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Abstract

Introduction: We tested the hypothesis that REM sleep contributes to core features of cognitive
dysfunction of anxious depression including negative self-appraisals, biased memory processing and
unpleasant dream content.

Methods: After a habituation night in a sleep lab, a convenience sample of 35 healthy college
students and 20 depressed/anxious students were awakened 10 minutes into a REM sleep episode
and then 10 minutes into a NREM sleep episode. Awakenings were counterbalanced to control
circadian effects. After each awakening participants reported a dream and then completed memory
recall, mood and self-appraisal tasks.

Results: Self-appraisals of depressed/anxious participants were significantly less positive and
significantly more negative after awakenings from REM sleep vs NREM sleep. Appraisal of the
REM sleep dream self was negative for depressed/anxious subjects only. Recall of negative memories
was significantly more frequent after REM vs NREM sleep awakenings for both depress/anxious
and healthy participants. REM sleep dreams were associated with greater frequencies of negative
emotion, greater aggression and victimization rates than dreams in NREM sleep for depressed/
anxious participants.

Limitations: Depressed/anxious participants were classified as such on the basis of mood scales
rather than clinical interview. All participants were drawn from a volunteer college student population
and thus our results may not be applicable to some elderly clinical populations.

Conclusions: REM appears to facilitate cognitive distortions of anxious depression.
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1. Introduction

Although REM sleep has long been known to be altered in depression, including anxious
depression, its role in production of the symptomology of mood disorder has never been
adequately clarified (for reviews see Armitage, 2007; Nutt et al., 2008; Tsuno et al., 2005).
The replicated finding that both selective REM sleep and total sleep deprivation provide
dramatic and immediate (though temporary) relief for some people with mood disorder (Giedke
and Schwarzler, 2002; Vogel, 1975; Wu et al., 2008) supports the claim that REM does indeed
play some role in production of at least some clinical symptoms in some people with mood
disorder.

In this project, we explored the possibility that REM sleep physiology differentially impacts
the neurocognitive symptoms of anxious depression including executive cognitive dysfunction,
distorted evaluative appraisals of self, unpleasant dream content and biased emotional memory
processing.

Most forms of depression, including anxious depression, are associated with a range of
symptom clusters including the hallmark emotional problems of persistent sadness, anxiety or
anxious feelings (American Psychiatric Association, 2000). Cognitive distortions of anxious
depression feature a barrage of negative self-appraisals that lead to feelings of hopelessness
and/or pessimism, guilt, worthlessness and/or thoughts of suicide, or even suicide attempts in
major depressive disorder. There is often a variety of other cognitive distortions besides the
major distortion regarding self-worth. These other cognitive distortions involve difficulty with
concentration, planning or making decisions (executive dysfunction). Memory too is affected
with negative and painful memories favored in recall and in acquisition and consolidation
processes. Dreams become intensely unpleasant experiences with elevated levels of what used
to be called ‘masochistic content’ or scenes of aggression by unknown strangers against the
dreamer/self (McNamara, 2008). Nightmares become more frequent occurrences in the dream
life of the anxious depressed individual and predict suicidal ideation (Agargun et al., 2007).
Our hypothesis is that REM sleep physiology significantly contributes to the production of
these cognitive distortions.

REM sleep mechanisms are prime candidate sources of neurocognitive dysfunction of anxiety
and depression because they reproduce the known pathophysiology of anxious depressive
disorder. Both lesion (Koenigs et al., 2008) and neuroimaging studies (e.g., Davidson, 2002;
Drevets, 2007; Mayberg et al., 1999; Nofzinger, 2008) suggest that the pathogenesis of mood
disorder involves abnormally high levels of activity in paralimbic structures and ventromedial
prefrontal cortex (vmPFC), and abnormally low levels of activity in dorsolateral prefrontal
cortex (dPFC). The person with mood disorder therefore cannot effectively recruit dPFC to
regulate paralimbic and vmPFC-related negative emotional activity via reappraisal/
suppression strategies (e.g., Ochsner et al., 2004). Attention in the field has therefore turned
to the question of why paralimbic/vmPFC structures are chronically overactivated and dPFC
structures underactivated in major mood disorders.

While a host of genetic, neurochemical, and psychological factors have been implicated in
production of anxiety and depressive symptomology, none of these factors link up directly with
the known pathophysiology of depression or anxiety. We suggest that one proximate
mechanism that does directly yield the pathophysiologic pattern of hyperactive paralimbic/
vmPFC systems and hypoactive dPFC systems in mood disorders is REM hyperactivation or
dis-inhibition. Paralimbic/vmPFC hyperactivation and dPFC hypoactivation exactly
characterizes ‘normal’ REM-related brain activation/deactivation patterns throughout the sleep
cycle (e.g., Maquet et al., 1996, 1999; Nofzinger, 2005; and see review of REM
neurophysiology below). Several times each night REM selectively and intensively activates
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key structures in paralimbic/vmPFC systems (e.g., amygdala, vmPFC itself etc) and down
regulates dPFC systems (Muzur et al., 2002; Pace-Schott, 2007). To the best of our knowledge,
this pattern of vmPFC overactivation and dPFC hypoactivation occurs naturally only in REM
sleep. REM sleep, furthermore, is also associated with production of negative affect and
selective consolidation of negative emotional memories (Hu et al., 2006; Rauchs et al, 2004;
Walker and Stickgold, 2006). REM-related indices, such as REM density, are strongly
correlated with neurocognitive distortions in depression such as self-attack, suicidal ideation,
rumination and concentration difficulties (Agargun and Cartwright, 2003; Ellman et al.,
1991; Gilesetal., 1986). REM sleep deprivation in depressed patients is known to (temporarily)
alleviate depression in some patients (Ellman etal., 1991; Giedke and Schwarzler, 2002; VVogel,
1975; Wu et al., 2008).

Despite these indirect but converging lines of evidence for a role for REM sleep in production
of neurocognitive dysfunction in mood disorders, no direct test of the links between REM sleep
and cogpnitive distortions of anxiety and depression has yet been conducted. We therefore
constructed a set of experimental protocols to do so in the following set of pilot studies. Results
supported the hypothesis that REM sleep differentially contributes to cognitive distortions in
anxious depression.

2. Methods
2.1 Participants

Sixty participants (30 males, 30 females; mean age = 21.20 years, SD=2.72) between the ages
of 18 and 50 years were recruited from the Boston area and local universities. Of this sample,
38 were undergraduates, 5 were graduate or medical students, and 17 were not attending school.
All were informed of the nature of the study and then completed a demographics questionnaire
which recorded their age at the time of the study, gender, years of education, college major (if
applicable), socio-economic factors (including self-rated social class and annual household
income), handedness, ethnicity, and religious affiliation. Participants were required to not have
aprior history of any neurological, psychiatric, sleep (particularly sleep apnea), drug or alcohol
problems, or head injury. In addition, they were asked to refrain from using alcohol throughout
the study period. Informed consent was obtained from all participants prior to entering the sleep
lab or completing any measures. Two participants were excluded from the study for severe
sleep apnea, as determined by Dr. Auerbach. Apneas were defined as cessation of airflow for
10 seconds or more and hypopneas were defined as a reduction in respiratory effort
accompanied by a 4% drop in oxyhemoglobin saturation. The Apnea- Hypopnea index (AHI:
number of apneas plus hypopneas per hour of total sleep time) was used in conjunction with
clinical judgment to identify sleep apnea. Another participant was excluded from the study for
abnormal sleep architecture; the participant never entered into REM sleep. A fourth was
excluded because an error occurred in the procedure that made it unclear if the tasks were
completed after REM or NREM awakenings, and a fifth withdrew from the study in the middle
of the night. A total of 55 participants were included in analyses (26 males, 29 females; mean
age = 21.16 years (SD=2.63), mean education = 14.55 years (SD=1.87); see Table 1).

2.2. Materials

2.2.1. Wechsler Test of Adult Reading (WTAR)—This test yields a reliable measure of
verbal 1Q (Wechsler, 2001). The WTAR consists of a list of 50 words that are not easy to
pronounce. Participants are instructed to pronounce each word aloud even if they are unsure
of how to pronounce the word. A point is issued for each word correctly pronounced. The
WTAR is scaled to age and is conormed with the WAIS-111 and the WMS-111. Norms are
available for persons aged 16-89. The minimum scaled score is 50 and the maximum scaled
score is 134. Our participants achieved a mean WTAR score of 119.9 (SD=8.9) which is within
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the high normal range. This high verbal 1Q was likely due to the large proportion of college
students in the sample.

2.2.2. Profile of Mood States (POMS)—The Profile of Mood States (POMS) is a 65-item
adjective rating scale designed to measure multiple dimensions of affect both economically
and rapidly (McNair et al., 1971). Participants read these adjectives and rate how much that
adjective applies to them at that time on a scale of 1 (not at all) to 5 (extremely). The minimum
score is 10 and the maximum score is 242 with lower scores indicating people with more stable
moods and higher scores indicating more mood disturbance. The POMS also consists of six
subscales: Tension, Depression, Anger, Vigour, Fatigue, and Confusion. Our healthy
participants scored within the normal range on all subscales for the POMS, which were
significantly different from our depressed/anxious participants (see Table 1).

2.2.3. Depression Anxiety Stress Scale (DASS)—The Depression Anxiety Stress Scale
(DASS) was developed by Lovibond and Lovibond (1995). The DASS-21 is a shortened
version of the DASS questionnaire that contains 21-items that assesses depression, anxiety,
and stress. There are seven questions within each subscale. Participants were asked to indicate
on a scale of 0 (did not apply to me at all) to 3 (applied most of the time) how much each
question applied to them over the past week. Crawford and Henry (2003) and Antony et al.
(1998) have reported excellent reliability, validity, and other psychometric properties for the
three subscales of the DASS. The DASS Manual (Lovibond and Lovibond, 1995) reports the
following cutoff scores for depression (normal = 0-9, mild = 10-13, moderate = 14-20, severe
= 21-27, and extremely severe = 28+); anxiety (normal = 0-7, mild = 8-9, moderate = 10-14,
severe = 15-19, and extremely severe = 20+), and stress (normal = 0-14, mild = 15-18, moderate
= 19-25, severe = 26-33, and extremely severe = 34+). The DASS manual indicates that the
scores of the DASS-21 are comparable to the scores of the full length DASS, but the scores
need to be doubled before compared to the cutoff scores as specified in the DASS Manual. In
addition, the DASS-21 has independently been found to be reliable, valid, and accurately reflect
the scores of the full length DASS (Henry and Crawford, 2005).

The score on the DASS-21was used to divide the participants into a healthy (n=35) and
depressed/anxious (n=20) groups. Depressed/anxious was defined as having mild depression
or higher as indicated by the DASS-21 (a depression subscale score of 5 or above), mild anxiety
or higher (an anxiety sub-scale score above 8), or high stress (determined by a stress sub-scale
score above 9). Our healthy participants scored within the normal range on all 3 subscales for
the DASS and our depressed/anxious group scored at least mild or higher on one or more of
the subscales (see Table 1).

2.2.4. Pittsburgh Sleep Quality Index (PSQI)—Participants answered questions based
on their sleep behaviors for the past month such as normal bedtime, average number of hours
of sleep, and night time disturbances. A Global Sleep Quality Index score was derived based
on seven components of sleep behavior: Subjective Sleep Quality, Sleep Latency, Sleep
Duration, Habitual Sleep Efficiency, Sleep Disturbances, Use of Sleep Medication, and
Daytime Dysfunction (Buysse et al., 1989). Higher scores indicate greater sleep disturbance
and lower sleep quality and generally a cut-off score of 5 is used to separate good sleepers from
poor sleepers in the general population. Buysse et al. (1989) found the PSQI to have acceptable
test-retest reliability, validity, and internal homogeneity. The PSQI was found to have a high
internal consistency (Cronbach a = 0.83), high sensitivity (89.6%), and high specificity (86.5%;
kappa = 0.75, p<0.001) in distinguishing good and poor sleepers (Buysse et al., 1989). The
PSQI correlates better with measures of mood than with measures of sleep function (Grandner
et al., 2006) so it is a measure of choice when investigating potential relationships between
mood and sleep functions. In the adult population a score above 5 is considered poor sleep
(Buysse et al., 1989). However, Pilcher (1998) found a mean of 5.27 (SD=1.84) when
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examining college students and Cacioppo et al. (2002) found an average of 5.2 (SD=0.4) for
a non-lonely group of undergraduates. The means in our sample were 4.17 (SD=1.69) for the
healthy group and 6.35 (SD=2.08) for the depressed/anxious group (p<0.05) (see Table 3).
These data indicate that the PSQI is accurately distinguishing our depressed/anxious
participants from healthy participants. Consistent with Buysse et al's findings, our healthy
participants fall below the 5.0 cut-off criterion for poor adult sleep.

2.2.5. Overnight polysomnography (PSG)—The polysomnographic recording included
EEG activity recorded from the C3 and C4 electrodes (referenced to an average of Al and A2),
EOG activity, submental EMG activity, airflow, respiratory effort, EKG activity, oximetry and
video monitoring. All methods and sleep scoring procedures followed the guidelines of the
American Academy of Sleep Medicine (Iber et al., 2007). Sleep architecture measures
included: total sleep time (TST; minutes), number of awakenings, wake time after sleep onset
(WASO; minutes), sleep latency (minutes), sleep efficiency (%), number of minutes and
percentage of total sleep time spent in Wakefulness, REM, Stage 1, Stage 2, and Stage 3,
arousals and arousal index (see Table 2). Respiration was evaluated with EKG leads, airflow
monitors, effort monitors and oximeters. Measures included: apnea (cessation of airflow for
10 s or more) and hypopnea (reduction in respiratory effort accompanied by a 4% drop in
oxyhemoglobin saturation). Apnea- hypopnea index (AHI) was defined as the number of
apneas plus hypopneas per hour of total sleep time.

2.3 Procedures

2.3.1 Prior to entering sleep lab—=Each participant completed a battery of tests measuring
personality, mood, sleep, and behavior before coming into the sleep lab. Four days before
coming into the lab, participants started to complete a sleep diary and activity log, which they
continued until they completed the study on the morning after the awakenings night (see Table
3). We used the sleep diary to identify persons with aberrant sleep cycles or habits. None of
the participants evidenced abnormal sleep cycles during the 4 days before entering the study.

2.3.2 Habituation night in sleep lab—The first night in the sleep lab was the habituation
night. The participant entered the lab at 9pm and was attached to the polysomnograph to
simulate the experience for the study night and to allow them to adjust to the sleep lab. They
were allowed to sleep through the night. They were woken up at 6:30 in the morning, given
breakfast then allowed to go home.

2.3.3. Awakenings night in sleep lab—We used an ‘awakenings’ paradigm adapted from
Walker et al. (2002). There is evidence that when a person is awakened from a particular sleep
state, brain state activation patterns associated with that state persist for several minutes and
influence cognitive performance and perhaps mood (Bertini and Violani, 1992; Reinsel and
Antrobus, 1992; Balkin et al., 1999; Walker et al, 2002). Thus, we can to some extent probe
the neurocognitive properties of that state via the awakenings procedure. Participants returned
at 9:00pm on the second night and were attached to the polysomnogram again, but this time
the recording was used. In addition, participants completed a task packet four different times
during their second visit to the sleep lab: right before going to bed (PRE), when awoken from
REM sleep, when awoken from Stage 11 NREM sleep, and in the morning before they left the
sleep lab (POST). We used the PRE and POST test sessions as checks on participant's ability
to perform the tests in question. The REM and NREM test sessions were the analytic focus of
this project. When participants were woken up after entering a REM or NREM episode, they
were asked to describe any dreams they were having right before waking up and then to
complete the task packet. The task packet consisted of written and spoken tasks and took about
15 minutes to complete. The order of awakenings from REM and NREM sleep was
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counterbalanced as described by Walker et al. (2002) (see Figure 1). All but three participants
returned to the sleep lab for the second night after completing the habituation night.

2.5. Awakenings tasks

Participants were given a task packet to be completed after an awakening. Each section of the
packet contained the same tasks, but in randomized order.

2.5.1 Positive and Negative Affect Scale (PANAS)—The PANAS (Watson et al.,
1988) was administered as the first measure in all 4 conditions: before bedtime, after REM and
NREM awakenings, and in the morning. Participants were instructed to ‘indicate to what extent
you feel this way right now’ in response to ten positive and ten negative affective words. Each
word was evaluated on a five point scale, with 1 being ‘very slightly’ and 5 being “‘extremely”’.
The score is divided into positive affect (PA) and negative affect (NA). Scores for both PA
and NA scores range from 10 — 50, with higher scores indicating more positive or negative
affect being experienced. Using the PANAS to determine mood in the moment has been found
to have an average PA score of 29.7 (SD=7.9) and an average NA score of 14.8 (SD=5.4) for
a college student sample (Watson et al., 1988). Our participants indicated an average PA score
of 22.77 (SD=7.29) in the PRE condition and 23.30 (SD=8.31) in the POST condition and an
average NA score of 13.77 (SD=4.70) in the PRE and 12.63 (SD=3.47) in the POST condition
indicating that our awakening procedures had no significant impact on morning mood. No
participant left the sleep lab with significantly higher negative mood ratings than they had when
they entered the lab. The PANAS has been found to have high internal consistency, high
reliability coefficients (PA scale = 0.89, NA scale = 0.85), and has been found to be a valid
measure of mood that is sensitive to mood fluctuation when the participant is instructed to rate
their mood at the moment (Watson et al., 1988).

2.5.2. Autobiographical Memory Recall—For each of the 4 conditions, participants were
asked to read a word and then recall a personal memory. The directions specified that the
participant recall a time in which they felt a particular way and describe that memory into a
tape recorder. In each condition a positive, negative, and neutral cue word were give (i.e. happy,
lonely, and apathetic) and varied in the order they were presented. Latency to retrieval for each
type of cued memory was recorded as indicated by the number of seconds between when the
word was read aloud and when they actually began reporting the memory. After the memory
was recalled, the subject wrote down the approximate date of the memory. Later analysis
revealed that the bulk of the memories (>90%) were within a 5 year pre-test time window (i.e.
all were relatively recent memories). All memories were later transcribed and assessed on a
global scale as to whether the memory was predominantly a negative, positive or neutrally
toned memory by blind independent raters. Two raters blinded to the major hypothesis in this
study judged the memories as being either negative, positive, or neutral in affective tone and
arrived at the same conclusion 90% of the time.

2.5.3. Self-Other Word Recall Task—~Participants were presented with two lists of ten
trait adjectives, each list containing five positive and five negative traits. Words were obtained
from Mueller (1986), who developed a list of positive and negative words most commonly
associated with younger people and older people. The words used to create our lists were those
from the young-positive and young-negative lists that were able to be matched on frequency
and length. Frequency was determined by using wordcount.org, which rates 86800 words in
order of how frequently they occur in the English language. Several versions of the lists were
then created and randomly used. For the first list the participant received, they were asked to
write detailed sentences about how these words applied to themselves. For the second list, they
were asked to describe in detail how these traits applied to a significant other. Both times they
were awoken, they were asked to recall any of the words from the beginning of the night
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(regardless of which list the words had appeared on). In addition, they were given a stem
completion task that consisted of the first three letters of every word they had seen and asked
to form words from the stems. The number and type of words recalled after REM vs NREM
awakenings were tabulated for each participant.

2.5.4. Ratings of the Self, Other, and the Dream Self—For each condition, participants
were given a different list of twenty trait words (four versions were compiled consisting of ten
positive traits and ten negative traits; see Appendix 1), and were asked to rate how well these
same traits applied to themselves (the self), another person (the other), and themselves in a
dream (the dream self). When asked about the other, the same person was used for each
condition and the relationship of that person to the participant recorded. Negative and positive
trait adjectives in each list were equal in likableness and frequency. We used the Anderson
(1968) ratings to assign each personality trait word a likableness rating. Words from the
beginning of the list (high likableness) and end of the list (low likeableness) were used for the
positive and negative trait words. In addition, all words were matched in frequency using
wordcount.org. Positive words had an average likableness of 452.58 and an average frequency
of 0.88. Negative words had an average likeableness of 119.3 and an average frequency of
0.76. Each participant received each of the four versions of the list, but the condition in which
each version was received was randomized.

of dream content

We use the so-called Hall-Van de Castle content scoring system to score emotion content and
social interactions in dreams. Schneider and Domhoff (http://www.dreamresearch.net) provide
a spreadsheet program ‘DreamSat’, which allows for tabulation of dream content scores and
automatic computation of derived scales and percents when using the Hall/Van de Castle
scoring system. This spreadsheet program greatly increases the reliability of results obtained
with use of the system. The Hall/Van de Castle system for scoring dream content (Domhoff,
1996; Hall and Van de Castle, 1966) is a standardized and reliable content scoring system
which consists of up to 16 empirical scales and a number of derived scales useful for an analysis
of social interactions in dream content. Three primary types of emotional interaction are scored:
aggressive, friendly and sexual with the ability to score subtypes as well (e.g., physical vs.
verbal aggression). Along with identification of the physical settings within which these
interactions take place, the character that initiated the social interaction is identified as well as
the target or recipient of the interaction. The ‘characters’ scale allows for classification of
characters known to the dreamer (e.g., family members, friends, etc.) as well as those unknown
to the dreamer.

3. Data/statistical analysis

Analyses were carried out on a Windows PC machine using systat and SAS. Comparisons on
continuous measures between the depressed/anxious and healthy control groups were
computed with Bonferroni — corrected t-tests for independent groups. With respect to dream
content, because the Hall/\Van de Castle categories and content indicators are based on nominal
rating scales we used tests for the significance of differences between two proportions as well
as chi square analyses to compare REM -NREM differences. We used the DreamSat program
http://www.dreamresearch.net) to compute all of the scales, percent differences and certain p
values we report. The program also produces Cohen's h statistic which is an effect size value
for samples involving nominal measurement scales.
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4. Results

4.1. Mood scores across sleep states

There were few significant differences on the PANAS scales for positive or negative mood
states between REM and NREM sleep states within each group. Mean positive mood scores
for healthy participants after REM sleep was 15.17 (SD=5.96) and after NREM sleep was 14.69
(SD=5.59) (n.s.). However there was a significant difference in the mean negative mood score
after REM sleep (14.14 (SD=4.32)) compared to NREM sleep (12.69 (SD=2.86), p<0.05).
Mean positive mood scores for the depressed/anxious group after REM sleep was 14.00
(SD=4.44) and NREM sleep was 14.11 (SD=5.30) (n.s.). Similarly, mean negative mood score
for REM sleep was 15.55 (SD=5.09) and for NREM sleep 14.89 (SD=4.42) (n.s.).

4.2. Self-other Word Recall task

In this sample, recall of ‘other’-encoded words was significantly reduced relative to ‘self’
encoded words but only after awakenings from REM sleep (mean=2.2 (SD=1.3)) vs NREM
sleep (mean=4.0 (SD=1.2)) (p<0.05). No group differences were noted.

4.3. Trait adjective ratings on self vs other (see Figure 2)

Ratings of self vs a significant other were significantly less positive after awakenings from
REM sleep than NREM sleep in the depressed/anxious group, but not the healthy group. For
healthy participants, mean REM sleep awakening self-other difference score= —1.09
(SD=3.34), while NREM sleep awakening self-other difference score =—1.33 (SD=4.14),n.s.).
For depressed/anxious participants, mean REM sleep awakening self-other difference score=
—5.69 (SD=9.52), while NREM sleep awakening self-other difference score =—1.38 (SD=5.46)
(p<0.05). Conversely ratings of self vs other were significantly more negative after awakenings
from REM sleep for depressed/anxious (mean self-other difference score for healthy = +0.06
(SD=2.30), mean self-other difference score for depressed = +1.44(SD=4.34)) (p<0.05) than
after awakenings from NREM sleep (mean self-other difference score for healthy = —0.76
(SD=4.04), mean self-other difference score for depressed/anxious = +0.44 (SD=5.48)) (n.s.).
There were no significant differences between wake conditions and awakening conditions on
self — other scores. When comparing the groups, the depressed/anxious group rated themselves
significantly less positive compared to the other after REM sleep awakenings than the healthy
group (t(47)=—2.50, p<0.05).

4.4. Trait adjective ratings on self vs dream self (see Figure 3)

Ratings of self vs the dream self were significantly different after awakening from REM sleep
in the depressed/anxious participants compared to NREM sleep awakening ratings, but were
not significantly different in healthy participants. Depressed/anxious participants had mean
REM sleep awakening self-dream self difference score= 2.50 (SD=7.08) and a NREM sleep
awakening mean self-dream self difference score=5.38 (SD=9.14), p<.05), while healthy
participants did not have significantly different positive ratings after REM sleep awakenings
(mean self-dream self difference score= 6.47 (SD=6.53)) compared to NREM sleep
awakenings (mean self-dream self difference scores= 5.58 (SD=6.13), n.s.). In both healthy
and depressed/anxious participants, negative ratings after REM sleep awakenings (mean self-
dream self difference scores: healthy=+0.28 (SD=4.16), depressed/anxious=—0.03 (SD=3.01))
were not significantly different than after awakenings from NREM sleep (mean self-dream self
difference scores: healthy=—0.38 (SD=3.67), n.s., depressed/anxious= —3.13 (SD=5.62), n.s.).
There were no significant differences between wake conditions and awakening conditions on
self — dream self scores. When comparing the groups, the depressed/anxious group rated the
dream self significantly less negatively than the self after NREM sleep awakenings than the
healthy group (t(47)=—2.50, p<0.05)
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4.5. Trait adjective ratings on dream self vs other (see Figure 4)

Positive ratings of dream self vs a significant other did not significantly differ after awakenings
from REM (mean dream self-other difference score: healthy= —7.38 (SD=7.32), depressed/
anxious=—8.19 (SD=9.14)) than after awakenings from NREM (mean dream self-other
difference score: healthy =—6.91 (SD=7.38), depressed/anxious=—6.75 (SD=7.86), n.s.).
Negative ratings of dream self vs other did not significantly differ after awakenings from REM
(mean dream self-other difference score: healthy =—0.22 (SD=4.03), depressed/anxious=1.81
(SD=4.43)) than after awakenings from NREM (mean dream self-other difference score:
healthy=—0.73 (SD=3.23), depressed/anxious=3.56 (SD=5.28), n.s.). There were no significant
differences between wake conditions and awakening conditions on dream self — other scores.
When comparing the groups, the depressed/anxious group rated the dream self significantly
more negative than the other after NREM sleep awakenings than the healthy group (t(47)=3.52,
p<0.001).

4.6. Retrieval of negative vs positive vs neutral autobiographical memories

Using retrieval time of an emotionally ‘neutral memory’ after a REM sleep awakening as a
baseline, it took healthy participants about 2.63 seconds longer to retrieve a positive memory
and about 0.19 seconds longer to retrieve a negative memory after REM sleep awakenings.
Similarly, it took depressed/anxious participants about 2.71 seconds longer to retrieve a
positive memory and they were about 3.06 seconds faster to retrieve a negative memory after
REM sleep awakenings.

Across the sample, negative memories were significantly more likely to be retrieved in response
to a neutral cue word after awakenings from REM vs NREM sleep. Nearly half (49%) of
memories retrieved in response to a neutral cue word were negative in tone/affect (by blinded
judges) after awakenings from REM sleep while only about 1/37 (30%) of memories retrieved
in response to a neutral cue were negative in tone after awakenings from NREM.

In depressed participants, two-thirds (67%) of memories retrieved in response to a neutral cue
word were negative in tone/affect (as judged by blinded raters) after awakenings from REM
while only about one-third (35%) of memories retrieved in response to a neutral cue were
negative in tone after awakenings from NREM.

4.7. Dream content

Depressed/anxious participants had more aggressive social interactions compared to friendly
social interactions (69% in depressed/anxious compared to 40% in healthy, p=<0.05), more
negative emotions (100% in depressed/anxious compared to 82% in healthy, p<0.05), and a
larger number of dreams with at least one aggressive social interaction (44% in depressed/
anxious compared to 13% in healthy, p<0.001). REM-related (dream) representation of self
was decidedly more negative after REM vs NREM sleep awakenings in the depressed/anxious
group. When comparing the REM dreams of healthy and depressed/anxious participants,
depressed/anxious participants had significantly higher percentage of dead and imaginary
characters present (h=0.43, p=0.03) and more dreams where there was at least one aggressive
act (h=0.78, p=0.01) relative to the healthy participants.

5. Discussion

We found a significant reduction in positive ratings of the self vs a significant other and a
significant increase in negative ratings of the self vs a significant other after awakenings from
REM sleep but not NREM sleep in depressed/anxious persons. To our knowledge, our study
is the first to experimentally demonstrate an impact of REM sleep physiology on the negative
self-concept of depressed/anxious persons. The dream self was also consistently rated as
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negative relative to both a significant other and relative to the daytime self after REM sleep
awakenings for depressed/anxious subjects. These are important clinical findings as both REM-
related indices and poor self-concept predict mood dysfunction and suicidal ideation and
attempts (Agargun and Cartwright, 2003). We also found a greater production of emotionally
negative memories with neutral cue words after REM sleep awakenings in both the depressed/
anxious and healthy subjects. There was also some indication that negative memories were
retrieved more quickly after REM sleep awakenings vs NREM sleep awakenings or wake
conditions. Dreams from REM sleep contained greater amounts of negative emotion and
aggression than did NREM sleep dreams. All of these REM sleep related findings were present
in and more severe in participants who scored in depressive and anxious range on our mood
scales.

Taken together, these results suggest to us that REM sleep may significantly contribute to
cognitive distortions of mood disorder. REM sleep mechanisms apparently differentially
impact the content or cognitions that occur in anxious depression. Our results are consistent
with a body of research demonstrating negative mood and cognitive effects of REM sleep.

5.1. REM facilitates acquisition and recall of negative emotional memories

A prominent symptom of depression is a mood-related bias toward negatively valenced
memories (Bradley et al., 1995; Watkins et al., 1996). Aspects of REM and NREM sleep
neurobiology have been implicated in facilitation of various types of memory consolidation
(Born and Wagner, 2004; Stickgold et al., 2001; but see Vertes and Eastman, 2000). REM
sleep, in particular, appears to facilitate consolidation of negatively valenced memories (Hu et
al., 2006; Nishida et al., 2009) and this consolidation effect is correlated with prefrontal theta
activity (Nishida et al., 2009).

5.2. Dreams from REM in both healthy and depressed persons are associated with negative
emotion and unpleasant content

When healthy subjects are awakened from REM sleep, they generally report a narrative
involving the dreamer, with vivid visual detail, and more unpleasant than pleasant emotions
(Domhoff, 2003; Hobson and Pace-Schott, 2002; Nielsen et al., 2001; Strauch and Meier,
1996). Revonsuo (2000) presented a large amount of evidence which suggests that the majority
of REM dreams involve unpleasant emotional states wherein the dreamer experiences some
sort of physical or emotional threat in the dream. Smith et al. (2004) scored both REM and
NREM sleep dream reports for emotion content from 25 dreamers. They identified eight
emotions that they then divided into positive and negative categories. They found that negative
emotions were significantly more intense in REM sleep dream than NREM sleep dreams.
Nightmares that occur in REM sleep are unequivocally unpleasant and predict suicidal ideation
in some depressed patients (Agargun and Cartwright, 2003; McNamara, 2008).

Despite these normative findings regarding REM sleep dreams, it is important to recall that
depressed people may use their dreams to work through unpleasant affect (Cartwright, 1992;
Cartwright et al., 1998, Hartmann, 1998). Whether REM sleep dreaming is depressogenic in
itself or can be used to respond adaptively to depressogenic crises in a person's life, REM sleep
dreams are likely in either case to contain more negative affect than NREM sleep dreams or
waking cognitions.

5.3. Limitations of our study

To our knowledge, our study is the first to experimentally demonstrate an impact of REM on
the self-concept. As noted above, that impact appears to be largely negative, particularly in
depressed/anxious persons. Caution is in order, however, because our study had several
limitations. First, we tested only 20 individuals who reported symptoms of depression but none
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of them carried clinical diagnoses of depression. Therefore, our results should not be
incautiously extrapolated to all depressed persons. Second, our overall N was relatively small
for some tests. So statistical power was correspondingly reduced for these tests. Third, we
focused only on potential depressogenic effects of REM sleep in this study. NREM sleep,
however, is also known to be affected in depression. Specific components of NREM sleep,
especially slow wave activity (SWA) likely contribute to various symptom complexes of
depression (e.g. melancholic disturbance in men; somatic disturbance in women, see Armitage,
2007). NREM sleep will be a crucial component of any complete account of sleep-related
contributions to depression (Borbély and Wirz-Justice, 1982). Fourth, we studied only a
convenience sample of volunteer participants, most of whom were college students and thus
our sample may not be representative of older depressed clinical populations.

Despite these important limitations of our study, our results document a remarkably potent
depressogenic effect of REM sleep. This is an extremely important clinical finding. Identifying
specific depressogenic effects of REM sleep will clarify the role of sleep dysregulation in
production of depressive symptomology and thus allow for better and more targeted therapeutic
interventions for depression. REM-related measures, such as REM density and REM sleep
dreams and nightmares, are significant predictors of suicidal ideation in depressed individuals
(Agargunetal., 1998; McNamara, 2008). If a clinician monitored such REM sleep and dream-
related indicators in individuals at risk for suicide, he or she could potentially identify early
warning signs of new ideation around suicide and could therefore act to prevent a new suicide
attempt. In addition, REM-related indices of persons with post-traumatic stress disorder
(PTSD) predict severity of PTSD (Germain and Nielsen, 2003). Indeed incorporation of
trauma-related memories into REM sleep dreams is one of the DSM-1V criteria for the disorder.
Nevertheless, it should be noted that the dreams and nightmares of PTSD may not be solely
dependent on REM-related mechanisms. REM sleep atonia may be decreased in PTSD,
noradrenergic modulation is impaired, and as many as 25% of these nightmares may appear
outside of REM sleep (Woodward et al., 2000). Our findings speak directly to the ways in
which REM sleep favors negatively valenced mnemonic content thus illuminating distorted
memory functions in both PTSD and depression. Independent studies of links between sleep
architecture and health have also shown that abnormal amounts of REM sleep predict not only
PTSD and depression but also poor general health and decreased longevity (Brabbins et al.,
1993; Dew et al., 2003; Kripke, 2003). However, as Kripke (2003) notes, these studies need
to be replicated before any firm conclusions regarding REM sleep's effect on health can be
drawn.

In sum, REM sleep appears to ‘normally’ exhibit a preference for negative emotional and
cognitive processing. In depressed persons, this processing preference of REM sleep may
significantly contribute to cognitive distortions of anxiety and depression.
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Figure 1.

Awakening protocol: all subjects were tested before lights out (PRE), REM and NREM
awakening tests were performed across the night accompanied by a memory and word-stem
task. Half of the subjects receive the tests 10 minutes into the second REM period (REMa) and
forth NREM period (NREMa); half received the tests 10 minutes into the third NREM period
(NREMD) and the third REM period (REMb). After awaking in the morning, all subjects were
given the tasks again (POST) ((Reprinted from Cogn. Brain Res., 14, Walker, Liston, Hobson,
and Stickgold, Cognitive flexibility across the sleep- wake cycle: REM-sleep enhancement of
anagram problem solving, 317-324, Copyright (2002), with permission from Elsevier).
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Difference in appraisals of self vs. other in healthy
and depressed/anxious participants
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Figure 2.

This figure represents the difference in appraisals such that positive scores indicate the self has
more of that trait whereas negative scores indicate the other possesses more of that trait.

J Affect Disord. Author manuscript; available in PMC 2011 May 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

McNamara et al.

Page 17

Difference of appraisals of self vs. dream self in
healthy and depressed/anxious participants
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Figure 3.

This figure represents the difference in appraisals such that positive scores indicate the self has
more of that trait whereas negative scores indicate the dream self possesses more of that trait.
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Difference of appraisals of dream self vs. other in
healthy and depressed/anxious participants
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Figure 4.

This figure represents the difference in appraisals such that positive scores indicate the dream
self has more of that trait whereas negative scores indicate the other possesses more of that
trait.
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Table 1

Demographics and baseline mood measure for sleep study participants in each group

Healthy (n=35) Depressed/Anxious (n=20) t-value p-value
Age (in years) 20.83 (2.19) 21.75 (3.24) -1.26 ns.
Sex 17 Male, 18 Female 9 Male, 11 Female n.s.
Education (in years) 14.40 (1.68) 14.80 (2.17) —-0.76 ns.
WTAR (scaled score) 121.89 (7.32) 116.65 (8.25) 2.44 0.018"
DASS Total 6.23 (3.40) 15.45 (4.93) -8.24 | 0.000°*
DASS Stress 3.54 (2.29) 6.65 (2.74) -450 | 0.000°*
DASS Anxiety 1.17 (1.38) 3.30 (2.54) —4.04 0.000*
DASS Depression 1.46 (1.24) 5.50 (3.10) -6.84 0.000™™*
POMS Total 47.74 (14.04) 76.10 (24.53) -5.47 | 0.000°*
POMS Tension 13.63 (3.80) 18.95 (5.98) -4.04 | 0.000"*
POMS Depression 17.06 (2.25) 25.85 (8.14) -6.04 0.000™**
POMS Anger 13.83 (2.54) 17.15 (6.70) —2.64 0.011%
POMS Vigor 21.83 (6.03) 17.35 (4.49) 2.89 0.006™*
POMS Fatigue 13.29 (4.64) 16.45 (5.69) -2.24 0.029"
POMS Confusion 11.77 (3.14) 15.05 (4.41) -3.21 0.002"*

Note: n.s. = not significnant

*
p<0.05

*:

=3
p<0.01

Fok

3
p<0.001
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Table 2
Sleep Architecture Characteristics for Entire Night

Healthy (n=35) Depressed/Anxious (n=20) p-value
Mean total sleep time (in min) 346.74 (34.49) 333.58 (40.12) 0.205
Mean sleep onset latency (in min) 19.94 (22.91) 25.83 (22.40) 0.360
Sleep efficiency (%) 0.82 (0.07) 0.78 (0.08) 0.052F
Number of arousals 47.34 (15.46) 45.26 (19.20) 0.667
Arousal Index 8.14 (2.94) 8.05 (3.22) 0.923
Stage 1 (in min) 9.46 (3.78) 11.62 (4.72) 0.069T
Stage 2 (in min) 178.38 (39.80) 181.90 (30.37) 0.478
Stage 3 (in min) 74.60 (23.49) 69.69 (26.83) 0.482
Total NREM (in min) 262.44 (47.59) 263.20 (26.73) 0.313
Total REM (in min) 76.14 (24.17) 70.39 (26.40) 0.901
Average Latency to REM (in min) 89.57 (31.23) 86.98 (27.07) 0.757

Note:

TTrend towards significance
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Table 3

Average sleep characteristics from sleep diary and sleep questionnaire

night

Healthy (n=35) Depressed/Anxious (n=20) p-value
Pittsburg Sleep Quality Index 4.17 (1.69) 6.35 (2.08) 0.000™**
Average sleep onset latency 15.58 (11.52) 20.69 (15.62) 0.539
Average number of 1.19 (0.71) 1.74 (0.67) 0.106
awakenings per night
Average hours of sleep per 7.04(0.79) 7.34 (0.65) 0.231
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*Note: Sleep onset and hours slept per night are given for four days before entering the sleep lab, the habituation night, and the night of the study.

Awakenings per night does not include the night of the study

Fok

3
p<0.001
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