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Effect of Positional therapy on Patients with Obstructive Sleep Apnea:
Meta-Analysis
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Background and Objectives: Positional therapy is a therapeutic method for obstructive sleep apnea (OSA). However, little
is known about the effectiveness of positional OSA treatment based on meta-analysis. Therefore, we undertook a review and
meta-analysis of studies to assess the effect of positional therapy on OSA.

Subjects and Method: We searched PubMed (Medline), OVID Medline, EMBASE, Cochrane Library, SCOPUS, Kore-
aMed, MedRIC, and KSI KISS using the key words “obstructive sleep apnea” and “positional therapy”. To estimate the effect
of positional OSA therapy, we analyzed the ratio of means (ROM) for pre- and post-treatment polysomnographic data including
apnea-hypopnea index (AHI), lowest oxygen saturation, arousal index, and sleep efficiency.

Results: Finally, twenty two studies from 21 papers were included in the meta-analysis. Positional therapy significantly de-
creased AHI by 54.1% [ROM, 0.459; 95% confidence interval (CI), 0.394 to 0.534] and increased lowest oxygen saturation by
3.3% (ROM, 1.033; 95% CI, 1.020 to 1.046). However, positional therapy did not significantly change arousal index (ROM,
0.846; 95% CI, 0.662 to 1.081) or sleep efficiency (ROM, 1.008; 95% CI, 0.990 to 1.027).

Conclusion: Positional therapy significantly improves respiratory parameters including AHI and lowest oxygen saturation in
patients with OSA.

KEY WORDS: Obstructive sleep apnea - Positional therapy - Polysomnography - Apnea-hypopnea index -
Lowest oxygen saturation.
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Table 1. Characteristics of the included studies

e AR A5 anar|d digk Hat ve| S

FAAE =E517] Ystd, HE A
& o] &4 (heterogenelty)%

]
A5 79 e
A BAE 7152 (inverse variance method)S A 431
28 7% & (random effect model)& Z-&3}Th, tA; A+t
59| 44 ol5= Cochrane®] Q #H I’ FAFo 2 8
Fom, I AL 25% 1)yl Z$ Ao oA, 50%
9] o]RIA] 75% oAl L o] o] 2 AoR
Ak 53 249 P v(ROM)] & 7=
95% Al 2|7kt HA| AAIsEl o, (A H Hat ¥]-1) x
100%) & AXkstel A& A iv] 2 & & 3 Wdeo) Wa}
&2 Agsidith dE & -%ﬂﬂ Bt H|7F0.69 H¢-
(0 6—1) x100=-40(%) -2 H & o2 X7 7 thr] 40%2]
82 Bty sjAlsic}, %{{r HeF(publication bias)
Q’Jaﬂ fI5to] Zd7] 18 (funnel plot)& 235+
o, td AF7F 1071 oY 7$- Egger's linear regression
asymmetry testE §ofl = HFY] A A 7949 &<l
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Q)
=

Severity of

Author (yean) No. of No. of Age BMI : OSA (mild/ Pg:gzac_jl Iiz\;: Esnfcolr df;trgign Level of
samples males (year) (kg/m?)  moderate/ dency therapy (month) evidence
severe)
Cartwright et al. (1985) 10 10 48.5+10.1 30.6+194 2/1/7 @) Alarm type 3.2 Level 2b
Cartwright et al. (1991) 15 15 489+95 NA 11717 X Alarm type 2 Level 2b
Kushida et al. (2001) 18 12 489+1576 28.7+88 6/11/1 X Pillow type 5days Level 2b
Skinner et al. (2004) 14 12 540+10.0 34.0+7.0 1/6/7 X Pillow type 1 Level 2b
Zuberi et al. (2004) 22 8 585+108 31.4+7.7 91716 X Pillow type 12 Level 2b
Oksenberg et al. (2006) 12 NA NA 28.2+3.6 NA NA Ball type 2 Level 2b
Loord et al. (2007) 18 13 52.74ENA NA 5/10/3 (@) Pillow type 6.9 Level 2b
Skinner et al. (2008) 20 NA 559+98 30.7+5.1 7/9/4 (@] Ball type 1 Level 1b
Permut et al. (2010) 38 25 49.0£120 31.0+5.0 29/9/0 @) Ball type NA Level 1b
Bignold et al. (2011) 15 13 58.2+13.9 288+2.5 NA O Alarm type NA Level 2b
Kim et al. (2011) 14 12 53.5+6.8 26.3+3.6 NA @) Vest type NA Level 2b
van Maanen et al. 30 26  48.0+9.5 27.7+3.6 NA @) Vibrator type 1.5 Level 1b
(2012)
Heinzer et al. (2012) 16 13 58.4+15.1 254441 NA @) Ball type NA Level 2b
van Maanen et al. 31 27  48.1+11.0 27.0+3.7 13/18/0 O Vibrator type 1 Level 2b
(2013)
Levendowski et al. 30 22  51.0£9.0 28.0+3.4 11/10/9 (@) Vibrator type 1 Level 2b
(2014)
Dieltjens et al. (2015) 19 11 52.5£10.5 26.4+3.0 NA @) Vibrator type NA Level 1b
Jackson et al. (2015) 47 37 48.0£11.2 30.0+5.3 NA (@) Ball type 1 Level 1b
Bidarian-Moniri et al. 14 11 51.0+11.4 26.0+3.5 NA X Pillow type 1 Level 2b
(2015)
Eijsvogel et al. (2015) 29 23  50.1£10.6 27.6+4.5 NA @) Vibrator type 1 Level 1b
Eijsvogel et al. (2015) 26 22  50.7£122 268+3.0 NA O Ball type 1 Level 1b
Bidarian-Moniri et al. 27 22 51.0+9.38 28.0+3.3 NA X Pillow type NA Level 2b
(2015)
de Vries et al. (2015) 40 34 51.1£83 28.0+4.1 20/18/2 @) Ball type 3 Level 4

NA: not available
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Table 2. Effectiveness of positional therapy on respiratory and sleep parameters

Ratio of means (95% CI)*

Author (year) No. of Lowest oxygen ) )
samples AHI . Arousal index Sleep efficiency
saturation
Cartwright et al. (1985) 10 0.391(0.143,1.070)  1.162(1.023, 1.32) - -
Cartwright et al. (1991) 15 0.626 (0.287, 1.368) - - -
Kushida et al. (2001) 18 0.764 (0.564,1.036)  0.975(0.927, 1.026) - 1.046 (0.991, 1.104)
Skinner et al. (2004) 14 0.778 (0.480, 1.262) - - -
Zuberi et al. (2004) 22 0.473(0.222,1.010)  1.072(1.015,1.131) - -
Oksenberg et al. (2006) 12 0.376 (0.192, 0.737) - - 0.975(0.825,1.152)
Loord et al. (2007) 18 0.656 (0.377, 1.140) - - -
Skinner et al. (2008) 20 0.529 (0.297, 0.942) - - -
Permut et al. (2010) 38 0.216 (0.165,0.282)  1.032(1.010, 1.054) - 1.026 (0.964, 1.091)
Bignold et al. (2011) 15 0.548 (0.520, 0.578)  1.047 (1.038, 1.057) - -
Kim et al. (2011) 14 0.408 (0.244,0.682)  1.016 (0.971,1.063)  0.743 (0.591,0.935)  0.988 (0.891, 1.096)
van Maanen et al. (2012) 30 0.462 (0.323, 0.661) - 0.756 (0.561,1.017)  0.961 (0.916, 1.007)
Heinzer et al. (2012) 16 0.225(0.147,0.344)  1.031 (0.998, 1.065) - -
van Maanen et al. (2013) 31 0.469 (0.309,0.711)  1.046 (1.023,1.070)  0.82(0.333,2.019)  0.984 (0.825, 1.175)
Levendowski et al. (2014) 30 0.304 (0.199, 0.464) - 0.618 (0.472,0.808)  1.052 (0.989, 1.119)
Dieltiens et al. (2015) 19 0.481 (0.301,0.768)  1.049 (1.012,1.088)  1.734 (1.215,2.475)  1.006 (0.964, 1.049)
Jackson et al. (2015) 47 0.537 (0.402,0.718)  1.022(1.002, 1.042)  0.599 (0.494,0.727)  0.990 (0.919, 1.065)
Bidarian-Moniri et al. (2015) 14 0.308 (0.177, 0.535) - - -
Eisvogel et al. (2015) 29 0.855 (0.623, 1.173) - 1.233(0.933,1.63)  1.026 (0.972, 1.082)
Eijsvogel et al. (2015) 26 0.666 (0.460, 0.963) - 0.792(0.605, 1.037)  0.995 (0.938, 1.055)
Bidarian-Moniri et al. (2015) 27 0.301 (0.197, 0.460) - - -
de Vries et al. (2015) 40 0.390 (0.361,0.423)  1.020 (1.014, 1.026) - -
Overall 505 0.459 (0.394,0.534)  1.033(1.020, 1.046)  0.846 (0.662, 1.081)  1.008 (0.990, 1.027)
Heterogeneity-I* (%) 85.0 (78.5, 89.5) 73.0 (50.7, 85.3) 82.5 (66.8, 90.8) 0.0 (0.0, 56.4)
p-value <0.001 <0.001 <0.001 0.521

%, The process of meta-analysis with paired difference data: estimates using the Hegde's corrected standardized mean differ-
ence assuming the random-effect model. Cl: confidence interval
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A. AHI B. Lowest oxygen saturation

Author (year) ROM (95% CI) Author (year) ROM (95% ClI)
Cartwright, et al. (1985) 0.391 (0.143,1.070) Cartwright, et al. (1985) T  1.162 (1.023, 1.320)
Cartwright, et al. (1991) & 0.626 (0.287, 1.368) Cartwright, et al. (1991)

Kushida, et al. (2001) - 0.764 (0.564, 1.036) Kushida, et al. (2001) —— 0.975 (0.927, 1.026)
Skinner, et al. (2004) — 0.778 (0.479, 1.262) Skinner, et al. (2004)

Zuberi, et al. (2004) 0.473 (0.222,1.010) Zuberi, et al. (2004) - 1.072 (1.015,1.131)
Oksenberg, et al. (2006) —— 0.376 (0.192,0.737) Oksenberg, et al. (2006)

Loord, et al. (2007) =1 0.656 (0.377, 1.140) Loord, et al. (2007)

Skinner, et al. (2008) — 0.529 (0.297,0.942) Skinner, et al. (2008)

Permut, etal. (2010) " 0.216 (0.165, 0.282) Permut, et al. (2010) * 1.032 (1.010, 1.054)
Bignold, et al. (2011) .II 0.548 (0.520, 0.578) Bignold, et al. (2011) 1.047 (1.038, 1.057)
Kim, et al. (2011) + 0.408 (0.244, 0.682) Kim, et al. (2011) i il 1.016 (0.971, 1.063)
Maanen, et al. (2012) —l— 0.462 (0.323,0.661) Maanen, et al. (2012)

Heinzer, et al. (2012) - 0.225 (0.147,0.344) Heinzer, et al. (2012) - 1.031 (0.998, 1.065)
Maanen, etal. (2013) —— 0.469 (0.309,0.711) Maanen, et al. (2013) - 1.046 (1.023,1.070)
Levendowski, et al. (2014) <—l— 0.304 (0.199, 0.464) Levendowski, et al. (2014) i

Dieltjens, et al. (2015) + 0.481 (0.301,0.768) Dieltjens, et al. (2015) + 1.049 (1.012, 1.088)
Jackson, et al. (2015) - 0.537 (0.402,0.718) || Jackson, etal. (2015) ] 1.022 (1.002, 1.042)
Moniri, et al. (2015) <—l—'- 0.308 (0.177,0.535) Moniri, et al. (2015)

Eijsvogel, et al. (2015) - 0.855 (0.623, 1.173) Eijsvogel, et al. (2015)

Eijsvogel, et al. (2015) —l- 0.666 (0.460, 0.963) Eijsvogel, et al. (2015)

Moniri, et al. (2015) <—I—- 0.301 (0.197, 0.460) Moniri, et al. (2015) i

Vries, et al. (2015) R: 0.390 (0.361,0.423) Vries, et al. (2015) | 1.020 (1.014, 1.026)
Overall + 0.459 (0.395, 0.534) Overall . 1.033 (1.020, 1.046)
J mTr— T N — Tt

I*=85%, p < 0.01 o2 G5 I"=73%,p <0.01 08 08 1 11 12

C. Arousal index D. Sleep efficiency

Author (year) ROM (95% CI) Author (year) ROM (95% CI)
Cartwright, et al. (1985) Cartwright, et al. (1985)

Cartwright, et al. (1991) Cartwright, et al. (1991)

Kushida, et al. (2001) Kushida, et al. (2001) T 1.046 (0.991, 1.104)
Skinner, et al. (2004) Skinner, et al. (2004)

Zuberi, et al. (2004) Zuberi, et al. (2004)

Oksenberg, et al. (2006) Oksenberg, et al. (2006) 0.975 (0.825, 1.152)
Loord, et al. (2007) Loord, et al. (2007)

Skinner, et al. (2008) Skinner, et al. (2008)

Permut, et al. (2010) Permut, et al. (2010) — 1.026 (0.964, 1.091)
Bignold, et al. (2011) Bignold, et al. (2011)

Kim, et al. (2011) 83 0.743 (0.591, 0.935) Kim, et al. (2011) e 0.988 (0.891, 1.096)
Maanen, et al. (2012) - 0.756 (0.561,1.017) Maanen, et al. (2012) —i 0.961 (0.916, 1.007)
Heinzer, et al. (2012) Heinzer, et al. (2012)

Maanen, et al. (2013) 0.820 (0.333,2.019) Maanen, et al. (2013) ] 0.984 (0.825, 1.175)
Levendowski, et al. (2014) - 0.618 (0.472,0.808) Levendowski, et al. (2014) —& 1.052 (0.989, 1.119)
Dieltjens, et al. (2015) — 1.734 (1.215, 2.475) Dieltjens, et al. (2015) —I— 1.006 (0.964, 1.049)
Jackson, et al. (2015) = 0.599 (0.494,0.727) Jackson, et al. (2015) —M— 0.990 (0.919, 1.065)
Moniri, et al. (2015) Moniri, et al. (2015)

Eijsvogel, et al. (2015) 1 1.233 (0.933, 1.630) Eijsvogel, et al. (2015) —— 1.026 (0.972, 1.082)
Eijsvogel, et al. (2015) - 0.792 (0.605, 1.037) Eijsvogel, et al. (2015) — 0.995 (0.938, 1.055)
Moniri, et al. (2015) Moniri, et al. (2015)

Vries, et al. (2015) Vries, et al. (2015)

Overall -2 0.846 (0.662,1.081) Overall bt 1.008 (0.990, 1.027)
2 mT T 2 T

I"=83%,p <0.01 02 05 1 I"=0%, p =052 09 1 1112

Fig. 1. Forest plots for the effectiveness of positional therapy on respiratory and sleep parameters.
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