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SCIENTIF IC INVESTIGATIONS

REM-related obstructive sleep apnea: when does it matter? Effect on motor
memory consolidation versus emotional health
Ina Djonlagic, MD1,2; Meng Guo, MD1,3; Moroke Igue, BS1; Atul Malhotra, MD4; Robert Stickgold, PhD2

1Department of Neurology, Beth Israel Hospital and Harvard Medical School, Boston, Massachusetts; 2Center for Sleep and Cognition, Department of Psychiatry, Beth Israel
Hospital and Harvard Medical School, Boston, Massachusetts; 3Department of Plastic Surgery, Medical College of Wisconsin, Milwaukee, Wisconsin; 4Division of Pulmonary,
Critical Care and Sleep Medicine, University of California San Diego, La Jolla, California

Study Objectives: The clinical importance of obstructive sleep apnea, which can be prevalent during rapid eye movement (REM) sleep, is unclear. The current
study examines the effect of REM-related obstructive sleep apnea on motor memory consolidation as well as on mood states.
Methods:We compared performance on the motor sequence task (MST), psychomotor vigilance test (PVT), Functional Outcomes of Sleep Questionnaire, and
the Profile of Mood State (POMS) survey between 3 groups: healthy controls (n = 18), REM-exclusive OSA (n = 17), and patients with OSA with respiratory events
throughout REM and non-rapid eye movement (NREM) sleep (n = 18).
Results: As expected, performance on the MST improved overnight in the healthy control group. An improvement which was similar in magnitude was also
observed in the REM-exclusive OSA group whereas patients with similar OSA during REM and NREM sleep showed reduced overnight memory consolidation.
Consistent with these results, we found a correlation between overnight MST improvement and the apnea hypopnea index during NREM sleep (P =.041), but not
during REM sleep (P =.424). However, patients with REM-exclusive apnea demonstrated the most negative emotions based on scoring highest on the POMS
survey (P = .019).
Conclusions: Our results provide evidence that although apneas occurring only during REM sleep do not have an effect on the encoding and stabilization of
motor sequence memories, they are deleterious for emotional health.
Keywords: emotional help, lung, OSA, REM sleep, sleep-dependent memory consolidation
Citation:Djonlagic I, GuoM, IgueM, Malhotra A, Stickgold R. REM-related obstructive sleep apnea: when does it matter? Effect on motor memory consolidation
versus emotional health. J Clin Sleep Med. 2020;16(3):377–384.

BRIEF SUMMARY
CurrentKnowledge/StudyRationale:The clinical significance of obstructive sleep apnea, which can occur exclusively or predominantly duringREMsleep
remains unclear and due to lack of consensus, patients with this condition remain largely untreated. This study was designed to demonstrate the distinctive
effect of REM-related OSA on mood states compared to motor memory consolidation.
Study Impact: Although consolidation of motor memories remains unaffected, our results demonstrate a link between REM-related OSA and emotional
health. This effect on outcome measures of emotional regulation provides support for approaching REM-related OSA as a distinct clinical entity and serves
as an incentive to develop better diagnostic criteria and consider separate treatment guidelines.

INTRODUCTION

Although sleep apnea is often more pronounced during
rapid eye movement (REM) sleep, the term “REM-related”
sleep apnea has been used to label sleep-disordered breath-
ing, which is either significantly worse or exclusively present
during REM sleep. The prevalence of REM-related sleep
apnea is thought to range from 14% to 37% among patients
referred for sleep evaluation and was found to have an es-
timated prevalence of 40% in a middle- to older-age pop-
ulation sample.1,2 Fluctuations of physiologic variables are a
characteristic of REM sleep; however, REM sleep is also a
period of vulnerability for an increased tendency of upper
airway collapse due to diminished genioglossus activity sec-
ondary to the cholinergic mediated inhibition of hypoglossal
motor output.3,4

This notion has raised the questions (1) to what extent
fluctuations in tidal volume area physiologic feature of REM
sleep and when do they transition into a respiratory disease
requiring therapy and (2) whether we are dealing with a REM-
state specific disorder or just a segment of the spectrum of
sleep-disordered breathing, as REM-related apnea has been
associated with milder disease and female sex.5,6

Outcomestudies focusingondaytime sleepiness andqualityof
life in patients with REM-related obstructive sleep apnea (OSA)
have not found a consistent association,whereas studies focusing
on cardiometabolic outcomes have found links with incident hy-
pertension, impaired glucose metabolism, and worsening of pre-
existingcardiovasculardisease.7–14Currently, the specific clinical
importance of REM-related OSA continues to be unclear and
thus treatment recommendations in the absence of non-rapid
eye movement (NREM) OSA remain to be determined.
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REM sleep has been known to be altered in depression
and although several studies have pointed to OSA modu-
lating mood symptoms, particularly major depressive dis-
orders and increasing psychological distress, it remains
unknown whether REM-related OSA would also result in
mood alterations.15,16

Experimental manipulations of REM sleep in healthy
humans by means of REM sleep deprivation or pharmacologic
manipulation have demonstrated no decreases in procedural or
declarative memory performances.17,18 Specifically overnight
improvement onmotor tasks, such as a sequentialfinger-tapping
task, has been shown to be predicted by the amount of N2-
NREM sleep during the latter portion of the night.19,20

To support further the state-specific nature of NREM sleep to
the consolidation of motor skill learning, we sought to test the
hypothesis that OSA confined mainly to REM sleep does not
impair motor memory consolidation and that observed deficits
would be a function of disruptedNREMsleep.Based on the lack
of studies investigating the effect of REM-related apnea on
mood states we also tested the hypothesis that REM-related
OSA will alter self-reported mood states as measured by the
Profile of Mood State (POMS) questionnaire.

METHODS

Participants
We recruited 53 right-handed men and women, ages 25 to
70 years, from a local sleep clinic. All participants had been
referred for overnight polysomnography (PSG). After PSG,
participants were subdivided into three groups: healthy controls
(HC, n = 18), REM-exclusive OSA (REM-OSA, n = 17), and
thosewith respiratory events throughoutREMandNREMsleep
(REM/NREM OSA, n = 18). In order to qualify for the REM-
exclusive group, based on previous literature the following a
priori criteria were required to estimate precisely the severity of
disordered breathing during REM sleep by using a combination
of REM/NREM-apnea-hypopnea index (AHI) ratio, time spent
in REM sleep, and OSA severity: AHI-REM/AHI-NREM
ratio ≥ 2, AHI-NREM < 5 events/h, AHI-REM > 5 events/h
with a minimum amount of 30 minutes REM sleep per
recording.9 Those participants in the REM/NREM-OSA group
were required to have an AHI-REM/AHI-NREM ratio ≤ 2 and
an AHI > 15 events/h based on larger outcome studies and to
focus on clinically significant OSA.21 Patients, who had been
referred for a sleep study, but were found to have no significant
sleep-disordered breathing, were assigned to the control group.

Exclusion criteria
Subjects were excluded if they (1) were found to have a periodic
limb movement index > 15 events/h based on PSG, (2) had a
central sleep apnea index > 5 events/h, (3) had another diag-
nosed sleep or circadian disorder, (4) had a history of alcohol,
narcotic, or other drug abuse, (5) had a history of a medical,
neurologic, or psychiatric disorder (other than OSA and treated
hypertension) that could influence excessive daytime sleepi-
ness, (6) used medications known to have an effect on sleep and
daytime vigilance (eg, psychoactive drugs or medications,

sedatives or hypnotics, including selective serotonin reuptake
inhibitors), or (7) were left-handed.

Study design
In the evening, participantsfirst performed a5-minute versionof
the psychomotor vigilance task (PVT). The PVT objectively
measures sustained attention and reaction time and has been
shown to be sensitive to sleep deprivation, partial sleep loss, and
circadian variation in performance, allowing us to control for
differences in attention between groups.22,23 During the task,
participants are asked to push a button as fast as they can
whenever they see a small (3 mm high, 4 digits wide) LED
millisecond clock begin counting up from 0000. Pressing the
button stops the digital clock, allowing the person 1.5 seconds to
read the reaction time (RT). The interstimulus interval on the
task varies randomly from 2 to 10 seconds and complete task
duration can be either 5 minutes, as in our case, or 10 minutes.24

Following the PVT, participants were randomized to one of
two sequences of the motor sequence task (MST).19,25 During
the MST, people are asked to type repeatedly a five-digit se-
quence on a standard computer keyboardwith their nondominant
(left) hand. The specific sequence to be typed is displayed on the
computer screen at all times. Typing is performed in 30-second
trials separated by 30-second rest periods. Training and retest
each include 12 trials. DespiteMST randomization prior to group
assignment, MST sequences A and B were equally balanced
across all three groups (sequence A, healthy control patients:
54%, REM-exclusive OSA: 46%, REM/NREM-OSA: 59%).
Participants then filled out several questionnaires including the
POMS questionnaire (score range: 0 to 260, higher scores in-
dicate less stable mood profiles), Functional Outcomes of Sleep
Questionnaire (FOSQ; score range: 2–120, higher scores indi-
cate better functional status), Beck Depression Inventory (range:
0 to 63, higher scores indicate greater symptom severity),
Epworth Sleepiness Scale (score range 0–24, higher scores in-
dicate higher sleep propensity) and Stanford Sleepiness scale
(score range 1–7, higher scores indicate more self-reported
sleepiness) and subsequently spent the night in the laboratory
where they underwent standard sleep recording.26–29 The fol-
lowing morning, they repeated the PVT and were tested on the
MST sequence from the evening before. As learning the motor
sequence task is sequence specificwith no transfer of learning to
new sequences, participants then trained on a new MST se-
quence after a 10-minute break, allowing us to control for time-
of-day effects on motor sequence learning and performance.20

Polysomnography
Standard overnight PSG recording and data interpretation were
performed in accordance with the American Academy of Sleep
Medicine scoring manual.30,31 Recordings included standard
electroencephalogram leads (F1, F2, C3, C4, O1, and O2), as
well as bilateral electrooculogram, submental electromyogram,
bilateral anterior tibialis electromyogram, and standard elec-
trocardiogram electrodes. We also recorded nasal/oral airflow
(thermistor), nasal pressure (Validyne transducer), chest plus
abdominal wall motion (piezo electrodes), and oxygen satu-
ration. All studies were scored by a registered PSG technologist
blind to participant identification. For calculating the AHI,
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hypopneas were defined as abnormal respiratory events lasting
at least 10 seconds and associated with at least a 30% reduction
in respiratory effort or airflow along with either an oxygen
desaturation > 3% or an arousal lasting ≥ 10 seconds.

Statistical analysis
One-way analysis of variance (ANOVA) was performed to
compare demographic, questionnaire, and PSG-derived sleep
data. In case of significance thiswas followed post hoc byTukey
honestly significant difference (HSD) tests. Logistic regression
analyses were performed to examine the correlation of sleep-
related parameters with outcome measures. The main MST
performance measure was the number of correctly typed se-
quences per 30-second trial, thus reflecting both speed and
accuracy. Overnight MST improvement was calculated as
percent change in performance speed (correct sequences per
30-second trial) for initial and plateau improvement taking
into account the characteristic performance curves over the 12
training trials and 12 test trials [initial improvement = percent
increase in performance from the last three training trials in the
evening to the first three test trials in the morning, and plateau
improvement = percent improvement from the last 6 training
trials in the evening to the last 6 test trials in the morning].

Statistical analysiswas performed using Stata (StataCorp 2013,
Stata Statistical Software: Release 13, StataCorp LP, College
Station, Texas). A value of P < .05 was considered significant.
Variability is expressed as standard error of the mean.

Ethics statement
All participants provided written informed consent. The study
was approved by the Partners’ Institutional Review Board.

RESULTS

Demographic and polysomnographic data
Demographic and polysomnographic characteristics of the
three groups are shown in Table 1. Among the three groups,
there was no significant difference in age or bodymass index.
Measures of sleep architecture including total sleep time,
sleep efficiency, and sleep stage distribution did not show
significant differences. ANOVA among the three groups
yielded significant differences for overall AHI (P < .001),
NREM-AHI (P < .001) and REM-AHI (P < .001). Group
differences were not determined by positional dependency
of OSA. Post hoc Tukey HSD comparisons revealed sig-
nificant differences for the REM-OSA and NREM/REM-
OSA group comparisons of AHI (P < .002) and NREM-AHI
(P < .001) as well as for the healthy control and NREM/REM-
OSA group comparisons of AHI and NREM-AHI (both P <
.001). For the REM-AHI, there were significant differences
between the healthy control and NREM/REM-OSA groups
(P = .004) and healthy control and REM-OSA groups (P = .006)
comparisons but not for the comparison of the two OSA groups
(P = .996). Significant group differences were also found for
the arousal index (P < .001) with the post hoc Turkey HSD
showing that only healthy control patients and patients with
NREM/REM-OSA differed significantly (P = .007).

There was also a significant difference for the oxygen
nadir among the three groups (P = .041) with Tukey HSD
post hoc paired comparisons revealing a significant differ-
ence only between the healthy control and REM-OSA groups
(P = .043) but not the comparison of healthy control and

Table 1—Demographic and polysomnographic characteristics of the three groups.

Control Patients
(n = 18)

NREM/REM-OSA
(n = 18)

REM-OSA
(n = 17) P

Age (years) 36.2 ± 2.8 37.5 ± 3.0 37.2 ± 3.6 .957

Sex, female, n (%) 8 (44.4) 7 (39.0) 7 (41.2) .693

BMI (kg/m2) 26.4 ± 1.5 33.8 ± 1.3 31.8 ± 2.7 .148

TST (minutes) 344.3 ± 18.1 320.3 ± 9.6 365.4 ± 14.6 .074

Sleep efficiency (%) 83.9 ± 4.2 82.2 ± 2.7 79.1 ± 4.1 .663

Stage N1 sleep (%TST) 7.81 ± 1.8 9.6 ± 1.3 6.0 ± 1.8 .189

Stage N2 sleep (%TST) 62.0 ± 3.3 60.0 ± 1.4 64.4 ± 2.4 .415

Stage N3 sleep (%TST) 9.3 ± 2.5 12.2 ± 1.8 9.8 ± 1.4 .285

Stage R sleep (%TST) 20.9 ± 2.2 18.1 ± 1.3 20.2 ± 2.1 .256

AHI total (events/h) 3.0 ± 0.7 17.8 ± 2.0 6.0 ± 1.2 < .001* ‡

AHI NREM (events/h) 3.4 ± 0.7 17.4 ± 1.9 3.3 ± 0.3 < .001* ‡

AHI REM (events/h) 3.7 ± 0.6 18.7 ± 3.6 19.1 ± 3.6 < .001* †

Oxygen nadir (%) 91.6 ± 0.6 87.8 ± 0.9 86.8 ± 2.1 .041†

Arousal index (events/h) 16.2 ± 1.7 24.5 ± 1.7 18.8 ± 2.0 < .001*

PLMS index (events/h) 1.0 ± 0.6 2.9 ± 0.9 1.7 ± 0.9 .263

Values are presented as mean ± standard error of the mean. P represents results of analysis of variance across the three groups for each measure. Symbols
indicate significant pairwise comparisons: *control patients versus NREM/REM-OSA; †control patients versus REM-OSA; ‡NREM/REM-OSA versus REM-
OSA. AHI = apnea-hypopnea index, BMI = body mass index, NREM = non-rapid eye movement, OSA = obstructive sleep apnea, PLMS = periodic limb
movements of sleep, REM = rapid eye movement, TST = total sleep time.
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REM/NREM-OSA groups (P = .131) or the NREM/REM-OSA
and REM-OSA group comparison (P = .859).

Motor sequence task
Practice-dependent improvement during the initial evening
training session is measured as the increase in correctly typed
sequences from the first two trials to the average of the last three
trials of the evening training session. All three groups dem-
onstrated improvement across the 12 initial learning trials in the
evening. Healthy control patients improved by 74% ± 9%, the
NREM/REM-OSA group by 51% ± 8% and the REM-OSA
group by 55% ± 18% (Figure 1).

As previously published, we calculated two measures of
overnight improvement: (1) immediate improvement, which is
the percent increase in performance from the last three training
trials in the evening to the first three test trials in the morning,
and (2) plateau improvement, which is the percentage of im-
provement from the last six training trials in the evening to the
last six test trials the following morning.

The overall ANOVA showed significant differences in MST
performance improvement for immediate (P= .012) and plateau
improvement (P = .009). Healthy control patients showed a
10.9% ± 2.8% increase for immediate improvement and 21.8%
± 5.2% for plateau improvement. An improvement similar in
magnitudewas also observed in the REM-exclusiveOSAgroup
with 11.5% ± 4.7% and 22.0% ± 3.6% respectively (post hoc
Tukey HSD, P [immediate improvement] = .25, P [plateau
improvement] = .99). In contrast, patients with REM/NREM-
OSA had only a 4.4% ± 2.9% overnight immediate improve-
ment (post hoc Tukey HSD, P [versus healthy control patients]
= .008), P [versus REM-OSA] = .34) and 8.9 ± 1.2 plateau

improvement (post hoc Tukey HSD, P [versus healthy control
patients] = .025), P [versus REM-OSA] = .023) (Figure 2).

Overnight MST improvement correlated with NREM-AHI
(P = .041), but not REM-AHI (P = .424). Overnight learning
improvement was not associated with arousal index (P = .583)
or oxygen nadir (P = .502).

To assess if MST performance varied by time of the day,
we asked all participants to train on a new MST sequence in
the morning. All three groups showed very similar practice-
dependent performance for the new MST sequence (P = .94)
(Figure S1 in the supplemental material).

Questionnaire data
Therewere significant group differences between the total score
on the POMS questionnaire (P = .019; Table 2). Pairwise
comparisons found that the scores of the REM-OSA groupwere
significantly higher (more negative) than for healthy control
patients (P = .015). Group comparisons between the REM-OSA
and NREM/REM-OSA group did not reveal a significant dif-
ference (P = .538). Further subscale analysis revealed signifi-
cant differences between the three groups in the areas of tension
(P = .052), depression (P = .034), fatigue (P = .005) and
total mood disturbance [total mood disturbance = tension +
depression + anger + fatigue + confusion – vigor] (P = .002) and
a trend difference for vigor (P = .065; Figure 3 and Table S1 in
the supplemental material). There was a trend toward associ-
ation between POMS scores and REM-AHI (P = .061) and a
significant association between AHI-REM/AHI-NREM ratio
and POMS scores (P = .006).

Post hoc Tukey HSD revealed a significant difference be-
tween healthy control patients and the REM-OSA group for

Figure 1—Motor sequence test (MST) learning across 12 training trials in the evening and 12 test trials in the morning.

Healthy control participants (n = 18, blue squares), patients with rapid eye movement-exclusive obstructive sleep apnea (REM-OSA, n = 17, green diamonds)
patients with obstructive sleep apnea during non-rapid eye movement and REM sleep (NREM/REM OSA, n = 18, red triangles). Data points for each trial
represent the group average. The y-axes represent the number of correct sequences typed in each 30-second epoch.
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tension (P = .043), depression (P = .033), fatigue (P = .005), and
total mood disturbance (.002) but not vigor and confusion.
Differences in subscales between the REM-OSA and NREM/
REM-OSA group were present for fatigue (P = .030) and total
mood disturbance (P = .036) only.

For the Beck Depression inventory, we found no significant
differences between the three groups (P = .606). Furthermore,
no significant differences were observed for self-reported
sleepiness scales (Stanford Sleepiness Scale and Epworth
Sleepiness Scales) or for the FOSQ.

PVT data
In the evening, mean PVT reaction time for healthy control
patients was 383 ± 29msec (lapses 5.8 ± 2.1), for NREM/REM-
OSA 376 ± 28 msec (lapses 6.6 ± 2.5), and for REM-exclusive
OSA 367 ± 28 msec (lapses 5.0 ± 2.6), and the three groups
did not differ significantly (P [RT] = .475, P [lapses] = .892).
All groups showed slower reaction times in the morning but

again did not differ significantly (healthy controls = 436 ±
42msec [lapses 7.9 ± 2.4)]; NREM/REMOSA= 442 ± 37msec
[lapses 10.7 ± 3.3]; REM-exclusive OSA = 425 ± 66 msec
[lapses 8.0 ± 2.9] (P [RT] = .968, P [lapses] = .274).

DISCUSSION

Research has provided support for the role of specific sleep stages
in facilitating an optimal consolidation of various memories.32,33

Our study provides further proof thatNREMsleep fragmentation
is detrimental to overnight motor memory consolidation, but
that REM sleep fragmentation (and related OSA) is less critical.
All three groups showed practice-dependent improvement dur-
ing the evening training trials and when learning a new sequence
in the morning, suggesting that this finding is not due to a deficit
in initial encoding, but a subsequent consolidation process.

As all three groupswere similar in their rating of self-reported
sleepiness as well as PVT-derived assessment of attention and
vigilance in the evening and morning, there is supportive ev-
idence for a link between sleep apnea and memory impairment,
rather than poor MST performance being caused by general
OSA-induced sleepiness or reduced attention.

Correlative studies have found an association between REM
sleep and consolidation of procedural, spatial, and emotional
memories.34–38 However, pharmacologic suppression of REM
sleep has not resulted in a decrease of declarative or procedural
learning.18,39 Selectively isolating the effect of pharmacological
manipulation on REM sleep is challenging due to the state-
independent alterations of neurotransmitters by certain anti-
depressants, some ofwhich have been shown to have enhancing
effects on memory functions, particularly those that have been
shown to inhibit noradrenaline reuptake.40

Selective REM-deprivation studies have varied in results
depending onmemory tests applied but have been criticized due
to the simultaneous induction of additional arousal, emotional
irritation, and stress.41,42

Studying REM-related OSA offers an elegant noninvasive
way of assessing the effect of REM-specific sleep fragmenta-
tion. In our participants, similar REM AHIs were present in the
NREM/REM-OSA and REM-OSA group, ensuring that the
difference between the two apnea groupswas exclusively based
only on the apnea-related sleep disruption ratio betweenNREM
and REM sleep.

In agreement with earlier studies, patients with REM-OSA
did not demonstrate increased scores for self-reported sleepi-
ness or on the FOSQ.43,44 Based on the difference in sleep
quality, it was surprising that our three groups did not rate their
self-reported sleepiness differently. This finding may in part be
due to the referral bias inherent in a clinic-based sample. Thus,
most participantswill likely have complainedof daytime fatigue
or sleepiness which can be multifactorial and due to other
unidentified, nonsleep-related processes.

Insufficient sleep and sleep-disturbances resulting from sleep
disorders have been tied to emotional dysregulation and psy-
chiatric disorders.45 Reported REM sleep abnormalities in
depressed patient have mainly included a reduced REM sleep
latency and REM-sleep density and, due to their persistence

Figure 2—Initial and plateau improvements.

(A) Healthy control patients and those with rapid eye movement-
obstructive sleep apnea (REM-OSA) show significantly more initial im-
provement (percent increase in performance from the last three training
trials in the evening to the first three test trials in the morning) compared to
patients with OSA during non-rapid eye movement and REM sleep
(NREM/REM OSA), P = .04). *P < .05. (B) Healthy control patients and
those with REM-OSA show significantly more plateau improvement
(percent improvement from the last six training trials in the evening to the
last six test trials in the morning) compared to patients with NREM/REM
OSA (P = .01). *P < .05
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even during disease remission, they have been considered to
represent a marker for susceptibility to mood disorders.46,47

Positron emission tomography imaging has shown increased
regional blood flow in various areas during REM sleep,
including pontine tegmentum, left thalamus, both amyg-
daloid complexes, anterior cingulate cortex, and right pa-
rietal operculum.48,49 The activation pattern of the amygdala
has been considered the neuroanatomic basis of the emotional
memory processing during REM sleep.50,51

To our knowledge, our study is the first to examine the effect
of REM-related OSA on emotional state. Our results are in line
with a recent publication in adolescents, which found that in-
creased REM fragmentation was independently associatedwith
higher depression scores and a polygenic risk score for somatic
complaints.52 The specific processes underlying these associ-
ations remain unidentified, but previous models of REM sleep
have proposed that REM sleep reduces the emotional tone
originally associatedwith prior waking salient experiences, due

to the reduction in adrenergic activity during REM sleep.36

Although the NREM/REM-OSA group experienced similar
REM sleep fragmentation, the significant association between
AHI-REM/AHI-NREM ratio and POMS scores could poten-
tially reflect a different proportion of downgrading in adrenergic
activity from NREM to REM sleep, which in turn could affect
the emotional regulatory processes during REM sleep.

Previous research has shown that specific sleep stages are
critical for distinct processes in the consolidation of specific
memory aspects. Given that consolidation of the MST has been
connected toNREMsleep (mediated via sleep spindles), but not
REM sleep, our results are consistent with our initial hypothesis
that NREM sleep fragmentation as seen in the NREM/REM
group would result in reduced overnight MST improvement
while remaining unaffected by the isolated REM sleep frag-
mentation as seen in the REM-OSA group.

Based on the clear association of REM sleep fragmentation
and REM-NREM ratio of fragmentation with POMS scores

Figure 3—Profile of Mood Scale subscales.

Among healthy control patients and patients with REM/NREM OSA and REM-OSA show significant differences in the areas of tension (P =.052), depression
(P = .034), fatigue (P = .005), and total mood disturbance (P = .002) and a trend difference for vigor (P = .065).

Table 2—Questionnaire data from the three groups.

Control Patients
(n = 18)

NREM/REM-OSA
(n = 18)

REM-OSA
(n = 17) P

ESS 7 ± 1.2 9.6 ± 1.4 8.6 ± 1.5 .438

Stanford Sleepiness Scale (PM) 2.7 ± 0.3 3.5 ± 0.3 3.3 ± 0.4 .135

Stanford Sleepiness Scale (AM) 2.8 ± 0.3 3.2 ± 0.3 3.4 ± 0.5 .498

FOSQ 96.2 ± 7.7 91.4 ± 4.1 91.8 ± 10.2 .878

BDI 3.1 ± 1.4 4.9 ± 1.8 6.9 ± 3.6 .606

POMS 43.8 ± 2.6 51 ± 4.0 65.6 ± 7.7 .019†

Values are presented as mean ± standard error of the mean. P represents results of analysis of variance across the three groups for each measure. Symbols
indicate significant pairwise comparisons: *control patients versus NREM/REM-OSA; †control patients versus REM-OSA; ‡NREM/REM-OSA versus REM-
OSA. BDI = Beck Depression Inventory, ESS = Epworth Sleepiness Scale, FOSQ = Functional Outcomes of Sleep Questionnaire = NREM = non-rapid eye
movement, OSA = obstructive sleep apnea, POMS = Profile of Mood State questionnaire, REM = rapid eye movement.
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in our analyses, we propose that OSA-related REM sleep
fragmentation reflects a distinct clinical phenomenonwithin the
larger spectrum of sleep-disordered breathing.

The difference in clinical outcomes between NREM and
REM sleep fragmentation argues for reconsidering traditional
sleep apnea definitions and clinical treatment thresholds, as
patients may be better served by separating their apnea hypo-
pnea index into NREM- and REM-specific indices. Moreover,
the recent move toward home sleep testing, which has been
driven by financial considerations, may well obscure these
important considerations. By applying the overall AHI only, we
may be missing out on patients who have important REM OSA
and who do not meet the AHI insurance criteria for CPAP but
based on our findings might still benefit from treatment.

Despite the strength of our study, we acknowledge a
number of limitations. First, our sample size was relatively
modest due to the labor-intensive nature of our measure-
ments. However, our study was adequately powered for our
primary outcome measurements based on values from our
previous studies and can use current data to design subse-
quent studies. Second, we studied a referral sample sent to our
sleep laboratory and therefore our findings may not gener-
alize to other populations, for example, community-based
samples. In theory, patients who come to the clinic with
REM-related apnea may be the subset of individuals who are
susceptible to these events. However, other asymptomatic
patients may never come to the clinic. Thus, further work
would be required to assess the full spectrum of patients with
REM-related respiratory abnormalities.

Third, our participants had a broad range in age, and included
both men and women without further characterization. Our
results may therefore have been affected by hormonal changes
in women and other unknown physiological features, though
both groups included a similar ratio of men and women.53

Given that the NREM/REM-OSA group had overall more
respiratory events across the night compared to the REM-OSA
group, we can therefore not rule out with absolute certainty that
the reduced overnight improvement on the MST is solely based
on fragmented NREM sleep, although previous research has
indicated the importance of N2 sleep in consolidating this type
of procedural motor memory.19,20

Finally, we have focused on themotor sequence task because
we have considerable experience with this test and it showed
excellent discriminative function in prior OSA studies.

Because a variety of memory tests involve different brain
centers (eg, motor or visual cortex, medial temporal lobe or
hippocampus), we advocate for further research into memory
tasks dependent on these brain centers and how they may be
affected by REM-related apnea.

CONCLUSIONS

Different aspects of sleep are important to a number of brain
functions. Our study provides support for the connection be-
tween REM sleep and emotional health as well as the inherent
differences of NREM versus REM sleep and their association
with the stabilization and enhancement of motor memories.

ABBREVIATIONS

AHI, apnea-hypopnea index
ANOVA, analysis of variance
FOSQ, Functional Outcomes of Sleep Questionnaire
MST, motor sequence task
NREM, non-rapid eye movement
OSA, obstructive sleep apnea
POMS, Profile of Mood State
PSG, polysomnography
PVT, psychomotor vigilance test
REM, rapid eye movement
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