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the help of EEG studies described the
various stages of sleep and concluded that
sleep is not mere deafferentation but is a

complicated and integrated physiological
event (1). Age and sex can significantly

influence sleep and performance (28, 29).
Drugs like Amphetamine, Methylphenidate

and Pemoline decrease sleep and! improve
performance (30).

Currently the two acceptable theories
are the restorative theory and the
ethological/conservative theory. Fortunately
these two are not mutually exclusive or

contradictory. Conservative theory also

encompasses the teleology of sleep. Sleep is
supposed to have a protective value when it
originated in life forms. Probably, in recent
times sleep is considered more of an
acquired habit down the evolution than a
physiological necessity. The restorative
theory has been supported and lauded by a
number of workers (31-34).

Stages of sleep

The sleep scoring is done in many ways
but the gold standard is that devised by
Rechtscaffen and Kales based on EEG, EMG
and EGG (35). Human sleep progresses
through different stages very well
characterized by the sleep scoring systems
(36). Sleep is heralded by the appearance of

diminution of the alpha rhythm which is
the onset of Stage I non-REM (NREM) sleep.
Slow rolling eye movements and a reduction
in muscle tone are also salient features of

this stage. This stage lasts for a few

minutes. The appearance of sleep spindles
marks the beginning of stage II of sleep.
There are no eye movements and there is
further decrease in muscle tone. EEG shows
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few (20%) delta and theta waves. This stage
lasts for 30 to 60 minutes. Sleep next
progresses to the stages of slow wave sleep

(Stage III and Stage IV NREM sleep). The
delta waves constitute 20% to 50% in stage

III and more than 50% in stage IV. These
stages are also called deep sleep or delta

sleep. This sleep is briefly interrupted by
stage II NREM sleep that is followed by first
REM sleep of 60-90 minutes after sleep
onset. REM sleep is characterized by rapid
eye movements, desynchronisation of EEG
and marked reduction or absence of muscle
tone. The first REM period lasts for only a
few minutes and is fonowed by progression

to stage II and then to stage III and IV of
NREM sleep before the appearance of the

second REM sleep. This constitutes of a full
sleep cycle and lasts for 90-110 minutes.

Each sleep has about 4 to 6 such cycles with
increasing duration of the REM sleep, the
last lasting up to 60 minutes.

Regulation of sleep

A symphony of carefully orchestrated

neurotransmitters in the brain especially
the brain stem, the complete understanding
of REM regulation neurochemistry is much
better understood than NREM. Most of the
effector neurons are in the reticular
formation, particularly the pontine reticular
formation. These neurons are under the
influence of excitatory and inhibitory

neurotransmitters. Acetylcholine and
Histamine are predominantly excitatory and
Serotonin, Norepinephrine, Dopamine and
Glycine are inhibitory. The excitatory

neurotransmitters induce sleep and
inhibitory ones cause awakening (37).
Extensive studies have been carried out by
Mallick et al (1983) and Mohan Kumar et
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sympathetic activity which equilibrates after
one week, however the increase in the
autonomic arousal continues to be there. It
is also seen that those individuals who do
not exhibit this response are more prone to
HA maladies like Acute Mountain Sickness
and High Altitude Pulmonary Edema (49).
Sleep deprived individuals do not
acclimatize well to high altitude and that
recovery sleep following sleep deprivation
in high altitude takes longer time to
complete (50).

Requirement of sleep

Numerous studies have concluded that
for maximal performance 4.5 to 5.5 hours
of sleep is required everyday and it is better
if this quantum of sleep is obtained
continuously (7-16, 28, 51, 52). However,
various workers have noted that even very
short periods of ten minutes each of sleep
has recuperative value from fatigue and
sleepiness (13, 53-57). It was originally
thought that it is not only the time period
of sleep but the stages of sleep must also be
taken into consideration while looking at
the recuperative value of sleep. However
now numerous studies have convincing
results to confirm that when the discussion
is of minimal sleep it is purely temporal
with no relation to sleep stages whatsoever
(58-60). Horne in 1988 has partitioned sleep
into core and optional sleep (45). Core sleep
is defined as the first 4-5 hours of sleep i.e.
the first three sleep cycles. This sleep is
necessary for optimal performance. The
remaining sleep is optional and can be easily
done away without affecting the
performance. To satisfy the core sleep needs
of an individual he can adopt any of the
following methods: (i) unbroken five hours
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of sleep. (ii) Anchor sleep (iii) Prophylactic
sleep. (iv) Long naps. (v) Ultra short sleep.
Anchor sleep is basically tethering at least
4 hours to a fixed time of the day (61).
Dinges et al suggested napping in
anticipation of sleep loss (53). Whether sleep
can be stored or not is still to be studied in
detail. Long naps can be anything from 1 to
4 hours. These only partially satisfy the
need of core sleep (6, 13, 62-64).

It is seen that ultra-short naps of 10
minutes also have refreshing and
recuperative effects, though may not be as
much as that of continuous sleep (12, 55).
For recuperative effects, naps must be
atleast of 4-10 minutes duration. Ultra
short naps are extremely helpful in avoiding
the 'behavioral freezing' i.e. a condition seen
in sleep deprived individuals wherein they
lapse into temporary immobility instead of
responding quickly to an emergency (65).

The disadvantages of ultra short sleep are
the increase in sleep inertia i.e. a feeling of
lethargy and lassitude which prevents an
individual to immediately perform mentally
and or physically to his optimum, and
decrease in sleep efficiency i.e. the
elimination of feeling of sleepiness
following a period of sleep. This reduction
in efficiency can be reduced by adequate
motivation.

Sleepiness

Defined as the transition state between
wakefulness and sleep, sleepiness did not
receive the attention it deserved in the
earlier days. Attention was drawn to it for
the first time by Dement in 1989 (66).
During sleepiness the whole CNS undergoes
adjustments and reorganization in the
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neural mechanisms all of which are
completely reversible. When does sleepiness
end and when does sleep start? Kleitman
(1963) suggested that sleep is indexed by
the absence of critical reactivity followed
by recall (67). Rechtschaffen defined it as
stage I sleep (68). Johnson suggested that
sleepiness ended with stage II EEG changes
of sleep (69). Onset of sleep could be marked
by the behavioral response cessation
coupled with the sharp increase in EEG
synchronization (70, 71). The graded nature
of leepiness may suggest it to be a passive
phenomenon-the inevitable resuH of
decrease in the excitatory process of
wakefulness. However more recently
sleepiness is understood to be an active
process (72). Sleepiness is predictably
affected by biorhythmic variations in sleep
alertness, and physiological measures (73­
75).

Sleepiness normally occurs at three
times in 24 hours, just after awakening in
the morning, in midafternoon and prior to
sleep in the evening (73). Interestingly it
has been noted that the afternoon sleep
propensity is inversely related to the body
temperature as compared to the other times
of sleepiness. In the morning and evening
it has been noted that a fall in temperature
is associated with sleepiness. However, in
the afternoon, body is sleepy but is at its
highest temperature. (76, 77). Sleep-wake
cycle (SWC) and endogenous circadian
pacemaker (ECP) run at exactly the same
period of time and is a group II oscillator,
Y oscillator or factor S i.e. this rhythm is
more labile and is more like a capacitor than
an oscillator (77). It is worthwhile noting
that sleepiness is not the same at all times
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that it occurs. Qualities of sleepiness vary
according to the type of sleep that follows
(42).

Broughton has categorized sleepiness as:
NREM sleepiness, REM sleepiness and
derousal sleepiness, occurring because of
pressure for REM, NREM and impaired
reticulo-cortical waking processes
respectively (78). REM sleepiness is more
intense and derousal type may coexist with
the other two. The type of sleepiness may
reflect the type of sleep, which would ensue.
Glovinsky et al (1990) did sleep deprivation
studies and reported no stage specific
differences in Stanford's Sleepiness Scale
(SSS) and Multiple Sleep Latency Tests
(MSLT) (79). More studies in this field would
be required before any conclusion can be
drawn. Another classification of sleepiness
has been put forward by Horne in 1988, who
describes sleepiness as antecedent to core
sleep i.e. the sleep that repairs the effects
of wear and tear of wakening and optional
sleep that tediously fills the hours of
darkness till sunrise when sleep is
maintained beyond the core sleep (45). Both
can coexist at a given time. The main
purpose of sleepiness presently appears to
be the smooth transition from wakefulness
to sleep and sleep to wakefulness.

Several methods are employed for
measuring Sleepiness. Prominent among
these are Stanford Sleepiness Scale (SSS),
(69, 80), Visual Analogue Scale (VAS) (81),
and Thayer Activation Deactivation
Adjective Check List (ADACL) (82). A
number of performance tests to assess the
effects of sleepiness have also been designed
like the Simple Reaction Time, Complex
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Reaction Time, Vigilance Tests (7, 83,
84). Many workers (7-9, 85-93) have
demonstrated the uti.lity of these tests. The
drawbacks of these performance tests are
large practice effects, intrusive factor of
these measurements, and susceptibility to
factors like motivation, distraction
and comprehen"sion. EEG offers better and
more objective possibilities of state
discrimination. This has been utilized in
many sleep wakefulness pattern studies (68,
94-99). This discriminative variation in EEG
pattern has been used as reference for other
Sleepiness related tests like Multiple Sleep
Latency Tests (MSLT) (100-102). MSLT and
its variants have been developed to provide
an objective and repeatable quantification
of sleepiness (103). However, MSLT is
the primary index of sleepiness; the
phenomenon of daytime sleepiness has to
be studied in conjunction with the study of
sleep that follows (104, 105). Polygraphic
Index of Sleepiness (PIS) and Polygraphic
Score of Sleepiness (PSS) have been
developed for the same (104). Cognitive
behaviour also undergoes changes during
sleepiness (106, 107).

Pivic, Kleitman and Vihvelin in 1948
described stages of sleepiness (75, 108, 109),
which were further refined and redefined,
by Foulkes and Vogel in 1965 (14). They are
(i.) Alpha EEG continuous with one or
more REMs prior to wakening. (ii)
Alpha EiEG discontinuous with SEMs at
least 20-30 seconds of record prior to
wakening call. (iii) Descending stage I EEG.
(iv) Descending stage II BEG of 30 seconds
to 2.5 minutes. A point to be noted here is
the lack of affective intensity in the 'recall'
of mental activity in arousal. It was more
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dream like. As the sleepiness progresses
through the four stages, psychologically
subjects progressively relinquished
control over the mental activity; then the
awareness of the environment was lost and
subsequently loss of reality orientation with
consequent onset of hallucination (109, 110).

Sleep and performance

Lapsing, cognitive slowing, memory
rmpairment, vigilance decrease and
optimum response shifts are all the
recognized adverse effects of sleeplessness.
Performance and its change with sleepiness
will provide a vital link in understanding
performance and improving it in condition
that is not conducive to regular sleeping
hours. Most of the studies in the past have
suggested that the fundamental effect of
sleep loss has an adverse effect on
performance, especially on all cognitive and
sustained attention tasks (3, 7, 9, 45, 60,
75,83,84, 111-114). In the first 70 years of
this century, only about 36 studies have
been done involving sleep deprivation and
performance (9). Also there is a lot of
variation in results of laboratory and field
studies. Performance and actual field
performance are not identical and
performance serves as an index and not
substitutes to field studies.

Earliest sleep deprivation study was by
Patrick and Gilbert in 1896, where 3 young
adults were studied for 90 hours of
sustained wakefulness (115). They observed
a general decrease in sensory acui ty,
quickness of reaction, motor speed and
memorizing abi.lity, related to performance
following recovery sleep. Five vital
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observationsare to the credit of this study
namely: (i) no matterhow much subjectsor
experimentsguardedagainstthem, subjects
always experiencedbrief uncontrollable
naps even during certain performance
tasks; (ii) these brief sleeps were often
accompaniedby "semi waking dreams"
especiallyif the subjectwas giving an oral
performancetask. (iii) After 72 hours of
wakefulness,subjectscould not attend to a
memory task; (iv) recovery sleep was
profoundly deep in terms of arousal
threshold to a painful stimulus. Robinson
and Hermann(1922) reportedtheir results
on three men who underwent65 hours of
wakefulness(116). However this study did
not corroboratethe results of the previous
study. Kleitman (1923) studied 35 healthy
malesundergoing60-65 hours of sleeploss
(75). He concludedthat wakeful bed rest is
not a substituteto sleep.In this study issues
of motivation and performancechangewith
time on task were highlighted. An
interestingdevelopmentat this time was the
conceptof 'blocks'put forward by Bins (117­
119). Blocks are defined as a pause in
responseequivalent to two to three times
the averageresponsein non-sleepdeprived
subjects.These blocks served as good and
reliable investigative tools in the studies
that ensued.

Warren and Clark (1937) analyzed the
performanceof four adults undergoing48­
65 hours of wakefulness (120). They
observed that blocks increasedbut modal
and average performancedid not change.
Hence it was concludedthat evaluation of
averageperformancedid not vary but tasks
that evaluatedperformancevariability
showed more effect of sleep loss. Blocks
increasing as a function of sleep loss
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suggesteclan increasein the unevennessof
responding.These blocks or pausesare
associatedwith changesin EEG (121). Bills'
block is a delay in delivery of stimuli as
well as delay in reaction to stimuli.
Williams, Lubin and Goodnow (1959) put
forward the 'lapsehypothesis'in their study
of 4'0 males undergoing 72-100 hours of
sleeplessness(122). They further elaborated
on 'paced'and 'unpaced'tasks.In the former
the error was lapseswhile in the latter it
was a reductionin speed.The samehasbeen
supportedby many later studies.(6, 15, 85,
123). The abovestudiesalso concludedthat
there is a definite cognitive slowing due to
sleepiness.

There is an interesting associationof
sleep loss with memory. Studies have
shown that there is a reduction III

immediate recall and the recall was not
impairedif the information was takenprior
to the sleep loss. Both delayed and
immediaterecall was noted to be impaired
in information takenafter sleepdeprivation
(115). Patrick and Gilbert (1896), Williams,
Lubin and Goodnow (1959) and Polzella
(1975) showed that short-term memory
impairmentwas attributedto lapsingduring
encodingand attention deficit in rehearsal
failure (122, 124, 125).

The time on task is also considerably
affected in sleepiness.The longer the task
duration the more are the chancesof.
impairment. It may also be surmisedhere
that sleeplessnesscauses a deficit in
enduranceand not quality. Contradictory
conclusionshave been drawn in studies in
which musculoskeletalperformancehas
been considered(4). Not only in the lapse::;
but also in the 'non-lapsing'period there is
























