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Abstract
Purpose To determine whether veterans with Gulf War
Illness (GWI) are distinguished by sleep-disordered breath-
ing, we compared inspiratory airflow dynamics during
sleep between veterans with GWI and asymptomatic
veterans of the first Gulf War.
Methods We recruited 18 male veterans with GWI and 11
asymptomatic male veterans of the first Gulf War by
advertisement. The two samples were matched for age
and body mass index. Each participant underwent a first
full-night polysomnogram (PSG) while sleeping supine
using standard clinical monitoring of sleep and breathing. A
second PSG was performed measuring airflow with a
pneumotachograph in series with a nasal mask and
respiratory effort with a supraglottic pressure (Psg) catheter
to assess the presence of inspiratory airflow limitation
during supine N2 sleep. We determined the prevalence of
flow-limited breaths by sampling continuous N2 sleep and
plotting inspiratory flow against Psg for each breath in the

sample. We expressed the prevalence of flow-limited
breaths as their percentage in the sample.
Results Compared to controls, veterans with GWI had an
increased frequency of arousals related to apneas, hypopneas,
and mild inspiratory airflow limitation. During supine N2
sleep, veterans with GWI had 96±5% (mean ± SD) of their
breaths flow-limited while controls had 36±25% of their
breaths flow limited (p<0.0001).
Conclusions Veterans with GWI experience sleep-
disordered breathing that may distinguish them from
asymptomatic veterans of the first Gulf War.

Keywords Gulf War illness . Functional somatic
syndromes . Sleep disordered breathing .

Inspiratory airflow limitation

Introduction

Up to half the veterans of the first Persian Gulf War
experience a group of symptoms including fatigue, insom-
nia, body pain, mood and cognitive disturbances known as
Gulf War Illness (GWI) [1–3]. The symptoms of GWI are
not unique to veterans of the first Gulf War. Non-veterans
with chronic fatigue syndrome, fibromyalgia, and irritable
bowel syndrome experience the same variety of symptoms
as veterans with GWI [4, 5]. Because of their similarity
with respect to symptoms and their unknown etiology,
many investigators have grouped the above syndromes into
the functional somatic syndromes [4, 5]. Such a grouping
encourages researchers to broaden their thinking and to
consider generalizing lessons learned.

Although the etiology of the functional somatic
syndromes is unknown, these syndromes have been
associated with stress. Adult chronic fatigue syndrome
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patients are distinguished from healthy controls by a
history of childhood sexual abuse, emotional abuse, and
emotional neglect [6]. Among fibromyalgia patients, there
is a more frequent history of infection as well as emotional
and physical trauma [7, 8]. Among women reporting a
situation of domestic violence to the police, 47% reported
current irritable bowel syndrome [9]. Thus, the symptoms
of the functional somatic syndromes are associated with
individuals who have undergone an episode of physical/
emotional stress in their lives.

In addition to the well-established relationship between
the functional somatic syndromes and stress, a possible
relationship has been hypothesized between the functional
somatic syndromes and mild sleep-disordered breathing.
Symptoms of the functional somatic syndromes are more
common among patients with UARS and mild to
moderate sleep apnea [10–12]. Inspiratory airflow limita-
tion during sleep is more common among young females
with IBS than among healthy controls [13]. Sleep-
disordered breathing is also common among females with
fibromyalgia [14, 15] and treatment of fibromyalgia patients
with nasal continuous positive airway pressure (CPAP)
relieves fibromyalgia symptoms [15]. The literature suggests,
therefore, that individuals experiencing both stress and sleep-
disordered breathing may be predisposed to the functional
somatic syndromes.

As one of the functional somatic syndromes, GWI
also occurs in veterans who have been exposed to a
variety of stressors, among them heat, sleep deprivation,
air pollution from burning oil, and combat. Even so, not
all the veterans who served during the first Gulf War
returned with GWI. We hypothesized that veterans who
returned with GWI are distinguished by the presence of
sleep-disordered breathing. To test this hypothesis, we
studied the sleep and breathing of veterans with GWI
and compared it to that of healthy veterans of the first
Gulf War.

Methods

Subject recruitment

We recruited two samples of male veterans of the first Gulf
War by advertisement. The first sample consisted of 18
veterans with GWI and the second sample consisted of
healthy controls; 11Gulf War veterans without symptoms of
functional somatic symptoms (FSS). The two samples were
matched for age and body mass index (BMI). All of the
participants were registered in the Gulf War Veterans
Registry.

Criteria for GWI participants were adapted from the VA
Cooperative study #470, comparing cognitive behavioral

therapy to aerobic exercise for symptoms of GWI [16].
Eligible veterans were deployed to the Persian Gulf
between August 1990 and August 1991 and reported
onset after August 1990 of each of the following
symptoms: fatigue, pain involving at least two body
regions and cognitive dysfunction (memory or concentra-
tion problems). All three symptoms must have lasted for
more than 6 months, were present at the time of
screening, and were unexplained by any clearly defined
organic illness. Exclusion criteria included alcohol abuse,
active clinical depression, active post-traumatic stress
disorder, current use of opiates, and a prior diagnosis of
sleep apnea. These exclusion criteria were needed to
eliminate the confounding effects of respiratory depres-
sant drugs and changes in therapy that would complicate
a subsequent nasal CPAP trial that included our GWI
participants.

Potential participants were screened for the relevant
symptoms using three self-report instruments measuring
cognitive difficulties, pain, and fatigue. The Cognitive
Failures Questionnaire, a 25-item instrument that
assesses frequency of difficulty with memory, attention,
action, and perception in everyday life (increasing
difficulty rated 0–100 with our clinical threshold at 20)
[16, 17]. This instrument has been previously used to
assess veterans with GWI. A pain visual analog scale
(increasing pain rated 0–10) with a pain rating of 2 serving
as the clinical threshold The Fatigue Severity Scale, an 11-
item instrument measuring the level of disability related to
fatigue [18] (increasing disability rated 1-7 with our
clinical threshold at 2). To be included, GWI participants
had to score above the designated clinical threshold on
each of the questionnaires. Conversely, Gulf War veteran
controls had to score below the clinical threshold to be
included.

Our method for selecting Gulf War veteran controls
resulted in an exclusive control group that did not return
from the Gulf with symptoms and never developed
symptoms. Our questionnaires, administered over a decade
following the veterans’ return excluded veterans of the first
Gulf War who returned with cognitive dysfunction, pain,
and fatigue and also veterans who returned without these
symptoms, but developed them in subsequent years. We
chose this method because sleep-disordered breathing is
associated with a variety of functional somatic syndromes.
Therefore, to maximize our ability to demonstrate a
difference between groups in breathing during sleep, we
excluded any veteran with current symptoms of FSS from
our control group. It should be understood, however, that
there may be many veterans who returned from the Gulf
War without GWI who subsequently developed a functional
somatic syndrome. These veterans without GWI are not
represented in our control group.
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First polysomnogram

Every subject underwent a full night polysomnogram
(PSG) to evaluate sleep architecture and clinical respiratory
parameters. After preparing for the PSG, participants got
into bed between 10:00 and 11:00 pm and they awakened at
6:00 am (each subject spent between 7 and 8 h in bed).
Sleep stages were monitored using surface electroenceph-
alographic 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 were monitored with a nasal/oral pressure
catheter. Thoraco-abdominal movement was monitored
with piezoelectric belts. Oxyhemoglobin saturation was
monitored at the finger using a pulse oximeter. A
continuous electrocardiogram monitored heart rate and
rhythm. All of the data was converted from analog to
digital and stored on a computer for analysis by an
individual masked to the identity of the subject.

Second polysomnogram

During the second night in the sleep laboratory, each
participant underwent a PSG with quantitative measure-
ment of airflow dynamics while sleeping supine. Sleep was
monitored using the same methods used for the first PSG.
To quantify airflow, each participant wore a nasal mask in
series with a heated pneumotachograph (Model 3700A,
Hans Rudolph, Kansas City, MO, USA). To ascertain that
the participant’s breathing was entirely nasal, a thermocou-
ple was placed in front of the mouth to document episodes
of oral breathing. Respiratory effort was measured as
supraglottic pressure (Psg) using a pressure catheter
(MPC–500, Millar Instruments, Houston, TX, USA). The
pressure catheter was inserted trans-nasally a distance of
16 cm. Its supraglottic position was confirmed by indirect
laryngoscopy with a dental mirror. All of the data was
converted from analog to digital (with a sampling frequency
of 128 Hz for Psg and airflow) and stored on a computer for
analysis.

For this PSG, GWI participants and controls followed
different protocols. Once asleep, each GWI participant was
monitored supine for approximately 2 h to confirm the
presence of inspiratory airflow limitation (IFL; a plateau of
inspiratory airflow despite the continued decrease of Psg).
Subjects who demonstrated IFL during supine NREM sleep
at atmospheric pressure then underwent a CPAP titration to
determine the therapeutic level of CPAP for the subsequent
treatment trial. After the CPAP titration, the mask pressure
was lowered to 4 cm H2O and left for the duration of the
study. Controls were monitored at atmospheric pressure

throughout the night. The study ended at approximately
6:00 am.

Sleep data analysis

The first PSG was staged using strict Rechtschaffen and
Kales criteria [19] to determine wakefulness and the various
sleep stages. Sleep architecture was summarized using
standard definitions with the combination of NREM
stages 3 and 4 into slow wave sleep. Arousals were
scored using the 3-s frequency shift criterion [20]. These
criteria were chosen (rather than the most recent AASM
guidelines for sleep staging) to maintain consistency with
our previous work [13, 15] in this field and to allow for
comparisons to the previous work of others.

Sleep disordered breathing events were defined as:
apnea, a decrease of inspiratory airflow to below 20% of
waking levels lasting at least 10 s and hypopnea, a
decrease of inspiratory airflow to below 50% of waking
levels associated with an arousal from sleep. Arousals
preceded by three or more breaths with an inspiratory
airflow plateau that was above 50% of waking airflow
were quantified as respiratory event related arousals
(RERAs) [21].

Sleep fragmentation was characterized using an arousal
index (spontaneous arousals+arousals related to apneas,
hypopneas and RERAs), an apnea hypopnea index, a
RERA index, and the total of sleep stage shifts from deeper
to lighter sleep. The total of sleep stage shifts was defined
as the sum of the shifts (a) from deeper NREM sleep to
lighter non-REM sleep or wakefulness and (b) from REM
sleep to any other sleep stage or wakefulness

For the second PSG, from the first 2 h, we sampled
the airflow and Psg of the first three 2-min periods of
continuous stage N2 sleep (approximately 90 breaths) to
determine the prevalence of flow-limited breaths For
participants with sleep apnea/hypopnea, sleep fragmenta-
tion often did not permit the sampling of two continuous
minutes of NREM stage 2 sleep, For these individuals,
shorter samples of continuous NREM stage 1 and NREM
stage 2 sleep were summed with apneic breaths consid-
ered to be flow limited. The analysis of breaths for the
presence of flow limitation was accomplished using a
method similar to that of our study of inspiratory airflow
dynamics during sleep in females with irritable bowel
syndrome [13].

Following identification of the three 2-min samples,
the airflow and Psg signals were exported from the sleep
software into a plotting program (Microsoft Excel). For
each inspiration, the inspiratory airflow was plotted
against Psg (Fig. 1) providing approximately 16 inspira-
tory plots per minute. To characterize IFL, each breath
was classified as flow limited or not flow limited by an
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evaluator using a modification of the criteria of Rowley
and associates [22]. We defined IFL as a 1-cmH2O or
greater decrease in Psg without a corresponding increase
in airflow of at least 5 ml/s(Fig. 1). For each participant,
the percentage of flow-limited breaths was calculated as
the total number of flow-limited breaths divided by total
breaths in all the samples.

Masking

Because we analyzed our treatment trial data [23] before we
completed recruitment of the control group for this study,
we performed a second complete analysis (including
staging, arousals, and breathing parameters) of the GWI
participants’ first PSG’s combined with those of our healthy
controls by individuals who did not participate in the
analysis of the treatment trial (this will explain small
discrepancies between studies in the same parameters).
Masking of the individual analyzing the PSGs was
accomplished by assigning a random number to each
PSG, unknown to the individual performing the analysis.
During analysis of the pressure-flow plots to determine the
presence of flow limitation, the Excel files for both GWI
participants and controls were coded and mixed so that the
interpreter did not know the status of the file being
analyzed,

Statistical analysis

All p values were based on unpaired t tests. After the initial
analysis of our data, the issue of the normality of our

respiratory data was raised. To ascertain that statistical
significance was robust to departures from normality, we
ran a Wilcoxon test to confirm robust statistical signifi-
cance. Ties were handled by using the average rank and
exact p values were computed in SAS Version 8.1.

Results

To recruit our cohort of 18 veterans with GWI, we screened
25 potential participants. Two were excluded for having a
prior diagnosis of obstructive sleep apnea and five were
excluded because of chronic opiate use that could affect
breathing during sleep.

The anthropometric and symptoms data characterizing
our GWI participants and our healthy controls are repre-
sented in Table 1. Our male GWI participants and controls
were well-matched for age and BMI. Our GWI participants

Table 1 Anthropometric and symptom data of the GWI participants
and healthy controls

GWI participants
mean (SD)

Healthy
controls

p value

Number of participants 18 11

Age (years) 42 (4) 41 (6.6) 0.57

Body mass index (kg/m2) 31 (3) 31 (4.2) 0.72

Cognitive Failure
Questionnaire

57.9 (18.1) 14.9 (2.8) < 0.0001

Pain visual analog scale 4.1 (2.2) 0.7 (0.6) <0.0001

Fatigue Severity Scale 5.2 (1.4) 1.6 (0.3) <0.0001

Fig. 1 a Demonstrates the airflow (solid line) and supraglottic
pressure (Psg; hatched line) tracings for four flow-limited breaths
(from a veteran with GWI) along with the plots of airflow against
supraglottic pressure for the breaths (right panel). The plots
demonstrate the plateau of airflow with decreasing supraglottic
pressure and the increased inspiratory effort that characterizes flow-

limited inspiration. b Demonstrates the same tracings for four non-
flow-limited breaths (from a healthy control) along with the plots of
airflow against supraglottic pressure for the breaths (right panel). The
plots demonstrate the absence of a plateau of airflow with decreasing
supraglottic pressure and the minimal inspiratory effort characterizing
non-flow-limited inspiration
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were above the clinical threshold with moderate levels of
cognitive dysfunction, pain, and fatigue while our healthy
controls were below the clinical threshold for the same
symptoms. Among our 18 GWI participants, eight had co-
morbid PTSD, three had depression, and two had irritable
bowel syndrome. In addition, five had gastroesophageal
reflus disease and five had hypertension. Among our 11
controls, seven had no significant medical history. Two
controls had both hyperlipidemia and asthma. One control
had hyperlipidemia alone, and one had cholecystitis.

Table 2 summarizes parameters of sleep architecture and
fragmentation based upon the first PSG. GWI participants
did not differ from controls in sleep efficiency or duration,
latency to sleep onset or REM onset, sleep stage distribu-
tion, or total of sleep stage shifts. The GWI participants
demonstrated an increased frequency of arousals.

Table 3 details the sleep-related respiratory parameters
for the GWI participants and controls. During the first PSG,
GWI participants had a significantly increased RERA index
and apnea hypopnea index. During the second PSG, one
control participant could not tolerate insertion of the
supraglottic catheter and the second PSG was not per-
formed (data from the remaining ten controls is presented).
During the second PSG, GWI participants had a much
higher prevalence of flow-limited breaths in continuous
NREM stage 2 sleep.

Discussion

Previous research suggests that patients with functional
somatic syndromes have a history of exposure to stress and
mild sleep-disordered breathing. Veterans who served
during the first Persian Gulf War were exposed to a variety
of stressors including heat, sleep deprivation, combat stress,
and smoke inhalation. In this study, we compared inspira-
tory airflow dynamics during sleep between veterans of the

Table 2 Sleep parameters of the GWI participants and healthy
controls

Parameter GWI
participants

Healthy
controls

p value

Total sleep time (minutes) 333 (95) 329 (75) 0.90

Sleep efficiency (%) 73 (24) 76 (16) 0.66

Sleep latency (minutes) 13 (15) 28 (30) 0.08

REM latency (minutes) 137 (69) 136 (65) 0.97

NREM 1 (%) 29 (17) 22 (14) 0.26

NREM 2 (%) 48 (13) 46 (11) 0.74

Slow wave sleep (%) 12 (9) 17 (11) 0.17

REM (%) 12 (7) 11 (7) 0.73

Arousals/hour 34 (26) 10 (6) 0.006

Total stage shifts 39 (12) 40 (14) 0.89

GWI participant RERA
index

AHI % flow-
limited

Control
participant

RERA
index

AHI % flow-limited

1 7 7 100 1 1 0 65

2 28 9 100 2 3 0 0

3 38 9 83 3 4 0 13

4 11 61 89 4 6 0 0

5 1 46 100 5 11 0 44

6 11 0 97 6 9 11 32

7 8 7 92 7 5 1 47

8 11 5 100 8 13 3 65

9 15 8 98 9 9 1 62

10 16 10 89 10 2 16 a

11 34 38 97 11 7 4 32

12 12 92 100 Mean 6 3 36

13 33 8 94 SD 4 5 25

14 15 7 100

15 26 3 100

16 3 9 100

17 2 9 100

18 8 2 94

Mean 16 18 96

SD 12 25 5

p value 0.018 0.006 <0.0001

Table 3 Sleep-related
respiratory parameters in GWI
participants and controls

p values are relative to controls
a This control did not tolerate
a supraglottic catheter

RERA Index is the number
of respiratory event related
arousals per hour of sleep AHI
is the apnea/hypopnea index; the
number of apneas and hypopneas
per hour of sleep

% flow limited the percentage of
breaths during continuous,
supine stage 2 sleep that were
flow limited
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first Gulf War with GWI and veterans of the same war with
no symptoms of GWI. We found that veterans with GWI
have an increased frequency of arousals from sleep related
to sleep-disordered breathing and that they have a greater
prevalence of flow-limited breaths during stage NREM
stage 2 sleep, reflecting a more collapsible upper airway.
Therefore, similar to patients with other functional somatic
syndromes, veterans of the first Gulf War with GWI have
both a history of exposure to stress and mild sleep-
disordered breathing.

One feature of our study design is worth noting.
Consistent with our previous publications, our definition of
hypopnea for this study did not include an oxygen desatura-
tion in the absence of an arousal. Recent evidence suggests,
however, that a 4% desaturation, even in the absence of an
arousal from sleep, may predispose to cardiovascular disease
in sleep apnea patients [24]. Although we do not know the
effect of our definition of hypopnea on the apnea hypopnea
index of our two cohorts, we do know that our definition
was applied consistently in the two groups and we trust that
the difference we observed in apnea hypopnea index
between veterans with GWI and matched controls is a true
difference

How to sample a population of veterans with GWI
when the definition of GWI has not been established by
consensus presents a challenge. Because of the absence
of a consensus definition of GWI, we based our
definition upon that of the largest multicenter treatment
trial for GWI conducted by the VA [16]. To this choice,
we added the stringency of documenting the severity of
the three defining complaints using validated measures.
Finally, all of our participants with GWI were enrolled in
the Gulf War Registry with GWI and received care at the
Northport DVA Medical Center. Thus, our sample of
participants with GWI compares favorably with samples
studied previously.

Although our findings demonstrate increased sleep-
disordered breathing in veterans with GWI, we cannot be
certain of their upper airway function at the time they
developed GWI. In the 15 years that have elapsed between
the first Gulf War and the start of our study, all of the
veterans have aged and many have gained weight. Both age
and increasing weight predispose to sleep-disordered
breathing. However, our age- and obesity-matched veterans
with no symptoms of GWI had a much lower prevalence of
sleep-disordered breathing. While we cannot be certain,
extrapolating back 18 years to a time when our participants
were younger and leaner, we may have found only snoring
among our veterans with GWI and no sleep-disordered
breathing among our healthy veterans. While we can no
longer study inspiratory airflow dynamics during sleep in
newly diagnosed veterans with GWI, the veterans now
returning from Operation Enduring Freedom and Operation

Iraqi Freedom with war-related illness similar to GWI [25–
27] provide us with the opportunity to study inspiratory
airflow dynamics during sleep in a similar population at the
onset of symptoms.

How might war-related stress and sleep-disordered
breathing be related to the symptoms of GWI? First, the
symptoms of GWI and the functional somatic syndromes,
in general, are those that have been attributed to chronic
activation of the HPA axis [28–30]. Recent studies in
animal models have demonstrated that activation of the
HPA axis by stress can sensitize the limbic system of the
brain altering its response to internal and external stimuli
[31–35] (neural sensitization) [36]. Our findings in this
study can be explained with the hypothesis that war-related
stress sensitizes the limbic system of soldiers to perceive
pharyngeal collapse during sleep as an internal stress. In
this way, after their service, veterans with pre-existing
pharyngeal collapse during sleep experience nightly expo-
sure to an internal stress while those without pharyngeal
collapse do not experience this same nightly stress. One
may imagine the relationship of war-related stress and
sleep-disordered breathing to GWI through a model of
stress-related neural sensitization of the limbic system to
pharyngeal collapse.

This cross-sectional study comparing inspiratory airflow
dynamics during sleep between veterans with GWI and
healthy veterans of the same war suggests that sleep-
disordered breathing may contribute to the symptoms of
GWI. However, a difference in sleep-disordered breathing
between groups does not establish that sleep-disordered
breathing contributes to the symptoms of GWI. Moreover,
even if sleep-disordered breathing does contribute to the
symptoms of GWI, our comparing a group with three
symptoms to a control with no symptoms does not allow us
to determine which of the symptoms of GWI are related to
sleep-disordered breathing. To establish such a relationship
requires an appropriately controlled trial of pharyngeal
splinting during sleep with monitoring of symptoms.
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