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INTRODUCTION
Obstructive sleep apnea syndrome (OSAS) is characterized by repetitive episodes of complete or 
partial upper airway obstruction during sleep. Repetitive episodes of airway obstruction lead to in-
creasing respiratory efforts, intermittent arterial oxygen desaturation, systemic and pulmonary ar-
terial blood pressure surges, and sleep disorders (1). We sleep occupies for nearly one-third of our 
life, and it is an essential and vital part of our life. Although it is perceived as a resting period for the 
body, during some stages of sleep, the brain and many bodily systems are extremely active. Sleep 
is evaluated in two stages as rapid eye movement (REM) and non-REM. The REM stage is named 
after REM during this phase. This stage is classified as tonic and phasic REM. During this stage, 
brain activity with mixed frequency, erection, thermoregulation loss, muscle twitching, cardiore-
spiratory disorder, respiratory control impairment, and irregular ventilation occur (2, 3). During 
REM, pharyngeal muscle activity decreases, and upper airway collapsibility increases as a result of 
the absence of excitatory, noradrenergic, and serotonergic stimuli in upper airway motor neurons 
(4). Therefore, in patients with OSAS during REM sleep, the number and duration of obstructive re-
spiratory events increase with resultant serious oxygen desaturation. REM as a specific respiratory 
disorder was first described in 1996. From that day on, different expressions and diagnostic criteria 
have been used for the presence and definition of REM-related OSAS. Some authors have accept-
ed this disorder as not a separate entity, but rather a component of an OSAS spectrum, and they 
indicated REM-related OSAS as an essentially early (baseline presentation) phase of classical OSAS, 
while others defined it as a different clinical type of OSAS (3, 5, 6). In the present study, we aimed 
to compare the clinical and polysomnographic findings of REM-related and non-REM-related OSAS 
patients to test whether REM-related OSAS is a different clinical type OSAS or the manifestation of 
early stage or the onset of OSAS.
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Abstract

Objective: Rapid eye movement (REM) is an entity in which the collapsibility of upper respiratory tract increases. Different opinions have been 
proposed with regard to the definition of REM-related obstructive sleep apnea syndrome (OSAS). Some authors consider REM-related OSAS 
as the first presentation, and others consider it as a different clinical type of OSAS. We aimed to compare the clinical and polysomnographic 
findings of REM-related and non-REM-related OSAS patients to test whether REM-related OSAS is a different clinical type OSAS or the ma-
nifestation of early stage or the onset of OSAS. 

Methods: The study had a retrospective design. Patients with an initial diagnosis of sleep-related breathing disorders were later diagnosed to 
have OSAS based on an apnea–hypopnea index (AHI) of ≥5 and were divided into the following two groups: patients with AHINREM of <5 and 
AHIREM/AHINREM of >2 whose REM recordings were obtained for at least 30 min were defined as having “REM-related OSAS,” and those 
who did not meet this description were defined as having “non-REM-related OSAS.” 

Results: A total of 329 patients with a mean age of 51±10 years were included in the study. Thirty-five (10.6%) patients with OSAS were REM-re-
lated and 294 (89.4%) were non-REM-related. Age, body mass index, smoking status, and concomitant diseases were comparable between groups 
(p>0.05). In REM-related patients, AHI was lower, REM duration was longer, and mean oxygen saturations were comparatively higher (p<0.05). 

Conclusion: Similarities between groups in age, body mass index, and concomitant disease suggest that REM-related OSAS is a different clini-
cal type of OSAS, rather than the early phase of OSAS.
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METHODS

Subjects and Study Design
The medical records of patients over the age of 18 years who under-
went polysomnography (PSG) between January 2011 and January 
2014 with an initial diagnosis of sleep-related breathing disorder were 
retrospectively reviewed. Among them, those with an apnea–hypo-
pnea index (AHI) of ≥5 and a diagnosis of OSAS were included in the 
study. Data related to demographic characteristics, sleep patterns, 
medical history, medication use, and habits were retrieved using a 
standardized questionnaire survey applied before the study. For the 
evaluation of sleepiness during the day, Epworth Sleepiness Scale (ESS) 
was used (7). Based on their AHI, the patients were categorized in the 
mild (AHI=5–15), moderate (AHI=15–30), and severe OSAS (AHI>30) 
groups according to the American Academy of Sleep Medicine (AASM) 
Task Force criteria (8). Respiratory events observed during each stage 
of sleep were determined, and AHI for REM (AHIREM) and non-REM 
(AHINREM) were calculated. Similarly, AHI while the patient was sleeping 
in the supine (AHISUPINE) and other positions (AHINON-SUPINE) were also cal-
culated. The study population was divided into two groups: those with 
AHINREM of <5 and AHIREM/AHINREM of >2 and those with OSAS whose REM 
sleep data were recorded for at least 30 min were classified as having 
“REM-related OSAS,” and those who did meet the criteria of this defi-
nition were classified as having “non-REM-related OSAS.” Patients with 
central sleep apnea syndrome, upper airway resistant syndrome, nar-
colepsy, and movement disorders were excluded from the study. We 
also excluded patients using drugs effective for REM sleep, including 
benzodiazepine derivatives and narcotics. This study was conducted in 
accordance with the tenets of the Declaration of Helsinki, and written 
informed consent was obtained from all subjects. The study protocol 
was reviewed and approved by the local institutional review board and 
ethics committee of Gaziosmanpaşa University.

Polysomnographic Evaluation 
Overnight PSG was performed in all patients using a 55-channel 
polysomnograph (Alice® Sleepware, Philips Respironics, PA, USA) 

and included the following variables: electrooculograms (two chan-
nels), electroencephalograms (four channels), electromyograms of 
the submental muscles (one channel) and anterior tibialis muscle 
of both legs (two channels), electrocardiograms, airflow measure-
ments (with oronasal thermistor and nasal cannula pressure trans-
ducer), body position sensor discerning changes in body position 
during sleep, and a snore sensor for the detection of snoring vi-
brations. Respiratory efforts of chest and abdominal muscles (two 
channels) were recorded using piezoelectric belts and arterial oxy-
hemoglobin saturation (SaO2: one channel) by pulse oximetry with 
a finger probe. The recordings were scored according to the stan-
dard criteria of AASM. Apnea was defined as ≥90% decrease in the 
air flow amplitude persisting for at least 10 s relative to the baseline 
amplitude. Hypopnea was defined as ≥50% decrease in air flow am-
plitude relative to the baseline values associated with a ≥3% oxy-
gen desaturation or arousal from sleep, all sustaining for at least 10 
s (9). AHI was calculated as the number of apneic plus hypopneic 
episodes per hour of sleep. Patients with AHI of ≥5 events/h were 
diagnosed as having OSAS. Oxygen desaturation index was defined 
as the total number of measurements of oxyhemoglobin desatura-
tion of ≥4% within ≥10 s–<3 min from the baseline divided by the 
total sleep time. 

Statistical Analysis
For the evaluation of categorical variables, chi-square test was used. 
Categorical variables were expressed as numbers and percentages. 
For categorical variables, histograms were employed. To test the 
normality of distribution of variables, Shapiro–Wilks normality test 
was utilized. For intergroup comparisons of continuous variables, 
independent samples t test or Mann–Whitney U test was used. In 
cases where parametric methods were used, continuous measure-
ments were expressed as mean ± standard deviation, if nonpara-
metric methods were used, variables were indicated as median 
and 25 and 75 percentiles. A multivariate logistic regression model 
was implemented to determine the relationship among selected 
variables and REM dependence. Variables whose significance is un-
der 0.10 were added to the logistic regression model. p<0.05 was 
considered as the level of statistical significance. Calculations were 
performed using a pre-prepared statistical software program (IBM 
SPSS Statistics 19, SPSS Inc., IBM Co., Somers, New York, USA).

RESULTS
A total of 329 patients with a mean age of 51±10 years were evaluat-
ed. The patients were included in the REM-related (n=35; 10.6%) and 
non-REM-related (n=294; 89.4%) groups. The groups did not differ 
with regard to comorbidities, such as cerebrovascular disease, dia-
betes, hypertension, cardiovascular disease (this group included ar-
rhytmia, congestive heart failure, and coronary artery disease); mean 
age; body mass index (BMI); ESS; and smoking history (p>0.05). The 
distribution of gender differed between groups (REM-related OSAS, 
male 51% and female 49%; non-REM-related, male 71% and female 
26%, p=0.007) (Table 1). During PSG evaluation, AHI was lower, REM 
and NREM stage 3 sleep duration were longer, NREM stage 1 and 2 
duration were shorter, and mean and minimum oxygen saturation 
values were higher in patients with REM-related OSAS with signifi-
cant differences between groups (p<0.05) (Table 2). Also, 46% of 
REM-related OSAS patients had a position dependence (in the other 
group, this rate was only 19.7%) with a significant intergroup differ-
ence (p=0.001). In REM-related patients, mild (91.4%) and moderate 
(8.6%) degrees of OSAS were detected. This group did not contain 
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 REM-Related Non-REM-Related p 
 OSAS (n=35) OSAS (n=294) 

Age (years)* 52±10 51±10 0.855

Gender, Male n (%) 18 (51) 219 (74)

Female n (%) 17 (49) 75 (26) 
0.007

BMI (kg/m2)* 32.05±4.48 33.88±7.08 0.137

ESS* 11.9±4.1 11.6±4.3 0.75

Smoking, n (%) 6 (17.1) 63 (21.4) 0.712

CVD&, n (%) 1 (2.9) 4 (1.4) 0.432

DM, n (%) 6 (17.1) 55 (18.7) 0.999

HT, n (%) 10 (28.6) 100 (34) 0.649

CVD#, n (%)  7 (20.6) 60 (20.6) 0.999

* Mean ± standard deviation     
BMI: Body mass index; CVD&: cerebrovascular diseases; CVD#: cardiovas-
cular disease; DM: diabetes mellitus; ESS: Epworth sleepiness score; HT: 
hypertension; OSAS: Obstructive sleep apnea syndrome

Table 1. Demographic and clinical features of the study population



patients with severe OSAS. The severity of OSAS differed significant-
ly between groups (Table 2, Figure 1). Demographic findings and 
polysomnographic features of both groups are presented in Table 
3 and Table 4. 

Potential determinants for REM dependence were further investi-
gated in a univariate screening procedure. Subsequently, all param-
eters related to REM dependence with a significance level below 0.1 
were introduced in a stepwise multiple regression analysis. The final 
regression model included age, gender, BMI, position dependence, 
AHI, desaturation %, average O2 saturation, minimum O2 saturation. 
The independent predictors of REM dependence were AHI and mini-
mum O2 saturation in patients with OSAS. Positional OSAS was not a 
significant factor for REM dependence (Table 5).

DISCUSSION
The most striking outcome of our study is that severe OSAS patients 
were not encountered in the REM-related OSAS group, whereas the 
frequency of comorbidities such as cerebrovascular disease, diabe-
tes, hypertension, and cardiovascular disease were similar to those 
in the non-REM-related group. Another important result of this study 
was that the mean age and BMI of both groups were comparable.

REM as a specific respiratory disorder was first described by Kass et 
al. (10) in 1996 as a cause of excessive daytime sleepiness. In a study 
where 34 patients with clinically suspect OSAS with respiratory dis-
turbance index (RDI) of <10 were evaluated, in a substantial percent-
age of patients who described excessive daytime sleepiness, the 
presence of REM-related OSAS was demonstrated. From that day on, 
different expressions and diagnostic criteria have been used for the 
presence and definition of REM-related OSAS. Some authors accept-
ed this disorder as not being a separate entity, but rather a compo-
nent of an OSAS spectrum, and they indicated REM-related OSAS as 
an essentially early (baseline presentation) phase of classical OSAS 
(3, 5, 6). According to these authors, with aging and gaining weight 
(in the advanced stage of the disease in particular) of the patients, 
respiratory events seen only during the REM stage at the onset of 
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 REM-Related Non-REM-Related p 
 OSAS  (n=35) OSAS (n=294) 

Stage 1#  5.10 (2.60–10.70) 8.90 (4.80–15.20) 0.001

Stage 2# 40 (34.60–45.40) 46.80 (38–53.70) <0.001

Stage 3# 33.30 (27–38.30) 27 (18.40–34.20) <0.001

REM #,*  19.96±5.08 14.75±6.68 <0.001

SE (%)* 84.03±10.01 81.56±10.71 0.195

AHI 8.40 (6.30–11.10) 38.80 (22.90–60.70) <0.001

Desaturation (%) 0.40 (0.10–1.40) 4.10 (0.40–22.80) <0.001

ODI 8.60 (5–11.70) 31.35 (18.60–57.40) <0.001

Wake O2  96 (94–96) 95 (93–96) 0.001 
saturation (%) 

Average O2 95 (94–96) 93 (91–95) <0.001 
saturation (%) 

Minimum O2 85 (81–88) 80 (69–86) <0.001 
saturation (%) 

Severity of OSAS 

Mild, n (%) 32 (91.4) 43 (14.6)
Moderate, n (%) 3 (8.6) 62 (21.1) <0.001
Severe, n (%) 0 (0) 189 (64.39) 

Position 16 (45.7) 58 (19.7) 0.001 
dependence, n (%) 

AHISUPINE 18.75 (13.60–25.00) 32.20 (21.10–57.30)
 19.09±7.11 40.66±24.43 0.001

AHINONSUPINE 1.40 (0.00–2.10) 1.90 (0.70–3.30)
 1.82±1.95 2.12±1.64 0.357

* Mean±standard deviation    
 # Sleep stages are given as % of  total sleep time   
AHI: Apnea –hypopnea index;  Desaturation  %: Sleep time of SpO2 <90%; 
ODI: oxygen desaturation index;  OSAS: Obstructive sleep apnea syn-
drome; REM: rapid eye movement; SE: sleep efficiency

Table 2. Polysomnographic findings of the study population

Figure 1. The distribution of patients according to the severity 
of OSAS

Fr
eq

ue
nc

y

Mild OSAS

189

62

43

32

3

Moderate OSAS Severe OSAS

REM related OSAS
Non-REM related OSAS

 REM-Related and Non-REM-
 Related OSAS (n=329)

Age (years)* 51.27±10.40

Gender, Male n (%) 237 (72)

Female n (%) 92 (28)  

BMI (kg/m2)* 33.69±6.87

ESS* 11.98±4.9

Smoking, n (%) 69 (21)

CVD&, n (%) 5 (1.5)

DM, n (%) 61 (18.5)

HT, n (%) 110 (33.4)

CVD#, n (%) 67 (20.6)

* Mean±standard deviation
BMI: Body mass index; CVD&: cerebrovascular diseases; CVD#: cardiovas-
cular disease; DM: Diabetes mellitus; ESS: Epworth sleepiness score; HT: 
hypertension; OSAS: Obstructive sleep apnea syndrome

Table 3. Demographic findings of both groups



REM-related OSAS will be also observed during the non-REM stage. 
Thus, patients will enter into the advanced (severe) stage of OSAS, 
and respiratory pathologies will be seen both during the REM and 
non-REM stages of the disease. 

The prevalence of REM-related OSAS varies within a wide spectrum 
(10–36%) (6, 11-13). These highly variable outcomes stem from dif-
ferences in criteria used for the definition of REM-related OSAS. It 
has been emphasized that AHIREM should be at least 2 times higher 
than AHINREM; however different values have been reported for AHIN-

REM (AHINREM <5 or <10) (11, 14, 15). In studies that used diagnostic 
criteria similar to ours, AHI have ranged between 10% and 13% (16, 
17). Another important diagnostic criterion is an adequate duration 
of REM sleep. With regard to the amount of adequate sleeping times, 
there are different opinions. REM sleep lasting for at least 15 or 30 
min is deemed to be necessary. Polysomnographic examinations 
performed in sleep laboratories of Chicago and Johns Hopkins Uni-
versity demonstrated that in 75% of patients who visited sleep dis-
order centers and underwent full-night PSG, REM sleep lasted for at 
least 30 min (18). 

Because of differences in the definition criteria, in cases with REM-re-
lated OSAS, clinical characteristics also demonstrate differences. In 
many studies, a higher incidence of REM-related OSAS has been re-
ported in women (3, 6, 12, 13, 19, 20). Higher AHIREM relative to AHINREM 
in women suggest the protection of women from respiratory events 
in NREM sleep. This protection has a physiological basis. During 
wakefulness, the activity of the genioglossus muscle is more potent 
when compared with men (21). During NREM sleep, the resistance of 
the upper respiratory tract and collapsibility is lower in women (22). 
The respiratory center-stimulating effect of progesterone together 
with its protective effect against upper respiratory tract obstruction 
by increasing the tonus of the pharyngeal dilator muscle account for 
the protection of women against respiratory events during NREM 
sleep (23). On the other hand, during REM, a decrease in ventilato-
ry response, pharyngeal muscle tone, and as a probability, reduced 
protective effect of sex hormones tend to increase the constriction of 
the upper respiratory tract (18). The abovementioned mechanisms 
may explain the reason for the higher incidence of REM-related OSAS 
in women; however, some outcomes suggest comparable incidence 
rates between men and women (24, 25). In our study, in REM-related 
and non-related groups, female patients constituted 49% and 26% 
of the patient population, respectively. Even though an increased 
number of female patients was detected in the REM-related OSAS 
group than in the other group, in the REM-related OSAS group, male 
predominance (51%) prevailed. Another point that demonstrated in-
tergroup difference is that REM-related OSAS patients are relatively 
younger. The authors attributed the younger patient population in 
the REM-related OSAS group to its being the early phase presenta-
tion of classical OSAS. On the other hand, in various studies, authors 
could not detect any difference between the mean ages of patients 
with or without REM-related OSAS (3, 11, 24). Also, in our study, the 
mean ages of patients in both groups were found to be similar. 
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 REM-Related and Non-
 REM-Related OSAS (n=329)

Stage 1#  11.05±9.13

Stage 2# 46.50±12.60

Stage 3# 27.12±11.27

REM #,*  15.31±6.71

SE (%)* 81.83±10.65

AHI 40.54±28.67

Desaturation (%) 15.35±25.12

ODI 38.07±30.93

Wake O2 saturation (%) 93.96±3.17

Average O2 saturation(%) 92.06±4.78

Minimum O2 saturation (%) 75.94±13.97

Severity of OSAS 

Mild, n (%) 75 (22.8)

Moderate, n (%) 65 (19.8)

Severe, n (%) 189 (57.4)

Position dependence, n (%) 74 (22.5)

* Mean±standard deviation
 # Sleep stages are given as % of total sleep time
AHI: Apnea –hypopnea index;  Desaturation  %: Sleep time of SpO2 < 90%; 
ODI: Oxygen desaturation index;  REM: rapid eye movement;  SE: sleep 
efficiency

Table 4. Polysomnographic features of both groups

Variables β S.E. p Odds ratio Confidence interval 95%

Age 0.009 0.026 0.717 1.010 0.959–1.063

Gender 0.668 0.540 0.216 1.951 0.676–5.626

BMI 0.061 0.051 0.230 1.063 0.962–1.175

Positional OSAS 0.033 0.479 0.944 1.034 0.404–2.644

AHI −0.192 0.041 <0.001 0.825 0.761–0.895

Desaturation % −0.220 0.136 0.105 0.802 0.615–1.047

Average O2 saturation   −0.149 0.200 0.456 0.861 0.582–1.275

Minimum O2 saturation −0.127 0.055 0.022 0.881 0.790–0.982

AHI: Apnea–hypopnea index;  BMI: Body mass index; Desaturation  %: Sleep time of SpO2 < 90%, OSAS: Obstructive sleep apnea syndrome; S.E.: Standard error

Table 5. Logistic regression analysis for REM-dependent OSAS



Obesity is an important risk factor in the development of OSAS (26). 
In the development of REM-related OSAS, the role of obesity is not 
clear. In a study population of 419 patients, logistic regression anal-
ysis was performed to predict REM-related OSAS. In total, 138 pa-
tients with REM-related OSAS were detected, and higher BMI was 
concluded to be an independent variable. The use of only AHIREM >2 
× AHINREM criterion to define REM-related OSAS, and the detection 
of increased incidence (32.9%) of REM-related patients in that study 
have been criticized (3). Lakadamyalı et al. (24) found similar BMIs be-
tween REM-related and non-related groups, and in the former group, 
a higher number of female participants were obese compared with 
male participants. In our study, the mean BMI values did not differ 
between groups regarding the gender of the patients.

REM-related OSAS was first described in 1996 as a cause of excessive 
daytime sleepiness, and with subsequent studies on REM-related OSAS, 
higher ESSs were more frequently detected in patients with REM-related 
OSAS. However, some authors obtained similar incidence rates of sleep-
iness in patients with non-REM-related OSAS (3, 24, 25). Additionally, in 
our study, the mean ESSs were similar between both groups. 

Patients with REM-related OSAS are generally in mild–moderate 
OSAS groups, and this group rarely contains severe patients (3, 6, 11-
13, 20, 24, 25, 27). Also, in our study, the REM-related OSAS group 
consisted of only patients with mild and moderate degrees of OSAS 
without any patient with severe OSAS. Another striking feature of our 
study is that 46% of patients with REM-related OSAS also had posi-
tional OSAS (20% in the other group) with a significant intergroup 
difference. However, positional OSAS was not a significant factor for 
REM dependence in multiple regression analyses. AHI and minimum 
O2 saturation were independent predictors. For the definition of po-
sitional OSAS, the combined criteria of AHINON-SUPINE of <5 and AHISUPINE 
of ≥2 × AHINON-SUPINE were used (28). While sleeping in the supine posi-
tion, the tongue and soft palate posteriorly deviate, which decrease 
pharyngeal cross-sectional area, leading to an increase in the fre-
quency of respiratory events (29). As a combined effect of REM sleep 
and the supine position, preexisting OSAS will be fuırther aggravat-
ed, and oxygen saturation will decrease. Therefore, when evaluating 
the PSG reports of patients with OSAS, AHI recorded at every stage of 
sleep and at all sleeping positions should be carefuly assessed. 

Sleep architecture in patients with REM-related OSAS and non-REM-re-
lated groups demonstrates intergroup differences. Lakadamyalı et al. 
(24) observed comparable duration and percentage of hours slept in 
both the REM-related and non-related groups, while shorter NREM 
stage 1 and 2 sleep, but longer stage 3 sleep, were observed. In a 
separate study performed in an REM-related group, longer REM and 
deep sleep, but decreased NREM stage 1 sleep, were detected (3). In 
the REM-related group, we observed longer REM and NREM stage 3 
sleep, but shorter stage1 and 2 sleep. 

REM sleep is characterized by a period of increased sympathetic ac-
tivity and cardiovascular instability both in normal individuals and 
in those with OSAS. When episodes of obstructive apnea–hypo-
pnea occurring during the REM stage are compared to respiratory 
events occurring during the NREM stage, the former episodes induce 
deeper hypoxemia and increased sympathetic activity. Therefore, 
REM-related respiratory events are associated with marked increas-
es in cardiovascular risk (18). A striking finding is that in non-obese 

children with OSAS, REM-related OSAS is more frequently detected 
(19). In studies performed on children with OSAS, the development 
of morbidities as metabolic dysfunction, hypertension, vascular en-
dothelial dysfunction, systemic inflammation, and increased oxida-
tive stress have been demonstrated (30-33). Observations gathered 
from children display their importance in the definition of REM-relat-
ed events in adults. The most striking outcome of our study is that 
comorbidities such as cerebrovascular disease, diabetes, hyperten-
sion, cardiovascular diseases, which are mostly seen in severe OSAS 
patients, were observed in a nearly equal number of patients in the 
REM-related group with mild–moderate OSAS and the non-REM-re-
lated group, which contained severe patients with OSAS. These re-
sults suggest that that REM-related OSAS is a different and important 
clinical entity. In a study by Rodríguez et al. (3), no difference was 
detected between REM-related and non-REM-related OSAS groups 
in cardiovascular risk factors and cardiovascular events. These out-
comes demonstrate the importance of an early diagnosis and the 
treatment of patients with REM-related OSAS for the prevention of 
many significant systemic complications.

CONCLUSION
In light of the data obtained from our study, similarities between the 
REM-related OSAS and non-REM-related groups in mean age, BMI, 
and ESS and the lack of any intergroup difference between groups 
regarding the incidence rates of concomitant diseases such as as 
cardiovascular disease, diabetes, hypertension, and cardiovascular 
disease suggest that REM-related OSAS is a different clinical type 
of OSAS rather than a presentation of the beginning or early stages 
of classical OSAS. OSAS is a heterogenous syndrome including pa-
tients with different clinical features. Therefore, the determination of 
clinical types of OSAS and the early onset of appropriate therapy in-
crease a patient’s compliance to treatment and thus, treatment suc-
cess rates. Besides, it has an importance in the prevention of many 
OSAS-related systemic complications.
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