greater in-
sight into the quality of sleep.

In a previous study, a specially designed body pillow was used
to enforce the lateral position and facilitate the prone position,
which was rare in natural sleep in the present study [29,30]. The
prone position during sleep increases the heart rate and respira-
tory quotient compared with the supine position [34] and com-
promises thermoregulation in infants [35]. On the other hand,
it is speculated that a non-prone sleeping posture requires more
energy expenditure due to the respiratory movements of the rib
cage against gravity [36]. To assess the reasonable assumption
that difference in the sleeping posture might induce changes in
energy metabolism, indirect calorimetry was performed using
a whole room metabolic chamber in the present study. Despite
the high time resolution of the indirect calorimetry in the pres-
ent study, there was no difference in energy expenditure between
the 2 trials. According to these results, the lateral sleeping posi-
tion might not only positively influence POSA, but might also
suppress SWS episode fragmentation.

The present study had some limitations. First, participants were
healthy young adults with no sleep problems such as sleep ap-
nea. Thus, further studies to evaluate the efficacy of body pillow
use for maintaining a desirable sleep posture should be performed
in participants with OSA, particularly POSA. Second, a previous
study revealed that prone positions were less likely in older per-
sons, who demonstrate a progressive preference for lateral po-
sitions due to a decline in spinal flexibility and/or the extra effort
required for breathing [37]. Third, by the nature of the interven-
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tion, this study design was not double-blinded, and placebo ef-
fect of pillow use on subjective sleep quality could not be exclud-
ed. These limitations will be addressed in a future study.

In conclusion, the findings of the present study demonstrate
that sleeping with a body pillow effectively extends the duration
of a sustained lateral sleeping position and prevents segmenta-
tion of SWS episodes.
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