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enneth Parks got up from the couch wh
miles to his in-laws’ home. There he strug
bing his mother-in-law repeatedly, killing her. 566 e s

+here he told the police that he thought he had “kill ve to t
was that he was sleepwalking. Based on the testi
motive—Ken had an affectionate relationship with
murder (Broughton et al., 1994).

thefledgling discipline of psychology near the end of th
nique of infrospection was subjective: The observations were open only to the individuals doing
theintrospecting, who often dis agreed with each other. This failing encouraged the development
ofbehaviorism, which was based on the principle that psychology should study only the relation-
ships between external stimuli and observable responses. Behaviorism was a necessary means of
deansing psychology of its subjective methods, but its purge discarded the subiect matter along
with the methodology. The interests of psychologists would not shift back to include internal
| Yperience until the emergence of the field of cognitive psychology in the 1950s and 191605'. cfowity
Many cognitive psychologists were finding it difficult to under§tand psycho ?f(l)cnascious—
ssuch as learning and perception without taking account of various lszecti ;)med £
138 8tll, fewy of them tackled the subject of consciousness itself. The pro err; stqs s
: : ere was o clear definition of consciousness, and the bias that ccl)lrlStC}:g;Sszves ‘;/ith philoso-
P?lrelr):l ‘;)qsop hers still lingered. Gradually, some of them begaer;gl?styrategies for exploring this
»Diologists, ar d computer experts to develop new res

| fion
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1 ! i SEaETL .
the observation that species with higt ab¢ ‘
2 ~ 1 Sy S i s ssis: according to this view, the amount
Rechtschaffen, 1974). A less obvious explanation is the adaptive hypothesis; accor "‘| ations (WAbNISTH
C i : : Iy ~ £ . | safety ¢ ¢ rations 5
of sleep an animal engages in depends on the availability of food and on safety conside ;

Elephants, for instance, which must graze for many hours to meet their food needs, sleep Ifl"C”Y- -A‘mmalis V.V‘th
low vulnerability to predators, such as the lion, sleep much of the time, as do animals l.hzll' f1 1_1d safety by hldmg,
like bats and burrowing animals. Vulnerable animals that are too large to burrow or hide—for e)fample’ horses
and cattle—sleep verylittle (Figure 15.1). In a study of 39 species, the combined factors of body size and danger
accounted for 80% of the variability in sleep time (Allison & Cicchetti, 1976). : :

Aninteresting new idea is that the brain cleanses itself of toxins during sleep. Researchers at the Umversxt'y of

Rochester in New York recently discovered a network of channels formed by glia, which transport cerebrospinal
fluid (CSF) through the brain. By injecting a colored dye in the brains of mice as they slept and a dye of another
color when they woke up, the researchers determined that large amounts of CSF flowed through the brain during
sleep but not during the awake state. The researchers then injected [3-amyloid proteins into the brains of the mice
and found that the CSF cleared the proteins out of cells twice as fast during sleep (Xie etal., 2013). (Students note:
This is one more argument for getting enough sleep!)

Whatever the function of sleep may be, its importance becomes apparent when we look at the effects of
sleep deprivation. These effects are nowhere more evident than in shift work. Shift workers sleep less than day
workers, and their work performance suffers as a result (Tepas & Carvalhais, 1990). Also, they typically fail to
adjust their sleep-wake cycles adequately, because their sleep is disturbed during the day and they conform to
the rest of the world’s schedule on weekends. With their work and sleep schedules at odds with their biological
rhythms, shift workers find that sleep intrudes into their work and daytime arousal interferes with their sleep.
Another study with mice may give us a clue why this happens. After just a few days of sleeping three to five
hours a day, the mice had lost 25% of the neurons in the locus coeruleus, a part of the brain that is important
for alertness (J. Zhangetal., 2014).

In long-term sleep deprivation studies, impairment follows a rhythmic cycle—performance declines during
the night and then shows some recovery during the daytime (Horne, 1988). The persistence of this rhythm rep-
resents a safety hazard of gigantic proportions when people try to function at night. The largest number of single-
vehicle traffic accidents attributed to “falling asleep at the wheel” occur around 2 a.m. (Mitler et al., 1988), and
the number of work errors peaks at the same time (Broughton, 1975). In addition, the Three Mile Island nuclear

chemical plant leakage, which poisoned more than 2,000 people, began shortly after midnight; and the Exxon
Valdez ran aground at 12:04 a.m., spilling 11 million gallons of oil into fragile Alaskan waters (Alaska Oil Spill
Commission, 1990; Mapes, 1990; Mitler et al., 1988).
Travel across time zones also disrupts sleep and lmpairs performance, i
castward. Itis difficult to quantify the effects of Jjet lag, but three rEsearchers havf :::;rcrlll;:éyty c}iloe Islo);(x))uatrrlg‘\:g
way by comparing the performance of baseball teams. When East Coast and West Coast teams played at h
their percentage of wins was nearly identical—50% and 49%, respectively. When the travzl );1 : Orrllle’
ontinent but had time to adjust to the new time zone, they showed a typical visitor’s diZad te acr(')ss t :
1 9% of their games. Teams traveling west without time to adjust won about the same, 43 8“:/a . fage’ e,
whereas teams trayveling east won only 37.1% (Recht, Lew, & Schwartz, 1995) Slcee i .l' i :
you extend the day’s length by traveling west, rather than shorten it as you do wh'e - ey
looking at this effect is that it is easier to stay awake past your bedtime than it is to 3 Yt)u t e A Ohe et
sleepy. We will examine a more specific explanation in the next section, when we ¢ go O_b\l.e P VYhen you are not
> We consider circadian rhythms.
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sreadian Rhythms

awin Chapter 14 that a circadian rhythm is a rhythm that is about a day
—esfrom the Latin ('-,,-m’ meaning “approxi mately” and dig, s fd az inlength; the term circadian o h
e insynchrony with the solar day. We sleep once e 2 andgbozy. tWe Operate ona 24-hour (hr) irtho:'Tt‘asnt?
acion, R e ot variety of other i decr’ease duriﬁ eorllllperature, alertnesg urine p ?
saseduring our normal waking period, even when we reverse our sleep-waie scrhne(c)ir?lil S pe.rlod and
Themain biological clock that controls these rhythms in mammals is the suprachias;lqztiirsgcolrarﬂ();c
shypothalamus. Lesioning the SCN in rats abolishes the normal 24-hr rhythms of sleep activit)futjod i\i)n(l)-f
wnre, drinking, and steroid secretion (Abe, Kroning, Greer, & Critchlow, 1979; Stephan é(Nunez: 197;7). The
(iswhatis known as a pacernaker; because it keeps time and regulates the activity of other cells. We know that
zmythm arises in the SCN, because rhythmic activity continues in isolated SCN cells (Earnest, Liang, Ratcliff,
{zsone, 1999; Inouye & Kawamura, 1979). Lesioned animals do not stop sleeping, but instead of following the
sl day-night cycle, they sleep in naps scattered throughout the 24-hr period. So the SCN controls the timing
“ieep, but sleep itself is controlled by other brain structures, which we will discuss later. The SCN is shown in
farel5.2,and you can check Figure 6.2 to see its location.
The SCN is entrained to the solar day by cues called zeitgebers (“time-givers”). If humans are kept in
slation from all time cues in an underground bunker or a cave, they usually lose their synchrony with
ifda)unight cycle; in many studies, Zeitgeber-deprived individuals “drifted” to a day that was abogt 25
“long, with a progressively increasing delay in sleep onset (Figure 15.3; Aschoff, 1.984). For a‘lofrllg time,
sarchers believed that alarm clocks and the activity of others were Fhe'most 1n;P(;1rtta;1: ﬁlel 1;:;2::5
ﬁfitentrain our activity to the 24-hr day, but research points more convincingly to light a p v ;
Ziigeber,

Q Why are
circadian

PN LI entraining the day-
; The difference in light intensity between the light an.d dafk Perlojss ;Z lﬁg‘éztr?:;tli’er S gurmg i f;:ﬁ éo nl:z:ein: ;:Iyy
fghtc)’de. One group of night workers worked under bright lights and slep the semidarkness thatis typical  healthy, weaithy, and

4 (ligh discrepant); a second group worked under normal light and slept in e

dth?d?y sleep er (similar light). The ljght-discrepant workers scored higher in

ized wit
“light workers. Their physiological measures also syncgrgglg; e
Pl their body temperature dropped to its low value around >:

performance and alertness than
h the new sleep-wake cycle; for
hen they were asleep, but the

—Benjamin Franklin
e T AT ey ) )
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FIGURE15.2 The SuprachiasmatiM

(@) The nuclei, indicated by the arrows, took up more radioactive 2-deoxy-glucose in the scan because the rat was injected during the
“light-on” period of the day; (b) the rat was injected during the “light-off” period.

(a)

on from W. J. Schwartz and H. Gainer, “Suprachiasmatic Nucleus: U

2 $ i s and workine 1 L
A urat 3:30 a.m. in .\‘hilvu[lwlll{-l awake and Hwl\mg,.(CZelSlerel'al.,
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‘ kcrs who rotate shiftg
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24-hrd | X gh o mstances; and like a clock that runs too slowly,
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nia and impaired functioning, A ‘ : g
Why the internal clock would operate on a 25-hr cycle is unclear, especially "”1(‘7_“”“““115 kept.m isola-
tion typically run on a 24-hr cycle (Czeisler etal., 1999). Some researchers l‘»c_ht‘\'e thatit hias somethmg todo
with the 24.8-hr lunar cycle, which influences the tides and activity cycles of a number of marine species (T.
S. Kaiser, Neumann, & Heckel, 2011; Tessmar-Raible, Raible, & Arboleda, 2011). Cze?sler al.nd his c_olle.agues
(1999) suggested that the 25-hr cycle inisolation studies is no more than an artifact of allowing .the individu-
als to control the room lighting. Bright light late in the day causes the cycle to lengthen, so Czeisler kept the
light at alevel that was too low to influence the circadian rhythm while people lived on a 28-hr sleep-wake
schedule. Under that condition, their body temperature cycle averaged 24.18 hr, which led Czeisler to con-
clude that the biological rhythm is approximately 24 hr long. By the way, if you think a lunar influence op sleep
is hard to believe, Swiss researchers have preliminary evidence for it. Near the time of the full moon, volun-
teers sleeping in a windowless laboratory slept 20 minutes less, produced halfas much melatonin, and had
30% less of one stage of sleep than at other times of the month (Cajochen etal,, 2013). The researchers believe
this observation represents an inherent biological rhythm, but they admit that the results could haye been
influenced by exposure to brighter evening light before their subjects entered the laboratory.
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+out 1% of ganglion cells respond to light directlyand | (s
v.mS nto the retinohypothalamic pathway (Berson, ‘
; ykao, 2002; Hannibal, Hindersson, Knudsen, Georg, |
s 1002; Hattar, Liao, Takao, Berson, & Yau, 20023.
*"__joncells contain melanopsin, which is a light-sensi-
nce,or photopigment (Dacey etal,, 2005; Pandaetal,
»h;l 21, 2005). The melanopsin is located in their widely
: ;_ sendrites, which suits the cells for detecting the over-
_;. 0 light, as oppOSEd to contributing to image formation
i 15._‘[). A study has confirmed that human retinas have

aand cveling

Wadsworth, a division of Thomson Leaming.

= ininsome of their ganglion cells (Dkhissi-Benyahya, 7

. Hut, &Cooper, 2006).

gayever, synchronizing the rhythm does not account for the rhythm itself. The internal clock consists of
-:;:seneS and their protein products (Clayton, Kyriacou, & Reppert, 2001; Hastings, Reddy, & Maywood,
+ Shearman et al., 2000); the genes fall into two groups, one group that is turned on while the other is
,_u off. When the genes are on, their particular protein products build up. Eventually, the accumulating
-mtum their genes off, and the other set of genes is turned on. This feedback lqop pro.vid.es the approxi-
_4r4-or 25-hr cycle, which then must be reset each day by light. This process s nOt.llfl’l.lted to neurons
45CN: there are additional clocks, located outside the brain and controlling the activities of thel‘;)Odyt S
ns(Hastings et al., 2003). These clocks operate independgntly of the SQN, but t}(lje SClN ch?rlgis nt c:(r)rth(;
,;:da\'—night cycle. Feeding is an example of an activity thatis c.o'ntrolled.mdeper;1 enF y.a : acr ] iase 5
rchers, local clocks that affect blood pressure and heart actht.y e).(plam why there ’;‘ : do%k o
“ikofheart attack, stroke, and sudden cardiac death after waking in thedmziirgnné.

‘snotalways operate properly, as we saw in Chapter 14 with some depressed p :

athms During Waking and Sleeping rhe b i
4 : circadian rhythm are severa 7 functions follow regular
iﬂag‘(i]:)’t?rfld;y iﬁnlg-lzv:;eo;iﬂ;iodu ction, urinary output, alert;lessya?::: iont}tl;; wee hours of the morning
"dﬁthroughoutgth;g day. For example, the dip in alertness and per Oftrend for by postlunch sleepiness, bgcausef
fimored by another i yéhe carly afternoon, which cannot beaccoull 1Ly, this dip coincides with the time 0
5*00ccursy in ! "—E . ho ski Ylunch (Broughton, 1978)! Inad’i‘rtlltabz;ic rest and activity cycleis - rh.ylhfomr
Wiy pli:op ew d0 esff[ eriod in nonhuman primates e hat they were thinking every > mif
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Source: ;
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Architecture, Projections, and Intrinsic Photosensitivity,” by S. Hattar, H. W. Liao, M. Takao, D. M.
American Association for the Advancement of Science (AAAS). Reprinted with permission from AAAS.

10 hr, the contents showed that they were daydreaming on a 90-min cycle; EEG recordings verified that these
were periods of decreased brain activity (Kripke & Sonnenschein, 1973).

The common view of sleep is that it is a cessation of activity that occurs when the body and brain become
fatigued. Sleep, however, is an active process. This is true in two respects. First, you will soon see that sleep is a
very busy time; a great deal of activity goes on in the brain. Second, sleep is not like a car running out of gas but
instead is turned on by brain structures and later turned off by other structures.

The most important measure of sleep activity is the EEG. When a person is awake, the EEG is a mix of alpha
and beta waves. Alpha is activity whose voltage fluctuates at a frequency of 8—12 hertz (Hz) and moderate ampli-
tude; beta has a frequency of 13-30 Hz and a lower amplitude. Beta waves, which are associated with arousal and
alertness, are progressively replaced by alpha waves as the person relaxes (Figure 15.5). It may seem strange that
the amplitude of the EEG is lower during arousal. Remember that the EEG is the sum of the electrical activity of
all the neurons between the two recording electrodes. When a person is cognitively aroused, neurons under the
elec.trodes are mostly desynchr011i?ed in their firing as they carry out their separate tasks; with the neurons firing
at different times, the EEG has a high frfequency, but the amplitude is rather low. As the person relaxes, the neu-
rons l-lave less processing to.do and fall mto'a pattern of synchronized firing. The rate is low, but the cumulative
amplitude of the neurons firing at the same time is high.

i R, 5 s e it s vty 4
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g K complexesia sharp, large waves that occur about once a minute; s

) : leep spindles are briefbursts
i10-to 14-Hz waves that appear to servea gating function, preventing disruptive stimuli from reaching the

oexand waking the sleeper (Dang-Vu, McKinney, Buxton, Solet, & Ellenbogen, 2010). Stages 3 and 4 are
own as slow-wave sleep and are characterized by large, slow delta waves at a frequency of 1-3 Hz. The per-
gmoves around in bed during this period, turning over and changing positions. Sleepwalking, bedwetting,
ndnight terrors, disturbances that are common in children, occur during slow-wave sleep, too. Night ter-
sare not nightmares but involve screaming and apparent terror, which are usually forgotten in the morn-
g they are not a sign of a disorder unless they continue beyond childhood. After Stage 4, the sleeper moves
rther quickly back through the stages in reverse order. But rather than returning to Stage 1, the sleeper enters
mideye movemnent sleep. : ; :

Rapid eye movementp (REM) sleep is SO called because the eyes dart back and forth honzontalllzf (tm?f ft::ts
zge. The EEG returns to a pattern similar to a relaxed waking state, butthe perjon do; Z?S&Egs?e:peﬁzs name)_
lh'e Seeper is not easily aroused by noise but does respond to r‘neamngﬁg sou:xs es, Z‘:;doxical el
liseasy to see why some researchers call this stage pamdoxzcal sleep, because P
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L M sleep, about 80% of the

| Lﬁm\\ also oecur during the ges, but they are less fre-

: i and less \;&Hu\»;mnor‘\_ Even people who say that thev do not dream report dreaming \\f}}en
are awakened from REM sleep; their non-REM sleep dreams are less frequent, though, and they often

describe their experience as “thinking” (H. B. Lewis, Goodenough, Shapiro, & Sleser, 1966). Apparently, “non-
dreamers” just f?:i] to remember thei} dreams in the morning; in fact, we ordinarily remember a d{eam (?nl)'
if we wake up before the short-term memory of the dream has faded (Koulack & Goodenougl}. 1976). High-
density EEG recording (using 256 channels) has revealed high-frequency activity (10-50 Hz) 1f1~areas Felated
to the dream content—in the right posterior parietal cortex when the dream concerned a Spea)hc‘ spatial set-
ting, in Wernicke’s area when speech was involved, and in the fusiform face area when people’s faces were a

partof the dream (Siclarietal., 2017).

The Functions of Sleep

The effects of sleep loss leave no doubt about the importance of sleep. You have seen, for example, that the
early morning hours are particularly vulnerable times for traffic accidents and major disasters. Cognitive
impairment suffers especially; reducing sleep time to 6 hr or 4 hr for 14 days reduced alertness and working
memory performance, with deficits equivalent to one night or two nights of total sleep deprivation, respec-
tively (Van Dongen, Maislin, Mullington, & Dinges, 2003). Early research efforts were based on the idea that
the main function of sleep is rest and restoration, with the major focus on non-REM sleep. One reason is that
after total sleep deprivation, Stage 4 non-REM sleep is recovered before REM sleep (Anders & Roffwarg,
1973). Another reason is that slow-wave sleep increases following exercise; after athletes competed in a
92-kilometer race, slow-wave sleep was elevated for four consecutive nights (Shapiro, Bortz, Mitchell, Bartel,
& Jooste, 1981). However, this effect appears to be due to overheating rather than fatigue. The night after peo-
ple ran on treadmills, slow-wave sleep increased, at the expense of REM sleep; but if they were sprayed with
water while they ran, their body temperature increased less than half as much and there was no change in
slow-wave sleep (Horne & Moore, 1985). Horne & Harley (1989) believed that the slow-wave sleep increases
are more related to the increase in the temperature of the brain than the increase in body temperature; heating
only the head and face with a hair dryer was sufficient to increase slow-wave sleep later. According to Horne
(1992), slow-wave sleep promotes cerebral recovery, especially in the prefrontal cortex, and there is evidence
it restores processes involved in cognitive functioning. M. H. Bonnet and Arand (1996) gave people either
caffeine or a placebo before a 3.5-hr nap. The caffeine group had reduced slow-wave sleep during the nap;
although they felt more vigorous and no sleepier than the placebo group, they performed less well on arithme-
tic and vigilance tasks during a subsequent 41-hr work period.

To find 01.1t.what functior.ls REM sleep serves, researchers deprived volunteers of REM sleep by waking the
research participants every time EEG and eye movement recordings indicated that they were entering a REM
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in other words, the peaks of one
wave coincide with the peaks of
the other. (You may remember
from Chapter 12 that hippocam-
pal theta is necessary for LTP to

Jen this was done the syt

Source: Adapted from “Practice With Sleep
T. Brakefield, A. Morgan, J. A. Hobson, and R. Stickgold, 2

Makes Perfect: Sleep-Dependent Motor Skill Le
003, Neuron, 35, pp- 205-211.

aming,” by M. P. Walke
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& FIGURE 15.8
REM Sleep With Overnight Task Improvement.
&raphs show the Correlation of slow-wave sleep
(SWS) andg REM sleep with improvemom on a visual
discrimination task at the heginm‘ng of the next day’s
practice. They indicate that SWS has more effect during the
first quarter of the night, whereas REM is important during
the fourth Quarter.
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Brain Structures of Sleep and Waking

We have seen one of the ways sleep can be regarded as an active process: A great deal of activity goes on jp the

brain during sleep; in fact, the brain’s energy use is not significantly lower' in sleep than during waking, and
May even increase during slow-wave sleep (Dworak, McCarley, Kim, Kalinchuk, & Basheer, 2010). po, the

will begin with the structures that prodyce wakefulness.

Waking and Arousal Controls
The waking network consists of two major pathways (Figure 15.9); we will start with the brainsten arousal
tivating signals to higher levels of he brain, This ascending Pathway is itgelf
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Uctures of W

l‘f el
i
gl ”, “v;l k

i during

Figureg Thalamyg
Brought
toLife

Tuberomammillary
thes nucleus

poth Basal

Parabrachial
nucleus

Raphe nuclei

— Brai
N stem pathway Locus coeruleus
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(a) Activity in the locus coeruleus: o
during non-REM sleep, and (unlikye(?r: a;t;wty in the raphe nuclei. Note that these nuclei are most active during waking, relatively quiet
SIS, Sl sleep" e € PPT/LDT) almost sjlent during REM sleep. AW, alert waking; QW, quiet waking; DRO, drowsy;

f : P 60 seconds before REM; POStREM, first second after REM ends.
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in Freely Moving Cats,” by M. E. Trulson et al., Experir



Part IV. Complex Behavior

T A Non-REM Sleep Controls ;
! E o ] The most important structure in the nop_
e i REM sleep network is the ventrolateralp,eop;

B FIGURE15.11 Brain Mechanisms Regulating Sltec)

; VLPO; Figure 15.11). Many of the
Sleep is brought about primarily by suppressing activity in arousal e i;CL’;’Lg’ierL;;(lrons fire two to four.times faster
(shown in green). 5 ——— r ( Hlng non-REM sleep thfln during wakefiy]-
Thalamus “m, Figures ness, and double thgt again as sleep de)epens
|- E } | further. Lesions indicate that the VLPO’s core
| toLife || artly responsible for non-REM sleep anq
| | i}ig ;xtended VPO contributes to REM sleep.
-y A The VLPO sends inhibitory signals to the Jat-
% . eral hypothalamus and the second branch of
s \ e brain stem arousal network; Saper and
\ :;;\ colleagues suggest that the VLPO and the
\ Tuberomammillary M: : system are the basis for
nucle ; 1 the awake and sleep states,
f the VLPO still sleep about
rmal rats, which meang
o1 sleep centers inhibiting
15. At least one has been
rafacial zone in the medulla
on-REM sleep by send-
‘ he parabrachial nucleus
us ols

e waves, so called because
Non-REM sieep c V. < b ir path of travel from the pons through
“\ Magpoucilagn cts the \;jﬁ.:‘a“\l ceniculate nucleus of the thalamus

sleep controls Locus coeruleus e §

to the occipital area, begin about 80 seconds
[ 0 ' S ; i before the start of a REM period and appar-
ently are what initiate the EEG desynchrony of REM sleep (Figure 15.12; Mansari, Sé.lk?.lla &Jouvet, 1989;
Sterljade, Paré, Bouhassira, Deschénes, & Oakson, 1989). PGO waves are as char.acter‘ls’uc of REM SleeP as
rapid eye movements are. Their arousal of the occipital area may accgunt.for t}_le V%sual imagery of dreaming,
PGO waves are synchronized with bursts of firing in PPT/LDT nuclei, while f:mng in the ot.her arousal centers
(locus coeruleus, raphe nucleus, and tuberomammillary nucleus) almost disappears. This suggests that the
PPT/LDT might interact with the PGO nuclei to regulate alternation between non-REM and REM sleep.
The most important REM sleep center in the pons is the sublaterodorsal nucleus (SLD), which appears to
govern switching in and out of REM sleep. Lesioning the SLD reduces REM sleep in rats; in cats it eliminates

N FIGUREI5.12 PGO Waves, EEG Desynchrony, and Muscle Atonia.

The records are of electrical activity in the lateral geniculate nucleus

electroencephalogram (EEG), and muscle tension (

(LG), eye movements (EOG, electrooculogram),
desynchrony,

EMG, electromyogram). Notice that PGO waves signal the beginning of EEG
rapid eye movements, and atonia several seconds later.
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Source: Copyright 1989 by the Society for Neuroscience.
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“”“u-d to be acting out theiy dreamg (usxuminu th
s’:‘]“"uwc & Sl'CgCl' 1992).
(Shous

1 snts ofte them up
atcats dream), and their movements often woke F

sleep Disorders

Insomnia i
Insommniais the mab]llty to slecp or lo
equately rested. Insomnpjg ;

Simpgr (luale~QUalitY sleep, to the extent that the person feels inad-
; B eAl "POrtant g, only as a nyjs
implications for hea [}. In 4 itk R k
ated with decreased life ex ;

ance but also because sleep duration has imp()rtar}l
Pectanc : O men apd Wwomen, sleeping less than 6 hr a night was associ-
prise in the study was that sle iné'r(lifl'lplae, Garﬁnk&l' Wingard, Klauber, & Marler, 2002). However, the sur-
p S e thy i
as sleeping less than 4.5 |, . Lack of ¢ 1a0 8.5 [y v,
sleep behavior, people wi

& asassociated with as great an increase in risk of death

slept less th};:;;a]y also be 4 factor in the obesity epidemic. [

and higher ghrelin leve]g (Taheri, Lin, AN T anigh |
The failure to get €noug : ¥

getan adequate amount of g
vey by the National Sleep Foun
woke up unrefreshed at Je
every night or almost eye

obtain ade

nalong-term study of
along with lower leptin

fliculty either falling asleep or sta ing asleep. In a sur-
2 > Over halfthe I S g P y
asta few nighq

S aweek s ported that they had trouble sl‘eeping or

tY night i th Past ye. e th“‘? had experienced at least one symptom of insomnia
diagnosed, and several studjeg SUBgest that ¢ AL Insompnjg i one of the few disorders that is essentially self-
S5 IR/ OTEIIELLL B e €quired tg o etreported frequencies might be misleading. Although insomni-
& Bonnet, 2000), there are Severa] indications tl?ast]f}elp'and the amc.)unt of time awake through the night (Rosa
excess high frequency BEG during NON-REM gleer (pe €8P quality suffer
of the hypothalamic»pituitary‘

b (Perl; s from hyperarousal. These include
; ; €rlis, Smith, Apds :

5 adrenal axg (see Chapter 8), with ndrews, Orff, & Gil
cotropichormone during the night (Vgon ,

€s,2001) and disturbance
inc o . e
. tzas et o] 2001) Teased secretion of cortisol and adrenoco
Insomnia can be brought on by 5 Number of factor ?

with psychological problems, S, su

. > ESpecially affectiye disorders gk o
Joss of gray matter in the orbitofronta] cortex and the parie a, Oberme
n

yer, Thisted, & Gillin, 1992). Some

Vrenken, Van Der Wefrf,. van §1e11 Heuve, & Va Somerep t;(l)lc(c)))r-tflx 'has been reported

could reflect the gt Psychologicy) disorders. A:not er’st:; C?uld(li) i

several right hemisphere areas, the thalamys, and the corpyyg callosum'ydzlflln' i

GallosarpiEIEcORIElatedivntiy t,h ¢ duratiop of patientg INSompnj, and \:vith scezlefna:

2016). Another fre.que.nt cause is the treatmeny ofinsomnia; mos rati
to do without medication or to reduce t}

ch as stregs

ceurs frequently in people
(Benc

use of their insomnia, or it
ced white matter integrity in
s in the thalamus and corpus
ngs of depression (S.Lietal.,

he dosage PrSaads S t Sile.ep medi.catio.ns are addictive, so att.empts
-ee nights with some benzodiazepines (Kales, Scharf, K 1 i cir bappen aft?r ey .htﬂe e
thre di]ec‘]’ onset, nighttime waking, or ear] sl ) 2ES, & S.oldatos, 1979). Insomnia can manifest itself as
cﬁaz,forris. Tl S, 1990) W ng;a dlsruptlon of the Circadian rthythm is often the culprit
( peop]‘(‘ W "7' ,. I@ep dlﬁficlu'i(tlfs often show 5 shift in the, circadian rhythm, g can be the result of bad
Jeep habit _ .LVIS more likely the cayge Normally, People fal] asleep when thejr body temperature is
Jecreasing '« evening and we'lke up when it i 'rising. But if your body temperature is still high at bed-
ime (phase /> you will experience Sleep-onset NSomnia; ifyoyy body temperature Tises too early (phase
Jdvance) YO wake up long before the alarm clock goes off (Figure 1,113, Sleep is also more efficient if
ougo to bed 1 your body temperature jg low; for example., avolunteer living in 1solation from time cues
averageda 7. leep length When he went to bed dur%ng his temperature minimum and a 14 4_hy sleep
length when egan near h1§ temperatu.re peak (Czeisler Weitzman, & Moore-Ede 1980). Your chrono-
. when) ternal clock is synchronized to the 24-hr day—depends partly on your genes and partly
/4 renviro: ient (Roennebergeet al 2004). People with advanced sleep phase disorder feel compelled to
OHZ)O;eep arouic /:30 1in the evening and thep wake up around 4:
go

CKIhas been linked to the disorder (Xy et al., 2005)
eo R2, have also been identified (Chong, Ptacek, & F
Gl PZ: is’ing—has been associated with the PER3 clock gene (S. N, Archer et al., 2003).
nmeha l’; uZuaHy easier for people to delay sleep at night than to rj

Jetely counterintuitive. The patients had a 5- to 15-year hist
o teven going to bed until 4:15 a.m., on average. Rather th
I;‘;eéet;: pZtients stay up 3 hr later each day than the day before.

circadian clock
> ore recently, three mutation in another clock

u,2012). Delayed sleep phase syndrome—late bed-

anrequire them to retire earlier, the researchers
After about a week of this routine—for example,
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MW FIGURE15.13 H“b(‘[ﬂof'Disruplod Circadian Rhythm

on Sleep.

Ordinarily, a person falls asleep while the body temperature is
decreasing and awakens asitisrising (a). If body temperature is phase
delayed (b), the person has trouble falling asleep; if body temperalure
IS phase advanced (©), the person wakes up early. (Sleep period is the
time in bed, whether the PErson is sleeping or not.)

Sleep period

9a.m.

(b) 4-hr ph

9a.m. Noon 3p.m. 6 p.m. 9p.m. 12a.m.3a.m. 6a.m. 9 a.m.

) 4-hr phase advance in temperature: sleep-termination insomnia

out sleepwalking relatives, and people with a version of a ge

ing (o bed at 8 a.m., | | a.m.,ﬂZp.m‘,Sp,{n,,gp'mq
going (0 on successive nights—their average
e |)-.l'nl"mchad shifted from 4:50 a.m. to 12:2()
Slccpﬂomlcllhlcir ayerage waking time had shifted
;}:m., T.l(])(() p.m. Lo 7:55 a.m. All five patients were
i‘l'b(;(l)nl() 'givé Ll[) the sleeping pills they l;ad bCCOfne
dependent on, and improvement wais on‘g lastmg
(Czeisler et al., 1981). Phol(.)lhcrapy is also some-
times used to reset the circadian clock.

Slee walklnq e
S‘()mc}i)“ht’ sleep disorders are related to specific

sleep stages. As we saw earlier, bedf«vetting, night

ywalking occur during slow-waye

sleep. Although sleepwalking is most frequent diy.

g | about 3%-8% of adults sleepwalk

i Parks’s story in the

que. The sleepwalking

46 when Albert Tirre]]

v of his prostitute mjs-

brothel, and the plea has

ore recent instances as

‘pwalking can be trig-

[sleep deprivation; Kerys

L hie was not responsible

rived due to stress over

‘ and the loss of his job for embez-

‘,‘“,”,‘; tHape was a personal and family history of

sleepwalking, sleep talking, and bedwetting; and

he produced a high level of slow-wave sleep during
sleep monitoring (Broughton etal., 1994).

Vulnerability for sleepwalking is at least some-

terrors, and :

times genetic. Children of sleepwalkers are 1(
times more likely to sleepwalk than children with-
ne thatis also implicated in narcolepsy are 3.5 times

as likely to sleepwalk as others (Lecendreux etal., 2003). The gene is a member of the human leukocyte antigen
(HLA) family, a group of genes that target foreign cells for attack by the immune system, and the authors sus-
pect that cells important in sleep regulation have been attacked by the individual's immune system,

Aless known non-REM sleep behavior is sexsomnia, engaging in sexual behavior while asleep. Although
usually the worst consequence is embarrassment, the behavior has sometimes led to criminal charges (often

leading to acquittal on grounds of nonresponsibility)

men and 4% of women seeking treatment for sleep dis

(American Academy of Sleep Medicine, 2010). Patien

fatigue, depression, smoking, or caffeine consumption
Somewhere in between people who commit ma

der about the house are those who suffer from a sleep-

Application,

Narcolepsy

When stabilization of the sleep switch fails, the result is narcolepsy,
asleep suddenly during the daytime and go directly into REM sleep.
cataplexy, in which the person has 4 sudden experience of one compo
to the floor paralyzed byt fully awake, People with narco]
boundaries are lost between sleep and waking (Nobili et
the study of canine narcolepsy has identified 5 mutated form of the

receptor (Figure 15.14; Lin et al,, 1999).

- The prevalence of sexsomnia is uncertain, but 11% of

,but they were twice as likely to admit usingillicit drugs.
hem during sleepwalking and those who simply wan-
related eating disorder. the subject of the accompanying

adisorder in which individuals fall
Another symptom of narcolepsy is
nent of REM sleep, atonia, and falls

epsy do not sleep more thap others; rather, the
al,, 1996). Dogs also develop the disorder, and

gene that is responsible for the orexin
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APPLICATION

@

Sh_il:ley Koecheler raids t}
Etﬁgerator at night (Blacﬁ &
tooqkel;:sboenc,a201o). She would like
po Sh s use §he’s gaining
; 'g t ut she isn’t aware she’
doing it until she wakes v 8
the morning to a crumb-gljlm
bed and an uncomfortabl fd
stomach. She even had heyr 4
tttf}iland hide the Easter candy;
“ i 1.e next morning she founél
lkx\, wrappers from the chocolat
‘ ‘:n-\mes in the wastebasket :
‘ nn‘le-y's 24-year-old daugh't -
\my is also a sleep eater anz1
s been since she was a
ddler; the difference is that
ie doesn'’t gain weight. Ann
yan, like Shirley, started sle :
ting in adulthood; Sherdidj}tj
ven know about the nighttim
itchen forays that added 60 5
‘ w;nd}s} t; her weight in a sleax'
1d a halt unti
o5 Wal::}ldi:i Wegt to a sleep clinic to find out
aHy bl Ordsitf ivery morning. Sleep eaters,
gy A .m;lk : a.n y pass up healthy snacks for
j ood; they have also been known to

't soap, glue, frozen pi
i 2 Pi1zza,
(Epstein, 2010). paper, and even egg shells

S0 3 7 ;
Source: IStock/Artfoliophoto.

In the Still of the Night

Sleep»related eating likely
has multiple causes: In some
instances, the individuals
have other sleep disorders,
such as sleep apnea, OT

a history of substance

abuse. Some individuals
who take pharmacological
sleep aids (e.g Ambien O
benzodiazepines such as
zolpidem) have reported
drug—induced sleep~related
eating, although the clinical
features of these individuals
ceem to ditfer from those
who have sleep-related
cating as a primary diagnosis
(Komada et al., 2016).

A reliable and effective
treatment has not yet been
found. Amy has responded
wrell to a drug used to prevent
seizures; she still sleep eats occasionaﬂy, but it’s
no longer the problem it once wras. It took Anna
and her doctor months of +rial and error to find

a combination of drugs that works, but now she
sleeps through the night and is losing weight.

Other researchers studied the effect of orexin as a fee
the gene responsible for producing ore :
ior (Chemelli etal., 1999). Occasionally.

e ding stimulantin mice by disabling both copies of
xm,h ut \'Nhat they observed was more interesting than eating behav-
the mice would suddenly collapse, often while walking around or

rooming; the mi i i

tghe Samegd eﬁcienlCC; ;\S’i{fenriliz:.lfgtlc‘hl\/éost narcoleptic humans (those with cataplexy) turned out to have

- 2o hypothalam{ls (e}){. a 19w or undetectable levels of orexin, due to a loss of orexin-secret-

" e : S iguchi etal., 2002; Kanbayashi etal., 2002). The neurons are destroyed
y reaction, which in some cases can be traced to an allele of the HLA immune system gene

(Hallmayer et al., 2009). Narcolepsy’s concordance of 25%-31% in identical twins (Mignot 1998) leaves

plenty of room for environmental influence. Identifying the nongenetic causes has been difiicult, but on\e

appears to be the HIN1 influenza (swine flu) virus (De la Herran-
onset of narcolepsy tends to be seasonal, nearly seven times more
increased threefold following the 2009 HIN1 epidemic in China, an

trigger the immune reaction.

REM Sleep Behavior Disorder

An apparent opposite of cataplexy is REM sleep behavior disorder; a

Arita et al., 2013; Han et al,,2011). The

frequent shortly after winter; it also
Jab study has shown that the virus can

ffected individuals are uncharacteristically

physically active during REM sleep, often to the point of injuring themselves or their bed partners. A study of 93
patients, 87% of whom were male, found that 32% had injured themselves and 64% had assaulted their spouses
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At the beginning of this discussion, we said that sleep is neither e?tirely conscious nolr) ufnc01:sc1oitrlls. f:;nqs
Crick (1994), who shared 4 Nobel Prize for the discovery of DNA’s structure in ?9'62 efore urning deu-
roscience and the study of consciousness, believed that we are in a state of d{mlnlshed consc10usnless ur-
ing REM sleep and that Weare unconscious during non-REM sleep. Certamly there are some e ements
of consciousness in the dream state, particularly in people who are lucid dreamers. You h.ave probably had
the occasional eXperience of realizing during a bad dream that it is not actuglly real and will end soon. That
kind of experience i common for lucid dreamers—they are often aware during a dream that they are dream-
ing. People can be trained to become aware of their dreaming and to signal to the researcher when they are

cars; wandered the streets; brandished Wweapons (Schenck et al | 1989); and strangled, stabbed, and beaten
people to death, a]] presumably during non-REM sleep.

Soitis not clear where or whether the transition from consciousness to n
ing sleep. The idea of 4 dividing line is blurreq even further by reports that sy
remember the surgical staff’ conversations while they were anesthetized, and
for verbal materia] Presented at the time of surgery (Andrade, 1995; Boneba
draw the line of consciousness between waking and sleeping or between REM

onconsciousness occurs dur-
rgical patients can Sometimes
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“ (Schenck, Milner, Hurwity,
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a i I'Imn O Lonsciousnes

At the beginning of this discussion, we said that sleep is neither entirely consc.ious nor UnCOﬂSClO}JS. Francis
Crick (1994), who shared a Nobel Prize for the discovery of DNA structure in ?9.62 before tu-rmng to neu-
roscience and the study of consciousness, believed that we are in a state of di.mmlshed consciousness dur-
ing REM sleep and that we are unconscious during non-REM sleep. Certainly there are some elements
of consciousness in the dream state, particularly in people who are lucid dreamers. You have probably had
the occasional experience of realizing during a bad dream that it is not actually real and will end soon. That
kind of experience is common for lucid dreamers—they are often aware during a dream that they are dream-
ing. People can be trained to become aware of their dreaming and to signal to the researcher when they are
dreaming by pressing a handheld switch (Salamy, 1970). They can even learn to control the content of their
dreams; they may decide before sleeping what they will dream about, or they may interact with characters in
their dream (Gackenbach & Bosveld, 1989). This ability tells us that the sleeping person is not necessarily as
detached from reality as we have thought. This point is further illustrated by sleepwalkers, who have driven
cars; wandered the streets; brandished weapons (Schenck et al., 1989); and strangled, stabbed, and beaten
people to death, all presumably during non-REM sleep.



