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ABSTRACT
Objective: To determine whether there are significant differences between rapid-eyemovement (REM)-related obstructive sleep apnea (OSA) and non-REM (NREM)-related
OSA, in terms of the demographic, anthropometric, and polysomnographic characteristics
of the subjects. Methods: This was a retrospective study of 110 patients (75 males) with
either REM-related OSA (n = 58) or NREM-related OSA (n = 52). To define REM-related
and NREM-related OSA, we used a previously established criterion, based on the apneahypopnea index (AHI): AHI-REM/AHI-NREM ratio > 2 and ≤ 2, respectively. Results: The
mean age of the patients with REM-related OSA was 49.5 ± 11.9 years, whereas that of
the patients with NREM-related OSA was 49.2 ± 12.6 years. The overall mean AHI (all
sleep stages combined) was significantly higher in the NREM-related OSA group than
in the REM-related OSA group (38.6 ± 28.2 vs. 14.8 ± 9.2; p < 0.05). The mean AHI in
the supine position (s-AHI) was also significantly higher in the NREM-related OSA group
than in the REM-related OSA group (49.0 ± 34.3 vs. 18.8 ± 14.9; p < 0.0001). In the
NREM-related OSA group, the s-AHI was higher among the men. In both groups, oxygen
desaturation was more severe among the women. We found that REM-related OSA
was more common among the patients with mild-to-moderate OSA, whereas NREMrelated OSA was more common among those with severe OSA. Conclusions: We found
that the severity of NREM-related OSA was associated mainly with s-AHI. Our findings
suggest that the s-AHI has a more significant effect on the severity of OSA than does the
AHI-REM. When interpreting OSA severity and choosing among treatment modalities,
physicians should take into consideration the sleep stage and the sleep posture.
Keywords: Sleep, REM; Sleep stages; Sleep apnea, obstructive; Apnea; Sleep apnea
syndromes.

INTRODUCTION
Obstructive sleep apnea (OSA) is a common sleep
disorder, characterized by recurrent episodes of complete or partial upper airway collapse, accompanied by
intermittent hypoxemia and recurrent arousals from
sleep. Whereas upper airway collapse can occur during
rapid-eye-movement (REM) and non-REM (NREM)
sleep, the withdrawal of excitatory noradrenergic and
serotonergic inputs to the upper airway motor neurons
during REM sleep further reduces the pharyngeal muscle
activity and substantially increases the propensity for
such collapse.(1) Therefore, in patients with OSA, REM
sleep is typically associated with an increased frequency
of obstructive events that are often prolonged and are
accompanied by severe oxygen desaturation. In some
patients, respiratory events occur predominantly during
REM sleep.(1-4) A commonly used diagnostic criterion
is the ratio between the apnea-hypopnea index (AHI)
during REM sleep and the AHI during NREM sleep (the
AHI-REM/AHI-NREM ratio), an AHI-REM/AHI-NREM ratio
> 2 indicating a predominance of disordered breathing
during REM sleep, or REM-related OSA.(5) The reported

prevalence of REM-related OSA in clinical studies varies
widely, ranging from 10% to 36%.(1-4) That variability
is due, in part, to differences in sample characteristics
and in the definition of REM-related OSA.(2) It is well
known that OSA is more common in the elderly, in males,
in individuals with a high BMI, and in individuals who
sleep in the supine position.(4,6) However, REM-related
OSA is reported to occur more commonly in younger
individuals, women, children, and patients with mild or
moderate OSA.(2,5,7-9) The main aim of our study was to
compare patients with REM-related OSA and patients
with NREM-related OSA, in terms of their demographic,
anthropometric, and polysomnography characteristics.
METHODS
This was a retrospective study of 110 patients (58
with REM-related OSA and 52 with NREM-related OSA)
who underwent polysomnography in a sleep laboratory
operated by the Pulmonology Department of the Yuzuncu
Yil University School of Medicine, in the city of Van,
Turkey, between January of 2013 and March of 2014.
Patients with a sleep efficiency < 40% were excluded,
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as were those with an AHI < 5 events/h, those in
whom REM sleep accounted for < 15% of the total
sleep time, and those who were under 15 years of age.
For all patients, the AHI was calculated for total sleep
time, for REM sleep (AHI-REM), and for NREM sleep
(AHI-NREM), as well as for sleep in the supine position
(s-AHI) and sleep in the lateral position (lateral AHI,
right-hip and left-hip). We also collected the following
data: age; gender; level of daytime sleepiness; BMI;
neck circumference; total sleep time; REM sleep and
NREM sleep, as percentages of the total sleep time;
the mean oxygen desaturation time; and the minimum
SaO2. We then attempted to determine whether any
of those parameters differed between the REM-related
OSA and NREM-related OSA groups.

Polysomnography
We performed polysomnography using a 16-channel
polysomnograph (Embla; Medcare Flaga, Reykjavik,
Iceland), with continuous monitoring by a technician.
The system consists of four electroencephalography
channels, two electrooculography channels, tibial/
submental electromyography, and electrocardiography,
as well as monitoring of oronasal airflow, thoracic
movements, abdominal movements, SaO2, and body
position. Polysomnographic recordings were manually
interpreted over 30-s intervals in accordance with the
guidelines established by the American Academy of
Sleep Medicine.(10) Apnea was defined as the complete
cessation of airflow for more than 10 s. Hypopnea was
defined as a ≥ 30% reduction in respiratory airflow
lasting for more than 10 s, accompanied by a ≥ 4%
decrease in SaO2. Arousal was defined as a sudden
change in the electroencephalography frequency,
consisting of alpha and theta activity or waveforms
with frequencies > 16 Hz (although not sleep spindles)
and a duration of 3-15 s. Respiratory effort-related
arousals occur when there is a sequence of breaths
that last for at least 10 s, characterized by increased
respiratory effort or flattening of the nasal pressure
waveform, followed by arousal from sleep, which
does not meet the criteria for an apnea or hypopnea
event.(11) We determined the average overall AHI,
expressed as the number of events per hour of sleep.
For each patient, OSA was classified as mild (AHI,
5-15 events/h), moderate (AHI, 16-30 events/h), or
severe (AHI, > 30 events/h).
In accordance with a previous report,(5) we identified
respiratory disorders predominantly restricted to REM
sleep by calculating the AHI-REM/AHI-NREM ratio.
Patients with an AHI-REM/AHI-NREM ratio > 2 were
categorized as having REM-related OSA, whereas those
with an AHI-REM/AHI-NREM ratio ≤ 2 were categorized
as having NREM-related OSA.(5) The subjective level of
daytime sleepiness was quantified with a self-report
questionnaire, the Epworth Sleepiness Scale.(12)

Statistical analysis
The results are expressed as mean ± standard
deviation. Student’s t-tests were used in order to

compare the means of two independent variables such
as gender and group (REM-related OSA vs. NREM-related
OSA). Age was included in the model as a covariate
to remove extraneous influences from the dependent
variable, thus decreasing the variance within the group,
and to adjust the means of the groups. Chi-square
and Fisher’s exact tests were used in order to test the
independence of categorical variables. Pairwise Pearson
correlation tests were carried out in order to estimate
the linear relationship between the characteristics.
All statistical calculations were performed using the
Statistical Analysis System software, version 9.3 (SAS
Institute, Cary, NC, USA). Values of p < 0.05 were
considered statistically significant.
RESULTS
Of the 110 OSA patients evaluated, 58 met the criteria
for REM-related OSA, whereas 52 met the criteria for
NREM-related OSA. The mean age of the patients with
REM-related OSA was 49.5 ± 11.9 years, compared
with 49.2 ± 12.6 years for those with NREM-related
OSA (Table 1). There was a predominance of males in
our study sample (68%), and the proportion of males
was higher in the NREM-related OSA group than in the
REM-related OSA group (84.6% vs. 53.4%; Table 1).
There was no statistically significant difference
between the REM-related and NREM-related OSA groups
in terms of the mean BMI (33.3 ± 5.7 kg/m2 vs. 32.2
± 5.4 kg/m2; p = 0.97). As can be seen in Figure 1,
the AHI value correlated positively with the BMI in
the REM-related OSA group (r = 0.343; p < 0.01).
In the NREM-related OSA group, the mean BMI was
significantly higher in the females than in the males
(39.0 ± 4.2 vs. 30.9 ± 4.6; p < 0.05). There was no
significant difference in AHI between the genders, in
either group (Table 2). There was also no statistically
significant difference between the two groups in terms
of the mean Epworth Sleepiness Scale score (15.4 ±
5.3 vs. 15.6 ± 6.8; p = 0.94).
The mean AHI was significantly lower in the
REM-related OSA group than in the NREM-related OSA
group (14.8 ± 9.2 vs. 38.6 ± 28.2; p < 0.05). In the
REM-related OSA group, the OSA was classified as
mild in 36 (62.1%) of the 58 patients, moderate in 16
(27.6%), and severe in 6 (10.3%), compared with 12
(23.1%), 15 (28.9%), and 25 (48.1%), respectively,
for the NREM-related group. In the REM-related
OSA group, the AHI correlated positively with age
(r = 0.344; p < 0.05) and with BMI (r = 0.343; p <
0.05). The AHI also correlated positively with BMI in
the NREM-related OSA group, although the difference
was not significant.
The supine, right-lateral, and left-lateral AHI values
were higher in the NREM-related OSA group than in
the REM-related OSA group (Table 1). As can be seen
in Figure 2, the AHI correlated positively with s-AHI in
the NREM-related OSA group (r = 0.707; p < 0.01).
In NREM-related OSA, the s-AHI was higher among
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Table 1. Demographic, anthropometric, and polysomnographic features of patients with obstructive sleep apnea.a

Variables

Age, years
Malesb
BMI, kg/m2
Neck circumference, cm
ESS score
TST, min
WASO, %
Arousals/h
RERAs
Oxygen desaturation time,c min
Minimum SaO2, %
SaO2, %
AHI, events/h
Supine AHI, events/h
Left-lateral AHI, events/h
Right-lateral AHI, events/h
Total apnea events
Total hypopnea events
REM sleep, %
NREM sleep, %
Comorbid disordersb

REM-related
(n = 58)
49.5 ± 11.9
31 (53.4)
33.3 ± 5.7
38.1 ± 3.4
15.4 ± 5.3
348.1 ± 63.3
89.9 ± 55.2
7.16 ± 11.1
6.79 ± 5.50
48.5 ± 58.0
77.0 ± 9.0
89.8 ± 3.7
14.8 ± 9.23
18.8 ± 14.9
15.8 ± 13.8
14.0 ± 15.2
9.4 ± 16.8
24.8 ± 12.4
17.4 ± 6.3
34.4 ± 19.5
13 (22.4)

Type of OSA
NREM-related
(n = 52)
49.2 ± 12.6
44 (84.6)
32.2 ± 5.4
39.6 ± 3.3
15.6 ± 6.8
344.2 ± 63.8
82.8 ± 52.7
7.71 ± 11.7
8.45 ± 6.29
46.3 ± 44.3
74.1 ± 16.3
88.3 ± 4.4
38.6 ± 28.2
49.0 ± 34.3
27.0 ± 32.8
29.8 ± 32.6
19.2 ± 25.1
23.0 ± 17.4
17.3 ± 16.7
42.4 ± 29.0
12 (23.1)

p

> 0.05
< 0.05
0.974
0.589
0.943
0.931
0.656
0.756
0.343
0.990
0.102
0.017
< 0.0001
< 0.0001
0.031
0.001
0.016
0.524
0.874
0.851
0.934

OSA: obstructive sleep apnea; REM: rapid-eye-movement (sleep); NREM: non-rapid-eye-movement (sleep); ESS:
Epworth Sleepiness Scale; TST: total sleep time; WASO: wake after sleep onset; RERAs: respiratory effort-related
arousals; and AHI: apnea/hypopnea index. aValues expressed as mean ± SD, except where otherwise indicated.
b
Values expressed as n (%). cSaO2 < 90%.

men, whereas the right- and left-lateral AHI were both
higher among women.
There were no differences between the REM-related
and NREM-related OSA groups in terms of the wake
after sleep onset and arousal values (Table 1). However,
in the NREM-related OSA group, the wake after sleep
onset value was significantly lower among the men
than among the women (67.7 ± 39.9 vs. 99.2 ± 60.0;
p = 0.027; Table 2).
There was no significant difference between the
REM-related and NREM-related OSA groups in terms of
the mean oxygen desaturation time (48.5 ± 58.0 vs.
46.3 ± 44.3; p = 0.990). However, oxygen desaturation
was more severe among the women than among the
men, in both groups (Table 2). We also found that,
in REM-related OSA, oxygen desaturation correlated
positively with age (r = 0.355; p < 0.05) and with
BMI (r = 0.287; p < 0.05).
There were no differences between the two groups with
regard to comorbidities (Table 1). In the REM-related
and NREM-related OSA groups, 13 and 12 patients,
respectively, had one or more comorbidities, including
COPD (in 5 and 4 patients, respectively), coronary
artery disease (in 2 NREM-related OSA group patients),
hypertension (in 7 and 2 patients, respectively), and
diabetes mellitus (in 4 and 3 patients, respectively). As
expected (given the lack of any differences in terms of
comorbidities), there were also no differences between
50
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the two groups with regard to the medications taken
by the patients.
DISCUSSION
In the present study, severe OSA was more common
among the patients with NREM-related OSA than among
those with REM-related OSA and was found to be
associated mainly with the s-AHI. We also found that
the prevalence of REM-related OSA was higher among
the female patients, and that the female patients with
REM-related OSA were younger and less obese than
were those with NREM-related OSA.
During sleep, the most pronounced decrease in
muscle tone typically occurs during REM sleep, causing
atony, and the loss of tone in the dilator muscles
makes it more likely that disordered breathing will
occur. Such events, which occur during the night, can
be associated with sleeping in the supine position or
with REM sleep. Punjabi et al. found that the REM-AHI
was higher than the NREM-AHI only in patients with
an AHI of < 30 events/h.(13) In another study, similar
to the present study, REM-related OSA was found to
be more common in patients with moderate OSA than
in those with severe OSA.(14) That is in agreement
with our findings that the AHI values were lower in
the patients with REM-related OSA than in those with
NREM-related OSA (the initial phase of REM-related
OSA in the literature),(15) and that the prevalence of

Sunnetcioglu A, Sertogullarından B, Ozbay B, Gunbatar H, Ekin S

Table 2. Features of patients with obstructive sleep apnea, by predominant sleep stage and by gender.a

Variables

Age, years
BMI, kg/m2
Neck circumference, cm
ESS score
TST, min
WASO, %
Arousals/h
RERAs
Oxygen desaturation time,b min
Minimum SaO2, %
SaO2, %
AHI, events/h
Supine AHI, events/h
Right-lateral AHI, events/h
Total apnea events
Total hypopnea events
REM sleep, %
NREM sleep, %

Type of obstructive sleep apnea
REM-related
NREM-related
Females
Males
p
Females
Males
53.5 ± 10.3 46.0 ± 12.3
0.0166
62.3 ± 12.7
46.8 ± 11.2
35.1 ± 5.8
31.8 ± 5.3
0.0274
39.0 ± 4.2
30.9 ± 4.6
36.0 ± 2.7
39.9 ± 2.9 < 0.0001
37.2 ± 2.3
40.0 ± 3.3
15.4 ± 5.1
15.4 ± 5.5
0.9752
16.8 ± 6.0
15.4 ± 6.1
355.6 ± 63.7 341.5 ± 63.2 0.4103 314.8 ± 50.8 349.8 ± 65.8
94,7 ± 63.6 89,3 ± 55.0
0.840
99,2 ± 60.0
67,7 ± 39.9
7,36 ± 6.35 7,14 ± 11.6
0.968
9,94 ± 11.3
5,80 ± 11.3
7,17 ± 5.52 6,71 ± 5.59
0.858
8,88 ± 5.70
7,83 ± 7,27
61.4 ± 64.7 37.4 ± 49.8
0.1175
59.6 ± 34.6
43.9 ± 45.8
74.8 ± 9.8
78.8 ± 7.9
0.0942
69.0 ± 12.7
75.0 ± 13.7
89.0 ± 4.3
90.5 ± 2.9
0.1293
85.6 ± 5.7
88.7 ± 4.0
15.5 ± 9.2
14.2 ± 9.3
0.5960
39.7 ± 39.0
38.4 ± 26.3
17.7 ± 13.7 19.6 ± 16.2
0.6806
22.0 ± 24.2
53.4 ± 33.9
17.7 ± 18.5 11.4 ± 11.9
0.1508
40.0 ± 50.2
27.9 ± 28.9
10.7 ± 22.1
8.3 ± 10.7
0.5952
18.0 ± 30.5
19.4 ± 24.4
25.4 ± 12.6 24.2 ± 12.5
0.7239
24.2 ± 9.9
22.8 ± 18.5
18.3 ± 7.3
16.6 ± 4.7
0.2945
16.2 ± 7.8
17.3 ± 6.6
81.4 ± 7.6
83.0 ± 5.5
0.3647
83.7 ± 7.8
82.6 ± 6.8

p
0.0009
< 0.0001
0.026
0.546
0.157
0.027
0.210
0.667
0.360
0.251
0.068
0.908
0.023
0.374
0.883
0.844
0.637
0.704

REM: rapid-eye-movement (sleep); NREM: non-rapid-eye-movement (sleep); ESS: Epworth Sleepiness Scale; TST:
total sleep time; WASO: wake after sleep onset; RERAs: respiratory effort-related arousals; and AHI: apnea/
hypopnea index. aValues expressed as mean ± SD. bSaO2 < 90%.
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Figure 1. Correlation between the apnea-hypopnea index
(AHI) and BMI in rapid-eye-movement-related obstructive
sleep apnea.

Figure 2. Correlation between the overall apnea-hypopnea
index (AHI) and supine AHI in non-rapid-eye-movementrelated obstructive sleep apnea.

REM-related OSA was higher among the women in
our sample.

with positional OSA, the frequency and severity of
respiratory events depend on how long the patient lies
in the supine position.(20) During polysomnography,
patients with OSA spend 46-51% of their total sleep
time on their backs.(21) The supine position has been
consistently associated with more severe OSA in
adults.(22,23) Sunnergren et al. also reported that the
majority of subjects experienced more obstructive
events when in the supine position than when in other
positions.(24) Sleep posture has different effects on
REM sleep than on NREM sleep.(25) Specifically, the
effects of sleeping in the supine and lateral positions
differ between REM and NREM sleep, as reported by
George et al.(6) However, those authors found that the
difference in AHI between the two sleep postures was
much greater in patients NREM-related OSA. Pevernagie

Various studies have shown that NREM-related OSA
is more common among patients with high AHI values
(≥ 30 events/h). (15-17) Oksenberg et al.(18) reported
that, of their patients with NREM-related OSA, 49.1%
had severe OSA, similar to the 48.1% observed in our
study. The effects that high NREM-AHI values (due to
subnormal REM sleeping times) and sleeping in the
supine position had on the overall AHI values were
large, because NREM occupies a majority of the sleep
time, even under normal conditions.
Despite the negative effects that sleeping in the
supine position has on upper airway patency, many
people prefer sleeping in that position.(19) In patients
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et al. reported that, among OSA patients, AHI values
were higher in the supine position than in the lateral
position only during NREM sleep.(25) Cartwright et
al.(26) reported that OSA patients tend to sleep in the
lateral position more often during REM sleep than
during NREM sleep, a difference that we found to be
significant in males but not in females. Previous studies
have confirmed that women are more prone than are
men to show higher AHI values during REM sleep than
during NREM sleep, regardless of the sleep posture.(27)
In our study, s-AHI values were higher among men,
whereas lateral AHI values were higher among women.
Patients with OSA experience fluctuations in oxygen
levels during sleep. Sato et al.(28) demonstrated that the
drop in SaO2 is particularly dramatic in patients with
severe OSA. A number of factors have been reported
to affect the severity of oxygen desaturation during
an apnea/hypopnea event, such factors including
sleep posture,(29) sleep stage,(30) and age,(31) as well
as gender and obesity.(32) In addition, comorbidity with
COPD has been shown to increase the frequency and
severity of oxygen desaturation in OSA.(33) Bednarek
et al.(34) compared patients in whom OSA and COPD
overlapped (i.e., patients with overlap syndrome) and
patients with OSA only, in terms of polysomnographic
variables. The authors reported that the patients in
the overlap syndrome group had a lower mean oxygen
saturation and spent more time in oxygen desaturation
than did those in the OSA group.
Muraki et al.(17) found that, in OSA patients, the
minimum SaO2 was significantly lower during REM
sleep than during NREM sleep, as has been reported
elsewhere.(3) In the present study, although there were
no differences between our two groups in terms of
the minimum SaO2 or oxygen desaturation, the mean
SaO2 was lower in the NREM-related OSA group than
in the REM-related OSA group. We also found that,
in REM-related OSA, oxygen desaturation correlated
positively with age and BMI.
The termination of an apnea event is associated with
arousal or awakening. Different levels or intensities of
arousal can have quite different effects on sleep and
breathing.(35) In the present study, some of the effects
of REM-related OSA were mitigated by a decrease in
the time spent in REM sleep in parallel with increasing
AHI-REM. This could be due to an increased number
of events during REM sleep, leading to arousals and
decreasing the time spent in REM sleep. In our study,
there was no difference between the REM-related and
NREM-related OSA groups, in terms of the number
of arousals.
Punjabi et al.(13) found that the AHI-REM was
associated with greater daytime sleepiness, whereas
the AHI-NREM was not. However, Haba-Rubio et al.,
using an objective instrument (the Maintenance of
Wakefulness Test), found no difference between patients
with REM-related OSA and those with NREM-related
OSA, in terms of excessive daytime sleepiness.(5)
52
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Although OSA is a common chronic condition in all
adults, its prevalence and severity are higher among
men than among women.(29,36) However, a number
of studies have shown that REM-related OSA is more
common among women.(7-9) We find it interesting
that the AHI-REM has been shown to be comparable
between men and women.(37) In our study, there was
no significant difference between genders in terms of
the prevalence of REM-related OSA. However, we found
that REM-related OSA was more common than was
NREM-related OSA among the women in our sample,
whereas NREM-related OSA was more common among
the men. In a study conducted by O’Connor et al.,(27) OSA
was found to be milder in the women than in the men.
The authors reported that the significant respiratory
events recorded in the women were associated with
REM sleep and therefore concluded that REM-related
OSA is more common in women.
Some studies have shown that REM-related OSA is
more common among younger patients,(8) whereas
others have found no such age-related difference.(5,38)
In the present study, there was no significant difference
between the REM-related and NREM-related OSA
groups, in terms of age. However, in both groups, the
women were older than were the men, although the
female patients with REM-related OSA were younger
than were those with NREM-related OSA, especially
in the younger (< 60 year) age group. Koo et al.(7)
stated that, in REM-related and NREM-related OSA, the
hormonal changes that occur with age in females have
a protective effect against the respiratory problems
that occur during NREM sleep. Among the women
in our sample, REM-related OSA was more common
than was NREM-related OSA, as well as being more
common in the younger women.
In another study, Koo et al. showed that, with each
passing decade of life, the NREM-AHI and REM-AHI
increase by 11.2% and 9.0%, respectively, in men,
compared with 16.0% and 5.7%, respectively, in
women.(8) The authors also showed that each 5-unit
increase in BMI results in increases of 13.0% and
17.1% in the NREM-AHI and REM-AHI, respectively, in
women, compared with a 24.2% decrease for both in
men.(8) In our study, there was no difference between
the REM-related and NREM-related OSA groups in terms
of the BMI. However, in both groups, the women were
significantly heavier than were the men. We also found
that, in the REM-related OSA group, the AHI showed a
significant positive correlation with age and BMI. The AHI
also correlated positively with BMI in the NREM-related
OSA group, although the difference was not significant.
The present study has certain limitations. The first is
that the study sample was evaluated retrospectively.
Second, all of the polysomnography data analyzed for
each patient were obtained during a single session
of overnight polysomnography, as is customary in
the clinical laboratory setting. Data collected over
multiple nights of observation would provide important
information regarding the impact of the differences
in REM sleep and sleep posture, assuming that those
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parameters changed from night to night. A decrease in
the proportion of REM sleep has been associated with
the first night effect, and a total lack of REM sleep can
occur in split-night polysomnography studies.(39) Either
of those scenarios could lead to an underestimation
of AHI in patients with REM-related OSA.
In conclusion, it appears that REM-related OSA is more
common among patients with mild-to-moderate OSA,

whereas NREM-related OSA is more common among
those with severe OSA, the latter being associated
mainly with s-AHI. Our findings indicate that s-AHI
has a more significant effect on the severity of OSA
than does REM-AHI. When determining OSA severity
and choosing among treatment modalities, physicians
should take into consideration not only sleep stage but
also sleep posture.
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