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Background: Although sleep disturbances are commonly
reported by individuals with posttraumatic stress disorder
(PTSD), objective findings have been inconsistent, due in
part to small sample sizes, comorbid psychiatric disorders, variations in the recentness of trauma exposure, and
the use of PTSD subjects involved in psychiatric treatment.
Methods: A community sample of elderly males (n ⫽ 59)
exposed to war trauma 28 –50 years ago and free from
sleep-affecting medications and disorders other than
PTSD completed 3 nights of polysomnography. Of these
participants, 30 met criteria for current PTSD; three were
receiving supportive outpatient psychotherapy.
Results: Two statistically significant differences were
observed: Those with PTSD had a higher percentage of
rapid eye movement (REM) sleep and fewer arousals from
non-REM sleep. The perceptions of sleep quality among
the participants with PTSD were lower than the perceptions of non-PTSD participants. Although participants
with untreated obstructive sleep apnea and sleep movement disorders were not included in the sample, many
cases were detected on initial screening. Treatment resulted in improved sleep and increased feelings of well
being.
Conclusions: Alterations in REM and arousals characterized PTSD in this sample. When comorbid sleep disorders
were ruled out, sleep was clinically similar across the
groups. Trauma-related sleep disturbances that subjects
reported as arising early in the course of the disorder
appear to have declined over time. Biol Psychiatry 2000;
47:520 –525 © 2000 Society of Biological Psychiatry
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Introduction

D

isturbed sleep has been called a hallmark of posttraumatic stress disorder (PTSD) (Ross et al 1989),
although polysomnographic (PSG) studies of sleep among
subjects with PTSD have yielded inconsistent findings
(Hurwitz et al 1998; Mellman 1997). The conflicting
findings appear to be due in part to small sample sizes and
to the presence of potentially confounding comorbid
psychiatric disorders among the PTSD participants. No
study to date has adequately controlled for comorbid
psychiatric diagnoses with recognized influences on sleep,
particularly major depression and substance abuse. The
recentness of subjects’ trauma exposure has varied widely
(Woodward 1995).
The variety of sleep deficits observed across PTSD
samples may also be related to factors underlying treatment seeking: most studies have contrasted normal volunteers who had no trauma exposure with participants with
PTSD who were receiving psychiatric treatment. Patient
samples exhibit greater illness severity and higher comorbidity rates. In PTSD, as in other psychiatric disorders,
there may be differences in the sleep of those who seek
treatment and those who do not. This was demonstrated in
a sample of elderly, community-residing participants with
major depressive disorders. These participants had a minimal history of seeking treatment for depression and did
not manifest the sleep disturbances thought to be characteristic of major depression (Vitiello et al 1990).
It is difficult to draw specific conclusions about the
nature and role of sleep disturbance in PTSD (Woodward
1995). In general, disturbances of two dimensions that
underlie PTSD’s manifestation during waking states,
memory processing and arousal regulation, appear to
characterize sleep disturbances observed in PTSD (Mellman 1997). Because the rapid eye movement (REM) stage
of sleep may play a role in memory and emotional
processing (Cartwright et al 1991; Ross et al 1989), altered
REM may play a role in PTSD.
Studying 12 patients with PTSD and 12 control participants, Lavie et al (1998) found no significant differences
between sleep data of patients and control participants,
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although PTSD patients had significantly higher auditory
awakening thresholds, as has been reported in two other
studies (Dagan et al 1991; Schoen et al 1984). Hurwitz et
al (1998) contrasted 18 PTSD-positive Vietnam combat
veterans with 10 control participants, finding greater sleep
onset latency to stage 2, and, in parallel to the findings just
noted, lower arousals per hour from stages 3 and 4 in the
patients with PTSD. Reasons for these paradoxical findings, which may be interpreted as a deepening of sleep, are
unclear. It may represent a compensatory “blocking mechanism” to minimize the disruption of sleep from internal or
external stimuli (Dagan et al 1991; Lavie et al 1998).
High rates of respiratory events (apneas or hypopneas)
have been reported among subjects with PTSD (Dagan
and Lavie 1991; de Groen et al 1993; Mellman et al 1995).
In a case report (Nofzinger and Reynolds 1996), a World
War II former prisoner of war (POW) was found to have
obstructive sleep apnea (OSA), excessive periodic movements of sleep, and recurrent traumatic dreams, illustrating
how multiple factors can contribute to sleep complaints,
particularly among older patients.
Subjects with PTSD have been found to rate their sleep
quality as poor. Sleep quality is an inherently subjective
measure and could be related to factors not measurable on
PSG. Global ratings of sleep quality were unrelated to
PSG measures in a sample of 25 Vietnam veterans with
PTSD (Woodward et al 1996), although their ratings of
sleep latency and minutes awake were correlated with
PSG measures. Sleep in two samples of veteran patients
with PTSD was found to be comparable to sleep in control
groups: Dagan et al (1997), using actigraphic recording,
and Hurwitz et al (1998), using PSG. In both studies, the
veterans’ subjective complaints of poor sleep quality and
their estimates of total sleep time were lower than their
objective sleep measures would indicate.
With these issues in mind, we proposed a stringent test
for the presence of PSG-documented sleep deficits that
might contribute to PTSD symptoms. We studied sleep
using a community sample of elderly war veterans with
and without PTSD. Few were involved in mental health
treatment, and all were free of comorbid sleep-affecting
psychiatric and somatic disorders.

Methods and Materials
Participants for the current study (n ⫽ 59) were recruited from a
larger community sample of POWs and other combat veteran
volunteers (n ⫽ 379) described elsewhere (Engdahl et al 1996,
1997). The POWs were randomly selected from rosters of POWs
known to be residing in the community and were recruited
through direct mailings. Follow-up telephone contacts with 344
potential POW subjects resulted in 262 (76%) completed assessments between August 1991 and August 1994. Forty-five individuals (13%) were willing to participate but could not be
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scheduled due to ill health or distance from the MVAMC; 38
(11%) declined to participate. Fifty-six of the POWs were held
by Japan, 191 by Germany, and 15 by North Korea. The combat
veterans (n ⫽ 117) were recruited through community announcements. All participants were male and resided in Minnesota or
Wisconsin. Approximately 55% were receiving at least some of
their health care from a VAMC, and 6% were involved in mental
health care at the time of recruitment.
In the total pool of candidate subjects (n ⫽ 379), the base rate
for current PTSD was 23%; over half of these cases were
uncomplicated by another Axis I disorder (Engdahl et al 1997,
1998). Those with current major depression (4%), any psychosis
(⬍1%), alcohol or other substance abuse or dependence (5%),
and/or sleep-affecting medical conditions or medications within
the last 6 months were excluded. Overall, 21% were considered
ineligible primarily for psychiatric reasons and 22% primarily for
medical reasons. Proceeding with the remaining 216 candidate
participants, we developed a sample with approximately equal
numbers of PTSD and non-PTSD participants by oversampling
those with current PTSD. Of the 126 subjects, 47% recruited for
the sleep study agreed to participate for a final sample of 59.
Three of the 29 non-PTSD participants and six of the 30
participants with PTSD had histories of major depression. These
nine were withheld in one supplementary analysis of the PSG
data. One participant with PTSD met criteria for current dysthymia and had a history of major depression. Three of the
non-PTSD participants and six of the participants with PTSD met
criteria for current generalized anxiety disorder. Fifty-six of the
participants were not involved in mental health treatment. Three
of the participants, all with PTSD, were involved in mental
health treatment: two attended a POW support group an average
of once per month; one received monthly individual therapy from
a psychologist. After complete description of the study to the
participants, written informed consent was obtained.
Within the present study’s initial sample of 379 individuals, 49
participants (31 of them PTSD-positive), were suspected cases of
OSA upon initial screening. These were referred for clinical
evaluation and treatment. Despite this initial screening, five
POWs (four of them PTSD-positive) exhibited OSA during their
initial 3-night research study. None of these five were obese.
Those data are not included in the present report. OSA treatment
via continuous positive airway pressure (CPAP) was accepted by
four of them; they reported improved sleep quality and increased
feelings of well being. Three of those stabilized on CPAP were
restudied; data from their second studies are included in the
present report. Two POWs, one with and one without PTSD,
were found to have clinically significant periodic limb movement
disorders. They were treated with appropriate medication and
reported improved sleep quality and increased feelings of well
being. Data from their sleep studies are not included in the
present report.
All subjects were administered the Structured Clinical Interview for DSM-III-R (SCID) PTSD module (Spitzer and Williams 1987) and the SCID Non-Patient Edition (Spitzer et al
1990), also based on DSM-III-R (American Psychiatric Association 1987) criteria. All four interviewers viewed SCID training
videotapes and followed a detailed guide for the SCID (Schlenger and Allison 1987). They observed and rated each other’s
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interviews. A second rater directly observed eight interviews,
and five interviews were taped and independently reviewed by
two additional raters, allowing three pairs of observations for
these cases. There were no disagreements over the presence or
absence of current or lifetime Axis I disorders (including PTSD)
among these 23 pairs of ratings. Combat exposure was assessed
using the self-administered Combat Exposure Scale (CES; Keane
et al 1989).
Three successive nights of all-night PSG were completed, with
urine toxicology screening for sleep-affecting substances done
prior to each night. Recordings were made on Grass Model 78
polygraphs monitoring electrooculogram, electroencephalogram (EEG) using the standard central scoring channel (C3
referenced to the opposite mastoid) and eight additional bipolar
leads (F7-T3, T3-T5, T5-O1, F8-T4, T4-T6, T6-O2, F3-P3, and
F4-P4), electromyogram from submental chin muscles as well
as bilateral anterior tibialis and extensor digitora muscles, electrocardiogram, oral-nasal airflow, and tachographic monitor
of cardiac rate. Recordings were made at a paper speed of 10
mm/sec with approximately 5 min recorded hourly at 15 mm/sec
to screen for epileptiform activity in the EEG. There was continuous
technologist observation as well as audiovisual recording.
Subjects were asked to retire at their usual bedtime and were
allowed to awaken spontaneously. Sleep stage parameters were
determined using standard methods (Rechtschaffen and Kales
1968). REM density (REM activity/REM time) indices were
derived using the method of Taska and Kupfer (1983). All PSGs
were reviewed by board certified sleep specialists (TDH,
MWM). Recordings were scored visually by experienced technologists who were blind to the subject’s PTSD status. A second
technologist scored randomly selected PSGs. High interrater
agreement was demonstrated through statistical comparison of
the rating sets (StageRight 1996). Subjects also wore an actigraph (Cole et al 1992) on the wrist of their nondominant hand
to continuously record movement for 3 nights and 2 days in the
lab, and for 12 days and nights (the practical upper limit of the
device) at home, prior to their sleep lab study. Subjects rated the
quality and quantity of their preceding night’s sleep after each
morning awakening. During the day following the second allnight study, a multiple sleep latency test (MSLT) was performed.
Subjects were given five 20-minute opportunities to sleep in a
dark, quiet room at 2-hour intervals.

Results
As shown in Table 1, the age, education, months of
combat, and CES scores of the PTSD and non-PTSD
groups were similar. CES means fell in the moderate range
of exposure for both groups (Spiro et al 1994). As
expected, the Global Assessment of Functioning (GAF)
scores differed significantly between those with and without PTSD [F(1,58) ⫽ 19.8, p ⱕ .001]. For POWs,
percentage of body weight lost while imprisoned is a
primary indicator of captivity harshness that is predictive
of later psychiatric morbidity (Eberly and Engdahl 1991).
POWs with PTSD had experienced greater weight loss
[F(1,38) ⫽ 5.1, p ⫽ .03] than those without PTSD.

Table 1. Sample Characteristics by Posttraumatic Stress
Disorder (PTSD) Status
Characteristic
Age at sleep study
Education (total)
Months of combat
Combat Exposure Scale
Global Assessment of
Functioning Score
Months of captivitya
Percent weight lossa

No PTSD
71.0 (4.2)
14.1 (2.9)
6.3 (4.1)
21.2 (8.6)
79.7 (5.7)

PTSD
71.5 (4.2)
13.0 (2.5)
4.7 (5.0)
23.2 (8.0)
71.4 (8.6)

Total

Range

71.3 (4.2)
13.5 (2.7)
5.5 (4.6)
22.2 (8.3)
75.5 (8.4)

61– 80
8 –20
1–26
7– 40
51–90

16.8 (23.4) 27.7 (19.2) 23.5 (21.3)
29.8 (9.7) 37.9 (10.4) 35.1 (10.8)

2–91
8 –58

Note: n ⫽ 59. Standard deviations are in parentheses.
a
POWs only (n ⫽ 40).

Our selection criteria led to the enrollment of a broader
range of PTSD severity than previous studies using patient
samples. Table 2 outlines their PTSD status. Theater of
capture, especially having been a prisoner of war of Japan
(Engdahl et al 1997), was predictive of PTSD status.
Eleven of the non-PTSD veterans had met PTSD criteria
in the past. No subject was free of all 17 PTSD symptoms.
Table 3 summarizes sleep lab parameters. In both groups,
the percentages of stage 3/4 sleep are high for a sample of
this age, an observation of uncertain significance. Although a repeated measures MANOVA did not detect
significant differences in sleep parameters across the 3
nights, following convention, Night 2 and Night 3 were
averaged for analyses. Actigraph-based estimates of sleep
parameters (not shown) indicated no significant differences across the 3 nights in the sleep lab and no differences between lab sleep and home sleep.
An overall MANOVA conducted on the 18 nonredundant sleep parameter variables was not significant
[F(17,28) ⫽ 1.36, p ⫽ .23], indicating no significant
overall difference between the PTSD and non-PTSD
groups. Although analysis could have been stopped at this

Table 2. Posttraumatic Stress Disorder (PTSD) and War
Theater Status
Theater

n

No current PTSD

Current PTSD

Prisoners of war
WWII Europe
WWII Pacific
Korea
Vietnam

22
14
3
1

14
1
1
0

8
13
2
1

Other combat veterans
WWII Europe
WWII Pacific
Korea

5
10
4

4
5
4

1
5
0

Total

59

29

30
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Table 3. Sleep Parameters by Posttraumatic Stress Disorder
(PTSD) Status
Sleep Parameter
Sleep continuity
Total min in bed
Total min asleep
Sleep efficiency (percent)
Min awake before sleep
Min awake during sleep
Min in bed after last
awakening
Number of awakenings
NREM measures
Min latency to stage 1
Min latency to stage 2
Min latency to 5 min sleep
Percent stage 1
Percent stage 2
Percent stage 3/4
Arousals/min from NREM
REM measures
Percent stage REM
Number of REM episodes
Min latency to REM
Arousals/min from stage
REM
REM density

No PTSD

Current PTSD

497 (52)
358 (58)
72 (10)
21 (1)
103 (51)
16 (12)

510 (57)
373 (56)
73 (10)
21 (2)
99 (35)
14 (13)

13 (4)

13 (8)

16 (13)
20 (14)
26 (17)
14 (5)
51 (6)
16 (7)
.52 (.3)

19 (22)
23 (22)
26 (23)
14 (6)
49 (8)
14 (5)
.43 (.1)a

19 (3)
3.4 (.8)
68 (22)
.32 (.2)

23 (4)b
3.9 (.6)
61 (14)
.29 (.2)

2.2 (.5)

2.2 (.5)

No PTSD n ⫽ 29; PTSD n ⫽ 30. NREM, non–rapid eye movement; REM,
rapid eye movement. Values are mean (SD).
a
F via one-way ANOVA ⫽ 4.8, df ⫽ 1,57, p ⱕ .05.
b
F via one-way ANOVA ⫽ 15.5, df ⫽ 1,57, p ⱕ .01.

point, we chose to apply one-way ANOVAs to variables in
which inspection of the descriptive statistics suggested
significant differences might exist. Small differences between the two groups were found for percent stage REM
and arousals per min from non–rapid eye movement
(NREM) sleep.
These results were consistent with another analysis in
which we correlated the sum of a subject’s SCID-detected
PTSD symptoms (PTSD severity) with the sleep parameters in Table 3, using all subjects. Only the percentage of
REM (Spearman r ⫽ .28) was significantly correlated with
PTSD severity (p ⱕ .05). In addition, there were no
differences between the groups for number of sleep stage
changes, respirations per minute awake or asleep, heart
rate awake or asleep, baseline SO2, or periodic limb
movements. None of these variables was correlated with
PTSD severity. The data were reanalyzed excluding the
nine subjects with histories of major depression. No
changes in the number or direction of the differences were
observed. For the POWs, weight loss during captivity was
not significantly correlated with any of the sleep parameters.
Only one subject (PTSD-negative) experienced a REM
episode during his MSLT; he was not found to be
hypersomnolent. Three other cases of hypersomnolence
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were noted. There was neither observational evidence of
clinical seizures nor any epileptiform activity in any
participant’s EEG. Physician sleep specialists who were
familiar with REM-sleep behavior disorder (TDH, MWM)
conducted page-by-page visual inspection of the PSGs.
Significant motoric activity during REM was detected in
only one subject. He was PTSD-positive, with no history
of significant sleep-related behavior. He was observed to
have failure to maintain usual skeletal muscle atonia
during REM sleep, but not frank REM-sleep behavior
disorder.
For the total sample, age at the time of the sleep study
was uncorrelated with sleep parameters. Additional analyses (not shown) were conducted using the non-PTSD
group divided into those with past-PTSD and those with
no history of PTSD. Three groups, current PTSD (n ⫽ 30),
past-PTSD (n ⫽ 11), and no PTSD (n ⫽ 18), were
compared on all sleep parameters, and the only significant
differences found were again percentage REM (currentPTSD ⬎ past-PTSD ⬎ no PTSD), and NREM arousals
(current-PTSD ⬍ past-PTSD ⬍ no PTSD).
We noted discrepancies in perceptions of sleep versus
sleep measured via PSG. Three participants with PTSD
disagreed when informed that, according to PSG, they had
slept during their MSLTs. They claimed they had been
continuously awake throughout these sessions. When
compared to non-PTSD participants, those with PTSD
reported more awakenings [4.1 vs. 3.0; F(1,58) ⫽ 6.6, p ⫽
.013] and rated their sleep as more restless [F(1,58) ⫽ 8.1,
p ⫽ .006].

Discussion
Our findings parallel those of the Vitiello et al (1990)
study, in which the sleep of those meeting criteria for
major depressive disorder but not seeking health care was
found to be undisturbed. When we bypassed the insignificant overall MANOVA F statistic, two statistically significant differences possibly related to PTSD’s pathophysiology were observed:
1. those with PTSD had a higher percentage of REM
sleep, as also reported in another sample of elderly
POWs (van Kammen et al 1990). This may provide
support for the proposal that PTSD involves fundamental alterations in REM sleep (Ross et al 1994),
possibly reflecting an involvement in memory processing (Mellman 1997).
2. Those participants with PTSD exhibited fewer
arousals from NREM sleep, in accord with previous
findings (Dagan et al 1991; Hurwitz et al 1998;
Schoen et al 1984).
It has been suggested that certain sleep parameter
disturbances in PTSD may be epiphenomenal side effects
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of waking PTSD (Reynolds 1989), and that sleep may be
incompatible with the waking adaptations evolved to
survive conditions of recurrent threat (Woodward 1995).
Although the daytime distress and hyperarousal of PTSD
may have direct effects on sleep parameters, particularly in
the early and symptomatically less stable period following
the onset of the disorder, until strong correspondences are
established between sleep parameters and adaptive biological outcomes, it is not possible to determine what is
epiphenomenal.
The immediate manifestations of PTSD in sleep appear
to differ from its later manifestations. Klein et al (1997)
documented sleep changes over a 1-year period in motorvehicle accident victims. Those who developed PTSD
were characterized by shorter total sleep duration and
significantly higher motor activity, suggesting a more
restless sleep. Other immediate responses to trauma, such
as nightmares and REM fragmentation by awakenings,
may decline over time (Hefez et al 1987). Such decreases
over time have been reported in depression, where subjects
had more impaired sleep earlier in their depressive episodes than later (Dew et al 1996). Most of our participants
and their wives gave clear accounts of grossly disturbed
sleep in the years following discharge from the military,
disturbances that diminished with time. In a 4-year follow-up study of this sample (Port and Engdahl, unpublished data, 1999) our participants’ daytime PTSD symptoms were generally stable, suggesting they had reached a
level of homeostasis. Their relative lack of involvement
with mental health treatment and their high average GAF
scores support this interpretation, although GAF scores
may not adequately index the distress of intrusive recollections and hyperarousal experienced by those with
PTSD.
Subjective sleep disturbance was a hallmark of PTSD in
our sample. We found noteworthy differences between
those with and without PTSD in their perceptions of sleep
quality, as has been reported by others. The perception of
sleep disturbance among individuals with PTSD may
diverge from objective findings as in the subjective insomnia complaint known as sleep state misperception (American Sleep Disorders Association 1997). Sleep state misperception during MSLT is common in clinical samples
(Aldrich 1995). Participants with PTSD may perceive
themselves as awake during at least some periods of
PSG-defined sleep, as suggested by their comments about
the MSLT findings noted above. Studies in which subjects
with PTSD are awakened and queried about their perceived sleep state could assess this possibility.
Our findings lend further support to the recommendation that all individuals with sleep complaints, including
trauma survivors, be carefully screened through clinical
interview for possible primary sleep disorders, particularly

sleep breathing and sleep movement disorders. Sleep
disorders not only pose medical risks, they may exacerbate
chronic PTSD, and their treatment may improve the
patient’s psychiatric status.
The sleep architecture we observed in this community
group of hardy survivors, decades after their trauma
exposure, was not clinically abnormal. Although it has
been suggested that PSG could be useful in diagnosing
PTSD (Flemenbaum 1988), this may only be true for
treatment-seeking individuals with PTSD, or for subjects
with trauma exposure more recent than that of our sample.
Further study of REM alterations, arousal thresholds, sleep
state perception, sleep movements, and OSA in PTSD
appears warranted. Above all, clarification of the role of
sleep disturbances in PTSD requires PSG-based longitudinal study of trauma-exposed individuals.

Supported by the U.S. Department of Veterans Affairs, the Department
of Veterans Affairs Medical Center, Minneapolis, Minnesota; and Hennepin Faculty Associates.
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