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Abstract : Sleep and sleep deprivation are intimately related to
performance. Sleep management of people working in different sectors of
the society like multi shift workers, nurses, doctors, students in
professional schools and the armed forces has a great hearing on
performance, health and safety of the suhject population. The detrimentat
effects of sleep deprivation on psychological performance arc indicated as
increased lapsing, cognitive slowing, memory impairment, decrease in
vigilance and sustained attention and shift in optimum response capability.
Its effects on physical performance are manifested as decline in ahility to
perform maximal exercise, self-selected walking pace and increase in
perceived exertion. Sleep deprivation appears to have no effect in respect
of muscle contractile properties and maximum anaerobic power. At high
altitude (RA), there is a reduction in NREM sleep with frequent awakening
due to hypoxia as a physiological adaptive measure to prevent accentuation
of hypoxemia due to sleep-hypoventilntion. Total sleep deprivation for
48 hours at high altitude can affect the acclimatization status,
thermoregulation efficiency and cognitive functions. The concept of
'sleepiness' has also been studied, as it is an emerging concept for better
understanding of the effects of sleep deprivation and its effects on
performance. A special mention of sustained operations in the armed fores
has been made keeping in mind its uniqueness in challenging the normal
sleep-work schedule and its deployment in extreme environment and
operational condition. This article reviews in detail the functions of sleep,
its requirement and the effects of sleep deprivation on human performance.
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INTRODUCTION

Sleep has a significant role on the well
being and performance of humans. Clinical
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studies of sleep di~orders like sleepiness and
insomnia are well known. Al~o, sleep or lack
of it has a lot to do with many occupations
and professions demanding long or abnormal



ImEan J Physiol Pharmacol 2002; 46(1)

waking hours or in particular groups of
population who require to keep awake for
more hours than others e.g. multi shift
workers, studenb:i in professivnal schools
and in armed forces during operations. The
effect of altered sleep quantity and
quality has a significant bearing on the
psychological and physiological profile of an
individual. Sleep and sleepiness are
necessary deterrents in man's life today
where his occupational demands are higher
than ever before in terms of physical
performance and mental alertness. A better
understanding of sleep, sleepiness and
performance would be tremendously useful
to the society, both in ameliorating the
clinical burden, and in improving human
performance, safety, weU being and
prod uc ti vi ty.

Numerous studies have been done and
many more are on to evaluate the intricate
relationship of sleep, sleepiness and
performance (1-4) and also the ways and
means of reducing the deleterious effects of
sleepiness (5, 6). Efforts are also being made
to incorporate sleep management as an
integral part of functioning of sectors with
irregular work schedule. An understanding
into the minimum requirement of sleep for
a human being without compromising on
his performance efficiency is also
being worked out (7-16). An attempt
to reVIew the intimate relationship
between sleep and performance has been
made with reference to studies in these
fields i.n the last eight decades or so. A
special mention is made to the military
operations and their peculiarity of demands
in terms of sleep deprivation and physical
performance.
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Theories of sleep

The ea~liest thinking about sleep, which
occurred to man, was a "retreat" of the spirit
from the body, which would enable all the
spirits to be in communion. In this state,
the body was considered highly vulnerable
to evil motives of spirits. Some thought that
sleep is for nourishing the body. As logical
thinking prevailed, this theory of retreat
gave in to the 'Deafferentation theory' in
which the opinion was that when there was
no input to the brain it fell asleep (17, 18).
O'Leary and Goldring (1976) designed a
model in which sleep was interpreted as a
state of unresponsiveness and turning off
of 'wakefulness' (19). Rapid Eye Movement
(REM) In sleep was first noted by
Greissinger (20) in 1868 and further studied
by Aserinsky and Kleitman in 1955 (21, 22).
In 1920 Mac William studied the
physiological changes in human bei.ng
during sleep (23). von Economo capitalized
on the pandemic of viral encephalitis
in 1918-20 and pointed out the role of
hypothalamus in wakefulness and sleep (24)
which was later confirmed by Brenner in
1974 (25).

The advent of EEG by Hans Berger
(929) who demonstrated spontaneous
oscillations of the electrical potentials of the
brain (26), which was another important
milestone. In 1949, Moruzzi et al
highlighted the importance of Reticular
Activating system (RAS) in keeping the
animal awake by a constant volley of
impulses to the cerebral cortex (27) and loss
of this facilitation led to' somnolence. This
offered support to the 'Deafferentation
theory'. However, in 1937, Loomis et al with
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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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al (1984) to study the role of preoptic
neurons in sleep-wakefulness mechanisms.
Their studies have conclusively shown that

pre-optic area has a crucial role to play in
bringing about changes in states of
consciousness on a diurnal basis and
otherwise. The reticular activating system
exerts an excitatory inHuence on the pre

optic area and thus affecting the
wakefulness of an individual (38, 39).

Functions of sleep

One of the most important reasons to go
to sleep is to avoid feeling sleepy! It is also
suggested that slow wave sleep has more of
a role in physical restorative process.
Physical exercise causes more sleepiness

(40) and this preferentially increases the
slow wave sleep. REM sleep is required for

maintaining the integrity of neuronal
excitability and slow wave sleep has more

effect on musculoskeletal system (41).
Starving increases the slow wave sleep
thereby suggesting that it may be an
attempt to preserve and restore proteins
(42). Sleep forces a protective inactivity.

Sleep prevents the hypothermia, which
would have otherwise occurred if the
animals were to move around in cold
weather. The protective role of sleep is not
only with respect to the whole animal but
also with respect to the neurons, which are
protected by periodic inactivity. It is thought
that sleep specially REM component
facilitates memory and learning. Sleep
waking-related fluctuation of hormones and
neurotransmitters may be modulating

memory processes (43). It has also been
proposed that REM sleep removes
undesirable data from the memory (44).
Contrary to all this Horne has suggested
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that REM sleep is not necessary for memory
consolidation (45). The role of sleep in
memory is not so clear.

Moruzzi has suggested a
psychophysiologically restorative role of
sleep (46). The increase in anabolic
hormones during sleep and catabolic

hormones during awake state supports the
restorative theory of sleep. The most

frightening revelation about the essentiality
of sleep became known in 198:3 when
Rectschaffen et al deprived 8 rats of sleep
for 5-33 days and none survived to lead a
normal life (47). Presently the accepted

thinking is that sleep offers rest to the
brain, which remains active when awake
and is not rested by non-sleep bed rest.

Working on this hypothesis, Drummond et
al (48) studied the brain activity of sleep
deprived subjects by Blood Oxygen Level

Dependent functional Magnetic Resonance
Imaging (BOLD fMRn. Interestingly they
found paradoxical results. They predicted
the prefrontal cortex (PFC) should be less
responsive to the cognitive demands of
sleep-deprived individuals as it is highly

active in awake states. They found that PFC
preferentially got activated in response to
cognitive demands In sleep-deprived
individuals when compared to the temporal
activation in non-sleep deprived subjects.
This iHustrates the plasticity of the brain
and its capability to recruit various areas
at the time of need even In sleep
deprivation. Sleep is also known to have
many beneficial effects when exposed to
high altitude (RA). A study done by
Selvamurthy et al has brought to light that

there is a curtailment of slow wave sleep
and frequent arousals during sleep at HA.
Also there IS an augmentation In
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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

Indian J Physial Pharmacal 2002; 46(1)

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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observations are to the credit of this study
namely: (i) no matter how much subjects or
experiments guarded against them, subjects
always experienced brief uncontrollable
naps even during certain performance
tasks; (ii) these brief sleeps were often
accompanied by "semi waking dreams"
especially if the subject was giving an oral
performance task. (iii) After 72 hours of
wakefulness, subjects could 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) reported their results
on three men who underwent 65 hours of
wakefulness (116). However this study did
not corroborate the results of the previous
study. Kleitman (1923) studied 35 healthy
males undergoing 60-65 hours of sleep loss
(75). He concluded that wakeful bed rest is
not a substitute to sleep. In this study issues
of motivation and performance change with
time on task were highlighted. An
interesting development at this time was the
concept of 'blocks' put forward by Bins (117

119). Blocks are defined as a pause in
response equivalent to two to three times
the average response in non-sleep deprived
subjects. These blocks served as good and
reliable investigative tools in the studies
that ensued.

Warren and Clark (1937) analyzed the
performance of four adults undergoing 48

65 hours of wakefulness (120). They
observed that blocks increased but modal
and average performance did not change.
Hence it was concluded that evaluation of
average performance did not vary but tasks
that evaluated performance variability
showed more effect of sleep loss. Blocks
increasing as a function of sleep loss
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suggestecl an increase in the unevenness of
responding. These blocks or pauses are
associated with changes in 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 'lapse hypothesis' 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 lapses while in the latter it
was a reduction in speed. The same has been
supported by many later studies. (6, 15, 85,

123). The above studies also concluded that
there is a definite cognitive slowing due to
sleepiness.

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

immediate recall and the recall was not
impaired if the information was taken prior
to the sleep loss. Both delayed and
immediate recall was noted to be impaired
in information taken after sleep deprivation
(115). Patrick and Gilbert (1896), Williams,
Lubin and Goodnow (1959) and Polzella
(1975) showed that short-term memory
impairment was attributed to lapsing during
encoding and 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 chances of.
impairment. It may also be surmised here
that sleeplessness causes a deficit in
endurance and not quality. Contradictory
conclusions have been drawn in studies in
which musculoskeletal performance has
been considered (4). Not only in the lapse::;
but also in the 'non-lapsing' period there is
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a general increase In the reaction time,
suggesting that there is a shift in the
optimum response capability of the subjects.
There is no role of task complexity
sensitivity to sleep loss (126). Effect of
sleepiness on performance is not a simple
linear function of time awake. There is a
circadian pattern of performance in the 24
hour period of wakefulness. Froberg et al
(1975) have highlighted the significance of
calculating the circadian variation within
consecutive days of sleep loss (127). Some
parameters of performance are more affected
than the others but every parameter shows
a circadian pattern, which is affected by
sleep loss and vice versa (128). The poorest
performance is seen in the circadian nadir
and most deterioration is seen by second or
third night without sleep. Point to be noted
here is that the physiological markers of
circadian rhythm like body temperature
remains unaltered. Babkoff et al (1989)
showed that there is a phase delay in
circadian maxima and minima during
sleep deprivation (129). The effects of
circadian desynchrony and its effects on
performance are yet to be studied for
definite interpretation. The importance of
these results will be in understanding the
effects of rapid time zone changes as
industrial operations and sustained military
operations (64, 130).

The effect of sleepiness on learning as a
function is not yet very clear. 'This is because
of the practice curve affecting the learning
curves. Efforts are being made to obtund
the practice effects on learning (131). Sleep
loss does not result in a loss of the ability
to comprehend what is being read but it
leads to cessation of reading (53). This is
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because of difficulty in concentrating and
keeping it in memory. The alteration in
reasoning, perception and judgment are
attributed to change in sustained attention
including lapses, cognitive slowing, memory
deficits, habituation and optimum response
shifts. Another school of thought regarding
adverse effects on sleepy performance is
primarily reduced or competing motivation
(132, 133). In other words the effect of sleep
loss are more on the willingness to perform
than on the capacity to perform (45).
Though motivational factors are salient in
demonstrating performance deficits from
sleep loss, it does not follow that there is
no reduced capacity to perform. Another
aspect of sleepiness is the rate of
state lability. The individual is oscillating
between alertness, lowered vigilance, and
microsleeps.

The MSLT in a sleep-deprived individual
shows an accelerated stage I sleep during
the first night without sleep (103). As the
deprivation increases the latency from the
initial stages to SWS is reduced considerably
(123). Tasks, which are monotonous and
require sustained attention potentiate
habituation and hence increase the
pressure to sleep or micro sleep. In this
context, Dinges observed that greater the
physiological sleepiness brought about by
sleep loss, the more dependent the
individual becomes on the environment to
maintain wakefulness and it becomes
more vulnerable to environmental
monotony (114). Loss of ability to
sustain attention is the single most
adverse effect of sleepiness, which is the
corner stone of the deterioration of
performance.
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Physical performance and sleep

There are a number of studies in which
effects of exercise on sleep deprivation
effects (1, 2, 40, 134) have been studied.
Also many studi.es have gone in to the
effects of sleep deprivation on physical
performance (2, 3, 9, 107, 135-146). Sleep
has a tremendous effect on physical activity
and vice versa (1, 2, 13, 107, 134-139, 141,
143, 144, 146-151). It has been observed
that shift workers report more fatigue than
day workers (152, 153). This fatigue is
maximum in night shift and minimum in
afternoon shift. An important determinant
of physical efficiency in shift workers is the
number of night shifts in a row. Though
normal day work levels are never reached,
working seven or more nights continuously
have shown good working levels (154). Rated
activation, rated alertness and the well
being of shift workers is significantly
affected in rapidly rotating shifts (155).
Permanent night work also does not seem
to ameliorate this problem. Shift workers
tend to be day oriented even in permanent
night shifts (156). 8-hour shifts are less
detrimenta] to performance and well being
than the usual 12-hour shifts (157). Four
days of recuperation seem to be necessary
after a seven-day night shift (158).

Leprault (1997) noticed the effect of
exposure of subjects to bright light and or
exercise on subjective sleepiness was
critically dependant on the time of exposure
(1). The most beneficial effect was seen when
exercise was done when the subjects felt
maximum sleepiness. Lubin et al (1976)
concluded that exercise definitely increased
performance decrement and sleepiness due
to sleep loss (40). Taub et al have concluded
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that any alteration in sleep patterns, even
an increase in normal amount of sleep is
deleterious to performance and mood (145).
The comparison of response of males and
females has been done in a few studies and
the results are not consistent. While Hill et
al (1994) found no difference in response
(137), Goodman et al observed that sleep
disturbances reduces VOz max in males but
not in females (149).

There is no change in cardio respiratary
response to exercise in sleep-deprived
individuals (144, 146, 150). There are a
number of studies to show that sleep
deprivation has deleterious effects on
physical performance (2, 4, 60, 113, 134).
Martin has observed a reduction in resting
heart rate, plasma catecholamine levels,
blood pH and an increase in CO 2 production
and minute ventilation (139). His study also
showed that the ability to perform maximal
exercise is reduced but there is no change
in exercise endurance. Physical work
requiring up to 45% of V0

2
max decreases

significantly after 48 hours of wakefulness
(143). No change was seen with sleep
deprivation in muscle contractile properties
and anaerobic power maximum (146, 149).
Mougin et al have reported an increase in
ventilation and an upward drift in lactate
accumulation following partial sleep
deprivation (141). There is a reduction in
cardiorespiratory function; self selected
walking pace and perceived exertion
increased (143). There in no change in
aerobic or anaerobic energy systems to high
intensity exercise even after one day of
wakefulness (137). However, some studies
show deterioration in performance after
sleep deprivation and a beneficial effect is
seen after a nap (6,40,107, 112). This could
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be attributed to the individual variation of
delay in sympathetic arousal in early stages
of exercises following sleep (107).

After 60 hours of sleep deprivation no
change was seen in Wingate aerobic power
test, blood lactate response to cycle exercise
at 70% V0 2 max, and hence it was concluded
that 60 hours of sleep deprivation did not
lead to any impairment in physical work
capability (44). Also after 60 hours of
wakefulness, no change in endurance time
for exercise till exhaustion was seen,
however time to exhaustion was reduced
(146, 150). Rise in insulin resistance and
decrease in glucose tolerance observed in
these studies have explained such reduction
in exhaustion time. Meney et al (998)

noticed that there was no effect of one
night's sleep deprivation on day 1 and by
day 2 the muscle strength was reduced in
both sleep deprived and control subjects.
Partial sleep deprivation causes an
alteration in physiological response to
exercise (4, 141, 142). Studies have reported
a rise in heart rate (141), a decrease in
heart rate (4, 142), and no change in heart
rate 0, 159). This disparity in various
studies should be considered in the light of
individual variation of catecholamine
response or the varied adrenergic effect of
cutecholamines (160).

Sustained operations in military

Long ago wars were fought from sun:rise
to sunset. Later with the advent of
sophistication in military technology the
battle was concentrated in the hours of
darkness. Now with the changes in doctrines
of war, sustained operations will remain the
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key words of war in the years to come. Since
long, operational consequences of sleep
deprivation have been studied (13, 161, 162).

However there are no studies on trainin a

the troops for optimal performance in sleepy
conditions. For studies on sustained
operations, field and lab studies are
complementary. Numerous studies have
been done on sustained operations in
various kinds of weather and terrain (5, 50,
147, 163-166). These studies have not been
able to conclusively assess the sustained
operation conditions for want of longer
duration studies. Most of the research done
on sleep deprivation and performance with
relevance to military operations is by
studying subjects' capabilities on selected
tasks at different times of wakefulness (54,
134, 140, 167-171). The major drawback
however is that the interaction of
environmental-situational and individual
stressors cannot be studied or replicated. It
is also difficult to get representative tasks
of operational tasks. Moreover it is difficult
to simulate the stress of war in lab studies
and non-operational field studies. It it; not
possible to study the forces when they are
actively engaged in operations. Hence the
findings of various studies have to be
intelligently interpreted and appropriately
extrapolated to the different sustained
operations in the military.

One study that has come closest to ideal
of continuous performance demands was
conducted by Mullaney in 1983 (63). He
noted that after 18 hours of testing there
was serious deterioration in performance.
Johnson and N aitoh had similar results in
1974 but the time after which deterioration
was noticed was 40 hours (72). Field
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st dies have been done in varying conditions
from Arctic to desert and in air and ship
operations (163-166, 173). Th experimental
de ign and experimental tasks for lab
studies should be near ideal and should be
tai lor made to the aim of the study. A
gen ral design for the same is a 6-hour block
of identical cognitive tasks (62). Examples
of typical performance tasks are modified
version 4 choice serial reaction time
task (174), encode decode task (161,
175), continuous subtraction task (51)
and logical reasoning task (176). In
addition to these, SAM subjective
fatigue checklist (177), and NHRC Mood
scale (60) are usually included III

performance related sleep deprivation
studie. (5 6, 62, 146, 162).

An interesting fact to note is that longer
th tasks more sensitive it is to sleep
deprivation (3, 6, 84, 93) and longer tasks
ha e effects similar to that of long work
se "ions. Common observation wi th all these
studies is that sleepiness interferes with the
ability of subjects to override the deleterious
effects of sleepiness.

Physical conditioning, physical exercise
and scheduled physical exercise have not
been found to have any significant effect on
reduction of sleep loss effects and so also
sleep loss does not have any significant
effect on physical performance in the initial
few days (5, 6), Similarly no beneficial
effects of reducing the cognitive load or
introducing non-sleep rest periods were
observed due to sleep loss. Naps taken at
the low point in circadian cycle provide
restoration of performance and recuperation
of cognitive performance (6, 6).
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Perform2nce is known to deteriorate
with increasing waking hours (60, 63).
Hence for optimal performance, troops
should be allowed to sleep for 7-8 hours
every day for at least a week before
sustained operations (148). Important
military tasks should be avoided during
sleep inertia time i.e. 5-30 minutes after
waking (148). There is no requirement for
hour-to-hour restoration of sleep after
operations. 10-12 hours of continuous
sleep has tremendous restorative and
recuperative powers (148).

Conclusion

Sleep deprivation causes significant
deterioration in mood, motivation and
cognitive functions including vigilance t sts
and also ha' deleterious effects on physicnl
performance but this effect is influenced
by many individualistic variables like
catecholamine response and adrenergic
effect of catecholamines and many othcr~.

Few factors to be considered in good sleep
management is assessing the time when the
individual or the group is required to be at
optimum level of performance and tailor his
sleep schedule accordingly. Also different
sleep schedules will have to be designed
depending on the individual's contribution
to the assigned task or project. Decision
making staff and executive staff will have
different effects of sleep deprivation and
hence should be advised accordingly.
Motivation can override most of these
deleterious effects and hence coupled
with good sleep management would be the
corner stone for effective shift workers'
performance and success in most sustained
operations.
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