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SEX DIFFERENCES IN OBJECTIVE MEASURES OF SLEEP IN
PTSD AND HEALTHY CONTROL SUBJECTS
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Inslicht, PhDY2, Madhu Rao, MDY, Lisa S. Talbot, PhD?, and Thomas C. Neylan, MD12

1University of California, San Francisco, CA

2San Francisco Veterans Affairs Medical Center, San Francisco CA

Summary

A growing literature shows prominent sex effects for risk for PTSD and associated medical
comorbid burden. Prior research indicates that PTSD is associated with reduced slow wave sleep
(SWS), which may have implications for overall health, and abnormalities in REM sleep, which
have been implicated in specific PTSD symptoms, but most research has been conducted in male
subjects. We therefore sought to compare objective measures of sleep in male and female PTSD
subjects with age and sex-matched control subjects. We used a cross-sectional, 2x2 design (PTSD/
control x female/male) involving 83 medically healthy, non-medicated adults aged 19-39 in the
inpatient sleep laboratory. Visual analysis of EEG demonstrated that PTSD was associated with
lower SWS duration (F(3,82)=7.63, p=.007) and SWS percent (F(3,82)=6.11, p=.016). There was
also a group by sex interaction effect for REM duration (F(3,82)=4.08, p=.047) and REM percent
(F(3,82)=4.30, p=.041), explained by greater REM sleep in PTSD females as compared to control
females, a difference not seen in male subjects. Quantitative EEG analysis demonstrated that
PTSD was associated with lower energy in the delta spectrum (F(3,82)=6.79, p=.011) in NREM
sleep. SWS and delta findings were more pronounced in males. Removal of PTSD subjects with
comorbid MDD, who had greater PTSD severity, strengthened delta effects but reduced REM
effects to non-significance. These findings support prior evidence that PTSD is associated with
impairment in the homeostatic function of sleep, especially in men with the disorder. These
findings suggest that group by sex interaction effects on REM may occur with more severe PTSD
or with PTSD comorbid with MDD.
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Introduction

Subjective sleep disturbance characterized by non-restorative sleep, frequent awakenings,
and nightmares related to traumatic life events are core features of posttraumatic stress
disorder (PTSD). Despite the prominence of these symptoms in the distress experience of
PTSD patients, the underlying neurophysiology of disturbed sleep in PTSD is poorly
understood (Spoormaker and Montgomery, 2008, Germain, 2012). Research to date has
produced conflicting findings regarding differences in objective measures of sleep in PTSD
subjects and healthy controls. Furthermore, because most studies of sleep in PTSD have
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been conducted in male samples, very little is known about objective sleep disturbance in
women with PTSD (Kobayashi et al., 2007).

A meta-analysis by Kobayashi and colleagues provides a synthesis of the available
information on visually scored objective sleep disturbance in PTSD (Kobayashi et al., 2007).
Based on a review of 20 polysomnographic studies of PTSD+ and PTSD- subjects
conducted between 1966 and 2006, the authors determined that PTSD was associated with a
statistically significant increase in Stage 1 sleep and a statistically significant decrease in
SWS.

There is scant research on quantitative analysis of sleep EEG in PTSD and controls.
However, a handful of studies have found that PTSD is associated with a decline in delta
sleep, at least in male subjects (Otte et al., 2007, Neylan et al., 2003, Woodward et al., 2000,
Neylan et al., 2006). For example, in a sample of male PTSD subjects and age-matched
controls studied under controlled laboratory conditions, Neylan and colleagues demonstrated
a significant decrease in delta sleep in PTSD subjects as compared to controls. Using similar
methods, Otte and colleagues found a numerical, but non-significant decrease in delta sleep
in female PTSD subjects as compared to controls (Otte et al., 2007). In contrast, a small in-
home study examining delta sleep in PTSD in a mixed gender, but predominantly male
sample, found increased delta sleep in PTSD (Germain et al., 2006). Because total slow
wave (delta) activity is associated with the homeostatic recovery function for the organism
and is increasingly demonstrated to have a pronounced role in glucose metabolism and other
fundamental biological processes, deficiencies in delta sleep over the course of the night in
PTSD subjects may have important health consequences (Tasali et al., 2008, Scheen et al.,
1996).

Analyses of delta sleep in PTSD raise a complementary question: is PTSD associated with
an increase in power in the higher frequency bands, which may be indicators of brain
hyperarousal during sleep? The reports that have examined this question have not indicated
pronounced effects of PTSD on REM, NREM or overall beta power (Woodward et al.,
2000, Germain et al., 2006, Cohen et al., 2012). These reports indicate that the
neurophysiologic underpinnings of heightened subjective arousal during sleep in PTSD
remains elusive, despite preliminary research examining this topic.

Existing findings, based on predominantly male samples, highlight that information on
objective measures of sleep in female subjects with PTSD is severely lacking. In the study
by Kobayashi and colleagues described previously, a comparison of weighted average effect
sizes in male samples vs. mixed-sex samples demonstrated that PTSD-associated
decrements in objective sleep quality were more pronounced in males than in females
(Kobayashi et al., 2007). These findings are consistent with Neylan and colleagues findings
regarding delta sleep: female subjects with PTSD demonstrated a numerically, but not
statistically significant, decline in delta sleep as compared to control subjects (Otte et al.,
2007). The delta sleep finding was significant in males only (Neylan et al., 2006). Because
sleep is increasingly considered to be central to the pathophysiology of PTSD, and women
are at greater risk of PTSD than males, even when controlling for trauma exposure, the
examination of sleep in women with PTSD is essential.

Our current analyses take advantage of a 2x2 design (PTSD/control x female/male)
including age- and sex-matched medically-healthy, unmedicated, young adults studied in a
controlled laboratory environment to compare EEG measures of sleep across groups and
between sexes. In this study, 3 nights of polysomnography with nocturnal blood sampling
(night 1= adaptation, nights 2-3= pre and post metyrapone administration) were conducted
at the University of California, San Francisco. This report focuses on the night 2 data during
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which our subjects were medication-free. Our primary hypothesis, confirming prior
research, was that PTSD is associated with greater visually scored slow wave sleep and
cumulative NREM delta power (i.e: delta energy), and that this finding would be most
pronounced in males. We also predicted that PTSD would be associated with more stage 1
sleep. Exploratory analyses examined overnight power in all frequency bands in both
NREM and REM sleep, although based on recent findings we did not predict that PTSD
would be associated with higher power in the higher frequency bands. Additionally,
exploratory analyses of spectral power were performed to test for group (PTSD vs. control)
by sex interactions.

The study sample was comprised of 40 individuals with current chronic PTSD (53% female;
mean age 30.63, SD = 6.63 ) and 43 control subjects (49% female; mean age 30.39, SD =
8.15). This sample was drawn from a larger sample of 93 participants. Data from 10
participants were excluded due to poor quality sleep EEG recordings. Chronic PTSD was
defined by fulfillment of DSM-IV criteria for chronic PTSD on the Clinician-Administered
PTSD Scale (CAPS) and a CAPS score >40. Control subjects had no lifetime or current
history of a PTSD diagnosis. The sleep of female subjects was measured during the
follicular phase of the menstrual cycle. Exclusion criteria included history of traumatic brain
injury, presence of neurologic disorders or systemic illness; use of psychiatric,
anticonvulsant, antihypertensive, or sympathomimetic, steroidal, statin or other prescription
medications; obesity (defined as BMI >30); alcohol abuse or dependence in the prior 2
years; substance abuse or dependence in the previous year; any psychiatric disorder with
psychotic features; bipolar disorder or obsessive compulsive disorder; and pregnancy.
Exclusion criteria for control subjects included a lifetime history of major depressive
disorder or panic disorder. This research was approved by the Committee on Human
Research at the University of California. All participants provided written informed consent
before participating in any study procedures.

The CAPS was used to assess current and lifetime PTSD. The CAPS assesses the frequency
and intensity of PTSD symptoms corresponding to the re-experiencing, avoidance and
hyperarousal symptoms described in the DSM-IV diagnostic criteria (Blake et al., 1995).
Diagnosis of PTSD was based on symptoms experienced in the previous month which were
associated with the participant’s self-identified worst traumatic event.

The SCID was used to diagnose all other psychiatric disorders, including major depressive
disorder (MDD) (Spitzer et al., 1992).

Two self-report instruments, the PSQI and the PSQI-Addendum for PTSD were used to
assess subjective sleep quality (Germain et al., 2005, Buysse et al., 1989). The PSQI-
Addendum assesses the frequency of seven disruptive nocturnal behaviors. A score of 4 was
shown to yield a sensitivity of 94%, specificity of 82%, and positive predictive value of 93%
for discriminating those with PTSD from those without PTSD (Germain et al., 2005).

Polysomnographic Measurement

Polysomnography recordings were obtained with ambulatory polysomnography (Nihon
Kohden Trackit Ambulatory Recording System). The parameters recorded included an
electroencephalogram (EEG) at leads C3, C4, O1 and 02, left and right electrooculograms
(EOG), submental electromyogram (EMG), bilateral anterior tibialis EMGs, and
electrocardiogram (EKG) in accordance with standardized guidelines (Rechtschaffen, 1968).

J Seep Res. Author manuscript; available in PMC 2014 December 01.
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Electrode impedance was set at < 5 kohm at the start of the recording. The EEG and EOG
leads were referenced to linked mastoids. Raw EEG signals were filtered and amplified, then
digitized at 256 Hz and recorded to a removable hard disk in European Data Format (EDF)
file format. The low frequency and high frequency hardware filters on the recorder were
single pole analog filters with 3 db points at 0.5 Hz and 100 Hz. Pass Plus was utilized for
both visual scoring and quantitative EEG analysis of the digitized polysomnography data.

Visual Sleep Scoring

Visual scoring was conducted by one of the authors, a highly experienced registered
polysomnography technician, who classified all 30-second epochs in every sleep record as
wake; stages 1, 2, 3; REM; or movement using current AASM criteria. Sleep onset was
defined as the first minute of eight consecutive minutes of stage 2 sleep with no more than 2
intervening minutes of stage 1 sleep or minutes awake. Total sleep time was defined by time
spent in epochs scored as NREM stages 1 through 3 and stage REM. Wake after sleep onset
(WASO) was defined as the time spent in epochs scored as wake between sleep onset and
final awakening. An awakening was defined by EEG arousals lasting 15 seconds or longer.
We were unable to report sleep latency because we did not acquire time of “lights out.”

Power Spectral Analysis

Pass Plus (Delta Software) analytic software was used to measure sleep activity in all
frequency bands delta through gamma from the C3 electrode by power spectral analysis
(PSA). The C4 electrode was used if there was excessive artifact. A limitation of Pass Plus
is that artifact removal is accomplished by removal of whole epochs tagged with artifact.
This has the potential to introduce additional confounds given the removal of typically
longer bouts of uncontaminated EEG. Therefore, epochs were tagged for slow and fast
artifact for additional analyses. Primary analyses were conducted with all epochs and then
checked for the impact of removal of epochs with slow and fast artifact. Removal of fast
artifact (for bandwidths alpha and above) and slow artifact (for bandwidths delta and theta)
did not significantly impact our findings in NREM sleep. In REM sleep, artifact removal
only altered our findings in one respect: a statistically significant group by sex interaction on
REM delta energy emerged, driven by lower REM delta energy in PTSD+ males compared
to control males with absence of such difference in females. Because of the small amount of
delta activity in REM sleep and because the artifact-removal mechanism of Pass Plus
removes entire epochs tagged with artifact, we were not surprised that removal of slow
artifact had a statistically significant effect on delta findings in REM sleep and are
concerned it yielded a spurious finding. All results are therefore reported without removal of
epochs containing artifact. Pass Plus applied a 51V smoothing constant to eliminate spurious
waves caused by electrical jitter. PSA was conducted on all epochs of NREM and REM
sleep. Epochs scored as wake were not included in these analyses. Pass Plus was used to
perform Fast Fourier Transformation analysis on 4.0 second Welch tapered windows with 2
second overlap, yielding 15 windows per 30-second epoch. Power spectra for Delta (1-4
Hz) were analyzed to address our primary hypothesis with respect to delta sleep. Theta (4-8
Hz), Alpha (8-12 Hz), Sigma (12-15 Hz), betal (15-23 Hz), beta2 (23-30 Hz) and gamma
(30-50 Hz) bands were analyzed for secondary analyses.

Statistical Analysis

Data screening procedures demonstrated that all visually scored sleep parameters, with the
exception of WASO, were normally distributed. The WASO variable was natural-log-
transformed for ANOVA. Distributions of quantitative EEG measures were all right-
skewed. These variables were natural-log-transformed, resulting in a normalization of their
distributions. Our primary hypotheses regarding SWS, stage 1 sleep and total delta energy
(V2sec) were tested using an analysis of variance (ANOVA). Given the known associations
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between major depressive disorder (MDD) and our primary outcome variable, delta energy,
as well as recent findings from our lab indicating that 2 or more categories of childhood
trauma accounted for the effects of PTSD on leukocyte telomere length, a marker of
biological aging (O’Donovan et al.), we also examined the effects of MDD and childhood
trauma history on delta energy.

Demographic Data and Clinical Characteristics

The demographic and clinical characteristics of the sample are presented in Table 1. There
were no significant differences in sex distribution between PTSD and control subjects, nor
were there significant differences in age or education across all four groups. Male and
Female PTSD subjects did not differ in terms of CAPS scores, rates of current major
depressive disorder, or history of childhood trauma defined by the presence of 2 or more
categories of childhood trauma as compared to 1 or none. Thirteen control subjects reported
a lifetime history of a criterion Al event, but all had current CAPS scores of zero and none
had a lifetime history of PTSD. As per the exclusion criteria, no control subjects met criteria
for current MDD. Additionally, none of the control subjects reported a history of 2 or more
categories of childhood trauma.

Subjective Sleep Quality

There were significant differences in subjective sleep reports across groups (See Table 2).
There was a main effect of group on total PSQI score, with both male and female PTSD
subjects demonstrating significantly higher scores than control subjects. PTSD subjects also
scored significantly higher than control subjects on the PSQI-Addendum. There was also a
main effect for gender with women reporting more PTSD related sleep disturbance on the
PSQI-A than their male counterparts.

Visually Scored Sleep Measures

Findings from the analysis of visually scored sleep EEG are presented in Table 2. Consistent
with our hypothesis, PTSD subjects demonstrated significantly lower slow wave sleep
(SWS) duration as compared to control subjects (F(3,82)=7.63, p=.007). Proportion of SWS
to TST was also significantly smaller in PTSD subjects as a group as compared to controls
(F(3,82)=6.11, p =.016). Pair-wise comparisons looking at males and females separately
demonstrate that differences between PTSD subjects and controls were more pronounced in
males than females. Contrary to expectations, there was no group effect for stage 1 sleep.
There were also no significant main or interaction effects of group and sex on stage 2 sleep
or WASO. Females displayed significantly greater total sleep time as compared to males, an
effect that was primarily accounted for by a statistically significant difference in TST
between PTSD females and PTSD males (F(3,82)=11.02, p=.001). Finally, our analyses
revealed a statistically significant group by sex interaction effect on REM sleep, both in
terms of absolute duration of REM sleep and percentage of REM sleep. This was explained
by a difference in direction of difference between PTSD subjects and controls by sex:
females with PTSD demonstrated statistically significantly greater REM sleep as compared
to controls, whereas males with PTSD displayed non-statistically significantly lower REM
sleep as compared to controls.

Power Spectral Analysis of EEG

Findings from quantitative analysis of sleep EEG are presented in Tables 3 (NREM sleep)
and 4 (REM sleep). Values represent absolute spectral energy, which is cumulative spectral
power in NREM and REM sleep, respectively, over the duration of the sleep period. As
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hypothesized, there was a significant effect of PTSD on NREM delta activity (i.e.: delta
energy) (See Table 3, F(3,82)=6.79, p=.011). There were no other significant main effects of
PTSD on NREM energy in the higher frequency bands. We found main effects for sex on
NREM energy in all frequency bands delta through betal. When NREM sleep time was
taken into account (i.e, when absolute power, as opposed to energy, was examined), gender
effects disappeared and the main group effect for delta remained nearly significant (p=.071).

The Role of Depression and Childhood Trauma

There was no significant correlation between current major depression and history of
childhood trauma (defined as 2 or more, versus 1 or no, categories of childhood trauma) and
delta energy in bivariate analysis, therefore these variables were not included in further
analyses. Post-hoc analyses examining delta and REM effects after removal of the 5 males
and 3 females with current major depression resulted in a strengthening of the NREM delta
effect (F=7.80; p=.0067) and a weakening of the group by gender interaction effect on REM
duration (F=1.90; p=.172) and REM percent (F=2.17, p=0.146).

Relationship of objective sleep variables to CAPS total and subscale scores

Amongst PTSD subjects, there was no significant correlation between NREM delta energy
and either total or subscale scores on the CAPS. Post-hoc bivariate correlations examining
the relationship between REM sleep time and CAPS total and subscale scores revealed no
significant correlations. Post-hoc correlations between REM sleep time and CAPS total and
subscale scores within sexes were not statistically significant.

Discussion

These data provide additional evidence that PTSD is associated with a decrease in visually
and quantitatively measured slow wave sleep. Quantitative sleep EEG research is providing
strong evidence that delta sleep is essential for a variety of biological functions, including
cognitive performance and glucose metabolism (Tasali et al., 2008, Scheen et al., 1996).
Existing research also indicates that individuals with PTSD are at greater risk for multiple
medical problems, such as cardiovascular disease, obesity, diabetes, and dementia which
raises the possibility that disrupted delta sleep plays a mechanistic role in producing these
negative health outcomes (Kobayashi et al., 2007, Boscarino, 2004, Yaffe et al.). These data
also indicate, consistent with our lab’s prior work, that this effect is more robust in men as
compared to women. This raises unexamined questions about sex differences in the health
and functional consequences of PTSD.

Contrary to our hypothesis, we did not identify group differences in stage 1 sleep, although,
in males, we did find an increase in stage 2 sleep in PTSD subjects as compared to controls.
All subjects in this study slept with 1V catheters on all 3 nights of the overall study, which
may have increased light sleep in all subjects. However, Stage 1 sleep was not elevated in
the sample and there were no significant differences across groups in Stage 1 sleep, in sleep
maintenance, or in number of awakenings across groups, all of which provide indirect
evidence that sleep was not excessively disrupted by catheterization.

Consistent with recent findings, these data provide further support that current sleep EEG
methods have not identified the neurophysiologic correlates of subjective hyperarousal in
PTSD. Our data indicate no statistically significant group differences in all-night energy in
the higher frequency bands, including beta bands, in either REM or NREM, although group
differences in REM theta approached significance. Several alternatives may account for this
finding. Prior research has demonstrated increased hyperarousal in PTSD in the context of
trauma cues, but less consistently in their absence (Pitman et al., 1999, Orr et al., 2002). It
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may be that PTSD subjects differ from controls only in the context of trauma reminders.
Alternatively, current EEG approaches may be too coarse to effectively identify the
neurophysiologic correlates of central arousal in PTSD. More refined approaches, including
topographical approaches that take a finer look at regional brain activity, may be an
important next step in identifying regional foci of brain arousal in sleep in PTSD (Marzano
et al., 2008).

The identification of a group by sex interaction for REM sleep raises intriguing questions
about the role of REM sleep in PTSD, and potential sex differences in that role. Prior studies
were not designed to have a balanced sample of healthy age-matched men and women that
would allow detection of group by sex interactions. Prior studies have not found differences
in REM duration between PTSD and control subjects, although several studies have
suggested that REM sleep disruption may be correlated with PTSD (Breslau et al., 2004,
Mellman et al., 2007, Habukawa et al., 2007). The latter findings have led some researchers
to speculate that REM sleep disruption in PTSD may reflect a disturbance in the processing
of traumatic experiences (Mellman et al., 2007, Habukawa et al., 2007). On the other hand,
increased REM sleep has also been shown to be correlated with greater consolidation of
emotionally salient memories, the mechanisms and benefits of which, in PTSD and healthy
subjects, remain unclear (Nishida et al., 2009, Baran et al.). Our findings indicate that sex
differences should be considered in studies that examine REM sleep-dependent “processing”
of emotionally salient events.

Adding complexity to this group by sex interaction on REM duration and REM percent, we
found that removal of subjects with current MDD in post-hoc exploratory analyses reduced
the effects to non-significance. This was in contrast to the effects on NREM delta energy,
which were strengthened. Existing research suggests strongly that MDD is associated with
decreased REM latency and increased REM density (Palagini et al., Pillai et al.) and some
studies provide evidence for increased REM duration in MDD (Palagini et al.). However
existing research does not demonstrate a group by sex interaction effect on REM duration in
MDD such as was found in our study. There are therefore no a priori reasons to expect
MDD, per se, to account for this reduction in effect. Given the high degree of symptom
overlap between PTSD and MDD, and evidence that similar biological abnormalities, such
as increased release of corticotropin releasing factor, may contribute to sleep disturbance in
both disorders, it is possible that overlapping features of MDD and PTSD contribute highly
to the group by sex interaction we found. It is also possible that the REM interaction effect
is highly sensitive to loss of severe PTSD cases, as may have been the case in this sample,
and our prior research indicates strongly that co-morbid MDD is more common as CAPS
scores increase. In this sample specifically, mean CAPS score in MDD-negative subjects
was 53.9 while mean CAPS score in MDD-positive subjects was 64.3 (p=.099). There is
increasing evidence that sex differences need to be considered in neuroscience research
(Cahill, 2006) and our findings highlight that further biological research on sex differences
is crucial to better understanding the unique and shared relationships of traumatic stress and
depressive symptoms to sleep disturbance and psychopathology.

Despite the many strengths inherent in this study’s design, several limitations have to be
considered. As stated earlier, all participants were catheterized during sleep laboratory
admissions. Another limitation of this study is that our findings are based on data from a
single night of polysomnography recordings. Finally, generalization of our results to the
overall PTSD population is limited by the nature of the sample, consisting of healthy, non-
medicated subjects. However, we consider these sample features to be a considerable
strength of this study because it enables us to gain information about sleep in men and
women with PTSD without the potential confounding effects of medications and other
factors potentially affecting sleep biology.
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In conclusion, the current findings support prior evidence that PTSD is associated with
impairment in the homeostatic function of sleep, especially in men with the disorder.
Interaction effects of sex and PTSD status on REM sleep raise intriguing questions about the
role of REM sleep in sexual dimorphism in PTSD pathophysiology. Replication of our
findings with balanced samples of men and women are needed to understand the specific
role of REM sleep in men and women with PTSD.
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