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Rationale: The impact of REM-predominant sleep-disordered breath-
ing (SDB) on sleepiness, quality of life (QOL), and sleep maintenance
is uncertain.

Objective: To evaluate the association of SDB during REM sleep with
daytime sleepiness, health-related QOL, and difficulty maintaining
sleep, in comparison to their association with SDB during non-REM
sleep in a community-based cohort.

Methods: Cross-sectional analysis of 5,649 Sleep Heart Health Study
participants (mean age 62.5 [SD = 10.9], 52.6% women, 22.6%
ethnic minorities). SDB during REM and non-REM sleep was quan-
tified using polysomnographically derived apnea-hypopneaindexin
REM (AHIgem) and non-REM (AHIngem) sleep. Sleepiness, sleep
maintenance, and QOL were respectively quantified using the
Epworth Sleepiness Scale (ESS), the Sleep Heart Health Study Sleep
Habit Questionnaire, and the physical and mental composites scales
of the Medical Outcomes Study Short Form (SF)-36.

Measurements and Main Results: AHlgg\, Was not associated with the
ESS scores or the physical and mental components scales scores of
the SF-36 after adjusting for demographics, body mass index, and
AHInrem. AHIgem Was not associated with frequent difficulty main-
taining sleep or early awakening from sleep. AHI\rem Was associated
with the ESS score (B = 0.25; 95% confidence interval [Cl], 0.16 to
0.34) and the physical (B = —0.12; 95% Cl, —0.42 to —0.01) and
mental (B = —0.20; 95% Cl, —0.20 to —0.01) components scores of
the SF-36 adjusting for demographics, body massindex, and AHIggp.
Conclusions: In acommunity-based sample of middle-aged and older
adults, REM-predominant SDB is not independently associated with
daytime sleepiness, impaired health-related QOL, or self-reported
sleep disruption.

Keywords: epidemiology; sleep apnea syndromes; sleep, REM; hyper-
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Sleep-disordered breathing (SDB) has been associated with
excessive daytime sleepiness (1-4), insomnia (1, 5), and de-
creased vitality (6). SDB events may occur during both REM
and non-REM sleep. In patients with mild and moderately
severe SDB, events often predominate during REM sleep
resulting in selective fragmentation or deprivation of REM
sleep (7). The role of REM sleep and the impact of REM sleep
deprivation are controversial (8). Experimental restriction of
REM sleep by awakening study subjects at the onset of REM
has been associated with daytime sleepiness in one study (9).
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AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

The impact of REM-predominant sleep-disordered breath-
ing (SDB) on sleep and health-related quality of life (HR-
QOL) is unknown. The findings from prior studies on the
association of REM-predominant SDB and daytime sleep-
iness have been inconsistent.

What This Study Adds to the Field

This study evaluates the association of REM-predominant
SDB and HR-QOL and sleep disruption and the associa-
tion of REM-predominant SDB and daytime sleepiness in
a large community-based patient sample. The findings
suggest that in the absence of non-REM SDB, REM
SDB is not associated with sleepiness, impaired QOL, or
difficulty maintaining sleep.

Another study, however, concluded that experimental REM
sleep deprivation had an alerting effect (10). Furthermore, the
effects of selective REM sleep fragmentation are unknown and
SDB events during REM sleep are associated with greater
degrees of hypoxemia compared with events in non-REM sleep.
It is therefore possible that SDB in REM sleep exhibits
a different clinical presentation from non-REM SDB.

In a clinic-based study of patients with excessive daytime
sleepiness and apnea-hypopnea index (AHI) of 5 to 126, no
differences were found in the Epworth Sleepiness Scale (ESS)
scores or mean sleep latency measured by maintenance of
wakefulness test between subjects with AHI in REM sleep
(AHIrgm)/AHI in non-REM sleep (AHIngreMm) greater than 2
compared with subjects with AHIrgm/AHINgewm less than or
equal to 2 (7). Another clinic-based study of patients with
excessive daytime sleepiness and an AHI less than 10, AHIggm
correlated with daytime sleepiness explaining 35% of the vari-
ance in sleep latency (P = 0.001) on the multiple sleep latency
test (MSLT) (11). An AHIrgym greater than 15 events/hour was
predictive of reduced sleep latency on MSLT (11). These findings
could not be replicated in a larger clinical sample, however,
wherein AHIgrgy explained only 0.2% of the variance in MSLT
among subjects with AHI less than 10 (12). Another clinic-based
study found that neither AHIggy nor other indices of SDB
during REM were associated with reduced sleep latency regard-
less of the AHIngrewm (13). The lack of consistency between the
results of these studies may be due to inconsistency in definition
of REM SDB, overadjustment or underadjustment for non-REM
AHI, and difference in sample size.

In general, clinic-based studies are prone to referral bias
and tend to select symptomatic patients or patients with
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comorbidities. REM SDB has not been previously evaluated METHODS

in a community-based sample. In this study we explore the
association of daytime sleepiness, health-related quality of life
(HR-QOL), and self-reported difficulty maintaining sleep
with SDB during REM sleep in comparison to their associa-
tion with SDB during non-REM sleep in the Sleep Heart
Health Study (SHHS), a large community-based cohort se-
lected independently of the presence of symptoms or comor-
bidities.

Study Sample

All subjects are participants in the SHHS, a multicenter study of the
cardiovascular effects of SDB. The design of the SHHS has been
described (14). Subjects chosen for this analysis included SHHS
participants who had polysomnography (PSG) with adequate scoring
of REM sleep and who completed the ESS or the Medical Outcomes
Study 36-item short form (SF-36) HR-QOL survey. Figure 1 provides
a description of the study sample.

TABLE 1. CHARACTERISTICS OF SUBJECTS STRATIFIED BY APNEA-HYPOPNEA INDEX

AHlnrem <8

Characteristic AHlgep <1.25 AHlgenm 1.25-4.96 AHlggn 4.97-12.9 AHlgem =13 AHlnrem =8 P Value*
N 1,052 1,060 1,055 1,056 1,426
Mean age, yr (SD) 59.6 (11.3) 60.8 (10.8) 62.7 (10.6) 63.2 (10.6) 65.1 (10.4) <0.0001
Females, % 66 59 57 57 31.3 <0.0001
Race, %

White 78 79 77 74 78 0.046

Black 8 8 8 7 8

Native American 5 7 8 11 9

Hispanic 6 4 5 5 4

Asian/Pacific Islander 3 2 1 2 1
Mean BMI, kg/m? (SD) 26.8 (4.2) 26.8 (4.2) 28.1 (4.5) 30.7 (5.7) 30.2 (5.6) <0.0001
Mean usual sleep time, h (SD) 7.1.(1.1) 7.1.(1.2) 7.0 (1.2) 7.0 (1.2) 7.1(1.3) 0.093
Cardiovascular disease, % 8.3 9.3 11.3 13.8 19.1 <0.0001
Respiratory disease, % 123 13.3 15.5 15.0 12.9 0.03
Diabetes, % 5.8 8.0 8.5 11.9 14.6 <0.0001
Median AHI, events/h (IQR) 0.4 (0.1-2.4) 1.3 (0.8-2.2) 3.3 (2.3-4.8) 7.5 (5.5-9.9) 18.9 (13.3-29.1) <0.0001
Median AHIlgen, events/h (IQR) 0 (0-0.7) 2.7 (1.9-3.7) 8.3 (6.5-10.6) 22.7 (17.3-32.1) 26.1 (12.7-42.7) <0.0001
Median AHIngenm, events/hr (IQR) 0.4 (0-1.1) 0.8 (0.2-2.0) 1.8 (0.7-3.7) 3.2 (1.7-5.3) 16.6 (11.3-27.2) <0.0001
Median AHlgepm/AHINngem (IQR) 0 (0-0.9) 2.7 (1.1-5.8) 4.4 (2.3-9.5) 7.9 (5.0-14.0) 1.2 (0.7-2.2) <0.0001
REM sleep, % total sleep time (SD) 20.7 (6.4) 21.4 (5.8) 20.7 (5.7) 20.0 (5.9) 18.2 (6.0) <0.0008
REM time, min (SD) 76.6 (28.5) 80.1 (26.8) 76.2 (26.2) 71.8 (26.2) 64.2 (25.5) <0.0001

Definition of abbreviations: AHI = apnea-hypopnea index; BMI = body mass index; ESS = Epworth sleepiness scale; IQR = interquartile range; NREM = non-REM.

* P value testing for linear trend across groups defined by AHlgey quartiles.
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TABLE 2. ASSOCIATION OF SLEEP-DISORDERED BREATHING WITH SLEEPINESS AND HEALTH-RELATED QUALITY OF LIFE FOR
OVERALL APNEA-HYPOPNEA INDEX AND REM AND NON-REM APNEA-HYPOPNEA INDEX
Log(AHI + 0.1) Log(AHIngem + 0.1) Log(AHlgem + 0.1)
Adjusted* B-Coefficient Adjusted* B-Coefficient Adjusted* B-Coefficient

N (95% ClI) P Value (95% ClI) P Value (95% ClI) P Value
Epworth Sleepiness Scale 5,406 0.28 (0.19, 0.37) <0.0001 0.25 (0.17, 0.33) <0.0001 0.11 (0.04, 0.18) 0.001
Physical Composite Scale 4,687 —0.36 (—0.57, —0.16) 0.0004 —0.28 (—0.46, —0.10) 0.002 —0.20 (—0.36, —0.05) 0.009
Mental Composite Scale 4,687 —0.12 (—0.30, 0.06) 0.2 —0.14 (-0.30, 0.02) 0.08 0.01 (=0.13, 0.15) 0.89

Definition of abbreviations: AHI = apnea hypopnea index; BMI = body mass index;

* Models adjusted for: age, sex race, BMI.

Measurements

SHHS participants underwent PSG using previously published methods,
scoring guidelines, and quality-assurance procedures (14-16). The high
reliability of the AHI and sleep stage scoring in the SHHS has been
reported (16, 17). The AHIgrgm and the AHIngrem Were computed as the
number of apneas plus hypopneas per hour of REM and non-REM
sleep, respectively. Analyses were repeated with AHIggym and AHINgeMm
defined as the number of apneas and hypopneas in REM or non-REM,
respectively, per hour of total sleep time.

The ESS was used to measure daytime sleepiness (18, 19), and the
physical (PCS) and mental composite scales (MCS) of the SF-36 were
used to assess HR-QOL (20-23). Usual sleep duration and sleep-related
symptoms were assessed using the SHHS sleep habits questionnaire.
Details are provided in the online supplement.

Statistics

The primary independent variables for this analysis were AHIggym and
AHIngrgeMm. Because the distributions of AHIgrgy and AHIngem Were
skewed, both these variables were log transformed using the formula
AHI = log(AHI + 0.1) in analyses that treated SDB as a continuous
variable. The primary dependent variable was the ESS. Secondary
dependent variables included two health-related QOL summary mea-
sures (PCS and MCS) and two subjective measures of sleep disruption
(trouble staying asleep and early morning awakening with inability to
return to asleep).

We analyzed the association of REM SDB with sleepiness and HR-
QOL using multiple linear regression (proc REG in SAS 9.1) with
REM SDB defined as a continuous variable. The main model adjusted
for age, race, sex, and body mass index (BMI). Models further adjusted
for self-reported sleep time and history of cardiovascular disease,
respiratory disease, and diabetes. To adjust for a possible confounding
effect of AHIngrem and explicitly evaluate the association of REM-
predominant SDB with sleepiness and HR-QOL measures, analyses
that included both AHIgrgy and AHInggMm in the same model were
also performed. Because AHIrgy and AHINggm show a considerable
degree of correlation we also performed analyses that excluded sub-
jects in the highest quartile of AHInrgm distribution (AHInrem =8)
rather than including both AHIrgy and AHInrgMm in the same model.
Because of differences in the prevalence of REM SDB and sometimes
SDB-related symptoms between men and women (24) analyses were
also stratified by sex.

Cl = confidence interval; NREM = non-REM.

The analyses were repeated in the subset with AHINggwm less than 8
using analysis of covariance (proc GLM) with REM SDB defined as
a categorical variable following quantiles of AHIgrgy (defined using
quartiles of AHIgrgy with the highest quartile split in half), which
allowed evaluation of the association of REM SDB and sleepiness and
QOL in the group with the most severe REM SDB. In a secondary
analysis logistic regression (proc logistic) was used to evaluate the
association of REM SDB and difficulty staying asleep and early
awakening treated as binary variables.

RESULTS

The characteristics of the study subjects with AHINrgMm greater
than or equal to 8 and those with AHINgrgwm less than 8 further
stratified by quartiles of AHIgrgy are presented in Table 1.
Subjects with more severe REM-predominant SDB (AHInrem
<8) were on average older and had a higher BMI. They were
also more likely to be men, American Indian, and to have
diabetes, cardiovascular disease, or respiratory disease. Partic-
ipants excluded from the sleepiness analysis were on average
older (64.9 vs. 62.5 yr), more likely to be women (54.6 vs.
52.5%), less likely to be white (70 vs. 78 %), and more likely to
have diabetes (16 vs. 10%) and cardiovascular (17 vs. 13%) or
respiratory diseases (17 vs. 14%). Participants excluded from
the QOL analysis were more likely to be American Indian
(34% vs. 0), have diabetes (20 vs. 7%), and cardiovascular (17
vs. 12%) or respiratory diseases (16 vs. 13%). There was
a moderate correlation between AHIrgym and AHIngrewm (cor-
relation coefficient 0.6; P < 0.001)

When all subjects were considered, in analyses that treated
AHIgrgm and AHInggMm as continuous variables and adjusted
for demographics (age, sex, race) and BMI, both AHIrgym and
AHIngrem were associated with daytime sleepiness and poorer
physical HR-QOL, but not mental health (Table 2). With
further adjustment for sleep time and comorbidities, the asso-
ciation of AHIrgnm and physical HR-QOL became nonsignifi-
cant (results not shown). When both AHIgrgy and AHIngem
were included in the same model, the association of AHIrgm
with daytime sleepiness and with physical HR-QOL became

TABLE 3. ASSOCIATION OF REM SLEEP-DISORDERED BREATHING WITH SLEEPINESS AND HEALTH-RELATED QUALITY OF LIFE

ADJUSTING FOR NREM SLEEP-DISORDERED BREATHING

Log(AHIngrem + 0.1)

Log(AHlgem + 0.1)

N Adjusted* B-Coefficient (95% CI) P Value Adjusted' B-Coefficient (95% ClI) P Value
Epworth Sleepiness Scale 5,406 0.26 (0.16, 0.34) <0.0001 —0.01 (—0.16, 0.08) 0.97
Physical Composite Scale 4,687 —0.21 (-0.42, —0.01) 0.04 —0.11 (=0.29, 0.07) 0.23
Mental Composite Scale 4,687 —0.20 (—0.38, —0.01) 0.03 0.10 (—0.06, 0.26) 0.24

For definition of abbreviations, see Table 2.

AHlgem and AHIgem are included in the same model.

* Models adjusted for: age, sex, race, BMI, and AHlggm.
T Models adjusted for: age, sex, race, BMI, and AHIngem-



1000

AMERICAN JOURNAL OF RESPIRATORY AND CRITICAL CARE MEDICINE VOL 181

2010

TABLE 4. THE ASSOCIATION OF SLEEP-DISORDERED BREATHING WITH SLEEPINESS AND HEALTH-RELATED QUALITY OF LIFE FOR
SUBJECTS WITH NON-REM APNEA-HYPOPNEA SCORES LESS THAN 8 EVENTS PER HOUR

Log(AHIngem + 0.1)

Log(AHlgem + 0.1)

N Adjusted* B-Coefficient (95% ClI) P Value Adjusted* B-Coefficient (95% Cl) P Value
Epworth Sleepiness Scale 4,030 0.18 (0.06, 0.29) 0.002 0.03 (—0.04, 0.11) 0.4
Physical Composite Scale 3,508 —0.19 (—0.43, 0.06) 0.14 —0.14 (-0.32, 0.03) 0.11
Mental Composite Scale 3,508 —0.09 (—0.31, 0.13) 0.44 0.08 (—0.08, 0.24) 0.33

For definition of abbreviations, see Table 2.
All subjects had AHIgem <8, with separate models for AHIgen and AHIngem.
* Models adjusted for: age, race, sex, BMI.

nonsignificant; however, AHINrgMm Was associated with daytime
sleepiness as well as poorer physical and mental HR-QOL in
the main model (Table 3). The associations between AHINrEM
with daytime sleepiness and physical HR-QOL persisted after
further adjustment for sleep time and comorbidities (results not
shown). The interaction term for AHIrgnm and AHInrgm Was
nonsignificant in the adjusted models for ESS and HR-QOL
measures. There were no meaningful differences in the findings
when the analyses were repeated with AHIrgy defined as the
number of apneas and hypopneas in REM per hour of total
sleep time (results not shown), or when 34 subjects with REM
time less than 10 minutes were excluded from the analyses.

As expected, in the sample with AHINggMm less than 8, the
association of AHInrgm With daytime sleepiness and physical
and mental HR-QOL measures was diminished, although it
remained significant for daytime sleepiness in demographic- and
BMI-adjusted models (Table 4). There were, however, no
associations between AHIgrgy and daytime sleepiness or phys-
ical and mental HR-QOL measures in models adjusted for
demographics and BMI (Table 4) or in sex-stratified analyses
(Table 5).

In analyses treating AHIrgnm as a categorical variable,
AHIgrgm was not associated with daytime sleepiness or QOL
measures in demographics and BMI-adjusted models (Table 6)
as well as in sex-stratified analysis (results not shown). Finally,
AHIgrgy did not predict frequent difficulty maintaining sleep
(OR =1[95% CI, 1-1.01]) or frequent early morning awaken-
ing (OR = 1 [95% CI, 0.99-10.1]) in models adjusted for
demographics and BMI.

DISCUSSION

In a large, community-based sample of middle-aged and older
adults, REM SDB was not associated with excessive daytime
sleepiness as measured by the ESS or HR-QOL as assessed by
the SF-36 PCS and MCS scores after adjusting for age, sex, race,
BMI, and AHInrem- REM SDB was not associated with
frequent subjective complaints of sleep disruption either. On

the other hand, non-REM SDB was associated with excessive
daytime sleepiness and with poorer physical and mental health
after adjusting for demographics and BMI, and after further
adjustment for AHIrgm.

To our knowledge, this is the first study to evaluate the
association of REM SDB with indices of HR-QOL, and the first
study to examine the association of REM SDB with daytime
sleepiness in a large ethnically diverse community-based sample
selected independent of the presence of daytime sleepiness. Our
results are consistent with the findings from two prior clinic-based
studies, which showed that REM SDB was not associated with
sleepiness as measured by MSLT (12, 13). The MSLT quantifies
the actual time required by the subject to fall asleep. We used the
well-validated ESS, an instrument that assesses the subjective
perception of sleepiness. Clinical decisions in the management of
patients with SDB are generally based in part on the patients’
subjective report of sleepiness rather than the MSLT.

In contrast to our findings, a previous clinic-based study that
reported an association between REM SDB and sleepiness as
measured by MSLT examined a small sample of patients and
did not adjust for confounding variables (11). A second clinic-
based study that found no difference in daytime sleepiness
measured by ESS between subjects with REM SDB versus
those with non-REM SDB (7) also did not adjust for confound-
ing variables. Clinic-based studies are generally subject to
referral bias given that patients without clinical sleepiness are
less likely to be referred for clinical testing. Furthermore, the
use of an arbitrary definition of REM SDB (AHIgem/AHINREM
>2) in the later study (11) could have resulted in misclassifica-
tion as the REM SDB group had a mean AHInggm of 9.6
(SD = 17.9).

The lack of association between REM SDB and sleepiness is
also consistent with experimental evidence. REM sleep re-
striction to 4% of sleep time in one study was not associated
with excessive daytime sleepiness despite a concomitant re-
duction in total sleep time (10). This led the authors to conclude
that REM restriction may have an alerting effect. In contrast,
REM sleep restriction was associated with excessive daytime

TABLE 5. SEX-STRATIFIED ASSOCIATION OF REM SLEEP-DISORDERED BREATHING WITH SLEEPINESS AND HEALTH-RELATED

QUALITY OF LIFE MEASURES

Women

Men

Log(AHlgen + 0.1)

Log(AHlgens + 0.1)

N Adjusted* B-Coefficient (95% Cl) P Value N Adjusted* B-Coefficient (95% CI) P Value
Epworth Sleepiness Scale 2,408 0.03 (-0.07, 0.12) 0.59 1,622 0.05 (—0.08, 0.18) 0.45
Physical Composite Scale 2,106 —0.21 (—0.44, 0.02) 0.08 1,402 —0.01 (—0.28, 0.25) 0.91
Mental Composite Scale 2,106 —0.04 (—0.25, 0.17) 0.70 1,402 0.24 (0.00, 0.48) 0.052

For definition of abbreviations, see Table 2.
All subjects had AHIrem <8.
* Models adjusted for: age, race, BMI.
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TABLE 6. MEAN EPWORTH SLEEPINESS SCALE AND MEDICAL OUTCOMES STUDY SHORT FORM-36

HEALTH-RELATED QUALITY OF LIFE SCORES

Unadjusted

Model 1*

Mean Epworth Sleepiness

Mean Epworth Sleepiness

AHlgem N Score (95% Cl) N Score (95% Cl)
<1.25 1,000 7.22 (7.95, 7.48) 993 7.36 (7.08, 7.63)
1.25-4.96 1,018 7.32 (7.06, 7.58) 1,014 7.34 (7.08, 7.61)
4.97-12.9 1,019 7.44 (7.18, 7.70) 1,007 7.42 (7.16, 7.68)
13.0-22.9 522 7.44 (7.21, 7.94) 520 7.44 (7.08, 7.81)
=23.0 500 7.91 (7.53, 8.28) 496 7.73 (7.35, 8.13)
P value 0.04 0.58

N Mean Physical Composite N Mean Physical Composite

AHlgem Score (95% Cl) Score (95% ClI)
<1.25 900 49.7 (49.1, 50.3) 892 48.6 (48.0, 49.2)
1.25-4.96 890 49.0 (48.4, 49.6) 885 48.4 (47.8, 49.0)
4.97-12.9 871 47.9 (47.3, 47.3) 859 48.4 (47.8, 49.0)
13.0-22.9 462 46.4 (45.6, 47.3) 459 46.4 (46.5, 48.2)
=23.0 415 45.7 (44.8, 46.6) 413 47.5 (46.6, 48.4)
P value <0.001 0.08

N Mean Mental Composite N Mean Mental Composite

AHlpem Score (95% CI) Score (95% CI)
<1.25 900 52.5(52.0, 53.1) 892 52.9 (52.4, 53.5)
1.25-4.96 890 53.7 (53.2, 54.2) 885 53.8 (53.3, 54.3)
4.97-12.9 871 53.4 (52.9, 54.0) 859 53.3 (52.8, 53.8)
13.0-22.9 462 53.6 (52.8, 54.3) 459 53.4 (52.6, 54.1)
=23.0 415 53.6 (52.8, 54.4) 413 53.3 (52.5, 54.1)
P value 0.03 0.25

For definition of abbreviations, see Table 2.

Scores given across quantiles of AHlgen in subjects with AHIngem <8.

* Model 1 adjusted for: age, race, sex, and BMI.

sleepiness to a level similar to non-REM sleep restriction in
another study (9). In the latter study; however, REM sleep was
only reduced to 9% of sleep time, and subjects were exposed to
more frequent awakenings (12-18 vs. 9-11 in the former study)
suggesting that sleep deprivation may have been related to
repeated awakening rather than REM deprivation.

REM sleep usually accounts for less than 30% of total sleep
time and non-REM sleep for more than 70% of sleep time.
Thus, the severity of REM SDB as measured by AHIrgnm
corresponds to fewer disruptions to total sleep than the same
level of severity of non-REM SDB sleep as measured by
AHIngrgem. Furthermore, the traditional definition of AHIrgm
could overestimate the severity of REM SDB in individuals
with short REM duration compared with individuals who ex-
perience more SDB with longer REM duration. Yet, there was
no meaningful difference in the findings when analyses were
repeated with AHIrgy\ defined as the number of apneas and
hypopneas in REM/total sleep time or when 34 subjects with
REM time less than 10 minutes were excluded from the analysis.
Thus the lack of association between REM SDB and daytime
sleepiness or HR-QOL does not reflect misspecification of the
severity of REM SDB by the traditional definition of AHIrgwm.

This study has several limitations. Although suggestive of
a lack of association between REM SDB and daytime sleepi-
ness and HR-QOL, confounding by unmeasured covariates
cannot be excluded in an observational study. A randomized
controlled trial assessing the effect of treating REM SDB on
sleepiness and HR-QOL would provide superior evidence.
Sixteen percent of SHHS participants (1,035 subjects) were
excluded from the sleepiness analysis and 27% (1,754 subjects)
from the HR-QOL analysis because of unreliable scoring of
REM sleep or missing variables of interest. Bias is a potential
limitation if the association of interest was different in subjects
who were excluded; however, subjects excluded from the
sleepiness or HR-QOL analyses were similar to included sub-
jects in BMI, AHI, and where available ESS and AHIrgm.

The significant degree of correlation between AHIggm and
AHIngrgwm raises concerns about collinearity in the models that
include both variables; however, formal collinearity diagnostics
using variance inflation measures and condition indices suggest
that the regression estimates are not meaningfully affected by
collinearity. Moreover, adjustment for the confounding effect of
non-REM SDB by excluding subjects with the highest quartile
of AHIngrgMm led to the same conclusions.

The method used in this study (thermocouple plus induc-
tance plethysmography) is less sensitive for detection of subtle
airflow limitation than the currently recommended combination
of thermocouple plus nasal cannula-pressure transducers sys-
tems. Yet, the use of a requirement for a 4% oxyhemoglobin
desaturation in identifying hypopneas, as recommended in the
current American Academy of Sleep Medicine guidelines,
greatly mitigates this concern as few hypopneas will be missed.
It is possible, however, that events associated with arousal but
not hypoxemia could contribute to sleepiness, and would not be
addressed in this study or in any study using the current
standard desaturation criterion to identify hypopneas. Finally,
the most appropriate tool to evaluate sleepiness remains
controversial (25, 26). In this study the ESS, a self-completion
questionnaire that measures the subjective perception of sleep-
iness on a 0 to 24-point scale, was used to quantify sleepiness.
The MSLT, which measures the actual time required by the
subject to fall asleep, is considered the gold standard for
measuring sleepiness by some; however, others consider that
there is no gold standard for measuring sleepiness. Further-
more, the clinical usefulness of the MSLT in patients with SDB
is unknown. The ESS, on the other hand, is the most widely
used tool for evaluating daytime sleepiness in patients with
SDB. The ESS is reliable and well validated (19); it correlates
inversely with sleep latency on the MSLT (3, 27) and positively
with the AHI in patients with SDB (3, 4, 28) and with the
likelihood of falling asleep while driving (29). The ESS was also
shown to decrease with treatment for SDB (30). Balancing the
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limitations are several strengths to this work, including the large
ethnically diverse community-based sample selected irrespec-
tive of daytime sleepiness and the standardized PSG measures
obtained according to strict protocols and rigorous quality
control measures.

Although a randomized controlled trial of therapy for REM
SDB isneeded to definitively assess the clinical significance of this
condition, findings from this study suggest that in the absence of
non-REM SDB, REM SDB is not associated with daytime
sleepiness, impaired QOL, or sleep disruption in the general
adult population. Thus, distinctions should be made between
REM SDB and non-REM SDB in the management of patients
with daytime sleepiness. Other causes of daytime sleepiness
should be sought when SDB is present during REM sleep only.
As the effects of REM SDB on cardiovascular outcome, meta-
bolic function, and other neurocognitive functions, such as
memory, are unknown, whether REM SDB should be treated
in the absence of non-REM SDB remains to be determined.
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