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a b s t r a c t
Objectives: We tested the hypothesis that the symptoms of upper airway resistance syndrome (UARS) are
manifestations of chronic stress. To accomplish this, we utilized the score on a self-report questionnaire
for somatic arousal (a component of stress) to compare somatic arousal between UARS patients and
healthy controls and, among all participants, to correlate the level of somatic arousal with the severity
of UARS symptoms.
Methods: We administered the Mood and Anxiety Symptom Questionnaire anxious arousal subscale
(MASQaas; a 17-item questionnaire with increasing levels of arousal scored 17–85) to 12 UARS patients
and 12 healthy controls and compared scores between groups. For all participants, we correlated the
MASQaas scores with scores for the Epworth Sleepiness Scale (ESS), Functional Assessment of Chronic Illness Therapy-Fatigue (FACIT-Fatigue) scale, Pittsburgh Sleep Quality Index (PSQI), SF-36 Health Survey,
and Perceived Deﬁcits Questionnaire (PDQ; assessing cognitive function).
Results: Compared to healthy controls, UARS patients demonstrated increased somatic arousal (MASQaas
scores of 18 ± 2 and 28 ± 7, respectively; p < 0.0001). For all participants, the MASQaas scores correlated
signiﬁcantly with scores of the ESS (r = 0.64; p = 0.0008), the FACIT-Fatigue scale (r = 0.89; p < 0.0001),
the PSQI (r = 0.70; p = 0.0002), SF-36 Physical component (r = 0.78; p < 0.0001), SF-36 Mental component (r = 0.74; p < 0.0001), and the PDQ (r = 0.89; p < 0.0001).
Conclusions: Our ﬁndings suggest that UARS patients have increased levels of the stress component,
somatic arousal, proportionate to the severity of their symptoms.
Ó 2014 Elsevier B.V. All rights reserved.

1. Introduction
The pathophysiology of upper airway resistance syndrome
(UARS) is incompletely understood. In the popular paradigm of
UARS, recurrent arousals related to respiratory effort (respiratory
effort-related arousals (RERAs)) lead to sleep fragmentation and
daytime sleepiness [1]. However, the evidence supporting this paradigm is scant. Moreover, the popular paradigm does not explain
why, when compared to obstructive sleep apnea patients, UARS
patients have increased alpha frequency in their sleep electroencephalogram [2,3], instability of sleep stages with intruding
pre-arousal phenomena [4], and a greater prevalence of central
sensitization syndromes [3] (CSSs; like ﬁbromyalgia [5], irritable
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bowel syndrome (IBS) [6], and war-related illness [7]). It is clearly
appropriate to question the adequacy of the traditional paradigm,
and to consider an alternative paradigm of UARS that offers a more
integrated explanation of the unique features of the disorder.
In our recently published study comparing inspiratory airﬂow
dynamics during sleep between 12 UARS patients and 12 rigorously screened healthy controls, we proposed an alternative paradigm of UARS [8]. In the study, we found little difference between
UARS patients and healthy controls in objective sleep architecture
or fragmentation, despite clear differences in subjective assessments of sleep quality and daytime sleepiness/fatigue [8]. Bringing
together previous ﬁndings regarding alpha frequency intrusion
into sleep and sleep stage instability among UARS [2–4] and IBS
[6,9] patients, we suggested that rather than being considered a
disorder of increased sleep fragmentation, UARS should be considered a disorder of chronic stress [10]. By ‘‘chronic stress’’, we mean
‘‘a condition in which the hypothalamic–pituitary–adrenal axis
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and the sympathetic nervous system (SNS) are chronically activated.’’ In our paradigm, the chief stressor of the UARS patient is
mild pharyngeal collapse during sleep.
Consistent with our paradigm, UARS patients manifest a wide
variety of symptoms that have been associated with chronic stress,
such as fatigue, insomnia, headaches, irritable bowels and bladders, body pain, anxiety, and depression [11–15]. Interestingly,
many of these symptoms, common among patients with UARS
and mild obstructive sleep apnea hypopnea [3], are ameliorated
by prevention of pharyngeal collapse during sleep with nasal continuous positive airway pressure [5,16–19], mandibular advancement [20], and rapid palatal expansion [21]. Our alternative
paradigm of UARS can account for these varied symptoms of the
disorder and their improvement in response to treatments that
prevent pharyngeal collapse. However, it has not been demonstrated to date that UARS patients are, in fact, characterized by increased levels of stress compared to healthy controls or that
increasing symptom severity among UARS patients is associated
with an increasing level of stress.
Increased SNS tone is a marker for stress. ‘‘Physical manifestations of increased SNS tone’’ (also termed somatic arousal) are associated with anxiety disorders such as post-traumatic stress
disorder and panic disorder where individuals experience ‘‘tremors,’’ ‘‘sweating,’’ ‘‘dry mouth,’’ and ‘‘being easily startled’’ even
when not aware of feeling anxious [22]. Among athletes and performing musicians, performance anxiety, with its associated increase in SNS tone, can lead to hand tremors and sweating that
interfere with skilled performance but can be diminished by blocking adrenergic receptors [23,24]. Increased SNS tone is also associated with a well-known physiologic stress, hypoglycemia. Healthy
research participants made hypoglycemic with exogenous insulin
demonstrate increased SNS tone assessed by heart rate variability
[25] and manifestations of somatic arousal [26]. Among individuals
diagnosed with chronic fatigue syndrome [27], ﬁbromyalgia [28],
IBS [29], Gulf War illness [30], and chronic insomnia [31], disorders
associated with chronic stress [11–15], investigators have analyzed
heart rate variability to demonstrate increased SNS tone. Thus, disorders conceptualized as having a common basis of stress are characterized by increased SNS tone and somatic arousal.
Somatic arousal can be quantiﬁed by a self-report questionnaire. In a recent study [32], self-reports demonstrated an increased level of somatic arousal among 12 females with IBS
compared to 12 healthy controls. Among all 24 participants, as
the level of somatic arousal increased, sleep quality decreased
and the severity of sleepiness and fatigue both increased [32]. In
this study, we attempt to demonstrate that UARS patients are similarly characterized by increased stress/somatic arousal compared
to healthy controls and that increasing symptoms of UARS are
associated with increasing levels of somatic arousal. To accomplish
this, we measured the level of somatic arousal among 12 UARS patients and 12 healthy controls using a self-report questionnaire,
compared levels between the two groups, and, over all participants, correlated the level of somatic arousal with self-report
assessments of sleep quality, sleepiness, and fatigue, physical and
mental health, self-report and objective assessments of cognitive
function, and polysomnographic parameters.

2. Methods
2.1. Recruitment
This study was performed as a secondary analysis of data from
published work comparing inspiratory airﬂow dynamics during
sleep between UARS patients and healthy controls [8]. The protocol
was approved by the Institutional Review Board of Stony Brook
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University (SBU). We recruited 12 UARS patients and 12 healthy
controls for this study. UARS was diagnosed in patients at the
SBU Sleep Disorders Center who (i) complained of sleepiness or fatigue (without symptoms of narcolepsy), (ii) had an apnea–hypopnea index (AHI) of <10 events/h, (iii) presented with inspiratory
airﬂow limitation (IFL) during non-rapid eye movement (NREM)
sleep evident by nasal/oral pressure measurement, and (iv) had
fewer than two REM onsets during a four-nap multiple sleep latency test performed the day following their polysomnogram
(PSG) (the clinical criteria for narcolepsy of the SBU Sleep Disorders
Center).
All control participants were recruited by advertisement and
prescreened by telephone using a standardized interview to determine eligibility. Healthy controls were ineligible based upon having any medical condition; receiving disability insurance; taking
medications other than birth control, vitamins, and nonprescription analgesics; and having any one of a long list of symptoms that
are characteristic of patients with CSSs (these symptoms/syndromes are listed in Table 1).
UARS patients and controls were matched for age, gender, and
body mass index (BMI). Their age was limited to 45 years and their
BMI to 32 kg/m2 for reasons explained in the parent study [8].
Exclusion criteria for UARS patients included the use of antidepressants, opioids, stimulants, steroids, and cigarettes, and alcohol
abuse, which may alter inspiratory airﬂow dynamics during sleep
or somatic arousal. Further, patients with a history of diabetes, patients taking antihypertensives and lipid-lowering medications,
and patients with coronary artery disease (CAD), stroke, seizures,
and human immunodeﬁciency virus/acquired immunodeﬁciency
syndrome (HIV/AIDS) were excluded. The reason for their exclusion was the effect the disorders might have on measured stress
or the effect the medications might have on polysomnography (lipid-lowering medication) or self-report somatic arousal (adrenergic blocking agents).

2.2. Symptom assessment
All participants underwent an assessment of sleep-related
symptoms with the following self-report questionnaires:
1. Epworth Sleepiness Scale (ESS) [33]: This is an eight-item questionnaire assessing daytime sleepiness. Its total score increases
with increasing sleepiness from 0 to 24.
2. Functional Assessment of Chronic Illness Therapy-Fatigue, version 4 (FACIT-Fatigue) [34]: This is a 13-item questionnaire
assessing fatigue with the total score ranging from 52 (least
fatigue) to 0 (greatest fatigue).
3. Pittsburgh Sleep Quality Index (PSQI) [35]: This is a 19-item
questionnaire assessing the severity of sleep disturbance that
yields a total score with increasing disturbance of 0–21. It has
seven subscales for the various components of sleep disturbance scored 0–3.
4. SF-36 version 2 Health Survey (SF-36) [36]: This is a 36-item
health survey yielding a proﬁle of physical and mental health
and well-being. Higher scores indicate better health with the
mean for the general population normalized to 50.
5. Perceived Deﬁcits Questionnaire (PDQ) [37]: This is a 20-item,
self-report measure of cognitive dysfunction in multiple sclerosis that assesses attention, retrospective memory, prospective
memory, and planning and organization. Increasing perceived
cognitive impairment is scored 0–80.
6. Symbol Digits Modality Test (SDMT) [38]: This is a task
assessing cognitive impairment. Cognitive function is scored
from 0 to 110 with better cognitive function reﬂected in higher
scores.
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Table 1
Exclusion criteria for healthy controls.
1.
2.
3.
4.
5.
6.
7.
8.
a.
b.
c.
d.
e.
f
g.
h.
i.
j.
k.
l.
m.
n.

Any medical condition
Receiving disability insurance
Taking medications other than birth control, vitamins and nonprescription analgesics
Post-menopausal (12 months without a period) or pregnant status
Heartburn
Any current pain on a regular basis
Fatigue during the past month >2/10 (0 = no fatigue; 10 = extreme
fatigue)
Any history of the following syndromes
Muscle or joint pain lasting several months not due to an injury or
arthritis
Chronic fatigue
Pre-menstrual symptoms
Temporomandibular joint disorder
Chemical sensitivity
Sick building syndrome
Side effects of silicone breast implants
Chronic whiplash
Undiagnosed chest pain
Chronic pelvic pain
Chronic headache
Chronic low back pain
Chronic insomnia
Hyperventilation or dizziness

were scored using the 3-s frequency shift criterion [42]. Our research group has consistently applied these sleep staging criteria
to our research to facilitate comparisons between our studies in
this ﬁeld as sleep staging criteria continually change [6,7]. Sleep
fragmentation was characterized by an arousal index (spontaneous
arousals + apnea/hypopnea arousals + RERAs). The total of sleep
stage shifts was not assessed for this study, which did not provide
for multiple nights of adjustment to the sleep laboratory [43].
Respiratory events were assessed using methods described previously [6]. An apneic event was deﬁned as a decrease in inspiratory airﬂow to <20% of waking levels lasting at least 10 s. A
hypopneic event was deﬁned as a decrease in inspiratory airﬂow
to <50% of waking levels for at least 10 s, ending with an arousal
(there was no classiﬁcation of hypopnea based upon oxyhemoglobin desaturation in the absence of an arousal). The total of each
participant’s apneic and hypopneic events was divided by total
sleep time to derive an AHI.
Arousals associated with IFL and inspiratory airﬂow >50% of
waking levels were quantiﬁed as RERAs. For an arousal to qualify
as an RERA, it had to be immediately preceded by a ﬂow-limited
breath. Our method for identifying ﬂow-limited breaths in the absence of an inspiratory effort (airway pressure) measurement is detailed in our article describing the primary study [8]. For each
patient, the total of RERAs during the study was divided by the total sleep time to provide an RERA index.

2.3. Somatic arousal assessment
Mood and Anxiety Symptom Questionnaire (MASQ) anxious
arousal subscale [39] (Appendix 1) is a 17-item, self-report measure of somatic arousal (with the heading ‘‘Body Sensation Questionnaire’’) in which the respondent rates how much each item
was experienced over the preceding week on an increasing scale
from 1 (never) to 5 (extremely). Increasing total scores reﬂect
increasing somatic arousal (as conceptualized earlier in this article)
on a range of 17–85.
2.4. Polysomnography
In the primary study of inspiratory airﬂow dynamics during
sleep, all participants underwent polysomnography using standard
clinical methods. The PSGs provide data on sleep architecture and
fragmentation that we correlate here with severity of the participants’ symptoms.
During the PSG, sleep position was unrestricted. The PSG began
between 10:00 and 11:00 pm and ended at 6:00 am (each participant spent between 7 and 8 h in bed). Sleep was monitored using
surface electroencephalogram (EEG) activity of the central and
occipital regions, submental surface electromyographic activity,
and left and right electrooculographic activity. Leg movement
was detected using surface electromyographic activity of the right
and left tibialis anterior muscle. Airﬂow at the nose and mouth was
monitored semiquantitatively with a nasal pressure catheter [40].
Thoracoabdominal movement was monitored with piezoelectric
belts. Oxyhemoglobin saturation (SaO2) was monitored at the ﬁnger using a pulse oximeter. A continuous electrocardiograph (EKG)
monitored heart rate and rhythm. All of the data were digitized
and stored on a computer for analysis by a single physician, board
certiﬁed in sleep medicine who was masked to participant group
identity.
2.5. Polysomnographic data analysis
The PSG was staged using the Rechtschaffen and Kales criteria
[41] to determine wakefulness and the various sleep stages with
NREM stages 3 and 4 being combined as slow wave sleep. Arousals

2.6. Statistics
All computations were done in the SAS System for Windows,
Version 9.3. All p-values were based on unpaired t-tests except
as follows. Correlations were compared with the standard t-test
used in SAS [44].

3. Results
The UARS participants and healthy controls were matched for
gender, each group including nine females and three males. The
groups were also matched for age (35 ± 5 and 35 ± 6 years, respectively) and BMI (27 ± 4 and 27 ± 4 kg/m2, respectively).
In their initial phone screens, the 12 UARS participants were
characterized by the symptoms associated with CSS. Two complained of chronic joint and muscle pain, three complained of
chronic low back pain, one had chronic pelvic pain, four had premenstrual syndrome, one had temporomandibular joint syndrome,
one had IBS, seven complained of chronic fatigue, three complained of chronic insomnia, and three complained of chronic
hyperventilation or dizziness. None of the healthy controls had
any of these symptoms/syndromes as they were reasons for exclusion from participation (Table 1). Among all participants, a total of
15 (12 controls and three with UARS) had no symptoms of CSS,
three had one syndrome, three had two syndromes, two had three
syndromes, and one had ﬁve syndromes.
As presented in our study of inspiratory airﬂow dynamics during sleep [8], the two groups demonstrated no differences in indices of sleep architecture and sleep fragmentation. Table 2
demonstrates that only the AHI differed between groups, and this
small difference did not produce a difference in sleep fragmentation as indicated by the arousal index. Nevertheless, Table 3 demonstrates that the UARS participants reported poorer sleep quality
than did the healthy controls (global PSQI). They also reported
more daytime sleepiness (ESS) and more fatigue (FACIT-Fatigue).
Similarly, the UARS participants had lower scores for physical
and mental health on the SF-36 and perceived themselves as having poorer cognitive function (PDQ), although the objective test of
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cognitive function (SDMT) suggested less cognitive impairment in
the UARS group, despite the difference not being signiﬁcant.
The UARS participants had a higher level of self-reported somatic arousal than the healthy controls. UARS participants had a
MASQ anxious arousal subscale of 28 ± 7 compared to 18 ± 2 for
the healthy controls (p < 0.0001). The distribution of MASQ anxious
arousal subscale scores for the two groups is illustrated in Fig. 1.
The relationships of the MASQ anxious arousal subscale to the
PSQI, ESS, FACIT-Fatigue, SF-36 Physical and Mental components,
and PDQ are illustrated in Fig. 2. There was a signiﬁcant correlation
between increased somatic arousal and diminished sleep quality,
and increased sleepiness and increased fatigue. Similarly, the level
of somatic arousal was negatively correlated with SF-36 Physical
and Mental components indicating worsening perceived health
with increasing somatic arousal. The level of somatic arousal was
positively correlated with the PDQ indicating worsening perceived
cognition with increasing somatic arousal. The SDMT was not signiﬁcantly correlated with the MASQ anxious arousal subscale
(r = 0.20; p = 0.35).
With one exception, the polysomnographic parameters demonstrated few correlations with the level of somatic arousal, sleep
quality, sleepiness, fatigue, perceived physical and mental health,
or perceived cognitive function. The one exception was ‘‘sleep latency’’ which was signiﬁcantly correlated with the SF-36 Mental
component, the FACIT-Fatigue, and the MASQ anxious arousal subscale (Table 4).
Among all participants, the MASQ anxious arousal subscale
score was positively correlated with the number of CSSs
(r = 0.67; p = 0.0003; Fig. 3).
4. Discussion
This study represents a preliminary exploration of the role of
stress in the pathophysiology of UARS. Using the MASQ anxious
arousal subscale, a self-report instrument quantifying somatic
arousal, the physical manifestations of increased SNS tone, we
compared the level of stress between 12 UARS patients and 12
healthy controls correlating the level of stress with the severity
of symptoms among all participants. We observed that UARS patients can be distinguished from healthy controls by an elevated level of somatic arousal. Further, we found that among all the
participants increased somatic arousal was correlated with poorer
sleep quality, increased sleepiness, increased fatigue, decreased
perceived physical and mental health, and decreased perceived
cognitive function (but not objective cognitive function). By contrast, the PSG parameters quantifying the amount and continuity
of sleep did not distinguish between UARS patients and healthy
controls in a way that could explain the differences between these
groups in sleep quality, health, and cognitive function. Finally, we

Table 2
Sleep data of the UARS participants and healthy controls.
Parameter

UARS participants

Healthy controls

p-Value

Time in bed (min)
Total sleep time (min)
Sleep efﬁciency (%)
Sleep latency (min)
REM latency (min)
Stage 1 (%)
Stage 2 (%)
Slow wave sleep (%)
REM (%)
Apnea hypopnea index
RERA index
Arousal index
Heart rate/sleep (mean)

418.0 (64.5)
357.2 (62.6)
88.7 (8.5)
21.3 (22.4)
79.3 (32.7)
9.9 (3.9)
47.9 (9.5)
22.6 (11.2)
19.1 (7.0)
1.6 (1.9)
5.9 (3.6)
12.7 (5.8)
68.9 (10.9)

421.6 (18.1)
353.6 (44.8)
88.7 (5.8)
14.3 (10.9)
87.5 (30.9)
12.1 (7.3)
50.1 (9.7)
20.4 (11.4)
17.4 (4.4)
0.4 (0.3)
6.5 (3.4)
10.1 (4.3)
67.2 (7.4)

0.86
0.87
1.00
0.34
0.53
0.36
0.60
0.63
0.49
0.035
0.67
0.22
0.65

Table 3
Questionnaire assessment of the UARS participants and healthy controls.
Questionnairea

UARS participants

Healthy controls

p-Value

Pittsburgh sleep quality index
Global
9.1 (4.0)
Sleep duration
0.8 (1.1)
Sleep disturbance
1.7 (0.7)
Sleep latency
1.2 (1.2)
Daytime Dysfunction
1.8 (0.9)
Sleep efﬁciency
0.7(1.2)
Overall sleep quality
2.3 (0.6)
Need for medication
0.5 (1.1)

0.6
0.0
0.5
0.0
0.1
0.1
0.0
0.0

<0.0001
0.0464
<0.0001
0.0058
<0.0001
0.058
<0.0001
0.12

Epworth sleepiness scale

10 (4)

2 (1)

<0.0001

FACIT-Fatigueb

25 (7)

45 (2)

<0.0001

SF-36
Physical component
Mental component

49 (8)
42 (13)

59 (2)
57 (4)

0.0005
0.0015

Mean (SD)

a
b

(0.5)
(0.0)
(0.5)
(0.0)
(0.4)
(0.4)
(0.0)
(0.0)

Perceived deﬁcits questionnaire
Global
31 (15)
Retrospective memory
8 (4)
Prospective memory
6 (4)
Planning
8 (5)
Attention
9 (4)

5
1
1
1
2

Symbol digits modality test

55 (16)

63 (9)

(5)
(1)
(1)
(2)
(2)

<0.0001
<0.0001
<0.0001
0.0002
<0.0001
0.1285

Questionnaire scales are found in the Methods.
FACIT-Fatigue scores interpreted as low = more fatigue and, high = less fatigue.

observed over all the participants that the number of CSS syndrome symptoms experienced (symptoms associated with chronic
stress) was positively correlated with the level of somatic arousal.
This study provides the ﬁrst direct evidence that stress is associated
with the symptoms of UARS.
Our study is not the ﬁrst to identify a parameter whose level
separates UARS patients from healthy controls and correlates with
the severity of sleepiness and fatigue. Guilleminault et al. [4] conducted such a study using polysomnography to contrast the extent
of cyclic alternating pattern (CAP) between 30 UARS patients and
30 controls. They observed considerably more CAP (CAP rate, time,
and cycles) among UARS patients than among controls. CAP rate
was also signiﬁcantly correlated with both the level of sleepiness
determined by the ESS (r = 0.38; p < 0.01) and the level of fatigue
determined by the Fatigue Severity Scale (r = 0.51, p < 0.0001).
From their ﬁndings, they reasoned that UARS patients are distinguished from healthy individuals by sleep stage instability, the
parameter quantiﬁed by CAP analysis, caused by the mild pharyngeal collapse of UARS and contributing to their sleepiness and
fatigue.
Our ﬁnding in this study that the level of somatic arousal determined by the questionnaire distinguishes UARS patients from
healthy controls and, among all participants, correlates with the
levels of sleep quality, sleepiness, and fatigue complements the
ﬁndings of Guilleminault et al. [4]. We believe that SNS tone underlies both somatic arousal during wakefulness and CAP during sleep.
Investigators have found a positive correlation between the level of
CAP in stage 2 sleep and the low frequency to high frequency ratio
of heart rate variability, an indicator of SNS tone [45]. Thus, by
ﬁnding increased CAP among UARS patients, Guilleminault et al.
[4] have identiﬁed increased SNS tone, a marker for increased
stress, among these patients during NREM sleep, which complements our ﬁnding of somatic arousal among these patients during
wakefulness.
Increased SNS tone, posited as the common pathway by which
both somatic arousal during wakefulness and CAP during sleep can
be associated with UARS, can also account for the signiﬁcant or
nearly signiﬁcant correlation of polysomnographic sleep latency
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Fig. 1. This ﬁgure illustrates the frequency of the MASQ anxious arousal subscale (MASQaas) scores for our 12 UARS patients (dark columns) and 12 healthy controls (light
columns). The Y axis indicates the number of participants with values of MASQaas indicated on the X axis. All but one UARS patient had MASQaas values P20 while all but
one healthy control had values 620.

Fig. 2. This ﬁgure illustrates the relationship between the MASQ anxious arousal subscale (MASQaas) score and each of six self-report symptom questionnaire scores. These
include: the Pittsburgh Sleep Quality Index (PSQI), the Epworth Sleepiness Scale (ESS), the Functional Assessment of Chronic Illness Therapy-Fatigue (FACIT-Fatigue), the SF36 version 2 Health Survey Physical component (SF-36 Phys) and Mental component (SF-36 Ment), and the Perceived Deﬁcits Questionnaire of cognitive function (PDQ). UARS
patients are designated by Xs while healthy controls are indicated by Os. For all participants, the MASQaas score was highly correlated with each of the questionnaire scores.

with measures of mental health, fatigue, and somatic arousal
amongst the study patients (Table 4). The popular paradigm of primary insomnia postulates a state of physiologic hyperarousal associated with increased SNS tone that prolongs the sleep latency of
the chronic insomnia patient [46,47]. Just as in UARS, the physiologic hyperarousal (increased somatic arousal) of the primary
insomnia patient is associated with increased CAP during sleep
compared to non-insomniacs [48]. In fact, sleep-onset insomnia
is a very common complaint among UARS patients [3]. If, as in primary insomnia, increasing polysomnographic sleep latency in

UARS patients reﬂects increasing physiologic hyperarousal, then
increasing sleep latency should predict increasing signs of chronic
stress observed in the SF-36 Mental component and the FACIT-Fatigue and the increased somatic arousal observed in the MASQ anxious arousal subscale (Table 4).
In connection with our demonstration of an association between an indicator of stress, somatic arousal, and the symptoms
of UARS, two limitations must be acknowledged. Clearly, while
we have found an association between UARS and somatic arousal,
we have not proven the cause and effect. Speciﬁcally, while
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Table 4
Correlations of PSG parameters with subjective sleep quality, sleepiness, fatigue, and somatic arousal.
ESS
Time in bed
Total sleep time
Sleep efﬁciency
Sleep latency
REM latency
Stage 1 (%)
Stage 2 (%)
Slow wave sleep (%)
Stage REM (%)
Apnea hypopnea index
RERA index
Arousal index
Heart rate/sleep (mean)

r
p
r
p
r
p
r
p
r
p
r
p
r
p
r
p
r
p
r
p
r
p
r
p
r
p

0.04
0.85
0.07
0.74
0.15
0.48
0.26
0.23
0.11
0.60
0.33
0.12
0.27
0.21
0.41
0.048
0.01
0.97
0.48
0.018
0.07
0.73
0.04
0.86
0.36
0.09

FACIT Fatigue
0.04
0.86
0.08
0.72
0.03
0.90
0.42
0.043
0.06
0.79
0.16
0.45
0.11
0.62
0.15
0.47
0.01
0.95
0.18
0.40
0.01
0.97
0.20
0.36
0.11
0.60

PSQI

MASQaas

0.11
0.60
0.04
0.87
0.16
0.46
0.35
0.097
0.06
0.79
0.09
0.68
0.14
0.52
0.08
0.71
0.00
1.00
0.15
0.47
0.23
0.28
0.21
0.33
0.09
0.67

0.16
0.45
0.08
0.70
0.13
0.54
0.40
0.051
0.07
0.73
0.12
0.56
0.03
0.87
0.03
0.87
0.03
0.88
0.00
0.98
0.11
0.62
0.32
0.12
0.05
0.83

SF-36 Physical
0.14
0.50
0.20
0.34
0.09
0.69
0.16
0.46
0.03
0.90
0.11
0.60
0.19
0.39
0.13
0.52
0.17
0.41
0.11
0.62
0.00
0.98
0.19
0.38
0.03
0.87

SF-36 Mental
0.11
0.60
0.04
0.86
0.13
0.54
0.70
0.0001
0.10
0.66
0.21
0.32
0.06
0.79
0.34
0.10
0.34
0.11
0.01
0.95
0.05
0.80
0.06
0.79
0.02
0.92

PDQ
0.01
0.97
0.08
0.69
0.09
0.67
0.04
0.87
0.00
0.99
0.21
0.31
0.14
0.52
0.18
0.39
0.05
0.83
0.03
0.89
0.06
0.77
0.25
0.24
0.08
0.73

r = Pearson correlation coefﬁcients.
p = p-Values which are rounded to two signiﬁcant digits, where possible.
See the Methods for abbreviations of the self-assessment questionnaires. Correlations associated with p-values <0.10 are indicated in bold.

Fig. 3. This ﬁgure illustrates the relationship between the MASQ anxious arousal
subscale (MASQaas) score and the number of central sensitization syndromes
experienced by participants (the syndromes are listed a–n in Table 1). The number
in each column represents the number of participants having that number of
symptoms and contributing their scores to the mean MASQaas represented. By
selection criteria, all 12 healthy controls had no syndromes and are contained
within the ‘‘0’’ column. The MASQaas was highly correlated with the number of
syndromes experienced (r = 0.67; p = 0.0003).

increasing stress is associated with decreasing sleep quality and
increasing manifestations of sleepiness/fatigue and other symptoms, we have not demonstrated that increasing stress ‘‘causes’’
the poor sleep quality and its sequelae. Perhaps, the poor sleep
quality and its sequelae are the causes of increased stress among
UARS patients. Indeed, the same argument can be made for the
relationship of physiologic hyperarousal with primary insomnia
discussed above. Perhaps, the state of insomnia leads to the stress
manifested as physiologic hyperarousal in primary insomnia patients. If one could block the ‘‘stress’’ mechanism of UARS patients
without affecting pharyngeal collapse, and vice versa, one could
further elucidate the roles that these two phenomena play in

causing the symptoms of UARS. However, there is currently no
way to block only the ‘‘stress’’ mechanism of UARS.
This study is also limited by our modest sample size. We were
able to ﬁnd markedly signiﬁcant correlations between levels of somatic arousal and symptoms of UARS only by analyzing a population of both UARS patients and rigorously screened healthy
controls. The resulting broad ranges of somatic arousal and symptom severity enhanced statistical power to demonstrate signiﬁcant
correlations between somatic arousal and symptom severity. We
were thus clearly able to show that the difference in stress levels
between UARS patients and healthy controls was associated with
differences in severity of symptoms between them. However, with
only 12 UARS patients, we were less able to draw conclusions
about the extent to which differences in the level of somatic arousal between UARS patients correlate with differences in the severity of their symptoms. (Even so, when one relates somatic arousal
to symptom severity for the 12 UARS patients alone, there appears
to be a good correlation for FACIT-Fatigue (actual r = 0.77;
p = 0.003), SF-36 Physical (actual r = 0.59; p = 0.04), SF-36 Mental
(actual r = 0.58; p = 0.05), and the PDQ (actual r = 0.78; p = 0.003),
while the correlations for the ESS (actual r = 0.10; p = 0.76) and
PSQI (actual r = 0.27; p = 0.40) do not achieve statistical signiﬁcance (Fig. 2 shows the data points).) Moreover, although we did
study the correlation of somatic arousal with the frequency and
severity of a variety of symptoms reﬂecting chronic stress, some
consequences of chronic stress were not considered. Chronic stress
is also associated with metabolic derangements such as hypertension and glucose intolerance [49]. Does the level of somatic arousal
also correlate with the metabolic derangements that may be observed in UARS patients? These questions may be answered by utilizing the MASQ anxious arousal subscale in large numbers of UARS
patients in a clinical sleep disorder setting, correlating levels of somatic arousal with both the symptoms and metabolic consequences of chronic stress.
Another limitation of our small sample size relates to our ﬁnding no signiﬁcant correlations between parameters reﬂecting sleep
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quality and our participants’ symptoms (Table 4). One can argue
that our small sample size lacked the power to identify such relationships. A counterpoint, however, is that we did ﬁnd signiﬁcant
correlations between sleep latency and somatic arousal, and fatigue and mental health, correlations that are intuitively reasonable
as explained above.
In conclusion, our study used a self-report questionnaire to
measure somatic arousal in order to examine the hypothesis that
UARS represents a syndrome of chronic stress. Our ﬁndings support the hypothesis and invite further work to more clearly establish the pathophysiology of UARS.
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