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INTRODUCTION

All patients who present with a sleep disorder for
investigation and treatment require some assessment
of their daytime sleepiness. Excessive daytime sleepi-
ness (EDS) is one of their most common and impor-
tant symptoms, i.e. ‘sleepiness in a situation when an
individual would be expected to be awake and alert’.!
Indeed, it may not be asking too much to include an
assessment of EDS in all comprehensive medical
examinations. However, the best way to make that
assessment is still a matter for debate** Many differ-
ent methods have been proposed, some based on
objective measurements, others on subjective reports.’
Of course, objective methods are to be preferred if
they give the same information as subjective reports
but with greater accuracy and reliably. Subjective
reports of all kinds have potential problems in terms of
reporter bias due to differences in the awareness of
one's behavioral states, poor language and reading
skills, lack of motivation to anmswer questionnaires,
concerns over the potential consequences of doing so,
and occasionally because of deliberate deception.

Why, then, do we need to use subjective reports of
sleepiness at all? The answer is becoming clearer. The cur-
rently used objective methods, including the Multiple
Sleep Latency Test (MSLT) and the Maintenance of
Wakefulness Test (MWT), cannot be relied on, in isola-
tion, to be accurate methods for distinguishing EDS.'87
However, there is now an acknowledged role for other
relevant clinical information and for subjective methods
to be included when making such an assessment. There is
another reason for using subjective methods under some
circumstances. They are far quicker, cheaper, and simpler
to use than objective methods, and can be used repeat-
edly and with large numbers of subjects in epidemiolog-
ical studies.

Some people believe that the measurement of EDS
is the Holy Grail of sleep medicine.® That belief seems
to have arisen for several reasons, not least of which is
the reluctance of most sleep clinicians and researchers
to define what they mean by terms such as sleepiness,
drowsiness, and fatigue. Several such definitions

appeared two or three decades ago, at the beginnings
of sleep medicine, with little discussion or analysis of
the concepts involved. They have seldom been ques-
tioned since then, despite the fact that knowledge of
the physiology of sleep and wakefulness has dramati-
cally increased. Johns®has argued that confusion about
these concepts and the inadequacy of currently
accepted models of sleep and wakefulness underlies
much of the current difficulty with the measurement
of sleepiness.

The aims of this chapter are, first, to describe the
methods that are currently used for subjective assess-
ments of daytime sleepiness in clinical practice and
research; secondly, to describe how the results from
those different methods are related to each other; and,
thirdly, to review the current concepts and definitions of
sleepiness and to suggest some revisions that may help
us understand what the various tests are measuring, and
hence elucidate the nature of sleepiness and EDS.

CURRENT METHODS FOR MEASURING
SLEEPINESS SUBJECTIVELY

There are several different methods that are currently
used for measuring sleepiness subjectively. They are
described here in an order that does not reflect their cur-
rent importance or frequency of use. Several methods
rely on introspection and self-reports of feelings and
symptoms that would indicate the presence of the
drowsy state (the intermediate state between alert wake-
fulness and sleep) at the time, Others rely on retrospec-
tive reports of dozing behavior in particular situations.
Sometimes these tests are said collectively to measure
subjective sleepiness as opposed to objective sleepiness mea-
sured by the MSLT or MWT, etc. However, as we shall
see below, this is not a particularly useful distinction.

Stanford Sleepiness Scale

The Stanford Sleepiness Scale (SSS) was introduced in
1973.% It comprises a series of statements, numbered
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Stanford Sleepiness Scale

Circle the ONE number that best describes your level of
alertness or sleepiness right now.

I. Feeling active, vital, alert, wide awake

2. Functioning at a high leve!l but not at peak, able to
concentrate

. Relaxed, awake but not fully alert, responsive

. A little foggy, let down

. Foggy, beginning to lose track, difficulty staying awake

. Sleepy, prefer to lie down, woozy

. Almost in reverie, cannot stay awake, sleep onset appears
imminent
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Figure 56.1 Stanford Sleepiness Scale. {After Hoddes et al.%)

1-7, that range from ‘feeling active, vital, alert, wide
awake’ to ‘almost in reverie, cannot stay awake, sleep
onset appears imminent’ (Figure 56.1). The different
statements are presumed to represent an ordinal Likert
scale that reflects different positions along a continuum
of states between alert wakefulness, through progres-
sively deeper levels of drowsiness, to sleep. The respon-
dent is asked to choose which statement most
accurately describes his feelings at the time.

The SSS has been widely used, particularly for
studying the effects of sleep deprivation,® sleep frag-
mentation,'® and circadian rhythms.!! However, scores
on the SSS are not closely related to sleep latencies mea-
sured a few minutes later in MSLTs.!? Another problem
with the SSS is that factor analysis suggests that it is not
a unitary scale."® It seems to measure sleepiness, in the
sense of drowsiness, and fatigue. This may arise because
so many different poorly defined words are used in the
SSS statements, such as ‘responsive’, ‘foggy’, ‘vital’, and
‘woozy’. The SSS is best used to measure changes
within subjects over time, particularly over periods of
hours and days. Scores on the SSS often require stan-
dardization (e.g. to z-scores) to remove differences
between subjects. The SSS cannot provide an overall
measure of EDS in daily life.

Karolinska Sleepiness Scale

The Karolinska Sleepiness Scale (KSS) is a 9-point
Likert scale somewhat similar to the SSS8.!* In its orig-
inal format it had word descriptors only for scores of
1, 3,5, 7, and 9. Those descriptors varied from 1 =
‘very alert’ to 9 = ‘very sleepy, fighting sleep, an effort
to keep awake’. However, additional descriptors were

Karolinska Sleepiness Scale

Here are some descriptors about how zlert or sleepy you
might be feeling right now. Please read them carefully and
CIRCLE the number that best corresponds to the
statement describing how you feel at the moment,

. Extremely alert

. Very alert

Alert

. Rather alert

. Neither alert nor sleepy

. Some sighs of sleepiness

. Sleepy, but no difficulty remaining awake
. Sleepy, some effort to keep alert

. Extremely sleepy, fighting sleep
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Figure 56.2 A modified version of the KSS. (After Reyner
and Horne.'5)

later added for all scores, as shown in Figure 56.2.15 It
is not always clear which version has been used in a
particular study.

The changes observed in the EEG/EOG (electroen-
cephalogram/electro-oculogram) with drowsiness do
not usually appear until KSS scores reach >7.'% The
KSS is assumed to be an ordinal scale with a unitary
structure, although that has not been confirmed. The
KSS has been used widely, particularly for describing
changes over time within subjects.'®'® KSS scores may
require standardization to control for differences
between subjects.'é!7

Visual analogue scales

A Visual Analogue Scale (VAS) is typically a horizon-
tal line 100 mm long across a page, with a word at
each end that represents the extremes, for example,
between ‘very sleepy’ and ‘very alert’.'® The subject is
asked to place a mark at that point on the line that
represents his current state along that continuum. The
VAS score is the distance (measured in mm) between
the subject’s mark and one or other end of the line.
Scores on such a VAS respond to time-of-day effects
and to sleep deprivation at least as well as, and perhaps
better, than the S5S.'° Several different VAS scores can
be used in parallel, if required, with different pairs of
words at the extremes for each scale.?®?? Clearly, the
choice of words is critical, so that each VAS represents
a single dimension of variation. VAS scores often have
to be standardized (e.g. to z-scores) to allow for
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changes within subjects while removing the differ-
ences between subjects. VAS scores have not been
used to diagnose or quantify EDS in daily life, but pre-
sumably could be used, for example, to quantify the
degree of ‘difficulty’ that EDS was causing.

Responses to individual questions about
sleepiness

When inquiring about EDS for some purposes, it may
be advisable to measure the subject’s sleepiness in one
particular context that is of special interest, such as
the propensity to doze off while driving. For example,
one question may ask: ‘How many times have you
dozed off at the wheel while driving during the last
year?’. The answer could be selected from a range of
frequencies, such as 0, 1-2, 3-5, 6-10, >10. Additional
questions may be required, such as: ‘How many times
in the last year has the vehicle you were driving been
involved in a crash caused, at least in part, by your
drowsiness at the time?’. Answers to such questions
are probably the best indicator yet of a driver’s aver-
age sleep propensity while driving, and this could form
one basis for deciding whether that person was fit or
unfit to have a driving license. However, responses to
such questions about drowsy driving may well be inac-
curate if the granting of the driver's license depends on
the answers given.

The Rotterdam Sleepiness Scale (RSS)? uses a series
of such questions to make a ‘global evaluation’ of the
impact of daytime sleepiness (‘Are you troubled by
extreme daytime sleepiness?”} as well as the ‘behavioral
impact’ and ‘affected life domains’. The latter asks
whether the respondent sometimes falls asleep ‘when
sitting quietly’, ‘during meetings’, ‘when you are dri-
ving a car’, etc. The possible answers are either yes or
no. This part of the RSS scale is somewhat similar to
the ESS (see below) but has not been widely used.

Sleep-Wake Activity Inventory

The Sleep-Wake Activity Inventory (SWAI) was
developed in 1991.2* It has 35 items with several sub-
scales, one of which is called ‘daytime sleepiness’. This
is based on five questions about how frequently the
subject dozes off in different situations and how fre-
quently they have ‘difficulty staying alert throughout
the day’. Scores on the ‘daytime sleepiness’ subscale of
the SWAI are related to reduced hours of sleep, ease of
falling asleep at night, snoring, and major depression.?

The SWAI has an advantage in being able to assess sev-
eral different aspects of a subject’s sleep and wake
behavior at the same time, but it has not been widely
used as a measure of daytime sleepiness or of EDS.

Adjective check lists

The Profile of Mood States (POMS) is a list of 65
adjectives to which subjects are asked to respond by
either selecting or not selecting each word as a
descriptor of their mood state at the time. There are
six dimensions involving different combinations of
adjectives. One of those dimensions relates to ‘vigor—
activity’ and another to ‘fatigue-inertia’. Scores on
these two POMS scales have sometimes been used to
study sleepiness.?? In general, the use of POMS scales
for this purpose is to be discouraged because other
scales, such as a VAS of alertness—drowsiness, appear to
be more robust and are better validated,

Epworth Sleepiness Scale

The Epworth Sleepiness Scale (ESS) was introduced
in 1991% and is now the most commonly used method
worldwide for assessing a person’s sleep propensity
subjectively. It is based on retrospective reports of
dozing behavior in a variety of situations that are com-
monly experienced in daily life. The term dozing
behavior requires some explanation. Drowsiness is
characterized (among other things} by intermittent
lack of awareness of the here-and-now.?”-*® There is
also inhibition of tonic and phasic muscle activity.?®
This often becomes apparent first in the muscles of
the evelids, levator palpebrae superioris and orbicu-
laris oculi. The velocity of eyelid movements during
blinks is reduced by drowsiness, so the eyelids take
longer to close and reopen during blinks, they tend to
remain closed for longer, and the upper eyelids
droop.’0-*2 If we doze off while sitting with our head
unsupported, the muscles that hold our head erect
when we are awake begin to have their tonic activity
inhibited, and this eventually allows the head to drop
forward. That movement often rouses us briefly and
makes us aware of having just dozed off, without us
having been aware of the beginning of the nodding
movement or the level of drowsiness at that time.
The ESS is a simple self-administered questionnaire
that asks subjects to rate on a scale of 0-3 their usual
chances of having dozed off when they have been
in each of eight different situations in recent times
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Epworth Sleepiness Scale

Name:

Your age (years):

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

Situation

Sitting and reading

Today’s date:

Your sex (Male = M, Female = Fy:

How likely are you to doze off or fall asleep in the following situations, in contrast to feeling just tired?
Even if you haven’t done some of these things recently try to work out how they would have affected you.
Use the following scale to choose the most appropriate number for each situation:

0 = would never doze

| = slight chance of dozing

2 = moderate chance of dozing
3 = high chance of dozing

It Is important that you answer each question as best you can.

Chance of dozing (0-3)

Watching TY

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

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

Lying down to rest in the afterncon when circumstances permit

Sitting and talking to someone

Sitting quietly after a lunch without alcohol

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

THANK YOU FOR YOUR COOPERATION
©M.W, Johns 1990-97

Figure 56.3 Epworth Sleepiness Scale. (After Johns.?)

(0 = ‘would never doze’ and 3 ="a high chance of doz-
ing") (Figure 56.3). The situations were chosen on a
priori grounds to vary in what Johns initially called
their soporific nature.”® He later called this their som-
nificity®>* (see below).

The ESS score, which can range from 0 to 24, is the
sum of 8 item-scores, each between 0 and 3. The ESS
does not measure subjective sleepiness as some people
have thought,? because it does not assess subjective
feelings. It asks only for the subject’s retrospective recall
of dozing behavior in the specified situations. That the
ESS refers to observable behavior rather than subjective
feelings is supported by the close relationship (r= 0.74,

n=50, p <0.001) between each subject’s ESS score and
that reported independently about the subject by his
partner.® That is comparable to the test-retest reliabil-
ity of ESS scores when repeated by the same subject
after a few months (r= 0.81, n = 87, p <0.001).”

The ESS score gives an estimate of what Johns calls
the subject's average sleep propensity in daily life. The
higher the ESS score, the more likely the subject is to
doze off in situations of low somnificity: i.e. the person
has a higher sleep propensity in those situations than
other people have. A large epidemiological study of
identical and non-identical twins who answered the
ESS independently found that about 40% of the
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variance in scores between subjects represents a
genetically determined trait, reflected in long-term dif-
ferences in average sleep propensity that are partially
inherited.® .

‘When choosing-the items of the ESS, it was neces-
sary to include only those situations that most people
would encounter in their daily lives, not necessarily
very often, but often enough for them to form an esti-
mate of their dozing behavior in each. This precluded
asking about dozing behavior in some situations that
might otherwise be of special interest to investigators,
such as dozing while driving a car. That is why the
descriptor for Question 8 is ‘In a car, while stopped for
a few minutes in the traffic’. It does not specify as a
driver or a passenger, because it must allow for those
who do not drive. If one such question remained unan-
swered, the total ESS score could not be calculated.
Interpolation of scores is not possible. The ESS has
been translated into many languages, some published
but many more unpublished. The original version of
the ESS was modified in 1997 by the addition of an
extra sentence of instructions (‘It is important that
you answer each question as best you can’). This
greatly decreased the proportion of missing ESS
scores, to the order of 1%.

Psychometric properties of the ESS

There is good evidence for the internal consistency,
unitary structure, and consistent hierarchical item
structure of the ESS as a sum-scale. That evidence has
come from several quarters, including factor analysis,
which has usually, but not always, found only one
main factor that includes all ESS items, but with
somewhat variable weightings in different groups of
subjects.*®**4° QOther evidence has come from item
analysis and Cronbach’s « statistic, & varying between
about 0.73 and 0.88 in different groups of subjects.?”4
More recently, there has been the application of Item
Response Theory, e.g. with Rasch analysis, that might
be considered to provide the most detailed evidence
about the internal structure of the ESS. So far, the lat-
ter has been published only for a group of patients
with Parkinson’s disease.* However, those results are
supported by other results of Rasch analysis from 990
subjects in Australia, including patients with a variety
of sleep disorders and normal subjects (J Pallant, pers
comm, 2007).

The external validity of the ESS has been demon-
strated in several ways, e.g. by its high sensitivity
(93.5-97%) and-specificity (100%) for distinguishing
narcoleptics (who have EDS) from normal sub-
jects;""'2 by the change in ESS scores after continuous

positive airway pressure (CPAP} treatment for
obstructive sleep apnea (OSA) syndrome, typically
reducing scores by =5 units;*”** and by the change in
ESS scores after treatment of narcoleptics with moda-
finil as compared with placebo.* ESS scores have
a test-retest reliability over a period of 5 months of
r=0.81 (1 =87, p <0.001).25

DIFFICULTIES ARISING FROM DIFFERENT
DEFINITIONS OF SLEEPINESS

One important problem that has caused much confu-
sion about daytime sleepiness and its measurement
has been that of deciding what is being measured.® It
is relevant to consider the common English dictionary
definitions of the terms sleepiness, drowsiness, fatigue,
and tiredness that have probably not changed for a
century or more. This should provide a good basis
from which to make any changes because of greater
understanding in recent times. The Shorter Oxford
English Dictionary defines the adjective sleepy as
‘inclined to sleep, having difficulty in keeping awake,
drowsy, somnolent’. The noun sleepiness therefore
means the state of being sleepy. The definition of the
adjective drowsy is virtually the same as for sleepy —
‘inclined to sleep, heavy with sleepiness, half asleep,
dozing'. By contrast, fatigue is defined as ‘weariness
resulting from bodily or mental exertion’, and tiredness
is defined as being ‘fatigued, weary’. That is, sleepiness
is synonymous with drowsiness, and fatigue is synony-
mous with tiredness. :

There is no ambiguity from these dictionary
definitions about the distinction between the state of
sleepiness/drowsiness on the one hand and that of
fatigue/tiredness on the other. That confusion evi-
dently arose during the latter part of the 20th century
when applied psychologists were trying to measure
fatigue, particularly in people at work. For example,
ID Brown,** who was very influential in the study of
fatigue, defined it as ‘the subjective experience of
tiredness and a disinclination to continue performing
the current task’. That was compatible with the com-
mon English dictionary definition of fatigue. However,
Brown went on to say that ‘the main effect of fatigue
[in a driver] is a progressive withdrawal of attention
from road and traffic demands’ and ‘probably the most
frequent cause of general attentional impairment is
the eye closure that accompanies sleepiness’. Without
any explanation, and perhaps with little detailed
knowledge of the drowsy state, Brown associated
the state of fatigueftiredness with the state of
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sleepiness/drowsiness. That confusion has persisted in
many guarters, not only in applied psychology but also
in sleep medicine,” and particularly in discussions
about road safety.?’

In the 1980s, a new meaning of the word sleepiness
was widely accepted by sleep researchers as a ‘physio-
logical need state that leads to an increased tendency to
sleep’.*® Another was as ‘a physiological drive usually
resulting from sleep deprivation’.*® These definitions
loosely equated sleepiness with what might now be
called the sleep drive, a measure of the coordinated
activity of neuronal systems in the central nervous sys-
tem which together promote the state of sleep as
opposed to wakefulness. But this approach made it
necessary for another concept to be introduced, that of
masking. It was self-evident that we can usually avoid
falling asleep by remaining active and, in particular, by
not lying down. This led to the idea that ‘physiological
sleepiness may not necessarily be manifest’.*® As a
corollary, it was stated that ‘heavy meals, warm rooms,
boring lectures, and the monotony of long-distance dri-
ving unmask the presence of physiological sleepiness
but do not cause it’.*® That is, masking would not affect
physiological sleepiness but it would prevent sleep onset
as an expression of manifest sleepiness. This concept of
masking was never developed and was not quantified.
It is the present author’s contention that those defini-
tions, and the conceptual basis from which they arose,
were never appropriate and have provided the basis for
much of the confusion about sleepiness that is still evi-
dent today.! Sleepiness should not be equated with a
physiological sleep drive 54

It has also become common in recent years for sleep
researchers to use the word sleepiness to mean sleep
propensity, or sometimes physiological sleep tendency.’
By a circular argument, it is sometirnes implied that
sleepiness is that which is measured by sleepiness
scales. Johns™*® has distinguished different categories
cl)f'éleqp propensity to help understand the nature of
sleepiness and of EDS. These categories are based on
different time-frames and on what the subjects are
doing at the time.

Instantaneous sleep propensity

Instantaneous sleep propensity, a subject’s sleep propen-
sity at any particular time, whatever the circumstances,
can vary rapidly with a change of posture and activity.
However, it also reflects the subject’s posture and activ-
ity during the preceding few minutes. Mild exertion,
such as walking for 5 minutes instead of sitting and
watching TV, reduces the instantaneous sleep propensity

for the following few minutes.®! Each nap in the MSLT
and MWT provides a measure of the subject’s instanta-
neous sleep propensity at the time, reflected in the sleep
latency (SL). However, the instantaneous sleep propen-
sity measured with each nap in the MSIT is very differ-
ent from that measured in the MWT (approx. 11 and
18 minutes, respectively) and they are not highly corre-
lated (r = 0.41).% The instantaneous sleep propensity is
not only subject-specific but also posture and activity-
specific and situation-specific.

The instantaneous sleep propensity increases with the
level of drowsiness at the time — the drowsier you are,
the closer you are to falling asleep. Neither the total
ESS score nor the ESS item-scores measure the instan-
taneous sleep propensity directly. Measures of the
instantaneous sleep propensity, situational sleep propen-
sity, and average sleep propensity are only moderately
intercorrelated. Similarly, the SSS, KSS, or VAS, which
measure drowsiness rather than sleep propensity at a
particular time, cannot measure the instantaneous sleep
propensity directly. However, the presence of drowsi-
ness at a particular time may provide an indirect mea-
sure of instantaneous sleep propensity, if that is the
preferred parameter,

A subject’s state of drowsiness can be measured
objectively and continuously by monitoring the EEG
and EOG, as for example while driving a truck.”
However, this requires the attachment of multiple elec-
trodes and, while this can be justified for research pur-
poses, it is not a suitable method for routine use in daily
life. Video camera images of a driver’s face have been
used for this purpose,> but there are technical prob-
lems maintaining the quality of data in real-life situa-
tions.*% A new system of infrared (IR) reflectance
oculography, using IR transducers embedded in a pair of
glasses frames, has recently been introduced that can
measure a person’s state of drowsiness continuously and
unobtrusively while they are driving or engaged in other
activities.’® How this can be used in clinical practice to
help diagnose sleep disorders is yet to be established.

In summary, the instantaneous sleep propensity is a
measure at some particular time of the subject’s likeli-
hood of making the transition from the waking state to
the state of drowsiness and perhaps to sleep no matter
what they happen to be doing at the time. In the MSLT
and the MWT, that likelihood is assumed to be directly
related to the SL measured for each nap. By contrast,
scores on the SSS, KSS, and VAS of alertness-drowsiness
(and the vigor and fatigue scales of the POMS) are all
very similar in providing a measure of drowsiness/fatigue
rather than instantaneous sleep propensity at the time,
although they are moderately correlated.
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Situational sleep propensity

There are as many different situational sleep propensi-
ties, a subject’s usual sleep propensity when measured
in the same situation repeatedly, as there are different
situations in which to measure sleep propensity. Each
ESS item-score gives a subjective measure of one par-
ticular situational sleep propensity (e.g. while ‘sitting
and reading’). Mean SLs in the MSLT and the MWT
provide objective measures of two different situational
sleep propensities. Different situational sleep propensities
within the same subject are only moderately corre-
lated (¥ = approx. 0.4) whether measured objectively
or subjectively (see below).

Average sleep propensity

This is a hypothetical construct based on a subject’s
average sleep propensity when engaged in all the differ-
ent activities of daily life.*® The average sleep propensity
usually remains fairly constant (r = 0.81), at least over
periods of several months,* and is partly inherited.
The average sleep propensity increases with the onset of
a sleep disorder such as OSA or narcolepsy, and
decreases again after successful treatment of such a
disorder. The ESS score gives an estimate of a subject’s
average sleep propensity, but only in relation to the lim-
ited range of specified situations. Neither the MSLT
nor the MWT gives an accurate measure of average
sleep propensity, and their mean SLs are only moder-
ately correlated with ESS scores, as expected (see
below). Currently, there is no objective equivalent
of the ESS for the measurement of average sleep
propensity, which is what many clinicians want to
measure in their patients.

RELATIONSHIPS BETWEEN DIFFERENT
MEASURES OF SLEEPINESS

Much can be learned about the nature of sleepiness by
comparing the results from the many different tests
that are thought to measure it, whether by objective
or subjective methods. Those comparisons can be
extended to include the different categories of sleep
propensity as defined above.

Comparisons between different subjective
measures of sleepiness

When comparing the results of different subjective
tests of sleepiness, we shall make two main types of

comparison: first, comparing the results of different
tests on the same subjects, at the same time, and in ref-
erence to the same set of circumstances (i.e. measuring
one particular situational sleep propensity by different
methods) and, secondly, on the same subjects, at the
same time, but in different sets of circumstances (i.e.
measuring several different situational sleep propensities
by the same methods).

Comparing different subjective tests of
sleepiness in the same circumstances

Several comparisons of this type have been made. For
example, scores every 2 hours between 0700 and 2300
h reported by 40 healthy airmen were compared for
the SSS, KSS, and two kinds of VAS, first as a single
scale of sleepiness and secondly as the mean of 10 VAS
scores, asking about ‘tired eyes’, "heavy eyelids’, etc.’”
Scores on each scale were converted to z-scores. All
four scales then gave similar results and were sensitive
to the time-of-day effect, but the effect was larger for
the VAS scores than for either the S$S or KSS.

Pilcher and her colleagues® reported on the rela-
tionships between seven different subjective scales of
sleepiness, all completed at essentially the same time
by psychology students. The tests comprised the SSS,
three different VAS scales (sleepy—awake, active-lethargic,
and alert—drowsy), two subscales from the POMS
adjective check list (fatigue and vigor), and the ESS.
The ESS was used in two modes: first, in a modified
mode in which the respondents were asked to rate
their chances of dozing off in each situation ‘how’; sec-
ondly, in the original mode of dozing off ‘in recent
times’. Raw scores from each pair of scales were inter-
correlated significantly, but the highest correlations
were between those scales other than the ESS (mean
r=0.59; range of r=0.32-0.79). By contrast, the mean
of correlations between the ESS and all other scales
was ¥ = 0.26 with the range of r = 0.17-0.32. Factor
analysis clearly showed that ESS scores, whether
reported in the modified or the original mode, formed
quite a different factor from all the other scales, which
together formed a single factor.

This suggests several conclusions. Likert scales, such
as the SSS and KSS, as well as VAS scores and adjec-
tive check lists asking about feelings and symptoms
related to the presence of drowsiness and/or fatigue at
a particular time, all provide similar measures that are
highly intercorrelated {r = 0.59). For many people, the
state of drowsiness may be difficult to distinguish sub-
jectively from the state of fatigue, and these scales may
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draw on a combination of feelings and symptoms of
both drowsiness and fatigue. By contrast, ESS scores
measure the subject’s average sleep propensity, which is
an average of several different situational sleep propen-
sities reported subjectively about different circum-
stances and other times. Measurements of average sleep
propensity (ESS scores) are not highly correlated with
the subjective measures of drowsiness/fatigue at one
particular time derived from the SSS, KSS, or VAS
scores (r = 0.26). Nor are ESS scores highly correlated
with scores on other scales measuring longer-term
fatigue, such as the Fatigue Severity Scale (FSS) (r =
0.33, n =489, p <0.001).”

Comparing different tests of subjective
sleepiness in different circumstances

Kim and Young®® described a study in which they per-
formed factor analysis of subjective measures of sleepi-
ness using responses to individual questions which, in
the light of the categories described here, included
measures of different situational sleep propensities.
They used the eight individual ESS item-scores as well
as responses to six other questions asking about the
frequency of occurrence of particular feelings and
problems, such as ‘not feeling rested during the day’,
the ‘need for coffee or other stimulants to stay awake
during the day’, and finding it ‘very difficult to get up
in the morning’. The latter responses were given as
estimates of the frequency of occurrence, with a range
of times per month on a 5-point Likert scale. Factor
analysis was performed on raw scores for 13 variables,
followed by oblique rotation so that highly correlated
factors could be retained.

They reported three factors. The first factor they
called perceived daytime sleepiness, which was based
on reports of frequently having a ‘feeling of excessive
daytime sleepiness’, and a ‘need for coffee, etc.’. This
factor could be interpreted as the frequency of occur-
rence of feelings of drowsiness during the day. The
authors called their second factor subjective sleep
propensity in active situations and their third factor
subjective sleep propensity in passive situations.
Unfortunately, their distinction between active and
passive situations was poorly based. They described
‘sitting quietly after lunch without alcohol’ and ‘sit-
ting inactive in a public place (e.g. a theater or a
meeting)’ as active situations without an explanation
to justify that distinction (see below about the som-
nificity of ESS activities). Their second and third fac-
tors were highly correlated oblique factors (» = 0.59,

p <0.05), so a clinically significant distinction between
them may be difficult to establish.

In the light of our earlier discussions about the hier-
archical structure of ESS items, it seems reasonable to
conclude that Kim and Young's analysis confirmed
that the frequency of feelings of drowsiness during the
day (which they called perceived daytime sleepiness)
represents a different aspect of sleepiness from that of
a situational sleep propensity, which is what each ESS
item measures for a particular situation. Drowsiness
and sleep propensity, in its various categories, could be
considered to be two different dimensions of sleepi-
ness, although their measures are usually weakly cor-
related (» = approx. 0.2-0.3).

Analysis of ESS item-scores has enabled two differ-
ent kinds of comparison to be made:

¢ by intercorrelating the 8 ESS item-scores reported
by each subject, thereby demonstrating the rela-
tionships between different situational sleep propen-
sities within subjects

e by ranking the item-scores within each subject, to
investigate the effects that different situations/
activities have on sleep propensity, regardless of
differences in overall sleepiness between subjects.

Johns® introduced the term sommnificity to describe the
latter. Somnificity is not a characteristic of people or of
their EDS. It is the characteristic of a set of circum-
stances, including the subject’s posture and level of
activity, both physical and mental, and the level of
environmental stimulation at the time, that facilitates
or inhibits sleep onset in the majority of subjects. The
brief descriptor for each ESS item gives no more than
an outline of such circumstances.

A set of ESS item-scores has been analyzed for 990
adult subjects, aged between 17 and 78 years old, that
included groups of patients from the Epworth Sleep
Centre (Melbourne, Australia} with a variety of sleep
disorders such as OSA and narcolepsy, as well as a
group of male and female industrial workers, and
groups of ostensibly healthy university students.*
Their total ESS scores varied between 0 and 24.
Because the item-scores were not always normally dis-
tributed, Spearman's non-parametric correlations
were calculated for each pair of item-scores from the
8 items for each subject. All 28 correlation coefficients
were highly significant (p <0.0001). Their mean was
0.45 and their range was 0.31-0.57. Principal compo-
nents analysis revealed a single factor that included all
items, which is consistent with previous results.*® This
is good evidence to suggest that the ESS item-scores
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are each tapping a common source of variance that
represents the subject’s overall level of sleepiness,
or average sleep propensity, in different situations.
However, each of the 28 correlation coefficients
accounted for only about 20% of the variance between
different situational sleep propensities within the same
subject (range 10-33% for different items). Much of
that variance {80%) was unaccounted for.

The same data were also transformed into ranks
of item-scores, from 8 = highest item-score to 1 = low-
est item-score within each subject. Tied ranks were
each assigned to their mean.3* This procedure enabled
differences between the overall levels of sleepiness
(average sleep propensity) between subjects to be elim-
inated. Similar analysis was also performed on data
from another 614 subjects, aged 36-48 years old, who
had taken part in the CARDIA study in the USA,
answering the ESS on two separate occasions 1 year
apart.®® The mean rank of ESS item-scores within sub-
jects was calculated separately for the Australian and
US subjects (Figure 56.4). Differences were tested by
Wilcoxon’s matched pairs t-tests.

The item-ranks were very similar in these groups of
subjects from different countries, and were also very
similar a year later when repeated by the US subjects.
Their item-ranks were taken to represent different
somnificities of the respective sets of circumstances
described in the ESS items. Combining the results
from Australia and the USA led to an ordinal scale of
somnificities, with six significantly different levels
(p <0.001). The order of items, from highest to lowest
somnificity, was 5,2, 1,4, 7 and 3, 8 and 6. Items 7 and
3 did not differ significantly, nor did items 8 and 6.
Some of the differences in somnificity can be ascribed
to differences of posture (lying down in item 5 vs sit-
ting in all other items). However, more subtle influ-
ences must be involved in the differences in
somnificity between items 1 and 2, on the one hand,
and items 6 and 8, on the other hand, such as the
interaction and emotional engagement with other
people. We need far more experimental evidence
about such influences.

These results provide evidence for the role of sen-
sory inputs in the control of situational sleep propensi-
ties. Whether or not someone dozes off or not during
the day will depend not only on their overall level of
daytime sleepiness (their average sleep propensity) but
also on what they are doing at the time. We cannot
measure a subject’s sleep propensity accurately with-
out reference to the set of circumstances within which
the measurements are made. By measuring one partic-
ular situational sleep propensity (e.g. when sitting and
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Figure 56.4 The somnificity of different items described
in the Epworth Sleepiness Scale (mean + sp) for 614 US
subjects and 990 Australian subjects.

reading), we are not measuring the subject’s average
sleep propensity directly, nor are we making a direct
measurement of their physiological need state or sleep
drive (see below). It appears that these limitations also
apply to objective measures of different situational
sleep propensities, including those from the MSLT and
MWT.

Comparisons between subjective and
objective measures of sleepiness

Objective and subjective measurements of drowsiness
and sleep propensity cannot usually be made at pre-
cisely the same time. The fact that a person’s instanta-
neous sleep propensity can change in a matter of
seconds, and that all subjective reports of drowsiness
are relatively inaccurate, can help explain why SSS
scores and SLs in each MSLT nap, when measured
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within the same subject and within a few minutes of
each other, are not highly correlated.'%

Many researchers have measured the correlation
between ESS scores and mean SLs in the MSLT.%#!
Most, but not all such correlations have been statistically
significant, but none has indicated a very close relation-
ship. The mean of Pearson’s correlation coefficients from
nine separate studies, some involving as many as 522
subjects, was —0.30.%2 The reasons for this are a matter of
contention.”® However, those results certainly indicate
that the ESS and the MSLT are measuring different
aspects of sleep propensity. Similar findings have been
reported in relation to the ESS and MWT.

Comparisons between different objective
measures of sleepiness

To put the above comparisons involving different sub-
jective measures of sleepiness into a broader perspec-
tive, it is helpful to consider comparisons between
different objective measures also. Different situational
sleep propensities in the same subject can be measured
objectively from the mean SLs in MSLTs and MWTs
performed on the same day. The mean SLs in the two
tests are quite different (approx. 11 and 18 minutes,
respectively) and they are moderately correlated (r =
041, n = 258, p <0.001;3 r = 0.52, n = 522,
p <0.001%%). However, some subjects fall asleep more
quickly in the MWT, when instructed to stay awake,
than in the MSLT, when instructed to fall asleep.

These results have led to the suggestion that the two
tests were measuring two different abilities: the MSLT,
the ability to fall asleep, and the MWT, the ability to
stay awake® Harrison and Horne® introduced
another term, sleepability, for the former. The implica-
tion was that these abilities were general, rather than
situation-specific characteristics of each subject: i.e.
they were thought to represent general dimensions of
sleepiness. This is an example of generalizations about
sleepiness, in the many different senses of the word,
that have not been adequately discussed or questioned
and which have created confusion as a result. Within
the context of the definitions used here, the MSLT and
the MWT each measure a different situational sleep
propensity, and we should not be surprised that their
results are only moderately correlated, as appears to be
true for all situational sleep propensities.

What the term sleepiness currently means in the
practice of sleep medicine is evidently quite confused.
It may be appropriate to restrict the meaning of the
word sleepiness to the state of drowsiness, as defined in

common English usage, whether it is measured subjec-
tively or objectively. The term sleep propensity, with its
separate categories as defined here, would then be dif-
ferent from drowsiness and would have both subjec-
tive and objective methods for its measurement.

NORMAL DAYTIME SLEEPINESS

It is not that easy to decide what normal daytime
sleepiness is, whether measured by the MSLT, the
ESS, or any other method. It took more than 20 years
for the reference range of normal mean SLs in the
MSLT to be defined adequately.'*? That normal range
is not 5-20 minutes, as was stated for many years on
the basis of a ‘rule of thumb'.%* By that criterion, any-
one with a mean SL <5 minutes was said to have
pathological sleepiness, which was quite misleading.
Many normal subjects, without evidence or com-
plaints of EDS in other situations, fall asleep that
quickly in the MSLTL.!%% Johns*? calculated the refer-
ence range for the MSLT to be 3-20 minutes, and
others, using a broader database, reported it to be
2-19 minutes.! A mean SL <3 minutes would be
required in the MSLT before making a diagnosis of
EDS on that basis alone. Residual confusion about
such matters is not helping the progress of sleep med-
icine. The reference range of normal values for the
MWT has been defined, but there are different num-
bers for different test modes, depending on whether
the test lasts for 20 or 40 minutes.!

Reference range of normal values for
the ESS

When attempting to define normal values for the ESS,
fairly strict criteria were used.®" Among the 331 osten-
sibly healthy industrial workers that were studied,
only those subjects were included who did not have a
sleep disorder that could influence their daytime
sleepiness, whether or not they complained about it.
Those who snored frequently, whether or not they had
significant OSAs, and others who had restless legs syn-
drome or insufficient sleep syndrome, etc., according
to their subjective reports, were excluded. Only 22%
(n=72) of the whole group were included as ‘normal’
sleepers. Their mean ESS score was 4.6 + 2.8 (sp). The
reference range of normal ESS scores was therefore
defined as 0-10, which is the mean + 2 sp, and which
also coincides with the 2.5th and 97.5th percentiles.
By this definition, ESS scores >10 (i.e. between 11 and
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24) would represent some degree of EDS, particularly
for ESS scores >14. Similar results have been reported
for healthy control subjects without a sleep disorder
from Italy (4.4 = 2.8)® and from England (4.5 +
3.3)." However, more data of this type are required
from other populations to confirm this. It is very
unlikely that a patient with narcolepsy would have an
ESS <11.* Unfortunately, some websites that refer to
the ESS have suggested that the normal range is 0-9,
without any evidence to support that.

WHAT IS EXCESSIVE DAYTIME
SLEEPINESS?

One definition of EDS is ‘sleepiness in a situation when
an individual would be expected to be awake and
alert’.! Other terms such as pathological sleepiness are
sometimes used in relation to sleep disorders such as
narcolepsy.” Problems with the definitions of drowsiness
and sleep propensity that we have addressed here
become very relevant again when attempting to define
and measure EDS. The term daytime in EDS may no
longer be appropriate because difficulties can arise
because of being too drowsy or having too high a sleep
propensity at any time of day or night under different
circumstances. However, we probably need different
definitions of what we might call excessive sleep propen-
sity in terms of different time frames and circumstances:

1. Excessive instantaneous sleep propensity: when
individuals’ sleep propensity at any particular time
is so high that it is likely to affect adversely the
safety and efficiency of their performance of the
intended task at hand.

2. Excessive situational sleep propensity in particular
situations: when individuals have a higher-than-
normal situational sleep propensity, sufficient to
impair their performance significantly whenever
they are in the particular circumstances of concern,
e.g. whenever they are driving at night after being
awake for 18+ hours.

3. Excessive average sleep propensity: when individ-
uals’ sleep propensity in most situations is so high
that they are likely to doze off inadvertently in
many different circumstances in daily life.

Scores on the SSS, KSS, and VAS can give subjective
measures of drowsiness (and indirectly of instanta-
neous sleep propensity) at a particular time, but the sig-
nificance of particular scores has not been validated as
a measure of excessive sleep propensity. When drowsy

subjects are trying to remain awake, their drowsiness
usually fluctuates between different levels, as described
by Ian Oswald® many years ago. At deeper levels of
drowsiness, there is a lack of awareness of the here-
and-now??® and errors of omission in the perfor-
mance of a task are likely to occur, whether or not the
eyelids are open at the time.%” In between, there will
be periods of lesser drowsiness, when fewer errors of
ornission are made and there is greater awareness of
the here-and-now, including some awareness of having
just been more drowsy. However, when a drowsy dri-
ver makes an error of omission (e.g. fails to see or
respond to something of particular importance), it is
unlikely that he would be aware of it at the time. This
may explain the apparent inconsistency between a gen-
eral awareness of some level of drowsiness, e.g. reported
subjectively in the KSS, and the lack of awareness of
impairment in the performance of a task as a result
of that drowsiness.®®% In a more practical context, a
driver may be generally aware of becoming drowsy,
on the basis of self-awareness during less drowsy
periods, but not be aware of driving off the road a
few seconds later during a more drowsy period.
The awareness of having been drowsy may return
when he rouses after the event. His level of drowsi-
ness may have increased to a dangerous level and
then decreased again to a less dangerous level within a
matter of seconds.

Currently, the best method for monitoring excessive
instantaneous sleep propensity is a combination of
EEG/EOG recordings with video camera images of
the person’s face and eyes, detecting microsleeps
objectively by the presence of theta waves in the EEG,
and any associated changes in blinks and eyelid clo-
sures from the EOG and video.” A new method for
deciding who is too drowsy to drive at a particular
time has recently been proposed, based on continuous
monitoring of drivers' drowsiness by IR reflectance
oculography. Different levels of drowsiness, on a scale
from O to 10, were calibrated against the likelihood of
making errors of omission each minute in a visual psy-
chomotor vigilance test and also during simulated dri-
ving in a car.?!7"!

For many years the MSLT was widely regarded as
the gold standard for measuring EDS in all situations,
and in 1992 it received the official blessing of the
American Academy of Sleep Medicine (AASM).”
That position has now changed officially. The MSLT is
now officially regarded as no more than a ‘de facto
standard’,” with the recommendation that the mean
sleep latency in the MSLT and MWT ‘should not be
the sole criterion for determining sleepiness or for



654  SLEEP DISORDERS: DIAGNOSIS AND THERAPEUTICS

il

certifying a diagnosis or response to treatment’.” This
is in accord with the conclusion, reached indepen-
dently by Johns,®3 that we do not have a single gold
standard method for measuring excessive sleep
propensity. A person’s situational sleep propensity mea-
sured in one particular situation, such as in the MSLT
or MWT, cannot be relied on to give an accurate mea-
sure of their situational sleep propensity in other situa-
tions, or of their average sleep propensity in daily life.
Nevertheless, measurements made by the MSLT and
MWT are moderately correlated with average sleep
propensity, as measured by the ESS, and may con-
tribute objective evidence to confirm or deny the
presence of excessive sleep propensity in a particular
subject.

The most commonly used method for measuring
excessive sleep propensity is the ESS, using a score of
>10 as the indicator of excessive sleep propensity. The
ESS has been used in many surveys, often in languages
other than English, to establish the proportions of var-
ious groups that have excessive sleep propensity. For
example, 17.7% of a sample of 2301 adults selected
from the general adult population in Norway had ESS
scores >10.7® So did 18% of 526 consecutive drivers
aged between 16 and 86 years old who presented to
the Department of Motor Vehicles in Madison, WI.7#
Amoeng 3871 school students in Seoul, Korea, 15.9%
had ESS scores >10, and their school performance
declined as their ESS scores increased.” In the group
of 331 male and female industrial workers in
Australia, 10.9% had an excessive sleep propensity,
and in a Japanese population of 3909 industrial work-
ers who did not do shift work the proportion was
7.2%.7 A random, population-based survey among car
drivers in New Zealand revealed 9.2% with ESS scores
>10.7 It seems reasonable to conclude that, in differ-
ent countries, between about 7 and 18% of the general
community, selected without reference to their sleep
habits, have excessive sleep propensity.

Excessive sleep propensity and obstructive
sleep apnea

In a recent survey in the USA, 46% of patients with
moderate to severe OSA had excessive sleep propen-
sity.”® However, the relationship between excessive
sleep propensity and the severity of OSA has been a
matter of contention. There have been many reports
of statistically significant but relatively weak correla-
tions between different measures of daytime sleepi-
ness and the frequency of apneas and hypopneas,”™

and sometimes also the levels of oxygen desaturation
during sleep apneas.®® Some studies have failed to find
a significant relationship at all.¥ That has been equally
true for all measures of excessive sleep propensity,
whether objective or subjective. What is now clear is
that there are some patients with OSA, occasionally
with ‘severe’ OSA, who do not have excessive sleep
propensity.”® The relationship between the severity of
OSA and sleep propensity (however they are mea-
sured} can no longer be used as the major evidence for
or against the validity of any measure of excessive sleep
propensity, whether objective or subjective in nature.

THE NEED FOR A NEW CONCEPTUAL
MODEL OF SLEEP AND WAKEFULNESS

Apart from difficulties with the measurement of
sleepiness because of differences in definitions and in
peoples’ understanding of what the various tests are
measuring, there is another major problem that has
impeded progress in this field. That is the lack of an
adequate model to describe the processes that control
sleep and wakefulness. Borbély® and his colleagues
have clearly established that sleep and wakefulness are
heavily influenced by two processes, Process C and
Process S: the former provides a circadian influence
over sleep propensity, and the latter provides a homeo-
static influence that increases progressively during
wakefulness and is discharged during sleep. Variations
of this basic model have included the addition of a
third process (Process W) that influences sleep inertia
after waking up.®® There is much evidence to suggest
that these processes should be part of any such model,
but Johns has argued that they are not sufficient.%*
Knowledge about the neurophysiological processes
involved in sleep and wakefulness has increased dra-
matically in recent years, particularly in relation to
opponent processes that together form a sleep-wake
switch in the hypothalamus.®* Another whole new sys-
tem has been discovered® that promotes wakefulness,
the orexin/hypocretin system. Yet this and other infor-
mation has not been integrated into our understanding
of the measurement of sleepiness, particularly in terms
of the major influences that need to be explained.
Johns® has proposed a new conceptual model of
sleep and wakefulness that specifically addresses the
role of inputs to the central nervous system (CNS)
from both the exteroceptive and enteroceptive sen-
sory systems as major determinants of sleep and wake-
fulness, in addition to Processes C and S. Whether we
are asleep or awake at any particular time depends on
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the relative strengths (not the absolute strengths) of
both the sleep drive and the wake drive that are to
some extent independent of each other, and which are
mutually inhibitory to each other.®® Johns® goes fur-
ther in suggesting that the overall wake drive has more
than one component. The primary wake drive would
result mainly from the spontaneous activity of the
suprachiasmatic nucleus {SCN), with a circadian
rhythm reaching its peak in the evening {about 7 p.m.)
and its nadir in the early hours of the morning (at
about 4-5 a.m.}. The phase of this circadian rhythm
would be set mainly by the timing of periods of day-
light and dark. This would be the equivalent of Process
C. However, a secondary wake drive would provide
additional wake-promoting activity derived from
inputs from all sensory systems, filtered, integrated,
and relayed via the thalamus. It is assumed that this
secondary wake drive involves the orexin/hypocretin
system in the hypothalamus which would be separate
from the primary wake drive with input from the
SCN.¥ There is experimental evidence from cats that
orexin/hypocretin neurons are activated during wake-
fulness, but mainly when the animals are moving,
when enteroceptive sensory inputs would be high,
rather than when the animals are at rest.®

Other authors have pointed out the role that envi-
ronmental stimulation plays in maintaining alertness
at any particular time.¥” Having the bedroom comfort-
ably warm, dark, and quiet would reduce the inputs to
the CNS from the subject’s exteroceptive sensory sys-
tems, including the visual, auditory, hot and cold tem-
perature sensing systems, etc. That is what usually
happens when we lie down in bed at night to sleep,
and this reduced environmental stimulation facilitates
sleep onset. However, it is self-evident that we would
be very unlikely to fall asleep, regardless of how quiet
and dark the room was, if we remained standing
up rather than lying down. This emphasizes the role
f posture in the control of sleep propensity, a role
that has been almost completely ignored by sleep
researchers.

Johns® has postulated that inputs to the CNS from
all the enteroceptive sensory systems would also con-
tribute to the secondary wake drive, perhaps even
more than inputs from the exteroceptive sensory sys-
tems as a result of environmental stimulation. The
enteroceptive inputs to the CNS would be derived
from many sources, including the stretch receptors in
all skeletal muscles that are active tonically when
we maintain a particular posture {e.g. standing up)
and active phasically when we move. Posture also
influences input to the CNS from the carotid
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baroreceptors,® and from the labyrinthine system in
the ear that detects the position and motion of the
head. Ongoing cognitive processes and the associated
emotional activity would also contribute to the ‘sec-
ondary wake drive’.® The fact that it is very difficult
to measure these enteroceptive sensory inputs may be
one reason why they have been neglected by all but a
few researchers.”

The existence of a secondary wake drive helps to
explain the very important role of body posture and
movement in the control of sleep and wakefulness. It
would also explain the influence of environmental
stimulation on sleep propensity. Most people can fall
asleep within 20 minutes at any time of the day sim-
ply by lying down, ceasing voluntary movements, and
relaxing most skeletal muscles apart from orbicularis
oculi, which they usually contract voluntarily to close
the eyelids actively and reduce visual input to the
retina. This gives significant control over the secondary
wake drive and hence voluntary control over sleep
onset under most circumstances. This helps to explain
why most people do not usually fall asleep at inappro-
priate times in their daily lives, and how they can
extend periods of wakefulness overnight without

much difficulty.

CONCLUSIONS

In the past it has been assumed that there must be
some measure of sleepiness, preferably an objective
measure, which would be a general characteristic of
each subject and which would enable that person’s
tendency to become drowsy at some future time and
place to be predicted accurately. Consequently, the
problem was seen by some as a search for an elusive
new test. Unfortunately, things are much more com-
plicated than that. Direct measures of sleep propen-
sity, objectively or subjectively, can be made only with
reference to the subject’s posture, activity, and envi-
ronmental situation at the time. Sleep propensity
appears to be influenced by the wake drive, particu-
larly the secondary wake drive as described by Johns, as
much or even more than by the sleep drive under nor-
mal circumstances. Extrapolation of a subject’s sleep
propensity from one set of circumstances to another
has caused much confusion in the past. We need far
more research in the future about drowsiness and the
multiple influences over it. Some new definitions of
different categories of sleep propensity may help in
this regard. Our currently accepted models of sleep
and wakefulness are inadequate and need revision.
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