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Study Objectives: To evaluate functional outcomes in adults
with REM-related obstructive sleep apnea (OSA) treated with
positive airway pressure (PAP) therapy.

Design: Retrospective observational study.

Setting: Outpatient sleep clinic.

Patients: 330 adults (171 males) with OSA receiving PAP
therapy, including 130 with REM OSA and 200 with OSA not
restricted to REM.

Measurements and Results: REM OSA was defined as a
REM apnea-hypopnea index (AHI) / NREM AHI > 2 and NREM
AHI < 15, Patients had baseline and post-PAP functional out-
comes, including Epworth Sleepiness Scale (ESS), Fatigue
Severity Scale (FSS), Patient Health Questionnaire-9 (PHQ-
9), and Functional Outcomes Sleep Questionnaire (FOSQ)
scores. We compared functional outcomes, demographic, clini-
cal and polysomnographic features, and PAP adherence in pa-
tients with REM OSA and OSA not restricted to REM. Female
gender was significantly more common in REM OSA. Age,
BMI, neck girth, and baseline ESS, FSS, PHQ-9, and FOSQ
were similar between groups. Smoking history and comorbid
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disorders were also similar except for a higher prevalence of
depression and cardiovascular disease in OSA not restricted to
REM. All functional outcomes improved significantly after PAP
therapy in both groups. Change from baseline to post treat-
ment was similar for all functional outcomes between groups.
Conclusions: The study is the first addressing clinical out-
comes in REM OSA using validated measures. Functional out-
comes in patients with REM OSA improve after treatment with
PAP therapy comparable to that observed in patients with OSA
not restricted to REM.
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Commentary: A commentary on this article appears in this
issue on page 249.
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bstructive sleep apnea (OSA) is a common health problem,
affecting 5% to 24% of men and 1% to 9% of women,'"

and increasing with advancing age.* The most common present-
ing symptoms of OSA are daytime sleepiness or fatigue, snor-
ing, and witnessed apneas.>® Associations between OSA and a
variety of adverse health and social outcomes including hyper-
tension, cardiovascular disease, stroke, glucose intolerance, and
traffic or occupational accidents have been reported.”!" Posi-
tive airway pressure (PAP) therapy is the gold standard treat-
ment of moderate to severe OSA.'>"* Patients treated with PAP
therapy experience improvement in sleepiness, mood, cognitive
impairment, and quality of life, as well as reductions in blood
pressure, serum lipids, insulin sensitivity, risk of cardiovascular
death, acute coronary syndrome, and atherogenic plaques.”' '3
REM OSA, in which respiratory events occur exclusively or
predominately in REM, is estimated to constitute 14% to 36%
of all OSA cases.'*" Previous investigators have found REM
OSA to be more common in females, particularly in those pre-
senting with depressive symptoms.'®!*! REM sleep is charac-
terized by high-frequency irregular respirations, decreased tidal

BRIEF SUMMARY

Current Knowledge/Study Rationale: The clinical manifestations of
REM OSA are incompletely elucidated. It is unclear whether REM OSA
accounts for the same degree of daytime functional impairment as gen-
eral OSA. This study was conducted to characterize clinical characteris-
tics and functional outcomes in patients with REM OSA treated with PAP
therapy compared to a group of OSA patients without REM-predominant
respiratory events.

Study Impact: Functional outcomes in patients with REM OSA im-
proved after treatment with PAP therapy comparable to those observed
in patients with OSA not restricted to REM. While the study’s limitations
preclude using these findings to alter patient care strategies, we believe
these observations are important and may prompt prospective studies
addressing treatment outcomes for REM OSA.

volume and minute ventilation, and reduced responsiveness to
respiratory modulation.'> Respiratory events in patients with
OSA are often more frequent and longer in REM sleep with
more profound oxygen desaturation than in any other sleep
stage, yet more resistant to eliciting arousal than respiratory
events in NREM sleep. However, the clinical manifestations
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and response to treatment of REM OSA are poorly elucidated.
Specifically, it remains unproven as to whether REM OSA ac-
counts for the same degree of daytime functional impairment
as general OSA; treatment outcomes have not been reported.

Since 2007, all patients presenting to the Cleveland Clinic
Sleep Disorders Clinic have completed standardized assess-
ments of general and sleep functional outcomes, called the
Knowledge Program (KP), at each outpatient clinic appoint-
ment. This study was conducted using KP data to charac-
terize clinical characteristics and functional outcomes in
patients with REM OSA treated with PAP therapy com-
pared to a group of OSA patients without REM-predominant
respiratory events.

METHODS

This was a retrospective study approved by the Institutional
Review Board of the Cleveland Clinic.

Patient Selection

Consecutive patients with a diagnostic polysomnogram
(PSG) performed at the Cleveland Clinic Sleep Disorders Cen-
ter between January 1, 2008, and December 31, 2009, were
identified. Inclusion criteria were as follows: (1) age > 18 years;
(2) overall apnea-hypopnea index (AHI) > 5/h; (3) total sleep
time > 150 min and total time spent in REM sleep > 10 min;
(4) treated with PAP therapy; and (5) baseline and at least one
post-PAP (30-90 days) clinic visit with completed functional
assessments. REM OSA was defined as REM AHI /NREM AHI
>2 and NREM AHI < 15. Patients with an AHI not meeting the
criteria for REM OSA constituted the OSA group.

A review of the electronic medical record (EMR) was per-
formed for demographic data, smoking status, comorbid sys-
temic diseases, and comorbid sleep disorders. Comorbid
systemic disorders assessed included hypertension, diabetes
mellitus, hyperlipidemia, cardiovascular disease (coronary ar-
tery disease, myocardial ischemia/infarction, and stroke), heart
failure, pulmonary disease, hypothyroidism, and depression.
Comorbid conditions were identified through the Past Medical
History tab, typically completed by PCPs, and office notes from
PCPs and specialists in the EMR.

Polysomnography

Polysomnograms were performed using standard guide-
lines.”® Hypopnea was defined as a reduction in airflow > 50%
in the nasal pressure channel for > 10 sec resulting in an arousal
or > 3% oxygen desaturation.

PAP titration studies were performed following laboratory
protocol beginning at a pressure of 5 cm H,O and increasing
by 2 cm H,O for respiratory events and 1 cm H,O for arousals,
cyclical desaturations, and snoring, aiming to record REM and
supine sleep. PAP titration studies were categorized as optimal,
good, adequate, or inadequate based on the quality of the study.
An optimal titration normalized the AHI for > 15 min and in-
cluded supine REM sleep at the selected pressure. A good titra-
tion reduced the AHI to < 10 or by 50% if the baseline AHI was
< 15 and included supine REM sleep at the selected pressure.
An adequate titration did not reduce the AHI to < 10 but reduced
it by 75% from baseline or did not record supine REM sleep at
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the selected pressure. Titration studies not meeting any of the
above criteria (including pressure or interface intolerance) and
patients who did not undergo laboratory titration excluding au-
toPAP cases were deemed inadequate.

PAP Adherence

Adherence to therapy, defined as average number of hours
per night of PAP use and >4 h use on average, was determined
by subject self-report at the post-PAP visit and objectively dur-
ing the first 90 days of treatment, when available.”!

Functional Outcomes
The following outcomes were measured at baseline and
post-PAP.

Epworth Sleepiness Scale (ESS)

The ESS?? is the most widely used questionnaire to assess
subjective daytime sleepiness in sleep disorder subjects. Com-
posed of 8 items of daily living, subjects rate their chance of
dozing on a scale ranging from never (0) to high chance of doz-
ing (3). Responses to the § items are tallied, producing a total
score from 0 to 24. An ESS score > 10 is considered indicative
of EDS.

Fatigue Severity Scale (FSS)

The FSS* is a 9-item self-report questionnaire to evaluate
the severity of fatigue in different situations. Each item is grad-
ed on a scale from 1 (disagree) to 7 (agree). The total score
range is 9-63, and a score > 36 is abnormal.

Patient Health Questionnaire-9 (PHQ-9)

The PHQ-9%* is a self-administered questionnaire based on 9
DSM-IV criteria of depression. Each item is graded as 0 (not at
all) to 3 (nearly every day). A score > 10 is abnormal, having a
sensitivity of 88% and specificity of 88% for depression.

Functional Outcomes Sleep Questionnaire (FOSQ)

The FOSQ? is a self-reported assessment measuring func-
tional measures in OSA. It includes 30 items categorized in
each of 5 subscales including activity level, vigilance, intimacy
and sexual relationships, general productivity, and social out-
come. Responses are graded from no (4) to extreme (1) dif-
ficulty. The total score is the sum of the subscale scores. Lower
scores indicate greater functional impairment.

Statistical Analysis

Analyses were performed using SPSS. Continuous variables
are presented as mean + SD and categorical variables as n (%).
T-tests and y* or Fisher exact tests were used to compare differ-
ences between groups on continuous and categorical variables,
respectively. Paired #-tests were used to compare baseline and
post-PAP functional outcomes between groups. Probability val-
ues < 0.05 were considered significant.

RESULTS

Subject and PSG characteristics are summarized in Tables 1,
2, and 3. Overall, 330 patients (171 males) were included. One
hundred thirty subjects met criteria for REM OSA, and 200



subjects constituted the OSA group in which events were not
restricted to REM. Female gender and smaller neck girth were
significantly more common in REM OSA. No differences were
found between groups for age, BMI, or smoking status, al-
though male subjects with REM OSA were significantly young-
er than males in the OSA group (REM: 48.9 + 14.4 years; OSA:
53.9 £ 13.7 years, p = 0.05). The prevalence of depression and
cardiovascular disease (including coronary artery disease, myo-
cardial ischemia/infarction, and stroke) was higher in subjects
with OSA not restricted to REM.

Table 4 summarizes the results of PAP titration stud-
ies, modes of therapy, and PAP adherence. Thirty-one sub-
jects (23.9%) with REM OSA and 10 (5%) with OSA used

Outcome of REM-Related OSA with CPAP

There was no difference in baseline scores between groups.
Significant and comparable improvement was observed in the
ESS, FSS, PHQ-9, and FOSQ total scores for both groups.

DISCUSSION

This is the first study to investigate PAP therapy functional
outcomes in patients with REM OSA. Our primary finding is
that patients with REM OSA achieve measurable improve-

Table 2—Comorbid disorders by OSA group

, . REMOSA  OSA
AutoPAP (p < 0.0005). Subjects with REM OSA had fewer N (%) N=130 N=200 pvalue
inadequate titrations (p = 0.047) and lower optimal pres- Hypertension 62 (47.7) 106 (53) 0.346
sure (p = 0.035) than the OSA group. Adherence was not Diabetes mellitus 14(10.8)  37(185)  0.058
different. between groups. . . Hyperlipidemia 47 (36.2) 89 (44.5) 0.132
Baseline and. post—PAP fun(.:tlo.nal outcome.s are shown. in Pulmonary disease 25(19.2) 24 (12) 0.071
Table 5 excluding subjects with inadequate titration studies. Heart failure 1(08) 5(2.5) 0.409
Cardiovascular disease 5(3.8) 22 (1) 0.021
Table 1—Sample characteristics Hypothyroidism 14(10.8)  21(10.5)  0.938
REM OSA 0SA Depresstn 31(23.8) 78(39) 0.004
N=130 N=200  pvalue Sleep Disorders
Female, n (%) 88 (67.7%) 71(35.5%)  <0.0005 Restlegs legs syndrome 22(16.9) 42 (21) 0.360
A 5064125 5274136 0.147 Insomnia 35(26.9) 46 (23) 0.418
ge, yr S S : Parasomnia 2(1.5) 6(3) 0487
BMI, kg/m? 359+8.9 32674 0.075
Neck girth, cm 39.1+£38 404+4.3 0.005
Tobacco use, n (%) 0.655 Table 4—PAP therapy and adherence by OSA group
Never 74 (56.9) 104 (52) 0.381 REMOSA  OSA
Past 42(32.3) 70 (35) 0.614 N=130 N=200 pvalue
Current 14.(10.8) 26 (13) 0.544
PAP mode, n (%)
CPAP 95(73) 178(89.0) <0.0005
 Rcal . . Bilevel PAP 4(31)  12(6.0)
Table 3—Baseline polysomnographic variables by OSA AUtCPAP 0(231)  9(45)
group AutoBilevel 1(08)  1(05)
REMOSA  OSA PAP Titration, n (%) N=99 N=190
N=130  N=200 pvalue Selected pressure, cmH,O 97420 103%29 0035
AR e 12657 298+19.2 <0.0005 Quality of titration, n (%) 0.047
AHI ¢, 395+176 326+253 0.007 Optimal 63 (63.6) 100 (52.6)
AHI cen 64+42 29.1+19.9 <0.0005 Good 2(2.0) 1(0.5)
Mean Sa0,, % 937417 937£20 0917 Adequate 33(333) 74(389)
Total sleep time Sa0, <90%, % 53+135 69134 0313 Inadequate 1(1.0)  15(7.9)
Total sleep time, min 349.1 £72.4 320.0+726 <0.0005 Average use/night, h 50+24 52£20 0418
Sleep efficiency, % 80.1+13.6 744+153 0.001 2 4 h use/night, self-reported 97 (74.6) 134 (67.0) 0.140
Total sleep time in REM, % 195+70 157+66 <0.0005 2 4 h use/night, objective* 72(818) 96(74.4) 0.201
Arousal Index 2554125 41.5£197 <0.0005 *Available in 88 (68%) REM OSA and 129 (65%) OSA.
Table 5—Functional outcomes by OSA group
REM OSA 0SA
N (REM OSA/OSA) Baseline / Post-PAP Change Baseline / Post-PAP Change p value*
ESS (1297 185) 10.3+55/79+47 -2.3+36 98+52/71+47 -2.8+4.1 0.341
FSS (127 /183) 426+146/37.7+158 -5.0+13.0 426+141/376+138 -50+128 0.981
PHQ-9 (119/176) 87+57/62+54 25438 80+6.0/53+£52 27153 0.772
FOSQ (126 / 185) 15.6 £3.3/16.7 £ 3.1 11126 16.1+£3.1/17.3+238 12125 0.817

*p values < 0.0005 for ESS, FSS, PHQ-9, and FOSQ total scores comparing baseline and post-PAP outcomes for both groups.
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ment in functional outcomes with PAP therapy. These chang-
es were comparable to those observed in patients with more
severe OSA not restricted to REM sleep. Our study extends
these observations by demonstrating improvements in daytime
sleepiness, fatigue, mood, and overall functional status with
PAP therapy.

Early investigations of REM OSA were largely limited
to clinical characteristics, demonstrating a female predomi-
nance of REM OSA, particularly in younger patients.'s!":!
Subsequent reports examined daytime sleepiness in patients
with REM OSA, some correlating subjective and objective
measures.'”?? Results of these studies are conflicting. Con-
sequently, CPAP therapy may be considered for patients with
REM OSA since a subset of affected individuals appear to re-
spond to therapy.*

Yet the clinical presentation of REM OSA remains incom-
pletely elucidated and would be expected to differ from that
of OSA not restricted to REM due to differences in arousal re-
sponses to respiratory stimuli, with greater intensities required
to produce an arousal in REM than NREM sleep.*' In a cross-
sectional study of over 1800 subjects with OSA with mean
AHI of 38, the NREM AHI and not the REM AHI correlated
with scores on the MSLT.?”” REM OSA was defined by the low-
est quartile of NREM AHI being < 8.3, in contrast to the crite-
ria applied to our sample. The authors proposed an alternative
method of disease classification based on state dependent AHI,
more meaningful than the overall AHI that can be discrepant
with clinical symptoms in patients with respiratory events
that are strikingly state dependent. In another cross-sectional
analysis involving over 5000 Sleep Heart Health Study par-
ticipants, in the absence of NREM OSA, REM OSA was not
independently associated with daytime sleepiness measured by
the ESS, impaired health-related QOL, or self-reported sleep
disruption.” Studies correlating the ESS and MSLT have been
conflicting.*> However, a recent report found a clear associa-
tion between the ESS and the average sleep latency on the
MSLT using a survival analysis.*® While we found improve-
ments in the ESS with PAP therapy in REM OSA comparable
to OSA not restricted to REM, it is possible that a variety of
factors not measurable, such as subjects’ desire for treatment
and mood, may have contributed to this finding not observed
in prior studies.

In our series, REM OSA constituted 39.4% of all patients
with an overall AHI > 5 meeting inclusion criteria. Several
definitions of REM OSA have been proposed. We used a pre-
viously published definition of REM AHI / NREM AHI > 2
and NREM AHI < 15."® Prior studies using the same defini-
tion also found a higher prevalence of REM OSA in female
subjects.'®!®1° The proposed explanation for this finding is a
protective airway effect by progesterone in NREM sleep and
smaller upper airway dimension rendering it more vulnerable
to collapse in REM sleep.'*!” Female subjects with REM OSA
were more obese than males.'® In the current study, females
were more obese in both OSA groups, consistent with prior
reports of gender differences in OSA.3**¢ Since women with
OSA more often present with nonspecific symptoms*** and
REM OSA, by definition, is associated with a lower overall
AHL" treatment guidelines are not standardized. Our find-
ings suggest that patients with REM OSA defined in a specific
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manner benefit from PAP therapy in a variety of functional
domains beyond daytime sleepiness and are adherent to PAP
therapy comparable to more severe OSA patients.

The retrospective study design of this research introduces
selection bias that limits the validity and generalizability of
our results. Our sample was restricted to patients referred to
the Cleveland Clinic Sleep Disorders Center main campus out-
patient clinic with newly diagnosed OSA who had diagnostic
PSG in one of our laboratories, received PAP therapy, and had
pre- and 30-90 day post-PAP visits during which functional
assessments were completed. This represented only a portion
of patients seen at our institution since our outcomes program
was in its infancy and not yet launched in locations outside of
the main campus facility. Sleep disorder patients were seen by
sleep physicians at several additional locations in the commu-
nity during the time frame under consideration and were not
included for this reason.

Our study design also excluded subjects who underwent
split-night studies because of concerns that limited REM sleep
time would result in incorrect categorization of OSA group.
Over the time frame under consideration, 53% of split-night
PSGs performed in our laboratories had no REM recorded dur-
ing the diagnostic portion of the study, and the median number
of minutes of REM sleep in the diagnostic portion of split-night
studies was 9. Given this, the number of subjects excluded who
otherwise would have met the criteria for REM OSA is low, and
these cases would have been more likely to be miscategorized
given the shorter recording time.

In addition, the current study excluded subjects with REM
OSA not offered PAP therapy. The decision to initiate PAP ther-
apy was made on a case-by-case basis by the treating physician
and was likely affected by a variety of factors not accounted
for in this study, such as physician preference, severity of day-
time impairment, and patient desire to be treated. Despite these
sources of selection bias discussed, the characteristics of our
sample are quite similar to previous reports of REM OSA (al-
though one prior report was from our institution several years
prior to the current investigation).'®!

One final study limitation is the reliance on self-reported
data for PAP adherence. Our outcomes database was limited to
subjective adherence data during the time frame under consid-
eration. Objective adherence data, available in approximately
two-thirds of cases, confirmed acceptable PAP adherence in
74% of OSA and 82% of REM OSA subjects, with no signifi-
cant difference between groups. Therefore, we believe our find-
ings are not likely to be substantially influenced by variations in
PAP adherence between groups.

Despite the aforementioned limitations, our study’s
strengths include the use of a standardized outcomes assess-
ment program and specifically defined criteria for REM OSA.
Our study is the first addressing clinical outcomes in subjects
with REM OSA using validated measures. Functional out-
comes in patients with REM OSA improved after treatment
with PAP therapy comparable to those observed in patients
with OSA not restricted to REM. While the study’s limitations
preclude using these findings to alter patient care strategies,
we believe these observations are important nonetheless and
may prompt prospective studies addressing treatment out-
comes for REM OSA.
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