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Clinical Considerations of Obstructive Sleep Apnea
with Little REM Sleep

Dae Lim Koo

Hyunwoo Nam Background and Purpose Obstructive sleep apnea (OSA) is more severe during rapid eye

movement (REM) sleep than during non-REM sleep. We aimed to determine the features of

Department of Neurology, patients with OSA who experience little REM sleep.
Seoul National University

. Methods Patients with a chief complaint of sleep-disordered breathing were enrolled. All
Boramae Hospital, Seoul, Korea

subjects underwent overnight polysomnography (PSG) and completed questionnaires on sleep
quality. Patients were divided into the following three groups according to the proportion of
REM sleep detected in overnight PSG: little REM sleep [REM sleep <20% of total sleep time
(TST)], normal REM sleep (20-25% of TST), and excessive REM sleep (>25% of TST). Mul-
tiple logistic regression analyses were applied to the data. The success rate of continuous posi-
tive airway pressure (CPAP) titration was estimated in these groups.

Results The age and body mass index of the patients were 47.9£15.9 years (mean+SD) and
25.2%4.1 kg/m’, respectively. The 902 patients comprised 684 (76%) men and 218 (24%) wom-
en. The apnea-hypopnea index (AHI) in the little-REM-sleep group was 22.1+24.4 events/
hour, which was significantly higher than those in the other two groups (p<0.05). Multiple lo-
gistic regression showed that a higher AHI (p<0.001; odds ratio, 1.512; 95% confidence inter-
val, 1.020-1.812) was independently predictive of little REM sleep. The titration success rate
was lower in the little-REM-sleep group than in the normal-REM-sleep group (p=0.038).

Conclusions The AHI is higher and the success rate of CPAP titration is lower in OSA pa-
tients with little REM sleep than those with normal REM sleep.

Key Words polysomnography, obstructive sleep apnea, apnea-hypopnea index, REM sleep,
continuous positive airway pressure.

INTRODUCTION

Obstructive sleep apnea (OSA) is a very common condition characterized by recurrent epi-
sodes of complete or partial obstruction of the upper airway.! OSA causes intermittent hy-
poxemia, hypercapnia, microarousals, and fragmented sleep.>* These consequences of OSA
have adverse effects on the cardiovascular system,** even when the OSA is only mild.**
OSA is thought to be independently associated with hypertension, stroke, and cardiovas-

. cular mortality.”"" The risk factors for OSA include high body mass index (BMI), male sex,
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the severity of the OSA. However, no previous study has fo-
cused on the impact of clinical or polysomnographic factors
on the alteration of the proportion of REM sleep. The exact
relationship between the proportion of REM sleep and sleep
quality and the severity of OSA remains largely unexplored.

We used polysomnography (PSG) to examine the propor-
tion of REM sleep in patients who were diagnosed with OSA.
The patients were divided into the following three groups
according to their percentage of REM sleep: little REM sleep,
normal REM sleep, and excessive REM sleep. This study aimed
to differentiate the clinical and polysomnographic charac-
teristics of these three groups and determine the features of
the little-REM-sleep group.

METHODS

Subjects

We screened individuals who underwent PSG at the Bora-
mae Hospital of Seoul National University between June
2007 and March 2014. The chief complaint of all of these pa-
tients was sleep-disordered breathing, including snoring,
shortness of breath, or observed apnea during sleep. We ob-
tained a detailed sleep history, past medical history (includ-
ing medications), and family history, and performed a phys-
ical examination, including determining the BMI. Of the 1,141
subjects who completed overnight PSG, 239 (21%) patients
were excluded due to following reasons: 174 had an insufhi-
cient total sleep time (TST; <4 hours) during the study night,
and 65 (6%) patients used REM suppressants such as tricy-
clic antidepressants or selective serotonin-reuptake inhibitors.
Approval for this study was obtained from the institutional
review board at the Boramae Hospital of Seoul National Uni-
versity (IRB No. 26-2016-70). We obtained a written informed
consent for participation in this study from each patient or
his/her legal representative.

Overnight PSG and continuous positive airway
pressure titration

Subjective daytime sleepiness was measured with the Ep-
worth Sleepiness Scale (ESS) and Stanford Sleepiness Scale
(SSS). The Pittsburgh Sleep Quality Index (PSQI) was used
to measure the quality and disturbances of sleep during the
last month wherein a total score of greater than 5 indicated
poor sleep quality.”” The subjects were asked not to drink al-
cohol or caffeinated beverages and to go to sleep and wake
up at their habitual hours for a week before the study. The
sleep studies were recorded with Twin-PSG software (Natus
Neurology Incorporated, West Warwick, RI, USA). Over-
night PSG was performed with a six-channel electroenceph-
alogram (F3/A2, F4/A1, C3/A2, C4/A1, O1/A2, and O2/Al),
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a four-channel electrooculogram, an electromyogram (sub-
mental and anterior tibialis muscles), and an electrocardio-
gram with surface electrodes. A thermistor, nasal air pressure
monitor, oximeter, piezoelectric bands, and body position
sensor were also attached to the patients. The sleep architec-
ture was analyzed in 30-s epochs, and sleep staging was scored
according to the standard criteria of Rechtschaffen and Kales.
The apnea and hypopnea events were scored, and the AHI
was calculated for each patient.” Obstructive apnea was de-
fined as a reduction in airflow of 90% or more lasting for at
least 10 s, during which there was evidence of persistent re-
spiratory effort. Hypopnea was defined as a reduction in air-
flow of 30% or more lasting for at least 10 s and accompanied
by a decrease in oxygen saturation (SpO.) of 4% or greater
compared with the pre-event baseline. The time for which the
blood SpO, was below 90% was estimated. Overnight con-
tinuous positive airway pressure (CPAP) titration was per-
formed on another night, and the optimal pressure was esti-
mated according to the clinical guideline for manual titration
of a positive airway pressure.”’ We regarded the CPAP titra-
tion as successful when the AHI was <50% of baseline and
<10 events/hour.”?

Statistical analysis

The subjects in this study were divided into the following
three groups according to their proportion of REM sleep dur-
ing the TST: little REM sleep (REM sleep <20% of TST), nor-
mal REM sleep (20-25% of TST), and excessive REM sleep
(>25% of TST).” All of the continuous quantitative variables
are presented as meantSD values. The differences in continu-
ous variables between three groups were assessed by one-way
analysis of variance with adjustments for multiple compari-
sons made using post-hoc analyses with Bonferronis correc-
tion. A multiple logistic regression was applied to further eval-
uate certain factors in the little-REM-sleep group. Variables
that were significant (p<0.05) in the preliminary univariate
analyses and those previously reported as significant were in-
cluded in the multivariate analysis. Additionally, partial corre-
lation analysis was applied to the variables after controlling
confounding factors. All of the analyses were performed with
the SPSS statistical software (version 19.0, IBM Corporation,
Armonk, NY, USA). Probability values less than 0.05 were
considered indicative of statistical significance.

RESULTS

Clinical and polysomnographic data

In total, 902 patients with sleep-disordered breathing were
enrolled in the study, comprising 684 (76%) men and 218
(24%) women. The age and BMI of the patients were 47.9+
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Table 1. Baseline characteristics of the groups with different proportions of REM sleep

Variables Little REM sleep group Normal REM sleep group Excessive REM sleep group p
Subjects, No. 461 264 177
Age, years, mean=SD 475%17.0 47.7%15.2 49.0+14.1 NS
Female, No. (%) 111 (24.1) 67 (25.4) 40 (22.6) NS
BMI, kg/m? mean+SD 25.5+46 249438 247432 NS
ESS score, meanSD 74153 7.4£5.0 8.015.6 NS
SSS score, mean+SD 27109 2.7+09 28+1.0 NS
Global PSQI score, mean=SD 8.6+3.6 8.2+3.1 9.1+46 NS
Caffeine, No. (%) 333(72.2) 197 (74.6) 127 (71.8) NS
Smoking, No. (%) 111 (24.1) 83 (31.4) 55(31.1) NS
Alcohol, No. (%) 224 (48.6) 133 (50.4) 99 (55.9) NS

Post-hoc analysis with Bonferroni's comparison was used for statistics.
BMI: body mass index, ESS: Epworth sleepiness scale, No.: number, NS: not significant, PSQI: Pittsburgh Sleep Quality Index, REM: rapid eye move-
ment, SD: standard deviation, SSS: Stanford sleepiness scale.

Table 2. Polysomnographic data of the groups with different proportions of REM sleep

PSG variabl Little REM sleep group Normal REM sleep group Excessive REM sleep group
variables
(mean%SD) (mean%SD) (meanzSD)
TST, min 344.7+50.6* 35851555 37201502
N1 sleep, % 17.7+£13.8" 13.7£10.6 10.4£7.5
N2 sleep, % 479+12.3" 4431101 423192
N3 sleep, % 20.0£12.3 19.9+10.2 18.2+9.4
REM sleep, % 14.4+4.3* 223+14 289129
Sleep latency, min 12.8+19.0* 11.91£18.4 8.9+10.8
REM sleep latency, min 1433+74.2* 100.5+£50.0 87.3148.3
Sleep efficiency, % 80.1+£10.8*" 83.1+10.1 85.118.7
Arousal index, events/h 28.8+25.3* 23.3+189 20.0+17.9
PLMS index, events/h 6.2+19.2 54+154 9.0+21.7
RDI, events/h 26.6+24.5%" 20.6+19.0 1701189
AHI, events/h 22.1£24.4** 16.7£19.0 12.8+17.2
AHI during NREM sleep 22.1425.4% 16.4121.4 11.4+17.9
AHI during REM sleep 22.3%22.5% 19.8£20.5 15.8£18.0
Supine AHI, events/h 29.7+29.5' 25.6+25.4 20.6+23.7
Supine AHI during NREM sleep 29.3+30.6" 2411263 18.81£25.0
Supine AHI during REM sleep 27.3%27.1 28.7£273 26.7£25.7
Lateral AHI, events/h 11.2421.7% 6.6+£14.3 481124
Lateral AHI during NREM sleep 11.0+22.7% 5.6£13.6 431126
Lateral AHI during REM sleep 10.7£19.6 8.4%16.9 5.6£12.8
Supine position, % of TST 62.3127.0 58.8+27.7 59.5+28.2
Apnea index, events/h 10.4£17.2*" 73%123 53111
Mixed apnea index, events/h 0929 1.0x3.8 0.9+4.2
Hypopnea index, events/h 10.6+12.6* 8.118.2 6.218.6
RERA, events/h 3.7£50! 40t4.4 26127
Longest apnea, sec 30.6%£29.6 3241279 28.6122.4
Lowest oxygen saturation, % 78.8+17.9% 82.1£1.1 83.1£12.2
Time below 90% SpO0,, % 18.7+£28.5* 13.4+23.2 11.0+£223

*Significant difference compared with Normal REM sleep group (p<0.05, post-hoc analyses with Bonferroni's), *Significant difference compared with
Excessive REM sleep group (p<0.05, post-hoc analyses with Bonferroni's).

AHI: apnea-hypopnea index, NREM: non-REM, PLMS: periodic limb movement during sleep, PSG: polysomnography, RDI: respiratory disturbance
index, REM: rapid eye movement, RERA: respiratory effort-related arousal, SD: standard deviation, SpO.: oxygen saturation, TST: total sleep time.
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15.9 years and 25.214.1 kg/m? respectively. The ESS, SSS,
and PSQI scores were 7.515.2, 2.7£0.9, and 8.6+3.7, respec-
tively. Age, sex, BMI, and the scores in the questionnaires
did not differ significantly among the three groups. Table 1
summarizes the clinical demographics in each group.

In PSG, the TST was 354.1+53.0 min, AHI was 18.7£22.0
events/hour, and the respiratory disturbance index was 22.9%
22.3 events/hour. The AHI was significantly higher in the
little-REM-sleep group (22.1+24.4 events/hour) than in the
normal- and excessive-REM-sleep groups (p=0.004, p<0.001).
The AHIs in the supine and lateral positions were signifi-
cant higher in the little-REM-sleep group than in the other
groups (Table 2). The little-REM-sleep group showed a sig-
nificant reduction of the lowest SpO, and an increased time
for which the SpO, was below 90% compared to other groups.

Table 4. Univariate logistic regression results of the relationship of
little REM sleep and variables in patients with OSA

Variables Odds ratio 95% Cl p
Men 1.004 0.740-1.363 0.978
Age 0.997 0.989-1.005 0.507
Caffeine 1.015 0.754-1.366 0.922
Smoking 1.216 0.812-1.656 0.160
Alcohol 1.176 0.905-1.528 0.226
BMI 1.038 1.005-1.073 0.025
ESS 0991 0.967-1.016 0.486
SSS 0.985 0.854-1.135 0.831
psal 0.999 0.964-1.036 0.976
TST 0.993 0.990-0.996  <0.001
AHI 1.436 1.021-1.750 <0.001
REM AHI 1.309 1.103-1.516 0.004
NREM AHI 1315 1.109-1.521 <0.001
Supine AHI 1.452 1.015-1.765 <0.001
Lateral AHI 1.412 1.018-1.652 <0.001
Supine position, % of TST 1.004 0.999-1.009 0.079
Time below 90% SpO, 1.021 1.014-1.135 <0.001
PLMS 0.998 0.991-1.005 0.625

AHI: apnea-hypopnea index, BMI: body mass index, Cl: confidence
interval, ESS: Epworth Sleepiness Scale, NREM: non-REM, OSA: ob-
structive sleep apnea, PLMS: periodic limb movements during sleep,
PSQI: Pittsburgh Sleep Quality Index, REM: rapid eye movement,
Sp0.: oxygen saturation, SSS: Stanford Sleepiness Scale, TST: total
sleep time.

Table 5. Multivariate logistic regression of risk factors of little REM
sleep in patients with OSA

Variables Odds ratio 95% Cl p
Age 0.997 0.989-1.005 0.483
BMI 1.009 0.973-1.046 0.633
AHI 1.512 1.020-1.812 <0.001
Supine position 1.003 0.998-1.272 0.180

AHI: apnea-hypopnea index, BMI: body mass index, Cl: confidence in-
terval, OSA: obstructive sleep apnea, REM: rapid eye movement.
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The little-REM-sleep group had a significantly lower sleep
efficiency and higher arousal index (p<0.001). The propor-
tion of time spent in a supine position during the study night
did not differ significantly among the three groups.

Descriptive features according to sex

In all three groups the women were older than the men
(p<0.001). The BMI was significantly higher in men than in
women in the little- and normal-REM-sleep groups. Men
had higher AHI, longest apnea, and prolonged time below
90% SpO: in all three groups. In addition, the AHI was sig-
nificantly higher in the little-REM-sleep group than in the
other two groups in both sexes. Arousals were more frequent
in men than in women. The detailed information is present-
ed in Table 3.

Factors associated with little REM sleep

The clinical variables and PSG data were evaluated in order
to determine whether they were related to patients with OSA
and little REM sleep. Higher BMI and AHI values were sig-
nificantly related to little REM sleep in univariate logistic
regression (p=0.025 and p<0.001, respectively). In consid-
eration of the sleep position (supine or lateral) and sleep state
(REM or NREM sleep), higher AHI was significantly pre-
dictive of little REM sleep. A short TST was also significant-
ly related to little REM sleep (p<0.001).

Table 4 summarizes the results from univariate logistic
regression models that estimated the risk of a decrease in
the proportion of REM sleep in patients with OSA. We per-
formed a multivariate analysis of the predictive factors that
were found to be significant in the univariate analysis. Re-
duced TST and reduced REM sleep, increased AHI as a total,
and increased AHI in NREM sleep seemed to be codepen-
dent variables. In the multiple logistic regression, codepen-
dent variable overlap was avoided. The multiple logistic re-
gression showed that a higher AHI (p<0.001; odds ratio,
1.512; 95% confidence interval, 1.020-1.812) was indepen-
dently predictive of little REM sleep. Sleep position in pa-
tients with OSA had no predictive value for the reduction of
REM sleep. The detailed results of the multivariate logistic
regression are presented in Table 5. The partial correlation
analysis produced similar results. AHI was negatively corre-
lated with the proportion of REM sleep after adjusting con-
founding factors including BMI, age, and sleep position.

Treatment response to CPAP titration

Moderate-to-severe OSA was present in 193 of the 461 pa-
tients in the little-REM-sleep group. Thirty patients underwent
overnight CPAP titration, of which 21 (70%) completed CPAP
titration successfully with an optimal pressure (Table 6). Mod-



Table 6. Success rate of CPAP titration
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CPAP titration Little REM sleep group (n=30) Normal REM sleep group (n=21) p
Success, No. (%) 21 (70) 20 (95) 0.038
Failure, No. (%) 9 (30) 1(5) 0.038
Optimal pressure, mean+SD 10.3£3.1 98124 NS

CPAP: continuous positive airway pressure, No.: number, NS: not significant, REM: rapid eye movement, SD: standard deviation.

erate-to-severe OSA was also present in 95 of the 264 patients
in the normal-REM-sleep group. Twenty of the 21 (95%) sub-
jects successfully completed CPAP titration with an optimal
pressure. The titration success rate was lower in the little-
REM-sleep group than in the normal-REM-sleep group
(p=0.038). There was no significant difference in the optimal
pressure between the little- and normal-REM-sleep groups.

DISCUSSION

This study found distinct features in patients with OSA who
had little REM sleep. These patients showed a significantly in-
creased AHI. We applied multiple logistic regression models
and a partial correlation analysis to determine the indepen-
dent factors related to the diminished REM sleep. The follow-
ing potential confounding factors were adjusted: age, sex, caf-
feine intake, smoking status, alcohol intake, BMI, and sleep
parameters. To the best of our knowledge, this is the first study
to focus on the proportion of REM sleep and to estimate pre-
dictive factors of little REM sleep in patients with OSA.

The muscle tone of the upper airway is usually thought to
be suppressed more during REM sleep than during NREM
sleep. Previous studies have found that longer durations of
apnea and larger decreases in SpO, occurred more often after
apnea events in REM sleep than in NREM sleep.”** During
REM sleep, cholinergic-system-mediated inhibition of the
hypoglossal nerve may suppress the genioglossus muscle
tone, potentially increasing the collapsibility of the upper
airway.”>*® Decreased upper airway muscle activation, im-
paired genioglossus reflex responsiveness to negative pres-
sure, and reduced chemosensitivity are potential explana-
tions for the worsened apnea during REM sleep. Some studies
have suggested that OSA patients are more likely to have
higher AHI during NREM sleep than during REM sleep.'¢'®
However, the present consensus is that OSA is worse in REM
sleep than in NREM sleep.">**?” The subjects in our little-
REM-sleep group showed a higher AHI and larger decreas-
es in SpO, compared with patients in the other two groups.
Our findings suggest that the decreased exposure time to
REM sleep might be a compensatory mechanism to reduce
the severity of the apnea events or a pathologic process it-
self, especially in patients with higher AHIs. This plausible
hypothesis of reduced REM sleep being an adaptation to

severe OSA is supported by the phenomenon of REM sleep
rebound after applying CPAP*

Patients in our little-REM-sleep group demonstrated more
severely fragmented sleep as well as more sleep-disordered
breathing compared with patients in the other two groups.
This phenomenon was also found when each sex was ana-
lyzed separately. Men showed a worse status of sleep frag-
mentation and sleep-disordered breathing compared to wom-
en in all REM sleep groups. The severity of OSA was worse
in both men and women who experienced little REM sleep.
Given that the women in the three REM sleep groups were
much older than the men, it seems likely that the differences
in sleep parameters could be due to sex-related differences
rather than to age-related differences.

A previous study involving 99 obese patients showed that
a reduction in the proportion of REM sleep was best predict-
ed by an increased BML* However, the reduction of REM
sleep was not significantly correlated with OSA severity in
that study. The present study involved a larger sample of 492
obese and 410 nonobese subjects, and regression models
and partial correlation analysis were applied to determine
the factors related to the decreased proportion of REM sleep
in the patients with OSA. Higher BMI, higher AHI, and lon-
ger time below 90% SpO, were significantly associated with
little REM sleep in a univariate regression analysis. Further-
more, we analyzed the predictive value of AHI for the reduc-
tion of REM sleep according to various combinations of
sleep stage (REM and NREM) and position (supine and lat-
eral). In all situations, increased AHI had a robust impact
on little REM sleep. However, sleep position did not affect
the REM sleep reduction. To estimate the independent ef-
fect of AHI on the proportion of REM sleep, codependent
variables associated with AHI and REM sleep were avoided
in multivariate analysis. TST, sleep efficiency, and arousal
index were considered as codependent variables. Despite
the reduced TST in the little-REM-sleep group, the habitual
sleep time reported in the sleep questionnaires did not dif-
fer significantly between the three groups, being 6.3+2.1,
6.1£1.8, and 6.1+1.7 hours in the little-, normal-, and exces-
sive-REM-sleep groups, respectively. The first-night effect
during the PSG study is a possible reason for this discrep-
ancy. Among the possible candidates, a higher AHI was the
predictive factor for the reduction of REM sleep. Unlike a
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previous study,” BMI after adjusting for AHI was not associ-
ated with the proportion of REM sleep in the present study,
which could be due to the BMI being lower in Asian than in
Western populations. Our results suggest that worse sleep
apnea could decrease the proportion of REM sleep, but BMI
and sleep position might not affect the REM sleep reduction.

Nasal CPAP therapy has been the most effective and gen-
erally used treatment for OSA.” However, 25% to 50% of
patients with OSA reportedly either refuse to try or fail to
maintain CPAP therapy.”' Some patients show a poor thera-
peutic response to CPAP treatment, either without symptom
improvements or without reductions in overall respiratory
events. The success rate of CPAP titration was significantly
lower in our OSA patients who experienced little REM sleep
than in those who experienced normal REM sleep. This
present finding suggests that the small proportion of REM
sleep in the baseline PSG is a reason for the poor effective-
ness in the CPAP treatment.

The amount of REM sleep is significantly positively corre-
lated with the formation and performance of procedural
memory.” In an animal study, rats showed greater memory
retention and behavioral performance on memory-requiring
tasks after they experienced an increased amount of REM
sleep.® Another study involving rats found that decreased
REM sleep seemed to impair the performance of complex
memory tasks.* In the theories based on human studies,
sleep stages play different roles in memory.*>*® REM sleep has
been associated with the consolidation of nondeclarative
memories such as procedural skills and emotional memories,
whereas slow-wave sleep has been closely related to hippo-
campus-dependent declarative memories (episodic and se-
mantic memories). A recent study demonstrated that REM
sleep had a role in the consolidation of spatial navigational
memory in human subjects, and that apnea-induced disrup-
tion of REM sleep had a negative effect on cognition.” This is
an additional reason why patients with OSA—especially those
who experience little REM sleep—should be treated.

In conclusion, the AHI is higher in OSA patients with little
REM sleep than in those with normal REM sleep. OSA pa-
tients with little REM sleep also tend to have a lower arousal
threshold, which predisposes them to disrupted and frag-
mented sleep. Furthermore, the success rate of CPAP titration
was significantly lower in the little-REM-sleep group than in
the normal-REM-sleep group in the present study. Clinicians
need to be aware of and also be able to identify these unique
features of patients with little REM sleep in order to ensure
good clinical practices.
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