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SUMMARY A lateral position (LP) during sleep is effective in reducing sleep disorder symptoms

in mild or moderate sleep apnea patients. However, the effect of head and shoulder

posture in LP on reducing sleep disorders has not been reported. In this study,

effective sleeping positions and a combination of sleep position determinants were

evaluated with respect to their ability to reduce snoring and apnea. The positions

evaluated included the following: cervical vertebrae support with head tilting (CVS-

HT), scapula support (SS), and LP. A central composite design was applied for

response surface analysis (RSA). Sixteen patients with mild or moderate positional

sleep apnea and snoring who underwent polysomnography for two nights were

evaluated. Based on an estimated RSA equation, LP (with a rotation of at least 30�)
had the most dominant effect [P = 0.0057 for snoring rate, P = 0.0319 for apnea–

hypopnea index (AHI)]. In addition, the LP was found to interact with CVS-HT

(P = 0.0423) for snoring rate and CVS-HT (P = 0.0310) and SS (P = 0.0265) for

AHI. The optimal sleep position reduced mild snoring by more than 80% (i.e.

snoring rate in the supine position was <20%) and the snoring rate was

approximately zero with a 40� rotation. To achieve at least 80% reduction of

AHI, LP and SS should be >30� and ⁄or 20 mm respectively. To determine an

effective sleep position, CVS-HT and SS, as well as the degree of the LP, should be

concurrently considered in patients with positional sleep apnea or snoring.

k e y w o r d s positional sleep apnea and snoring, positional therapy, response surface

analysis

INTRODUCTION

Body position shifting during sleep is a conservative therapy

for addressing snoring or sleep apnea. Reportedly, body

position changes are effective for many non-obese patients

with sleep apnea and ⁄or snoring. Body position during sleep

influences the frequency of apneas and hypopneas in

50–60% of individuals with obstructive sleep apnea (OSA)

(Mador et al., 2005; Oksenberg et al., 1997). In such cases,

the apnea–hypopnea index (AHI) increases in the supine

posture and decreases in the lateral posture. Positional sleep

apnea is defined as a 50% reduction or greater in the AHI

during non-supine sleep (Cartwright, 1984; Jokic et al.,

1999). Continuous positive airway pressure (CPAP) is a

highly effective form of therapy for OSA. However, poor

acceptance and low compliance with CPAP indicate that it is

not the best treatment for sleep apnea or snoring (Jokic

et al., 1999; Oksenberg et al., 2000). As an alternative to

CPAP treatment, patients with positional sleep-disordered

breathing (SDB) may be candidates for therapies designed to

prevent the supine posture during sleep, such as positional

therapy. However, positional therapy is not likely to relieve
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symptoms if the AHI in the non-supine position remains

elevated. A more clinically appropriate definition would

define positional sleep apnea when the AHI falls below the

diagnostic threshold during sleep in the non-supine posture

(Oksenberg et al., 1997; Oksenberg et al., 2000). Then,

positional therapy alone could be useful to treat patients

with SDB when positional therapy is entirely effective in

eliminating sleep apnea and ⁄or snoring in the supine

position.

Many researchers have investigated SDB such as OSA

and snoring, where collapse of the upper airway is the

primary event in OSA (Choi et al., 2000; Hiyama et al.,

2000). To eliminate SDB symptoms, numerous medical

devices have been developed (Cartwright, 1984; Kavey et al.,

1985; Kushida et al., 2001; Zuberi et al., 2004) and appro-

priate sleeping positions for improvement of OSA symptoms

have been proposed (Bliwise et al., 2004; Geer et al., 2006).

However, there have been few studies that have investigated

the optimal position with respect to reduction of the upper

airway to decrease sleep apnea and ⁄or snoring symptoms.

There are several reasons why sleep position is difficult to

study. In the natural sleeping position, patients can uncon-

sciously rotate approximately 90� in the LP without aware-

ness of their degree of rotation during sleep. Several studies

that have investigated the association between sleep posture

and the collapsibility of the upper airway have reported a

20� head extension cervical support (Kushida et al., 2001), a

45� incline on both sides (Zuberi et al., 2004), and an

elevation of body position (Skinner et al., 2004) are effective

in reducing sleep apnea and ⁄or snoring. However, few

studies have theoretically evaluated several characteristics of

the body position that play key roles in determining the

parameters of positional therapy.

In this study, effective sleep positions and a combination of

sleep position determinants were evaluated to examine their

effect on reducing snoring and ⁄or apnea, including cervical

vertebrae support with head tilting (CVS-HT), scapula support

(SS; that is, upper trunk), and lateral position (LP). Unlike

conventional clinical trials to evaluate the efficacy of positional

therapy, the current study focused on determining the

potential optimal position in patients with snoring and sleep

apnea. Thus, response surface analysis (RSA), a complex

statistical method, was used for the following purposes: (i) to

determine the factor levels that will simultaneously satisfy a set

of desired specifications, (ii) to determine the optimum

combination of factors that yield a desired response and

describes the response near the optimum, and (iii) to achieve a

quantitative understanding of snoring and sleep apnea behav-

ior over the region evaluated.

MATERIALS AND METHODS

Experiment design

Unlike conventional clinical study designs, a RSA experi-

mental design was applied in this study. The RSA experiment

is designed to allow estimation of interactions and even

quadratic effects, and therefore gives an idea of the shape of

the response investigated. A widely used central composite

design of RSA is a response surface design, which consists of

three different points and can fit a full quadratic model.

These three points include cube points at the corners of a unit

cube that is the product of the interval [)1, 1], points along

the axes at or outside the cube, and center points at the

origin (Montgomery, 1997). Each point in the central

composite design indicated each subject who takes a combi-

nation of sleep position factors; one of CVS-HT levels, one of

SS levels and one of LP levels. All the subjects were

randomly assigned to 16 combinations across levels of three

factors. For the purpose of determining optimal sleep

positions for a snorer with positional sleep apnea during this

study, a response surface design with a 23 factorial design,

including two central points, was utilized.

Establishment of a design matrix for 2
3
factorial design

Based on a literature search (Cartwright, 1984; Jokic et al.,

1999; Kushida et al., 2001; Mador et al., 2005; Oksenberg

et al., 2006) and a previous pilot study, several determinants

of sleep positions to reduce snoring and apnea were selected.

These determinants included CVS-HT, SS, and LP. For the

position of CVS-HT, three levels were considered: normal,

30 mm (assuming an average cervical height with a conven-

tional pillow in the supine position was 55 mm, then CVS-

HT became 85 mm) elevation from a supine position, and

30 mm elevation from a supine position with 15� head

tilting. The levels of SS consisted of a normal supine

position as well as an elevation of 20 or 40 mm from the

supine position. Finally, the LP levels were supine, a 20�
rotation from the supine position, or a 40� rotation from the

supine position.

Participants and assignment

The sleep records of subjects enrolled in the Korean Health

and Genomic Study (Kim et al., 2004) were evaluated for

snoring and positional sleep apnea, as defined by a AHI ‡5
with >50% reduction of AHI in the non-supine posture

compared to AHI in the supine posture (Cartwright, 1984;

Jokic et al., 1999; Oksenberg and Silverberg, 1998). To screen

position-dependent patients, each subject was required to

satisfy the following criteria: ambulatory males 40–50 years of

age; snorers with mild or moderate (5<AHI£30) positional

sleep apnea; snoring for ‡10% of total sleep time, and no

history of musculoskeletal disease.

Twenty-five participants who gave their written informed

consent underwent an overnight diagnostic polysomnography.

When participants maintained the supine position longer than

the first sleep cycle (approximately 2 h), including rapid eye

movement (REM) sleep, during the diagnostic examination, a

monitoring technician caused their sleep position to change to
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the non-supine for the appropriate non-supine position sleep

time and observed whether or not the non-supine position

was maintained for more than 20 min.

In the experimental examination, all participants fell

asleep in the supine position with a conventional pillow

for the first cycle of total sleep time. After the first REM

cycle occurred, the monitoring technician exchanged the

pillow for a position support instrument. Sixteen of the 25

participants who satisfied the eligible criteria underwent

polysomnography to measure AHI reduction during specific

sleep positions. At the beginning of the second night

examination, all the subjects fell asleep in the supine

position with a conventional pillow for the first sleep cycle,

and then were required to take position support device.

After the second cycle, we switched to a conventional pillow

again. To change the device, it takes <1 min. Assuming

that total sleep time is 8 h, and that average length of a

sleep cycle was 1.5–2 h, the possible number of device

changes was three. Actually, the subjects were required to

change the device 2–3 times for the entire sleep. Thus, the

participants were intermittently interrupted <3 min in all

the sleep time. Moreover, we excluded 5–10 min data from

the interrupt to minimize artifacts.

Polysomnography

Participants underwent polysomnography at the Sleep Disor-

der Center, Ansan Hospital, Korea University with Alice 5

(Respironics, Atlanta, GA, USA). Sixteen channels were used,

and the polysomnography results were manually scored

according to standard criteria (Rechtschaffen and Kales,

1968).

Instrument for supporting a specific sleep position

An instrument to set a specific sleep position during

polysomnography was devised in this study (Fig. S1). The

instrument was made with expanded polystyrene and covered

with a latex-type pad, and was constructed to enable manual

modulation of its height at the cervical vertebrae and scapula

by insertion of layered polystyrene plates (10 mm ⁄plate). In
order to modulate angles of lateral position, we used another

part which was made with the same plastic material (that is,

polystyrene). When a participant needs to change to a lateral

position, the part was inserted under a latex-type pad, which

made it possible to maintain 20 and 40� of lateral position.

The horizontal length of the part was 360 mm and we made

two parts to modulate 20 and 40� so that the heights of two

parts were 161 and 322 mm.

Statistical analyses

The central composite design data were analyzed with a

polynomial second-order equation by the least-squares

method (SAS 9.13, NC, USA). To adjust baseline values,

a quadratic response surface regression model with a simple

linear regressor for covariates was used. Optimization of

RSA was conducted by minimizing snoring rate and AHI by

fitting the following quadratic model:

Table 1 Sleep related characteristics of baseline polysomnography

Total Supine Non-Supine

Total sleep time (mm) 432 ± 48 303 ± 35 128 ± 41

Snoring rate (%) 29.2 ± 13.5 36.2 ± 15.2 7.3 ± 13.2

Apnea–hypopnea index 15.2 ± 7.9 24.3 ± 8.1 5.2 ± 7.2

Arousal index 21.4 ± 7.3 23.5 ± 7.8 21.0 ± 8.2

Minimal saturation (%) 84.5 ± 9.2 80.2 ± 8.2 89.4 ± 5.2

Sleep efficiency (%) 87.3 ± 10.0 84.2 ± 9.3 89.1 ± 10.1

Table 2 Estimated regression coefficients for snoring rate and AHI

Snoring rate* AHI�

b ± SE P-value b ± SE P-value

Intercept )0.016812 ± 0.063704 0.8024 6.454992 ± 2.591484 0.0471

CVS-HT 0.063123 ± 0.022364 0.0370 1.752126 ± 1.182849 0.1890

SS )0.089298 ± 0.021992 0.0097 )1.425204 ± 1.182849 0.2736

LP )0.102957 ± 0.022282 0.0057 )3.290255 ± 1.182849 0.0319

CVS-HT2 0.041497 ± 0.039176 0.3380 -0.805003 ± 1.586961 0.6301

CVS-HT · SS )0.075907 ± 0.030031 0.0527 2.212500 ± 1.448687 0.1776

SS2 0.100885 ± 0.029172 0.0181 1.345008 ± 1.586961 0.4292

SS·LP 0.002958 ± 0.025622 0.9126 )4.237500 ± 1.448687 0.0265

CVS-HT · LP )0.070476 ± 0.026007 0.0423 )4.062500 ± 1.448687 0.0310

LP2 0.000002232 ± 0.028218 0.9999 1.720010 ± 1.586961 0.3201

Baseline value 0.607736 ± 0.234279 0.0486 0.108488 ± 0.221222 0.5058

The parameter estimates were based on coded factors.

CVS-HT, cervical vertebrae support with head tilting; SS, scapula support; LP, lateral position; AHI, apnea–hypopnea index.

*The P-value for the Goodness of Fit test for the regression model in the snoring rate was 0.0046 and the R2 for the regression model was 0.9659.
�The P-value for the Goodness of Fit test for the regression model in AHI was 0.0264 and the R2 for the regression model was 0.8438.
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Figure 1. Response surface maps of snoring rate (baseline snoring rate (SR) = 20%, 40%). (a) cervical vertebrae support with head tilting

(CVS-HT) versus scapula support (SS) (baseline SR = 20%) (d) CVS-HT versus SS (baseline SR = 40%). (b) CVS-HT versus LP (baseline

SR = 20%) (e) CVS-HT versus LP (baseline SR = 40%). (c) SS versus LP (baseline SR = 20%) (f) SS versus LP (baseline SR = 40%).
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y ¼ b0 þ czþ
Xp

i¼1
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biixii

where y is the calculated snoring rate or AHI, p(P = 3 in this

study) is the number of variables in the model, b0, bi, bij are
coefficients determined by polynomial second-order regression,

c is a coefficient of a covariate, and z, xi are the covariate and

independent variables of the model respectively.

RESULTS

Out of 25 participants, 16 subjects satisfied the eligibility

criteria. The mean age and BMI of the 16 subjects were

47.6 ± 3.29 years and 25.6 ± 2.18 kg ⁄m2 respectively. A

summary of sleep-related characteristics is given in Table 1.

Total sleep time of the 16 subjects was 432 ± 48 min (303

and 128 min at the supine and non-supine position, respec-

tively) on the first night and 421 ± 40 min (219 and

202 min at the supine and non-supine positions, respectively)

in the experiment. In the screening examination, the average

snoring rate and AHI were 29.2 ± 13.5% and 15.2 ± 7.9,

respectively. The snoring rate and AHI in the supine

position (36.2 ± 15.2% and 24.3 ± 8.1, respectively) were

significantly higher than in the non-supine position

(7.3 ± 13.2% and 5.2 ± 7.2, respectively). However, the

Arousal Index and minimal saturation were similar between

supine (23.5 ± 7.8 and 82.2 ± 8.2%, respectively) and non-

supine (21.0 ± 8.2 and 88.4 ± 8.2%, respectively) positions.

Also, sleep efficiency in non-supine position (89.1 ± 10.1%)

was relatively higher than that in supine position

(84.2 ± 9.3%).

Significant factors in snoring and sleep apnea based on RSA

A polynomial regression was performed to observe the effects

of design parameter changes on snoring. The estimated

regression equation for snoring rate is summarized in Table 2

(left side). Among the linear regressors, the estimated regres-

sion coefficients of LP were the most significant ()0.1030,
P = 0.0057). For the snoring rate, SS and CVS-HT were also

significant. CVS-HT was negatively associated with a reduc-

tion of snoring rate. The cross product of CVS-HT and LP

()0.0705, P = 0.0423) also contributed to snoring rate

reduction. The fitted model revealed that the following factors

reduce snoring: LP significantly affects the snoring rate; there

was an interaction among CVS-HT and LP as well as LP and

the quadratic effect of SS (0.1008, P = 0.018). Moreover,

CVH-HT and SS had a tendency to interact with each other.

Regarding model fitting for sleep apnea, the response

surface regression model was used to observe the effects of

design parameter changes on AHI. The estimated regression

equation for AHI is summarized in Table 2 (right side).

Among the main effects, the estimated LP regression coeffi-

cients were the only significant factors ()3.2903, P = 0.0319)

while an interaction with CVS-HT and SS ()4.0625,

P = 0.0310 and )4.2375, P = 0.0265, respectively) also

contributed to reduce AHI.

The estimated regression parameters indicated that AHI is

mainly influenced by LP, and that the interactions of CVS-HT

and LP, as well as SS and LP, are very significant at reducing

snoring.

Optimal position for snoring reduction

Fig. 1 shows the response surface map when the baseline

snoring rate was 20% (a–c) and 40% (d–f). In Fig. 1a, d, three-

dimensional plots of CVS-HT and SS corresponding to

snoring rate, shows that the snoring rate increased as the

height of CVS-HT increased. These plots also show that there

was an interaction between CVH-HT and SS, which implies

that CVS-HT alone was not effective, but that CVS-HT and SS

should be simultaneously increased to reduce the snoring rate.

In Fig. 1b, e, three-dimensional plots of CVS-HT and LP

corresponding to the snoring rate indicate that high CVS-HT
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Figure 2. Comparison of snoring rates (baseline SR = 30%). (a) A

comparison of snoring rates according to cervical vertebrae support

with head tilting (CVS-HT) [scapula support (SS) = 20 mm]. (b) A

comparison of snoring rates according to SS (CVS-HT = 60 mm).
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levels in the supine position (that is LP = 0�) increased the

snoring rate; the appropriate levels of CVS-HT should be

maintained in the LP. Fig. 1e, f show that the quadratic effect

of SS was dominant, as were the main effects of SS and LP.

Fig. 2a shows the snoring rates at 0–50� LP rotation when

the baseline snoring rate and level of SS were 30% and 20 mm,

respectively. In Fig. 2a, increasing degrees of LP rotation

helped to eliminate snoring at moderate levels of CVS-HT (50–

70 mm). In contrast, the snoring rate decreased in the LP with

at least 20 mm SS, and 40–50� LP rotation made the snoring

rate zero (Fig. 2b). Notably, a higher level of SS (>20�) in the

supine position increases the snoring rate. In summary, the

model of snoring rate revealed that complex interactions

among design parameters existed for the snoring rate. As

shown in Figs 1 and 2, the important factors for eliminating

snoring were LP and LP�s interaction with CVS-HT.

In Table 3, the estimated snoring rate is enumerated with all

possible combinations of the three factors when snoring rates

in the supine position were 20, 30 and 40%. To achieve >80%

reduction in snoring rate when the baseline snoring rate is

20%, LP and SS should be more than 30� and 20 mm,

respectively, when CVS-HT is 60 mm. When the LP is 40� and
SS is ‡20 mm, the snoring rate was reduced to zero. When the

baseline snoring rate was >30%, more than a 40� rotation was

required to achieve an 80% reduction of the snoring rate.

When the snoring rate in the supine position was 40%, no

combination of sleep positions could reduce the snoring rate

by more than 5%.

Optimal position for reducing sleep apnea

Fig. 3, which is the response surface map when baseline AHI

was 15 (a–c) and 30 (d–f), demonstrates the complicated

relationship between the three sleep position factors. Contrary

to the snoring rate, CVH-HT�s interactions with SS and LP

were inversely U-shaped, implying that moderate levels of

position changes may not be effective in reducing sleep apnea.

In Fig. 4a, when baseline AHI and level of SS were 20 and

20 mm, respectively, the AHI at 0–50� of LP rotation

demonstrated that increasing degrees of CVS-HT was essential

for LP�s reduction of AHI. In Fig. 4a, the supine position (0�
LP rotation) with a lower level of CVS-HT was also effective,

but this position was uncomfortable. In agreement with

Fig. 3c, f, AHI decreased to more than 50% in the LP (30–

50�) with at least 20 mm SS (Fig. 4b).

Table 4 demonstrates the estimated AHI with possible

combinations of the three factors when AHI in the supine

position was 10, 20 and 30. To achieve >70% reduction of

Table 3 Possible combinations for minimizing the snoring rate

Snoring rate = 20% Snoring rate = 30% Snoring rate = 40%

LP (�) SS (mm)

CVS-HT(mm)

LP (�) SS (mm)

CVS-HT(mm)

LP (�) SS (mm)

CVS-HT(mm)

50 60 70 80 50 60 70 80 50 60 70 80

0 0 21.97 25.51 32.74 43.66 0 0 28.05 31.59 38.81 49.73 0 0 34.12 37.66 44.89 55.81

10 18.52 19.53 24.23 32.61 10 24.60 25.61 30.31 38.69 10 30.68 31.69 36.38 44.77

20 20.12 18.60 20.76 26.62 20 26.20 24.68 26.84 32.70 20 32.27 30.75 32.92 38.77

30 26.77 22.71 22.35 25.67 30 32.84 28.79 28.42 31.75 30 38.92 34.86 34.50 37.83

40 38.54 31.86 28.96 29.88 40 44.56 37.94 35.05 35.94 40 50.60 44.02 41.13 41.92

10 0 20.15 23.79 32.74 43.66 10 0 26.23 29.86 38.81 49.73 10 0 32.30 35.94 44.89 55.81

10 14.94 16.05 17.46 29.33 10 21.02 22.12 26.92 35.40 10 27.09 28.20 33.00 41.84

20 14.78 13.35 20.76 26.62 20 20.85 19.43 26.84 32.70 20 26.93 25.51 32.92 38.77

30 19.65 15.70 22.35 25.67 30 25.73 21.78 28.42 31.75 30 31.81 27.86 34.50 37.83

40 29.58 23.09 28.96 29.88 40 35.66 29.17 35.05 35.94 40 41.73 35.25 41.13 41.92

20 0 18.33 22.07 29.49 40.60 20 0 24.40 28.14 35.56 46.68 20 0 30.48 34.22 27.76 33.73

10 11.36 12.56 20.30 26.04 10 17.43 18.63 23.53 32.12 10 23.51 24.72 29.61 38.19

20 9.43 8.10 10.47 16.52 20 15.51 14.18 16.55 22.60 20 21.58 20.26 22.62 28.68

30 12.55 8.69 8.53 12.05 30 18.62 14.77 14.60 18.13 30 24.70 20.85 20.68 24.20

40 20.71 14.32 11.63 12.62 40 26.79 20.46 17.70 18.70 40 32.86 26.48 23.78 24.77

30 0 16.51 20.34 27.86 39.07 30 0 22.58 26.42 33.94 45.16 30 0 28.66 32.49 40.02 51.23

10 7.77 9.08 14.07 22.75 10 13.85 15.15 20.15 28.83 10 19.93 21.23 26.22 34.91

20 4.08 2.86 5.32 11.47 20 10.16 8.94 11.40 17.55 20 16.24 15.01 17.48 23.63

30 5.44 1.68 1.62 5.24 30 11.52 7.76 7.68 11.31 30 17.59 13.84 13.75 17.39

40 11.84 5.55 2.96 4.05 40 17.92 11.63 9.03 10.12 40 23.99 17.71 15.15 16.20

40 0 14.68 18.62 26.24 37.55 40 0 20.76 24.69 32.32 43.63 40 0 26.84 30.77 38.39 49.70

10 4.19 5.59 10.68 19.46 10 10.27 11.67 16.76 25.54 10 16.34 17.75 22.84 31.62

20 0 0 0.17 6.42 20 4.82 3.69 6.25 12.50 20 10.89 9.77 12.33 18.58

30 0 0 0 0 30 4.41 0.75 0.78 4.51 30 10.49 6.83 6.86 10.58

40 2.97 0 0 0 40 9.05 2.86 0.36 1.51 40 15.13 8.94 6.44 7.63

Bold characters indicate a >80% reduction in snoring rate compared with the baseline snoring rate.

CVS-HT, cervical vertebrae support with head tilting; SS, scapula support; LP, lateral position.
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Figure 3. Response surface maps of apnea–hypopnea index (AHI) (baseline AHI = 15, 30). (a) cervical vertebrae support with head tilting (CVS-

HT) versus SS (baseline AHI = 15) (d) CVS-HT versus SS (baseline AHI = 30). (b) CVS-HT versus LP (baseline AHI = 15) (e) CVS-HT versus

LP (baseline AHI = 30). (c) SS versus LP (baseline AHI = 15) (f) SS versus LP (baseline AHI = 30).
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AHI at baseline when AHI is 10, LP and SS should be at least

40� and 30 mm, respectively. To achieve at least an 80%

reduction of AHI, LP and SS should be >30� and ⁄or 20 mm,

respectively.

DISCUSSION

The data from this study demonstrated that, by using RSA, the

optimal sleeping position for eliminating snoring was highly

associated with the LP and its interaction with CVH-HT. The

results from this study also showed that the interaction of LP

with CVS-HT and SS was effective in reducing sleep apnea.

The principal conclusion of this study was that more than a

30� rotation and 20 mm elevation of the upper trunk with

moderate support (60–70 mm) of the cervical vertebrae were

effective at reducing snoring. For sleep apnea, a >40� rotation
with higher levels of CVS-HT (>70 mm) and SS (30 mm) were

recommended for an AHI reduction >80%. Based on the

estimated regression equation, the optimal sleeping position

could ideally reduce the snoring rate to 0% during the entire

sleeping period when a ‡40� lateral rotation and a ‡60 mm

cervical vertebrae elevation in mild snoring patients (i.e. a

snoring rate £20%) is employed. In addition, AHI could be

decreased to <80% in the case of a ‡40� lateral rotation and a

‡30 mm SS with the appropriate CVS-HT in mild or moderate

sleep apnea.

Several studies have investigated the effectiveness of posi-

tional therapy on snoring and sleep apnea, but they have

reported inconsistent results (Braver and Block, 1994; Itasaka

et al., 2000; Mador et al., 2005; Nagano et al., 2003; Oksen-

berg et al., 1997). Several researchers have reported that a

backpack and ball, used as a positional device, significantly

improved sleep apnea severity (Berger et al., 1997; Zuberi

et al., 2004). Oksenberg and Silverberg (1998) and Itasaka

et al. (2000) reported that obesity was negatively associated

with the AHI. This result implied that weight loss was more

effective for eliminating SDB in the lateral than in the supine

position (Oksenberg et al., 1997). Weight loss is a well known

fundamental therapy in patients with sleep apnea. However,

many patients experience difficulty with weight loss and fail to

lose weight. In contrast, positional therapy is one of the easiest

approaches in patients with mild or moderate patients to

reduce SDB. In addition, practical applications of positional

therapy should not be disregarded. However, few studies have

been performed on the combined effect of positional therapy

and weight loss.

Based on results from our present study, body position

change may be a dominant factor for mild to moderate

OSA. Oksenberg et al. (1997) suggested that positional

therapy is important for treating upper airway resistance

syndrome (UARS), which appears to be the mildest form of

upper airway disturbance during sleep, occurring even in

non-snoring patients; this syndrome may be caused mainly

by sleeping in the supine position (Hiyama et al., 2003).

Thus, the non-supine position may be helpful in avoiding an

increase in UARS, and as a consequence, CPAP treatment

can be bypassed, which has been reported to be associated

with very poor outcomes in UARS patients (Menn et al.,

1996; Rauscher et al., 1995).

Initially, the tennis ball technique (Cartwright, 1984; Rau-

scher et al., 1995), an alarm system to awake the patients

(Cartwright et al., 1985), and an alternative to the tennis ball

technique (Freebeck and Stewart, 1995), were widely used in

positional therapy. These devices benefited a small percentage

of patients with positional snoring and apnea. However,

because these devices caused patients� arousal by a pain

stimulus or loud noise, acceptance of and compliance with

these devices was problematic. Moreover, few studies have

evaluated sleep quality while treatment modalities are being

evaluated. Even though the anatomical and physiological

mechanisms responsible for the breathing function in the

supine position have not been well defined, the influence of

gravity on the upper airways is regarded as the most dominant

factor (Oksenberg and Silverberg, 1998; Penzel et al., 2004).
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Figure 4. Comparison of apnea–hypopnea index (AHI) (baseline

AHI = 20). (a) AHI comparison according to cervical vertebrae

support with head tilting (CVS-HT) (scapula support = 20 mm). (b)

AHI comparison according to CVS-HT (CVH-HT = 60 mm).
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Thus, recently developed devices for position therapy have

focused on positional correction to enlarge the upper airway;

these devices have maximized patients� acceptance and com-

pliance (Bliwise et al., 2004; Skinner et al., 2004). However,

these position correction approaches did not take the theoret-

ical effects of the head, neck and shoulder position on the

influence of gravity in the supine and non-supine positions into

consideration. Specifically, the inlet of upper airway anatomy

is known to vary according to the effect of gravity and the

positions of the head and neck. Thus, exploring the optimal

sleep position to prevent snoring and sleep apnea is vital for

successful positional therapy.

This study has a few limitations. To determine the

optimal position, only mild and moderate positional sleep

apnea patients with snoring were included. In addition, RSA

may not reflect the true snoring rate and AHI in the far

outside range of each component. For example, setting the

lateral rotation more than 60� is actually impossible with a

manual position support device. Moreover, if patients were

set to rotate more than 50�, they would be required to be

placed in a complete LP by themselves during sleep. Most

patients with positional sleep apnea and snoring were mild

and moderate cases, and numerous studies have reported

that severe patients are not affected by positional therapy

(Cartwright, 1984; Oksenberg and Silverberg, 1998; Oksen-

berg, 1997). Further limitations include the fact that the

patients� comfort in the optimal sleeping position could not

be measured and that some of the patients could not

maintain some of the sleeping positions for extended periods

of time. Thus, the optimal range of the three components

was carefully applied, and development of an automatic

device, which enables a slow positioning change without the

patient�s arousal and discomfort, is necessary. However, this

study was the first trial to evaluate the effect of these three

components and their interactions to determine optimal

sleeping positions.

In summary, positional therapy was very effective in patients

with mild or moderate sleep apnea and ⁄or snoring, and the LP

was the most effective of the three components. To determine

the optimal sleeping position, patients with positional sleep

apnea or snoring need to consider cervical vertebrae support

and head and scapula tilting, as well as the degree of their LP.
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Table 4 Possible combinations for minimizing AHI

AHI = 10 AHI = 20 AHI = 30

LP (�) SS (mm)

CVS-HT(mm)

LP (�) SS (mm)

CVS-HT(mm)

LP (�) SS (mm)

CVS-HT(mm)

50 60 70 80 50 60 70 80 50 60 70 80

0 0 8.38 11.25 13.41 14.86 0 0 14.84 19.35 22.74 25.00 0 0 21.25 27.02 31.37 34.29

10 7.95 11.56 14.64 16.64 10 11.31 15.84 19.47 22.20 10 14.36 19.48 23.60 26.69

20 8.19 12.55 16.18 19.10 20 10.78 15.84 20.06 23.46 20 13.08 18.58 23.17 26.86

30 9.11 14.20 18.57 22.23 30 11.41 17.10 22.00 26.09 30 13.44 19.50 24.71 29.07

40 10.70 16.53 21.64 26.03 40 12.90 19.27 24.86 29.73 40 14.80 21.51 27.39 32.44

10 0 8.89 11.25 13.41 11.13 10 0 10.75 13.30 15.63 13.16 10 0 12.43 15.08 17.51 14.95

10 7.44 9.64 11.13 11.90 10 9.10 11.44 13.02 13.84 10 10.62 13.05 14.70 15.55

20 6.67 12.55 16.18 13.34 20 8.21 14.42 18.27 15.25 20 9.65 16.06 20.03 16.93

30 6.57 14.20 18.57 15.49 30 8.05 16.06 20.67 17.39 30 9.45 17.69 22.42 19.05

40 7.15 16.53 21.64 18.24 40 8.61 18.42 23.77 20.22 40 10.00 20.06 25.54 21.89

20 0 10.25 10.31 9.64 8.26 20 0 11.81 11.87 11.18 9.74 20 0 13.24 13.29 12.59 11.12

10 7.80 8.58 8.66 8.01 10 9.22 10.04 10.11 9.45 10 10.57 11.40 11.48 10.79

20 6.01 7.53 8.35 8.44 20 7.34 8.92 9.76 9.86 20 8.63 10.24 11.09 11.20

30 4.90 7.16 8.71 9.54 30 6.18 8.51 10.11 10.97 30 7.42 9.81 11.44 12.31

40 4.45 7.45 9.74 11.31 40 5.71 8.80 11.15 12.77 40 6.94 10.08 12.48 14.12

30 0 12.48 11.12 9.04 6.25 30 0 13.96 12.56 10.42 7.55 30 0 15.31 13.88 11.71 8.80

10 9.01 8.38 7.04 4.99 10 10.36 9.72 8.35 6.23 10 11.65 10.99 9.60 7.46

20 6.21 6.32 5.72 4.40 20 7.47 7.59 6.97 5.62 20 8.71 8.83 8.20 6.83

30 4.08 4.93 5.06 4.48 30 5.28 6.15 6.30 5.70 30 6.48 7.37 7.50 6.90

40 2.62 4.21 5.08 5.24 40 3.78 5.41 6.31 6.46 40 4.96 6.61 7.51 7.67

40 0 15.57 12.80 9.31 5.10 40 0 17.02 14.18 10.62 6.32 40 0 18.34 15.48 11.87 7.52

10 11.08 9.04 6.29 2.82 10 12.42 10.34 7.53 3.99 10 13.68 11.57 8.73 5.15

20 7.26 5.96 3.95 1.22 20 8.51 7.19 5.13 2.35 20 9.72 8.38 6.31 3.49

30 4.12 3.56 2.28 0.29 30 5.30 4.73 3.42 1.40 30 6.48 5.90 4.58 2.53

40 1.65 1.80 1.28 0.03 40 2.78 2.96 2.41 1.13 40 3.93 4.10 3.55 2.26

Bold characters indicate >80% reduction in AHI compared with the baseline AHI.

CVS-HT, cervical vertebrae support with head tilting; SS, scapula support; LP, lateral position, AHI, apnea–hypopnea index.
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version of this article:

Figure S1. Layout of instrument used for setting a specific

sleep position (mm).

Please note: Wiley-Blackwell are not responsible for the

content or functionality of any supporting materials supplied

by the authors. Any queries (other than missing material)

should be directed to the corresponding author for the article.

REFERENCES

Berger, M., Oksenberg, A., Silverberg, D. S., Arons, E., Radwan, H.

and Iaina, A. Avoiding the supine posture during sleep lowers 24 hr

blood pressure in obstructive sleep apnea(OSA) patients. J Hum

Hypert, 1997, 11: 657–664.

Bliwise, D. L., Irbe, D. and Schulman, D. A. Improvement in

obstructive sleep apnea in the supine ‘‘knees-up’’ position. Sleep

Breath., 2004, 8: 43–47.

Braver, H. M. and Block, A. J. Effect of nasal spray, positional

therapy, and the combination thereof in the asymptomatic snorer.

Sleep, 1994, 17: 516–521.

Cartwright, R. D. Effect of sleep position on sleep apnea severity.

Sleep, 1984, 7: 110–114.

Cartwright, R. D., Lloyd, S., Lilie, J. and Kravitz, H. Sleep position

training as treatment of obstructive sleep apnea.Sleep, 1985, 8: 87–94.

Choi, J., Goldman, M., Koyal, S. and Clark, G. Effect of jaw and head

position on airway resistance in obstructive sleep apnea. Sleep

Breath., 2000, 4: 163–168.

Freebeck, P. and Stewart, D. Compliance and effective therapy for

positional apnea. Sleep Res, 1995, 24: 236.

Geer, S., Straight, L. B., Schulman, D. A. and Bliwise, D. L. Effect of

supine knee position on obstructive sleep apnea. Sleep. Breath.,

2006, 10: 98–101.

Hiyama, S., Ono, T., Ishiwata, Y. and Kuroda, T. Supine cephalop-

metric study on sleep-related changes in upper-airway structures in

normal subjects. Sleep, 2000, 23: 783–790.

Hiyama, S., Tsuuiki, S., Ono, T., Kurota, T. and Ohyama, K. Effects

of mandibular advancement on supine airway size in normal

subjects during sleep. Sleep, 2003, 26: 440–445.

Itasaka, Y., Miyazaki, S., Ishikawa, K. and Kiyoshi, T. The influence

of sleep position and obesity on sleep apnea. Psych Clin Neurosci,

2000, 54: 340–341.

Jokic, R., Klimaszewski, A., Crossly, M., Sridhar, G. and Fitzpatric,

M. Positional treatment vs continuous positive airway pressure in

patients with positional obstructive sleep apnea syndrome. Chest,

1999, 115: 771–781.

Kavey, N. B., Blitzer, A., Gidro-Frank, S., Korstanje, K. Sleeping

position and sleep apnea syndrome. Am. J. Otolaryngol., 1985, 6:

373–377.

Kim, J. K., In, K., Kim, J., You, S., Kang, K., Shim, J., Lee, S., Lee, J.

B., Lee, S. G. and Shin, C. Prevalence of Sleep-disordered Breathing

in Middle-aged Korean Men and Women. Am. J. Respir. Care Med.,

2004, 170: 1108–1113.

Kushida, C. A., Sherrill, C. M., Hong, S. C., Palombini, L., Hyde, P.

and Dement, W. Cervical positioning for reduction of sleep-

disordered breathing in mild-to-moderate OSAS. Sleep. Breath.,

2001, 2: 71–78.

Mador, M. J., Kufel, T. J., Magalang, U. J., Rajesh, S. K., Watwe,

V. and Grant, J. B. Prevalence of Positional sleep apnea in

patients undergoing polysomnography. Chest, 2005, 128: 2130–

2137.

Menn, S. J., Loube, D. I., Morgan, T. D., Mitler, M. M., Berger, J. S.

and Erman, M. K. The mandibular repositioning device: role in the

treatment of obstructive sleep apnea. Sleep, 1996, 19: 794–800.

Montgomery, D. C. Design and Analysis of Experiments. John Wiley,

NY, 1997.

Nagano, H., Ikeda, T., Hayashi, M., Ohshima, E. and Onizuka, A.

Effects of body position on snoring in apeic and nonapneic snorer.

Sleep, 2003, 26: 169–172.

Oksenberg, A. and Silverberg, D. S. The effect of body posture on

sleep-related breathing disorders: factors and therapeutic implica-

tions. Sleep Med. Rev., 1998, 2: 139–162.

Oksenberg, A., Silverberg, D. S., Arons, E. and Radwan, H. Positional

vs nonpositional obstructive sleep apnea patients. Chest, 1997, 112:

629–639.

Oksenberg, A., Silverberg, D. S., Offenbach, D. and Arons, E.

Positional therapy for obstructive sleep apnea patients: a 6-month

follow-up study. Laryngoscope, 2006, 116: 1995–2000.

Oksenberg, A., Khamaysi, I., Silverber, D. S. and Tarasink, A.

Association of body position with severity of apneic events in

patients with severe nonpositional obstructive sleep apnea. Chest,

2000, 118: 1018–1024.

Penzel, T., Moler, M., Becker, H. B., Knaack, L. and Peter, J. H.

Effect of sleep position and sleep stage on the collapsibility of

the upper airways in patients with sleep apnea. Sleep, 2004, 24:

90–95.

Rauscher, H., Formanek, D. and Zwick, H. Nasal continuous positive

airway pressure for nonapneic snoring? Chest, 1995, 17: 58–61.

Rechtschaffen, A. and Kales, A. A Manual of Standardized Terminol-

ogy, Techniques and Scoring System for Sleep Stages of Human

Subjects. NIH Publication No. 204. US Government Printing Office,

Washington DC, 1968.

Skinner, M. A., Kingshott, R. N., Jones, D. R., Homan, S. D. R. and

Taylor, D. R. Elevated posture for the management of obstructive

sleep apnea. Sleep Breath., 2004, 8: 193–200.

Zuberi, N. A., Rekab, K. and Nguyen, H. V. Sleep apnea avoidance

pillow effects on obstructive sleep apnea syndrome and snoring.

Sleep Breath., 2004, 8: 201–207.

Optimal sleep positions 35

� 2009 European Sleep Research Society, J. Sleep Res., 18, 26–35


