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Learning Objectives

After completing this lecture participants should be able to
e Discuss the role that sleep plays in emotional control
e Define the different types of emotional regulatory processes

e Define the different types of memories

e Understand the role that sleep plays in memory formation
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Emotional Regulation
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Role of sleep

Studies

Sleep deprived residents more likely to experience
negative emotions

fMRI imaging demonstrates
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Situational modification

e Studies

e Married couples were more likely to experience increased conflict following a
night of poor sleep (as measured by PSQI)

e Poor sleepers demonstrated
e Lack of empathetic accuracy
e |naccuracy in gauging partners emotions

e Poor sleep associated with difficulty in understanding non-verbal cues
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Cognitive Change

Meta-analysis

e In "normal" sleepers cognitive reappraisal activates prefrontal cortex, and modulates
amygdala bilaterally.

fMRI

¢ In shortened sleep individuals were less able to regulate emotions, however there
was no findings of loss of prefrontal cortex to amygdala connectivity.

Adolescents

e In astudy of 13-17 year olds; 1 night of sleep loss did not demonstrate a loss of
ability in using reappraisal in the face of negative stimuli.




Summary

e Poor sleep is associated with inability to regulate emotions at all stages of the process
e Mechanism still not defined

e Loss of top down control of amygdala by prefrontal cortex

e Not seen in fMRI studies



Memory formation

Encoding Consolidation Retrieval

Consolidation is a sleep dependent process in which in which memory traces are

strengthened, stabilized and integrated into pre-existing knowledge networks.







Two stage memory formation

Proposed by David Marrin 1971

. . . . Step 1: Memories Step 2:Transferred
For declarative memories encoding occurs in the )
) ) encoded into fast term to long term
hippocampus, and then memories transferred to neo-cortex,
storage storage.

which is a sleep dependent process.

For non-declarative memories storage locations vary based
on the type of information being stored.



Memory models

Defining the role of sleep in memory formation

Dual process model

NREM sleep is for consolidation of declarative memories

REM sleep is for consolidation of non-declarative memories

Active system consolidation hypothesis

Theta waves encode memories during wakefulness

Hippocampal sharp wave ripples consolidate memories during sleep




Wave forms

Short Sharp Wave Ripple
in the Hippocampus

Hlppocampal sharp wave ripple Sleep Spindle Delta wave




Sleep and declarative memory

Summary of studies

Hippocampal memory activation

° Researchers compared participants with temporal lobe epilelepsy and either bilateral or unilateral hippocampal sclerosis
. Episodic memories encoded using the aid of cueing
. Strengthening of memories seen only in control and unilateral sclerosis groups

° Hippocampal volume, and slow wave density during slow wave sleep was positively correlated to memory benefit.

Interference

° Researchers used odor cues to entrain object location task
° Participants received the cue during wakefulness or SWS
° Task was repeated the following morning following an interference task

° Slow wave sleep was found to entrain memories independent of REM sleep

Nap Study

Compared ability to recall object location following either a 40 minute vs 90 minute nap
Participants who napped for 90 minutes had greater memory recall then those with 40 minutes of sleep
Amount of slow wave sleep was positively correlated with memory performance

Recall performance was independent of REM sleep



Sleep and non-declarative memory

Summary of studies

REM suppressing agents

e Fluvoxamine and reboxetine administered prior to post training sleep of procedural memory tasks
e Investigators found that there was an increase in task performance
e Correlates with similar studies of MAO-I, studies with TCAs demonstrate deleterious effect on memory, suggesting a cholinergic process

Slow wave sleep suppression

e |nvestigators slow wave sleep suppressing tone during post training sleep
e Task performance decreased compared to control
e Sleep spindles were seen to be increased in post test sleep

Night - half paradigm

e |nitial studies led to belief that REM sleep was necessary for storage of procedural memories

e Given data demonstrating importance of sleep spindles in formation of memories it is possible that late N2 and not REM is needed for strengthening of procedural memories



Episodic memories with an
associated emotional
valance attached to them

Emotional Memories

e Emotional memories thought to be strengthened by
activation of the amygdala.

e Increase in plasticity causes emotional memories to be stored
for longer periods of time

e As they are episodic, they are thought to be under regulation
of NREM sleep, however REM is also thought to play a role
e Amygdala and limbic system active during REM sleep



The role of sleep in emotional memories

Summary of studies

Sleep deprivation

e Participants subjected to total vs REM specific sleep deprivation

e Neutral and emotional memories deteriorated with total but not REM sleep deprivation

Cueing

e Emotional memories cued during both NREM and REM sleep
e Cueing during NREM not REM was associated with strengthening of emotional memory

e Valence of emotion was associated with stronger memory response



The role of REM

e REM continues to be thought of as a key modulator of emotional
experience

e Fear conditioning

Sleep to remember, e Studies demonstrate that sleep had a positive effect in
sleep tQ forget discrimination between fearful and non-fearful stimuli

e Magnitude of discrimination correlated with amount of REM sleep

e Theta rhythm thought to be the carrier frequency for emotional memory
encoding

REM sleep not only serves to consolidate and strengthen
emotional memories, but that recurrent reactivations strip away
the emotional context of the memory, so that only memory of the
event remains.




Altering sleep architecture

Can we improve memory?

Auditory stimulation

Pink noise targeted to upstate phase of slow oscillation (closed loop) was shown to increase amplitude of SO's, power of spindles, and improvement in declarative memory tasks.

Transcranial direct current stimulation (tDCS)

Studies demonstrate an increase in power of SO and delta frequency bands, conflicting effect on spindles.
Varied evidence for improvement in declarative memory, no evidence for improvement in procedural

Some evidence for improved memory in children with ADHD, and individuals with schizophrenia

Pharmacological stimulation

Many studies demonstrated an increase in SWS with addition of medication

Oxybate, tiagabine, and IL-6 demonstrated possible positive effects on memory



The worldwide
prevalence is
approximately 50
million people, with
an estimates 10
million new cases
per year.

Dementia

e 2018 Meta-review reviewing 18 longitudinal studies and
240000 subjects demonstrates

e Sleep disturbances (all types) led to 1.19 higher chance to develop all-
cause dementia.

e Sleep disordered breathing was predictive risk factor for all cause
dementia

e Insomnia increased risk of Alzheimer's dementia

e 2021 study following short sleepers

e Short sleepers in 50s, 60s, and 70s demonstrated 30% greater incidence of
all cause dementia



Sleep Disordered breathing

® Alzheimer's Dementia

In rat studies hypoxemia increased rates of amyloid beta plaques, and tau protein.

Vascular dementia

) Luminal
Increases in endothelial
Chronic Intermittent hypoxia inducible Increase in roliferation and
hypoxemia factor and TNFa endothelin-1 P -
vasoconstriction




Summary

e There is still no governing therapy regarding sleeps role in memory fotmation
e Sleep is likely encoded in a two step fashion

e The process of memory formation is primarily governed by NREM sleep
e Spindles, SOs, SWS, SWR

e REM may function to lessen the emotional impact of emotional memories over time

e Sleep disturbances increase risk for all cause dementia
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