ABSTRACT
Previous studies have demonstrated that a mild increase in skin temperature can induce
longer and deeper sleep, particularly during SWS the period of sleep associated with
memory consolidation. This study attempted to differentiate the effects of mild skin
temperature manipulation on various stages of sleep (SWS and REM) by inducing warm
temperature during a single sleep stage and then testing memory consolidation after each
condition. Preliminary analysis of individuals who completed at least one condition
revealed that memory scores were greatest after the SWS night, as predicted. Compared
to control conditions, skin warming during the SWS warming condition showed a slight
increase in memory recall in the word-pairing task. Moreover, skin warming during the
REM warming condition produced a decline in memory recall compared to both SWS
and control conditions. Although, these findings were not corroborated in participants
who completed all conditions, the low number of participants may be limiting our ability

to detect these effects.
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INTRODUCTION
Sleep Defined

Sleep is most commonly defined as a state of rest, opposing the state of
wakefulness (Dement, 1999). However, according to William C. Dement, the father of
sleep medicine, there are two essential features to sleep. The first is that sleep erects a
perceptual wall between the conscious mind and the outside world. The second is that it
is immediately reversible. This characteristic defines the difference between sleep and
sleep-like states such as comas, hibernation or anesthesia from which a person cannot be
immediately awoke (Dement, 1999). The state of sleep is found in all mammals and
almost a third of the human lifetime is spent sleeping, but the reason we need sleep is not
well understood (Colten, 2006).

Numerous sleep deprivation studies demonstrate the effects lack of sleep has on
cognition, learning, attention, stress, memory, health and overall quality of life (Goel,
Rao, Durmer, & Dinges, 2009; Alhola & Polo-Kantola, 2007; Ma, Dinges, Basner, &
Rao, 2015). The discovery and subsequent research on sleep disorders (e.g sleep apnea,
narcolepsy and insomnia) highlight what can go wrong with the body when we cannot
sleep properly. Over time, such disorders have long-term consequences on other aspects
of health (Dement, 1999). For example while sleep apnea is commonly associated with
cardiovascular diseases and diabetes, insomnia has been associated with hypertension,
cardiovascular diseases, depression, cognitive and motor impairment as well as many
other conditions (Dempsey, Veasey, Morgan, & O’Donnell, 2010; Zhuang et al., 2016).

Insufficient sleep over a span of time accumulates into a large sleep debt (Dement, 1999).



Dement acknowledges that people are aware of the dangers of drinking and driving, but
not many people are aware that in “nearly every accident linked to alcohol consumption,
sleep debt almost certainly plays a major role” (Dement, 1999, p. 68). Given that sleep is
tied to so many facets of human health, increased research in this relatively new field is
crucial to improving sleep as a preventative regime for other diseases and disorders.
Furthermore, research in enhancement of sleep can help improve attention, learning,
memory and overall improved quality of life. In order to expand on research in enhancing
sleep, understanding the neurophysiology of sleep and its mechanisms at a deeper level is
crucial.

Neurophysiology of Sleep

Sleep is also characterized by electrical changes in the brain, which are measured
using electroencephalograms (EEGs). Hans Berger, who invented the EEG, found that
when two electrodes or more were placed on the head, the voltage between them could be
recorded. His experiments showed that in the wake state, the EEG depicted fast but high
frequency and small amplitude waves. As a person drifted off into the state of sleep, these
waves became slower and less frequent with larger amplitudes.

As a person goes from wake to sleep, heart rate and respiration become slower but
more consistent as the muscles relax. Additionally, the temperature of the body also
decreases and the cells in the brain that are responsible for the state of wake reduce their
firing. The cells that send information from the body’s sense organs to the cerebral cortex
start to fire in a sequence of rapid bursts subsequently followed by rest periods, thus
preventing the flow of sensory information to the brain. This allows the person to ignore

any environmental disturbances. This process of rapid bursts of these groups of neurons



is what produces the high amplitude synchronous waves in the EEG, which is a
component of sleep known as non-rapid eye movement (NREM) sleep. On the other
hand, the rapid-eye movement (REM) component of sleep is a more “active sleep”
compared to NREM sleep. It is characterized by bursts of rapid-eye movements and
complete loss of muscle tone as the brain works at a faster rate than in periods of wake by
increasing the neuronal firings of action potentials in the central nervous system. These
90-min sleep episodes are complemented with ponto-geniculo-occipital (PGO) waves,
which in the EEG indicate the intense short-lasting bursts of neural activity that comes
from the brain stem and goes to the cortex. While both NREM and REM are two
components of sleep, there are several stages within NREM that are differentiated due to
their unique characteristics and function within the state of sleep.

Stages of Sleep

In 1953, Nathaniel Kleitman and Eugene Aserinsky discovered the state of REM
sleep, a pivotal finding in the field of sleep. Later on in the 1960s, Allan Rechtschaffen
and Anthony Kales characterized EEG waves into four stages of sleep. As a result of the
two discoveries, sleep can now be seen as two components: NREM and REM. NREM
can be further divided into stages 1-4 of sleep.

Stage 1 occurs at the onset of sleep and is the transitional state right between
wakefulness and sleep. It is characterized by vertex sharp waves known as alpha rhythm.
These vertex sharp waves are characterized by fast, distinct, upward (negative)
deflections and are monophasic. Stage 1 is also characterized by slow rolling eye
movement, which can be seen in an electrooculogram (EOG), which measures the

potential between the cornea and Bruch’s membrane at the back of the eye.



Stage 2 is easily distinguishable by two distinct EEG waveforms: the sleep
spindle and the K complex. While the sleep spindle essentially looks like a spindle on a
spinning machine, the K complex is a sharp negative upward spike that is followed by a
slower positive component. Sounds and sensory stimulation can induce a K complex. The
name itself comes from the fact that a knock on the door can induce this sharp negative
upward spike (Zygierewicz, Malinowska, Suffczynski, Piotrowski, & Durka, 2009). In
this stage, the EOG and electromyogram (EMG), which records electrical activity in the
skeletal muscles like the chin, are mostly irrelevant and the focus is completely on the
EEG. At this stage, sleep is still reversible as the person can be awoken from a loud
sound. However, it is a “deeper sleep” than stage one in the sense that if a sound is made
in stage 1 that can cause an arousal, then that same sound may only induce a K complex
in stage 2 (Dement, 1999).

The last two stages of NREM are stages 3 and 4. Most researchers combine these
stages and refer to it as slow-wave sleep (SWS). Both stages are characterized by large
delta and theta waves. However, stage 3 is characterized by 20-50 percent of the EEG
montage in high amplitude and slow frequency waves, while an EEG montage with more
than 50 percent of high voltage, slow frequency waves, characterizes stage 4. Considered
our “deepest stage of sleep”, SWS is also the stage most associated with memory
consolidation, specifically declarative memory consolidation (Marshall & Born, 2007).
However, before exploring the function of memory in sleep, it is fundamental to

understand what memory is and what its components are.



Types of Memory

Memory can be seen as an adaptive ability, the strength of which determines our
success of survival. By forming and retrieving memories, we add to our understanding of
the world facilitating our progression in common tasks and experiences. Memory
processing happens in three stages: encoding, consolidation and retrieval of the same
information. During encoding, the incoming stimuli are taken in as a memory trace, prone
to disturbances and decay through forgetfulness. However, during consolidation, the
same malleable memory trace is stabilized through a number of short-term memory
consolidations and eventually long-term consolidation, solidifying and integrating the
traces into a preexisting knowledge base. Retrieval is the process of being able to access
and recall that memory.

Memory is composed of two domains or types: short-term and long-term
memory. Short-term memory is the process of remembering information immediately
after acquiring it. Short-term memory typically holds a small amount of information (7
items or less) in an active state for approximately 10-15 seconds or even up to a minute
(Miller, 1956). The transformation of short-term memory to long-term memory is the
process of consolidation, which requires rehearsal along with meaningful association
(Cowan, 2008). Long-term memory further branches into declarative (explicit) memory
and procedural (implicit) memory.

Declarative memory, a component of long-term memory domain, is the memory
for facts and events, and it is memory that is consciously stored and retrieved. Declarative
memory further branches into episodic and semantic memory. Episodic memory is

memory of experiences and events while semantic memory is memory of meanings,



acquired external knowledge of the world, and concepts and meanings that are
independent of personal experiences (Cowan, 2008). While declarative memory is
“knowing that” of facts and events (e.g., knowing that London is the capital of England),
procedural memory is unconscious memory of “knowing how” to do things such as
routines or skills (Cohen & Squire, 1980). Rehearsals of routines (e.g., tying ones shoes
or riding a bike) are sensorimotor behaviors that are engrained so well that they
unconsciously performed due to previous experiences (Matthews, 2015). Both declarative
and procedural memories are tied to sleep with certain stages being more associated with
procedural memory (e.g., stage 2) and others stages being related to declarative memory
(e.g., stage 3 and 4) (Gais & Born, 2004). Regardless, a pivotal relationship between
memory consolidation and sleep exists (see review in Rasch, 2013).
Function of Sleep in Memory Consolidation

Memory consolidation refers to the process by which newly learned information
(also known as memory traces) is transferred from temporary to permanent storage. In
1900, Miiller and Pilzecker proposed the memory consolidation hypothesis. The
hypothesis stated that newly acquired memories are initially changeable and prone to
disruption before they undergo various biological processes that make the memories
more stable (McGaugh, 2000). This hypothesis has become the foundation of memory
research. One of the first findings of improved memory consolidation after sleep came
from a study done on declarative memory by Jenkins and Dallenbach in 1924 that
reported participants forget less nonsense syllables after periods of sleep compared to
after periods of wake. Then in 1973, another study found greater retention of associated

word pairs when subjects slept during the first half the night compared to being awake



during the day, suggestive of a certain stage of the night being more associated with a
declarative memory task. A seminal study done by Guilleminault and Dement (1977)
found that as a person got closer to the state of sleep onset, the memory for stimuli
presented during wakefulness decreased. The night before the memory task, participants
were only given two hours of sleep in order to build sleep pressure. The following day,
they were presented with single word stimuli, one minute at a time as they fell asleep.
During each sleep onset, participants were either given 30 seconds of sleep or ten minutes
of sleep. When they woke up, the participants were given a memory recognition task. The
findings of the study showed that when participants slept for no more than 30 seconds,
they were able to recall all the words heard before sleep onset. However, if they slept for
even ten minutes then participants experienced a deficit for words heard five minutes
before sleep onset. The researchers suggested the findings pointed to a “closing gate” or
period of information transfer from short-term memory and long-term memory, hence
explaining the absence of that information during testing. Therefore, compared to the ten
minute sleep condition, the 30 second sleep condition allowed for information to still be
present in short term memory for recall.

A neurophysiological model of sleep-memory relationships suggests that sleep
facilitates two memory consolidation processes: system consolidation and synaptic
consolidation (Born & Wilhelm, 2012). System consolidation is the dialog between the
neocortex and hippocampus that enhances newly acquired information over several years.
Specifically, system consolidation takes place during SWS rather than REM. System
consolidation is an ‘“active” consolidation that suggests that memories are reactivated

during sleep for the purpose of selective consolidation. Furthermore, when these



memories shift to long-term memory they undergo qualitative changes before they
become permanent (Born and Wilhelm, 2012). Synaptic consolidation is a relatively
faster consolidation process that allows for the rewiring and strengthening of the synapses
between neurons, solidifying of memory traces, and ultimately producing lasting changes
in the efficiency of the previously present synapses (see review in Rasch, 2013). The high
frequency EEG and hippocampal theta activity of REM is supportive of the strengthening
of synaptic connections compared to the slow EEG frequency present during SWS (see
review Giuditta, 1995). It is these synaptic connections that play a role in declarative
memory consolidation during SWS.
The Relationship between SWS and Memory Consolidation

Several studies have demonstrated the critical relationship between SWS and
memory consolidation (Marshall & Born, 2007; Diekelmann & Born, 2010; Rasch &
Born, 2013). These studies date back to 1971, when a differential effect of sleep on
memory was found during the first half of the night compared to the second half of the
night (Yaroush et al., 1971). In these experiments, participants were put into three
different conditions: NREM, REM and wake. Each group got 4 hours of sleep in their
respective condition. Participants in the “first half of the night condition” did not sleep
before learning while participants in the “second half of the night condition” got four
hours of sleep before learning. The participants in the second half of the night were
awakened from sleep in order to learn while the participants in the first half were not.
Researchers found that memory retention during the first half of the night was greater
than either REM or wake conditions. In an assessment of recall for paired-associate lists

(declarative memory), the benefit from sleep depended on the sleep phase and the



memory type (Diekelmann & Born, 2010). Recall of paired-associate lists improved more
during early sleep, where more SWS is found, relative to late night sleep, where REM is
more predominate.

In order to isolate SWS as a factor in improvement of cognitive learning, studies
have deprived healthy subjects of SWS (without affecting sleep time or efficiency) and
found a lack of improvement in visuo-perceptual and visuo-motor tasks (Bellesi, 2014).
Another study enhanced SWS through induction of slow oscillation-like potential fields
via transcranial application of oscillating potentials (0.75 Hz) during the stage and found
that it boosted the retention of hippocampus-dependent declarative memories in the
healthy population (Marshall, Helgadottir, Molle, & Born, 2006). In another study of the
role of SWS during a nap, researchers found that taking a 60-minute nap, which
comprised of SWS, but not a 10-minute nap without SWS, helped protect memory of a
paired association task from subsequent disruption. Together, these studies demonstrate
the pivotal relationship that the large EEG delta waves of SWS have in declarative
memory consolidation due to the strengthening of the recently formed synaptic
connections.

Homeostatic sleep pressure that builds during the day is an indicator of the
duration of SWS in a normal night of sleep. However, other factors such as caffeine
levels and the environment also play a role in sleep quality during the night. A certain
thermal comfort zone for humans is also necessary for proper sleep. Therefore, the way
our body regulates internal temperature in relationship with our external environment is a
process that is not only necessary to understand but it is also suggestive of novel research

that can be done to improve our sleep.



10

Thermoregulation in Sleep
When considering temperature and the human body, there are two types to
consider. The first is core body temperature, which is regulated by the brain and includes
the thoracic, abdominal and cranial cavities. The second is the shell temperature, which is
composed of the temperature of the distal parts of body such as the hands and feet. The
shell area acts as a protection for the core body area. Heat transportation throughout the
body is mainly done by blood medium convectively from core to distal areas. The shell
area of the blood becomes smaller in a cold environment and larger in a warm
environement. When the environment is cold, the shell area of the blood becomes larger
while it becomes smaller in a warm environment (Krauchi, 2012). This surface size is
regulated by two systems in the sympathetic pathway: the noradrenergic vasoconstrictor
system and the active vasodilator system. These systems regulate the constriction or
dilation of peripheral blood vessels but mainly of smooth muscles in arterioles, as well as
smooth muscles in arteriovenous anastomoses in distal skin regions (Hales, Jessen,
Fawcett, & King, 1985). Environmental temperature has a greater affect on the surface
temperature, which includes the skin temperature and the tissues and muscles of the
subcutaneous layer. Throughout the day, core body temperature and skin temperature
show an inverse relationship. Core body temperature stays high during the day and skin
temperature stays low. On the other hand, at night the core body temperature experiences
a dip and skin temperature rises (McGinty & Szymusiak, 1990). This is due to the body’s
decreased heat generation and increased heat loss during the night.
During sleep, skin temperature fluctuates between 28-37°C (Koehler, 1996). The

fluctuations in skin temperature are regulated by warm-sensitive neurons in the preoptic-
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anterior hypothalamus (POAH), the area of the brain adjacent to the superchiasmatic
nucleus (SCN) or body’s circadian clock. While the pre-optic anterior hypothalamus
contains neurons that are sensitive to small changes in the core temperature, it also has
neurons that receive input from various spinal and skin thermoreceptors (Boulant, 2000).
It integrates the various central and peripheral information it receives to better regulate
the body’s internal state and external environment. The role of POAH in
thermoregulation is supported by evidence that stems from early animal studies testing
the thermal stimulation of the area directly. In 1938, Magoun and colleagues elicited
panting in anesthetized cats by heating the area of the POAH. Results of the study helped
to confirm previous investigations that warmed the carotid blood entering the head in
animals and found that it resulted in sweating, peripheral vasodilation and
hyperventilation. Another similar study found that when the anterior hypothalamic
regions were warmed, shivering was instantaneously suppressed and peripheral
vasodilation immediately followed (Hemingway, Rasmussen, Wikoff, & Rasmussen,
1940). However, when the posterior hypothalamus was heated in similar conditions, there
was minimal reduction in shivering and no peripheral vasodilation. These studies
demonstrate the importance of the preoptic region in thermoregulation and that changes
in temperature signals to the hypothalamus regulate and alter physiological and neuronal
responses. Armed with the knowledge that a portion of the brain is responsible for
regulating specifically skin temperature, it can be practical to suggest that externally
changing the skin temperature can have an effect on the warm sensitive neurons in the

brain which aid in the thermoregulation of the body.
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A previous study found a beneficial effect of external manipulation by
demonstrating that a mild skin warming of approximately .4°C from a baseline
temperature helps induce deeper and longer full night sleep in adults of all ages
(Raymann, Swaab, & Someren, 2008). While there have been few studies on mild skin
warming during the full course of a night, there has yet to be an investigation on the
effects of mild skin warming on stage-specific sleep. Raymann et al. 2008, found that
warming the skin slightly (.4°C) enhanced SWS in young adults. In a similar mild skin
temperature manipulation (0.4°C) study of patients with narcolepsy, the location of skin
temperature manipulation (e.g., core or distal) had varying effects with SWS and REM
(Fronczek, Raymann, Overeem, Romeijn,Van Dijk, Lammers, andVan Someren, 2008).
Core body temperature regions suppressed wakefulness and enhanced SWS, while distal
skin warming enhanced wakefulness and stage one sleep with SWS and REM stages
suffering as a consequence. Therefore, mildly increasing the temperature of the core body
regions is suggestive of enhancement of our deepest sleep stage, SWS.

Implications and the Present Study

While SWS is important stage of sleep, demonstrating depth of sleep pressure and
being a marker of homeostatic regulation, it also plays a crucial role in declarative
memory consolidation. This form of memory consolidation, specifically semantic
memory, is pivotal in our daily lives when it comes to learning. Therefore, improving
sleep, through specifically increasing SWS suggests a possible mechanism for improving
cognition, particularly declarative memory. Raymann and colleagues (2008) showed that
a mild increase in temperature could help induce SWS across the age spectrum. Mild skin

temperature warming in the core area has been shown to enhance SWS (Fronczek et al.,
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2008). Since some stages of sleep (3-4) are more beneficial for learning than others
(Wilson, Baran, Pace-Schott, Ivry, & Spencer, 2012), determining whether sleep stages
can be independently enhanced with mild skin warming has enormous implications for
future research studies on learning and memory. Such research can be momentous for
young adolescents, college students and even young professionals. Unlike sleep
deprivation, fragmentation or interruption studies that normally occur in the field of sleep
research, this study helps boost sleep in order to study the stage-specific effects. By
comparing sleep duration during warmed stages with the control night, we aimed to
gauge whether warming does indeed affect specific stages more than others.

Since SWS has been associated with memory consolidation (Marshall & Born,
2007; Diekelmann and Born, 2010; Rasch and Born, 2013), our study also tested the
effects of memory consolidation as a result of mild skin warming in certain stages of
sleep. Previous studies have established a link between mild skin temperature
manipulation and SWS (Raymann et al., 2008; Fronczek et al., 2008). Furthermore, the
link between SWS and declarative memory consolidation has been found in numerous
studies. However, the link between mild skin temperature manipulation, SWS and
memory consolidation has yet to be investigated. Based on these previous studies, we
hypothesize that mild skin warming during SWS will lengthen time in SWS, and memory
consolidation will be greatest following the SWS warming condition. To test this we
compared the number of word pairs recalled during a declarative memory task before the
night of sleep and after for each condition. We also tested the differences sleep stages
durations across the three conditions (e.g SWS, REM and control), with particular focus

on SWS. The findings of this study may help the young adult population improve
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memory consolidation in both academic and social settings. If significant improvements
in SWS (e.g., longer and deeper) are found as a result of mild skin temperature
manipulation, this work will provide a tool to enhance memory consolidation in those

with poor sleep quality.
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METHOD
Participants

Seven healthy men and women, ages 18-30 years, were recruited through flyers in
the nearby five college area. A prescreening was done via phone or email, and those who
qualified came for the study. Out of 10 recruited participants, three participants dropped
out. Participants were excluded if they had a previously diagnosed sleep disorder, a habit
of napping, consumed more than 14 cups of coffee or alcohol a week, had prior
neurological disorders, or were taking any anti-psychotic or anti-seizure
medications/sleep aid medication. Due to the height constraints of the body suit,
participants were under 6°2”.

Experimental Design

This study was a within-participant experiment design over the course of three
nights: SWS, Control and REM nights, which served as the conditions and our
independent variables. The dependent variables included the percentage of time spent in
each stage along with the change in memory performance from the night before sleep to
the morning after sleep.

Materials and Procedure

The study included 4 sessions: one introductory session in which the participant
was introduced to the study and the three experimental sessions: REM warming
condition, control condition and SWS Condition. The first session was a viewing session
in which the participant was able to see the equipment and the apartment in which they
were asked to sleep in. The purpose of this session was to ensure that the participant
knew exactly what the study entailed. The researchers answered all questions so that the

participant was fully educated on the purpose and protocol of the study. The initial visit
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also gave participants extra time to think about participating before coming for their first
overnight stay. If participants were not comfortable with the protocol, they could opt out
of the experiment and were given partial payment for their time. However, they were
welcome to reconsider and contact us in the future, in which case the experiment would
be restarted from the first session of introducing the experiment. Each participant was
given our equipment description sheet (see Figure 1), which outlined where equipment

was placed on the body and what type of equipment was used.
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Figure 1. Full Protocol Set Up.

1. Three temperature leads (bottom left) measured skin temperature in real-time

2. A forehead lead (top right) estimated core temperature via extrapolation

3. A water circulating bath (bottom right) heated and maintained water temperature
before circulating it through tubes in the suit

4. A portable sleep-recording device (top left) monitored sleep stages.



18

If participants agreed to participate, they were asked to read and sign the informed
consent document (see Appendix A). The participants were given several forms to fill out
(see Appendix A) including the Epworth Sleepiness Scale (ESS), designed to determine
the participant's sleepiness level, or tendency to fall asleep or doze, (during certain
everyday activities, such as watching T.V. or having a conversation with someone); the
Pittsburgh Sleep Quality Index (PSQI), to measure the sleep quality and sleep
disturbances during the participant’s past month of sleep; the Morningness-Eveningness
Questionnaire (MEQ), designed to determine the participant's preferences to performing
tasks and activities during the morning hours or evening hours in order to determine if the
person was a 'morning person' or 'night person', and the Stanford Sleepiness Scale (SSS);
to determine the participant's sleepiness at the time of the memory tasks. After filling out
the consent forms and questionnaires, the participants and the research team discussed
and planned three meeting times during which the participant would undergo the
experiments.

Word-Pairing Recall Task

Prior to applying the electrodes on the scalp for the EEG, a declarative memory
task was done along with a Stanford Sleepiness Scale. In order to measure the formation
of new associations in a semantic network, researchers commonly use the unrelated
word-pair association task from a word list of single-syllable, high frequency, and
concrete nouns (e.g Frame, Shoe). A word-pair task was used to examine declarative
memory consolidation (Wilson et al., 2012). The stimuli were 40 semantically-unrelated
word pairs consisting of single-syllable nouns. There were four phases in the task

included encoding, immediate recall with feedback, immediate recall with no feedback
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and delayed recall. Encoding, immediate recall with feedback and immediate recall
without feedback were done in that respective order before electrode placement for
polysomnography (Figure 2). During encoding, word pairs appeared on a computer
monitor for 5s with a 100 ms inter-stimuli interval. Participants viewed the pairs and
were recommended to use a mnemonic strategy to help with memory. One specific
strategy suggested to participants was to use associations between the word pairs and
internal images in their mind. For example if “bush-rope” was presented, participants
could imagine holding onto a bush with a rope. Such an instruction was designed to aid in
hippocampal-dependent contextual learning, aiding memory recall (Toki et al., 2014).
Following this, participants practiced recalling the pairs with feedback. The first word
from each pair was presented individually in a random order. The first and last two pairs
of the encoded list were removed to eliminate primacy and recency effects, leaving a total
of 36 pairs. If the participant’s response was incorrect, the correct response was displayed
on the computer monitor for 750 ms. If the response was correct, the next stimuli
appeared on the screen. Recall practice continued until participants either reached 65%
proficiency or the full list of words appeared five times (Mantua, Mahan, Henry, and
Spencer, 2015).

After the encoding phase was the immediate recall phase, in which participants
were presented with one word from the encoded pairs and were instructed to recall the
corresponding word in the pair. In this phase, there was no feedback for incorrect
responses. In Session 2, which occurred after a 12-h break (post-night), participants

completed the Delayed Recall phase, which was identical to the Immediate Recall Phase.
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Night of Set-Up

A. Encoding
FRAME SHOE
AUNT ZOO
GOLD NOSE
C. Immediate Recall
(No Feedback)
Prime
FRAME presented
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Figure 2. Schematic of the Word Recall Memory Task. At night, the first phase was the encoding

(A) of 40 semantically-unrelated word pairs consisting of single-syllable nouns. Following encoding,

immediate recall (B) was done with feedback. If the answer was incorrect, the correct answer

followed. After achieving either 65% proficiency or the list was repeated 5 times, the immediate

recall with feedback ended. The next phase was the immediate recall with no feedback (C) in which a

prime was presented and a participant entered the target answer without any indication of whether it

was the correct or incorrect answer. The following morning, a delayed recall (D) task, identical to the

set up of the immediate recall with no feedback task was done.
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Mild Skin Warming

Participants were equipped with the skin-warming suit (a high-density tube suit)
during each of the 3 sessions. This spandex-like two-piece suit is equipped with a high
volume of thin tubes and has been used in previous studies (Raymann et al., 2008). The
tubes on the suit are connected by longer tubes, which connect to a water bath. Water is
circulated through the tubes using a water heating/circulating bath (MED-ENG), which
has been made especially for research (i.e., suit designed for ease of use with extra
zippers for quickly removing the suit in case of bathroom use or discomfort and extra
tubes for maximal skin coverage). The brand and model of suit selected for this particular
study has been used before to induce mild warming and cooling of skin temperature
(Raymann, Swaab, and Someren, 2008).

The water bath is a scientific instrument that can keep water at a constant, steady
temperature. The bath circulated water through the tubes so that the warmed water
reached the suit and effected skin temperature. Using this bath, subtle temperature
manipulation was able to occur at a quick rate (i.e., at the onset of a sleep stage).
Importantly, at the end of the stage, water temperature could easily be set back to the
baseline skin temperature determined earlier in the night. There was an attached digital
thermometer on the water bath that kept a constant reading of the water temperature.
Warmed water was the most effective way to induce mild skin warming, as water
temperature can be quickly manipulated. If another type of material (a heated blanket, for
example) was used, heat would not be able to escape the material immediately, and this

lingering heat on the skin would confound results.
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Participants were equipped with three temperature-monitoring leads (PT100
thermistors, as used in Raymann et al., 2008 and Fronczek et al., 2008) under the suit so
that an objective reading of skin temperature could be obtained throughout the
temperature manipulation. These leads were attached to the EXTECH SD200, 3-Channel
Temperature Datalogger. One thermometer lead was worn on the thigh, one on the upper
arm, and the last on the stomach (Raymann et al., 2008). The wires from these cords were
fed out of the suit in a hole designed for this purpose. Temperature leads were taped to
the body with medical tape, as done typically in full polysomnographic overnight sleep
studies.

Participants were equipped with a core temperature monitor on either side of the
forehead, ensuring it would not interfere with the PSG lead that was in the center of the
forehead. To do this, researchers asked participants what side they normally sleep on and
placed the core temperature monitor on the opposite side in order to reduce discomfort.
This monitor (SpotOn Core Temperature Monitoring System), which has been used in
previous studies (Iden, Horn, Bein, Bohm, Beese, and Hocker, 2015), offers a reliable
measure of core temperature without having to employ the standard method of core
temperature measurement (rectal thermometer). The forehead monitor was more
comfortable than the standard rectal method of core temperature monitoring and it was
easier for the researcher to apply because it did not disturb the sleep of the participant.
Previous studies have found that mild skin warming is so subtle that core temperature is
not affected (Raymann et al. 2008). Regardless, a core temperature sensor was used to
monitor body temperature, to demonstrate no fluctuations in core body temperature when

skin temperature warming occurred.
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Mild skin temperature manipulation of approximately 1-2°C was done in the
REM and SWS warming conditions on the onset of the REM or SWS stage. The
temperature was reverted back to baseline after either the period of SWS or REM ended.
If baseline temperature was found to be too close to a temperature of 100°F or 37.7°C
then temperature was only increased by 1°C in order to prevent awakenings during sleep.
In the control condition, participants wore the body suit but the water bath was not turned
on and therefore no temperature manipulation occurred. This was done to ensure the
control condition that an individual’s baseline temperature was not affected by a constant
source of warming, which would not occur in a natural setting.
Sessions
Each participant slept in the UMass Cognition and Action lab apartment three times
while being observed by a minimum of two researchers. Three sessions were necessary to
see whether mild skin warming during these two stages changed the depth and quality of
that specific sleep stage (REM and SWS) when compared to the control night. These
three sessions (REM, SWS and Control) occurred in a randomized order for each
participant. One male and one female researcher were present at all times during the
participant’s stay in the lab apartment. These two researchers remained awake throughout
the night to induce mild skin warming once the proper sleep stage was reached. The
researchers, thoroughly trained on sleep-stage identification, had a real-time monitoring
system of the sleep recordings and were easily able to see which stage of sleep the
participant was in. When it was the appropriate time, mild skin warming not exceeding
the threshold of discomfort was induced. The research team checked the temperature

monitors to ensure that the target temperature had been reached. The target temperature
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was 2°C greater than the average of the three-skin temperature leads at baseline. They
then made sure to confirm that the participant had not awakened and did not have any
physical or emotional discomfort. Depending on the stage the participant underwent
during mild skin warming (REM, SWS) that night, skin warming was induced
approximately five times in each stage and in total around ten times each night. Once the
participant had left that specific sleep stage, the temperature was returned to baseline. If
the participant needed to use the bathroom during the night, the researchers aided in
removing the body suit and disabling the polysomonography recording montage of the
EEG. The research team reiterated to the participant that he or she could remove the
suit/equipment at any point during the experiment and that there would be no negative
repercussions for ceasing participation.
Polysomnography

Participants were equipped with the polysomnography (PSG) electrodes in order
to record the participant's sleep physiology (sleep stages and other physiological markers)
for that night's sleep (see Figure 3-4 below). Polysomnography was recorded with the
Aura PSG ambulatory system (Grass Technologies). An electrode montage was applied
in the sleep lab approximately 2 hours before their typical bedtime. The montage
included 2 EOG leads (right and left ocular canthus), two chin EMG leads, and six
cortical EEG leads (F3, F4, C3, C4, O1, O2) with each electrode referenced to CZ and
one ground electrode in the center of the forehead. Electrodes (M1 and M2) were also
placed on the mastoid bone behind the ear. These electrodes are considered inert
references points, which are standard in a PSG protocol. Data analysis was conducted

according to the revised AASM manual (Silber et al., 2007). The full protocol set up can
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be seen in Figure 3 below. The PSG monitor was used to determine when participants

switched from one stage to another (i.e., when to induce or reduce warming).



» EMG Electrodes
« Chinl
+ Chin2
» Chin 1 is placed below
the chin
» Chin 2 is place on the
upper lip

Figure 3. PSG Application Face Placements

» Ground Electrode
« GND

« Middle of the forehead

(“The Third Eye”)

Figure 4. PSG Application Head Placements
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Analyses

Polysomnography:

This study was a within-participant design conducted over the course of three nights. The
participant’s percent of the night in each sleep stage was compared between nights for
each condition: REM, SWS, and control night. Polysomnography data were scored using
the American Academy of Sleep Medicine (AASM) Manual for the Scoring of Sleep and
Associated Events (Silber et al., 2007), identifying periods of wake and sleep stages
NREMI, NREM2, SWS, and REM. Total sleep across the night and the percentage in
each sleep stage was calculated and compared across all three conditions (control, REM,
and SWS). The number of arousals during each stage and each condition was calculated
by handscoring each participant’s PSG montage. Using SPSS, a 4x3 repeated-measures
ANOVA was done to test any differences between the each of the stages (SWS, REM,
NREMI and NREM2) in each of the three conditions: SWS, control and REM with alpha
set at .05. No post-hocs were run due to lack of statistical significance in any of the

repeated-measures ANOVAs.

Memory Consolidation
In order to see whether there was a difference in memory performance the night
before sleep compared to the morning after sleep in each condition, a change in memory

performance was calculated using an intersession score formula:

Intercession Score:

_ ((Accuracy of Delayed Recall) — (Accuracy of Immediate Recall) 100
B (Accuracy of Immediate Recall) x

(1)
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Word pair data was individually reviewed for total number of correct word pair
responses, allowing for misspelling. Recall accuracy was measured as a percentage of the
total number of word pairs (of 36 possible) correctly produced. The change in
performance between Immediate and Delayed Recall was assessed using an Intersession
Change score. Intersession Change in recall was calculated by subtracting the Immediate
Recall accuracy from the Delayed Recall accuracy and normalizing to baseline accuracy.
This score was our dependent variable and was compared between the pre-night and post-

night for all three conditions (REM, SWS, Control).
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Results

Skin Temperature:

Skin temperature was increased during both the SWS warming condition and the
REM warming condition, generally during the first half of the night and second half
respectively. The time it took for the temperature change to hit the target temperature
after manipulation was also recorded as the temperature latency. To demonstrate the
presence of a temperature warming during the intended stage and time of the night, a
representative sample of the average skin temperatures from a participant throughout the
night is represented in figures 5-7. Skin temperature fluctuations were more imprecise
than planned. Due to the variability in the baseline temperatures of each participant as
well as the variability in sleep staging across the night, the average of all seven of the
participant’s skin temperature leads is not shown. However, through one participant we
can see that skin temperature did increase during the second half of the night (figure 5)
and during the first half of the night during the SWS condition. In the control condition,
the skin temperature did not fluctuate much during the course of the full night of sleep 7-
8 hours (Figure 7). This demonstrates that the target temperatures during both REM and
SWS warming condition were reached and temperatures during control condition were

maintained with little fluctuation as predicted within our hypothesis.
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Sleep Time in Mild Skin Warming

For our analysis, repeated-measures ANOVA tests compared sleep staging among
the various conditions and number of arousals between all three conditions. There were
no significant differences between conditions (p>.35 in all statistical tests), indicating that

all conditions were similar in the distribution of sleep staging throughout the night.

A repeated measures ANOVA was conducted to assess whether there was
difference in the total sleep time spent in SWS for the SWS warming condition, control
condition or the REM warming condition. There was no statistically significant
difference between SWS in any of the conditions: SWS (M=26.67,5D=16.48), control
(M=21.35, SD=6.91) or REM (M=27.21, SD=14.68) conditions, F(;30s, 6540)=1.027,
MSE=96.31, p=222. Although there was an expected increase in the duration of time for
SWS in the SWS warming condition compared to either the control or REM warming
conditions.

In order to test the effects of REM in the SWS, control and REM warming
conditions, a repeated measures ANOVA was conducted. The results showed that there
was no statistically significant difference between REM in any of the conditions: SWS
(M=15.2, SD=8.82), control (M=15.5, SD=5.67) or REM (M=13.3, $D=6.98) conditions.
F(1308,6.540)=1.027, MSE=96.31, p=.222. Although there was an expected increase in the
duration of time for SWS in the SWS warming condition compared to either the control
or REM warming conditions.

For the sake of comparison between sleep stages, a repeated measures ANOVA
was conducted to assess the differences in total sleep time of stage 1 (NREM1) in SWS,

control and REM warming conditions. The results showed that there was no statistically
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significant ~ difference  between =~ NREMI1 between the following: SWS
(M=7.11,SD=14.45), control (M=1.85, SD=1.28) or REM (M=9.58, SD=20.22)
conditions, F(i00s, 5.042)=0.843, MSE=185.68, p=.459. Similarly, a repeated measures
ANOVA was conducted to assess the differences in total sleep time of stage 2 in SWS,
control and REM warming conditions. The results showed that there was no statistically
significant difference between stage 2 and SWS (M=54.65,SD=27.15), control (M=61.23,
SD=10.78) or REM (M=52.23, SD=25.25) conditions, F(;20, 5.99)=.661, MSE=216.98,
p=.537.

In order to examine sleep time of each condition rather than each stage, the total
sleep time in each condition was calculated and depicted in figure 8. The total sleep time
in SWS was (M=435 minutes, SD=29.31) and in control condition (=380 minutes,
SD=187.11) and finally (M=434, SD=42.49) in the REM warming condition. All nights
had sleep within the normal range for young adults (7-9 hours or 420-540 minutes). A
repeated measures ANOVA demonstrated no statistically significant difference in the
total sleep times among the three conditions, F(; 038, 5.191)=.410, MSE=11292.429, p=.675.

The percentage of time spent in different stages was assessed for all three
conditions. However, the results did not show any difference between the percentages
spent in each of stages across the three conditions. Figure 9 shows the percentage of time
spent in different stages (NREM1, NREM2, SWS, and REM) when skin temperature was
manipulated in SWS warming condition. Over half of the time (55%) spent in the SWS
warming condition was spent in NREM?2 (stage 2), followed by SWS with 27%, REM
with 15% and 7% spent in REM. Figure 10 shows the percentage of time spent in

different stages when a mild skin temperature increase was applied in REM warming
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condition. Over half of the night spent (54%) was spent in NREM2 (stage 2), followed by
SWS with 26%, REM with 13% and 8% spent in NREM1 (stage 1). Figure 11 shows the
percentage of time spent in different stages in the control condition, when no mild skin
temperature was applied. Over half of the night spent (61%) was spent in NREM2 (stage
2), followed by SWS with 21%, REM with 16% and 2% spent in NREM1 (stage 1).
These percentages reflect a relatively normal percentage of staging for each of the

various conditions.

Sleep quality cannot simply be the result of total sleep time in each stage or
condition. The number of arousals that disrupted sleep, thus changing the architecture of
sleep, may have also had an effect on memory consolidation depending on the stage it is
in. Figure 12 depicts the number of NREM (stages 1-4) arousals in each condition when a
mild increase in skin temperature was applied in the SWS warming condition. During the
control condition there were on average 8.5 arousals, followed by 9.7 arousals in SWS,
12.3 arousals in the REM warming condition. The least number of arousals was found to
be in the control condition and the greatest was found to be in the REM warming
condition. Figure 13 depicts the number of arousals in each condition when a mild
increase in skin temperature was applied in the REM warming condition. The least
number of arousals was found in the SWS warming condition with an average 1.3
arousals, followed by REM with 2.6 and finally control with 3.7 arousals during the

course of the night.
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Figure 9: Percentage of time spent in SWS (NREM 3-4) for different stages when skin

temperature was manipulated in SWS warming condition.
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Figure 11: Percentage of time spent in SWS (NREM 3-4) for different stages when skin

temperature was manipulated in SWS warming condition.
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Memory Consolidation via Word-Pairing Task

Word pair data was individually reviewed for total number of correct word pair
responses, allowing for misspelling. Recall accuracy was measured as a percentage of the
total number of word pairs (of 36 possible) correctly produced. The change in
performance between Immediate and Delayed Recall was assessed using an Intersession
Change score. Intersession Change in recall was calculated by subtracting the Immediate
Recall accuracy from the Delayed Recall accuracy and normalizing to baseline accuracy.
This score was our dependent variable and was compared between the pre-night and post-

night for all three conditions (REM, SWS, Control).

A repeated measures analysis of variance was conducted to assess whether SWS
improved memory consolidation compared to control condition and REM warming
conditions. The results indicated that there was no statistically significant improvement in
memory consolidation during SWS (M=.004, SD=.051) compared to control (M=.148,
SD=.431) or REM warming conditions (M=.045, SD=.081), F(i.063. 6.380)=1.099,

MSE=.133, p=338.

Results indicated a slight increase of .0054% in memory consolidation post-night
in the SWS condition compared to the number of word pairs remembered the night
before. During the control condition, there was a decrease of 0.018 % in the control
condition. Finally, there was a decrease of 0.056% in word pairs remembered in the post-
night condition compared to the night before (see Figure 16). However, a repeated-
measures ANOVA showed no significant differences between groups (p=.32), likely
because of the small sample size. The results of this behavioral task show a trend towards

supporting our hypothesis of an increase in memory performance or greater retention in
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the SWS condition. While in the control and REM warming conditions, which served as
controls, there was a greater decay of memory recall during the morning after sleep
compared to the night before sleep. The results of the two conditions confirmed the

hypothesis of no significant improvement being seen in either condition.
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DISCUSSION

Sleep Time

In order to see how sleep was affected by mild skin warming, we looked at the
total sleep time in each sleep stage for each of the three different conditions (e.g., REM,
SWS and control). More specifically, we were interested in the duration of SWS during
the SWS warming condition in comparison with SWS sleep time during REM and
control conditions when skin temperature was slightly raised. We hypothesized that a
mild increase in skin temperature would increase the duration of SWS time during the
SWS condition. However, we found no differences for sleep duration in any of our three

conditions: SWS, REM or control conditions

Generally, adults spend approximately 50% of their total sleep time in stage 2
sleep, about 20% in REM sleep, and the remaining 30% in NREM1 and SWS (Carskadon
and Dement, 2005). Our results showed very slight deviances from the average
percentages for each condition for a normal adult (see Figures 9-11). Figure 8 shows the
total sleep time in each condition of the experiment including SWS, REM and the control
condition. As predicted, the total sleep time was greater in the SWS warming condition
compared to control condition and the REM condition by 54 minutes and 16 minutes,
respectively. However, these differences were not statistically significance. The actual
percentage of time spent in SWS during the SWS warming condition was 27% (Figure
9), which was comparable to the 26% of time spent in SWS during the REM warming
condition (Figure 10) and only 6% greater than the 21% of time spent in SWS condition

during the control condition (Figure 11). Although no temperature manipulation occurred
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during SWS in the REM warming condition, an almost equivalent amount of SWS time
was spent in both the REM and the SWS warming conditions (both were greater than the
SWS time in control condition as well). Since one brief REM period typically occurs at
the beginning of the night (i.e., prior to more SWS later in the night), warming during the
first REM period may have affected later SWS even though this was the REM warming
condition. This may explain why there were more NREM arousals in the REM warming
condition compared to both SWS and control (Figure 12). Although warming occurs
during the second half of the night for the REM warming condition, warming during the
first REM bout in the first half of the night may have awoken the participants during
subsequent SWS and even NREM 2. Alternatively, any warming during the night may
have induced SWS, as the suit may have retained heat despite our attempts to allow the
skin to cool with time and skin habituates after prolonged exposure to a certain

temperature (Castellani & Young, 2016).

A skin warming study gave participants a period of 20 min for cooling (e.g., using
an ice pack wrapped in fabric), following a period of warming, and found that their skin
temperature did not decrease to baseline (Vuksanovic, Sheppard, and Stefanovska, 2008).
During the 30-minute recovery time after the cooling period, it took participants on
average an additional eight minutes to reach the baseline temperature. Thus, the
physiological response could only be detected well after 20 minutes. Kellogg (2006)
suggested that core skin area reaches its highest threshold value when cutaneous
vasodilation is fully activated. This is when sweating begins while the body is at rest. It is
important to note that this point of sweating is different during exercise or other forms of

active movement. In their study, Vukasonovic and colleagues (2008) found skin
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temperature thresholds for warming and cooling by studying the correlation between
blood flow and skin temperature. Their results suggest that the decrease in blood flow,
when temperature fell below 31-32°C, is indicative of a homeostatic response to
temperature falling below a lower limit of what is considered the neutral skin temperature
zone. Conversely, the upper limit of 36-37°C corresponds to the temperature-related
structural changes in hemoglobin that contribute to increased blood flow during the
warming periods. During our study, an arbitrary cut-off temperature for skin warming
was set at 37.7°C, or 100°F, to ensure no arousals occurred as a result of the warming.
However, we may not have warmed the skin enough and if we increased the temperatures
beyond 37.7°C, increased vasodilation may have occurred. But this could have also

caused more arousals as well.

Arousals

In young adults, arousals are prevalent but not too frequent (Colten, 2006). If they
do occur, they normally occur closer to REM onset, thus allowing sleep to remain
undisturbed. REM arousals were the most prevalent in the control condition with an
average of 3.67 arousals compared to REM warming condition with 2.57 arousals and
SWS warming condition with 1.3 arousals. There were no notable differences among the
number of arousals in each condition; however, arousals in the control condition may
have resulted from unforeseen factors such as being in a new environment, wearing the
body suit, or having electrodes placed on the head. Yet these same factors were present in

all conditions and may have had the same effects in each condition.

More NREM arousals occurred in the REM warming condition (12.28) than the

SWS warming (9.67) and control (8.5) conditions. Previously, it was demonstrated that
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fewer arousals occur during a skin warming condition (Raymann et al., 2008). However,
this study did not distinguish between NREM and REM arousals. Although we expected
more REM arousals to occur, generally skin warming is meant to reduce arousals
throughout the night. On the other hand in certain circumstances, imprecise skin warming
may have induced unexpected arousals as well. For instance, REM and NREM1 (stage 1)
have a similar EEG waveform pattern: a low frequency mixed voltage EEG. Given the
real-time skin-warming induction, distinguishing between these two stages may be
slightly ambiguous. Incorrect skin warming during NREM1 rather than REM, may have
led to more arousals since NREM1 has the lowest arousal threshold (Carskadon &
Dement, 2011). However, it could be argued that greater REM arousals should have been
expected compared to NREM arousals. This is because greater prevalence in REM
arousals compared to NREM arousals may be a protection mechanism to prevent

awakenings during NREM in young adults (Djik, 1998).

In animals, the thermoregulatory system is absent during REM, due to the loss of
thermo-sensitivity in many of the hypothalamic preoptic neurons (Parmeggiani, 1987).
However, in humans this function is not completely lost but rather the thermo-sensitivity
is reduced in REM in comparison to NREM and the wake state (Jennings et al. 1993).
Sweat rate increases during SWS compared to other sleep stages while in REM there is a
delayed onset of sweating, reduced sweat rate, decreased heat dispersal leaving the body
and reduced heat tolerance (Sagot, Amoros, Candas, & Libert, 1987). The reduced heat
tolerance can be seen as a factor in REM arousals being greater in the REM warming
condition compared to REM arousals in the SWS warming condition (Figure 13). Since

thermoregulation is absent in REM, it is not surprising that additional heat exposure may
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disrupt REM, therefore causing a lower percentage of time spent in REM when mild skin
temperature is induced in that stage (Figure 12). In addition to the lower percentage of
time spent in REM when temperature is induced in that stage, a greater percentage of
time spent in NREMI1 can also be an indicator of fragmented sleep. NREMI1 has the
lowest arousal threshold and a greater percentage of NREMI1 is a common sign of
disrupted sleep (Carskadon & Dement, 2011). The greatest percentage of NREM1 was
found in the REM warming condition (8%) compared to (7%) in SWS and (2%) in the
control condition. Therefore, although there was greater SWS in the SWS warming
condition (27%) and REM warming condition (26%) compared to control (21%), there
was also greater NREM1 compared to control. Therefore, it cannot be conclusively said

that the duration of SWS increased as result of mild skin temperature manipulation.

Skin Temperature Manipulation

Mild skin temperature warming of approximately 2°C was induced through a
water bath. The temperature was monitored by temperature leads placed on the arm,
stomach and calf of the participant’s leg within the suit. Temperature was monitored
throughout the night by these temperature leads in order to ensure that the induced
temperatures actually changed the temperature of the water in the SWS and REM
warming condition. The average of the participant’s temperature leads was recorded for
each condition. During the REM warming condition, increased temperature was prevalent
during the second half of the night (Figure 5) for the REM warming condition. This was
expected since the REM stage is more prevalent during the second half of the night. In
comparison, SWS occurs predominantly during the first half of the night. This increased

temperature was expected and did occur predominantly during the first half of the night
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(Figure 6). The leads also monitored temperature during the control condition. This was
done to ensure that the temperature did not fluctuate during the night. According to the
average of the skin temperature leads of participants during the control condition,
temperature did not fluctuate greatly during the night (Figure 7). Core body temperature
was monitored during the night for fluctuation during skin temperature manipulation
conditions. No noteworthy core body temperature changes resulted from mild skin

temperature manipulation, which has been demonstrated before (Raymann et al., 2008)

Memory Consolidation Behavioral Data

Our hypothesis predicted that a mild increase in skin warming would increase the
duration of SWS time during the SWS condition and subsequently increase memory
consolidation in that warming condition. Results indicate an increase of .0054% in
memory consolidation post-night in the SWS condition compared to the number of word
pairs remembered the night before (Figure 14). This result was in line with our
hypothesis that mild skin temperature manipulation would induce more SWS, which in
turn would improve declarative memory consolidation. However, these results were not
significant. During the control condition, there was an unexpected decrease of 0.018 % in
the control condition, since no percent change in memory performance was expected for
this condition due to absence of skin warming. An old theory suggested that memory
decays over time and does so even as a participant is asleep; hence stating that sleep had
no effect on memory. It was later found that sleep had a positive effect on memory, thus
rejecting the decay theory for the theory of interference (Yaroush et al., 1971). Therefore,
a full night’s sleep immediate following learning should have either helped retain

memory or improve slightly since no deprivation was done. Thus, the decrease in
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memory performance was not expected for the control condition or REM in which there
was a decrease of 0.056% in word pairs remembered in the REM warming condition
(Figure 14). Previous work has attempted to induce odors to reactive neuron firing during
REM and SWS and found that there was no effect of odor-induced memory reactivation
during REM sleep on declarative memory stability (Cordi, Diekelmann, Born, & Rasch,
2014). Since REM is not associated with declarative memory consolidation, the decrease
in memory performance may not be due to decrease in REM time during the REM
warming condition (Figure 10). However, disrupted sleep through arousals could have
contributed to interference in consolidation during any of the NREM stages, but
specifically during SWS. A presence of a REM bout in the first half of the night, may
have elicited skin warming that caused arousals during NREM, thus disrupting SWS and
any memory consolidation occurring at the time. Ekstrand, Sullivan Parker and West
(1971), did not find any differences in memory between REM and stage 4 deprivation for
two lists learned through an RI paradigm. However, the possibility exists that this
deprivation protocol resulted in many awakenings during the night that may have
disrupted the consolidations effects that would be present if the participant had
undisturbed sleep (Yaroush et al., 1971). Therefore, arousals may play a greater role in

impairing consolidation than expected.
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Implications for Study:

SWS is a crucial component of sleep and deprivation of SWS can affect cognitive
learning. Raymann et al. (2008) showed that a mild increase in temperature could help
induce SWS across the age spectrum. However, since such an effect has only been tested
over a full night of sleep, this study tested the effects of mild skin warming in specifically
SWS and REM sleep. Since stages of sleep (3-4) are more beneficial for learning than
others (Wilson et al., 2012), determining whether sleep stages can be independently
enhanced with mild skin warming has enormous implications for future research studies
on learning and memory. The findings of this study can help the young adult population
improve memory consolidation in both academic and social settings. Greater sample size
may be needed in order to reduce error margins and extrapolate findings to a larger
population of young adults. Difficulty in differentiating between REM and NREMI1
stages may have confounded results by increasing the skin temperature in NREM1 rather
than REM. In the future, improved real time EEG analysis of REM staging may aid in
properly staging REM sleep, which is commonly confused with NREM1. In improving
the ability to distinguish between REM and NREMI, the accuracy of skin warming
during the REM stage can improve. A period of cooling may be needed following
warming based on research done on skin habituation (Castellani & Young, 2016). This
could also compensate for the body suit retaining heat following reduction of temperature
to baseline. Future updates in the protocol or another study could potentially use two
water baths, one for warming and the other with water of a cooler temperature that is set

at baseline skin temperature or lower. However, this would require the use of a new suit
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design that would be able to include tubes for both water baths, ensuring no cross-
circulation.

Based on previous studies, we hypothesized that there will be a greater
improvement in memory consolidation as a result of a mild increase in temperature in
stage 3 and 4 or SWS. Our results demonstrated a trend depicting mild skin temperature
warming in SWS to be better for memory consolidation than control and especially REM,
but these results were not significant. Further research is needed to verify whether mild
skin warming may help increase duration of SWS and consequently improve memory
consolidation. In addition, performing an EEG spectral analysis may also be useful in

assessing sleep quality at these specific sleep stages.



APPENDIX A

Stanford Sleepiness Scale (SSS)
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Degree of Sleepiness Scale Rating
Feeling active, vital, alert, or wide awake 1
Functioning at high levels, but not at peak; able to concentrate 2
Awake, but relaxed; responsive but not fully alert 3
Somewhat foggy, let down 4
Foggy; losing interest in remaining awake; slowed down 5
Sleep, woozy, fighting sleep; prefer to lie down 6
No longer fighting sleep, sleep onset soon; having dream-like 7
thoughts
DATE TIME SCALE RATING
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Epworth Sleepiness Scale
Name: Today's date:
Your age (Yrs): Your sex (Male = M, Female = F):

How likely are you 10 doze off or fall asleep in the following situations, in contrast to feeling just
tired?

This refers to your usual way of life in recent times.

Even if you haven’t done some of these things recently try to work out how they would have affected
you.

Use the following scale 1o choose the most appropriate number for cach situation:
0 = would never dozc
1 = slight chance of dozing
2 = moderate chance of dozing
3 = high chance of dozing
It is important that you answer each question as best you can.

Situation Chance of Dozing (0-3)

Sitting and reading

Watching TV

Sitting, inactive in a public place (e.g. a theatre or a meeting)

As a passenger in a car for an hour without a break

Lying down to rest in the afternoon when circumstances permit

Sitting and talking to someone

Sitting quietly after a lunch without alcohol

In a car, while stopped for a few minutes in the traffic

THANK YOU FOR YOUR COOPERATION



Name Date
Sleep Quality Assessment (PSQI)

What is PSQI, and what is it measuring?
The Pittsburgh Sleep Quality Index (PSQI) is an effective instrument used to measure the quality and patterns of sleep in adults. It
differentiates “poor” from “good” sleep quality by measuring seven areas (components): subjective sleep quality, sleep latency, sleep
duration, habitual sleep efficiency, sleep disturbances, use of sleeping medications, and daytime dysfunction over the last month.

INSTRUCTIONS:

The following questions relate to your usual sleep habits during the past month only. Your answers should indicate the most
accurate reply for the majority of days and nights in the past month. Please answer all questions.

During the past month,

1. When have you usually gone to bed?

2. How long (in minutes) has it taken you to fall asleep each night?

3.  What time have you usually gotten up in the morning?

4. A How many hours of actual sleep did you get at night?

B. How many hours were you in bed?

5. During the past month, how often have you had trouble sleeping because you Notduring | Less than Once or Three or more
the past once aweek | twice a times a week
month (0) (1) week (2) (3)

A. Cannot get to sleep within 30 minutes

B. Wake up in the middle of the night or early morning

C. Have to get up to use the bathroom

D. Cannot breathe comfortably

E. Cough or snore loudly

F. Feel too cold

G. Feel too hot

H. Have bad dreams

|. Have pain

J. Other reason (s), please describe, including how often you have had trouble sleeping because of this reason (s):

6. During the past month, how often have you taken medicine (prescribed or “over the counter”) to help you sleep?

7. During the past month, how often have you had trouble staying awake while driving, eating meals, or engaging in
social activity?

8. During the past month, how much of a problem has it been for you to keep up enthusiasm to get things done?

9. During the past month, how would you rate your sleep quality overall? Very good Fairly good Fairly bad | Very bad (3)
(0) (1) @
Scoring

Component 1 #9 Score C1
Component 2 #2 Score (<15min (0), 16-30min (1), 31-60 min (2), >60min (3))

+#5a Score (if sum is equal 0=0; 1-2=1; 3-4=2; 5-6=3) C2
Component 3 #4 Score (>7(0), 6-7 (1), 56 (2), <5 (3) C3
Component 4 (total # of hours asleep) / (total # of hours in bed) x 100

>85%=0, 75%-84%=!, 65%-74%=2, <65%=3 C4
Component5  # sum of scores 5b to 5j (0=0; 1-9=1; 10-18=2; 19-27=3) C5
Component 6 #6 Score Cé
Component7  #7 Score + #8 score (0=0; 1-2=1; 3-4=2; 5-6=3) C7

Add the seven component scores together Global PSQI

A tofal crore nf 87 nr aroafer ic indicative of noor cloon aualifv.
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