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leep disturbances are the most frequently reported
complaints by veterans receiving treatment in Veter-
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Background: This study assesses the efficacy
of nefazodone treatment (target dose of 400–600
mg/day) on objective and subjective sleep quality
in Vietnam combat veterans with chronic
DSM-IV posttraumatic stress disorder (PTSD).

Method: Medically healthy male Vietnam
theater combat veterans with DSM-IV PTSD
(N = 10) completed a 12-week open-label trial.
Two nights of ambulatory polysomnography
were obtained at baseline and at the end of the
trial. PTSD and depressive symptoms and sub-
jective sleep quality were assessed at baseline
and after 12 weeks. Data were collected in 1999
and 2000.

Results: Nefazodone treatment led to a sig-
nificant decrease in PTSD and depressive symp-
toms (p < .05), an improvement in global subjec-
tive sleep quality, and a reduction in nightmares.
Nefazodone also resulted in a substantial im-
provement in objective measures of sleep quality,
particularly increased total sleep time, sleep
maintenance, and delta sleep as measured by
period amplitude analysis.

Conclusion: Nefazodone therapy results in
an improvement of both subjective and objective
sleep quality in subjects with combat-related
PTSD.
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S
ans Affairs specialty clinics for posttraumatic stress disor-
der (PTSD).1 Woodward and colleagues2 have published
the only study that employed quantitative analysis of the
sleep electroencephalogram (EEG) in this population. In
their study, a distinguishing feature in a sample of 56 un-
medicated Vietnam combat veterans was that subjects
with PTSD compared with controls had significantly de-
creased delta sleep spectral power during non–rapid eye
movement (NREM) sleep. Data from multiple studies
support the hypothesis that delta sleep is primarily linked
to sleep depth and the homeostatic and physical restor-
ative function of sleep.3–5

Nefazodone is known to improve sleep continuity, an
effect presumably related to its antagonism of serotonin
type 2 (5-HT2) receptors.6 Several studies in depressed
subjects have shown that nefazodone improves objective
measures of sleep quality as measured by visual sleep
staging.7–9 Open trials of nefazodone in subjects with
PTSD have shown that it reduces PTSD symptoms and
improves subjective sleep quality,10–13 though limited ob-
jective data are available. Mellman and colleagues14 re-
ported that nefazodone treatment resulted in improved
subjective sleep quality and a reduction in trauma-related
dream content. They found that objective sleep continuity,
as measured by visual sleep staging, improved in 4 sub-
jects for whom they had polysomnographic recordings at
baseline and after treatment. Gillin and colleagues15 re-
ported that nefazodone improved PTSD and depressive
symptoms and subjective sleep quality in 12 male subjects
with combat-related PTSD, but did not result in signifi-
cant improvements in visually scored polysomnographic
sleep measures. To date, no study has examined the effect
of nefazodone on quantitative measures of the sleep EEG.

Studies of several chemically distinct antagonists of
5-HT2 receptors document that these agents increase
levels of delta sleep (EEG power in 0.3–4.0 Hz band) in
humans and animals (reviewed in Landolt et al.16). Studies
of the effect of specific 5-HT2 receptor antagonists, such
as ritanserin and seganserin, on sleep show that these
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agents produce increases in delta sleep.16–20 Nefazodone is
known to antagonize 5-HT2 receptors,6 but no study has
carefully determined if it produces increases in quantita-
tive delta sleep. Most polysomnographic studies of nefa-
zodone have shown no effect on specific sleep stages,7,21,22

though a small number of studies have shown modest
increases in REM sleep.23,24 Although no study has shown
a significant impact of nefazodone on visually scored
delta sleep, the study by Gillin and colleagues15 showed
that visually scored delta sleep percentage went from a
mean ± SD of 4.0 ± 1.4% to 16.8 ± 4.1% at the end of the
trial at week 12, a difference that approached statistical
significance.

Visual scoring is based on arbitrary criteria that pro-
duce crude category scores for each epoch of sleep mask-
ing the complexity of the underlying EEG signal. Further,
since delta sleep typically represents a small fraction of
total sleep time, most clinical studies lack the power
to detect significant changes with treatment. Period am-
plitude analysis (PAA) is a method of quantitative sleep
EEG analysis that is particularly powerful for examining
activity in slow frequency bands.25 It is a time-domain
technique that measures amplitude and counts EEG activ-
ity within predetermined bandwidths such as the slow-
wave, or delta, frequencies.25,26

We report here the results of an open-label trial of nefa-
zodone therapy in a sample of 10 male combat veterans
with chronic PTSD. The specific focus is on the effect of
nefazodone on different domains of sleep disturbances in
subjects with chronic PTSD. We hypothesized that nefa-
zodone treatment would be associated with improvements
in sleep duration, global sleep quality, and a reduction in
nightmares. Further, given that nefazodone antagonizes
5-HT2 receptors, we hypothesized that this agent would
result in an increase in quantitative delta sleep as mea-
sured by PAA.

METHOD

Subjects
Medically healthy male Vietnam theater combat veter-

ans (N = 10) were recruited from the outpatient PTSD
clinical program at the San Francisco Veterans Affairs
Medical Center (San Francisco, Calif.). All subjects gave
their informed consent after the procedures and possible
adverse effects were fully explained. The study protocol
and consent form were approved by the Committee on
Human Research at the University of California, San
Francisco. Subjects were included if they met DSM-IV
criteria for combat-related PTSD as assessed using the
Clinician Administered PTSD Scale (CAPS).27 Subjects
were excluded if they met alcohol or substance abuse cri-
teria within the past 6 months, or lifetime criteria for
schizophrenia, schizoaffective disorder, bipolar disorder,
panic disorder, obsessive-compulsive disorder, or organic

mental disorder as assessed by the Structured Clinical In-
terview for DSM-IV, Patient Edition.28 Medical exclusion
criteria included loud snoring, daytime sleepiness, or any
history of brain disease or current systemic illness affect-
ing central nervous system function. Subjects with a his-
tory of nefazodone or antipsychotic medication use in the
past year were also excluded.

Procedure
The first phase of the study was a 2-week drug washout

for psychoactive medication and laboratory screening for
medical illness and urine toxicology. Subjects satisfying
all study inclusion criteria were started on treatment
with nefazodone, 50 mg/day. Medication was increased in
weekly 100- or 200-mg increments to a target dosage rang-
ing from 400 to 600 mg/day. The active treatment phase
consisted of a 12-week trial. A flexible dosing strategy was
utilized to provide nefazodone in the morning or evening,
depending on the balance of arousing and sedating effects.
The mean dose of nefazodone at stabilization was 570
mg/day (range, 500–600 mg/day). Compliance was as-
sessed by pill count check. Concomitant psychosocial
treatment was limited to ongoing therapy initiated prior to
the trial. Newly initiated psychotherapy was deferred until
the completion of the trial. No concurrent psychotropic or
hypnotic medications were allowed during the course of
the trial. Data were collected in 1999 and 2000.

Measures
Objective sleep quality was measured with ambulatory

polysomnography (Oxford MR95 recorder, Oxford Instru-
ments, Witney, United Kingdom) in the subject’s home
environment for 2 nights prior to treatment and 2 nights
at the end of the 12-week trial. The primary analyses fo-
cused on the second night of polysomnography at both the
baseline and end-of-trial recordings. The parameters re-
corded included an EEG at leads C3 and C4, left and right
electro-oculograms (EOGs), submental electromyogram,
and electrocardiogram in accordance with standardized
guidelines.29 The EEG and EOG leads were referenced to
linked mastoids. An oximeter (Cricket, Respironics, Inc.,
Murrysville, Pa.) was used to screen for obstructive sleep
apnea (OSA). The cutoff criterion for apnea was 10
desaturation events per hour in bed, which has been shown
to have a sensitivity of 98% and specificity of 48% in
detecting OSA.30 All sleep was imported into Pass Plus
(Delta Software, St. Louis, Mo.) analytic software and
visually scored in 30-second epochs in accordance with
Kales and Rechtschaffen.29

Sleep onset was defined as the first minute of 10 con-
secutive minutes of stage 2 sleep with no more than 2 in-
tervening minutes of stage 1 sleep or time awake. REM
periods were defined by at least 3 minutes of consecutive
REM sleep with no less than 30 minutes of NREM sleep
separating 2 REM periods. Sleep architecture was delin-
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eated as the percentage of time spent asleep in NREM
stages 1 through 4 and stage REM. Sleep continuity was
measured by calculating sleep maintenance, defined as
the ratio of total time spent asleep divided by the total re-
cording period between sleep onset and offset. An awak-
ening was defined by EEG arousals lasting 30 seconds or
longer. REM measures included REM percentage, REM
activity (number of rapid eye movements), REM density
(REM activity/minutes REM sleep), REM latency, and
number of REM periods.

Delta sleep was analyzed by PAA using the Pass Plus
analytic software. Integrated amplitude of 0.3 to 4.0 Hz
activity per 30-second epoch was analyzed across all
recorded sleep following the technique described by
Feinberg and colleagues31–32 and Travis et al.33 Period am-
plitude analyses were conducted on all epochs of NREM
and REM sleep. Epochs scored as wake were not included
in these analyses. Movement artifact was visually tagged
and not included in the analyses. Because sleep consists
of recurring cycles of NREM and REM sleep throughout
the night, we also analyzed delta sleep by NREM period.

Intrusion, avoidance, and arousal symptoms of PTSD
were assessed by the CAPS27 and participant self-report,
utilizing the Impact of Event Scale-Revised (IES-R).34

Depressive symptoms were assessed with the Hamilton
Rating Scale for Depression35 and the Beck Depression
Inventory.36 Subjective sleep quality was assessed with
the global score of the Pittsburgh Sleep Quality Index.37

Nightmares were indexed by an item assessing trauma-
specific dreams in the IES-R. The Profile of Mood
States38 subscales were used as state-sensitive self-report
measures of anger-hostility and tension-anxiety. All mea-
sures were administered at baseline and at the completion
of the 12-week trial.

Data Analyses
Primary outcome analyses focus on stress-specific

symptoms and subjective and objective measures of sleep

quality. Descriptive data provide means and standard de-
viations of the outcome variable at baseline and at the con-
clusion of 12 weeks on medication. Effect size calcula-
tions and paired t tests were performed to determine the
significance of changes with treatment.

RESULTS

All subjects completed a 12-week open-label trial of
nefazodone (mean dose = 570 mg/day; range, 500–600
mg/day). The age range of our subjects was 45 to 63 years
(mean ± SD = 54.1 ± 5.3 years). Five were white, 2 were
African American, 2 were Asian American, and 1 was
Native American. Subjects’ education levels ranged from
12 to 17 years (mean = 14.6 ± 1.4 years). Most (7/10) met
DSM-IV criteria for lifetime alcohol or substance abuse.
Two subjects met criteria for current major depressive dis-
order.

At baseline, the subjects had high levels of PTSD and
depressive symptoms and had substantially impaired sub-
jective sleep quality. The assessment at the final phase
(12 weeks) showed significant decreases in both self-
reported and clinician-reported ratings of PTSD symptoms
(Table 1). Nefazodone treatment resulted in a significant
decrease in the clinician ratings of depression, but there
was only a trend for a decrease in self-reported depressive
symptoms. The medication also improved subjective glo-
bal sleep quality and had a particularly robust impact on
reducing nightmares. Treatment also was associated with
a significant reduction in subjective tension-anxiety.

The effects of nefazodone therapy on visually scored
sleep architecture are presented in Table 2. Nefazodone
therapy resulted in a highly significant increase in total
sleep time and sleep maintenance. There was a significant
increase in minutes of stage 2 sleep and a trend for an in-
crease in minutes of REM sleep. However, there were no
significant increases in the percentage of any one specific
sleep stage in relation to the others, suggesting that nefa-

Table 1. Descriptive Statistics, Effect Sizes, and Paired t Test Results for Ratings of PTSD and
Depressive Symptoms and Subjective Sleep Quality (N = 10)

Baseline Score Final Score p
Scale Mean (SD) Mean (SD)  Effect Sizea t (2-tailed)

CAPS 75.3 (9.9) 61.7 (15.4) 0.94 3.0 .016
IES-R 56.9 (11.9) 41.1 (15.2) 1.00 3.1 .012
PSQI global score 14.3 (2.9) 10.9 (2.7) 1.17 3.7 .005
Nightmares (IES-R) 3.5 (1.2) 2.1 (0.9) 1.43 4.3 .003
HAM-D 21.9 (6.1) 12.4 (7.9) 1.02 3.1 .015
BDI 26.7 (11.0) 20.6 (12.8) 0.63 2.0 .079
POMS

Anger-hostility 25.2 (8.2) 17.4 (8.3) 0.65 1.9 .088
Tension-anxiety 22.0 (5.4) 14.0 (8.3) 1.24 3.7 .006

aEffect size is for baseline versus week 12; effect size equals the difference in means divided by the standard deviation
of subjects’ change scores.

Abbreviations: BDI = Beck Depression Inventory, CAPS = Clinician Administered PTSD Scale, HAM-D = Hamilton
Rating Scale for Depression, IES-R = Impact of Event Scale-Revised, PSQI = Pittsburgh Sleep Quality Index,
POMS = Profile of Mood States, PTSD = posttraumatic stress disorder.
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zodone did not preferentially impact any particular aspect
of visually determined sleep architecture.

The effects of nefazodone therapy on quantitative delta
sleep as measured by PAA are presented in Table 3. Period
amplitude analysis of delta sleep showed that nefazodone
resulted in a substantial increase in delta sleep as mea-
sured by delta integrated amplitude, time in delta band,
and number of half-waves. Analysis by NREM period
showed that the NREM periods with a statistically signifi-
cant increase in delta sleep were in the mid-portion of the
night in NREM periods 3 and 4.

DISCUSSION

Nefazodone therapy in a sample of combat veterans
with severe symptoms of PTSD resulted in a significant
reduction in symptomatic distress, a substantial improve-
ment in global sleep quality, and a reduction in night-
mares. The polysomnography data demonstrate a signifi-
cant increase in total sleep time and sleep continuity and a
large increase in quantitative delta sleep. Despite a small
sample size, the improvement in objective sleep quality
was highly significant.

Table 3. Effects of Nefazodone on Delta Sleep as Measured by Period Amplitude Analysis (PAA) in 10
PTSD Subjects

Baseline Week 12 p
Measure Mean (SD) Mean (SD) Effect Sizea t (2-tailed)
PAA during total sleep (delta: 0.3–4.0 Hz)

Integrated amplitude 126276 (48978) 202502 (56121) 2.14 –6.1 .001
Time in band 8832 (3276) 13832 (3393) 1.87 –5.3 .001
No. of half-waves 38419 (12722) 57103 (12182) 1.46 –4.1 .004

PAA by NREM period: integrated amplitude of delta (0.3–4.0 Hz)
NREM1 44069 (28082) 60845 (27452) 0.75 –2.1 .070
NREM2 38896 (21723) 64890 (44262) 0.62 –1.7 .124
NREM3 25565 (13115) 48329 (29342) 1.22 –3.2 .018
NREM4 15310 (9280) 22816 (6215) 1.17 –2.9 .035
NREM5 16519 (6628) 19101 (10154) 0.62 –1.1 .394

aEffect size is for baseline versus week 12; effect size equals the difference in means divided by the standard deviation
of subjects’ change scores.

Abbreviations: NREM = non–rapid eye movement, PTSD = posttraumatic stress disorder.

Table 2. Effects of Nefazodone on Visually Scored Sleep Architecture in 10 PTSD Subjects
Baseline Week 12 p

Measure Mean (SD) Mean (SD) Effect Sizea t (2-tailed)

Total sleep time, minutes 324 (75) 460 (56) 1.95 –5.5 .001
Sleep maintenance, % 71.3 (15.6) 91.7 (7.6) 1.11 –3.2 .016
Wake (minutes) after sleep 158 (137) 46 (45) 0.79 2.2 .061

onset
Stage 1

Minutes 24 (13) 19 (16) 0.29 0.8 .435
Percent 7.4 (3.2) 4.1 (3.8) 0.78 2.2 .064

Stage 2
Minutes 165 (48) 256 (101) 1.17 –3.3 .013
Percent 50.9 (8.2) 54.6 (19.3) 0.26 –0.7 .492

Stage 3
Minutes 28 (17) 44 (56) 0.38 –1.1 .322
Percent 9.6 (6.9) 10.2 (13.3) 0.08 –0.2 .824

Stage 4
Minutes 14 (28) 24 (47) 0.41 –1.2 .280
Percent 4.4 (8.7) 6.2 (12.3) 0.30 –0.8 .430

Total delta sleep
Minutes 42 (38) 69 (90) 0.41 –1.2 .284
Percent 14.0 (12.4) 16.4 (22.4) 0.18 –0.5 .631

Stage REM
Minutes 84 (36) 108 (50) 0.83 –2.4 .051
Percent 25.1 (5.7) 23.0 (9.1) 0.44 1.2 .257

REM latency, minutes 157 (149) 95 (34) 0.42 1.2 .277
REM activity, minutes 358 (248) 435 (229) 0.74 –2.1 .075
REM densityb 3.9 (1.5) 3.8 (1.0) 0.06 0.2 .870
Movement time, minutes 9 (9) 9 (6) 0.01 0.0 .989
aEffect size is for baseline versus week 12; effect size equals the difference in means divided by the standard deviation

of subjects’ change scores.
bREM density is measured by the total number of rapid eye movements/total number of minutes in REM sleep.
Abbreviation: PTSD = posttraumatic stress disorder.
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The data from both this study and the report by Gillin et
al.15 showed that nefazodone therapy led to improvement
in PTSD symptoms and subjective sleep quality. However,
the study by Gillin and colleagues, in contrast to ours, did
not find improvement in polysomnographic sleep mea-
sures. We believe that the difference may be related to sev-
eral factors. At baseline, our PTSD subjects had worse
sleep continuity disturbances (71% sleep efficiency) than
the subjects of Gillin et al. (85% baseline sleep efficiency).
It is possible that our recruitment effort, which did include
a focus on sleep, produced a sample with worse sleep
disturbance at study entry. Another difference is that the
mean dose of nefazodone in the Gillin et al. study was
441 mg/day compared with a mean of 570 mg/day in this
study. It is possible that the higher dose accounted for the
moderately higher sleep efficiency at end of trial (91%
in our study) compared with 84% in the Gillin et al. study.
Interestingly, the one polysomnographic measure that ap-
proached statistical significance in the Gillin et al. study
was delta sleep percentage. In their study, mean ± SD
delta sleep percentage went from 4.0 ± 1.4 at baseline to
2.8 ± 1.4 at week 2, 2.5 ± 0.9 at week 4, 9.0 ± 4.0 at week
8, and 16.8 ± 4.1 at week 12. Their time series analyses of
the change in delta sleep showed that the effect of nefazo-
done did not reach statistical significance; however, this
may be related to the lack of effect on delta sleep in the
first 4 weeks of the trial.

The main difference in the 2 studies is that we employed
PAA, a quantitative measure of delta sleep that increased
the sensitivity of our measurement. Visual sleep scoring
assigns a single numeric value to each epoch of sleep (e.g.,
stage 3) and does not account for the complexity of the
sleep EEG across the night. It is possible for quantitative
delta sleep to increase substantially without actually im-
pacting visually scored sleep stages. For example, if quan-
titative delta sleep increases by 20% across the night, it is
possible that the percentage of stages 3 and 4 may change
very little. Our data suggest that quantitative measures of
delta sleep are the most sensitive measures of polysomno-
graphic change related to nefazodone therapy.

This study does have limitations that affect the general-
izability of the findings. A randomized controlled trial
(RCT) with a placebo condition would provide a more de-
finitive test of the effect of nefazodone on symptomatic
distress and subjective sleep quality. A controlled compari-
son of nefazodone with a different antidepressant that does
not block 5-HT2 receptors, such as a selective serotonin
reuptake inhibitor, would provide stronger support for the
hypothesis that 5-HT2 blockade is important for improving
sleep quality. Further, an RCT would account for any time-
dependent effects on polysomnographic measures of sleep
time, sleep continuity, and delta sleep. However, it is un-
likely that a placebo condition would result in as large an
effect on either total sleep time or delta sleep as was found
in our study.

Given that sleep disturbances are a source of consider-
able distress for patients with chronic PTSD, nefazodone
therapy may be a treatment to consider in this patient
population. Like other agents that antagonize postsyn-
aptic 5-HT2 receptors, nefazodone leads to an increase in
delta sleep. Current studies are underway that are examin-
ing if pharmacologic enhancement of delta sleep in this
population leads to changes in nocturnal hormone secre-
tory patterns associated with delta sleep release.3,39

Drug name: nefazodone (Serzone).
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