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Abstract

Post-traumatic stress disorder (PTSD) and sleep-disordered
breathing (SDB) are shared by many patients. They both affect sleep
and the quality of life of affected subjects. A critical review of the
literature supports an association between the two disorders in
both combat-related and non–combat-related PTSD. The exact
mechanism linking PTSD and SDB is not fully understood. A
complex interplay between sleep fragmentation and neuroendocrine
pathways is suggested. The overlap of symptoms between PTSD and
SDBraises diagnostic challenges thatmay require a novel approach in

the methods used to diagnose the coexisting disorders. Similar
therapeutic challenges face patients and providers when treating
concomitant PTSD and SDB. Although continuous positive airway
pressure therapy imparts a mitigating effect on PTSD symptomatology,
lack of both acceptance and adherence are common. Future research
should focusonways to improveadherence tocontinuouspositiveairway
pressure therapy and on the use of alternative therapeutic methods for
treating SDB in patients with PTSD.
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Based on the Diagnostic and Statistical
Manual of Mental Disorders, fifth edition
(DSM-V), post-traumatic stress disorder
(PTSD) is characterized by the development
of a specific cluster of symptoms after
exposure to a traumatic event that elicits
a response of fear, helplessness, or horror.
A constellation of indicators from four
symptom clusters, including intrusion,
avoidance, negative alterations in cognitions
and mood, and alterations in arousal and
reactivity, is required (1) (Table 1). Typical
examples of traumatic experiences that
may predispose to PTSD include sexual
assault, military combat, mass conflict
and displacement, and life-threatening
physical illness (2–5).

The earliest historical reference to
a post-traumatic condition was deciphered
from a cuneiform tablet detailing the death
of King Ur-Namma on the battlefield
against the Gutians (6). The inscription
described significant sleep problems in the
survivors. Ancient Greek and Roman
accounts of war included similar references
to sleep ailments in soldiers returning from
battles. American writers have referred to
this condition as “Soldier’s heart” during
the U.S. Civil War (a reference to the
autonomic hyperarousal), “shell shock”
during World War I (a description of the
numbing and dissociation), and “combat
neurosis” during World War II (7). The
term “PTSD” was introduced for the first

time during the Vietnam War after its
description by Friedman in 1980 as the
Post-Vietnam Syndrome (8). It is estimated
that the lifetime prevalence of the disease
varies from 15 to 30% in Vietnam combat
veterans (9) and 11 to 17% of those
returning from Iraq and Afghanistan (10)
compared with 7.8 to 12.3% in the general
adult population of the United States
(3, 11).

Sleep disturbances remain a common
complaint of those afflicted with the
condition and may even be a predictor of
PTSD progression. Despite the intensified
campaign in highlighting the sequelae of
PTSD on the quality of life of these patients,
the literature has been scarce on providing
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effective management of sleep-related
complaints. Although nightmares and
insomnia are common features of PTSD-
related sleep disturbances, there is growing
evidence that an increased prevalence of
sleep-disordered breathing (SDB) is also
present in patients suffering from PTSD. In
addition, PTSD-related sleep disturbances
can persist long after the original trauma has
subsided.

In the last decade, several studies have
documented a broad array of comorbid
sleep disorders in subjects with PTSD,
including insomnia, nightmares, SDB, and
sleep arousal and dream enactment behavior
(12, 13). Sleep impairment accounts for
a significant portion of the variance in
physical health complaints even after
controlling for other PTSD symptoms
and depression (14). It follows that the
significant and chronic sleep loss
commonly endorsed in individuals with
PTSD contributes to additional worsening
of health-related quality of life.

Although different aspects of PTSD
sleep disturbances have been reviewed
recently (15, 16), the purpose of this article
is to present a critical review of the evidence
and the research on SDB in patients with
PTSD, the interrelation between the two
disorders, existing treatment options, and
future research. Although obstructive sleep
apnea (OSA) and respiratory effort–related
arousals are frequently reported in patients

with PTSD, no studies addressing the
association between PTSD and central sleep
apnea have been identified.

Association between SDB
and PTSD

Many studies have claimed a link between
SDB and PTSD (13, 17–27) (Table 2).
Youakim and coworkers (28) were the first
to report on the association between OSA
and PTSD in a Vietnam veteran. The case
described a man with PTSD and OSA
whose PTSD symptoms abated after
treatment with continuous positive airway
pressure (CPAP). A subsequent report from
women with PTSD who experienced sexual
trauma identified SDB in 52% of the sample
(13). Although the diagnosis of SDB was
based on self-report, a follow-up study
using polysomnography (PSG) confirmed
that 90% of the participants had clinically
significant levels of SDB (23). The
association between the two disorders was
further highlighted by the fact that trauma
survivors with SDB exhibited worse
symptoms of PTSD compared with trauma
survivors without SDB (24). Women with
both sexual trauma–related PTSD and SDB
had worse nightmares, major depression,
and impaired quality of life (24).
Interestingly, those with PTSD had atypical
phenotypic expression of their SDB; there

were fewer objective snoring and more
upper airway resistance syndrome findings
on PSG (24). The sleep profile was
dominated with frequent insomnia,
cognitive-affective symptoms, and higher
psychotropic medication use compared
with patients without PTSD (24).
Accordingly, it has been suggested that
underlying SDB should be ruled out when
response to PTSD treatment is lacking.

The small sample size of these studies
raised doubts about the relationship
between SBD and PTSD. However, in one
of the largest studies conducted by the
Veterans Health Administration, whereby
the medical records of 4 million Veterans
were examined for the association between
psychiatric disorders and sleep apnea (19),
PTSD was present in 11.85% of the apneic
group compared with 4.74% of the
nonapneic group (odds ratio, 2.7 [95%
confidence interval, 2.65–2.74]). Later,
many authors reported similar association
between PTSD and SDB. Some used
questionnaires to assess the presence of
SDB, such as the Cleveland Sleep Habits
Questionnaire or the Pittsburgh Sleep
Quality Index (20, 29). The use of these
questionnaires was deemed problematic
because it addressed variables that might be
shared by PTSD and SDB, such as sleep-
related issues, chronic fatigue, and daytime
sleepiness. Others, however, confirmed
SDB with objective sleep testing (21, 22).
Another confounding element that
undermined the association between
PTSD and SDB came from the fact that
many patients with PTSD are overweight
or obese (21, 22). In these cases, the
potential for SDB was strongly correlated
with body mass index (BMI), increase
in arousal symptoms, and greater PTSD
severity. However, the reports of obesity in
patients with SDB were not universal, and
PTSD spanned across the entire BMI
spectrum.

In addition to combat-related PTSD,
SDB has been found to be frequent in
patients with PTSD related to other types
of trauma. One cohort reported 90%
prevalence of SDB in crime victims (23).
Similarly, 95% of fire evacuees with PTSD
had SDB on portable sleep testing (25),
although a selection bias and diagnostic
inaccuracies may have been responsible
for this excessively high prevalence. More
recently, a study of 501 Israeli subjects
living along the Gaza strip established
presence of PTSD in 5.5% of this highly

Table 1. Classification of mental and behavioral disorders for post-traumatic
stress disorder

A. The patient must have been exposed to a stressful event or situation (either short or long
lasting) of exceptionally threatening or catastrophic nature, which would be likely to
cause pervasive distress in almost anyone.

B. There must be persistent remembering of “reliving” of the stressor in intrusive
“flashbacks,” vivid memories or recurring dreams, or in experiencing distress when
exposed to circumstances resembling or associated with the stressor.

C. The patient must exhibit an actual or preferred avoidance of circumstances resembling or
associated with the stressor which was not present before exposure to the stressor.

D. Either of the following must be present:
(1) inability to recall, either partially or completely, some important aspects of the period of

exposure to the stressor;
(2) persistent symptoms of increased psychological sensitivity and arousal (not present

before exposure to the stressor), shown by any two of the following:
(a) difficulty in falling or staying asleep
(b) irritability or outbursts of anger
(c) difficulty in concentrating
(d) hypervigilance
(e) exaggerated startle response.

E. Criteria B, C, and D must all be met within 6 months of the stressful event or of the end of
a period of stress. (For some purposes, onset delayed more than 6 months may be
included, but this should be clearly specified).

Adapted from Reference 68.
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exposed cohort and depression in an
additional 3.8%. Clinical sleep disturbance,
assessed using the 18-item Pittsburgh Sleep
Quality Index, was present in 37.4% of
the cohort but reached 82% among those
identified with PTSD and 79% among those
who were depressed (29). Not surprisingly,
epidemiologic investigations documented
increased prevalence of SDB in patients
with World Trade Center–related PTSD
(26) and in post–Gulf War Iraqi
immigrants (27). In one of these studies,
researchers linked particulate matter
inhalation to a surge in inflammatory
response resulting in upper airway
obstruction and OSA.

Despite the multiple reports linking the
two disorders, the association between
PTSD and SDB has not been consistent
(30–33) (Table 3). In one small study of
14 injured victims from traffic-related
accidents, no difference between patients
with and without PTSD were noted on any
of the PSG measures (30). The two groups
did not differ from each other with respect
to awakening thresholds during REM
sleep. Other authors could not also elicit

a difference in the prevalence of SDB
between patients with and without PTSD
despite the increased rate of SDB (76.8%) in
active duty military personnel (32). These
conflicting conclusions emanate from the
heterogeneity in the study populations that
differ from each other in terms of stress
severity and intensity of exposure.
In addition, there were significant
methodological differences in the
preexistent research addressing the
relation between PTSD and SDB. The
diagnosis of sleep apnea was based on
myriad of diagnostic tools, including
nonstandardized sleep questionnaires,
portable monitoring devices, and in-lab
polysomnography (Table 3). Even with
the latter technique, usage of both a nasal
pressure transducer and a nasal-oral
thermistor to monitor respiration could
not be ascertained across these studies.
Inconsistency in scoring rules and
variability in the night-to-night degree of
SDB, particularly in this population with
high comorbid conditions, may have
accounted also for these opposite
findings.

Potential Mechanisms

PTSD and SDB share disturbed sleep as
a common feature. It is hypothesized that
the two disorders act as a catalyst for one
another. SDB may exacerbate, accentuate,
or perpetuate preexisting PTSD, and vice
versa. Sleep fragmentation represents the
common thread in this relationship (Figure 1).

OSA Effects on PTSD
Knowing that adequate sleep is important
for synaptic plasticity and memory
formation, interruption of the sleep
continuity by obstructive airway events
followed by short arousal compromises
the beneficial process of fear extinction.
The latter is a process of “forgetting” the
association between a certain neutral trigger
and an aversive stimulus. Longitudinal
studies have reported an association
between sleep disturbances in the early
aftermath of trauma and the development
of PTSD (34, 35). Additionally, studies
have found that sleep disturbances before
traumatic events predict PTSD (36, 37).
Although results of EEG findings during
sleep in patients with PTSD have been
inconsistent, a metaanalysis concluded that
individuals with PTSD had more stage 1
sleep, greater REM density, and decreased
slow wave sleep than individuals without
PTSD (38). More recently, van Liempt
and colleagues (39) showed an increase
in awakenings in veterans with PTSD
compared with control patients who had
experienced trauma and to healthy control
patients. The increased frequency of
awakenings was documented during REM
sleep (40). Given that REM sleep enhances
the process of fear extinction (41), several
authors have concluded that interruption
of memory consolidation contributes to
the resurgence of maladaptive fear and
anxiety in patients with PTSD. This process
is accentuated in SDB, where sleep
fragmentation, commonly more severe
during REM sleep, may worsen the severity
of preexisting PTSD.

Other potential mechanisms for the
link between SDB and PTSD have been
postulated, including a derangement within
the neuroendocrine and neuroanatomical
pathways expressed by a dysfunctional
hypothalamic-pituitary-adrenal (HPA)
axis and by anatomical alterations in
the hippocampus (42). Changes in the
functioning of the HPA axis have
repeatedly been associated with PTSD

Arousals/Sleep
fragmentationPTSDInsomnia

REM
interruption

Hippocampus
Dysfunction

HPA Axis
dysfunction

OSA

Increased 
upper airway
collapsibility

Arousals/Sleep
fragmentation

Breathing
stability

GH

Memory
consolidation/   Fear

extinction

Figure 1. Proposed interactions between post-traumatic stress disorder (PTSD) and sleep-
disordered breathing. GH = growth hormone; HPA = hypothalamic-pituitary-adrenal; OSA =
obstructive sleep apnea.
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(42, 43). Noticeably, increased responsivity
to dexamethasone has been described. Such
patients exhibit higher corticotropin-
releasing factor in the cerebrospinal fluid
(44, 45), higher glucocorticoid receptor
expression in lymphocytes, and greater
glucocorticoid receptor sensitivity (46).
Yet, most studies report low to normal
peripheral cortisol values in patients with
PTSD (47, 48). Because adrenocorticotropic
hormone is positively related to the number
of awakenings, the response of adrenals
to adrenocorticotropic hormone
stimulation may be attenuated in patients
with PTSD and SDB. Whether treatment of
SDB mitigates the HPA axis dysfunction
remains unknown. Future research
investigating stress and post-traumatic
symptoms should focus on the dynamic
characteristics of the HPA axis, sensitivity,
and up-regulation of receptors involved in
the HPA axis in patients with SDB.

In parallel, growth hormone (GH)
levels are decreased in patients with PTSD
compared with healthy control subjects (49).
This reduction in GH secretion correlates
with awakenings during the night. In the
absence of GH, N-methyl-D-aspartate
receptor-mediated synaptic currents
decrease in hippocampal neurons (50).
N-methyl-D-aspartate receptor loss is
accentuated, as is a decline in long-term
potentiation. A recent functional magnetic
resonance imaging study in healthy
volunteers showed decreased hippocampus
activation and impaired performance
on a memory task after a night of
experimentally induced sleep fragmentation
(51). Using delayed recall as dependent
variable, both sleep fragmentation and GH
secretion were significant predictors for
memory retention of a declarative memory
task (52). These processes normalized when
GH injections were administered during
sleep deprivation (50). Interestingly, these
changes are accompanied by structural
transformations in hippocampal volume
(53). In one of the first neuroimaging
studies of PTSD, there was an 8% decrease
in magnetic resonance imaging–based
measurement of right hippocampal volume
in patients with combat-related PTSD in
comparison with matched control subjects
(54). Although these findings were
replicated subsequently in adults with
chronic longstanding PTSD (55, 56), none
of these studies entertained the possibility
of coexisting SDB. Taken together, SDB-
related sleep fragmentation may augmentT
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the structural and functional impairment of
the hippocampus in patients with PTSD.
The resulting drop in GH secretion
compromises fear extinction, synaptic
plasticity, and recovery, hence perpetuating
PTSD symptomatology.

PTSD Effects on OSA
Although inconclusive, the background of
hyperarousability in patients with PTSD
may contribute to the development of
obstructive and hypopneic events. Sériès
and colleagues (57) demonstrated
previously that SDB abnormalities were
frequent after sleep fragmentation. In
these patients, the critical pressure was
significantly lower after sleep fragmentation
than after sleep deprivation corresponding
to increased airway collapsibility. The
difference in critical pressure between each
condition was independent of age or BMI.
In cases of PTSD, concomitant insomnia
appears to reinforce that concept. Although
some studies have shown increased arousal
and sleep fragmentation in patients with
PTSD, these findings have not been
consistent. Sleep fragmentation is, however,
a common feature of insomnia (40). It is
possible that patients with PTSD who suffer
from insomnia have a particularly increased
sleep fragmentation that may predispose
subjects to develop OSA. Progressive
development of OSA may reflect
a particular phenotype of patients
with PTSD.

Confounding Factors
Although a genuine association between
SDB and PTSD can be explained by
the described mechanisms, numerous
uncertainties are raised by the overlap of
symptoms between the two conditions,
which may lead to a nonfactual association
between the two disorders. Sleep
disturbances are a hallmark of PTSD
symptoms but are also tightly related to
SDB. Patients with SDB may present with
frequent awakenings and disturbed sleep
architecture. Negative dream emotions and
increased number of violent and highly
anxious dreams have been described in
patients with untreated sleep apnea (58).
In addition, SDB can be associated with
abnormal motor activity during sleep (59).
Some of these symptoms are shared by
PTSD and are part of the diagnostic criteria
for the disorder (1), such as alterations
in arousal and reactivity, depression-like
symptoms, and concentration difficulties.T
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Conceivably, SDB-related nocturnal and
diurnal symptoms may be erroneously
attributed to a post-traumatic experience.
For instance, a clear distinction between
nightmares and SDB-related violent dreams
ought to be made so as not to overestimate
PTSD in this population. Hence, specific
diagnostic criteria need to be established
to avoid the pitfall of inaccurate diagnosis
of PTSD.

Diagnostic challenges may also
be encountered when interpreting
polysomnography in patients with PTSD.
Because increased arousals and awakenings
are seen in those patients, a strict adherence
to the American Academy of SleepMedicine
criteria for scoring of respiratory events
should be ascertained. Even then, it may
be particularly challenging to differentiate
spontaneous arousals (which may be related
to PTSD) from respiratory events–related
arousals during REM sleep, where
significant irregularities in breathing
pattern and air flow are often observed.
In the absence of due diligence, it is
conceivable that respiratory events–related
arousals are overscored, leading to an
overestimation of the apnea–hypopnea
index.

Treatment of OSA in Patients
with PTSD

Managing patients with PTSD and SDB
is challenging. Although it is suggested
that treatment of SDB may lead to an
improvement in PTSD symptoms, PTSD
itself seems to hinder OSA therapy.

CPAP remains the mainstay of therapy
for OSA. CPAP therapy exerts its beneficial
effects by acting as a pneumatic splint to
prevent the upper airway soft tissue from
collapsing. Other effects include a change in
the upper airway muscle tone and increasing
functional residual capacity (60). CPAP
therapy has been demonstrated to resolve
SDB events and improve many aspects of
OSA syndrome. To that effect, adequate
treatment of SDB has been shown to
improve anxiety, depression, and other
cognitive symptoms (61). In a case report
by Youakim and colleagues (28), CPAP
therapy resulted in dramatic improvement
in sleep quality and daytime sleepiness of
a Vietnam veteran with PTSD. There was
a reduction in nightmare frequency and
severity as well as an improvement in
daytime flashbacks. Similar results were

reported from a retrospective review of
15 patients with PTSD and SDB (62). In
that study, nine had 75% improvement in
their PTSD symptoms after CPAP therapy,
whereas four of the six who refused or
did not tolerate positive airway pressure
had worsening symptoms (62). The
improvement of both sleep-related and
PTSD symptoms with CPAP treatment
suggests that a potential complex interplay
may exist between the two disorders.
Although these studies are promising, there
are number of methodological problems
including, but not limited to, small sample
size, selection bias, retrospective design, and
lack of comparative intervention. Future
longitudinal studies are needed to elucidate
the strength and direction of these
associations.

A major determinant of the
effectiveness of CPAP therapy is patient
compliance. Despite the overall
improvement in PTSD symptomatology
with CPAP therapy (63), adherence to
treatment is far worse in these patients
compared with the general population with
OSA (64, 65). Although not statistically
significant, insomnia tended to be more
common in the PTSD group. Whether
insomnia alone can account for the
difference in CPAP compliance is open to
debate. However, the retrospective nature
of these studies did not allow an assessment
of the severity of insomnia and its relation
with CPAP compliance in this PTSD
population.

Mask discomfort, claustrophobia, and
air hunger were among the reported reasons
for CPAP nonadherence in the PTSD group
(64). It is somewhat intuitive to consider
that having a mask on the face with positive
pressure may awake dormant memories or
experiences in patients with combat-related
PTSD. Interestingly, nightmares were more
frequently reported in those who were
nonadherent to CPAP, which suggest
that nightmares may be one of the
factors infringing on CPAP compliance
in patients with PTSD. It may also
indicate a bidirectional relationship, with
nightmare-related anxiety leading to
reduced CPAP use or, alternatively, CPAP-
related increases in nightmare propensity
worsening adherence to treatment. The
latest evidence seems to favor the former
hypothesis. A recent retrospective study
suggests that CPAP therapy is associated
with decrease in frequency of PTSD-related
nightmares (63). However, these results

would need confirmation in future
prospective trials.

In view of the poor adherence, it is
important to consider alternative methods
for conditioning patients with PTSD to
CPAP. Cognitive behavioral therapy has
been promising in improving CPAP
adherence (66), although its efficacy has yet
to be demonstrated in subjects with PTSD.
For those intolerant to CPAP, alternative
measures (i.e., oral appliances, nasal
expiratory positive airway pressure) may be
considered. A randomized trial comparing
the efficacy of CPAP to oral appliance in
PTSD with SDB is underway (NCT01569022).
Other trials involving alternative or
combination therapy should be the subject of
future research to confirm their effectiveness in
the coexisting PTSD and SDB population.

Future Directions

The growing population of combat veterans
returning from recent wars will be facing
significant clinical challenges in managing
their concomitant disorders. Although
studies to date have demonstrated sleep
disturbances as a fundamental issue in
trauma-exposed populations, the current
research into PTSD and sleep disorders is
limited by the fact that: (1) the vast majority
of the work to date has been retrospective
or cross-sectional in design, with the
exception of a few small prospective studies
in trauma-exposed study groups and
treatment studies. A minority of the latter
have included objective clinical assessments
of PTSD that may provide insights into
the physiological or neural underpinnings
of the relationships of sleep to PTSD
symptoms; (2) the effect of comorbid
psychiatric disorders that are associated
with sleep disturbances in PTSD has
not been explored; (3) despite effective
treatment of OSA with CPAP, adherence
to therapy is poor and no alternative
treatment has been studied; (4) no long-
term prospective studies have evaluated
the impact of sleep disturbances on
cardiovascular and behavioral outcomes;
(5) and the longitudinal implications of
non-SDB (i.e., insomnia) in PTSD with
OSA across the lifespan have not been
investigated.

Two general areas of research are
needed to advance understanding of why
traumatic events increase the likelihood
of developing sleep problems. First, it is

FOCUSED REVIEWS

Focused Reviews 265
 



important to consider the characteristics of
the traumatic event exposure. The time
since the traumatic event, type of traumatic
event exposure, and number of traumatic
event exposures may differentially affect
sleep. Direct prospective tests of the relation
between specific traumatic event types and
the development of sleep problems are
needed. Second, future investigations
using full PSG are integral to our
understanding how changes in REM sleep
(or more generally, sleep physiology and
neurobiology) contribute to increased risk
of poor psychiatric outcomes in patients
with PTSD and SDB. To the best of our
knowledge, no study has directly tested
the role of undiagnosed SDB problems
prospectively on subsequent traumatic event
exposure. Analog designs that aim to
experimentally test the effects of OSA-
related sleep fragmentation on reactivity
to traumatic event cues could shed light
on how sleep problems may maintain
traumatic event–related affective reactivity.
Research in this domain is necessary to
better conceptualize the interplay between
sleep problems and traumatic event
exposure.

In terms of treatment, randomized
clinical trials are paramount in determining

alternative treatments for CPAP. Would
mandibular advancement devices, although
less effective, prove to be more successful
in reducing PTSD symptomatology by the
mere fact of being better tolerated than
CPAP? Would combination of cognitive
behavioral therapy with CPAP improve
adherence? Finally, as pharmacological
interventions focused on PTSD symptom
reduction alone (e.g., monoamine
oxidase inhibitors, benzodiazepines,
tricyclic antidepressants) have
been shown to increase sleep
problems (67), the exploration of
psychopharmacologic interventions that
target neuroanatomical structures
implicated in both PTSD and sleep
problems are sorely needed.

Summary

PTSD and SDB share common features:
they have common symptoms that overlap,
and they both affect quality of sleep and
quality of life. Although not consistent, there
is mounting evidence that an association
between PTSD and OSA exists and can be
explained by more than one mechanistic
theory. In addition, both disorders seem to

mutually affect and perpetuate each other,
creating a vicious cycle of symptoms. With
the increasing rate of PTSD among veterans
returning from the Iraq and Afghanistan
wars, there is a growing urgency to
identify gaps in the quality of care
provided to these patients. Among these
unmet needs is the approach to the
management of SDB in veterans with
PTSD. Both diagnostic and therapeutic
challenges are faced by clinicians caring
for patients who may be suffering
from both disorders. A thorough sleep
assessment should be done when
evaluating patients for PTSD, and extreme
care should be taken to avoid inaccurate
diagnosis of PTSD based on SDB-related
symptoms. A screening protocol for
OSA ought to be implemented for all
patients with PTSD exhibiting symptoms
of excessive daytime sleepiness and for
those who fail to respond to standard
PTSD treatment. Disturbed sleep is
a modifiable risk factor, and sleep
restoration through effective targeted
sleep treatments may accelerate recovery
from trauma exposure and PTSD. n

Author disclosures are available with the text
of this article at www.atsjournals.org.
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