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Fatigue: The forgotten symptom of sleep apnea
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Abstract
Objective: The present investigation was designed to explore the
role and implications of both daytime sleepiness and fatigue in
obstructive sleep apnea syndrome with respect to sleep, perceived
health quality, and psychological functioning. Methods: Our
participants consisted of two groups: 124 older community
volunteers who completed a polysomnographic sleep study and
were diagnosed with sleep apnea, and 19 healthy controls. All
participants completed self-report measures of sleepiness, fatigue,
sleep quality, health quality, and psychological functioning.
Results: The apnea sample was divided according to clinically
relevant cut-offs on sleepiness and fatigue. When those with mid-
range scores were ruled out, the following groups remained: low
sleepiness/low fatigue (LL, n=23), high sleepiness/high fatigue
(HH, n=28), high sleepiness/low fatigue (HS, n=10) and low
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sleepiness/high fatigue (HF, n=13). The respiratory disturbance
index did not differ significantly among these groups and only the
two highly fatigued groups (HH and HF) experienced significantly
lower average oxygen saturation than the control group. Analyses
revealed that the HH group was significantly worse than the LL and
control groups on most sleep, health quality, and psychological
measures. On these samemeasures, the groups for whom fatiguewas
low (LL and HS), regardless of sleepiness, were similar to controls.
Conclusion: When patients with sleep apnea are classified into
different sleepiness/fatigue categories, the results show that high
fatigue is associated with more severe dysfunction than high
sleepiness. The current debate on whether to treat apnea patients
with low sleepiness needs to consider the impact of fatigue.
© 2011 Elsevier Inc. All rights reserved.
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Introduction

Daytime sleepiness has long been known to be a
prominent aspect of obstructive sleep apnea (OSA) [1].
Only recently have studies indicated that fatigue may be an
important symptom of sleep apnea as well [2]. Because
fatigue has been understudied, the present investigation was
designed to explore the role and implications of both daytime
sleepiness and fatigue in OSA syndrome.

Studies using experimentally induced sleep deprivation
indicate that sleepiness is physiologically based and
dependent on both the length of prior wakefulness and
circadian rhythm status [3]. Sleep apnea, which restricts
or disrupts sleep, tends to result in substantial sleepiness.
In clinical practice, screening and referral for sleep apnea
are typically centered on the evaluation of sleepiness,
employing the self-report Epworth Sleepiness Scale [1,4]
and/or the Multiple Sleep Latency or Maintenance of
Wakefulness tests [5–8] to evaluate the extent of sleep
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propensity. Moreover, there has traditionally been a focus
on driving accidents as an index of impairment, rather
than on more widespread impact on quality of life, health
and well-being.

It is notable that there is a substantial segment of the sleep
apnea population who do not complain of the expected
daytime sleepiness symptoms. Little is known about the
characteristics of such individuals, and optimal treatment for
them continues to be debated [9,10]. The dialogue over
whether to treat has focused on sleepiness as measured by the
Epworth Sleepiness Scale and has tended to ignore other
subjectively reported symptoms.

Fatigue, on the other hand, appears more related to
perceived depletion of physical and/or mental energy [11].
Experimentally, it has been operationalized as exercise
tolerance [12], though this does not appear to take into
account the many aspects of subjectively experienced
fatigue [11]. The International Classification of Sleep
Disorders [13] lists exhaustion among other complaints
such as sleepiness and insomnia as part of the minimal
criteria required to make a diagnosis of obstructive sleep
apnea syndrome. It includes symptoms of loss of libido
and morning headaches but does not mention the term
“fatigue” specifically. It is commonly taught in medical
education that a complaint of excessive daytime sleepiness
raises the possibility of sleep disorder, while complaints of
fatigue, tiredness, and lack of energy tend to suggest
psychiatric and other medical diagnoses (e.g., depression,
hypothyroidism) [4].

Basic research has already established the important link
between insomnia and fatigue [14–18], but recognition of
fatigue in sleep apnea is relatively recent [2,4,19]. Interest-
ingly, when sleep apnea patients themselves were asked to
choose among assorted descriptors, including sleepiness,
tiredness, fatigue, and lack of energy to describe their most
prominent symptom, 40% chose lack of energy, and only
22% chose sleepiness [4].

In a recent study, Hossain et al. [2] reported that fatigue
was a common complaint in their sleep clinic sample of
individuals referred for possible sleep apnea. Notably, they
found substantial numbers of patients with various combina-
tions of sleepiness and fatigue: high ratings of both, either
one symptom or the other alone, or neither symptom. They
found that high fatigue was associated with greater
depression and illness impact. However, since they did not
compare those with and without an apnea diagnosis, we
cannot be sure that the presence of fatigue is a specific
feature of sleep apnea.

One major problem in the whole area of daytime
sleepiness and fatigue has been the overlap in definition
between the concepts, both in the research literature as well
as in clinical practice [20]. To address this problem, in a
recent study, we examined commonly used sleepiness and
fatigue questionnaires and identified those items in the
measures that were related to each of the two constructs, but
not to each other (i.e., unconfounded items evaluating either
sleepiness or fatigue) [21]. The results revealed that the two
symptoms were most clearly distinct when sleepiness is
defined by sleep propensity and fatigue is defined as
diminished energy or weakness.

The goal of the present study was to evaluate the presence
and correlates of fatigue and sleepiness in a sample of older
individuals diagnosed with sleep apnea using the distinct
Empirical Sleepiness and Fatigue measures [21]. In addition,
we examined the descriptive features and characteristics of
individuals with high and low levels of sleepiness and
fatigue, particularly those who experience high levels of both
compared to those who are relatively uncomplaining. We
included a healthy comparison sample to evaluate the
specific link between sleep apnea, sleepiness/fatigue symp-
toms, and their contribution to different aspects of
functioning. We expected to replicate the findings of Hossain
et al. [2] as well as to clarify the association between sleep
apnea and fatigue.

Specifically, the study was designed to answer the
following questions:

• How do patterns of sleepiness and fatigue in
individuals with sleep apnea compare with those in
healthy individuals?

• What are the implications of constellations of
high sleepiness/high fatigue and of low sleepiness/
low fatigue?

• When daytime sleepiness and fatigue are measured as
distinct entities, which is the more important symptom
of sleep apnea?

Method

Participants

Community sample with apnea
These were older volunteers who were recruited from the

community with posters and at “golden age” meetings who
endorsed daytime fatigue or sleepiness or sleep problems at
night. Selection criteria were as follows: aged 50 and over,
community resident, and sufficient cognitive and language
skills to complete the measures in English or French (the two
official languages used in Montreal). Exclusion criteria
included a prior diagnosis of primary sleep disorder, major
illness (i.e., any illness which would account for daytime
fatigue and sleepiness) or drug use known to cause daytime
fatigue, sleepiness, or insomnia, current clinically significant
psychological or psychiatric disorder, dementia, parasom-
nias, or severe sleep phase disorder.

Of 188 participants who began the study, 10 were
excluded due to major illness and 32 dropped out before
completion of the protocol. A total of 146 participants
completed the Questionnaire Battery and underwent noctur-
nal PSG. The 124 individuals (59 males and 65 females,
mean age=63.02, S.D.=11.40) who were diagnosed with
apnea comprised the present sample.
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Control sample
A convenience sample of 19 volunteers comprised the

control sample (5 males and 14 females, mean age=42.0,
S.D.=9.21). They were first screened to be without obesity or
symptoms of sleep apnea and subsequently tested to ensure
that they did not have apnea either by PSG exam (n=10) or,
when this was not feasible, with the SnoreSat home
screening device (n=9). The exclusion criteria were other-
wise the same as for the community sample.

Measures

Empirical sleepiness and fatigue scales [21]
These were developed by correlation and factor analysis

of all items from four questionnaires purporting to measure
sleepiness and fatigue: Stanford Sleepiness Scale [22],
Epworth Sleepiness Scale [23], Fatigue Severity Scale
[24], Chalder Fatigue Scale [25]. The two Empirical scales
represent different constructs that are only minimally
correlated with each other and that have distinctive patterns
of associations. The Empirical Sleepiness Scale consists of
six items from the Epworth Sleepiness Scale while the
Empirical Fatigue Scale consists of one item from the
Fatigue Severity Scale and two from the Chalder Fatigue
Scale. The Stanford Sleepiness Scale was found to be highly
correlated with fatigue items and was not included in the
final scales. Both scales have excellent test–retest reliability
and internal consistency as well as good validity. The
Empirical Fatigue scale scores range from 3 to 18, and
Empirical Sleepiness scores range from 0 to 18. Higher
scores indicate greater sleepiness or fatigue.

Questionnaire battery
This consisted of an extensive, 2-h battery of question-

naires on sleep, health, quality of life and psychological
adjustment. Included in the present investigation are the SF-
36 Health Survey [26] and individual items, subscale scores,
or overall test scores from the following measures: Sleep
Table 1
Subscale items derived from a large questionnaire battery submitted to factor anal

Subscale

QPsychological subscale
Beck Depression Inventory: PCI subtotal
Spielberger State Trait Anxiety Inventory: total
SF-36: Mental Health (subscale)
QInsomnia subscale
Do you have insomnia? Yes/No
At bedtime, how long does it usually take you to fall asleep? (hours)
I wake up too early in the morning and cannot get back to sleep. (Check if yes)
I have difficulty falling asleep at bedtime. (Check if yes)
Generally, how many times per night do you wake up and use the bathroom? (fr
QSleep Disorder subscale
Do you snore? (Yes/No)
Do you wake up in the middle of the night feeling unable to breathe? (Yes/No)
Have you noticed that parts of your body jerk at night? (Yes/No)
Do you wake up with a dry mouth? (Yes/No)
Questionnaire—a modified version of the retrospective
questionnaire used in previous investigations [27]; the
Spielberger State-Trait Anxiety Inventory-Form Y2 [28];
and the Beck Depression Inventory Primary Care Subscale
[29]. To reduce the number of items used for analysis from
the large number of items in these questionnaires, in a
previous study [30], we selected a subset of 21 items and
distilled them into manageable factors. Because the different
items had an assortment of measurement properties, scores
were standardized so that they could be added together.
Factor analysis revealed a five-factor structure: QSleep
Disorder, QFatigue, QSleepiness, QInsomnia, QPsychologi-
cal. For the present analyses, only the QSleep Disorder,
QInsomnia, and QPsychological subscales were employed
because the QFatigue and the QSleepiness subscales contain
the Empirical Fatigue and Sleepiness measures, respectively.
Table 1 presents the items comprising the three Q subscales
as well as their factor loadings.

Laboratory PSG assessment
Participants were monitored in a supervised sleep

laboratory from 10 p.m. to 7 a.m. Monitoring included
three leads EEG, EOG, bilateral anterior tibialis and chin
EMG, ECG, pulse oximetry, nasal and oral airflow with
nasal pressure cannulae and thermistor, and respitrace bands
for measurement of respiratory effort [31]. All signals were
acquired on a digital data management system (Sandman,
Nellcor-Puritan Bennett & Tyco, Ottawa, Canada). A
certified polysomnographic technologist with at least 10
years of experience manually scored the studies blind to the
results of symptom assessments. Sleep stages were first
scored in 30-s epochs according to standard criteria [32].
Next, EEG arousals were scored according to standard
current consensus criteria [33]. An apnea event was scored
when there was a cessation of breathing for 10 or more
seconds. A hypopnea was defined a priori as an event lasting
at least 10 s with an airflow decrease of N50% from a
baseline in the amplitude compared to the mean of the largest
ysis

Factor loading

0.830
0.826
0.804

0.763
0.675
0.663
0.632

equency) 0.357

0.623
0.610
0.581
0.422
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three breaths over the previous four epochs, or a lesser
reduction in airflow signal amplitude accompanied by either
at least a 3% oxygen desaturation or an EEG arousal [34].
Leg movements, apnea events and associated arousals were
scored manually according to scoring rules established by
the Atlas Task Force of the American Sleep Disorders
Association [35]. The cutoff criterion for defining a case with
significant apnea/hypopnea as well as periodic limb move-
ments is 10 or more events per hour of EEG sleep.

Home PSG assessment
Home sleep period recording to screen for the presence of

sleep apnea was performed with a SnoreSat Recorder
(SegaTech Electronics, Calgary, Canada). This device
records pulse oximetry, nasal airflow with nasal pressure
cannulae, microphone for snoring, and respitrace bands for
measurement of respiratory effort. This device has been
compared to overnight PSG, providing similar apnea indices
(r=.97), though lacking EEG recording to detect sleep
arousals. Sensitivity and specificity for OSA in a sample of
patients with suspected OSA were high, .98 and .88,
respectively, using a cutoff criterion of 15 [36]. Records
underwent automated scoring which was validated by visual
inspection of the raw data disclosed in 10-min epochs.
Respiratory disturbance indices were adjusted for any time
spent with invalid recording or persistent movement
suggesting wakefulness.

Procedure

Both samples were recruited with prior approval of the
ethics review boards of McGill University (FWA00004545,
May, 2003) and Mount Sinai Hospital Center in Montreal.
Participants signed a consent form advising themof all aspects
of the study, including the right to withdraw at any time.

Participants completed the 2-h questionnaire battery at the
Jewish General Hospital and underwent polysomnography
(PSG) assessment in an accredited sleep laboratory. Control
participants who underwent home monitoring were
instructed in the afternoon about the use of the device and
returned home with written instructions. All were paid a
small honorarium for their participation and were refunded
for travel and parking expenses.

All participants were provided information about the
results of their assessment. Those receiving a sleep disorder
diagnosis were offered appropriate treatment and/or referral
to a sleep specialist.
Table 2
Breakdown of apnea sample in to Low, Medium, and High categories
according to Sleepiness and Fatigue measure cutoff scores

Fatigue n (%)

Low Medium High Total

Sleepiness Low 23 (18.5) 9 (7.3) 13 (10.5) 45 (36.3)
Med 11 (8.9) 5 (4.0) 13 (10.5) 29 (23.4)
High 10 (8.1) 11 (8.9) 29 (23.4) 50 (40.3)
Total 44 (35.5) 25 (20.2) 55 (44.4) 124 (100.0)
Results

Data treatment and configuration of the sample

In general, the data analyses to examine group differences
consisted of multivariate (MANOVA) followed by univar-
iate analysis of variance (ANOVA) and post hoc t tests [least
significant difference (LSD)]. The Empirical Sleepiness and
Fatigue measures [21] were used to establish low and high
fatigue and sleepiness groupings for the sample of
participants with apnea. For the Empirical Sleepiness Scale
(maximum score=18), cutoff scores of 4 and under and 8 and
over were used to establish Low Sleepiness (n=45) and High
Sleepiness (n=50) groupings. This left 29 individuals who
fell in the Medium Sleepiness category. The sample was also
divided into groups of Low Fatigue (score of 9 or less, n=44)
and High Fatigue (score of 12 or more of a maximum score
of 18, n=55) groups. This left 25 individuals in the Medium
Fatigue group. These cut-off scores were consistent with
scores obtained for clinical groups (chronic fatigue syn-
drome, narcolepsy) and normal controls [21]. A breakdown
(by number and percentage of the total apnea sample) of
participants who fell into the various Low, High, and
Medium sleepiness and fatigue groups is presented in
Table 2. This shows that a substantial percentage of the
apnea sample was either low or high on both symptom
dimensions: low sleepiness/ low fatigue (LL), high sleepi-
ness/ high fatigue (HH), high sleepiness/ low fatigue (HS),
low sleepiness/ high fatigue (HF). A Chi-square test of
association based on 4 cells (LL, HH, HS, HF) was
significant, χ2 (df=1,75)=11.11, Pb.001. The following
analyses were conducted on these four groups and the
control group (CL).

Table 3 shows univariate analysis of variance compar-
isons (ANOVA) and post hoc test results as well as mean
scores on the Fatigue Scale, the Sleepiness Scale, age and
body mass index (BMI) for participants in the five groups of
interest (LL, HH, HS, HF, CL). The mean Fatigue score for
the CL group was below the cut-off for the Low Fatigue
category, although 6 participants (31.6%) were classified as
High Fatigue. The mean Sleepiness Scale score for the CL
group fell between the apnea sample's Low and High
Sleepiness scores. Overall, the CL group was significantly
younger than all of the apnea groups. The CL group had a
lower mean BMI than any of apnea groups, though these
scores were unavailable for about half the sample. The LL
group had a significantly lower BMI than the HH group.

Group comparisons

Further analyses compared the four apnea groups (LL,
HH, HS, HF) and the CL. Because the mean age was



Table 3
Means, standard deviations, univariate ANOVAs, and post-hoc tests (LSD) for Sleepiness and Fatigue measures, age and BMI for four apnea subgroups and
control group

Group Mean S.D. F df P Post hoc

Fatigue measure LL 6.91 1.70 43.46 4,88 b.001 CL, LL, HSbHH, HF
HH 14.36 1.95
HS 7.10 1.85
HF 13.85 2.19
CL 7.79 4.13

Sleepiness measure LL 1.70 1.40 84.08 4,88 b.001 LL,HFbCLbHH,HS
HH 10.92 2.25
HS 11.20 2.90
HF 1.38 1.71
CL 4.21 2.95

Age LL 65.48 11.04 16.52 4,88 b.001 CLbLL,HH,HS,HF
HH 59.53 10.84 HHbHF
HS 62.20 11.75
HF 67.62 10.81
CL 42.00 9.21

BMI LL 25.75 3.99 5.22 4,77 b.001 CLbHS,HH,HF
HH 30.72 6.90 LLbHH
HS 27.88 3.85
HF 29.63 7.68
CL⁎ 21.66 2.13

n: Total=93; LL=23; HH=28; HS=10; HF=13; CL=19 (⁎CL=8).
Higher scores indicate more fatigue or sleepiness.
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significantly lower for CL than for the other groups, all
ANOVAs described below were also carried out with age as
a covariate. The pattern of results from the analyses of
covariance (ANCOVAs) did not differ from the ANOVA
findings, and are not reported here.

To compare scores of these five groups on polysomno-
grapic variables [Respiratory Disturbance Index (RDI) and
oxygen saturation (SpO2)], a MANOVA was carried out.
There was a significant main effect for Group, F(8,170)=
4.92, Pb.001. Table 4 presents the ANOVA (F statistic) and
post hoc (least significant difference, LSD) results as well as
means and standard deviations for each group for both
measures. As expected, all four apnea groups had signifi-
cantly higher RDI scores than the CL group. No significant
differences were found among the four apnea groups. The
HH and HF groups had significantly lower mean SpO2 than
the CL group and the HF group had significantly lower mean
SpO2 that either the LL or HS groups.
Table 4
Means, standard deviations, univariate ANOVAs, and post hoc tests (LSD) for RD

Group Mean S.D.

Respiratory LL 28.77 1.40
Disturbance Index HH 25.43 2.25

HS 27.84 2.90
HF 35.29 1.71
CL 3.64 2.95

SpO2 (%) LL 96.56 1.33
HH 95.35 2.03
HS 96.76 1.72
HF 94.48 4.43
CL 97.66 1.22
We examined group differences in perceived functioning
in eight physical and mental health domains as measured by
the SF-36 Health Survey. A MANOVA was carried out
comparing scores of the five groups on the Physical
Functioning, Physical Role, Body Pain, General Health,
Vitality, Social Functioning, Emotional Role, and Mental
Health subscales. There was a significant main effect for
group, F(32,324)=1.79, Pb.01. Univariate ANOVA compar-
isons showed significant group differences for all 8 sub-
scales. Table 5 presents the ANOVA (F statistic) and post
hoc (least significant difference, LSD) results as well as
means and standard deviations for each group on each
subscale. The CL and LL groups were not statistically
different from each other and, with the exception of the
Mental Health subscale, both had significantly higher
functioning scores than the HH and HF groups. The HH
and HF groups, which also did not differ from each other,
had the lowest scores on all eight subscales, but were
I and SpO2 measure of four apnea subgroups and control group

F df P Post hoc

6.99 4,85 b.001 CLbLL, HH, HS, HF

4.91 4,85 b.01 HH, HFbCL
HFbLL, HS



Table 5
Means, standard deviations, univariate ANOVAs, and post hoc tests (LSD) for 8 subscales of the SF-36 health functioning measure for four apnea subgroups and
control group

Group Mean SD F df P Post-hoc

Physical LL 84.09 12.50 7.34 4,85 b.001 CL, LL, HS NHH, HF
Functioning HH 59.44 25.01

HS 77.00 27.41
HF 53.75 29.47
CL 86.32 22.73

Role physical LL 77.27 33.55 10.39 4,85 b.001 CL, LLNHH, HF
HH 34.26 42.83 CLNHS
HS 50.00 42.49
HF 18.75 32.20
CL 86.84 32.66

Body pain LL 77.27 23.47 4.38 4,85 b.01 CL, LLNHH, HF
HH 52.37 28.76 HSNHH
HS 73.00 25.15
HF 53.25 29.78
CL 76.68 25.60

General health LL 71.64 19.07 5.56 4,85 b.01 CL, LL, HSN HH, HF
HH 60.06 19.51
HS 75.20 16.20
HF 57.75 19.68
CL 81.63 13.98

Vitality LL 62.04 15.25 8.37 4,85 b.001 CL, LLNHH, HF
HH 38.52 18.54
HS 49.50 22.42
HF 33.33 19.58
CL 61.58 22.97

Social functioning LL 84.66 18.87 7.95 4,85 b.001 CL, LLNHH, HF
HH 62.04 28.69 HSNHF
HS 75.00 25.00
HF 47.92 27.09
CL 87.50 16.67

Role emotional LL 77.27 31.57 3.46 4,85 b.01 CL, LLNHH, HF
HH 53.09 43.62
HS 63.33 45.68
HF 38.89 42.24
CL 82.46 34.01

Mental health LL 81.82 13.56 4.75 4,85 b.01 CL, LLNHF
HH 66.96 15.56 LLNHH
HS 69.00 17.62
HF 56.33 25.15
CL 76.21 20.46

n: Total=90; LL=22; HH=27; HS=10; HF=12; CL=19.
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significantly lower on seven. Taken together, it appears that
those with low fatigue and sleepiness scores report health
functioning similar to that of healthy controls, while the
lowest scores on health functioning were reported by those
groups with high fatigue.

In order to examine group differences in other self-
reported symptom domains, a MANOVA test was carried out
comparing the three Questionnaire Battery factor scores [30]:
QSleep Disorders, QPsychological and QInsomnia. There
was a significant main effect for group, F(12,204)=4.40,
Pb.001. Univariate ANOVA tests show that there were
significant group differences on all three factors (Table 6).
The CL group had the lowest score on all three comparisons.
On the QPsychological subscale, the CL and LL groups did
not differ significantly and had significantly lower scores
than the HH and HF groups. On the QSleep Disorders
subscale, the four apnea groups did not differ from each other
in reported symptoms. On the QInsomnia subscale, all apnea
groups experienced more insomnia symptoms than the
healthy controls and the HF group reported more than the
LL group.

A discriminant analysis was carried out to predict group
membership for three groups: LL, HH, and CL. The
predictor variables included in the step-wise analysis were:
RDI, SpO2, all eight SF-36 subscale scores, as well as the
three Q-factors: QPsychological, QInsomnia, and QSleep
Disorder. We found that a discriminant function, including
RDI, QSleep Disorder, SF-36 Vitality, and QInsomnia as
predictors, could discriminate among the three groups at the
.001 level of significance with a canonical correlation of
0.785 accounting for 61.6% of the variance. Using this
function, the classification accuracy for the three groups was



Table 6
Means, standard deviations, univariate ANOVAs, and post-hoc tests (LSD) for 3 factor subscales of the questionnaire battery for four apnea subgroups and
control group

Group Mean SD F df P Post-hoc

QPsychological LL 28.15 1.56 7.78 4,72 b.001 CL, LLbHH, HF
HH 30.29 2.02 HSbHF
HS 29.66 1.62
HF 32.92 3.96
CL 28.59 2.58

QInsomnia LL 49.89 3.19 6.00 4,72 b.001 CLbLL, HH, HS, HF
HH 50.83 3.37 LLbHF
HS 50.74 3.87
HF 53.60 5.91
CL 46.82 2.24

QSleepDisorder LL 39.65 2.00 5.79 4,72 b.001 CLbLL, HH, HS, HF
HH 41.08 2.64
HS 39.61 2.37
HF 40.54 2.99
CL 37.60 1.52

n: Total=73; LL=17; HH=21; HS=9; HF=9; CL=17.
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74% overall, with the LL group membership at 58%, HH at
71%, and CL at 100% accuracy.

Finally, regression analyses were carried out to predict
fatigue and sleepiness severity from the above independent
variables for the apnea groups (LL, HH, HS, HF, n=56).
Regression equations for predicting fatigue and sleepiness
scores were significant and presented in Table 7. The
prediction equation for the Fatigue Scale, including SF-36
Physical Functioning, SpO2, and SF-36 Vitality appears
robust, accounting for 55% of the variance. Only one
predictor variable (RDI) was found for the Sleepiness Scale,
and this was comparatively weak.
Discussion

Patterns of sleepiness/fatigue and their implications

Similar to the Hossain et al. study [2], we identified four
apnea subgroups characterized by combinations of high and
low levels of sleepiness and fatigue. In the present study,
Table 7
Regression equation beta weights for predicting Fatigue and Sleepiness for apnea

Unstandardized coefficients

B Std. error

Fatigue Scale a

Constant 89.868 19.916
SF-36 Physical Functioning −.068 .017
Mean O2% during sleep −.742 .208
SF-36 Vitality −.062 .020
Sleepiness Scale b

Constant 8.947 1.154
Sleep RDI −.069 .031

a R2=.55, F(3,53)=21.71, Pb.001.
b R2=.08, F(1,55)=4.83, Pb.05.
among participants with sleep apnea, a substantial number
(23%) presented with high levels of both daytime fatigue and
sleepiness, while, counterintuitively, 19% were relatively
asymptomatic on both. Of equal interest is the presence of
those groups who experienced high fatigue only (10%) as
well as low fatigue and high sleepiness (8%). Clearly, sleep
apnea not only has several symptom presentations, but our
findings underline the importance of fatigue as a symptom of
sleep apnea, both in the presence and absence of sleepiness.
More research is needed to understand the pathophysiolog-
ical association between fatigue and sleep apnea.

The present study is one of the very few to show that
highly fatigued individuals with sleep apnea not only have
impaired daytime functioning, but such fatigue-related
impairments may be even more profound than those
associated with sleepiness. Despite having similar levels of
apnea severity, as measured by the RDI, the groups were
very different in their functioning. Notably, the groups with
high fatigue tended to report diminished quality of life and
less adaptive psychological functioning, while the groups
with low levels of sleepiness and fatigue were not
groups (LL, HH, HS, HF, n=56)

Standardized coefficients

t PBeta

4.512 b.001
−.421 −4.019 b.001
−.330 −3.567 b.01
−.319 −3.041 b.01

7.751 b.001
−.284 −2.197 b.05
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significantly different from the healthy controls. Of equal
interest, another objective measure associated with sleep
apnea, mean SpO2, was lower in high fatigue individuals. In
addition, mean SpO2 was a significant predictor for fatigue
but not for sleepiness. This suggests that this particular apnea
index may distinguish fatigue and sleepiness in this
population. Interestingly, low mean SpO2 is a disease
characteristic found in another patient population, severe
chronic obstructive lung disease, where fatigue is also a
prominent feature of disability [37–39].

Implications

Our findings support the observation made in other
studies that a surprising number of individuals with sleep
apnea have few daytime sleepiness/fatigue complaints. The
present study also adds new information to the current
debate about whether it is appropriate to treat people with
sleep apnea who are not sleepy [9]. The LL group was not
only low on reported sleepiness and fatigue but also on
numerous other indices of poor functioning. In fact, in many
cases the group with high sleepiness but with low fatigue
was quite similar to the LL group, including at least one
recognized index of sleep apnea severity: mean SpO2.
Studies have shown that treating patients with apnea who do
not complain of excessive daytime sleepiness with Contin-
uous Positive Airway Pressure (CPAP) does not change
arterial blood pressure, suggesting that such patients could
be at less risk for the adverse cardiovascular consequences of
untreated sleep apnea [9,40]. Our findings extend the “low
risk” profile by suggesting that even high levels of
sleepiness, provided that there is a low level of fatigue,
may be associated with reduced risk from the consequences
of sleep apnea. Future research should evaluate this
possibility empirically. On the other hand, the present
study indicates that an important and problematic group is
the one with low sleepiness but high fatigue (and a whole
gamut of other complaints), suggesting that highly fatigued
people should not be overlooked for apnea treatment simply
because they are not sleepy.

Limitations

Limitations of the present study include the fact that the
control sample was somewhat sleepy and fatigued. Possibly
these symptoms are prevalent in well-functioning, non-
complaining people, but not with the same frequency or
impact as in people with sleep apnea. In addition, the
control sample was younger. While controlling for the age
difference through ANCOVAs revealed a very similar
pattern of findings, it is not entirely possible to dismiss the
possible impact of age. Thus, despite the inclusion of a
control sample, we still cannot definitively say that fatigue
is clearly a consequence of sleep apnea. In addition, we did
not have objective measures of sleepiness or fatigue and did
not evaluate participants' cardiovascular health or their
response to CPAP treatment. Future research should address
these limitations.

The present sample consisted of community volunteers
who had moderately severe sleep apnea, many of whom
also had substantial daytime complaints. All were recruited
for a study of individuals with daytime sleepiness, fatigue,
or sleep related concerns. Thus, the low fatigue and low
sleepiness groups may have been under-represented. In
addition, none were previously diagnosed with sleep
apnea, suggesting the need for replication of the present
results in a clinical sample. The fact that participants'
sleep apnea was discovered through a research study, and
not through medical consultation, highlights the need for
better case-finding methods for primary care health
professionals to identify candidates for polysomnographic
evaluation [41].

Finally, another limitation of the study is that two of the
groups had small sample sizes (HF and HS). Sample sizes
in this study were sufficient to detect large effect sizes of
.6–.7 S.D. between means at an α=.05 and β=.2. Increased
sample sizes would allow detection of smaller between-
group differences.

Conclusions

We believe that the present study, in which a newly
diagnosed sample of individuals with sleep apnea was
compared to a non-clinical, control sample without apnea,
strengthens the case that fatigue is associated with sleep
apnea at least as closely, if not more so, as is sleepiness. If
more widely recognized, the presence of fatigue as a
symptom of sleep apnea could increase appropriate referrals
to sleep clinics.
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