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. Abstract - '

Several recent studies have described the period of impaired alertness and performance

known as sleep inertia that occurs upon awakening from a full night of sleep. They report that

sleep inertia dissipates in a saturating exponential manner, the exact time course being task

dependent, but generally persisting for one to two hours. A number of factors, including sleep

architecture, sleep depth and circadian variables are also thought to affect the duration and

intensity. The present study sought to replicate their findings for subjective alertness and reaction

time and also to examine electrophysiological changes through the use of event-related potentials

(ERPs). Secondly, several sleep parameters were examined for potential effects on the initial

intensity of sleep inertia.

Ten participants spent two consecutive nights and subsequent mornings in the sleep lab.

Sleep architecture was recorded for a fiiU nocturnal episode of sleep based on participants'

habitual sleep patterns. Subjective alertness and performance was measured for a 90-minute

period after awakening. Alertness was measured every five minutes using the Stanford Sleepiness

Scale (SSS) and a visual analogue scale (VAS) of sleepiness. An auditory tone also served as the

target stimulus for an oddball task designed to examine the NlOO and P300 components ofthe

ERP waveform. The five-minute oddball task was presented at 15-minute intervals over the initial

90-minutes after awakening to obtain six measures of average RT and amplitude and latency for

NlOO and P300. Standard polysomnographic recording were used to obtain digital EEG and

describe the night of sleep. Power spectral analyses (FFT) were used to calculate slow wave

activity (SWA) as a measure of sleep depth for the whole night, 90-minutes before awakening and

five minutes before awakening.
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Both alertness measures rose in a manner best described by a quadratic equation as time

awake increased, moving toward an asymptote at approximately 90 minutes after awakening..

Reaction time decreased in a linear manner but did not asymptote over the 90-minute period. The

ERP data were largely inconclusive. The only significant finding was a transitory decrease in P300

latency at site Pz within the first 20 minutes after awakening. However, P300 latency did not stay

at low levels as predicted. There was a positive correlation between the amount of slow-wave

sleep and initial alertness. Reaction time showed a similar relationship but in the expected negative

direction. Power spectral analyses revealed increased slow-wave activity five minutes before

awakening which was correlated with lower alertness. The results support previous findings that

sleep inertia effects for subjective alertness dissipate in an exponential manner over a 1-1.5 hr

period after waking up. Electrophysiological measures may not be sensitive enough to capture

changes in brain activity using the present paradigm. The relationship between SWA and alertness

provides empirical support for Dinges' (1990) theory that increased sleep depth results in more

intense sleep inertia.

!:»ns 'M -.JrA^t. .^'ilLR ,Hj,v5 ->

m



y;^;.'' ^•

<•• Q:

>':y,

i'y ^>0i

I'i
'*•*.> or*'

I



Table of Contents

Introduction 1

Factors aflfecting duration and intensity of sleep inertia 2

Dependent measures 2

Pre-awakening sleep stage 3

Sleep depth 6

Sleep parameters 9

Circadian effects 11

Theoretical model of sleep inertia 13

Sleep pressure model 13

Predictive models of sleep, alertness and performance 15

2-process model of sleep regulation 16

3-process model of alertness 18

Interactive model of subjective alertness and cognitive throughput 20

Event-related potentials: Arousal vs attention 22

Sleep onset: Gradual changes in a transition period 26

Chemical challenges to arousal 31

Sleep offset 32

Rationale 33

Hypotheses 34

Method 37

Participants 37

Screening questionnaires 37

General health questionnaire 37

Sleep Disorders Questionnaire 37

Momingness/Eveningness Questionnaire 38

Subjective measures 38

Stanford Sleepiness Scale 38

Visual Analogue Scale 39

Brock Sleep Laboratory 39

Polysomnographic recording conditions 39

Event-related potential conditions 40

Recording 40

Task parameters 41

Averaging and scoring 41

Procedure 42

Analyses 43

Operational definitions of sleep inertia and sleep depth 45

IV



'.vf.

•^M

..fhii'

:^'



Table of Contents (continued)

Results 48

Sleep parameters 48

Time course of sleep inertia dissipation 49

Subjective alertness 49

Reaction time 52

Event-related potentials 52

Initial intensity of sleep inertia 59

Percentage slow-wave sleep 59

Slow-wave activity (power spectral density) 60

NREMvsREM 60

Discussion 73

Subjective alertness rises as time awake increases 73

Reaction time decreases as time awake increases 75

Event-related potential data 76

Sleep depth and intensity of sleep inertia 79

Sleep architecture 80

Sleep staging vs power spectral analyses 81

Can sleep inertia be considered as a simple reversal of sleep onset processes? 82

Implications for theoretical models of sleep regulation and alertness 84

Future directions 85

Controlling circadian variables 85

Spontaneous awakenings 86

Individual differences 87

Countermeasures to sleep inertia 87

Cortical arousal 88

Conclusions 88

References 92

Appendix 101

Letter of Information 102

Consent form 103

Debriefing form 104

General health questionnaire 105

Sleep Disorders Questionnaire 106

Moringness/Eveningness Questionnaire 120

Stanford Sleepiness Scale 125

Visual Analogue Scale 126

Individual ERP waveforms 127



^v>'>ir..

!
:

'

'

;

'i\.:i^-



List of Tables

Table

Table 1

Table 2

Table 3

Table 4

Table 5

Table 6

Table 7

Table 8

Table 9

Table 10
- j

Table 11

Summary of relationship between sleep parameters and intensity of

sleep inertia

Summary of studies of event-related potential and arousal levels

Means (SD) for sleep parameters

Means (SEM) for SSS, VAS and reaction time over time

Means (SD) for NlOO amplitude and latency by site

Means (SD) for P300 amplitude and latency by site

Means (SD) for SSS, VAS and RT over time by pre-awakening sleep

stage

Means (SD) for NlOO amplitude and latency by site for REM
awakenings (N=5) ..,, , ,,^ •

. i /

Means (SD) for NlOO amplitude and latency by site for NREM
awakenings (N=5)

Means (SD) for P300 amplitude and latency by site for REM
awakenings (N=5) > . •. : ;;

Means (SD) for P300 amplitude and latency by site for NREM
awakenings (N=5) " v ; ^^ :

^

Page

12

23-25

48

49

54

54

67

68

68

69

69

T V iU' h\ '.:(;:;

Ul t X. .^ s \i.-

;i f-v :i:-'-:'-: j,\ 'i-

m



Ixii



' List of Figures

Figure Page

Figure 1 Schematic ofDinges' sleep pressure model 14

Figure 2 Schematic of protocol ;
-

.

47

Figure 3 Mean (± SEM) SSS score over time 50

Figure 4 Mean (± SEM) VAS score over time 5

1

Figure 5 Mean (± SEM) reaction time over time of testing. 53

Figure 6 Mean ofNlOO amplitude over time by site of recording. 55

Figure 7 Mean ofNlOO latency over time by site of recording. 56

Figure 8 Mean ofP300 amplitude over time by site of recording. 57

Figure 9 Mean ofP300 latency over time by site of recording. 58

Figure 10 Scatterplot of SSS score at time 1 vs % SWS of total sleep time 62

Figure 1

1

Scatterplot ofVAS score at time 1 vs % SWS of total sleep time 63

Figure 12 Scatterplot ofRT at time 1 vs % SWS of total sleep time 64

Figure 13 Scatterplot of SSS score at time 1 vs slow wave activity at Cz five 65

minutes prior to awakening

Figure 14 Scatterplot ofVAS score at time 1 vs slow wave activity at Cz five 66

minutes prior to awakening

Figure 15 Mean SSS score over time by sleep stage awakening 70

Figure 16 Mean VAS score over time by sleep stage awakening 71

Figure 17 Mean RT over time by sleep stage awakening 72

vii



Ml^

U?.'

,: !U«:



List of Abbreviations

Abbreviation Term

ACh
ANOVA
EEG
ERP
FFT
NREM
PSG
REM
RT
SDQ
SEM
SWA
SWS
SSS

TST
VAS

•g , Acetylcholine

Analysis of variance
^

' ;><< ? Electroencephalograph(ic)

Event-related potential

^ ;»;'nl Fast Fourier transform

Non-rapid eye movement

Polysomnograph(ic)

Rapid eye movement
v nu ^ Reaction time

Sleep Disorders Questionnaire

Standard error of the mean

Slow-wave activity

Slow-wave sleep

Stanford Sleepiness Scale

tie ce?r ; Total sleep time j

Visual analogue scale

^i* ini^i^Xmt'

VIU





1

1 * The modem era of sleep research was ushered in with the discovery ofREM sleep by

Aserinsky and Kleitman in 1953. Studies of awakenings from sleep began soon after. Formal

mention ofthe period of grogginess and confusion upon awakening from sleep was made as early

as 1961 by Langdon and Hartman and in 1963 by Kleitman in his seminal work, "Sleep and

Wakefulness." Popular labels applied to this period in the early years were "post-dormital

confusion" (Broughton, 1968) and "sleep drunkenness." The term sleep drunkenness originated in

a clinical context and is now most often applied today to describe pathological manifestations of

sleep disorders. "Sleep inertia" is a relatively recent and now widely accepted term that is used to

describe the awakening impairment seen in "normal" individuals (Lubin, Hord, Tracy & Johnson,

1976). The etymology ofthe term recognizes that it is a transition period in which a body already

at rest (in this case asleep) would prefer to remain at rest (stay asleep) and must overcome this to

move to a period of full wakefulness and state of alertness.

How long does it take for a person to overcome this inertia and become fijlly awake?

There is controversy surrounding the answer to this question as indicated by very different

estimates of sleep inertia intensity and duration. The duration of sleep inertia has been estimated

to last as little as one to five minutes (Dinges, Ome, Evans & Ome, 1981) to as long as four hours

(Jewett, Wyatt, Ritz-de Cecco, Bir Khalsa, Dijk & Czeisler, 1999). The duration and intensity of

sleep inertia have been reported to be dependent on several intertwined factors including a)

dependent measures or task, b) pre-awakening sleep stage, c) sleep depth and d) circadian

variables. -
'
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Factors affecting duration and intensity of sleep inertia

Dependent measures.

Impaired performance upon awakening from sleep and naps has been well documented for

a variety ofbehavioural tasks. The focus of this line of research is to describe the duration and

intensity ofthese performance deficits in an attempt to identify potentially hazardous outcomes in

emergency situations when someone must be abruptly awakened. A number of simple behavioural

measures have shown consistent and reliable decrements upon awakening. Among the earliest to

report decrements in physical abilities in the form ofweakened grip strength after awakening were

Jeanneret & Webb (1963) and (Tebbs & Foulkes, 1966). Poor steadiness and coordination

immediately after waking up have also been noticed relative to waking levels (Wilkinson &

Stretton, 1971). Wilkinson and Stretton estimated the duration of sleep inertia at 15 minutes

based on the coordination data as well as performance on a simple reaction time task. Dinges et

al. (1981) also employed a simple reaction time task but reported that performance decrements

lasted for as little as one to five minutes. However, Dinges (1990) revised his estimate to 20

minutes after fiirther studies using simple reaction time and also a descending subtraction task

which was thought to measure cognitive performance.

' yb; !'- Bruck and Pisani (1999) argue that mental arithmetic can be thought of as relatively

automatic and attentional rather than requiring higher order information processing and complex

decision making. Their dependent variable was a measure of success rate in putting out fires in a

'Fire Chief decision making task that required subjects to make complex decisions during an

interactive computer simulation to control the spread of a forest fire. They report sleep inertia was

still present 30 minutes after awakening when compared to baseline values. As their experimental

paradigm involved numerous awakenings during the course of a single night, no fiirther
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assessments were made 30 minutes after awakening as participants returned to sleep at this point.

In general the lack of frequent testing over an adequate length oftime after awakening in

early studies has been unable to establish a reliable description of the duration of sleep inertia.

Three recent and well controlled studies have addressed this limitation using subjective alertness^

reaction time and cognitive throughput measures.

Using an in-house subjective alertness scale and simple reaction time, Achermann, Werth,

Dijk, and Borbely (1995) sampled every 20 minutes for a period of three hours after awakening.

They report sleep inertia dissipated according to an exponential fiinction and lasted 1.4 hours for

alertness and 0.9 hours for reaction time. Folkard, Akerstedt, MacDonald, Tucker, and Spencer

(1999) report a number of their studies using a visual analog scale (VAS) measurements of ^

subjective alertness every 15 minutes for periods of at least two hours after awakening. They

report that sleep inertia follows a similar exponential dissipation but lasts slightly longer, for two

hours, with the most important changes occuring within the first 90 minutes. Jewett et al. (1999)

sampled subjective alertness using the VAS and performance on an addition task every 10 minutes

for the 90 minutes and every 30 minutes thereafter for a period of four hours. They found a time

course very similar in rate and length to Folkard et al. (1999) suggesting that sleep inertia in

subjective alertness lasts approximately two hours and that decrements in cognitive throughput

persist as long as four hours. It thus appears that sleep inertia dissipates in an exponential manner

with the duration persisting between 30 minutes and two hours, dependent on the specific

subjective or behavioural measure. > .e ^ J ,
v.

Pre-awakening sleep stage. /
# '

'

A sizeable literature reports that awakening from SWS produces more intense sleep inertia
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than awakening from REM sleep (Akerstedt & Gillberg, 1979; Bonnet, 1983; Broughton, 1989;

Dinges, 1989, 1990; Dinges & Kribbs, 1991; Dinges et al., 1985a; MuUington & Broughton,

1994; Stampi 1989). All of the above studies employ a paradigm involving enforced awakenings

from naps of varying lengths, from a variety of sleep stages and use a cognitive task to search for

differential outcomes due to pre-awakening stage of sleep. Typically, the tasks are presented only

once a awakening ( e.g. Akertstedt & Gilberg, 1979) or after a delayed period after awakening

(e.g. 35 minutes, Akerstedt & Gilberg, 1989; eight minutes. Bonnet, 1983; 20 minutes. Stones,

1977). These studies are primarily interested in examining the ftinctional differences between

rapid-eye movement (REM) sleep and non-rapid-eye movement (NREM) sleep with regard to

information processing and mentation (Dinges, 1990). As a result they lack the comprehensive

methodology to describe the duration of sleep inertia but do tell us about the relative initial

intensity ofthe phenomena when awakening from different stages of sleep.

Early indications that awakenings from NREM resulted in lowered alertness were noticed

by Goodenough, Lewis, Shapiro, Jaret and Slesser (1965) who reported that time to pick up a

telephone and make a verbal response was longer after NREM awakening compared to REM

awakening (13 sec vs 7 sec). Feltin and Broughton (1968) reported significantly longer reaction

times to flashes of light when awakening specifically from stage four when compared to REM.

Their interpretation ofthe data was that arousal from stage four sleep was more progressive

whereas subjects were more alert immediately after awakening from REM. More recent evidence

has been consistent with early findings (Dinges & Kribbs, 1991; Dinges et al., 1981; Dinges et al.,

1985; Stampi, 1989).

Studies on memory have supported a similar interpretation. Stones (1977) presented word

lists to learn upon awakening from NREM, REM or a waking control state. Immediate memory
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was poorest for NREM but REM and waking showed similar levels of performance. After a 20-

minute delay NREM performance continued to decline but REM and waking maintained similar

high levels of performance. Bonnet (1983) reported that performance on a memory task was

worse immediately after awakening from stage two compared to stage four but these differences

disappeared after allowing an additional eight minutes to wake up.

Bruck and Pisani (1999) report a very similar initial time frame for differential

NREM/REM effects but fiirther clarify the time course. Using their 'Fire Chief decision making

task as a dependent measure they counterbalanced awakenings from SWS and REM for a series

of naps during a nighttime session. They found that the period from zero to nine minutes after

awakening showed significantly poorer performance after arousal from SWS than REM arousal.

This differential effect was not apparent after nine minutes even though a sleep inertia effect was

still noticeable in performance levels 30 minutes after wake when compared to baseline values.

This suggests that more time is needed when awakening from SWS before high levels of

performance are evident. ^' i

Despite this seemingly strong evidence for differential arousal levels it must be noted that

these differential effects were seen for napping studies that employed a number of awakenings

after periods of no more than 154 minutes of consolidated sleep (Bruck & Pisani, 1999). k

Although significant sleep inertia effects are still evident though after the full night of sleep, to the

author's knowledge differential sleep inertia effects ofNREM versus REM arousal have not been

reported after awakening after a full night of sleep (Achermann et al., 1995; Folkard et al., 1999;

Jewett et al., 1999).

The most likely explanation for the absence of differences is that the NREM versus REM

distinction is too simplistic. All of the NREM awakenings from the above studies using a full night
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of sleep were from stage two and not SWS. This is not surprising because as noted earlier SWS is

seen almost exclusively during the first half ofthe night. In fact, it is contentious that SWS is even

needed at all for sleep inertia to be present. Bonnet (1985) selectively deprived individuals of most

of their SWS and REM throughout the course of an entire night and still witnessed significant

sleep inertia effects upon awakening. The interesting finding of this study is that differential effects

in sleep inertia were still noticed but for a variable other than pre-awakening stage. It was found

that higher auditory arousal thresholds were significantly correlated with longer initial response

latencies to a memory task. Auditory arousal thresholds are thought to be one indicator of another

sleep construct - sleep depth. '' ^'cr i ;-, • .

Sleep depth. ;• -•^-i n- c>-:. ?;

.

Sleep depth is the term used to describe the quality of someone's sleep. Dinges (1990)

indicates that greater depth of sleep is indicated empirically by increased auditory awakening

thresholds, decreased latency to SWS from sleep onset, an exceptionally high amount of SWS and

decreased body movement during sleep (for operational definitions in the present study please see

p. 45). Dinges also notes that recovery sleep following sleep deprivation has been associated with

greater sleep depth as has rapid sleep-onset latency (SOL) upon recovery sleep. Nearly all of the

sleep parameters mentioned above have been shown to be associated with sleep inertia. Dinges

offers that too much effort has been put into examining the pre-awakening stage and that depth of

sleep immediately preceding waking is a better predictor of sleep inertia effects:

"...the bias of evaluating only the pre-awakening stage of sleep is so pervasive that other

aspects of the sleep infrastructure are rarely examined to determine whether they are more

consistently associated with the magnitude and nature of hypnopompic phenomena. There

is reason to hypothesize, however, that the intensity of hypnopompic reverie and the

extent to which cognitive performance is impaired during awakening are most accurately
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characterized as being a function ofthe depth of sleep, ofwhich pre-awakening stage of

sleep is but one facet (p. 169).

" In addition to the study by Bonnet (1985), Downey and Bonnet (1987) also report that

auditory arousal thresholds are positively correlated with response latencies for an

addition/subtraction task. Dinges et al. (1981) has shown that sleep inertia is more intense as the

amount of prior wakefulness increases and that recovery sleep featuring abrupt awakenings from

naps also show more intense sleep inertia as the amount ofNREM (stages 1+2+3+4) increases.

Awakenings from recovery sleep also show greater deficits than those found in awakening fi-om

the same sleep stage prior to the sleep deprivation (Akerstedt & Grillberg, 1979; Rosa, Bonnet, &

Warm, 1983).
' .i' ^r., /ni- ,,;. .--u: :.;.,. uJ '

Measures of power spectral density have been suggested as measures of depth of sleep,

specifically that increased power in the delta band or slow wave activity (SWA) associated with

stages three and four sleep indicates deeper sleep (Borbely, 1982; Akerstedt & Gillberg, 1986).

The inherent advantage ofFFT analyses are that they can decompose any waveform into its

component fi^equencies. Using such techniques, Armitage (1995) reported that delta activity in

REM shows significantly more power than in stage one. In the course of examining REM sleep

onset, Hadjiyannkis, Ogilvie, Alloway and Shapiro (1997) also reported significantly more delta

power density in REM than stage two. Behavioural responsivity data seems to confirm the

relationship that REM sleep is deeper than stage two (Ogilvie, 2000). However, Armitage (1995)

reports that beta activity (16-30 Hz), most commonly seen during waking, is also high in REM

sleep. This is not surprising as REM sleep shows an EEG pattern similar to waking and for this

reason is sometimes referred to as "paradoxical sleep." Within the context of depth of sleep as

measured by spectral power we also come across a paradox; REM sleep is higher in delta power
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which indicates a deeper sleep but is also high in beta activity which is associated with waking.

Uchida, Maloney and Feinberg (1992, 1994) reported that beta activity (20-28 Hz) and delta

activity (0.3 -3 Hz) showed an inverse oscillation across NREM and REM sleep with the highest

beta values being seen during REM sleep. They speculate that the beta-delta oscillations represent

fluctuations in arousal levels vdth the highest levels occurring during REM. In accordance with

Dinges' (1990) argument regarding the pre-occupation with studying traditional sleep stages prior

to awakening there are few studies reporting power spectral analyses ofthe EEG prior to

awakening. = n n .'a

A recent study by Takahasi and Arito (1998) found no significant correlation between

total slow wave activity in 15 or 45 minute naps and performance on an addition/subtraction task

but they note this may have been because the first testing occurred 30 minutes afl:er awakening

and may have missed the critical period immediately upon awakening. Another study did find

significant negative correlations between slow-wave activity and a performance measure after a

nap but did not find a significant relationship between slow-wave activity over the course of an

entire night for either an alertness measure or a performance measure (Achermann et al., 1995).

Bonnet (1983) supports this finding noting that sleep inertia is predicted better by auditory

thresholds immediately prior to awakening than any sleep parameters over the course of the entire

night. Ogilvie and Simons (1992) used a convergence of behavioural measures (RT) and EEG

measures to define arousal during transition fi^om sleep to wakefulness. As participants became

more awake as defined by faster reaction times this was accompanied by a significant drop in delta

power, theta power and increase in alpha power. Sigma showed a linear trend to decrease as

wakefulness was entered and sustained. Beta showed linear trend toward increase with

wakefulness. The rate at which delta, theta, sigma decrease at sleep offset is thought to be slower
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than the rate at which they appear in sleep onset: = : - ^

"Grenerally, the loss of hypersynchronization, which begins rapidly at the point of

waking and continues beyond it, is the most likely explanation for the decreases in

low frequency power. That is, as numerous brain areas begin to assume a variety

of independent waking functions, their electrical activities, summed at C3 and C4
in the present study, arrive out of phase, thereby contributing to the higher

frequency, mainly beta, EEG (p. 131)."

. . id'C c> ; -^'a ' ^yn-.

Unfortunately these data have not been reported in greater detail to allow more

substantive conclusions on the effect of prior EEG and post-awakening performance. Similarly,

in reporting preliminary findings on temperature and sleep inertia, Wright (1999) indicates that

quantitative analyses ofEEG data immediately prior to wake after a full night of sleep are

forthcoming but to this date they have not been published. Standard EEG measures from routine

polysomnographic (PSG) recording are more readily obtainable but have not been shown to be a

good predictor of sleep inertia, *• .1 % SWS. KF?': "d . ir/'O '^J'^ar'-isa^s U\.h^ r*-'.

Sleep parameters. :

>

A short introduction to the basics of sleep scoring/staging aids will aid in the

understanding ofthe different sleep stages. Through the course of several nights in the sleep lab, a

normal sleeper will demonstrate remarkably consistent patterns of sleep defined by i ' Ji;.

electroencephalographic (EEG) measures and commonly known as 'sleep architecture' (Browman

& Cartwright, 1980). The typical normal sleep v^ll have four or five, 90-minute cycles of sleep

moving fi-om a transition of relaxed wakefulness (stage one) to behavioural and EEG defined light

sleep (stage two), to deeper stages three and four characterized by large, low frequency delta

waves (>75 |iv, 0.5-3 Hz). Stages one to four are known as NREM sleep, further subdivided in

slow wave sleep (SWS) which is stages three and four combined. In the first half of the night
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10

SWS predominates and then in the second half is very rarely seen, as rapid eye movement (REM)

sleep and stage two sleep become more prevalent. REM episodes do occur during the first half of

the night first appearing around 90 - 100 minutes after sleep-onset but are typically very short

(approximately five minutes). They increase in duration as time asleep progresses with a normal

sleeper usually having four or five REM periods during the course of a night. v

In general PSG data in the form of% sleep stages seen during the course of the night have

been poor predictors of performance upon awakening. Using a within-subjects design Bonnet •

(1986) selectively deprived individuals ofSWS during a napping protocol and then assessed

performance upon awakening with an arithmetic task. No significant correlation between

performance and total sleep time, number of arousals or any specific sleep stage parameters were

seen. Downey and Bonnet (1987) recorded PSG data for five participants over two nights during

a sleep disruption protocol that manipulated % SWS, REM and number of arousals. None of%

SWS, REM, SWS + REM, number of arousals or total sleep time was predictive of performance

upon awakening. More recently Ferrera et al. (2000) selectively deprived nine participants of

SWS for two nights but reported no significant changes in performance on an arithmetic task

compared to a night of baseline sleep. The same study did however, show a significant worsening

of sleep inertia with an increase of SWS compared to baseline. However, as described above this

can be thought ofmore in terms of increased sleep depth due to increased slow-wave activity than

a specific sleep stage. .. r . ? '
. v -

In a study with 42 normal-sleeping subjects Jurado et al. (1989) reported that subjects

with significantly diminished SWS over the course ofthe night had slower reaction times and

larger time estimations upon awakening. The pre-awakening stage was clearly shown not to be

related to these differences. Achermann et al. (1995) confirm the finding of a significant negative
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correlation between the amount of SWS and reaction time but only after a daytime nap. The

relationship between reaction time and amount of SWS could possibly be an inverted-U.

Significantly higher amounts of SWS associated with greater sleep depth may cause significantly

more intense inertia but significantly lower levels may also cause poorer performance, likely

because sleep lacking in a suflScient amount of SWS is generally seen as non-restorative (Bonnet,

1985; Webb, 1992). It is important to note that higher and lower amounts of SWS are reported

relative to those seen during a normal or baseline sleep. A summary of relationships between sleep

parameters and intensity of sleep inertia can be seen in Table 1 (p. 12).

I

I

i
* '

Circadian effects.
j

i

Circadian effects have become so intertwined with sleep that they deserve examination

here. Sleep inertia has been observed at all permutations of times of day, circadian times, naps and

full episodes of sleep and in nearly all cases it has been reported to be no more severe at one

circadian time or another (Dinges et al., 1981; 1985a; Downey & Bonnet, 1987; Lubin et al,

1976; Rosa et al., 1983; Tassi, Nicholas, Dewasmes, Eschenlauer, Erhart, Salame, Muzet &

Libert, 1992). The concern with these studies though is that they all involve a manipulation of

prior wakefulness and other factors and were not controlling for circadian variables. The result is

that the relationship between circadian effects and sleep inertia are not well known. This is

possibly because they are the most complex and subject to interactive or multiplicative

interactions with other variables such as prior wakefulness that are difficult to separate

(Achermann et al., 1995).

.^«.^
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Using a forced desynchrony protocol and holding prior wakefulness constant allows

separation ofwake-dependent aspects and circadian aspects of alertness. Using such a protocol

Czeisler, Dijk, & Duffy (1994) has described the contribution of endogenous circadian period

(tau) to alertness and reports that data from cognitive performance and subjective alertness show

little circadian modulation as measured by core-body temperature during the first three hours after

wake. However, the three hour period is insufficient to describe a full range of circadian effects.

Naitoh et al. (1993) is the only study to specifically address the intensity of sleep inertia as a

function ofvarious circadian times. During a 64-hour continuous work period they let participants

sleep for 20-minutes every six hours and then awakened them and recorded performance on a

logical reasoning task that lasted five minutes. They noticed that performance appeared to be

worse at the core body temperature nadir but due to a lack of statistical power (N=5) they were

unable to conclude with any conviction that such a relationship existed. The relationship between

body temperature and sleep inertia is not a new beliefbut a hypothesis that Dinges (1990)

elucidates in his theory of sleep inertia.

Theoretical models of sleep inertia

Sleep pressure model.

Based largely on two of his own studies but incorporating important aspects of other

findings, Dinges (1990) offers a well formulated mechanism of sleep inertia. He hypothesizes that

sleep pressure, the probability of transition from wakefialness to sleep, (Pr[W->S) underlies sleep

depth, SWS and magnitude of sleep inertia (Figure 1). Sleep pressure builds up when amount of

prior wakefulness increases and can have an exacerbating effect on thermal down-regulation that

has been observed during sleep.
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Dinges (1990) speculates that one possible reason for the thermal down-regulation is that

the low basal metabolic level seen in SWS is preferential for protein synthesis but also recognizes

other possibilities: );'"'
} n

"Whatever its purpose, such basal drops may have a longer time course than the EEG
manifestations of specific sleep stages and make coherent cortical function impossible until

metabohc or biochemical activity has increased through the passage of time... (p. 170)."

PRESSURE roR simp
Pr(W— S)

/ \
t mkroalee|is ^ latency to stage 1

4 slowing & lapsing ^ latency to sleep onset

I latency to SWS
(M5LT & valiants)

t habituation

(P«rformaiice)

t amount of SWS
f duration of dieep

T awakening threshold

(Slee|i depth)

V r y
BEVERIE

vri\. <i*n r^

Figure 1. Dinge's sleep pressure model.
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The greater impairment seen after awakening fi-om SWS than from REM can be thus be

explained in terms of levels of cortical activation. Animal research has shown that during REM

sleep, acetylcholine (ACh) release in the cortex reaches approximately the same values observed

during quiet waking, whereas in the hippocampus ACh release rises to about twice that of quiet

waking. The increase in ACh release in the cortex and hippocampus during waking and REM

sleep support the view that cortical activation is higher during REM sleep (Marrosu, Portas,

Mascia, & Casu, 1995). The Uchida et al. (1994) finding of a higher incidence of beta and their

speculation that it may represent higher central arousal is also consistent with this hypothesis.

Human PET data also indicate a preferential activation in REM ofthe pontine brain stem and of

limbic and paralimbic cortical structures similar to that seen during waking (Hobson, Stickgold &

Pace-Schott, 1998). ,..';.»-•-:

Recent studies (e.g. Jewett et al., 1999) hint at a likely relationship between circadian

variables and cortical metabolism but to the author's knowledge Dinges' theory is the only model

to explicitly address these concepts within the context of sleep inertia. Similarly the Wright (1999)

study is the first to report preliminary data (six subjects) on the relationship between body

temperature and cortical arousal upon awakening from sleep independent ofusing body

temperature as a marker for circadian phase. Such limited data on the underlying mechanisms has

not prevented sleep inertia from being included as a component in models of overall sleep

regulation. , s :

Predictive models of sleep, alertness and performance

A long-time goal of sleep and biological rh5^hms research has been to devise a model

incorporating sleep and circadian aspects that will be able to comprehensively predict sleep
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variables and performance. Three competing models have incorporated sleep inertia components

as a necessity to accurately predict their chosen dependent measure. Recent studies from each of

these camps provide us with the most compelling data we have on sleep inertia after a fiiU night of

sleep. Each study employed rigorous methodology that included continuous or near continuous

testing using subjective, performance and/or cognitive measures for a period of at least three

hours after waking fi-om a fiill night's sleep. Some findings from all studies have previously been

reported in earlier sections where applicable but are now comprehensively examined in relation to

their respective models.

2-process model of sleep regulation. •
• u <

One of the earliest models of sleep regulation was Borbely's (1982) "two-process model

of sleep regulation." The model introduced the notion that Process S, a sleep dependent factor

and Process C, a circadian component could be used to predict length and depth of a person's

sleep. Process S represents a homeostatic sleep drive that shows an exponential decline during

sleep and rise during waking and is largely a fiinction of prior wakefiilness. It is based on

measures of sleep propensity that were derived fi"om spectral analysis of slow wave sleep (SWS).

The spectral analysis of stages three and four sleep over the course of the night in the 1982 paper

is also one ofthe earliest quantitative demonstrations that SWS sleep was indeed a higher-

intensity and "deeper" stage of sleep. Borbely was also the first to introduce the idea that a single

circadian oscillator was responsible for the cyclical appearance ofNEEM and REM sleep and

reflected the basis for Process C. The combination of these two factors was thus able to predict

the sleep duration and intensity given variable sleep onset times and amounts of prior wakefulness

(Borbely, 1982). One of several models put forth at the time, Borbely's early work forms the basis
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for more than one predictive models of alertness, including his own (cf Kronauer et al, 1982;

Moore-Ede et al., 1980). ^ ' - : . : . ,

The two-process model was later mathematically refined by Achermann and Borbely

«

(1994) but retained its key relationship between a homeostatic process (S) and a circadian process

(C). The novel addition to this model were inertia factors (I) for both wake inertia (transition fi-om

wake to sleep) and sleep inertia (transition fi-om sleep to wake) . Using data fi^om a forced

desynchrony protocol and a shortened photoperiod protocol Achermann and Borbely were able to

model their two processes and derive precise mathematical formula for predicting daytime

vigilance. The general equation is. Alertness = (1-S) + C - 1, with each factor calculated

individually based on extensively derived mathematical fianctions (for specifics see Achermann &

Borberly, 1994). Little information regarding the sleep inertia factor was reported within the text

of the article. Judging fi-om equations provided in the appendix to the article and figures given in

the article it appears that they modeled sleep inertia (I) as a short-lived exponential Sanction.

Recognizing this omission, Achermann et al. (1995) acknowledge that they included sleep

inertia in their model even though it had not been well researched nor was well understood. To

address this concern they conducted their ovm study in an effort to assess the duration of sleep

inertia and possible effect of sleep parameters. Nine male normal sleepers were monitored for two

baseline days and nights, a day with a nap at 1800 hours and a day after the post-nap night. Sleep

was recorded polysomnographically during an adaption night, a baseline night, a nap and the post-

nap night. Assessment of alertness and psychomotor performance was assessed every 20 minutes

for the first hour after waking after which assessments were made every two hours. Alertness was

measured on a in-house, 20-point subjective rating scale. The psychomotor performance measure

was a memory search task with mean reaction time as the only dependent measure used in their
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analyses.

The major findings that Achermann et al. (1995) report are that sleep inertia dissipates in

an exponential manner that plateaus within two hours, the specific time length being task-

dependent. Equations for alertness were: Alertness; a.=^ - 2i^*exp (-t/ta); a^: asymptotic level; (aa^

- aj: level at awakening; sl^^: decrement due to sleep inertia; t^,: time-constant. The equations for

reaction time were: Reaction time: rt=rtas + rt8i*exp (-t/tn); rtgg: asymptotic level; (rt^j + rtj: level

at awakening; rt^j: increase due to sleep inertia; trt: time-constant. The time-constants reported for

reaction time was 0.3h and for subjective alertness it was 0.45h. Within this context, the time-

constants reported here, and elsewhere in this thesis, reflect the rate of decay of a specific

saturating exponential function. A smaller time-constant reflects that the function reaches

asymptotic levels over a shorter time-frame than a larger time-constant. Calculated from the

Achermann et al. (1995) equations, sleep inertia effects are evident in a cognitive memory task for

approximately 54 minutes and are reflected in subjective alertness ratings for approximately 84

minutes. Despite maintaining its "two-process" title, the sleep inertia factor is incorporated into

their overall model as a saturating exponential function that last approximately one to one-and-a-

half hours, contingent on the dependent measure.

3-process model of alertness.

Bom out of a conversation at Easter in 1985 and a series of letters which followed,

Folkard and Akerstedt first proposed their three-process of alertness in 1987 (Folkard et al.,

1999). Citing the initial Borbely (1982) model as seminal basis for their model, they included an

endogenous circadian factor, process C, and two exogenous components describing the

relationship between sleep and wakefulness. Process S is an exponential function based on time
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since awakening and process W, a "waking up" factor. In this early model predicted self-rated

subjective alertness was defined by the equation: A = S+C-W where process C is the endogenous

sine component of sleepiness/alertness, process S is exogenous component ofthe alertness

rhythm, and reflects sleep need andW is the sleep inertia component (Folkard & Akerstedt,

1992). An analysis of curve differences between actual subjective alertness ratings and

extrapolated process S ratings found that the function accounted well for alertness ratings three

hours after waking but not before this time (Akerstedt and Folkard, 1995).

To remedy this Akerstedt and Folkard (1996a) validated the model against several studies

which used subjective self-report to measure alertness at various intervals (10 minutes, 30

minutes, 60 minutes) over various ranges of time, up to 72 hours. Through these various

refinements they have come up with extensive mathematical descriptions for each process. These

can be applied in a number ofways to predict with a high degree of accuracy the predicted

subjective alertness ratings on various abnormal sleep schedules and also a number of sleep

variables such as sleep latency (Akerstedt & Folkard, 1996a) and duration of sleep (Akerstedt &

Folkard, 1996b). According to the mathematically derived function, processW accounted for

98.8% ofvariance between predicted and actual alertness ratings with certain restrictions (Folkard

& Akerstedt, 1991). ProcessW holds true for forced awakenings at normal time of day and

following full sleep. ProcessW dissipates at 62.7% per hour according to a saturating exponential

function (time-constant 0.66h) and it is reported that the majority of sleep inertia effects as

reflected in subjective alertness ratings are seen within the first 90 minutes afler awakening.

ProcessW does not contribute to alertness ratings after the 3.21 hour point.

Folkard et al. (1999) make it clear that processW is by far the least understood and least
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validated factor in their model, given the paucity of data from studies with spontaneous

awakenings. Despite this they are confident in suggesting that "sleep inertia" is not a consequence

of needing more sleep but that it is more accurately described as a rising trend in alertness. As

evidence they point to their predictive model for a "sleep termination function" which assumes

that all sleep need has been completely dissipated and note that it is well validated using their 3-

process model, including process W, against a number of laboratory and field studies (Akerstedt

and Folkard, 1996b). Additionally it is in concordance with Borbely's original model despite using

different data sets and variables (Folkard et al., 1999). ^ r'

Interactive model of subjective alertness and cognitive throughput. ci -. ;

Despite its apparent success at predicting alertness, other researchers point out theoretical

and practical concerns with the 3-process model of alertness. Jewett and Kronauer (1999) take

aim at the 3-process model's limitations to subjective assessments and its roots in Borbely's

model. They argue that the process S modeled after Borbely's homeostatic process of the same

name is a theoretically outdated concept based on sleep propensity. It is their contention that

because process S is based on sleep propensity and was mathematically modeled using subjective

data it is not representative ofwaking performance for neurobehavioural tasks. They also do not

find it surprising that a model validated against the decline of slow wave activity during sleep and

not the rise of alertness due to awakening was found to be able to predict duration of sleep and

sleep latency. Furthermore, they argue that the original Folkard and Akerstedt (1991) model '

proposed additive, linear interactions between process S and process C which have recently been

shown to interact in non-linear fashion (Czeisler et al., 1994). It is Jewett and Kronauer'

s

contention that recent data on studies of forced desynchrony are better measures of alertness and



iL m

i'Ul^O

i -J

ju:'h t'< •

vrtt i

' "
' '^fi

/^orf:



21

performance across different lengths of wakefulness and across all circadian phases.

Their model also consists ofthree similar processes but is based on 28-hour forced

desynchrony studies, sleep deprivation studies across all circadian phases and was refined using

data from nearly 150 studies 30 to 50 hour sleep deprivation studies in which subjects woke at

their habitual times. The three processes are (1) a sigmoidal homeostatic component (H); (2) a

circadian component (C); and (3) a sleep inertia component (W) that rises in an exponential

manner after wake. ^

The sleep inertia component incorporated into the model was based primarily on a recent

study by Jewett et al. (1999). They collected data from 15 young males during the first four hours

after awakening from their habitual time from a full eight-hour sleep period. Subjective alertness

and cognitive throughput measured by an addition task was sampled every 10 minutes during the

first 90 minutes after wake and every 30 minutes thereafter until four hours after awakening.

Despite the perceived differences in the theoretical background and the questioning of the validity

of sleep propensity model, Jewett et al. reports a remarkably similar dissipation of subjective sleep

inertia time-constant of 0.67h, compared to the 0.66h time-constant reported by Folkard and

Akerstedt (1992). They report that sleep inertia effects for the addition task dissipated in a

saturating manner reaching asymptotic levels two hours after awakening and continuing to plateau

until four hours after awakening. Measures of cognitive throughput were fitted by a saturating

exponential function with a time-constant of 1. 17h indicating that cognitive performance may take

longer to return to normal levels than subjective self-measures may estimate. The basic rate of

dissipation of sleep inertia for subjective alertness is modeled as a derivative of a saturating

exponential function according to the following formulae: subjective alertness, r^ = 1/0. 79h"^;

cognitive throughput, r^ = 1/0. 86h"^ Specifics of the complex mathematical fimctions can be
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found in Jewett & Kronauer (1999).

Event-related potentials: Arousal vs attention

When examining gradual changes in arousal level, such as during sleep onset or off-set, it

is difficult to ascertain whether changes in evoked potential morphology are due to the decreased

arousal level or waning attention to the relevant presented stimuli. As such, one aspect of sleep

inertia which has not received extensive attention is the use of electrophysiological measures.

Manipulating the attention variable through experimental designs and protocols can be achieved

relatively easily through auditory oddball paradigms, dual task and divided attention procedures.

Controlling and measuring the physiological arousal of a subject is slightly more complicated and

disentangling arousal from attention when accounting for changes in event-related-potential

morphology can often be very difficult (Segalowitz, Velikonja & Storrie-Baker, 1994). A more

complex task that might allocate attention more precisely could be potentially arousing. Despite

these difficulties Polich and Kok (1995) offer this view:

"Although the casual connection between arousal and the P300 is difficult to

delineate directly, it is not unreasonable to conclude that arousal level does affect

^ the P300 component in various task situations (p. 136)."

One way to produce internal changes in arousal is through the presentation of an

exogenous alerting agent. These can take the form ofknown biological stimulants such as caffeine

or depressants such as alcohol. "Common drug" changes in arousal such as these have been

reviewed elsewhere (Polich & Kok, 1995). Ofmore interest to the present study, are the studies

reviewed in Table 2 (pp. 23-25) that represent the effects of sleep onset (stages la, lb, 2),

sleepiness, sleep deprivation, drowsiness, food consumption and post-nap or post-sleep

awakening on ERP morphology.
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Sleep onset: Gradual changes in a transition period.
;

Many different measures of falling asleep show similarities to impaired functioning in sleep

inertia, e.g., decreased reaction time, impaired cognitive performance. The EEG pattern during

sleep offset and shortly after waking up is similar to that during sleep-onset (Dinges & Kribbs,

1991; Ogilvie & Simons, 1992) and they have been described as similar processes (Bruck &

Pisani, 1999) so it seems logical to examine the idea of the sleep inertia period as the opposite of

sleep onset. •" ' '^'^ 5' ^.^ t ^ k. . s

Sleep onset is a gradual period from wakefulness to sleep that can be defined behaviorally,

cognitively and physiologically (Harsh & Ogilvie, 1994). The gradual decrease in arousal and

increase in sleepiness is reflected in slower behavioral responding, poorer cognitive performance

and decreasing physiological arousal. Of most interest to psychophysiologically oriented sleep

researchers and cognitive electrophysiologists seeking to describe the sleep onset period are

specific electroencephalographic (EEG) variables and stimulus time-locked waveforms known as

event-related-potentials (ERPs). The P300 amplitude is thought to be related to attentional ...

allocation and the latency to speed of processing (Gesiler & Polich, 1990). The NlOO, another

late-component, a negative potential around 100 ms, is thought to be highly sensory in nature

(Salisbury, 1994).

Ogilvie et al. (1991) examined the late components of the auditory ERP as subjects fell

asleep and also simultaneously examined performance on a behavioural response task. The

behavioural response required subjects to press a switch in response to an 1000 Hz 27.5-30.5

dB(A) tone that was presented by an earphone inserted into the preferred ear. Tones were

presented an random intervals of 5-50 seconds as subject fell asleep. Reaction time on the trial to

these tones was measured and the trial grouped into one of five bins; bin 1 represented the fastest
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quartile of responses, bin 2, 3, 4 the second, third and fourth fastest response during the night.

Trials with no response to the stimuli were placed in bin 5 and used as an indicator ofbehavioural

sleep, u :

>':- V >• ^-.orr- ^- ,,....

v^; .
Large amplitude increases were found in the P2 and N2 components and decreases in Nl

and P3 as subjects gradually became sleepier as measured by reaction time to the tones. Changes

in latency appeared for all four components but were not as large as amplitude changes.

je*. . The novelty of this study was the use oftwo independent measures ofwaking arousal;

ERPs and behavioural response. The introduction ofthe behavioural response however presents

several problems with interpretation ofthe results. Using a behavioural response definition of

arousal by grouping the reaction times into quartiles assumes that subjects were paying equal

attention to each stimulus and that an increase in reaction time reflects a decrease in arousal. It is

not possible to say with certainty that the results reflect a decrease in arousal but may simply

reflect a lack of attention to a particular stimulus at a particular time. It may be though that

behavioural definitions of arousal for the sleep onset provide a more accurate description than the

fluctuating pattern ofEEG activity during the sleep onset process as witnessed by the clear

transitional nature ofthe sleep onset process (Ogilvie et al., 1991). This is supported somewhat by

ERP evidence that showed the emergence ofP220-N350-P450 complex was correlated more with

behavioural responding percentages than background EEG activity (Harsh, 1994).

vn is a potential arousal/attention confound is that only a single fi^equency and intensity tone

was used as a stimuli which did not require subjects to make a discrimination. The addition of a

deviant tone would require the subject more closely attend to the presented stimuli and would be

more reflective of information processing across different arousal states. P300 amplitude and

latency is known to depend upon the subjective variability ofthe stimulus (Harsh, 1994) so it is
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possible that subjects habituated to the single tone.

A potential concern with the behavioural response is its contribution to, or interference

with natural changes in arousal by requiring subjects to pay attention to an auditory stimulus and

also produce a motor response, albeit a very small one. To account for these potential effects

Campbell et al. (1992) examined waveforms where subjects where asked to listen to similar

auditory tones but not to respond to any ofthem and simply try to fall asleep. A consistent

decrease in Nl amplitude and increase P2 amplitude was found but N2 was inconsistently affected

compared to Segalowitz et al. (1990) and Ogilvie et al. (1991). , . .

In order to address the concerns regarding arousal and attention in the previous study and

others reporting changes in auditory ERPs to a single tone (Noldy et al., 1988; Ogilvie et al,

1991) Winter et al. (1995) introduced several elements of discrimination and a more precise

definition of arousal level. Instead of a single tone Winter et al. (1995) employed a three-tone

auditory oddball paradigm. A large deviant tone of2000 HZ (P = 10%) and small deviant of 1200

Hz (P = 10%) was presented randomly amongst a series of 1000 standard Hz tones (P = 80%).

Each tone was 65 dB(A) with a duration of 50 msec and at an ISI of 1 sec. Auditory ERPs were

collected under three different levels of arousal: awake, drowsy and stage two sleep. Within the

awake condition was an "attend" condition where subjects were asked to count the number of

large and small deviant tones and an "ignore" condition where subjects read a book. Drowsiness

was defined as the time period fi"om the appearance of stage one sleep to the first sleep spindle,

including periods ofwaking under three minutes where stage one was prevalent 60% ofthe time.

Thirteen subjects were run under these conditions in randomized order over the course of

two testing sessions that each took place between 13:00 and approximately 17:30. Analysis was

performed on standard and both deviant tones under all of the arousal conditions. In the drowsy
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condition the small deviant tone and standard tone showed a decrease in Nl amplitude and

increase in P210 and N330 amplitude compared to wakefulness. There also seemed to be an

increase in P300 latency as a P430 was recorded. This is comparable to previous findings (Harsh,

1994; Ogilvie et al., 1991; Segalowitz et al., 1990). However, Nl amplitude was found to be

increased for the large deviant when compared to the large deviant response in waking state.

v.y j^'- The presence of characteristic waking components, such as Nl, and sleep components

such as P210, N330 and P430 led Winter et al. (1995) to suggest that drowsiness was more of a

transition period between wakefiilness and sleep, rather than an abrupt switch.

- Using a similar EEG-based definition of drowsiness Sekine et al. (1998) reported a similar

finding for the late negative component. They found a late negative wave oflow amplitude at

N300 that appeared to be superimposed over the P300 in the drowsy state using an auditory

oddball task to record in one of four EEG and EOG defined states: ?

i i) awake .

ii) drowsy: alpha still present and one of

• alpha wave freq decreased by more than . 5 Hz
• increased or decreased amplitude of alpha waves

: • diffuse distribution of alpha over scalp

• slow eye movements

i;: iii) stage la: no alpha, no vertex waves, fast mixed fi"eq

iv) stage lb: vertex waves 2-4 Hz slow waves.

• One potential concern for nearly all the studies cited above is a lack of sufficient control

for time of testmg and individual circadian typology (owls or larks). Aguire and Broughton (1987)

found a reduced Nl amplitude at 1400h compared to lOOOh in normals and Wesensten and Badia

(1992) found a similar reduction in P2 amplitude during the early afternoon hours. Kerkhof

(1982) found that momingness/eveningess interacted with time-of-day to produce effects on ERP

morphology including an Nl 15 minimum at 1300. The limitation ofthese studies is that the results
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are very isolated in nature. They report only a single finding (decreased amplitude) for two

separate components (Nl and P2) with a relatively small number of subjects. The lack of

significant results or even trends in similar directions for related components is cause for concern

and suggests that they may have over-extended their conclusions. Without replication it is

possible that the data may not reflect a true relationship. Indeed, other studies have found no

effect for time of day using more intensive paradigms of round-the-clock data collection for

periods up to 40-hr (Corsi-Cabrerra et al., 1999; Geisler & Polich, 1990). Time-of-day effects

appear to be inconclusive or non-existent based on these more recent studies, and the weak and

contradictory findings of earlier investigations.

This does not imply that circadian influences are non-existent but more likely act

indirectly. Geisler and Polich (1992) support the view for circadian modulation with their report

that subjects evinced maximal P300 amplitude when measured at their preferred time of day for

activity in the absence of food. A recent study found that food consumption did not produce

reliable changes on ERP morphology (Hoffman & Polich, 1998) which supports the interpretation

ofP300 changes due to circadian type. An earlier study that failed to find significant effects of

time-of-day on the P300 component over a 24-hour period did find significant negative i

correlations with physiological measures. Geisler and Polich (1990) found that as temperature

increased, P300 latency decreased in a linear manner. A similar reduction in P300 latency was •

observed for increasing heart rate. This evidence has led to a suggestion that circadian modulation

ofERP components takes place through indirect effects on basal arousal levels (Polich & Kok,

1995; Wesensten & Badia, 1992). This seems likely in light of the well demonstrated relationship

between homeostatic factors and circadian factors for measures of subjective alertness

(Achermann & Borbely, 1994; Borbely, 1982; Folkard & Akersted, 1999; Jewet et al., 1999).
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tb Chemical challenges to arousal. -v . :

Fowler and Mitchell (1997) used a visual oddball task to examine the effect of the ,

barbiturate secobarbital on the P300 latency and amplitude. Either placebo or "high" dose (2.9

mg/kg) of secobarbital was administered to eight subjects in the morning. Reaction time was

found to be slowed an average of 181 ms from placebo to drug condition and P300 latency was

delayed an average of 79ms. Amplitude ofP300 was not significantly different for placebo and

drug condition. The authors propose that while the drug slowed stimulus evaluation time it did

not interfere with the memory updating process that is reflected by amplitude.
I.

Nakagome et al. (1998) studied the residual effects of triazolam, a short acting

benzodiazepine, on ERP morphology. In their analysis of subjects given placebo they found no

significant differences for NlOO, P300 amplitude and latency from night to morning. After

subtracting a wave recorded in an ignore condition they did find a significant increase in N2b in

the morning compared to night. They also report an attenuation of the MMN in the triazolam

group compared to placebo in the morning recording. However, this study has seriously flawed

methodology as no control was made for circadian typology. All subjects were required to wake

at 0700h which may have put subjects at different positions in their circadian body temperature

rhythm which is known to effect cognitive performance (Wright, 1999) and could affect ERP

wave morphology. The protocol also neglected to say anything about the stage of sleep they were

awakened from which is thought to have differential effects on cognitive performance upon

waking (Dinges et al, 1985a). vM-t'e

Secondly, sleep latency tests (SLT) were conducted after this 0700h wake time. Allowing

subjects to go back to sleep for various amounts oftime undoubtedly influenced their objective

sleepiness in an unknown manner, perhaps by dissipating any leftover sleep need, and influenced
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the level of arousal for the ERP recording which took place at 073 Oh, immediately after the SLT.

This alone could have unknown effects on the data and when combined with the administration of

triazolam the night before only smears the results more. Finally drug administration was

performed single-blind and given in a fixed amount (.25mg). This ignored individual differences in

body weight and drug sensitivity and may have altered experimenter expectancy when scoring

ERP data. As a result it is not valid to assume that the changes in ERP morphology were due to

residual triazolam.

Sleep offset.

A number of studies have examined ERP morphology during sleepiness seen in the sleep

onset period but very few have examined changes in ERP morphology as a specific indicator of

sleep inertia. In fact, very few studies report collecting ERPs for any substantial length of time

upon awakening.

In the course of investigating stimulus processing during NREM and REM sleep Bastuji et

al. (1995) obtained ERPs during a morning post-sleep waking period as a secondary measure. The

few specifics given regarding the collection conditions are that the six-minute task was run at least

once sometime between 0700h and 083Oh after a fijll night of sleep. No significant changes in

ERP morphology were reported compared to baseline measures taken in the afternoon before

sleep initiated. Using a similar protocol Nordby et al. (1996) collected ERPs immediately after

wake but again only for a short five-minute duration. Again no significant changes were noted

compared to baseline measures. Both studies report no significant changes but a task given once

within a 1.5 hour time fi"ame is insufficient to describe the time course of a process lasting as long

as three hours.
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> . Nakagome et al. (1998) studied the residual efifects of triazolam, a short acting

benzodiazepine, on ERP morphology upon morning awakening. In addition to the obvious

possibility that sleep inertia effects could have been exacerbated by drug hangover effects this

study inadequately controlled for circadian typology (momingness/eveningness), sleep variables

(prior sleep, timing of sleep) and drug administration as described above.

Takahashi and Arito (1998) also report findings on a well-controlled study using ERPs

and quantitative EEG to describe the sleep inertia period after a two-hour afternoon naps. They

reported a significant increase in P300 amplitude as time awake increased. However the period of

sleep inertia was studied so infi-equently (30 min, and 3 hour after wake) as to preclude confident

pronouncements on the duration of sleep inertia. : t- r> ;:> .
.-;.*

In general the studies examined provided rigorous methodology, data analysis and

cautious, theoretically backed interpretation of results. The results presented suggest that there

appear to be consistent, reliable changes in late component ERP morphology that occur either as

a direct, or indirect result of arousal level. Time-of-day and circadian efifects appear to be weak or

inconclusive or act indirectly largely because ofpoor control of circadian variables. Specifically

many studies lack descriptions of individual chronotype which is not difficult to ascertain using a

simple activity preference questionnaire (e.g. Home & Ostberg, 1976). An even better measure of

circadian phase would be continuous measurement of core body temperature but it is granted that

such control is not possible in the majority of studies. ' ^

Rationale
, ;

•
,.

•

Several ofthe studies noted above have examined one or more of the components that

affect sleep inertia (e.g. subjective, behavioural, electrophysiological measures, circadian effects,
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sleep deprivation, napping, full night's sleep etc). The fruitfulness of using complementary

measures to ERPs can be seen in early studies of sleep onset using behavioural definitions of

arousal (Ogilvie et al., 1991; Harsh, 1994) and also in more recent studies using quantitative EEG

measures and spectral analysis (Corsi-Cabrerra et al., 1999). No study to my knowledge has used

a convergence ofsubjective self-report, behavioural, and electrophysiological measures to

describe the sleep inertia process upon waking after afull night ofuninterrupted sleep. The

proposed study seeks to redress this gap in the literature in a comprehensive manner.

Hvpotheses

Hypotheses were made on the basis of previous studies employing similar methodology of

a full night ofuninterrupted sleep. Based on the applicable literature the following predictions

were made:

(1) Subjective alertness as measured by the Stanford Sleepiness Scale (SSS) and visual

analog scale (VAS) will show an exponential increase over the course of the 90-minute sleep

inertia period. (Achermann et al., 1995; Akerstedt & Folkard, 1999; Jewett et al., 1999).

(2) Given the similarities in methodology it is thought that sleep inertia as measured by RT

will follow a time course similar to Achermann et al. and improve exponentially for a one-hour

period and then plateau. Evidence fi^om both napping and nocturnal sleep studies suggest that RT

measures will show a quicker dissipation of sleep inertia than subjective alertness so the same

relationship is expected here. r j
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(3a) As electrophysiological measures have been hypothesized to precede behavioural and

cognitive changes (Achermann et al., 1995; Dinges, 1990), it is predicted that ERP morphology

changes will be seen early after awakening. They will not persist but instead move to levels seen

during waking more rapidly than will behavioural indices. - ^

Based on the ERP literature it is predicted that the late components NlOO and P300 will

show changes in morphology as arousal level changes. Specifically, the following changes will be

seen as time awake and arousal level increases:
''

J -^

(3b) Nl amplitude will increase; ' ^

(3 c) Nl latency will decrease; * vn'i V S.^v?.k r^

(3d)P3 amplitude will increase; ','. > ;: i !^ >:- ; cni?i :lfcash3^c k ' ._ p

(3e) P3 latency will decrease. '
' .

« -

(4) Dinges (1990) hypothesized that greater sleep depth can result in greater sleep inertia

intensity. Depth of sleep will be operationalized by calculating total slow wave activity for five

minutes prior to awakening, 90 minutes prior to awakening and the entire night of sleep. Beta

power for the period five minutes before morning awakening will also be calculated to explore

any predictive relationship with intensity of sleep inertia. Greater intensity of sleep inertia will be

measured by initial subjective alertness and reaction time at time one.

Although there is a sound theoretical basis, the empirical data on SWA have not shown

any consistent findings to indicate that they are good predictors ofthe initial intensity of sleep

inertia (Achermann et al., 1995; Bonnet, 1983; 1986; Downey & Bonnet, 1987; Jewett et al.,

1999; Takahashi & Arito, 1998). Similarly, sleep architecture has been shown to be a poor

predictor of intensity of sleep inertia as measured by subjective alertness and simple memory task
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(Achermann et al., 1995; Bonnet, 1983; 1986; Downey & Bonnet, 1987). Despite the lack of

empirical support, Dinges' (1990) theory predicts a correlation between subjective alertness

(SSS, VAS), RT and increased SWS (4a). Sleep depth immediately prior to awakening is also

thought to be related to increased sleep inertia (Bonnet, 1983). Based on this and Dinges' theory

it is predicted that increased sleep depth, as measured by increased SWA, immediately prior to

awakening will be correlated with subjective alertness and RT (4b). Beta power will be explored

for predictive ability for each ofthe same measures as SWA as it has been shown to be able to

discriminate REM and NREM sleep (Uchida et al., 1 994) (4c).

Differential inertia effects are well established comparing SWS awakenings to REM

awakenings but to the author's knowledge differential sleep inertia effects have not been reported

between stage 2 and REM. The possible differential effects between the latter stages (stage 2 and

REM) will be tested in the present study (4d).

(5) Many different measures of falling asleep show similarities to impaired functioning in

sleep inertia, e.g. decreased reaction time, impaired cognitive performance, ERP changes (Ogilvie,

2000). As noted earlier, some have argued that it seems logical to construe sleep inertia as a

process opposite to that of falling asleep (Achermann et al., 1995; Bruck and Pisani, 1999). This

belief will be tested by examining the RT and ERP measures in this study for profiles similar to

those seen in sleep onset. RT is expected to decline in a linear manner (Ogilvie et al., 1992) while

ERP changes will be the same as those predicted in hypotheses 3b-e.
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« '- . Method

Participants " •;
i .

Informed consent was obtained from 10 first year university students (two male, eight

female). They were self-described regular sleepers who reported no transatlantic travel in the

previous three weeks and no shift-work in the previous three months. They were screened for

obvious medical problems and prescription drug use using a general health questionnaire, and

sleep disorders using the Sleep Disorders Questionnaire and were a "neither type" on the Home-

Ostberg (1976) Momingness/Eveningness scale. : v ^ i

Participants received $50 for completing the two overnight sessions or received credit for

experimental hours for their first-year psychology course. All participants had the option of a

muffin and a juice beverage every morning during the course of the study.

Screening Questionnaires ;; » > ., . h *

/
General health questionnaire.

An in-house general health questionnaire was used to inquire about general sleep and

health habits. Participants were specifically ruled out ifthey indicated the occurrence of a prior

head injury, neurological disorders, use of prescription medication other than birth control pills

and recent shift-work or overseas travel. ;...]..> : 'i

Sleep Disorders Questionnaire. : n 'V o

The Sleep Disorders Questionnaire (SDQ) was used to screen for any potential sleep

disorders. The SDQ is a self report, 175 item multiple choice questionnaire from which four sub-

scales are derived: Sleep apnea, periodic limb movements, psychiatric insomnia, and narcolepsy.
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According to Douglass et al. (1994), the current version of the questionnaire has evolved from a

sleep disturbances questionnaire developed by a group of researchers at Stanford University.

Reliability and validity for the SDQ have also been well established. Douglass et al. (1994)

obtained test-retest reliability values for the four scales which ranged from .753 to .842.

Momingness/Eveningness Questionnaire. ^; ;

The Home-Ostberg (1976) Momingness/Eveningness questionnaire was used to select

people of "neither" circadian typologies. The Momingness/Eveningness Questionnaire is a 19-

item self-report indication of a person's preferred sleep pattern and periods of activity. It

designates people as either morning-type people ("larks"), evening-type ("owls") or neither.

Definite morning types score between 70-86, moderate morning 59-69, Neither 42-58, moderate

evening 31-41 and definite evening 16-30. It is the one ofmost widely used circadian rhythm

questionnaires in the circadian rhythm/sleep research field and has an intemal full scale alpha of

/
.82. :.. '• .'. --'Vi^- :>; -

-•
' -'-I- -

Subjective measures :o "^
.

Stanford Sleepiness Scale. c . 'b a^^ if !'

The Stanford Sleepiness Scale (SSS) is a seven item, self-report scale that attempts to

quantify sleepiness. A rating of "one" indicates the greatest subjective alertness, "seven" being the

most sleepy. In this study the questionnaire was given in its original form but afterward scores

were transposed so that higher scores indicate increased subjective alertness. The SSS has

been found to be cross validated with performance on long monotonous tasks and appears to be

accurate in documenting subjective sleepiness (Hoddes, Zarcone& Dement, 1972). •



'iOt>^

' /!.• f?0(-

ii^:i-

UK)'*?



39

Visual Analogue Scale, nv '. . >

The Visual Analog Scale (VAS) is a 100 mm line upon which participants are asked to

place a mark indicating their sleepiness relative to two verbal anchors at either end of the line,

'VERY SLEEPY', 'VERY ALERT'. The mark is then scored as a value in mm from the VERY

SLEEPY anchor so that higher scores indicate increased subjective alertness. The relative

marking format is a generic scale that has been well validated for subjective sleepiness over with

numerous studies over many years and is widely used in various other disciplines, such as pain

research (Folstein & Lauria, 1973; Miller & Ferris, 1993). Copies of all questionnaires and ,

subjective measures can be found in the appendix.

Brock Sleep Laboratory

The Brock University sleep laboratory was used for the collection ofpolysomnographic

data. Within it there are two bedrooms, a monitoring room, and a bathroom. Each bedroom is

electrically shielded, sound attenuated, and approximately three metres by three metres in size. In

order to make participants feel more comfortable in the lab environment, the bedrooms were

equipped with a dresser (which was available to be used by participants throughout their stay),

mirror, and simulated window. Video information was collected by an infrared camera (which

requires illumination with a 40W red light), displayed on a TV monitor in the monitoring room,

and recorded on video cassette recorder. Two-way communication was made available in the

sleep lab by sound mixing boards, microphones, and speakers placed in the room.

Polvsomnographic recording conditions

Polysomnographic data (EEG, EOG, EMG, and ECG) were collected from each subject
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via a total of 22 Grass (West Warwick, RI) gold disc electrodes. Mark-easy 10-20 (Optimit,

Tucson, AZ) caps were used in order to landmark the standard electrode sites. The following

electrode sites were included in the EEG recording montage from the international 10-20 system

(Hamer & Sannit, 1974): Fpl, Fpz, Fp2, F7, F3, Fz, F4, F8, T3, C3, Cz, C4, T4, T5, P3, Pz, P4,

T6, 01, Oz, 02, and A2, referenced to Al. Only mid-line sites were examined study as laterality

was not being examined in the present study. Fpz was used as a ground electrode for the sleep

recording. The EMG electrodes were placed on the chin of each subject unless an excess of facial

hair would not allow for such an application in which case they were placed on the back of the

neck. All electrode impedances were less than 5 kQ. Each site was prepared with alcohol and

pumice paste prior to the application ofthe electrode cream (10-20 paste, D.O.Weaver, Aurora,

CO) filled electrodes. The scalp electrodes were fastened with collodion (Xenex Laboratories,

Coquitlam, BC), and those placed on the skin were kept in place using micropore tape. In the

morning, acetone was used in order to remove electrodes fastened with collodion.

Data were sampled at 200 Hz, converted using an A/D board, and initially recorded on the

hard drive of a Pentium-300 computer. Stellate Systems (Montreal, PQ) Luna© software was

used in order to record, score, and conduct power spectral analysis on the sleep data.

Final sleep stage was determined by examining the last two minutes of sleep prior to

scheduled wake-time and using standard scoring to classify it as either NREM (stage 1, 2, 3, 4) or

rapid-eye movement sleep (RechtschaflFen and Kales, 1968).

Event-related potential conditions , • ;r'/i .

Recording. .
•^- '•h>i;< 1

••^'

'

The same electrode montage that was used for the polysomnographic data was also used
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to record ERPs with one minor change; a ground electrode was added to on the left ear lobe with

hook-up procedures identical to those described above. The electrodes were then plugged into a

32-channel amplifier (Sensorium Inc, Charlotte, VT) that amplified EEG signals 10000 times.

Digitizing was performed using a TecMar Labmaster (Mentor, OH) 12-bit A-D converter and

sampled at 256 Hz with a bandpass of . 10 to 30 Hz. An MS-DOS program, InstEP software

(Instep Systems, Ottawa, ON) was used to present stimuH and record digitized EEG data onto the

hard drive of a Pentium computer. i; ii ; cl;^ iUcM,: v. ; ,' :

Task parameters.

A 2-tone auditory oddball task was used to examine ERPs. The standard tone was 1000

Hz, target tone 2000 Hz, intensity 50 db, inter stimulus interval between 1.2 and 1.8 sees. Target

probability was set at 20%. The total number of tones (target and non-target) was 200 resulting

in a 5 min task length. Participants were instructed to respond to the target tone by pressing the

space bar as soon as they heard it.

Averaging and scoring.
'

All ERPs were averaged off-line using InSTEP software. Artifact rejection was set at 90

|iV amplitude at either eye channel (LOC, ROC) or ^2. ERPs were scored using ERPScore (S. J.

Segalowitz, St. Catharines, ON) an in-house peak picking software program. Waveforms were re-

referenced to averaged mastoids and the software then picked positive and negative peaks

between predefined boundaries. Latency windows for NlOO and P300 were defined by the '

following ranges chosen on the basis of the applicable literature; NlOO: 70-130 ms and P300: 250

- 600 ms. Amplitude was measured as the maximal peak within the latency window referenced to
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a 50 ms pre-stimulus baseline.
It: uv. * •J*

Procedure ,i;. . v r ' -

Participants were scheduled to come in for an orientation trip to the lab at which time they

were shown the two recording rooms, the electrode set-up procedure and given a letter of

information describing the protocol. After this they were asked to fill out the screening

questionnaires. These were then scored and if participants met inclusion criteria (See Participants

p. 37) they were asked to return to the lab at which point an informed consent form was signed.

Seven nights prior to the first night in the lab, participants were instructed to follow their

usual sleep habits and complete a sleep log which were checked for compliance. Participants were

instructed to refi^ain fi-om alcohol or drugs seven days prior to coming into the lab.

Participants spent two nights in sleep lab. The first night was used as a baseline night to

get acquainted with the sleep lab and the experimental procedure. Participants were instructed to

arrive at the sleep lab two hours prior to their normal sleep time. Electrode hook-up was

conducted by the primary investigator as well as several well-trained researchers. Electrode

hook-up took approximately 1-1.5 hours; a radio played music selected by the participant in order

to entertain both participants and researchers, as well as create a relaxed and comfortable

environment throughout the hook-up process.

In preparation for each overnight data collection session, the amplifiers were calibrated,

and technical instruments were tested and set (i.e., intercom system tested, VCRs and computers

set to record). Preceding bedtime procedures, which commenced as close to the subject's normal

bed-time as possible, participants were allowed to visit the bathroom. Participants retired to bed

and the door was closed leaving only the red light and a bed-side table light for illumination. Once



\L

^iU.

'i; ?S

:fi»tf

boi



43

in bed, a bio-calibration procedure was conducted whereby polysomnographic data were collected

concurrent with subject performance of various biological events that typically occur during sleep.

The events included relaxed wakefulness with eyes closed, blinking, eye movements, grinding

teeth, swallowing, and coughing. Subsequently, participants were given instructions to fill out the

bedtime questionnaire, and turn out the bed-side lamp, and to go to sleep whenever ready.

Participants were verbally awakened by the experimenter at their usual wake-time as

indicated by a 7-day sleep log. Participants were immediately asked to fill out a SSS and VAS

questionnaire sheet (time after wake = min) and then led down approximately 5m down the hall

to a separate testing room where ERP testing took place. At five minutes after awakening

participants were asked to fill out another SSSA^AS questionnaire and then were presented with

the first 5-minute ERP task. At the conclusion of this participants were then asked to complete

another SSSA^AS questionnaire. This procedure, illustrated in Figure 2 (p. 47) was continued for

90 minutes after awakening resulting in a schedule of SSSA'^AS assessments every five minutes

and ERP tasks every 15 minutes. In total 18 subjective assessments and six ERP tasks were

obtained from each subject (see Figure 2, p. 47). Thirty-minutes after awakening participants were

offered ajuice and muffin.
'

' ' '

^' ,> ei ;'^
.

^ Participants were then led back to the sleep lab where electrode removal with acetone

took place. After completion of the tasks on the second morning participants were thanked for

their participation, received a debriefing form and either financial compensation or participation

credits.

. i_i
'

'.
•• •,',•

,- ,

,

Analyses
'^''

^ '•
' :

i

Data were analyzed only from the second night of sleep and second morning ofwaking up
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in the sleep laboratory. The PSG data from the second night were divided into 30 second epochs

and scored according to standard criteria (RechtschafFen and Kales, 1968). Stages 3 and 4 were

grouped together and are reported as slow-wave sleep (SWS). Parameters of sleep architecture

calculated were total sleep time (TST), sleep onset latency (SOL) to stage 2, REM onset latency

(ROL) to the first REM period, number of awakenings, minutes awake after sleep onset

(WASO), sleep stage percentages for wake, stage 1, stage 2, SWS and REM sleep and sleep

efficiency ([TST/(TST+WASO)*100]. Sleep efficiency is used as a rough measure of the

"quality" of a night of sleep that incorporates total sleep time and time spent awake after sleep

onset. >. ,, h

Power spectral analysis was also conducted for EEG recorded at site Cz for the entire

length of sleep, the last 90 minutes before awakening, and the last five minutes before awakening.

The last 90 minutes before awakening was chosen based on the length ofKleitman's (1963) Basic

Rest Activity Cycle. Fast Fourier Transform (FFT) was used to examine average total delta power

or mean slow wave activity (SWA) during these time frames. Delta frequency was defined as 1.0 -

3.9 Hz. Beta power was measured during the last five minutes before awakening. The beta

frequency was defined as 20-28 Hz. The upper limit for beta was chosen on the basis on a number

of studies that chose an upper limit for beta as no more than 30 Hz (Armitage, 1995; Armitage,

Hudson, Fitch & Pechacek, 1994; Hadjiyannkis, Ogilvie, Alloway & Shapiro, 1997; Ogilvie,

Battye & Simons, 1994; Uchida et al., 1992). Within each five second spectral record two 2.56 s

FFT analyses were performed and averaged together (Takahashi & Arito, 1998). A Hanning

tapering window was used. Consecutive spectral records were overlapped by 50% in order to

account for data eliminated by the tapering window. Mean slow wave activity values reflect mean

"total" slow wave activity, as opposed to mean "log" slow wave activity. Stellate Harmonie
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software was used for all FFT analyses. 1

» ' The 18 SSS and VAS assessments for each subject over the 90-minute time course were

averaged in groups of three centered around the start of the ERP time. This created six bins

(times one to six), of 15 minutes each that covered the time from zero minutes after awakening

until 85 minutes after awakening (see Figure 2, p. 47). This was done to compare each participant

on each measure (SSS, VAS, RT, NlOO amplitude and latency, P300 amplitude and latency) at

each of the six time periods. >?'
: vi ta v ,: <

The SSS, VAS and reaction time data were analyzed using repeated measures ANOVAs

with "time after awakening" as the within-subjects factor. The single experimental awakening

dictated that REM vs NREM awakening be analyzed as a between-subjects factor. Each s j

dependent measure was analyzed separately. ;;e
'

. , , / ) ^r ^ ,f n

Operational definitions of sleep inertia and sleep depth

The "duration" and time-course of sleep inertia was examined by hypotheses one and two.

Sleep inertia was defined by rising measures of subjective alertness, improved RT performance

and increased amplitude and decreased latency for NlOO and P300 measures. The time-course of

sleep inertia was predicted to be described by any linear and/or quadratic components shown over

time for subjective and behaviourial measures. The duration of sleep inertia was defined by the

time it took for an asymptotic level, if any, to be reached.

Hypotheses three through five all necessitated the operationalization of an "initial

intensity" of sleep inertia. This was accomplished by correlating initial values for the subjective

and behavioural dependent measures (SSS, VAS and RT) at time one and variables of interest

(sleep depth and sleep parameters). Sleep depth was operationalized as mean delta (0.9-3 Hz)
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activity or slow-wave activity (SWA). Three measures of sleep depth were obtained: Mean SWA

over the course ofthe entire night, 90 minutes before awakening and five minutes before

awakening.

Partial correlations were then used to analyze the relationship between selected sleep

parameters: total sleep time (TST), % SWS, mean SWA for entire night, mean SWA 90 min

before awakening, mean SWA five min before awakening, sleep efficiency) and initial assessment

on SSS, VAS and RT. Partial correlations were used to control for the final time ofmeasurement

(time six). This was done in order to ensure that the correlation between the initial assessment

values and any sleep variable was representative ofthe effects of sleep inertia at time one only.

Separate 6x3 repeated measures ANOVA were then conducted for NlOO amplitude and

latency over the six time periods by electrode recording site (Fz, Cz, Pz). The same analyses were

then conducted for P300 amplitude and latency. Each measure was analyzed separately.

Greenhouse-Geisser (1959) corrections were used for all ANOVA models.

\
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Results

Sleep parameters

All analyses were conducted on data obtained on the second night/morning awakening.

Bed times ranged from 2230h to 0030h and wake-times from 0530h to 0800h. The means and

standards deviation for sleep stage percentages are reported in Table 3. These were within ranges

normally seen in an experimental context (Browman & Cartwright, 1980; Clausen

Sersen & Lidsky, 1974). This suggests that based on sleep stage percentages it appears subjects

adapted well to sleeping in the lab.

Table 3. Means (SD) for sleep parameters.

Parameter Present study Clausen et al. Browman &
(1974) Cartwright

(1980)

Total sleep time (min)
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Time course of sleep inertia dissipation

Subjective alertness.

The SSS and VAS were used to measure subjective alertness after awakening. Means and

standard deviations for SSS and VAS are reported in Table 4. Mean values (± SEM) are plotted

with time of testing on the horizontal axis and subjective alertness rating on the vertical scale for

SSS scores in Figure 3 (p. 50) and VAS scores in Figure 4 (p. 51).

Table 4. Means (SEM) for SSS. VAS and reaction time.
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Figure 3. Mean (± SEM) SSS score over time.
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_ . . o
Reaction time.

Means and standard deviations for reaction times to the simple auditory tone can be seen

in Table 4 (p. 49). Mean reaction time over time awake is seen in Figure 5 (p. 53). Reaction time

was found to significantly decrease (i.e., get faster) as time awake increased (F(5,40)=3.92,

£=.042, n^ =.33). Within-subjects polynomial contrasts found a significant linear relationship

® 1,8)=5.89, £=.041, n^ =.42), but no quadratic effect.

Event-related potentials.

NlOO and P300 components were scored and averaged as described earlier for each of the

six times. No main effects or interaction effects were found for any ofthe components at any of

the sites over the six times. NlOO amplitude and latency appeared stable and did not change

significantly over time (see Table 5, p. 54 and Figures 6 & 7, pp. 55-56). P300 amplitude

appeared similarly stable over time (Table 6, p. 54 and Figures 8 & 9, pp. 57-58).

The only potentially interesting result appeared for P300 latency which can be seen in

Figure 9. It appeared that there may be a significant decrease in P300 latency fi-om time one to

time two for sites Cz and Pz where the P300 is maximal. To test this further paired sample t-tests

were used to compare mean P300 latencies at time one to time two for sites Cz and Pz. At site Pz

there was a significant decrease in P300 latency from time one to time two (t(9)=2.54, £=.032).

Although there appears to be a trend toward a faster P300 at time two compared to time one this

was not significant at Cz (t(9)=2.20, £=.055). Within-subjects simple contrasts were used to look

for similar changes in the other components but there were no significant differences. Individual

ERP waveforms for each ofthe 10 participants for times one, two and three can be seen in the

appendix.
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Time

Figure 5. Mean (± SEM) reaction time over time of testing.
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Table 5. Means (SD) for NlOO amplitude and latency bv site.

r
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Figure 6. Mean ofNlOO amplitude over time by site of recording.
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Initial intensity of sleep inertia

Hypotheses 4a and 4b predicted that the initial intensity of sleep inertia to be

operationalized as the partial correlation of initial SSS, VAS and RT measures at time one would

relate to sleep depth and sleep parameters at time one, controlling for the final assessment at time

six so that only variance in the initial assessment was examined. Partial correlations were used to

examine the relationship between % SWS, mean SWA for the three chosen time periods (five

minutes prior to awakening, 90 minutes prior to awakening and TST), total sleep time (TST),

sleep efficiency and the initial subjective and behavioural inertia effects measured at time one.

Percentage slow wave sleep (SWSV ^ , • , ...

Previous literature had indicated that SWS was a poor predictor of initial intensity of sleep

inertia and subjective alertness (Achermann et al., 1995). Dinges' (1990) theory though predicted

otherwise (hypothesis 4a). Significant correlations were found for percentage SWS and initial SSS

score (r=.74, p=.023) (Figure 10, p. 62) as well as percent SWS and VAS score at time one

(r=.67, £=.048) (Figure 1 1, p. 63). This indicates clearly that a greater amount of SWS over the

course ofthe entire night leads to a higher initial rating of subjective alertness. The correlation

between % SWS and initial reaction time (r= -.66, ^=.051) (Figure 12, p. 64) was of equal

magnitude to that of the subjective measures, although its significance depends upon whether

alpha is rounded down to two significant digits or not. The RT/SWS correlation would appear to

indicate that diminished SWS over the course ofthe entire night is related to a slower initial

reaction time. Total sleep time (TST) and sleep efficiency were not significantly correlated with

initial intensity of sleep inertia as reflected in RT.
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Slow wave activity (power spectral density). ' .,

Hypothesis 4b predicted a correlation between sleep depth immediately prior to awakening

and subjective alertness and RT. The only significant correlations with mean SWA were found for

the period five minutes before awakening for subjective alertness. There was a significant

relationship between SWA at Cz five minutes before wake and initial SSS score at time one (r= -

.71, £=.031) (Figure 13, p. 65) as well as VAS score at time one (r= -.68, £=.043) (Figure 14, p.

66). The negative relationship indicated that higher amounts ofSWA (greater sleep depth) was

correlated with lower initial alertness.

There was no significant correlation for SSS and VAS score for total SWA at Cz over the

fijU night, or 90 minutes before awakening. Nor were there any significant correlations for any of

the SWA variables and initial RT. Beta power at Cz five minutes before awakening was not

significantly correlated with any ofthe dependent measures (hypothesis 4c). < • ;

NREM vs REM awakening.

Hypothesis 4d sought to explore stage 2 versus REM awakenings. There were five

awakenings fi'om NREM (stage 2) and five awakenings fi"om REM. Means and standard

deviations are reported in Table 7 (p. 67). Although there was no significant interaction between

SSS scores and pre-awakening sleep stage (F(5,40)=2.57, £=.123) over the entire time of testing.

Figure 15 (p. 70) is included for interest's sake. Initial awakenings at time 1 tended to be higher

for REM awakenings but this was not a significant difference (t(9)=.353). Similarly, the plot of

VAS data by pre-awakening stage (Figure 16, p. 71) does not show a significant interaction over

time (F(5,40)=3.24, £=.059), although the interaction could be thought of as a trend. Again REM

awakenings show higher values of alertness compared to NREM but these were not significant
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(t(9)=.864). There was also no interaction effect between reaction time and pre-awakening stage

2(5,40)=.64, 2=54) or initial differences between REM and NREM awakenings (t(9)=.704)

although again REM awakenings tended to have a faster mean reaction time (Figure 17, p. 72).

Event-related potential data also did not show any differences due to pre-awakening sleep

stage. 6x3x2 repeated measures ANOVAs were performed with time and electrode recording site

as within-subjects factors and pre-awakening stage as a between subjects factor. Separate analyses

were performed for NlOO amplitude and latency and P300 amplitude and latency. There were no

significant between-subjects effects of stage for NlOO (F(2,7)=2.70, £=.135) or P300

(F(2,7)=1.49, p=.289) or interaction effects for time by pre-awakening stage for NlOO amplitude

1T:(5,40)=1.48, p=.249), NOO latency {F(5,40)=1.34, £=.287), P300 amplitude iT:(5,40)=.439,

£=.703) or P300 latency (F(5,40)=2.28, p=.143). There were no significant interaction effects for

time by site by stage either. Means and standard deviations for NlOO and P300 components by

pre-awakening stage are reported in Tables 8 - 1 1 (pp. 68 - 69).
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Table 7. Means (SD) for SSS. VAS and RT over time by pre-awakening sleep stage.

ft

Measure NREM arousal (n=5) REM arousal (n=5)

SSS
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Table 8. Means (SD) for NlOO amplitude and latency by site for REM awakenings rN=5).

Measure Fz Cz Pz

NlOO amplitude (liV)
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Table 10. Means (SD) for NlOO amplitude and latency by site for NREM awakenings rN=5y

Measure Fz Cz Pz

NlOO amplitude (|iV)
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' ^'y-' >) ^.uo-/.,. ,.:;; V -. .
•'/.-,' Discussion ;.

'

=. The phenomenon of sleep inertia has been said to be robust and universal, appearing

across different protocols and sensitive to various dependent measures (Dinges, 1990). The

results seen in this study support this view. Over the course of a full night of sleep with timing and

length similar to habitual norms, sleep inertia was evident in the rising trend of subjective alertness

and decrease m reaction time as time awake increased. The results returned strong support for the

subjective and behavioural hypotheses but electrophysiological measures were inconclusive.

Subjective alertness rises as time awake increases .; i* il:i ;.,.>.

Both the SSS and VAS showed patterns of increased self-reported wakefulness as time

awake increased. In both cases the time course of the dissipation of sleep inertia was described by

strong linear and quadratic components. Previous data and models report an exponential function

based on an asymptotic dissipation of sleep inertia (Achermann et al., 1995; Jewett et al., 1999).

In the present study the linear component accounted for slightly more variance in subjective

alertness scores but the quadratic component was statistically significant and able to be observed

visually. The most obvious explanation for this difference is that the previous studies employed

testing for much longer testing times (at least three hours) that essentially added a longer plateau

period that subsequently defined a more exponential equation. Visual inspection of Figures 3 and

4 reveals that the observed curve for mean SSS and VAS scores appears to be approaching an

asymptote at time six, particularly for the SSS scores, centered around 80 minutes after

awakening.

Closer examination ofthe data reported in previous studies within the first 90 minutes

reveals noticeable similarities in the shape of the curve and the time course of sleep inertia

dissipation in just over an hour. The equations and time-constants reported by Achermann et al.
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(1995) show asymptotic levels for subjective alertness were reached at 100 minutes after

awakening with scores at 90 minutes after awakening being 96% of the asymptotic level. The

study of Jewett et al. (1999) reported that an asymptotic level for VAS scores was reached in

their final testing time at three hours after awakening. However, according to their data and fitted

equations, the level of subjective alertness at 90 minutes after awakening was 80% of the

asymptotic value and at two hours after awakening the value was not an altogether different 85%

of the asymptotic value. The value 90 minutes after awakening is remarkably similar to the value

seen in the present study.

The bulk ofthe literature supported the idea that the most important changes were seen

within the first hour for the dependent measures employed in this study and it was for this reason

that the period for 90 minutes after awakening was chosen to be sampled (Achermann et al.,

1995; Jewett et al, 1999). As predicted in hypothesis one, the findings presented for subjective

alertness provide strong validation that subjective alertness rises in manner similar to previous

studies over the first 90 minutes after awakening. >t \ > n* ^
^^e

. s ?

Although the accuracy of self-report has been questioned in numerous areas of

psychological research and even during the period after awakening (Gil, 1999), when the findings

ofthe present study are added to previous ones it appears well demonstrated that the SSS and

VAS provide reliable and valid measures ofthe time course of subjective alertness upon

awakening. The benefit ofthe SSS is that it is widely used in sleep research and has been well

validated as a simple measure of subjective alertness (Hoddes & Zarconne, 1972). The VAS has

similarly has been shown to have the advantage of brevity without losing accuracy when

compared to time consuming questionnaires and has also been shown to be reliable in measuring

subjective phenomena such as pain and mood in other disciplines (Miller & Ferris, 1973; Little &

McPhail, 1973). A particular advantage ofthe VAS is that its continuous scale provides more
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precise measurement than the discrete seven-point Likert construction of the SSS. Despite their

differences both have been shown to be correlated with each other as measures of subjective

alertness (Johnson, Freeman, Spinweber, & Gomez, 1991). This was evident in the present study

when observing the similar smoothness of the curves that described a rising trend in alertness. The

SSS has also been with correlated with objective measures of sleepiness such as the Multiple

Sleep Latency Test (MSLT) (Johnson et al., 1991) and so has the VAS (Carskadon, Acebo,

Labyak, & Seifer, 1999). - ^- '

^

Reaction time decreases as time awake increases n / .r

Hypothesis (2) predicted that reaction time would show an exponential decrease to a

plateau at a faster rate than the subjective measures (Achermann et al., 1995). RT did show the

expected decrease but the time course ofwaking up did not precede the subjective measures in

the exponential function that was predicted. Reaction time showed no plateau effect over the six

time periods. This is inconsistent with the findings of Achermann et al. who found a plateau after

approximately one hour and with other napping studies that found reaction time was not affected

after periods longer than 30 minutes (Dinges et al., 1981; 1985a). However, it is consistent with

recent findings published subsequent to data collection in the present study. Ferrara, de Gennaro

& Bertini (2000) found that RT measured for a 75-minute period after a full night of sleep

showed a similar linear decrease but did not plateau. The auditory reaction time task employed in

Ferrara et al. required vigilance over a five-minute period to respond to tones at an inter-stimulus

interval between two to eight seconds. Their interpretation was that sensory-motor performance

recovered more slowly than a cognitive arithmetic task presented over the same time frame.
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Despite the most recent finding by Ferrara et al. (2000) it was still thought that RT would

peak within the 90 minute time fi-ame and it is unclear why this was not evident. It does not seem

likely that participants were having difficulty properly performing the task as it was a simple

reaction to an auditory tone and they had six practice trials the previous morning. If anything, a

practice effect might have been expected but this was not evident. Muzet, Nicolas, Tassi,

Dewasmes and Bonneau (1995) speculate that tasks involving a high demand of attention would

be more impaired than easy or monotonous tasks. Although simple auditory RT appears to be a

relatively easy task, it does not seem likely that the attentional demands of a simple oddball task

are sufficient to prevent asymptotic performance within the first 90 minutes after awakening.

Therefore, in spite ofDinges' prodigious efforts, fiirther investigation into the actual time course

ofRT performance immediately after awakening is required.

Event-related potential data -:e$ ^ ^? ;,vr ve '

. c -uo^ m c ,k vt^-,^ r,, : '

Polich and Kok (1995) offer this general summary on the effects of arousal on ERP

morphology: .., -^.j^ ' :m>;^;^... w^v *?•.-:_._,?:.? \.,^j,vr re--- rv^r,...-: V
,

"The global pattern of effects implies that when arousal is increased by food
• intake, high body temperature, uhradian cycles and normal sleep P300 amplitude

increases and latency decreases with the opposite pattern observed when arousal

is decreased..." (p. 131).

Based largely on findings surrounding one ofthese processes of decreasing arousal, sleep

onset, it was predicted that changes would occur in an opposite direction for sleep inertia. -.

Specifically that N100/P300 amplitude would increase and latency would decrease (hypotheses 3

b-e). However, over the course ofthe six time periods no significant main effects were found for

any ofthe components or sites that were examined nor were there any interactions. NlOO
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amplitude and latency remained largely unchanged suggesting that sensory detection ofthe

stimulus was stable over the six time periods. ,;
*

oc u. The only support returned for the hypotheses was a decrease in P300 latency (hypothesis

3e) that occurred earlier than subjective or behavioural measures (hypothesis 3a). It is generally

accepted that P300 latency can be thought of as a reliable indication of neuroelectric processing

capability and speed (Polich and Kok, 1995). The decrease in the P300 latency from time one to

time two seems to support the notion that participants initially were able to process the stimulus

faster as they awakened more fully. What was not expected was that the P300 latency times

would then subsequently increase at time three to levels seen immediately after waking and stay

there until the end of the testing session. Instead, it was predicted that the P300 latency would

decrease quickly and then remain at these low levels. The initial decrease may suggest that P300 is

very sensitive to initial changes in speed of processing during the early periods of sleep inertia, but

that as people awaken fiirther, it becomes less sensitive. The subsequent increase in P300 latency

could possibly indicate boredom or mental fatigue with the task which results in decreased

attention to the stimulus. The experimental morning was the second testing session where they

had been exposed to the task and perhaps the repetition and monotony ofthe task across six

testing sessions contributed to the habituation ofthe latency (Polich, 1989).

In every single case participants were reporting themselves to be more awake at then end

ofthe sixth session than at any other point during testing. This level of wakefulness would seem

to predict a robust P300 amplitude and indeed these were evident. However, amplitude levels

were no different after 90 minutes from those obtained after only five minutes of wakefulness. If

we take the view that P300 amplitude is reflective ofthe amount of attentional resources allocated

to a given task (Polich, 1987) then perhaps it is not altogether surprising that amplitude changes
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were not seen. The task was a relatively simple auditory oddball that was presented six times over

the course of the morning. It has been demonstrated that habituation of the P300 amplitude

occurs with repeated elicitation ofthe ERP (Polich, 1989) so perhaps these could have offset

changes due to arousal. )

Perhaps the simplicity ofthe task resulted in it becoming automatized in rapid fashion. If

this was the case, we would expect to see a frontal shift in the P300 and change in hyperfrontality

when compared to centro-parietal sites as described by Wintink et al (2000). Despite a slight rise

in P300 amplitude at Fz from time one to time six, this relationship is not significant. Instead, the

amplitude data appears to follow Polich and Kok's (1995) assertion that P300 amplitude scalp

topography usually does not show interactions to biological fluctuations, in this case a natural

increase in arousal due to the awakening process. A more complex task, such as a three-choice

oddball, may have required additional attentional resources and may have been more sensitive to

changes in amplitude and latency. was^- i.,:>M'fiair^^^T > .:^

Is it reasonable to assume the sampling period was not long enough to observe

electrophysiological changes? Possibly, as Takahashi and Arito's (1998) findings showed a

significant decrease in P300 latency comparing initial measurements 30 minutes post-awakening

to three hours post-awakening. But the question is not so much ifthe full range of changes are

seen within the first 90 minutes but rather were the most important changes sampled? It appears

that subjective alertness, reaction time and P300 latency data in the present study all provide

evidence that the major effects of sleep inertia occur within the first hour. It does not seem logical

to assume that subjective and behavioural changes are occurring independently of changes in brain

activity. The most likely explanation ofthese results is simply that NlOO amplitude and latency
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and P300 amplitude are not sensitive to the gradual changes in waking arousal seen in sleep

inertia.

Sleep depth and intensity of sleep inertia

Dinges (1990) presented a strong theoretical argument for predicting the initial intensity of

sleep inertia. Specifically he reasoned that increased sleep depth, evidenced by increased SWS and

increased SWA resuhs in increased intensity of sleep inertia and this was predicted in hypothesis

4a for both subjective alertness and RT. As noted in hypothesis 4a this was predicted in spite of a

lack of consistent empirical data. The present results also lack some consistency as the subjective

measures supported the Dinges (1990) theory, the behavioural measure did not. .' >

Both the SSS and VAS were sensitive not only to time-course of sleep inertia (-80

minutes) but also to the initial intensity. Previous research had demonstrated that slow-wave

activity, specifically the delta band fi-om 1.0 to 3.9 Hz, was a good indicator of sleep depth

(Borbely, 1982; Akerstedt & Gillberg, 1986). Mean SWA at Cz five minutes before awakening

was correlated with levels of subjective alertness at time 1. These results reported for spectral

power five minutes prior to awakening in this study confirm Dinges' (1990) postulate that sleep

depth is an important determinant ofthe intensity of sleep inertia.

.^^.^,
The lack of correlation between SWA over the course of the entire night or 90-minutes

before awakening and initial inertia effects appears to weaken the argument that depth of sleep is

an important predictor of intensity of sleep inertia. However, both Dinges (1990) and Bonnet

(1983) support the idea that the depth of sleep over the course of the entire night is not as

important as that ofthe depth of sleep immediately prior to awakening. Dinges' theory

hypothesizes that increased sleep depth covaries with cortical arousal levels and that awakening
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from a deeper sleep is associated with lower basal metabolic levels. The low basal metabolic upon

awakening results in global impairment of functioning that affects all cognitive performance

involving memory and performance. Unfortunately, the behavioural data do not support this

impairment ofperformance as no significant relationship was seen between RT and sleep depth.

As noted earlier when discussing the RT task perhaps this was because the cognitive

component of the motor task, identifying a target tone, was relatively simple and so was not

adversely affected by increased sleep depth. Bruck and Pisani (1999) argue that RT tasks and

arithmetic tasks that are portrayed as measures of cognitive ability can be considered automatic or

attentional and do not involve complex processing. It is possible that a more complex task

requiring greater cognitive effort, such as a decision making task employed by Bruck and Pisani,

could have shown greater differences in sleep inertia intensity due to sleep depth. Still, the finding

for subjective alertness is encouraging and provides direct evidence that sleep depth in the period

immediately before awakening is an important component of sleep inertia. '

Sleep architecture

Although on average, participants showed sleep stage percentages similar to normative

values there was still some variability vdthin percentage SWS. Values for REM onset latency

were noted to be somewhat high but not outside normative values (Browman & Cartwright,

1980; Clausen etal., 1974).

No increase in SWS was expected and was not seen because a fiill night of sleep was

being studied without any previous periods of prolonged wakefijlness (sleep deprivation). The

decreased amounts ofSWS were not predicted but were not surprising as it is quite likely that

some participants had slightly more difficulty than others adjusting to the new sleeping
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environment in the sleep and consequently their percentage of SWS was lower. It is important to

note that these percentages were still within normative ranges and based on individual timing and

length of sleep, the percentages of other sleep stages and measures of sleep efficiency it is

reasonable to assume that subjects experienced sleep similar to their habitual pattern.

The significant correlation with slower initial RT, higher subjective alertness and

decreased SWS was unexpected but not surprising as SWS is thought to be necessary for

restorative processes (Webb, 1992). The refreshed feeling that people feel after awakening from

sleep has inspired a number of restorative theories of sleep. Home (1989) for one, proposed a

"core" sleep, composed primarily of SWS and "optional" sleep which roughly corresponds to

REM sleep. However, many ofthese restorative theories have been questioned on a number of

empirical grounds (for an insightful review see Rechtschafifen, 1998). In trying to model sleep

apnea, a pathological sleep disorder, Bonnet (1985, 1986, 1987) has suggested that sleep

fragmentation/consolidation is an important variable to consider when assessing the restorative

properties of sleep.

['' ' vie " ^' :^;; 'J whk^Og-^ip .•,!}.. - '. ".'•-• ._ /'''
.. •!

Sleep staging vs power spectral analvses ^^ .- m

Sleep stage preceding awakening had no effect on initial inertia effects for any dependent

measure (hypothesis 4d). All three dependent measures (SSS, VAS, RT) showed results in an

appropriate direction to suggest that REM awakenings resulted in greater initial alertness and

faster RT performance but these differences were clearly not significant. Analysis ofERP data

also did not find any significant differences for pre-awakening stage for any late-component

measure of amplitude or latency. The ability to elucidate differences that standard sleep scoring

could not, demonstrates the heightened sensitivity ofpower spectral analysis when compared to
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standard sleep scoring. The lack of differentiation by the standard measures lends support to those

who argue that visually scoring sleep over 30 second epochs is far from ideal (Armitage, 1995).

One ofthe main arguments is that defining the EEG based on categorical stages of that length

results in the loss of a vast amount of data. Instead, some argue that sleep should be thought of as

a continuous variable and analyzed as such (Armitage, 1995; Uchida et al, 1992, 1994). Power

spectral analysis has the advantage of being able to turn a categorical variable into a continuous

measure by means ofFFT analyses ofvery brief, consecutive mini-epochs. Standard sleep scoring

criteria are extremely useful in clinical settings but perhaps have been relied on too much in

certain areas of experimental sleep research. When examining circumscribed transition periods

such as sleep ofiF-set or sleep onset it would serve the modem researcher well to employ power

density descriptions ofthe data or use more precise categorical definitions ofthe EEG, such as the

nine stages proposed by Hori, Hayashi and Morikawa(1994). ,

. .

Can sleep inertia be considered as a simple reversal of sleep onset processes?

Both falling asleep and waking-up appear to be similar periods involving transitions in

levels of alertness and show similarities using subjective and behavioural measurement.

Achermann et al. (1995) concluded that, "... the progressive transition from waking to sleep

which has been so cogently described by Morruzi, has a counterpart in the gradual emergence

from sleep" (p. 1 17). Balkin and Badia (1989) reported that sleepiness is no different qualitatively

from sleep inertia. Reaction time showed a similar linear pattern (in an expected opposite

direction) during the awakening process as during sleep onset (Ogilvie et al., 1991). As previously

described there is an extensive literature detailing reliable changes in ERP morphology across the

sleep onset period that supports a gradual transition from waking to sleep so it seemed logical to
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predict similar changes in ERP morphology during the waking-up process (hypotheses 3b-e). But

it may have been overiy simplistic to assume that the waking-up process was electrophysiological

analogous to the sleep onset process (hypothesis 5). The ERP data collected in this study do not

support the idea that sleep onset and sleep inertia are opposite processes.

The sleep onset process involves a gradual, steady decline from a waking state to a sleep

state whereas the waking-up process employed in the current methodology involved an abrupt

transition from asleep to awake. This was then followed by a more gradual awakening process

over the course of 90 minutes. It is this gradual waking-up process that gives the two periods

their similar subjective and behavioural profiles. It is possible that abrupt awakening procedure

and subsequent ambulatory activity may have raised cortical activation levels within the immediate

five minutes after wake before any electrophysiological data was sampled. The result of this may

been that electrophysiological characteristics of a spontaneous, gradual awakening similar to the

sleep-onset process were not measured. ' v :

Indeed in the vast majority of sleep-wake studies it is hard to study a natural waking-up

process as very few employ spontaneous awakenings. Using enforced awakenings is almost

always required in order to control for sleep variables. Still abrupt awakenings have ecological

validity in the greater population considering the vddespread use of alarm clocks vdth people

required to get up at prescribed hours in order to go to work. Abrupt awakenings are also

frequent for emergency workers such as firefighters, medical personnel and military personnel.

The truly natural time-course of awakening and sleep inertia is interesting on a theoretical level

but it may not be necessary to develop an exhaustive model for specific real-world application.

Instead, tailoring models to suit specific operational setting and job requirement may be more

useful in managing alertness (for insightful review see Rosekind, Smith, Miller, Co, Gregory,
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Webbon, Gander & Lebacq, 1995). For example, sleep inertia may be ofmore consequence in

situations where immediate action is called for, such as a hospital emergency room and thus its

potentially detrimental effects could be weighted more heavily. On the other hand, a strategy that

employs planned naps in non-emergency situations, such as those by a pilot or co-pilot on long

flights, could build in a waking-up period after the nap into the schedule and thus minimize

performance decrements due to sleep inertia (Rosekind et al., 1995).

Implications for theoretical models of sleep regulation and alertness

The results provide important considerations for theoretical models of sleep regulation and

alertness that incorporate a sleep inertia component (i.e. Achermann & Borbely, 1994; Folkard et

al., 1999; Jewett & Kronauer, 1999; see Introduction for details). Each ofthese has included an

exponential sleep inertia component modeled at least partly or solely on subjective measures of

alertness. The quadratic and linear components of sleep inertia over the 90-mintue time frame

seen in the present study were extremely similar to those reported in the previous literature. This

is of great importance to the theoretical models as the sleep inertia components are modeled after

data collected in those studies. The results presented in this study provide fiirther support and

validation for the sleep inertia components incorporated into theoretical models of alertness and

sleep regulation.
-

•3 One facet of sleep inertia that this study was unable to address was the interaction with the

circadian and homeostatic/sleep drive mechanisms in each of the models. The Folkard and

Akerstedt (1990) model provides us with a good example of the context of sleep inertia within

predictive models. In early versions of their model the original two components, process S and

process C together were able to account for over 95% of the variance in sleepiness over a 24-
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hour day but were "extremely poor" at predicting levels of subjective alertness in the first three

hours after wake (Folkard & Akerstedt, 1991). They thus modeled process W as a short-lived

exponential function fi-om process S and derived a mathematical function that when empirically

tested was able to account for 98.8% ofthe variance within a three-hour period after awakening.

The universality of the model was put to the test by examining abnormal sleep/wake schedules at

different circadian times involved in shift-work. Even after two refinements to the model based on

the data at hand, the three-process model was only able to account for 70% ofthe variance in

subjective alertness ratings within a 2-hour period after awakening fi-om a nap (Folkard et al.,

1999). '
. - ;it -mo;.- -

- :-. '^'.-^ : ^ •

. . ,

3t '? c This line of reasoning puts things into perspective: sleep inertia is an important process but

is one of relatively short duration (whether for a few minutes or several hours). The interaction of

the sleep inertia component with the primary circadian and sleep factors deserves fiirther study so

that refinements can be made which will enhance the predictive abilities of these models for

periods immediately after awakening.

Future directions

Controlling circadian variables.

As previously described above, it is likely that the intensity of sleep inertia is related to a

number of subtle interactions between sleep and homeostatic mechanisms. The complexity of this

intertwined relationship makes it very difficult to incorporate all potential variables into a single,

definitive formula for sleep inertia. One variable that could be better accounted for was the

endogenous circadian rhythm. This was controlled for in the present study by using only "neither"

types on the Home-Ostberg (1976) circadian rhythm questionnaire and having subjects rise at
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their habitual wake-times which presumably put them at similar circadian phases. Ideally, circadian

phase would have been established through prolonged, continuous measurement of core body

temperature with an indwelling rectal thermometer (e.g. Czeisler et al., 1994); however, this was

limited by equipment and personnel constraints and was not possible in the present study. The

correlation ofP300 latency with body temperature (Geisler & Polich, 1990) and the link between

sleep inertia and body temperature (Wright, 1999) also presents a possible relationship worth

further investigation. . i,

An important addition to the present study would have been the recording of baseline

ERPs and reaction times at various circadian times, including the participants' "feeling best time"

as indicated on the Momingness/Eveningness questionnaire (Home & Ostberg, 1976). This would

have established values during a period where there was a high degree of confidence that subjects

were fiilly awake. As Gil (1999) has noted that people are poor at estimating their own level of

alertness and performance during periods of sleep inertia, it would be interesting to compare RTs

and ERPs during self-reported high alertness after waking to a similar self-reported high alertness

at the "feeling best" time. ^ ;; U '

m
ii' Spontaneous awakenings . ^

As noted, electrophysiological changes similar to the sleep-onset period were predicted

but were not seen. One possible reason for this may have because ofthe enforced awakenings.

Despite the earlier assertion that enforced awakenings have good ecological validity, the

examining the endogenous time-course of sleep inertia through spontaneous awakenings could

possibly reveal an electrophysiological signature more reflective ofthe awakening process.

-'
K-'
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Individual differences.

It is widely accepted that sleep is a highly individual process, so why should waking up be

any different? Although a significant decrease in P300 latency was found from time one to time

two at Pz, visual inspection suggests that the individual ERP waveforms do not show a clear and

consistent process in all participants. Individual differences were also anecdotally noticed in the

rate at which reaction times declined. Some participants showed fast initial times and did record

substantially faster as time awake increased. Others initially had high RTs that got faster to a

larger degree than others as time awake increased. A greater number of participants and

experimental mornings may have made it possible to differentiate subgroups of fast versus slow

awakeners based on the respective rate ofwaking up shown by the different dependent measures.

Bruck and Pisani (1999) made similar observations during their decision-making task study of

sleep inertia and also suggest further investigation into individual differences in cognitive

processing during the awakening process. ' C d t .

'

rjf>^» f..
Countermeasures to sleep inertia. • ; v 2 lHv :. • .

The implications for sleep inertia in the real-world exist in any position that requires

abrupt awakenings from naps or sleep. One ofthe concerns in implementing strategic napping

programs in shifl-work settings is that performance may be compromised by sleep inertia after -

awakening from a nap (Muzet et al., 1995). As such it is important to identify countermeasures

that serve to dissipate the effects of sleep inertia faster than the natural time course. Tassi et al.

(1992) report that 75 db pink noise completely abolished sleep inertia after a nap at midnight but

not after a nap at 0400h. More research is needed in this area and others, such as activity level,

bright light or caffeine use, that may be helpfiil in reducing the effects of sleep mertia.
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Cortical arousal. ; ^-ii-'o^ ^ ,%;! ; j

Both Jewett et al. (1999) and Dinges (1990) have proposed that sleep inertia is the result

of cortical arousal levels. Jewett et al. report that behavioural conditions immediately after

awakening such as posture, food consumption and showering that may have caused an increase in

cortical arousal have no effect on the time course of sleep inertia. In the present study immediately

after awakening participants were required to physically rise out of their beds and walk

approximately 10m down a hallway to a separate testing room. This ambulatory movement could

have caused significant elevations in cortical activation but the magnitude ofthe effect is

unknown. Jewett et al. propose that more research is needed on rousing activities after

awakening, u, ;ir''^'' v- )u\ A;.^.> ;• v, < d on ^i^m. - '\',^:n zfi .^ v^^s pr^ :?-c .•

Electrophysiological measures such as EEG and ERPs can give good indications of brain

activity. Perhaps examination of phasic events is not the most useful tool for examining a period

of gradual arousal. Instead tonic measures, such as EEG and accompanied FFT analysis might

prove more useful in describing the period (cf Ogilvie, Battye, & Simons, 1994). To date it does

not appear that a study has been undertaken to describe the EEG characteristics ofthe sleep

inertia period (Muzet et al., 1995). Recent research has investigated cortical arousal in sleepiness

due to sleep deprivation with advanced fMRI techniques (Drummond, Strieker, Gillin, Wang &

Brown, 1999) but to date these have not been utilized in the study of sleep inertia. PET studies

could also provide important answers regarding the role of cortical arousal in sleep inertia.

Conclusions .;•' w»; i >t- u. ';

The results in the present study confirm that sleep inertia is a complex phenomenon

dependent on the dependent measure or task, amount ofSWS and sleep depth prior to
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awakening. The complexity of the phenomenon was evident in the mixed support for the '

hypotheses, notably the lack of support for ERP measures. However, some important insight into

the activity ofthe brain prior to awakening and the post-awakening effects has been provided by

quantifying sleep depth according to slow-wave activity. It was evident that subjective alertness is

affected by the depth of sleep immediately before awakening. What was not evident was the

predicted differential activity ofthe brain after awakening. ^ -
; > iv

;

It was predicted that subjective alertness would exponentially increase as time awake

increased similar to previous research (Achermann et al., 1995; Akerstedt & Folkard, 1996a;

Jewett et al., 1999). Subjective alertness did increase as time awake increased in an exponential

manner, lasting approximately one hour. Also based on previous research it was predicted that

reaction time would exponentially decrease as time awake increased, at a faster rate than zr.

subjective measures (Achermann et al, 1995). Reaction time was found to significantly decrease

(i.e., gets faster) as time awake increases but not in the expected exponential manner. Instead the

results returned support for a linear decrease in RT that did not plateau by 90-minutes after

awakening. Research published subsequent to data collection in the present support also report a

linear decrease in RT that apparently continues past 85 minutes after awakening (Ferrera et al.,

2000). vaL^:.-u>. '> ^.. •''- ''^r su^\\\i^.: ^^:'^]•-.s•^) -y.l^ tuyi' ^:-
-

Electrophysiological measures that were expected to have told us more about the level of

cortical arousal were inconclusive. It was predicted that the dissipation of sleep inertia as

measured by ERPs would precede subjective and behavioural measures. Specifically, it was

predicted that Nl amplitude would increase, Nl latency would decrease, P3 amplitude would

increase and P3 latency would decrease. The only significant finding was a possible P300 latency
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decrease from time one to time two. However, what was not predicted was the subsequent rise in

P300 latency. This possibly indicated an arousal/attention conflict or boredom with the task.

The lack of electrophysiological similarities to the extensively researched sleep-onset

period presently limits the understanding ofthe underlying neurophysiological aspects of sleep

inertia. However, this is not an unimportant finding. It demonstrates that the ERP late-

components examined in this study do not appear to be sensitive enough to describe the

neuroelectric activity ofthe brain during sleep inertia. Perhaps other measures, such as power

spectral analysis of the EEG after awakening, may be more profitable. It also suggests that when

examining performance deficits in a real-world application tasks specific to the operational setting,

such as complex 'Fire Chief decision making task (Bruck & Pisani, 1999) may be more

appropriate and more sensitive to the effects of sleep inertia. A more complex task might also

increase attentional load and possibly be more sensitive to late-component morphology changes.

Sleep depth was hypothesized to be an important predictor of the intensity of sleep inertia.

Dinges (1990) hypothesis that increased sleep depth is related to increased intensity of sleep

inertia was tested. The reported finding that mean SWA five minutes before awakening was

negatively correlated with subjective alertness at time one (i.e., higher delta power immediately

before awakening is correlated with lower subjective alertness) returned support for this

hypothesis.

Not long ago the transition of wake-to-sleep was largely ignored (Harsh & Ogilvie, 1994).

It now appears that sleep "offset" is the period of transition worthy of dedicated attention.

Theoretical pursuits should focus on establishing the neurophysiological signature of the

awakening period through the use of advanced brain imaging techniques such as fMRI and PET.

Direct or indirect circadian effects due to fluctuations in body temperature and the role of cortical
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arousal also contribute to the complexity ofthe phenomenon and deserve more study. Practical

pursuits might quantify the duration and intensity of impairment due to sleep inertia for various

tasks applicable to real-worid situations for incorporation into management strategies of alertness.
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Electrophysiological examination of the sleep inertia period

Brock University

Letter ofInformation
m

/

Procedure prior to overnights: '

-.f.^^'^K -o; <i t ?ii * '-''

Seven nights before coming into the lab you will be asked to fill out a sleep log tracking

your sleep and wake times. Five days prior to coming in you will be asked to refi^ain fi^om alcohol

or drugs.

Procedure for overnight recordings:

You will be scheduled along with one other person (most likely of the same sex) for two

consecutive nights. For the lab nights you will be asked to arrive at the lab approximately three

hours prior to your normal bed-time, you will change into the clothes that you plan to sleep in.

Electrode hook-up will then commence. Each electrode site will be cleaned with alcohol, then

scrubbed with a mildly abrasive paste and wiped clean with a cotton ball. The electrodes will then

be applied and held in place by glue (if in the hair), or tape (if on a hairless part such as the face).

Nineteen electrodes will be applied to your head, one on the outside of each eye, two on the chin

(or the back ofyour neck ifyou have facial hair) and one just under each collar bone.

Once you are ready for bed, we will calibrate the recording equipment. You will be asked

to blink five times, look left:, look right, look up, look down, cough, swallow and grind your teeth.

You will then be given instructions to fill out the bedtime questionnaire and turn off the bedside

lamp when you are finished and go to sleep. You will be allowed to sleep fi"o the length ofyour

average normal sleep as determined by a sleep log which you will have filled out one week prior

to coming into the lab.

Upon waking you will then be asked to fill out two very short pencil and paper tests Then

you will be asked to listen and respond accordingly to a series of tones presented to you on a pair

of headphones. This task will last approximately 5 minutes. You will then have a short break. This

procedure will be repeated six times for a total of 1.5 hours with breaks in-between each session.

During the breaks you will be asked to fill out a simple arousal questionnaire and will have your

temperature taken with an infi*ared tympanic (ear) thermometer.

Once the listening sessions are completed, the experiment will be concluded. The

electrodes will then be removed using acetone to dissolve the glue and the sites will be wiped

clean with an alcohol swabbed cotton ball.

I (please print) have read and understood the above

procedure. I have also had the procedure and all equipment and materials shown and explained to

me by .

Signature Date:
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BROCK UNIVERSITY, DEPARTMENT OF PSYCHOLOGY
' ^ Informed Consent Form

Title of Study:

Electrophyisological examination of the sleep inertia period

' ^^^ ^ Researchers: Craig P. Stewart and Bob Ogilvie, Ph.D.

Name of Participant: (Please print)

I understand that during the study I will be required to fill out various questionnaires pertaining to

sleep behaviour, daily activities and personality. I may omit any which I am not comfortable

answering.

I have been given a tour ofthe sleep lab and read the Letter ofInformation, describing the

overnight procedures in detail, and that all my questions have been answered.

I understand that my participation in this study is voluntary and that I may withdraw fi^om the

study at any time and for any reason, without penalty. I will also receive one course credit hours

for my participation in the questionnaire/interview session, and an additional two hours credit for

my participation in the two overnight sessions (for PSYC 1F90).

I understand that there is no obligation to answer any question or participate in any aspect of this

project that I consider invasive. ;-l

I understand that all personal data will be kept strictly confidential and that all information will be

coded so that my name is not associated with my answers. I understand that only the researchers

named above will have access to the data.

I agree to refi^ain fi-om using alcohol or caffeine for 5 days prior to, and the 2 days on which

overnight recordings will be conducted. Moreover, I understand that there will be no opportunity

to smoke during an overnight session.

Participant's Signature: Date:

Ifyou have any questions or concerns about your participation in the study, you can contact Craig

Stewart at (905) 688-5550 ext. 3795, cs98ae@badger.ac.brocku.ca or Bob Ogilvie at (905) 688-

5550, ext. 3573, rogilvie@brocku.ca.

Thank you for your help! Please take one copy of this form with you for future reference.

I have fiiUy explained the procedures of this study to the above participant.

Researcher's Signature: Date:
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Electrophysiological examination of the hypnopompic state after a full night of sleep

Brock University

Debriefing Form

Having completed your participation in the present study, we would like to express our

appreciation and provide you with the following information concerning the issues under

investigation.

Many studies have examined the period after waking and the accompanying confusion or

grogginess known as "sleep inertia." Few however, have used the specific electrophysiological

techniques that are being employed in this study. It is our intention to gain a further understanding

ofthe defining characteristics of this period by using a convergence of electrophysiological

(electrodes), subjective (questionnaires) and behavioural (responding to tones) measures. We are

specifically looking at how long the period of confusion lasts and whether this period of poorer

performance is reflected in electrophysiological data.

Again, thank you for your participation in the study. Full results of this study will be

available in June, 1999. Any further information you require or questions you may have can be

directed to: . ..«. ^v^

Craig P. Stewart

Department ofPsychology

Brock University

Email: cs98ae@badger. ac.brocku. ca

Phone: 905-688-5550 ext. 3795

Robert D. Ogilvie, Ph.D.

Department ofPsychology

Brock University

Email: rogilviefglspartan.ac.brocku.ca

Phone: 905-688-5550 ext. 3573
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General Health Questionnaire

Name: ' "" ^ "^ '"
Age:

Telephone: Sex:

Please circle the best response for each question or fill in the blank if required.

1. How many hours do you routinely sleep each night?

<5 5 6 7 8 9 10 >10

Does this vary much? Yes No

How long does it typically take you to fall asleep?

>5 min 5-10 min 10-20 min >20 min

2. Do you smoke? Yes No Have you ever smoked? Yes No

3. How many cups of coffee or tea do you drink in an average day?

4. How many sodas/pops do you drink in an average day?

5. How many alcoholic drinks do you consume in a week?

6. Are you taking any prescribed or non-prescribed medicine (including recreational drugs)

OTHER THAN birth control pills? Yes No

7. Have you ever had a head injury? Yes No

8. Do you have any neurological disorders (seizures, etc)? Yes No

9. Have you ever been on medication for a long period of time? Yes No

10. Have you worked shift-work in the last 3 months? Yes No

11. Have you traveled overseas in the last 3 weeks? Yes No



1 •.'-Cv! -f/vtPK

,^-, /:} ,.Vl

fOV

/ ^^

»07 ^

lk»f/5 j:'a

r''' 1.1
^'^

; av

"iV



106

Patient Name _

Date of Birth _

Today's Date _

Clinic Number

Doctor's name

Sleep Disorders Questionnaire

Your weight

Your height

SDQ

Sleep Disorders Questionnaire

(version 2.02)

Copyright© 1986-1989, 1991, 1992

All rights reserved worldwide, including rights of translation.

created by

1 2 3
Alan Douglass MD , Robert Bomstein PhD , German Nino-Murcia MD.

Derived from a pool of questions (Sleep Questionnaire and Assessment of Wakefulness, "SQAW") created at Stanford

University Sleep Disorders Clinic by Drs. Laugbton Miles, Christian Guilleminault, Vincent Zarcone, and William

Dement. The SQAW was copyrighted by Dr. Miles, 1979, and is used here by permission. The SDQ © is copyrighted

by the seven above-named persons.

Dept. of Psychiatry, B2951 CFOB, University of Michigan, 1500 E Medical Center Drive, Aim Arbor, MI, 48109-

^
0704 (send correspondence to this address).

"Department of Psychiatry, Ohio State University, Columbus, OH
Sleep Medicine and Neurdscience Institute, Palo Alto, CA
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page 2 -

Instructions:

--C. >h

f

This questionnaire will give your doctor a good understanding about your problems with

sleeping and waking. It is very important to answer every question, because some disorders show
up as a pattern of answers to different questions.

In answering the questions, consider each question as applying to the past six months of

your life, unless you have been told differently by the person who gave you this booklet.

Some people work night shift, or rotating shifts. Others have a very changeable bedtime.
For these people, questions which ask about "day, daytime, morning, etc." will mean the time

when they wake from their longest sleep of the day and become active. Similarly, "night,

nighttime, bedtime, nocturnal" would refer to whenever they are having their longest sleep of the

day.

Most of the questions are simple statements. You answer by circling a number from 1 to 5.

if you strongly disagree with the statement, or if it never happens to you, answer "1". If the

statement is always true in your case, or you agree strongly with it, answer "5". You may also

choose "2 rarely", "3 sometimes", or "4 usually" as your answer. Notice that an "answer key"

appears at the bottom of each page to remind you what is meant by the numbers. Please answer
all of the questions.

'
-^'' Here is an example of how to fill out a question:

1. How often does it snow in Florida in July? (T) 2 3 4 5

IF YOU ARE CERTAIN THAT A QUESTION DOES NOT APPLY TO YOU, LEAVE IT

BLANK. But ... try to answer every question if at all possible. This is important. Notice that

answer "1" can mean that the things asked in the question never happen to you.

If you are using the computerized answer sheet, blacken the space which corresponds to

your answer, "1 to 5", instead of circling the answer in this booklet.

I 2 3 4 5

NEVER RARELY SOMETIMES USUALLY ALWAYS
(strongly disagree) (disagree) (not sure) (agree) (agree strongly)
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page 3

1. I get too little sleep at night 12 3 4 5

2. I often have a poor night's sleep '

- 12 3 4 5

3. I have trouble getting to sleep at night 12 3 4 5

4. I wake up often during the night 12 3 4 5

5. My bedtime varies a lot 12 3 4 5

6. At bedtime, thoughts race through my mind ' 12 3 4 5

7. At bedtime, I feel sad and depressed 12 3 4 5

8. At bedtime, I worry about things ^ - - . . - ,.,..v 12 3 4 5

9. At bedtime, I feel muscular tension 12 3 4 5

10. At bedtime, I'm afraid of not being able to go to sleep 12 3 4 5

1 1

.

When falling asleep, I feel paralyzed (unable to move) ' 12 3 4 5

12. When falling asleep, I have "restless legs" (a feeling

of crawling, aching, or inability to keep legs still) 12 3 4 5

13. After waking at night, I fear I will not be able to get back to sleep 12 3 4 5

14. My night sleep is restless and disturbed 12 3 4 5

15. At night, my sleep disturbs my bed partner's sleep 12 3 4 5

16. My night sleep is disturbed by light " 12 3 4 5

17. My night sleep is disturbed by noise 12 3 4 5

18. My sleep is disturbed by severe heartburn and choking ("regurgitation",

bringing up bitter stomach fluid) 12 3 4 5

19. I often wake up because I am hungry 12 3 4 5

20. 1 snore in my sleep 12 3 4 5

21. I am told I snore loudly and bother others 12 3 4 5

22. I am told I stop breathing ("hold my breath") in sleep 12 3 4 5

'*•*••••••••••••••••••••••••••••••»•*• Kev for answers **•••••••••••*••••»•*•••*••*••**••**••••***••*•*•

1 2 3 4.5
NEVER RARELY SOMETIMES USUALLY ALWAYS

(strongly disagree) (disagree) (not sure) (agree) (agree strongly)
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- page 4 -

23. I awake suddenly gasping for breath, unable to breathe 12 3 4 5

24. At night my heart pounds, beats rapidly, or beats irregularly ("palpitations") 12 3 4 5

25. I sweat a great deal at night / 12 3 4 5

26. I walk in my sleep 12 3 4 5

27. I grind my teeth while I sleep 12 3 4 5

28. I wake from sleep screaming, confused, and at times violent ("night terrors") 12 3 4 5

29. My sleep is disturbed because of pain in the neck, back, muscles, joints,

legs or arms 12 3 4 5

30. My sleep Is disturbed by chest pain (not angina) 12 3 4 5

31. My sleep is disturbed by "restless legs" (a feeling of crawling, aching, inability

to keep legs still) 12 3 4 5

32. My sleep is disturbed by thoughts racing through my mind 12 3 4 5

33. My sleep is disturbed by sadness or depression 12 3 4 5
- ''A.',r '

•

34. My sleep is disturbed by worrying about things 12 3 4 5

35. My sleep is disturbed by muscular tension 12 3 4 5

36. My sleep is disturbed by fears that I might not be able to get back to sleep If

I should wake up 12 3 4 5

37. I often have a night full of intense vivid dreams 12 3 4 5

38. I have a lot of nightmares (frightening dreams) ^
l c-i; t. r.v.,jy: 12 3 4 5

39. I feel unable to move (paralyzed) after a nap 12 3 4 5

40. I have dream-like images (hallucinations) when I awaken in the morning

even though I know I am not asleep 12 3 4 5

41. I am sometimes very sleepy in the daytime, and this ;

seems to go in cycles at regular intervals 12 3 4 5

42. I have slept for several days at a time, or at least

I have been overwhelmingly sleepy for that long 12 3 4 5

43. I have been unable to sleep at_all for several days ' •' > 12 3 4 5

1 2
'3

4 -5
NEVER RARELY SOMETIMES USUALLY ALWAYS

(strongly disagree) (disagree) (not sure) (agree) ^, (agree strongly)
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- page D -

44. I feel that my sleep is abnormal - . 12 3 4 5

45. I feel that I have insomnia 12 3 4 5

46. As a child, I had difficulty waking up In the morning 12 3 4 5

47. As a child, I had sleepiness during the day 12 3 4 5

48. I have a problem because of headaches while sleeping 12 3 4 5

49. As a child, I was fatigued during the day '. 12 3 4 5

50. As a child, I rocked myself to get to sleep 12 3 4 5

51. I used to bang my head as a child i'; 12 3 4 5

52. I used to sleepwalk in childhood : :^".0'joa 12 3 4 5

53. As a child, I had convulsions (seizures) during sleep . 12 3 4 5

54. As a child, I would grind my teeth while asleep 12 3 4 5

55. Now, I am very sleepy during the day and I struggle to stay awake 12 3 4 5

56. In the past 6 months, I have fallen asleep accidentally In some of these

situations: eating a meal, talking on the phone, talking to someone, riding

in a bus or car, watching TV, at a theater, reading a book, at a lecture. 12 3 4 5

57. I got bad grades in school because I was too sleepy 12 3 4 5

58. I now have trouble doing my job because of sleepiness or fatigue 12 3 4 5

59. I often have to let someone else drive the car because I am too sleepy to do it 12 3 4 5

60. I see vivid dream-like images (hallucinations) either just before or just

after a daytime nap, yet I am sure I am awake when they happen 12 3 4 5

61. 1 have vivid dreams during my daytime naps 12 3 4 5

62. I am often unable to move (paralyzed) when I am waking up In the morning 12 3 4 5

63. Sometimes I realize I have driven my car to the wrong place, and I cani

remember how I did it 12 3 4 5

64. I find myself doing things which make no sense, such as writing

nonsense instead of notes, or mixing together chocolate and gravy 12 3 4 5

*•«•*•••••«•••••«•««••••«••««••«•••«••• Key for answers • *«*«**«««•••**«***• «««»«*4i*««««**«««*««*««*********

1

NEVER
[strongly disagree)

RARELY
(disagree)

SONfETIMES
(not sure)

4
USUALLY

(agree)

ALWAYS
(agree strongly)
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65. People tell me that I act strangely at times, and yet I was not aware of it

when it happened - -.^ :: :-

66.

67.

68.

69.

70.

71.

72. My tonsils and/or adenoids have been removed

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

get "weak knees" when I laugh ju^ . .

get sudden muscular weakness (or even a brief period of paralysis, being
unable to move) when laughing, angry, or in situations of strong emotion

am excessively sleepy during the daytime

have at some time had trouble with my bladder

have had problems with tonsils or adenoids

have high blood pressure (or once had it)

get pains in my abdomen (stomach)

have had ahead injury er^ s.^^itoy '.-'•_ '''^'•

have been knocked unconscious (knocked out)

suffer from dizzy spells : C)i?fi sur-'^Mity : -.

'
'^rir slc^cp

have seizures ("fits", convulsions, epilepsy)

have problems with clumsiness, incoordination

feel that I have a sexual problem

My desire or interest in sex is less than it used to be

have pain or discomfort during sexual intercourse

sleep better after having sex

am unhappy about my social life .^po.--. )

am unhappy about loving relationships in my life

am unhappy about my sex life - .

am dissatisfied with my job

C'^iA

12 3 4 5

12 3 4 5

12 3 4 5

12 3 4 5

12 3 4 5
r

12 3 4 5

12 3 4 5

12 3 4 5

12 3 4 5

12 3 4 5

12 3 4 5

12 3 4 5

12 3 4 5

12 3 4 5

12 3 4 5

12 3 4 5

12 3 4 5

12 3 4 5

12 3 4 5

12 3 4 5

12 3 4 5

12 3 4 5

••*••••«•«• ****««**«**«*««*«»««««««««««i«

I

Key for answers «*«««««««««««««««i«««««««««4i*«««««*«««««««****«******

NEVER
(strongly disagree)

RARELY
(disagree)

SOMETIMES
(not sure)

USUALLY
(agree)

ALWAYS
(agree strongly)
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87. I have a problem with my sleep 12 3 4 5

88. I wake up in the morning with a headache 12 3 4 5

89. I have considered or attempted suicide 12 3 4 5
y'

. -

/

90. I feel I am useful and needed . 12 3 4 5

91. I am sleeping more than I used to 12 3 4 5

92. Someone in my immediate familv has trouble with insomnia (brother/sister,

father/mother, son/daughter, grandparent) 12 3 4 5

r

93. Someone in my immediate family is very sleepy during the day 12 3 4 5

94. Someone in my immediate family has psychiatric or emotional illness

(e.g.: depression, alcoholism) -n; :v
- -;l

-- 12 3 4 5

95. Some of my other relatives have trouble with insomnia

(uncles, aunts, cousins) a ir <
'::--,' tc ^^ 12345

96. Some of my other relatives are very sleepy during the day 12 3 4 5

97. Some of my other relatives have psychiatric illness ,. 12 3 4 5

98. Some family member has died suddenly in their sleep 12 3 4 5

99. Some family member has "restless legs" while sleeping (a feeling of crawling.

aching, inability to keep the legs still) 12 3 4 5

100. A child in my family died from "crib death" (sudden infant death syndrome, SIDS) 12 3 4 5

101. Someone in my family has been hospitalized for a psychiatric illness or

"nervous breakdown".

102. People in my family seem to be worriers ^, >

103. Someone in my family has diabetes

104. Someone in my family has had a stroke ("apoplexy")

105. I often use alcohol in order to get to sleep

106. I use alcohol to steady my nerves

2 3 4 5

2 3 4 5

2 3 4 5

2 3 4 5

2 3 4 5

2 3 4 5

107. While drinking alcohol, I have carried out actions without being aware of them,

and not remembered them the next day .^ 12 3 4 5

••*•••••••••••••••••: \%m*m **%*** *****************«««*««««««••••«««« Kev for answers ************************'

I 2 3 4.5
NEVER RARELY SOMETIMES USUALLY ALWAYS

(strongly disagree) (disagree) (not sure) (agree) (agree strongly)
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108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

smoke tobacco within two hours of bedtime

have used "street drugs" (marijuana, "uppers", "downers",

narcotics, hallucinogens, cocaine)

have used tobacco to help me go to sleep

have used marijuana to help me go to sleep

currently take a non-prescription drug from the pharmacy in order to

help me sleep

currently take a non-prescription drug to stop me being so sleepy

and fatigued in the daytime

take a prescription drug which the doctor gave me mainly to help me
sleep (sleeping pills, anti-depressants, tranquilizers)

take a prescription drug which the doctor gave me mainly to keep me
awake during the day (e.g.; ritaiin)

take some drugs at night for my other illnesses, not related to sleep,

yet I find they help me sleep

have taken drugs for my heart

use relaxation techniques or mental imagery (e.g.: counting sheep)

to help me sleep

use non-drug therapies in order to get to sleep (e.g.: biofeedback,

acupuncture, electrosleep)

exercise regularly

was born as part of a multiple birth (twins, or triplets, etc. Includes

cases where the others died at birth or afterwards)

My family was emotionally close in my childhood

got along well with my parelnts while growing up

am currently unemployed

am working at a job with rotating shifts

have had a job where I worked at unusual times

12 3 4 5

12 3 4 5

12 3 4 5

12 3 4 5

12 3 4 5

12 3 4 5

12 3 4 5

12 3 4 5

12 3 4 5

12 3 4 5

12 3 4 5

12 3 4 5

12 3 4 5

12 3 4 5

12 3 4 5

12 3 4 5

12 3 4 5

1 .2 3 4 5

12 3 4 5

I

NEVER
strongly disagree)

Key for answers •••••••••••««•••*••••••«•••••*••••••«•••••••*•••••

RARELY
(disagree)

SOMETIMES
(not sure)

USUALLY
(agree)

ALWAYS
(agree strongly)



i .1

, ;

rs I .•^-



114

- page 9

127. I am presently living in a house 12 3 4 5

128. I get along well with my husband / wife / friend, who is currently living with me 1.2345

129. Coffee, tea, or cola drinks seem to worsen my sleep 12 3 4 5

130. Mental stress, worry, or anxiety worsens my sleep 12 3 4 5

131. Physical exercise helps my sleep 12 3 4 5

132. A daytime nap worsens my nighttime sleep 12 3 4 5

133. Mental stress, worry, or anxiety makes me feel sleepy during the day ^
• 12 3 4 5

134. After a nap, I feel less sleepy in the daytime 12 3 4 5

135. Hot weather makes me sleepy during the day 12 3 4 5

136. When doing shift work, I am sleepy during the day 12 3 4 5

137. I have a small jaw, or other abnormality of the bones in my head or neck 12 3 4 5

138. I have a chronic chest disease (bronchitis, asthma, emphysema) 12 3 4 5

139. I have a problem with my nose blocking up when I am trying to sleep

(allergies, infections) 12 3 4 5

140. I wake up with "attacks" which are different from those described

anywhere else in this questionnaire 12 3 4 5

141. My snoring or my breathing problem is much worse if I sleep on my back 12 3 4 5

142. My snoring or my breathing problem is much worse if I fall asleep

right after drinking alcohol 12 3 4 5

143. My snoring or my breathing problem is much worse when I have an allergy

or infection in the nose, throat, or chest 12 3 4 5

•••••••*•••••••••••••••••*•••••«•••••••• I/,Key for answers *'

I 2 3

NEVER RARELY SOMETIMES
(strongly disagree) (disagree) (not sure)

USUALLY
(agree)

ALWAYS
(agree strongly)
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THE FOLLOWING QUESTIONS ARE FOR WOMEN ONLY:

144. I have gone through the menopause ("change of life") 12 3 4 5

1 45. My sleep at night is affected by my menstrual cycle 12 3 4 5

1 46. My daytime sleepiness worsens with pregnancy - 12 3 4 5

147. My daytime sleepiness is worse since my menopause 12 3 4 5

THE FOLLOWING QUESTIONS ARE FOR MEN ONLY:

1 48. I often have problems getting an erection 12 3 4 5

149. I have trouble maintaining an erection ' 12 3 4 5

1 50. I have trouble with ejaculation (either I can't do it at all, or it happens too soon) 12 3 4 5

151. My erections are physically distorted 12 3 4 5

1 52. I often awaken with an erection during the night or in the morning 12 3 4 5

'^ T/.'o

-V", ^'^i'.'i ,'-.< -i'OV Jo ^'-'^* -:^-'''f"'

**••••••••••••••**•••••••••**•••*•••»•
ICev for answers ••••••••••••••••••••••••*••••••••*••••••••••*••••**

1 2 3 4-5.
NEVER RARELY SOMETIMES USUALLY ALWAYS

(strongly disagree) (disagree) (not sure) (agree) (agree strongly)



<.vr

.1 .



116

- page 11 -

, .
IN THE NEXT SECTION, PLEASE CIRCLE THE ITEM (NUMBERED 1^) WHICH BEST

MATCHES YOUR ANSWER.

153. How many hours of sleep do you get at night, not including time spent awake in bed?

© Less than 4 hrs. (D Four to 5 hrs. d) Six hrs.

Seven hrs. '
' (D Eight or more '

'

154. How long is your longest wake period at night?

Less than 5 min. Sixto19min. 20to59min.

One to 2 hrs. More than 2 hrs.

155. How many times in a night do you get up to urinate?

None. One time Two times

Three times
^*' '"'

'" Four or more times

156. How many work accidents have you had as a result of sleepiness or fatigue?

None One Two

Three
.'^.y* .v-.

Four or more

157. How many car accidents or "near misses" have you had because of excessive
sleepiness?

None '^'^^ ^v,:?.;, (2) One Two

© Three Four or more

158. How many daytime naps (asleep for 5 minutes or more) do you take on an average
working day?

© None One Two

Three or four Five or more .w

159. How many rest periods do you take on an average working day (but do not sleep during

them)?

© None One © Two or three

Four or five Six or more
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160. How many times, in an average working day, do you try to nap but find that you can't
fall asleep?

© None (D One '
(3) Two

® Three
"l (D Four or more

1 61 . How long do you remain restored (refreshed, alert) after a daytime nap?

Less than 1 hr. (D One to 2 hours (D Three hours

© Four or 5 hours (D Six hours or more

162. How long do you remain restored after a rest?

© Less than 30 min. (D 30-59 minutes (3) One to 2 hrs.

® Three to 4 hrs. ® Five hours or more

163. What is your current weight (in lb.)?
, ^ ^

. ..

© 1341b. or less (D 135-159 lb. (D 160-183 lb.

® 184-209 lb. (D 2101b. or more

164. What was your weight six months ago?

© 134 lb. or less (D 135-159 lb. (D 160-183 lb.

® 184-209 lb. (D 210 lb. or more

165. What was your weight at age 20?

© 125 1b. or less (D 126-139 lb. (D 140-155 lb.

® 156-175 lb. (D 176 1b. or more

166. How many cups of regular coffee do you have In a day?

© None (D One cup Q) Two cups

® 3 to 5 cups (D Six cups or more

167. How many of the coffees are within 2 hrs. of bedtime?

© None (D One cup (D Two cups

® 3 to 5 cups (D Six cups or more
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168. How many glasses/cans of cola drinks do you have in a day (do not include

decaffeinated types)?

Q None (D One can ® Two cans

® 3 to 5 cans ^ (D Six cans or more

169. How many of these colas are within 2 hrs. of bedtime?

© None (D One can

® 3 to 5 cans (D Six cans or more

(D Two cans

170. How many years were you a smoker?

® None d) One year

1 3 to 25 years (D 26 years or more

(D 2to 12 years

171 . How long does it take you to adjust after traveling across time zones (especially 4 or

more zones)?

© No time at all (D One day (D Two days

® Three to 4 days '' (D Five or more days

172. How tail are you?

© 63 in. or less

® 70 to 71 in.

® 64 to 66.5 in.

(D 71.5 inches or taller

(D 67 to 69.5 in.

173. How old are you now?

© 25 or under

. ® 45-50 yr.

(D 26-35 yr.

(D 51 yr. or older

(D 36-44 yr.

174. How many years did you go to school? Include years of college and university too.

©4yr. orless (D 5-11 yr. (Dl2yr.

® 13-14 yr. © 15yr. ormore
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175. Before this visit, how many "therapists" (doctor, psychiatrist, psychologist, nurse,
counselor, osteopath, chiropractor) have you ever seen about a problem of sleeping
too much or too little?

© None (D One only '
(D Two

© Three or 4 © Five or more

If you are using the computerized answer sheet, please check that you put your name, sex, and
birthdate on that sheet. Also, please remember to fill in the circles under these items. Thank you.

=== END ===
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Momingness/Eveningness Questionnaire

Circadian Rhythm Questionnaire Scoring Sheet

J. A. Home and O. Ostberg
-^

.
• i

' "

,,
Scoring Instructions

1. Each question receives only one score.

2. For questions which have a choice of four answers (#'s 3, 4, 5, 6, 7, 8, 9, 1 1, 12, 13,

14, 15, 16, 19) the score is shown on the right beside each choice.

3. For questions which require one mark on a continuous scale (#'s 1, 2, 10) the ranges

which indicate the score to be assigned are shown below the scale.

4. For questions 17 and 18 assign the score which falls at the midpoint of the five hour

period they have indicated.

5. Mark the score beside each question on the original questionnaire. DO NOT mark

on this score sheet!

6. Add up all scores.

7. Use the table shown below to determine the category.

8. Mark the score and category on the cover of the original questionnaire.

, Definite Morning 70-86

' Moderate Morning 59-69

Neither 42-58

Moderate evening 31-41

Definite evening 16-30

Please turn to next page . .
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Circadian Rhythm Questionnaire Scoring Sheet

Considering your own "feeling best" rhythm, at what time would you get up ifyou were free to plan your
day?

I -+- I -+-

I

-+-
I

-+-
I

-+-
I

-+-
I

-+-
I

a.m. 5 6 7 8 9 10 11 12

1
5

I

4
\

3
\

2
I

1
I

. SCORE

Considering your own "feeling best" rhythm, at what time would you go to bed if you were free to plan

your evening?

p.m. 8 9 10 11 12 a.m. 12 3

I

5
I

4
I

3
I

2
I

1
I

SCORE

If there is a specific time at which Not at all dependent D 4

you have to get up in the morning, to Slightly dependent D 3

what extent are you dependent on being Fairly dependent D 2

woken up by an alann clock? Very dependent D 1

Assuming adequate environmental Not at all easy D 1

conditions, how easy do you find Not very easy D 2

getting up in the morning? . ' _ Fairly easy D 3

Very easy U 4

How alert do you feel during the Not at all alert D 1

fu^st half hour after having woken Slightly alert D 2

in the morning? Fairly alert D 3

Very alert D 4

How is your appetite during the first Very poor U 1

half hour after having woken in the Fairly poor D 2

moniing':* Fairly good D 3

% Very good D 4

Please turn to ne.xt page
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During the first half hour after

having woken in the morning,

how tired do you feel?

SCORE
Very tired Q 1

Fairly tired 2
Fairly refreshed D 3
Very refreshed D 4

When you have no commitments the

next day, at what time do you go to

bed compared to your usual bedtime?

You have decided to engage in some

physical exercise. A friend suggests

that you do this one hour twice a

week and the best time for him/her is

between 7:00 - 8:00 a.m. Bearing

in mind nothing else but your own
"feeling best" rhvlhm. how do you

think you would perform? >,

Seldom or never later . . .

.

D
Less than one hour later . . D
1-2 hours later D
More than 2 hours later .

.

D

Would be in good form D
Would be in reasonable form D
Would fmd it difficult D
Would find it very difficult D

10. At what time in the evening do you feel tired and as a result in need of sleep'

-+- -+- -+- -+- -+- -+- -+-
p.m. 8 9 10

L 51 4

II 12 a.m. 1 2 3

3
I

2
I

1
I

1 1. You wish to be at peak performance

for a test which you know is going to be

mentally exhausting and lasting for two

hours. You are entirely free to plan

your day and considering only your own
"feeling best" rhythm which ONE of the

four testing times would you choose?

8:00- 10:00 a.m D
1 1:00 a.m.- 1:00 p.m D
3:00- 5:00 p.m D
7:00 -9:00 p.m D

SCORE

6

4

2

Please turn to next page
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Circadian Rhythm Quesdoanaire Scoring Sheet

12. Ifyou went to bed at 1 1:00 p.m. at

what level of tiredness would you be?

SCORE
Not at all tired D Q
A little tired D 2
Fairly Tired Q 3
Very Tired Q 5

For some reason you have gone to bed

several hours later than usual, but

there is no need to get up at any

particular time the next morning.

Which ONTE of the following events are

you most likely to experience?

14. One night you have to remain awake

between 4:00 - 6:00 a.m. in order to

carry out a night watch. You have

I, __ no commitments the next day. Which
ONE of the following alternatives

will suit you best?

15. You have to do two hours of hard physical

work. You are entirely free to plan

your day and considering only your own
"feeling best" rhytlim which ONE of tlie

following times would you choose?

Will wake up at usual time

and will NOT fall asleep . D
Will wake up at usual time

and will doze thereafter . . D
Will wake up at usual time

but will fall asleep again . . D
Will NOT wake up until

later than usual D

Would NOT go to bed until

watch was over D
Would take a nap before

and sleep after D
Would get a good sleep

before and a nap after . . . . D
Would take ALL sleep

before watch D

8:00- 10:00 a.m D
ll:00a.m. - 1:00 p.m D
3:00- 5:00 p.m D
7:00 -9:00 p.m D

'•} .-

Please turn to next page
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16. You have decided to engage in hard

physical exercise. A friend suggests

that you do this one hour twice a

week and the best time for him/her is

between 10:00- 11:00 p.m. Bearing

in mind nothing else but your own
A "feeling best" rhythm, how do you

think you would perform?

Would be in good form D
Would be in reasonable form D
Would find it dijBBcuIt D
Would find it very difficult D

SCORE
1

2

3

4

17. Suppose that you can choose your own work hours. Assume that you worked a FIVE hour day

(including breaks) and that your job was interesting and paid by results. Which FIVE consecutive hours

would you select?

12 I 2 3 4 5 6 7 8 9 10 11 12 I 2 3 4 5 6 7 8 9 10 11 12

Midnight Noon Midnight

1 1

SCORE

18. At what time of day do you think that you reach your "feeling best" peak?

12 I 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12

Midniglit Noon Midnialit

1 ^ J 1—

J

SCORE

SCORE
19. One hears about "morning" and

"evening" types of people.

Which ONE of these types do you

consider yourself to be?

Definitely a "morning"

type U
Rather more a "morning"

than an "evening" type . . . U
Rather more an "evening"

than a "morning" type . . . . U
Defmitely and "evening"

type D
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Stanford Sleepiness Scale

Please circle the number which best describes how you feel based on the statements given

below.

1 Feeling active and vital; alert; wide awake

2 Functioning at a high level, but not at peak; able to concentrate

3 Relaxed; awake; not at full alertness; responsive

4 A little foggy; not at peak; let down

5 Fogginess; beginning to lose interest in remaining awake; slowed down

6 Sleepiness; prefer to be lying down; fighting sleep; woozy

7 Almost in reverie; sleep onset soon; lost struggle to remain awake
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Visual Analogue Scale

Please indicate how you feel by placing a mark on this line.

Very Sleepy Very Alert
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