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Summary 

Although it is thought that obstructive sleep apnea (OSA) is 

worse during rapid eye movement (REM) sleep than in non-REM 

(NREM) sleep there are some uncertainties, especially about 

apnoe-hypopnoe-index (AHI). Several studies found no 

significant difference in AHI between both sleep stages. 

However, REM sleep is associated more with side sleeping 

compared to NREM sleep, which suggests that body position is a 

possible confounding factor. The main purpose of this study was 

to compare the AHI in REM and NREM sleep in both supine and 

lateral body position. A retrospective study was performed 

on 422 consecutive patients who underwent an overnight 

polysomnography. Women had higher AHI in REM sleep than 

NREM sleep in both supine (46.05±26.26 vs. 23.91±30.96, 

P<0.01) and lateral (18.16±27.68 vs. 11.30±21.09, P<0.01) body 

position. Men had higher AHI in REM sleep than NREM sleep in 

lateral body position (28.94±28.44 vs. 23.58±27.31, P<0.01), 

however, they did not reach statistical significance in supine 

position (49.12±32.03 in REM sleep vs. 45.78±34.02 in NREM 

sleep, P=0.50). In conclusion, our data suggest that REM sleep is 

a contributing factor for OSA in women as well as in men, at 

least in lateral position. 
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Introduction 

Obstructive Sleep Apnea (OSA) is characterized 
by a presence of at least 5 obstructive apneas and/or 
hypopneas per hour (h) of sleep. During these events, 
respiratory muscles try to perform inspiration repeatedly 
but fail because of upper airways collapse (American 
Academy of Sleep Medicine 2005, Lopez-Jimenez et al. 
2008). As the result of coexisting OSA with Central Sleep 
Apnea there are also mixed apneas (MAs) observed in 
OSA patients, starting typically as central apneas (CAs) 
and finishing as obstructive apneas (OAs) (De Backer 
1995, Iber et al. 2007). Previous studies estimate that 
8.8 % - 46.5 % of men and 3.7 % - 30.5 % of women has 
an Apnea-Hypopnea Index (AHI, i.e. number of apnoeas 
and hypopnoeas per hour of sleep) of at least 5 (Young et 
al. 1993, Ip et al. 2001, 2004, Tufik et al. 2010). 

It is well known that higher body mass index 
(BMI), sex (male), advanced age and upper airway 
pathologies are risk factors of OSA and that supine body 
position worsen OSA (Leiter 1996, Oksenberg et al. 
2000, Tufik et al. 2010). It is also thought that OSA is 
more severe in rapid eye movement (REM) sleep than in 
non-REM (NREM) sleep but there are some 
uncertainties. Although it is generally believed that mean 
duration of OA is longer in REM sleep (REMs) than 
NREM sleep (NREMs) (Sullivan and Issa 1980, Findley 
et al. 1985, Sériès et al. 1990, Siddiqui et al. 2006), there 
is no consensus about minimum SaO2. Muraki et al. 
(2008) found that minimum SaO2 in the Japanese 
population is more common in REMs than NREMs, but 
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others did not find significant differences (Loadsman and 
Wilcox 2000, Siddiqui et al. 2006). There is especially 
conflicting evidence about AHI. Several studies found no 
difference in AHI between both sleep stages (Loadsman 
and Wilcox 2000, Siddiqui et al. 2006, Muraki et al. 
2008). Punjabi et al. (2002) had two groups in their study 
(1821 and 584 subjects, with and without Multiple Sleep 
Latency Test respectively): the first had higher average 
AHI in REMs than NREMs, the second vice versa, 
without statistical significance. It is, however, possible 
that body position is a confounding factor. According to 
Cartwright et al. (1991), REMs is associated more with 
side sleeping compared to NREMs. The main aim of this 
study was to compare the AHI in REM and NREM sleep 
in both supine and lateral body position. 
 
Methods 
 

A retrospective chart review was performed on 
422 consecutive patients (344 males and 78 females)  
who underwent an overnight polysomnography  
from March 2009 to June 2012. Polysomnography  
included three-channel electroencephalogram, two-
channel electrooculogram, electrocardiogram, submental 
and leg electromyogram, thoracic and abdominal 
inductance plethysmography, nasal cannula, pulse 
oximeter, body position sensor (capable to determine 
8 different body positions: supine, prone, right-hip, left-
hip and 4 boundary positions), snore microphone and 
infrared camera (Alice3 Diagnostic Sleep System, 
Respironics). Records were scored manually according to 
the standard criteria (Iber et al. 2007) using Alice5 
software. For scoring hypopneas, alternative (not 
recommended) criteria were used (Iber et al. 2007). 
Patients with total sleep time duration under 200 min 
(7 males and 3 females), those with a higher amount of 
CAs than OAs (41 males and 12 females) as well as 
those with REMs duration under 20 min (51 males and 
10 females) were excluded. One man with Amyotrophic 
lateral sclerosis was also excluded. No minimal criteria 
for whole-night AHI was used, because some patients 
that have higher AHI in REM sleep (AHI-REMs) than 
NREM sleep (AHI-NREMs) would be rejected, and vice 
versa (e.g. if minimal criteria would be whole-night 
AHI≥5/h, a patient with AHI-REMs 2/h and  
AHI-NREMs 10/h would be included, but patient with 
AHI-REMs 10/h and AHI-NREMs 2/h would be 
excluded – due to different duration of REM and NREM 
sleep). Only patients with whole night AHI=0 (2 women 

and 1 man) were rejected, which means exactly the 
criterion: AHI>0. The rest of the patients were eligible 
for the study, however not for all statistics. Values of 
mean durations of OA (or MA) equal to 0 were not used 
in the analysis. In cases when we compared AHI in REM 
and NREM sleep in supine or lateral (data from right- and 
left- hip) body position, only AHI values calculated from 
a 20 min minimum record were accepted (i.e. some 
patients were completely refused here, some were used 
for statistics in one position, some in both). Each value in 
the study is written as a mean ± SD. Wilcoxon signed 
ranks test was used for statistical analysis, unless 
otherwise noted. P<0.05 was considered significant. All 
statistics were made using SPSS statistics 17. 
 
Results 
 

Two hundred and forty-three men and 51 women 
were eligible for the study. The mean age was 48.3±12.5 
years, BMI 31.1±4.8, and Epworth sleepiness scale (ESS) 
9.0±4.9 in men, and the average age 51.3±9.3 years, BMI 
32.0±6.3 and ESS 9.0±4.9 in women. In men, NREMs 
lasted for 339.1±57.7 min and REMs for 61.1±30.2 min 
that means ratio 5.55/1. In women, NREMs lasted 
341.0±58.0 min and REMs 64.5±29.6 min that means 
ratio 5.28/1. Longer mean duration of OA and lower 
mean O2 saturation (SaO2) in REMs than NREMs were 
found in both sexes. Mean duration of MA was also 
longer in REMs in men (Table 1). Whole duration of 
apneas and hypopneas in % of sleep was higher in REMs 
than NREMs in both sexes. Women had higher  
AHI-REMs than AHI-NREMs (P<0.01), men, however, 
were not significantly different. Similar results were 
found for Oxygen Desaturation Index (ODI), i.e. number 
of 3 % desaturations per hour of sleep (Table 1). 

Previous studies usually, except Punjabi et al. 
(2002), used some minimal criteria for whole-night AHI 
(<5/h or <10/h) (Loadsman and Wilcox 2000, Siddiqui et 
al. 2006, Muraki et al. 2008). If minimal whole-night 
AHI (<5/h or <10/h) criteria were used, there would be 
even worse significance (Table 1). 

A positive correlation was found between mean 
duration of OA and AHI both in REMs (Pearson = 0.32) 
and NREMs (Pearson = 0.44) (only men with 1 OA at 
least in both REM and NREM sleep were used, 
186 men), however a negative correlation was found 
between the same variables both in REMs (Pearson =  
–0.35, 58 men) and NREMs (Pearson = –0.16, 52 men) in 
subgroup with AHI≥60/h (Fig. 1). 
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Men slept 1.14 times more in lateral position 
during REMs than NREMs (57.6±34.8 % of REMs vs. 
50.6±30.5 % of NREMs, P<0.001) and 1.42 times more 
in supine position during NREMs than REMs 
(27.1±28.4 % of NREMs vs. 19.1±28.7 % of REMs, 
P<0.001). Women, however, probably because of low 
number of subjects, did not reach statistical significance. 
Women slept 1.15 times more in lateral position during 
REMs than NREMs (46.3±41.6 % of REMs vs. 
40.4±32.9 % of NREMs, P>0.05) and 1.17 times more in 
supine position during NREMs than REMs (32.5±28.7 % 
of NREMs vs. 27.7±34.3 % of REMs, P>0.05). 

As mentioned, for comparison of AHI in REM 
and NREM sleep in specific body position, some data 
were refused from the study because of our 20 min 
minimum record criteria for each AHI value (Table 2). 
Women had higher AHI in REMs than NREMs in both 
supine (46.05±26.26 vs. 23.91±30.96, P<0.01) and lateral 
(18.16±27.68 vs. 11.30±21.09, P<0.01) body position 
(Table 3). Men had higher AHI in REMs than NREMs in 
lateral body position (28.94±28.44 vs. 23.58±27.31, 
P<0.01), however, statistical significance was not reached 
in supine position (Table 3). 
 

 
 

Fig. 1. Connection between 
mean duration of OA and 
AHI≥60/h both in REM and 
NREM sleep (results are 
irrespective of body position).
 

Table 1. OSA parameters in REM and NREM sleep (irrespective of body position). 
 

 M W 
 n  REM sleep NREM sleep P n REM sleep  NREM sleep P 

Mean SaO2 243 91.27±4.72 92.03±2.99 < 0.001 51 92.35±3.33 93.12±2.26 = 0.001 
Mean dur.OA 186 21.84±9.88 18.22±5.34 < 0.001 29 18.12±7.67 15.70±4.87 < 0.05 
Mean dur.MA 92 28.64±11.15 23.50±7.36 < 0.001 8    
AH % – sleep 243 22.54±22.79 17.95±18.72 < 0.001 51 16.82±19.50 10.31±15.56 < 0.001 
ODI 243 34.85±27.50 32.54±27.96 = 0.08 51 34.08±30.95 23.77±28.20 = 0.002 
AHI 243 33.60±28.68 30.92±28.19 = 0.09 51 30.01±30.64 20.41±28.89 = 0.003 
AHI* 200 39.87±27.79 37.20±27.25 = 0.22 33 44.69±28.78 30.82±31.40 = 0.003 
AHI** 175 43.76±27.17 41.55±26.38 = 0.40 27 50.03±28.69 36.52±32.06 = 0.015 

 
M – men, W – women, n – number of patients (in Mean dur. OA and Mean dur. MA, patients with values equal to 0 in REM or NREM 
sleep were refused), Mean SaO2 – mean O2 saturation in %, Mean dur. OA – mean duration of obstructive apnea in seconds, Mean 
dur. MA – mean duration of mixed apnea in seconds (in women we did not do statistics because of too few patients), AH %-sleep – 
apnoea and hypopnoea duration in % of sleep, ODI – Oxygen Desaturation Index, AHI*– AHI of patients with whole-night AHI≥5, 
AHI**– AHI of patients with whole-night AHI≥10. 
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Table 2. Groups, which were used on comparison of AHI in REM 
and NREM sleep in specific body position. 
 

 n Age (years) BMI ESS 

Men-S 55  45.7±14.2 30.7±5.4 8.9±5.1 
Men-L 165 48.7±11.8  30.9±4.2 9.2±4.6 
Women-S 15 53.8±8.2 35.5±5.8* 8.9±4.3 
Women-L 28 50.6±8.9 30.5±6.3 8.6±5.4 

 
n – number of patients, BMI – body mass index, ESS – Epworth 
sleep scale, Men-S/Men-L – male group of patients that slept 
both in REM and in NREM sleep on supine/lateral position at least 
20 min, Women-S/Women-L – female group of patients that slept 
both in REM and in NREM sleep on supine/lateral position at least 
20 min, *significant difference (P=0.047) with original female 
group of 51 subjects (used Mann-Whitney U test). 
 
 
Discussion 
 

In women, AHI and ODI were higher in REMs 
than NREMs and AHI was higher in REMs than NREMs 
in both tested positions (Table 1 and 3). In men, the same 
tendency was observed, however statistical significance 
was found only in AHI in lateral body position (Table 1 
and 3). Irrespective of body position, previous studies 
were confirmed that women, compared to men, are more 
prone to have higher AHI in REMs than NREMs 
(Table 1) (O'Connor et al. 2000, Vagiakis et al. 2006). 

Longer mean duration of OA was found in 
REMs compared to NREMs in both sexes in accordance 
with previous studies (Sullivan and Issa 1980, Findley et 
al. 1985, Sériès et al. 1990, Siddiqui et al. 2006, Vagiakis 
et al. 2006, Muraki et al. 2008). Moreover, longer mean 
duration of MA in REMs was found in men. The current 
study also shows that there is also lower mean SaO2 in 
REMs than NREMs in both sexes. As mentioned above, 
contradictions exist in minimum SaO2 (Loadsman and 
Wilcox 2000, Siddiqui et al. 2006, Muraki et al. 2008), 

however, due to the different duration of REMs and 
NREMs, this suggests the mean value is a better variable 
than minimum value. Longer whole apnea-hypopnea 
duration in REMs than NREMs in both sexes in current 
study was also found (Table 1).  

For interruption of OAs, arousals are needed. It 
is more difficult to elicit them by hypoxemia in REMs 
compared to NREMs that elucidates long OAs (Sullivan 
and Issa 1980). During REMs, however, there is also 
muscular hypotonia in upper airways (Horner 1996). 
Therefore, theoretically, AHI should also be higher in 
REMs compared to NREMs, which seems to be true for 
women but for men only in lateral position. The question 
remains as to why there is a problem with significance for 
men in supine position. 

For as much as the “men in supine position” 
were the most severe OSA group in the current study 
(Table 3), the reason seems to be interaction between 
duration of apneas and their incidence in severe OSA 
patients (“severe OSA effect”) as we can see in Figure 1. 
In REMs, there are longer OAs than in NREMs, therefore 
the interaction effect is stronger there. In women, one 
patient (BMI 50.1, age 50 years) had the AHI 78.5/h and 
112.3/h in supine position in REM and NREM sleep, 
respectively, however, duration of all apneas/hypopneas 
in supine position was 61.3 % and 47.4 % of sleep in 
REM and NREM sleep, respectively. For reaching the 
same AHI during REM sleep in supine position, she 
would need 87.7 % sleep duration of all apneas/ 
hypopneas. If we would reject her from the study, there 
would be P=0.001 between AHI in REM and NREM 
sleep in women for supine position. Generally, men are 
more severe OSA patients than women (Vagiakis et al. 
2006, Tufik et al. 2010), which holds true in the current 
study. This suggests a stronger effect of interaction 
between AHI and apnoe/hypopnoe duration. For 
example, in men with AHI-NREMs>70/h (33 patients) 

 
 
Table 3. AHI in REM and NREM sleep in supine or lateral body position. 
 

 AHI -REMs-S AHI-REMs-L AHI-NREMs-S AHI-NREMs-L P 

Men-S 49.12±32.03  45.78±34.02   = 0.50 
Men-L  28.94±28.44  23.58±27.31 = 0.002 
Women-S 46.05±26.26  23.91±30.96  = 0.005 
Women-L  18.16±27.68  11.30±21.09 = 0.002 

 
AHI-REMs-S – AHI in REM sleep in supine position; AHI-REMs-L – AHI in REM sleep in lateral position; AHI-NREMs-S – AHI in NREM 
sleep in supine position; AHI-NREMs-L – AHI in NREM sleep in lateral position; Men-S, Men-L, Women-S, Women-L – explained under 
Table 2. 
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there were 24 % subjects with AHI-REMs>AHI-NREMs 
and 61 % subjects with mean duration of OA in 
REMs>30 s but none with both. This also implies that if 
there were more severe OSA patients in our study, there 
would be no significance for lateral position in men or 
generally in women as well. 

According Cartwright et al. (1991), OSA 
patients prefer to sleep in lateral position more in REMs 
than NREMs, which was confirmed in the current study 
as significant for males contrary to females. The current 
study of AHI in REM and NREM sleep took body 
position into account, however, for OSA patients there 
are also beneficial positions of head and bite (Isono et al. 
2004, 2005). If men prefer them more in REMs compared 
to NREMs similar to lateral body position, it may be 
another reason, along with “severe OSA effect”, why no 
significant difference was found in AHI between REM 
and NREM sleep in supine position. 

REMs and NREMs are not homogenous stages 
(Iber et al. 2007, Ermis et al. 2010). It remains to be seen 
if their internal changes are the cause of the significance 
problem in men in supine position. It is known, for 
example, that the tendency to apneas is very low in deep 
NREMs (Ratnavadivel et al. 2009) and deep NREMs is 
reduced in severe OSA patients (Redline et al. 2004), i.e. 
probably especially in supine position. However, this 
reduction is pathological. For example, there is well 
known rebound phenomenon of deep NREMs in OSA 
patients during first night on continuous positive airway 
pressure (Brillante et al. 2012). If that is the cause, then 
that contributes to the conclusion that physiological 
REMs is more prone to appearance of apneas than 
physiological NREMs. 

There is well known co-morbidity of OSA with 
metabolic syndrome, back pain and periodic limb 
movements in sleep (Ohayon and Roth 2002, Shiri et al. 
2010, Lam et al. 2012). Speculation can be made, then, 
about their influences on OSA in REM or NREMs, 
perhaps even in different body positions. These 
questions, however, overreach the scope of this study. 

This study included patients with AHI>0, not 
AHI≥5 (i.e. to treat OSA as a “symptom”, not as a 
“disease”). The border value of AHI≥5 is general 
consensus due to the health effects involved, however, 
there is no reason to assume a different mechanism for 
apnea in patients with AHI<5 compared with those with 
AHI≥5. In addition, subjects with AHI<5 are a group of 
“almost healthy patients” that generally have a low or 
even negative effect on statistical significance. For 
example, there was P<0.05 for the comparison of mean 
duration of OA in REM and NREM sleep in women 
(Table 1), however, when we used the exclusion criterion 
AHI≥5 it became P=0.01 and with criterion AHI≥10 it 
became P<0.01. Despite that, the criterion of AHI>0 is 
used in the current study because of reason mentioned 
previously (see Methods). 

In conclusion, the female data suggest that OSA 
is worse in REMs than NREMs for AHI in both lateral 
and supine position. The male data suggest that the AHI 
is higher in REMs than NREMs only in lateral body 
position. Although the same tendency was found in men 
even in supine position, statistical significance was not 
reached there. It is believed that this is the result of the 
interaction of apnoea/hypopnea duration and AHI in 
severe OSA patients. Beneficial positions of head and 
bite are also possible confounding factors. Pathological 
change of sleep or some OSA co-morbidities may also 
contribute to the cause. For all other measured parameters 
(mean O2 saturation, mean duration of OA and MA, 
apnea and hypopnea duration in % of sleep, ODI), OSA 
was worse in REMs than in NREMs in both sexes, except 
ODI in men (P>0.05) and mean duration of MA in 
women (no results because of too few patients) (Table 1). 
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