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Influence of head position on obstructive sleep apnea severity
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Abstract
Objective Supine body orientation plays an important role
in precipitating upper airway collapse in a significant
proportion of obstructive sleep apnea (OSA) patients
known to have supine-predominant OSA (OSAsup).
Traditionally, trunk position is used to assess OSAsup,
but the role of the head position has not been established.
We hypothesized that head position influences OSA in-
dependently of trunk position.
Methods Head and trunk positions were determined from sub-
jects undergoing overnight polysomnography. The apnea-
hypopnea index (AHI), rapid eye movement (REM), and
non-REM sleep time of all trunk and head positions (lateral
and supine) were calculated and compared against the com-
plete supine position, i.e., head and trunk supine.
Results In 26 subjects, lateral rotation of the head to the right
or left with the trunk supine resulted in a significant reduction
in AHI from 36.0 ± 22.5 to 25.8 ± 16.6 (p = 0.008), and an

AHI drop <10 in 27% of patients. The “trunk lateral–head
lateral” position resulted in a more dramatic reduction in
AHI from 31.6 ± 20.2 to 4.1 ± 4.1 (p < 0.0001). The distribu-
tions of REM and non-REM sleep were not different among
positions. In the subgroup with a body mass index (BMI)
<32 kg/m2 (15 subjects), the AHI reduction with lateral head
rotation was significant (p = 0.005) but not in remaining 11
obese patient with a BMI ≥32 kg/m2 (p = 0.24).
Conclusion OSA severity with the trunk in the supine posi-
tion decreased significantly when the head rotated from supine
to lateral, particularly in non-obese patients. These results
demonstrate an important influence of head position on the
AHI, independently of trunk position and sleep stage, in pa-
tients with OSA.
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Abbreviations
AHI Apnea-hypopnea index
CPAP Continuous positive airway pressure
OSA Obstructive sleep apnea
OSAsup Supine-predominant obstructive sleep apnea
PSG Polysomnography
RIP Respiratory impedance plethysmography
REM Rapid eye movement
SaO2 Arterial oxyhemoglobin saturation
TSHS Trunk supine–head supine
TSHL Trunk supine–head left
TSHR Trunk supine–head right
TLHL Trunk left–head left
TRHR Trunk right–head right
TLHS Trunk left–head supine
TRHS Trunk right–head supine
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Introduction

Obstructive sleep apnea (OSA) is a condition characterized by
recurrent complete or partial collapse of the upper airway dur-
ing sleep. This leads to complete (apnea) or partial (hypopnea)
cessation of airflow, that is often accompanied by an oxygen
desaturation and/or an arousal from sleep. This results in sleep
disruption which, in turn, causes excessive daytime sleepiness
and fatigue [1]. OSA is a common condition affecting approx-
imately 7% of adults [2, 3] and is independently associated
with increased risk of motor vehicle accidents [4], cardiovas-
cular diseases [5], and impaired cognitive function [6]. The
physiological presence and severity of OSA is assessed by the
frequency of apneas and hypopneas per hour of sleep (apnea-
hypopnea index, AHI).

Among several pathophysiological mechanisms of
OSA is relapse of the tongue against the posterior pha-
ryngeal wall due to gravity. This mechanism is particu-
larly important in supine-predominant OSA (OSAsup), a
condition characterized by markedly greater AHI in the
supine than in the non-supine position [7, 8]. OSAsup
constitutes a considerable proportion of OSA patients,
ranging from to 25 to 70% [9–12]. Distinguishing
OSAsup patients from the remaining OSA population
is clinically important because it may influence treat-
ment, since OSAsup patients can be treated by means
of body position adjustment during sleep. In standard
clinical practice, a patient’s position is characterized as
supine or lateral depending on trunk orientation using
overnight video recording or gyroscopic transducers on
the trunk. On the other hand, the collapsible segment of
the upper airway, the pharynx, is contained within the
head and upper neck, and spans the segment between
the nasal turbinates and the vocal cords. Therefore, it
stands to reason that head position may play a role in
influencing the AHI in patients with OSA.

However, the effect of lateral head rotation to the left
and right on the AHI during sleep has not been thor-
oughly investigated in patients with OSA. The goal of
this study was, therefore, to investigate the effects of
head position, independently of trunk position, on
OSA severity during sleep.

Methods

Subjects

We recruited subjects referred for overnight polysomnography
(PSG) to the Sleep Research Laboratories of the Toronto
Rehabilitation Institute and the Toronto General Hospital,
University Health Network. Analysis of PSG data was ap-
proved by the institutional research ethics board and partici-
pants signed a consent form.

Polysomnography

Patients underwent overnight PSG using standard techniques
and scoring criteria for sleep stages and arousals from sleep
[13, 14]. Respiratory signals including thoracoabdominal
movements by respiratory impedance plethysmography
(RIP), nasal pressure via nasal pressure cannulae, and arterial
oxyhemoglobin saturation (SaO2) via pulse oximetry were
recorded on a computerized sleep scoring system as described
previously [15]. Apnea was defined as a reduction in the sum
channel of the RIP by ≥90% lasting ≥10 s and hypopnea as a
reduction by ≥30 to 90% lasting ≥10 s and accompanied by a
≥3% desaturation or an arousal from sleep. Respiratory events
were classified as obstructive if there was out-of-phase
thoracoabdominal motion or flow limitation on the nasal pres-
sure tracing, and central if there was absent thoracoabdominal
or in-phase thoracoabdominal motion without evidence of air-
flow limitation, during apneas and hypopneas, respectively.
The scoring technician was blinded to the purpose of this
study. An overnight video recording using a Sony PTZ IP/
Analog Hybrid Camera was used to determine body and trunk
positions. Patients were given the choice to sleep on one or
two pillows.

The AHI was calculated for total sleep time and for times
spent in the various positions described below (Table 1). AHI
for each position was calculated as the total number of events
over the cumulative time slept in that position. Based on PSG
data, subjects were included in the subsequent examination of
the head and body posture if they had an overall AHI ≥5, spent
≥20min supine, had adequate quality of video recordings, had
a total sleep time of ≥3.5 h, and were predominantly

Table 1 Sleep position categorization

Trunk position (T) Supine (S) Left (L) Right (R)

Head position (H) Supine Left Right Left Right

Trunk supine, Head supine Trunk supine, Head left Trunk supine, Head right Trunk left, Head left Trunk right, Head right

TSHS TSHL TSHR TLHL TRHR
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obstructive, i.e., 50% or greater of their respiratory events
were obstructive.

Determination of trunk and head positions

Trunk and head positions were identified by visual inspection
of the PSG video recording, frame-by-frame by an examiner
who was blinded to apnea and hypopneas scoring. Head and
trunk positions were visually classified as supine if facing
upwards or within approximately 45 degree from the sagittal
(vertical) plane and non-supine otherwise, as shown in Fig. 1.
Accordingly head and trunk positions were categorized into
the classes listed in Table 1.

To detect a change in AHI related to a change in position,
only subjects with an AHI ≥10 in the complete supine position
(TSHS) who spent ≥20min in TSHS and ≥20min with a trunk
supine–head lateral position were included. Subjects with low
AHI in the TSHS position were excluded because they are not
likely to have sleep apnea or to exhibit a change in AHI with a
change in position.

Determination of sleep structure

In order to control for the effect of sleep structure on AHI, the
durations of rapid eye movement (REM) sleep and non-REM
sleep were quantified, and their proportions to the total sleep
time were calculated for the postures of interest.

Effect of body mass index

To examine the effect of body mass index (BMI) on AHI, a
subgroup analysis of patient with a BMI <32 and ≥32 kg/m2

was performed.

Statistical analysis

The changes in AHI between the TSHS and other sleep posi-
tions were calculated. The Shapiro–Wilk test was used to ex-
amine normality. The median and median absolute deviation
(MAD) for non-normally distributed data, or mean and stan-
dard deviation for normally distributed data, were calculated
for each group. The intra-subject percent change in AHI and
the median percent change (med-Δ) for all subjects were cal-
culated. Intra-subject differences in AHI were analyzed using
the one-tailed Wilcoxon signed-rank sum test for paired com-
parisons of non-normally distributed data.

Results

Subjects

A total of 140 patients consented in the period between
January 2011 and July 2013. Seventy-one subjects did
not meet the PSG inclusion criteria (Section 2.2), main-
ly because of the absence of OSA or insufficient supine
sleep time. Of the remaining 69 subjects, 43 were ex-
cluded based on criteria in Section 2.3, mainly short
durations in TSHS or in head-lateral positions. The

TSHLTSHS TSHR TLHL TRHR

Fig. 1 Video screenshots of sleep positions: TSHS, TSHL, TSHR, TLHL, and TRHR

Table 2 Subjects’ characteristics

Male: female 18:8

Age, years 54.0 ± 12.3

BMI, kg/m2 32.2 ± 8.9

Overall AHI, events/h of sleep 28.2 ± 19.4

Supine AHI, events/h of sleep 39.2 ± 23.5

Non-supine AHI, events/h of sleep 13.3 ± 16.7

Sleep efficiency, % 84.7 ± 9.2

Mean O2 saturation, % 94.2 ± 2.1

Nadir O2 saturation, % 79.0 ± 10.9

Supine and non-supine AHIs are presented in this table according to
standard PSG criteria based on trunk position

Table 3 Sleep Duration in each sleep position

Position Mean duration (hr)

Complete supine TSHS 1.72 ± 1.26

Complete lateral TLHL 1.58 ± 1.21

TRHR 1.44 ± 0.84

Trunk supine-head lateral TSHL 1.36 ± 0.93

TSHR 1.54 ± 1.38

Sleep Breath (2017) 21:821–828 823



remaining 26 subjects were included, whose characteris-
tics are displayed in Table 2. The duration spent in each
position is listed in Table 3.

Changes in AHI related to changes in trunk and head
positions

AHIs in both TSHS and TLHL positions were available in 14
subjects. The intra-subject AHI decreased from the TSHS to
the TLHL position with a med-Δ of −94% (p < 0.001).
Similarly, AHIs in both TSHS and TRHR were available in
14 subjects in whom the med-Δ was −86% (p < 0.001).

Lateral head rotation, to either left of right, while maintain-
ing the supine trunk orientation resulted in drops in the AHI.
The change in head position from TSHS to TSHL led to a
significant reduction in AHI with a med-Δ of −44%

(p = 0.006) in 19 subjects in which those two positions were
available. The change in head position from TSHS to TSHR
resulted in a med-Δ of −40% (p = 0.055) in 22 subjects in
which those positions were observed.

No significant difference was found between the TRHR
and TLHL positions (p = 0.82), nor between the TSHR and
TSHL (p = 0.47) positions. Therefore we combined lateral
positions to form the “trunk lateral–head lateral” position
(TRHR and TLHL positions combined). The combined AHI
was obtained for the total time spent in those positions.
Similarly, TSHR and TSHL positions were combined to form
one group: “trunk supine–head lateral,” and the corresponding
AHI was calculated.

Both lateral head rotation and complete lateral position
resulted in a significant drop in overall AHIs compared with
TSHS, as shown in Fig. 2. The intra-subject drop in AHI upon
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change from TSHS to the “trunk supine–head lateral” position
gave a med-Δ of −29% (p = 0.008) whereas in the “trunk
lateral–head lateral” posi t ion med-Δ was −85%
(p < 0.0001). It should be noted that overall AHI medians
are not necessarily within the range of the single-side positions
due to the non-linearity of the median operator.

In seven subjects (27%) with AHIs ranging from 10.5 to
38.5 in TSHS, OSAwas essentially eliminated since the AHI
fell to <10 with head rotation, while maintaining a supine
trunk position. AHIs of those seven subjects are pre-
sented in Fig. 3.

Sleep stages and duration

As shown in Fig. 4, the proportion of REM and non-REM
sleep to total sleep time did not differ significantly in any of
the three positions (p > 0.13 for all comparisons).

Effect of BMI on AHI drop with lateral head position

Fifteen subjects had a BMI <32 (average = 27.0 ± 3.2 kg/m2)
and the remain ing 11 sub jec t s had a BMI ≥32
(average = 39.9 ± 9.4 kg/m2). In subjects with a lower BMI,
there was a significant reduction of AHI from TSHS to trunk
supine–head lateral by a med-Δ of −48.7% (p = 0.005). On
the other hand, in patients with a higher BMI there was a
reduction by a med-Δ of −24.3% that was not significant
(p = 0.24). In the between-group comparison, the reduction
in the lower BMI group was larger than in the high BMI group
(p = 0.04). Fig. 3 illustrates the change in AHI in both
subgroups.

Discussion

In this study, we demonstrate that head position, independent
from trunk position, has a significant impact on AHI in

patients with OSA. OSA severity in the trunk supine position
significantly decreased when the headwas rotated from supine
to lateral, and was essentially resolved in 27% of patients in
whom the AHI fell to below 10. These results show that lateral
rotation of the head can reduce the AHI even when the trunk
continues to assume a supine posture and that distribution of
REM to non-REM sleep does not play a role in this reduction.
Our results confirm the findings of Safiruddin et al. who
showed that the severity of upper airway collapse in OSA
patients undergoing endoscopy during drug-induced sleep de-
creased, most prominently in patients with supine-
predominant OSA, when the head was rotated to the left or
right [16]. Our findings are also consistent with van Kesteren
et al., who demonstrated in patients with supine–head related
OSA, that lateral head rotation while the trunk is supine re-
sulted in a significant reduction in the AHI [17]. Our study
extends those findings to OSA patients in general whether or
not their OSA is supine-related, during natural sleep and by
ruling out differences in sleep structure as a cause of differ-
ences in AHI in relation to differing trunk and head positions.

The influence of trunk orientation on OSA is a well-known
[18]. However, whether the cause of AHI fluctuation is due to
a change in trunk position or head position or both has re-
ceived little attention in the literature. In clinical practice,
nonetheless, posture is generally judged on the basis of trunk
position. It may be important to distinguish the effects of trunk
and head position on OSA severity since OSA is supine-
predominant in a considerable proportion of patients and since
management of head versus trunk position may vary [9–12].

As expected, we found a significant decrease in AHI
from the complete supine to the complete lateral posi-
tion. Furthermore, the decrease in the AHI in the full
lateral position was more pronounced than that during
the “trunk supine–head lateral” position indicating an
additive effect of the trunk lateral to the head lateral
position on maintaining upper airway patency and re-
ducing the AHI.
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Since sleep stages can influence the AHI, such that REM
sleep is generally associated with a higher AHI than non-REM
sleep [19, 20], it is important to control for this when exam-
ining the effect of posture on the AHI. Unlike previous stud-
ies, we were able to control for potential effect of sleep stage
distribution on AHI in relation to head position since we ob-
served that the proportions of REM and non-REM sleep were
evenly distributed among different trunk and head positions.
Accordingly, the reduction in the AHI from the head supine to
the head lateral position cannot be attributed to changes in
sleep stage distribution.

The impact of changes in head and trunk on the AHI
points to an anatomical or functional effect of such
changes on the upper airway. The collapsible segment
of the upper airway, the pharynx, is located within the
head and upper neck, and extends from the nasal turbi-
nates to the vocal cords [21]. Therefore, head position
could play an important role in altering the size, shape,
and collapsibility of the pharynx in relation to gravity
and other factors. Generally, patients with OSA have a
narrower pharynx than subjects without OSA [22].
When moving from the upright to the supine position,
further narrowing of the pharynx can occur due to grav-
itational effects that cause oro-pharyngeal soft tissue,
especially the tongue, to relapse towards the posterior
pharyngeal wall rendering it more susceptible to col-
lapse [23, 24]. Treatments aimed at preventing sleep in
the supine posture, such as shirts with balls sewn on the
back, have been shown to eliminate or attenuate supine-
related OSA, presumably because they prevent relapse
of the tongue against the posterior pharyngeal wall [25].

The reason why rotation of the head from supine to
non-supine reduces the AHI in OSA patients is not
clear. One likely possibility is that when the head is
in the lateral, as opposed to the supine position, the
tendency of the tongue to relapse posteriorly is mitigat-
ed, and since the lateral pharyngeal walls have relatively
smaller tissue mass than the tongue, this results in a
weaker effect of gravity and less tendency for them to
collapse inwards. This potential mechanism is supported
by magnetic resonance imagining during head rotation
from supine to lateral with the trunk supine showing a
marked increase in upper airway caliber, especially the
retroglossal and retropalatal pharyngeal cross-sectional
area and volume [26]. Collectively, the decreased grav-
itational effect on the tongue, increased upper airway
caliber, and volume of the upper airway associated with
head rotation from supine to lateral might explain the
reduced collapsibility and decreased AHI seen in the
“trunk supine–head lateral” position compared to the
TSHS position in the present study.

In this study, we found that the reduction in AHI
from head supine to head lateral was greater in those

with a BMI <32 than in those with a BMI of ≥32. On
the other hand, in those with a BMI ≥32 the reduction
in AHI was not significant. The reason for this is not
clear but may be related to deposition of excess
parapharyngeal fat tissue in very obese patients that
could prevent the favorable effects of lateral head rota-
tion on OSA severity. This observation should be
interpreted with caution because of the small number
of patients in the high BMI group.

Our results suggest that manipulation of head posi-
tion could be another type of postural therapy to treat
selected patients with OSA in whom changing from the
supine to lateral head position with the trunk supine
reduces the AHI. For example, in qualified patients,
optimization of head posture can be an alternative to
the generic positional therapy tools that restrict trunk
rotation, or can be used as an adjunct modality to main-
stream treatments, such as CPAP or oral appliances, in
order to achieve a better outcome and higher compli-
ance rates. Inflatable–deflatable pillows, for example,
could be used to optimize head position and ameliorate
sleep apnea [27].

One limitation of our study is some subjectivity in visual
position assessment of the overnight video recording. It was
sometimes difficult to determine if head position was greater
than or less than 45° from the vertical plane. Also it was
sometimes difficult to determine head position if the head
was covered by bedsheets. Such data had to be excluded from
analysis.

In conclusion, our results demonstrate an important
influence of head position, independently of trunk posi-
tion, on the AHI in patients with OSA. We show that,
in general, rotation of the head from the supine to lat-
eral position causes a significant lowering of the AHI
that, in some patients, is sufficient to eliminate OSA.
This raises the possibility that manipulation of head po-
sition during sleep could be used in the management of
OSA in selected patients. Further research will be re-
quired to shed light on mechanisms whereby head po-
sition influences severity of OSA.
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Comment

Obstructive sleep apnea continues to be a significant problem affecting
approximately 10% of the adult population in developed countries.
Multiple therapeutic options exist today for treatment. Some of the least
invasive include devices which maintain a lateral sleeping position at
night. This article provides a new concept for patients who prefer to

sleep supine - movement of the head alone to a lateral position.. While
the study is small and should be reproduced in a larger cohort, the data
supports that some patients with OSA may see a substantial benefit when
their head is turned to a lateral position.

Robin Germany

Minnesota, USA
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