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Abstract

Background: Since chronic fatigue syndrome (CFS) and fibromyalgia (FM) often co-exist, some believe they reflect
the same process, somatization. Against that hypothesis are data suggesting FM but not CFS was common in
patients with sleep-disordered breathing (SDB). The presence of discrete case definitions for CFS and FM
allowed us to explore rates of CFS alone, CFS with FM, and FM alone in SDB patients compared to those with
sleep complaints that fulfilled criteria for insomnia.

Methods: Participants were 175 sequential patients with sleep-related symptoms (122 had SDB and 21 had
insomnia) and 39 healthy controls. Diagnoses were made by questionnaires, tender point count, and rule out
labs; sleepiness was assessed with Epworth Sleepiness Scale and mood with Beck Depression Inventory.

Results: Rates of CFS, FM or CFS + FM were high: 13% in SDB and 48% in insomnia. CFS occurred frequently in
SDB and insomnia, but FM occurred frequently only in insomnia. SDB patients with CFS and/or FM had higher
daytime sleepiness than those without these disorders.

Conclusion: CFS patients should complete Epworth scales, and sleep evaluation should be considered for those
with scores ≥ 16 before receiving the diagnosis of CFS; the coexistence of depressed mood in these patients
suggests some may be helped by treatment of their depression. That FM was underrepresented in SDB suggests
FM and CFS may have different underlying pathophysiological causes.
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Background
Chronic fatigue syndrome (CFS) and fibromyalgia (FM)
are symptom-based illnesses, diagnosed using sets of
clinical criteria agreed upon by experts [1,2]. However
the core symptoms of pain, fatigue, sleep problems and
cognitive difficulties exist across both syndromes and
lead to significant co-morbidity between them. The fact
that these two syndromes co-exist so often has led some
to question whether they are, in fact, distinct diagnostic
entities. Wessely et al. [3], for example, have suggested
that the “similarities between them outweigh the dif-
ferences” and Barsky and Borus [4], noting similarities
* Correspondence: bnatelson@bethisraelny.org
2Department of Neurology, Pain and Fatigue Study Center, Mount Sinai Beth
Israel, Icahn School of Medicine at Mount Sinai, New York, NY 10003, USA
Full list of author information is available at the end of the article

© 2015 Pejovic et al.; licensee BioMed Central
Commons Attribution License (http://creativec
reproduction in any medium, provided the or
Dedication waiver (http://creativecommons.or
unless otherwise stated.
between CFS and FM, suggested an explanatory model
based on the concept of symptom amplification – that is,
a common psychological tendency to somatize or miscon-
strue the significance of normal physical sensation. We
have termed this the “unitary” hypothesis. If that hypoth-
esis were true, discrete case definitions corresponding to
distinct illness syndromes would be unnecessary. How-
ever, there is substantial evidence against this interpret-
ation showing that CFS can differ from FM [5] – thus
providing evidence against the unitary hypothesis. Finding
these differences argues for the two illnesses being differ-
ent – with different underlying pathophysiology.
The underlying causes of disturbed and/or unrefresh-

ing sleep, common complaints in both CFS and FM, re-
main to be more fully considered – specifically as to
whether rates of sleep pathology differ between CFS and
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FM. While untreated sleep apnea and narcolepsy were
considered exclusions for the diagnosis of CFS, formal
sleep evaluation including polysomnography (PSG) was
not recommended in evaluating a patient with severe fa-
tigue [1]. That decision seemed appropriate because, in
contrast to early studies that suggested a high rate of
sleep disorders in CFS [6-8], later studies including our
own found no difference in rates of sleep disorders be-
tween patients with CFS and healthy controls [9-11]. In
contrast, except for our own work [11] and one other
early study [12], a number of other studies suggests that
FM is often accompanied by sleep-disordered breathing
(SDB) [13-16].
Existing case definitions allow for the diagnosis of ei-

ther disorder occurring alone or CFS and FM occurring
together. Because prior studies of symptom-based illness
usually did not differentiate between CFS or FM [5], we
thought that research on the relation among CFS alone,
FM alone, CFS with FM and sleep diagnosis might fur-
ther understanding about the pathophysiological under-
pinnings of these syndromes. To do this, we evaluated a
consecutive cohort of patients with sleep complaints for
these diagnoses; the patients then underwent diagnostic
PSG. Based on the literature, we expected to find in-
creased rates of FM but not of CFS in patients with
SDB. Our plan was to compare these data to those in
patients with insomnia, i.e., sleep complaints with PSG-
based evidence of increased sleep latency, prolonged pe-
riods of wakefulness following sleep onset, or early
morning awakening. Since disturbed sleep is a complaint
common to both CFS and FM, we expected to find high
rates of both these illnesses in these patients. Finally, we
also evaluated patients for irritable bowel syndrome
(IBS), because it is known to co-exist with FM and CFS
[17] and thus could be an independent risk factor for
sleep pathology.

Methods
Subjects
Participants were 175 patients and 39 healthy controls,
aged ≥18 and body mass index (BMI) ≤40. Patients were
a consecutive series of people with sleep-related symptoms
(breath cessations, snoring, excessive daytime sleepiness,
fatigue, difficulty initiating or maintaining sleep or early
morning awakening) who underwent diagnostic polysom-
nography followed by evaluation by a sleep specialist be-
tween June 2006 and June 2007 at the Sleep Research and
Treatment Center and were found to have a primary sleep
disorder. A wide variety of practitioners in central Pennsyl-
vania, i.e., primary care as well as specialty physicians’ of-
fices, referred these patients in order to rule out primary
sleep disorder; none of the patients was referred by the
Pain & Fatigue Study Center in New Jersey. Controls
were Dauphin county residents, taking no medications,
in good health with neither sleep-related complaints
nor wide spread pain. All subjects signed their in-
formed consent to participate in this study which was
approved by Penn State College of Medicine’s Institu-
tional Review Board.

Sequence of procedures
Assessment of fatigue and pain, sleepiness, and depression
On entry to the Sleep Research and Treatment Center,
one of the medical doctors involved in this study (SP,
MB, and FM) did a medical evaluation on each patient,
including medical and sleep history, a physical examin-
ation including a tender point examination, and clinical
tests (including complete cell blood count; liver and renal
profiles; glucose; thyroid indices and an electrocardiogram).
Patients were then asked to complete a questionnaire
assessing medical and psychiatric symptoms developed
and used extensively by one of the authors, BHN, to
identify patients with CFS, fibromyalgia, and irritable
bowel syndrome (http://www.painandfatigue.com/).
Immediately thereafter, daytime sleepiness and mood

were assessed by Epworth Sleepiness Scale (ESS) and
Beck Depression Inventory (BDI), respectively [18,19].
BDI results did not change when the items related to
sleep disturbance and fatigue were eliminated from the
total BDI score.

Diagnosis of FM and Chronic Fatigue Syndrome (CFS)
The diagnosis of FM was made using the 1990 case def-
inition [2]: existence of chronic widespread pain plus
tenderness on palpation in at least 11 of 18 tender point
sites. Pain was considered chronic and widespread if pa-
tients indicated on the questionnaire that it existed over
the past 3 months in: (1) shoulders, arms or hands on
both left and right side of the body, (2) legs or feet on
left and right sides, and (3) chest, neck or back on both
left and right sides as reported in the intake question-
naire. A tender point was counted if the patient reported
severity of pain during palpation with 4 kg of force to
be ≥ 2 on a scale from 0 to 10, with 0 meaning no pain
and 10 meaning worst pain possible [20].
Patients were diagnosed with chronic fatigue syn-

drome if they fulfilled the 1994 case definition [1]. Spe-
cifically, patients responded to a five point visual analog
scale in the intake questionnaire to rate the degree fa-
tigue had reduced their activity; to be included, patients
had to indicate that their fatigue had had a substantial,
severe, or very severe effect (ascertained by scores of ≥3
on a 0 to 5 scale where 3 was substantial, 4 severe and 5
very severe) on their level of activity on the job, in
school or class, socially, or in their personal life. Next,
patients were asked about the duration they had suffered
from the following symptoms: sore throat, tender lymph
glands, headache, myalgia, arthralgia, unrefreshing sleep,

http://www.painandfatigue.com/


Pejovic et al. BMC Neurology  (2015) 15:53 Page 3 of 9
cognitive difficulties and the complaint that even minimal
exertion produced a dramatic worsening of their entire
symptom complex; to be included, patients had to report
that at least 4 of these symptoms had been a problem for
at least 6 months with severity in the month prior to in-
take rated as ≥3 on 0 to 5 visual analog scales where 0 was
none, 1 mild, 2 moderate, 3 substantial, 4 severe, and 5
very severe. Finally, to receive the diagnosis of CFS, pa-
tients had to have normal results on laboratory tests. The
existence of independent diagnostic criteria for CFS and
for FM allowed the identification of patients fulfilling diag-
nostic criteria for either or both disorders.

Diagnosis of Irritable Bowel Syndrome (IBS)
Diagnosis of IBS required patients to fulfill ROME II cri-
teria – i.e., at least 12 weeks, not necessarily consecutive,
in the preceding year of abdominal discomfort or pain
that had two of three features: relieved with defecation;
onset associated with change in frequency of daily bowel
movements from normal to >3/day or to <3/week; onset
associated with a change in form from normal to lumpy/
hard or to loose/watery in the intake questionnaire [21].

Sleep laboratory recordings
Immediately after these procedures, subjects were evalu-
ated for one night for 8 h (2300–0700) in sound attenu-
ated, light and temperature controlled rooms following
standard polysomnographic procedures with continuous
multi-channel monitoring of electroencephalogram (3
channels), electro-oculogram (3 channels), and electro-
myogram (1 channel). Sleep records were subsequently
scored independently, according to standardized criteria
[22]. Respiration was monitored throughout the night by
nasal and oral thermocouples (model TCT 1R, Grass In-
strument, Quincy, MA), and by nasal pressure transducer
(MP45-871 ± 2 cm H20, Validyne Engineering Corp.) and
thoracic strain gauges. All-night recordings of hemoglobin
oxygen saturation (SaO2) were obtained with a cardio-
respiratory oximeter (Model 8800, Noonin Medical,
Plymouth, MN) attached to the finger. “Apneas” were
breath cessations exceeding 10 seconds; “hypopneas”,
airflow reductions of ~50% with 3% reduction of SaO2.
“Apnea-hypopnea index” (AHI) was the number of ap-
neas and/or hypopneas/hr of sleep. “Respiratory dis-
turbance index” (RDI) was AHI plus the number of
breathing related arousals/hr of sleep – i.e., number of
EEG arousals associated with reduction in airflow of ~30%
without 3% reduction of SaO2 [23]. The RDI including
nasal cannula/pressure transducer flow limitation events
terminated by arousal has been previously shown to be es-
sentially identical to the number of the esophageal man-
ometry events terminated by arousal, which have been
called Respiratory Effort-Related Arousals [24]. “Periodic
leg movements” (PLMS) were counted if lasting from 0.5
to 5 seconds and in intervals of less than 90 seconds be-
tween movements. “PLMS index” was number of periodic
leg movements/hour of sleep.
The next morning, subjects were evaluated by the

sleep specialists of the Sleep Research and Treatment
Center and were diagnosed with primary sleep disorder`
(s) if they met International Classification of Sleep Disor-
ders criteria [25]. Then, patients, who by history and/or
PSG had evidence of having hypersomnias of central
origin (either idiopathic hypersomnia or narcolepsy),
underwent two 60 min daytime naps at approximately
9:00 AM and 12:30 PM [26]; this protocol provides a
quantitative assessment of pathological diurnal sleepi-
ness and has been suggested as an alternative to the
Multiple Sleep Latency Test in the evaluation of pa-
tients with these disorders [27].
We used two PSG-based criteria to define clinically

significant sleep-disordered breathing: (1) an AHI <5 events/
hr with an RDI >10 or (2) an AHI ≥5 events/hr. In addition,
to receive the diagnosis of SDB, patients fulfilling either
criterion had to also have daytime sleepiness/fatigue and/or
cardiovascular problems i.e., hypertension. Healthy controls
did not fulfill criteria for any sleep diagnosis.

Statistical analysis
Subjects were classified into four “sleep diagnosis groups”
(SDB, insomnia, idiopathic hypersomnia, and narcolepsy)
according to their primary diagnosis. The SDB group was
comprised of patients diagnosed as having sleep disturbed
breathing; the insomnia group included patients diag-
nosed as having insomnia as defined by ICSD-2 general
criteria for the disorder; the idiopathic hypersomnia group
included patients diagnosed as having idiopathic hyper-
somnia; and the narcolepsy group included patients di-
agnosed by narcolepsy with or without cataplexy. To
maintain group homogeneity, we made the post hoc
decision to exclude patients with more than one sleep
diagnosis as follows: 3 hypersomnia patients with AHIs
between 5 and 14; two narcolepsy patients – one with
AHI < 5 and RDI > 10 and one with AHI between 5 and
14; six patients with insomnia (three with AHI values
between 5 and 14 and three with values ≥ 15); and
three patients with RLS (2 with AHIs > 15 and 1 with
insomnia). Two subjects with other primary sleep diag-
noses were not included in the analysis because of
small cell sizes: one with sleepwalking and the other
with delayed sleep-phase syndrome. Dropping these 16
subjects reduced our evaluable sample to 159.
Because sample sizes of patients with idiopathic hyper-

somnia and narcolepsy were small (n = 10 and 6, re-
spectively), we did not include them in further analyses
but provide data on frequency of CFS and/or FM (20%
and 50% respectively; see results for breakdown of CFS
and FM diagnosis) to stimulate further research on their
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relation to sleep disorders. We used analyses of variance
to compare subjects across the remaining three study
groups (healthy controls, SDB, and insomnia) as to age
and BMI. We used Chi square testing to determine if
rates of symptom-based illnesses varied between the
sleep disorders. We used multivariate logistic regression
to examine if the difference in rates of symptom-based
illnesses persisted after controlling for gender, age, and
RDI. The same analysis was used to assess the roles of
AHI, sleep efficiency, BMI, presence of symptom-based
illness and BDI score in affecting sleepiness in SDB.
Analysis of covariance was used to test the differences in
BDI scores between the two sleep disorders groups with
or without symptom-based illnesses and healthy controls
as well as if differences in BDI scores existed between
patients with zero, one, two or three unexplained syndromes.
A similar approach was used to determine if differences in
sleepiness existed between the two sleep disorder groups
Table 1 Detailed breakdown of characteristics of patients wit

All SDB = 122

Low AHI = 36

Men = 18 → No CFS/FM = 16→

CFS/FM = 2→

Women = 18 → No CFS/FM = 14→

CFS/FM = 4→

High AHI = 86

Men = 65 → No CFS/FM = 59→

CFS/FM = 6→

Women = 21 → No CFS/FM = 17→

CFS/FM = 4→

We are presenting data stratifying the ESS data by scores 16 or higher; this was the
We are presenting Beck data two ways: with the cut off at 20 [moderate depressed
20 cut off.
with or without symptom-based illnesses. Flowcharts for
the SDB and insomnia group are provided [see Tables 1
and 2]. Analysis of covariance was also used to examine
differences between the two sleep disorders groups with
or without symptom-based illnesses and healthy controls
in PSG variables.
Data in the text are presented as mean (SD). P < 0.05

was considered statistically significant.

Results
Sleep disorders
Of the 159 evaluable patients with sleep complaints who
underwent PSG, 122 (77%) patients were diagnosed with
sleep disturbed breathing, 21 (13%) with insomnia (for
SDB and insomnia, see Table 3), 10 (6%) with idiopathic
hypersomnia, and 6 (4%) with narcolepsy.
Of the patients with SDB, 36 (30%) had AHIs ranging

from 5 to 14 while 86 (70%) had AHIs equal or greater
h SDB

ESS≥ 16 = 0 → Beck < 20 = 0; Beck≥ 20 = 0

ESS < 16 = 16 → Beck < 20 = 16; Beck≥ 20 = 0

ESS≥ 16 = 1 → Beck < 20 = 1; Beck≥ 20 = 0

ESS < 16 = 1 → Beck < 20 = 1; Beck≥ 20 = 0

ESS≥ 16 = 1 → Beck < 20 = 1; Beck≥ 20 = 0

→ Beck < 14 = 0; Beck≥ 14 = 1

ESS < 16 = 13 → Beck < 20 = 12; Beck≥ 20 = 1

→ Beck < 14 = 10; Beck≥ 14 = 3

ESS≥ 16 = 3 → Beck < 20 = 2; Beck≥ 20 = 1

ESS < 16 = 1 → Beck < 20 = 1; Beck≥ 20 = 0

ESS≥ 16 = 7 → Beck < 20 = 6; Beck≥ 20 = 1

→ Beck < 14 = 5; Beck≥ 14 = 2

ESS < 16 = 52 → Beck < 20 = 49; Beck≥ 20 = 3

ESS≥ 16 = 1 → Beck < 20 = 1; Beck≥ 20 = 0

→ Beck < 14 = 0; Beck≥ 14 = 1

ESS < 16 = 5 → Beck < 20 = 4; Beck≥ 20 = 1

→ Beck < 14 = 3; Beck≥ 14 = 2

ESS≥ 16 = 5 → Beck < 20 = 5; Beck≥ 20 = 0

→ Beck < 14 = 4; Beck≥ 14 = 1

ESS < 16 = 12 → Beck < 20 = 12; Beck≥ 20 = 0

→ Beck < 14 = 10; Beck≥ 14 = 2

ESS≥ 16 = 2 → Beck < 20 = 1; Beck≥ 20 = 1

→ Beck < 14 = 0; Beck≥ 14 = 2

ESS < 16 = 2 → Beck < 20 = 2; Beck≥ 20 = 0

median value for SDB patients fulfilling diagnostic criteria for CFS and/or FM.
mood] and at 14 [mild depressed mood] if data differed from those using the



Table 2 Detailed breakdown of characteristics of patients with insomnia

Insomnia (n = 21)

Men (n = 8) → No CFS/FM =4 → Beck≥ 20 = 1 → ESS ≥ 16 = 0; ESS < 16 = 1

Beck < 20 = 3 → ESS ≥ 16 = 0; ESS < 16 = 3

CFS/FM = 4 → Beck≥ 20 = 2 → ESS ≥ 16 = 1; ESS < 16 = 1

Beck < 20 = 2 → ESS ≥ 16 = 0; ESS < 16 = 2

Women (n = 13) → No CFS/FM =7 → Beck≥ 20 = 1 → ESS ≥ 16 = 0; ESS < 16 = 1

Beck < 20 = 6 → ESS ≥ 16 = 0; ESS < 16 = 6

CFS/FM = 6 → Beck≥ 20 = 3 → ESS ≥ 16 = 1; ESS < 16 = 2

Beck < 20 = 3 → ESS ≥ 16 = 1; ESS < 16 = 2

We are presenting the Beck data stratified by scores of 20 or higher. An analysis stratifying with scores of 14 or higher produced very similar results. We are
presenting data stratifying the ESS data by scores 16 or higher; this was the median value for SDB patients fulfilling diagnostic criteria for CFS and/or FM.
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than 15; none had AHI < 5 with RDI > 10; therefore, all
fulfilled criteria for obstructive sleep apnea. The only dif-
ference between the two SDB groups was in gender (see
Table 3): 50% of the 36 SDB patients in the group with
lower AHIs were women compared to 24% of the 86
SDB patients in the severe group (Fishers test = .001).
Comparing the combined SDB patient group with that
of patients with insomnia, those with SDB were signifi-
cantly older and more likely to be male (Table 3).
Symptom-based syndromes – fibromyalgia, chronic
fatigue syndrome and irritable bowel syndrome
As defined by our intake criteria, none of the controls
had CFS or fibromyalgia. In contrast, patients with SDB
and insomnia had appreciable rates of CFS and/or FM –
13% and 48%, respectively (see Table 3). However, while
insomnia patients showed a relatively even split between
CFS and FM, SDB patients showed predominately CFS
with low rates of FM – similar to the 3% rate seen in the
general population [28]; in contrast to the insomnia group
which had patients with FM only, the few cases of FM that
did occur in the SDB group occurred concomitantly with
CFS. The apparent difference in rates between SDB and
insomnia remained significant after controlling for gender
and age (p = 0.012). There was no substantial difference in
constitution of symptom-based diagnoses between pa-
tients with lower AHIs compared to those with high AHIs
(Low AHI: 0% FM, 14% CFS, 3% CFS + FM; High AHI: 0%
FM, 8% CFS, 4% CFS + FM).
Using data from the entire sample of 159 evaluable pa-

tients, the diagnosis of CFS alone occurred most often
(n = 18), CFS and FM next most often (n = 8), and FM
alone least often (n = 5); this also is different from what
one might expect in that rates of FM in the general
population are ten times higher than those for CFS. Of
the 10 patients with idiopathic hypersomnia, none had
CFS only or CFS + FM, and 2 had FM only. Of the 6 pa-
tients with narcolepsy, 2 had CFS only, 1 had CFS + FM
and none had FM only.
One control subject had IBS alone. Nine of the SDB
patients had IBS [7 alone, 1 with CFS, and 1 with CFS +
FM]; three of the insomnia patients had IBS [1 alone; 1
with FM and, 1 with CFS + FM].
Mood
Mood as measured by BDI did not differ significantly for
sleep diagnosis groups without symptom-based syndromes
compared to healthy controls (2.6 ± 3.0 [SD], healthy con-
trols; 6.2 ± 6.9, SDB; 8.9 ± 7.8, insomnia). However, when
SDB or insomnia co-existed with CFS and/or fibromyalgia,
BDI scores were significantly higher (14.0 ± 11.0 and 20.9 ±
11.6, respectively) than in controls (2.6 ± 3.0; all p’s = 0.000)
indicating more depressed mood; this effect remained after
controlling for gender and age.
As the number of symptom-based diagnoses increased,

BDI scores increased monotonically: lowest in patients
with no symptom-based diagnoses (5.5 ± 5.8 [SD]), signifi-
cantly higher in patients with one (11.9 ± 11.7; p =0.000),
significantly higher yet in patients with two (19.0 ± 10.2; p <
0.05) and higher again, albeit not significantly, in patients
with three symptom-based illnesses (30.5 ± 3.5).
Subjective daytime sleepiness
As expected, patients with insomnia or with SDB were
sleepier on the Epworth Sleepiness Scale than controls,
respectively (9.4 ± 5.4 [SD]; 9.9 ± 5.2, 6.1 ± 3.8; p = 0.044
and p = 0.000, respectively). The existence of co-morbid
symptom-based syndromes affected sleepiness scores for
patients with SDB but not for those with insomnia: SDB
patients with CFS or CFS + FM had significantly higher
ESS scores than those without (13.3 ± 4.5 and 9.4 ± 5.1,
respectively, p < 0.05); of the 16 patients in this group,
63% had ESS scores >10 (Mdn = 16; IQR = 14.8, 17.3).
The significant difference between SDB patients with and
without symptom-based syndromes disappeared when
Beck Depression Scores and sleep efficiency values were
entered into the regression – leaving these latter vari-
ables significant (p = 0.003 and p = 0.003, respectively).



Table 3 Demographics and rates of fibromyalgia and chronic fatigue syndrome occurring alone or together

Healthy controls
(n = 39)

SDB
(AHI 5–14; n = 36)

SDB
(AHI >14; n = 86)

SDB
(n=122)

Insomnia
(n=21)

SDB vs. Insomnia
(p value)

Men, % (n) 44 (17) 50 (18) 76 (65) 68 (83) 38 (9) .009

Age (SD), y 42.9 (15.0) 50.3 (11.2) 51.8 (12.0) 51.4 (11.7) 37.8 (8.7) .000

BMI (SD), kg/m2 25.1 (4.0) 30.7 (5.0) 31.6 (4.2) 31.3 (4.5) 29.4 (5.2) .070

AHI (SE) 1.8 (0.3) 9.6 (0.6) 39.7 (2.5) 30.8 (2.1) 1.9 (0.3) .000

RDI (SE) 2.8 (0.4) 12.2 (0.8) 42.2 (2.4) 33.3 (2.1) 2.7 (0.4) .000

FM only, % (n) 0 (0) 0 (0) 0 (0) 0 (0) 14 (3) .003

CFS only, % (n) 0 (0) 14 (5) 8 (7) 10 (12)1 19 (4)3 .189

CFS + FM, % (n) 0 (0) 3 (1) 4 (3) 3 (4)2 14 (3)4 .065

No CFS or FM, % (n) 100 (39) 83 (30) 88 (76) 87 (106) 52 (11) .001

With CFS or FM, % (n) 0 (0) 17 (6) 12 (10) 13 (16) 48 (10) .001

SDB = sleep disordered breathing; BMI = body mass index; FM = fibromyalgia; CFS = chronic fatigue syndrome.
1One man in this group had well controlled diabetes and well controlled hypertension.
2One woman in this group had well controlled diabetes and well controlled hypothyroidism.
3One man in this group had well controlled hypothyroidism.
4Two women in this group had well controlled hypertension.
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Sleep characteristics
The existence of CFS and/or FM did not alter standard
sleep characteristics of sleep duration and architecture,
and only minor differences in sleep characteristics were
seen (data not shown).
Discussion
The results of this study lead to two main discussion
points – whether CFS and FM are the same or differ-
ent illnesses and whether patients with these clinical
diagnoses may actually have SDB as the cause of their
symptoms.
Concerning the first point, a review of the literature

suggested that FM and CFS might be different disease
processes in that SDB was reported to be common in
FM while several studies, including our own [9-11], indi-
cate SDB is not common in CFS. One study reported
finding SDB to occur in men but not women with FM
[13], and two others reported finding SDB at high rates
in women with FM [14,15]. We did not find an in-
creased rate of FM in our earlier study of sleep charac-
teristics in patients with CFS alone or CFS plus FM [11].
Two small studies used the approach we had taken here
of evaluating patients with PSG-proven SDB for FM.
One study found no increase in FM in SDB [12] while
the second did [16]. We expect these discrepancies may
be due to methodological differences related to our ex-
cluding patients with multiple sleep diagnoses and/or is-
sues related to sample size. In contrast to those reports
reporting an increased rate of FM in SDB, we found an
actual dissociation between the diagnosis of FM and
SDB. None of our SDB patients had FM alone and only
3% – the same rate as seen in the general population for
FM [28] – had FM with CFS.
Because CFS and FM co-exist for a substantial number
of patients, some researchers have suggested both ail-
ments fall within the category of somatic amplification,
having functional or psychogenic rather than organic
bases [3,4]. The data reported here provide two pieces of
evidence against that interpretation. First, if CFS, FM and
IBS were all variants of a similar psychological process,
Beck scores should be the same for patients bearing the
diagnosis of one, two or three of these symptom-based
syndromes. This was not the case: Beck scores increased
monotonically with frequency of symptom-based syn-
dromes – a finding we have reported earlier [29].
Second, if CFS and FM were essentially the same ill-

ness, then rates of both illnesses should co-vary and rates
of each should not differ between different primary sleep
disorders. This was not the case. Rates of CFS and FM
did covary in insomnia, but rates of CFS and FM di-
verged in SDB with these patients having high rates of
CFS but rates of FM at the population norm. Finding this
difference suggests that CFS and FM have different
pathophysiological underpinnings – at least in the face
of SDB. Therefore these data argue against the “unitary”
hypothesis that CFS and FM are variants of a functional
somatic syndrome due to a psychologically based ampli-
fication of symptoms that every person experiences.
That conclusion must be tempered by the possibility that
such a mechanism could produce different symptoms in
different patients.
Despite the small sample size, finding that narcolepsy pa-

tients had predominantly CFS and not FM further supports
the idea that CFS and FM are not necessarily the same. The
fact that differences do exist between CFS and FM supports
the continued use of individual case definitions for each dis-
order and argues against modifying diagnostic criteria for
FM [30] to bring the two disorders closer together.
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The second discussion point has to do with the issue of
ruling out underlying SDB as a possible, but unappreci-
ated, cause of apparent chronic fatigue syndrome. Current
guidelines do not recommend a formal sleep evaluation
including PSG as part of the work up to rule out medical
causes of fatigue before making the diagnosis of CFS.
However, we found that 13% of patients with PSG-proven
SDB fulfilled case criteria for CFS. In view of the fact that
the community prevalence of CFS is 0.42% [31], the rate
of 13% is greatly increased and of clinical importance. This
finding leads to two research questions. First, is it possible
to predict the existence of SDB in patients receiving the
diagnosis of CFS? Being able to make this prediction
would lead to PSG to corroborate the existence of this
sleep disorder and then to try to treat it.
Excessive daytime sleepiness as assessed by the Epworth

Sleepiness Scale has turned out to be a disappointing pre-
dictor of SDB in that the majority of SDB patients have
Epworth scores in the normal range [32]. However, the
predictability of elevated Epworth scores in identifying
SDB is greatly improved for those SDB patients who also
fulfill criteria for CFS. More than half of the 16 patients in
this group had Epworth scores >10 with the mean, median
and 75th percentile being 13.3, 16 and 17.3, respectively.
In considering these data, it would be important to know
Epworth data for CFS patients without SDB. While our
study did not provide these data, two studies do provide
such data for samples of 24 and 415 CFS patients, respect-
ively (mean = 9.4; SD = 4.5 [33]; mean = 10.5; SD = 5.5
[34]). Since available data indicate SDB to be at population
rates for CFS samples, we accept the result of these studies
as being typical of CFS patients without SDB. Epworth
scores were significantly lower by t-tests (p < 0.05) than in
the sample with SDB reported here. Thus, patients with
SDB who also fulfill criteria for CFS alone or CFS with
FM have more daytime sleepiness than CFS patients with-
out SDB.
The second research question is whether treating the

SDB in CFS-SDB patients with CPAP would produce
symptomatic improvement. While the original case defin-
ition for CFS did not require PSG in the work up of patients
with severe and chronic fatigue, the 2003 discussion of
shortcomings in that case definition [35] emphasized that
“assessment of sleep must detect treatable primary sleep
disorders and evaluate sleep-related symptoms that may be
part of CFS”. Our finding that 13% of patients with SDB
also fulfilled criteria for CFS supports that conclusion. The
data presented here suggest an algorithm to help the phy-
sician determine which CFS patient should undergo PSG
based on his/her Epworth Sleepiness Score. We recom-
mend Epworth scoring on all patients being evaluated, and
then, to reduce the risk of a negative sleep study, PSG
should be considered for the patient who fulfills criteria for
CFS and who has an Epworth score of 16 or above – i.e., at
and above the 50th percentile for this group; based on
Epworth data from 415 CFS patients [34], approximately
13% of all patients would fall into this category. Using these
criteria to perform PSG in patients with the diagnosis of
CFS will allow the clinician to make the diagnosis of SDB
and then determine whether treating it may greatly reduce
the complaint of severe fatigue. This important study re-
mains to be done.
The use of antidepressants as a second possible treat-

ment for this group of patients emerges from our finding
an association of Epworth scores in patients with SDB and
CFS with high BDI scores, a measure of depressed mood.
The link between depression and excessive daytime sleepi-
ness has been shown in general population samples as
well as in those comprised of SDB patients [36-38]. This
treatment may be most effective in the subgroup of pa-
tients with both high Epworth and high BDI scores.
Strengths and Weaknesses: A major strength of this

study was the fact that we had a large sample size of 122
patients with SDB. Having so many SDB patients pro-
vided another strength in that we had an adequate sam-
ple to examine whether patients with a milder form of
SDB might differ from those with more severe SDB in
rates of CFS and/or FM. They did not. Being able to
look across the breadth of SDB helped rectify another
weakness – that FM is predominantly a disease of
women and thus might not be seen in adequate numbers
in an SDB population; however, the data were essentially
the same for the two SDB groups even though the gen-
der prevalence in the two groups did differ. One poten-
tial weakness had to do with our sample – people with
sleep complaints referred for evaluation in a sleep lab.
While the complaint of unrefreshing sleep is among the
most common symptoms of CFS [39], it is not endorsed
by all patients and so the patients studied here may have
been biased toward those with identifiable sleep disorders;
conversely, patients with CFS may have unrefreshing sleep
stemming from their other symptoms/problems such
pain, sore throat, headaches. Sample size was also a weak-
ness – at least for the small groups with IH and narco-
lepsy. Nonetheless, finding high rates of CFS in narcolepsy
was not unexpected as these patients are notable for hav-
ing marked daytime sleepiness, but the result does suggest
the possibility of misdiagnosis for some patients thought
to have CFS – further support for doing PSGs in selected
cases of excessively sleepy patients with severe fatigue. A
next step for researchers interested in the relation between
sleep and symptom-based illness will be to expand the
sample size of patients with these two sleep diagnoses.

Conclusions
A substantial number of patients with sleep disturbed
breathing fulfill criteria for the diagnosis of chronic fatigue
syndrome, but not for fibromyalgia. In contrast, patients
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with insomnia fulfill criteria for both chronic fatigue syn-
drome and fibromyalgia. The fact that rates of CFS and
FM differ in sleep disturbed breathing suggests differences
in the underlying pathophysiology between the two ill-
nesses. It will be important to identify those CFS patients
who may have sleep disturbed breathing. To do this, the
authors suggest that CFS patients complete Epworth
Sleepiness Scales. Those with values of 16 or greater
should undergo formal sleep evaluation to determine if
they have the potentially treatable condition of sleep dis-
turbed breathing.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
SP carried out the data collection and the statistical analysis, drafted and
revised the manuscript. BHN designed the data collection, provided the
statistical analysis plan, carried out the statistical analysis, drafted and revised
the manuscript. MB carried out the data collection and critically revised the
manuscript. JFM provided statistical advice, advised on data handling and
critically revised the manuscript. FM carried out the data collection and
critically revised the manuscript. ANV designed the data collection,
supervised and monitored the data collection, advised on statistical analysis
and data handling, obtained funding, drafted and revised the manuscript. All
the authors approved the final version of the manuscript.

Acknowledgements
This work was supported in part by NIH #AI-54478 to BHN and NIH #HL-64415
to ANV.

Author details
1Department of Psychiatry, Sleep Research and Treatment Center, Penn State
College of Medicine, Hershey, PA 17033, USA. 2Department of Neurology,
Pain and Fatigue Study Center, Mount Sinai Beth Israel, Icahn School of
Medicine at Mount Sinai, New York, NY 10003, USA. 3Department of
Psychiatry, School of Medicine, University of Crete, Iraklion, Greece.

Received: 7 October 2013 Accepted: 18 February 2015

References
1. Fukuda K, Straus SE, Hickie I, Sharpe MC, Komaroff A, Schluederberg A, et al.

The chronic fatigue syndrome: a comprehensive approach to its definition
and study. Ann Intern Med. 1994;121:953–9.

2. Wolfe F, Smythe HA, Yunus MB, Bennett RM, Bombardier C, Goldenberg DL,
et al. The American College of Rheumatology 1990 criteria for the
classification of fibromyalgia: report of the Multicenter Criteria Committee.
Arthritis Rheum. 1990;33:160–72.

3. Wessely S, Nimnuan C, Sharpe M. Functional somatic syndromes: one or
many? Lancet. 1999;354:936–9.

4. Barsky AJ, Borus JF. Functional somatic syndromes. Ann Intern Med.
1999;130:910–21.

5. Abbi B, Natelson BH. Is Chronic fatigue syndrome the same illness as
fibromyalgia: evaluating the ‘single syndrome’ hypothesis. Q J Med.
2013;106:3–9.

6. Buchwald D, Pascualy R, Bombardier C, Kith P. Sleep disorders in patients
with chronic fatigue. Clin Infect Dis. 1994;18 Suppl 1:S68–72.

7. Krupp LB, Jandorf L, Coyle PK, Mendelson WB. Sleep disturbance in chronic
fatigue syndrome. J Psychosom Res. 1993;37:325–31.

8. Le Bon O, Fischler B, Hoffmann G, Murphy JR, De Meirleir K, Cluydts R, et al.
How significant are primary sleep disorders and sleepiness in the chronic
fatigue syndrome? Sleep Res Online. 2000;3:43–8.

9. Ball N, Buchwald DS, Schmidt D, Goldberg J, Ashton S, Armitage R.
Monozygotic twins discordant for chronic fatigue syndrome: objective
measures of sleep. J Psychosom Res. 2004;56:207–12.

10. Reeves WC, Heim C, Maloney EM, Youngblood LS, Unger ER, Decker MJ,
et al. Sleep characteristics of persons with chronic fatigue syndrome and
non-fatigued controls: results from a population-based study. BMC Neurol.
2006;6:41.

11. Togo F, Natelson BH, Cherniack NS, Fitzgibbons J, Garcon C, Rapoport DM.
Sleep structure and sleepiness in chronic fatigue syndrome with or without
coexisting fibromyalgia. Arthritis Res Ther. 2008;10:R56.

12. Lario BA, Teran J, Alonso JL, Alegre J, Arroyo I, Viejo JL. Lack of association
between fibromyalgia and sleep apnoea sydrome. Ann Rheum Dis.
1992;51:108–11.

13. May KP, West SG, Baker MR, Everett DW. Sleep apnea in male patients with
the fibromyalgia syndrome. Am J Med. 1993;94:505–8.

14. Gold AR, Dipalo F, Gold MS, Broderick J. Inspiratory airflow dynamics during
sleep in women with fibromyalgia. Sleep. 2004;27:459–66.

15. Shah MA, Feinberg S, Krishnan E. Sleep-disordered breathing among
women with fibromyalgia syndrome. J Clin Rheumatol. 2006;12:277–81.

16. Germanowicz D, Lumertz MS, Martinez D, Margarites AF. Sleep disordered
breathing concomitant with fibromyalgia syndrome. J Bras Pneumol.
2006;32:333–8.

17. Lange G, Natelson BH. Chronic Fatigue Syndrome. In: Mayer EA, Bushnell
MC, editors. Functional Pain Syndromes: Presentation and Pathophysiology.
Seattle: IASP; 2009. p. 245–64.

18. Johns MW. A new method for measuring daytime sleepiness: the Epworth
sleepiness scale. Sleep. 1991;14:540–5.

19. Beck AT, Ward CM, Mendelsohn M, Mock J, Erbaugh M. An inventory for
measuring depression. Arch Gen Psychiatry. 1961;5:561–71.

20. Okifuji A, Turk DC, Sinclair JD, Starz TW, Marcus DA. A standardized manual
tender point survey.1. development and determination of a threshold point
for the identification of positive tender points in fibromyalgia syndrome. J
Rheumatol. 1997;24:377–83.

21. Functional bowel disorders and functional abdominal pain. In The
Functional Gastrointestinal Disorders. Diagnosis, Pathophysiology and
Treatment: A Multinational Consensus. Edited by Drossman DA, Corazziari E,
Talley NJ. McLean VA: Degnon Associates; 2000.

22. Rechtshaffen A, Kales A. A manual of standardized terminology, techniques
and scoring system for sleep stages of human subjects. Los Angeles: Brain
Information/ Brain Research Institute; 1968.

23. American Sleep Disorders Association. EEG arousals: scoring rules and
examples: a preliminary report from the Sleep Disorders Atlas Task Force of
the American Sleep Disorders Association. Sleep. 1992;15:173–84.

24. Ayappa I, Norman RG, Krieger AC, Rosen A, O'Malley RL, Rapoport DM.
Non-invasive detection of respiratory event related arousals (RERAs) by a
nasal cannula/pressure transducer system. Sleep. 2000;23:763–71.

25. American Academy of Sleep Medicine. International Classification of Sleep
Disorders. Diagnostic and Coding Manual 2nd, 853–857. 2005. American
Academy of Sleep Medicine. Ref Type: Pamphlet.

26. Kales A, Bixler EO, Soldatos CR, Cadieux RJ, Manfredi R, Vela-Bueno A.
Narcolepsy/cataplexy. IV: Diagnostic value of daytime nap recordings. Acta
Neurol Scand. 1987;75:223–30.

27. Roth B, Nevsimalova S, Sonka K, Docekal P. An alternative to the multiple
sleep latency test for determining sleepiness in narcolepsy and
hypersomnia: polygraphic score of sleepiness. Sleep. 1986;9:243–5.

28. White KP, Speechley M, Harth M, Ostbye T. The London fibromyalgia
epidemiology study: the prevalence of fibromyalgia syndrome in London,
Ontario. J Rheumatol. 1999;26:1570–6.

29. Ciccone DS, Natelson BH. Comorbid illness in the chronic fatigue syndrome:
a test of the single syndrome hypothesis. Psychosom Med. 2003;62:268–75.

30. Wolfe F, Clauw DJ, Fitzcharles MA, Goldenberg DL, Katz RS, Mease P, et al.
The American College of Rheumatology preliminary diagnostic criteria for
fibromyalgia and measurement of symptom severity. Arthritis Care Res
(Hoboken). 2010;62:600–10.

31. Jason LA, Richman JA, Rademaker AW, Jordan KM, Plioplys AV, Taylor RR,
et al. A community-based study of chronic fatigue syndrome. Arch Intern
Med. 1999;159:2129–37.

32. Kapur VK, Baldwin CM, Resnick HE, Gottlieb DJ, Nieto FJ. Sleepiness in
patients with moderate to severe sleep-disordered breathing. Sleep.
2005;28:472–7.

33. Unger ER, Nisenbaum R, Moldofsky H, Cesta A, Sammut C, Reyes M, et al.
Sleep assessment in a population-based study of chronic fatigue syndrome.
BMC Neurol. 2004;4:6.

34. Mariman A, Vogelaers D, Hanoulle I, Delesie L, Pevernagie D. Subjective
sleep quality and daytime sleepiness in a large sample of patients with
chronic fatigue syndrome (CFS). Acta Clin Belg. 2012;67:19–24.



Pejovic et al. BMC Neurology  (2015) 15:53 Page 9 of 9
35. Reeves WC, Lloyd A, Vernon SD, Klimas N, Jason LA, Bleijenberg G, et al.
Identification of ambiguities in the 1994 chronic fatigue syndrome research
case definition and recommendations for resolution. BMC Health Serv Res.
2003;3:25.

36. Bixler EO, Vgontzas AN, Lin HM, Calhoun SL, Vela-Bueno A, Kales A. Excessive
daytime sleepiness in a general population sample: the role of sleep apnea,
age, obesity, diabetes, and depression. J Clin Endocrinol Metab.
2005;90:4510–5.

37. Pallesen S, Nordhus IH, Omvik S, Sivertsen B, Tell GS, Bjorvatn B. Prevalence
and risk factors of subjective sleepiness in the general adult population.
Sleep. 2007;30:619–24.

38. Basta M, Lin HM, Pejovic S, Sarrigiannidis A, Bixler E, Vgontzas AN. Lack of
regular exercise, depression, and degree of apnea are predictors of
excessive daytime sleepiness in patients with sleep apnea: sex differences. J
Clin Sleep Med. 2008;4:19–25.

39. Brimacombe M, Helmer D, Natelson BH. Clinical differences exist between
patients fulfilling the 1988 and 1994 case definitions of chronic fatigue
syndrome. J Clin Psychol Med Settings. 2002;9:309–14.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Subjects
	Sequence of procedures
	Assessment of fatigue and pain, sleepiness, and depression
	Diagnosis of FM and Chronic Fatigue Syndrome (CFS)
	Diagnosis of Irritable Bowel Syndrome (IBS)
	Sleep laboratory recordings

	Statistical analysis

	Results
	Sleep disorders
	Symptom-based syndromes – fibromyalgia, chronic fatigue syndrome and irritable bowel syndrome
	Mood
	Subjective daytime sleepiness
	Sleep characteristics

	Discussion
	Conclusions
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

