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Homeostatic and adaptive roles of human sleep

by O. Benoit

Laboratoire de Physiologie, U, INSERM, 91, Boulevard de

In order to respond to the demands of life and repro-
duction, a living organism must develop multiple func-
tions. The more these functions are integrated by and
into higher levels of the central nervous system, the
more complex they become. This is the case for sleep
function since sleep has biological as well as psycholo-
gical aspects, and interacts with two environments:

1. internal, characteristic of an individual with regard to
similar functions both of lower level of integration and/
or a more general type such as the circadian function,
and

2. external, corresponding to the physiological and psy-
chological environment.

Recent advances in the knowledge of the biological
aspects of sleep have stimulated the development of stu-
dies concerning the interrelationship between its biolog-
ical function (mainly related to the internal environ-
ment) and its psychological function (more related to
the external environment). Where the latter is con-
cerned the individual must integrate himself in the psy-
chosocial world with the pressures, demands and needs
it exerts upon him.

Phylogenetic studies of sleep in mammals have shown
that during the nycthemeron the total duration of sleep,
the number of its episodes as well as their composition
vary from one species to another*®. In farm animals*
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and in monkeys® sleep varies with the environment.
Similarly, human sleep behavior depends upon at least
2 categories of factors, internal and external. The inter-
nal factors modulate the innate rhythmic alternation of
waking and sleeping while the external ones may change
from time to time during a lifespan. The precise degree
of contribution of either factor to actual sleep behavior
is not yet known. However it would seem that sleep
depends mainly on the ‘internal state’.

Before describing these factors in greater detail, it is in-
teresting to recall a few descriptive principles of the
general living systems theory as reviewed by Miller™.
Such a theory has allowed a new approach to the com-
plex biological systems which have multiple levels of in-
tegration. This theory describes 2 different types of sys-
tems, closed and open. The closed systems are governed
solely by the cybernetic rules of homeostasis and by
feed back controls. The open systems are ruled in a
similar manner but in permanent interaction with a
complex enviroment in which relationships are gener-
ated for a specific, evolutive, adaptative organization in
the framework of reciprocal, flexible and integrative
processes. As for the relationship between sleep and bi-
ological functions, it appears to be more of a mixed but
stabilized system called ‘steady state’. This can be
studied either from the point of view of homeostatic
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steadiness or from its complex adaptative aspect, e.g.,
psychosocial. There is a permanent complex interaction
between these aspects which requires different methodo-
logical approaches in order for them to be differ-
entiated.

The ‘internal’ state

The internal state to which sleep primarly responds can
be considered the result of many influences (genetic fac-
tors, maturation, age and the psychophysiological sta-
tus) which are functions of the conditions of life.

Few data about genetic influence upon human sleep are
currently available. However the possibility that genetic
factors could play a role in some sleep disorders has
been raised in connection with sleepwalking, night ter-
rors, childhood insomnia and narcolepsy (see reviews of
Abe'; Karacan and Moore® and Kales et al.?). Sleep
organization has been studied in monozygotic (MZ)
and dizygotic (DZ) twins*. These authors found a high
concordance in MZ twins as regards REM parameters
and number of shifts in sleep stages while a discordance
was observed in DZ twins for the same parameters.
Chouvet (personal communication) noted that rapid
eye movement (REM) patterns and sleep parameters
differ less between one twin and the other of the MZ
pair than among different individuals of same age.
Other genetic studies have shown that eye movement
density during REM sleep in Malaysian pygmies® and
in a primitive African tribe, the Bassari®, is less than
the eye movement density in Western Caucasian people.
The recent study of Partinen et al.*® indicates that sleep
length is also partly (one third of the variance) due to
genetic influence and that MZ twins are more similar
than DZ in this respect. These results give clear evi-
dence that sleep behavior is influenced by genetic fac-
tors but the extent of such influence remains to be de-
fined.

In addition to genetic factors, the internal state is
related to the waking activity. Its level can be estimated
by fatigue and sleepiness either subjectively assessed or
objectively measured. The endogenous wake-sleep
rhythm represents a major source of variation. But we
know that there are large interindividual variations in
habitual sleep duration, preferential sleep schedules,
ability to adjust to unusual sleep schedules, sleep struc-
ture and its restorative value (subjectively assessed). The
different degrees to which genetic factors, lifestyle and
ontogenetic development contribute to such variations
are difficult to determine.

‘Internal’ — ‘external’ interactions

In adult humans, there is one long sleep episode per
24 h. It is not known when this monophasic pattern
developped in the course of human evolution. However
the industrial revolution certainly has contributed to the
development of this habit. The afternoon nap which is
still common to many countries having a hot climate
was also possibly used in many other rural civilizations,
especially from spring to fall. It could have been a way
to cope not only with the climate but also with the re-
quirements of agricultural work (early rising at dawn)
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without reducing in any considerable way the total sleep
duration. And even in modern times, Soldatos et al.*
noted that 42.2% of the urban Greek population take a
nap at least three times a week without a nocturnal
sleep deficit. Moreover, in most adults there is a clear
sleep tendency in the early afternoon which has been
demonstrated by multiple sleep latency tests™. It ap-
pears that the modern urban way of life has forced a
tendency toward biphasic rhythm to give way to a mo-
nophasic pattern. In the phase of early human evolu-
tion, the sleep-wake behavior would have been more
strongly related to seasons, cultures (characterized by
hunting-gathering, nomadic life, rural economy and so
on) and to the safety of the nocturnal environment than
it is now. The relative flexibiliy of the sleep-wake
rhythm in relation to external factors such as light-dark
cycle or internal need (fatigue, drowsiness, length of
prior wakefulness) is probably a major factor in the
ability of humans to cope with so many various ways of
life — life once influenced by prehistoric conditions and
now by modern space flights.

The sleep amount per 24 h is also dependant on envi-
ronmental commitments. A gradual restriction® as well
as an imposed limitation of sleep without' or with sleep
displacement® have shown that vigilance and subjective
functionning are strongly impaired when the sleep
quota is equal to or less than 5.5 h per day. When sleep
is displaced in relation to the circadian rhythm of tem-
perature, the minimal sleep lengths are obtained near
the temperature minimum'**. In shiftworkers>'>* gas
well as in normal subjects’ day sleep amounts to an av-
erage of 4-5 h. Since a restriction of sleep to under 6 h
appears to be detrimental to waking quality, this length
of time can represent the obligatory part of sleep as
proposed by Horne'. The difference between the habit-
ual and the minimal sleep amounts would represent a
facultative part which can be influenced by environ-
mental factors: sleep is extended when the external pres-
sures are reduced. In contrast, in all situations such as
stress, danger, or high levels of motivation or occupa-
tions, sleep can be restricted for days and weeks, with a
postponement of the recovery. The relative extent of
obligatory and facultative parts of sleep may vary
among individuals as would indicate the results of Cars-
kadon and Dement™: only half of their subjects became
pathologically sleepy during the day when submitted to
a 5-h sleep regime. The facultative sleep is probably
composed of 2 parts, one of which is necessary but flex-
ible and can be displaced or omitted for a while but has
to be recovered after deprivation; its amount may vary
according to internal and external factors. The other
part, or ‘extrasleep’, occurs either when an individual
seeks to occupy unproductive hours or to feel the best
subjectively during waking. No recovery need would
follow the extra-sleep deprivation. This extra-sleep
could be measured by the length obtained during vaca-
tions, which for most people would far exceed their
weekly average (daily and week end).

The role of an individual’s sleep history in his sleep be-
havior can be suggested by indirect evidence. Most of
us experience sleep onset and sleep maintenance diffi-
culties when in a totally new environment. The degree
of the disturbance and the time necessary to adapt to
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the new conditions greatly vary among individuals. This
fact strongly suggests the role of conditioning influences
upon sleep and also reveals the persistance in modern
humans of the waking response, a valuable means for
survival in former times. Parmeggiani® noted that in
mammals ‘the behavioral repertory of the onset of sleep
consists of the search for a safe ecological niche and the
preparation of the body for the natural sleep posture’.
We may suppose the same holds true for humans. The
feeeling of security, the confidence in one’s ability to
sleep well and the preparation of the body in order to
fall asleep could ail have partly been conditioned by the
actual experience as concerning sleep and the environ-
ment in which it has occurred since early infancy. Sleep
ceremonials are well known in children; adults also con-
form to a given behavioral sequence before sleep with
some or most parts being acted on in a rather automatic
way. Occasional modifications of the pre sleep sequence
may entrain sleep disturbances. On the other hand,
Hauri'” has stressed the possible role of a negative con-
ditioning in some insomniacs. Therefore it can be as-
sumed there is a facilitating or permissive role of this
internal conditioning upon subsequent sleep onset. As
important or perhaps even more so than the psycho-
physiological conditioning is the influence, of a regular
schedule in the adjustment of the sleep ‘clock’ to a good
24-h synchronization. This influence has been demon-
strated by means of chronotherapy applicd to delayed
sleep phase insomnia in order to reset the circadian
clocks".

The sleep-wake rhythm has been proposed by Borbély
et al.” as a 2-component system: a homeostatic process
‘which is reflected by the constant average level of sleep
and by its compensatory increase following slecp loss;
and a circadian rest-activity rhythm controlled by a
highly stable circadian oscillator’ (p.240). Usually sleep
coincides largely with the trough of the circadian
rhythm, but it can be displaced to the activity phase
(after sleep deprivation or night work for example). The
possible dissociation between the temperature rhythm
and the slecp-wake rhythm indicates that they are rele-
vant parts of separate mechanisms. Sleep can be consi-
dered as an adjustment process helping the organism to
maintain the internal state within certain limits; this
process may vary relative to the internal and external
environment. Miller® defined ajustment processes as
follows: ‘they change the rates or other aspects of the
system variables in such a way that the matter-energy
or information processing of the system or significant
part of it, is adjusted to the changed conditions within
the system or in its environment’ (p. 105). Whatever the
sleep functions may be (restorative, conserving energy,
body or brain restitution processes, information pro-
cessing)®'®#  the every-day need for sleep suggests that
sleep plays a role in maintaining some steady state rela-
tive to an internal reference level which varies during
the waking part of the cycle. Sleep is a self regulated
process ‘represented by a regulatory variable whose
level increases as a function of waking time and decrea-
ses as a function of sleep time®. The level of this variable
also depends on the conditions and activities of the pre-
ceeding waking period. One can suppose that the range
of its variation is limited during everyday life with the
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consequence that there is a relative stability of sleep
(with regard to length and composition) for a given in-
dividual. Occasional changes in life style, work load, or
physical or mental conditions may entrain the level of
the regulatory variable outside of the habitual range
and consequently be followed by a corrective response
of sleep.

‘External’ fuctors

The external environmental factors, such as thermal
ambiance, climatic factors, clock time and so on may
influence sleep in 2 ways: first, they may induce modifi-
cations in the level of the internal regulatory variables,
and secondly they also may act on the sleep adjustment
process itself. The obligations of our modern way of life
impose very rapid changes on individuals in clock time
or in climatic or altitude conditions. Some people have
to face situations of physiological stress, such as space
flights*, hyperbaric cabin™, high altitude®®** ¥ or polar
conditions”'™? which are far from normal conditions
and possibly out of the range of the sleep process’s abil-
ity to adjust.

Sleep has a homeostatic function, but it is also a state
when the individual is more vulnerable. For one, the
occurrence of sleep itself may be dangerous in unsafe
environments where a vigilant behavior is required for
survival. One knows that sensory perception thresholds
are increased during slecp when compared to wakeful-
ness. In our modern environmental conditions for sleep,
the beneficial aspect of sleep largely outweights its nega-
tive aspect. Of course, this was not always true at the
beginning of human history and it may still be the case
in some hostile environments. From an ethological
point of view, the insomnia or the light sleep of some
individuals could have been valuable for the survival of
the group in prehistoric time. Secondly, during sleep,
the level of most physiological regulations changes in
relation to NREM and REM sleep. NREM sleep 1$ ac-
companied by closed-loop operations maintaining ho-
meostasis. During REM sleep the level of regulation (at
least for thermoregulation, respiratory and cardiovascu-
lar controls) is less precise and controlled at lower levels
of the central nervous system (rhomben-cephalic and
spinal) or by peripheral rcflexes”. Therefore, REM
sleep represents a special time of risk, particularly if ex-
ternal conditions are far from normal (very cold or hot
environments'®, hypoxic conditions... etc.). The arousal
response caused by the external and internal stimuli ap-
pears to be the safety mechanism which during sleep is
able to promptly reestablish homeostasis by bringing
the most effective control mechanisms into play. As can
be observed in many studies, this arousal response dis-
turbs sleep in a rather nonspecific way.

Therefore, sleep can be viewed as a homeostatic re-
sponse to the waking activity within the framework of
an environment which is not too far from the possi-
bilities of human survival. In this case internal and ex-
ternal factors may both play a role towards in establish-
ing a better adaptative response of sleep”. In a very
abnormal environment, where the survival is most pre-
carious, the internal need for slecp and the external fac-
tors may be contradictory producing both stress and
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strain. The survival priority because of the external or
internal conditions does not permit a normal occur-
rence or maintenance of the sleep actually needed. It
should be pointed out that internal conditions are
mostly pathological cases such as respiratory or cardiac
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diseases. Nevertheless if the need is too high (extreme
fatigue, long sleep deprivation...) an inappropriate sleep
with regards to these conditions may occur. In these
extreme cases, the detrimental effects of sleep can over-
whelm its beneficial value.
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