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To what extent can sleep be influenced by diurnal activity? 

by J. Foret  

Laboratoire de Physiologie Neurosensorielle CNRS, 15, rue de l'Ecole de Mddecine, F-75270 Paris Cedex 06 
(France) 

There are various pieces of  evidence suggesting that 
daytime activity has an influence on the subsequent pe- 
riod(s) of  sleep: first, there is everyday experience which 
has shown that some kinds of  activity favor sleep, while 
others are detrimental to it. In every language, there is a 
score of  books dealing with <~What to do to enjoy a 
good-or-better-sleeper. Second, we have data, more or 
less documented, obtained in laboratories by means of  
physiological and psycho-physiological studies. Almost 
all of  these studies have been carried out in order to 
prove an hypothesis concerning the roles of  sleep, 
sleep's internal architecture or of  REM-sleep. 
One can classify the data in the following groups: 

1. The SWS-exercise hypothesis' 

Because there is no doubt  that during sleep the body is 
recompensated for the physical exertion during the day, 
it has been hypothesized that sleep is associated with a 
process of  restoration and even that 'sleep is for restora- 
tion '2. In addition, energy conservation resulting from 
the lack of  movement during sleep has been widely doc- 
umented and has led to the hypothesis that one role of  
sleep would be to allow (or force) that immobility. To 
date this approach has been documented by many phy- 
logenetic and ontogenetic studies (e.g. Home19). But it 
must be kept in mind that bedrest without sleep can by 
no means replace sleep 23. Of  course, these conclusions 
refer to average results which required that animals or 
humans were placed over a long period in stable, stan- 
dard situations. Thus, if the conditions o f  diurnal life 
are, at least for a short period, abruptly modified rela- 
tive to the lifespan of  the animal (for instance by means 
of  setting an activity rate above the usual, regular level), 
modifications of  sleep can be expected. 

2. Phylogenetic data 

The phylogenesis of  internal sleep architecture has 
shown that some sleep characteristics are linked to the 
metabolic rate of  the species ~7'37. The average sleep 

duration seems to be positively correlated with the met- 
abolic rate; the duration of  REM-sleep is negatively 
correlated. Therefore, the assertion that sleep is a func- 
tion of  metabolism, that is, of  total energy consump- 
tion, leads to the conclusion that an abrupt modifica- 
tion of  the diurnal environment must change energy de- 
mand and thus finally alter sleep patterns. 

3. The chronobiological approach 

This has, to date, abundantly documented the temporal 
interdependency of  most of  the physiological variables. 
In this respect, a 'map '  of  mutual phase relationships 
among the acrophases (i.e. estimated peaks) of  secretion 
of  a variety of  neuroendocrine variables can be de- 
signed. Under normal circumstances their time courses 
appear to be more or less tightly correlated to schedules 
and characteristics of  sleep. 
At the present time, very little is known about the func- 
tional significance of  those temporal relationships. In 
particular, it is generally impossible to obtain evidence 
of  causality of  such relationships. However, if the 
diurnal time course of  some endocrine variables is arti- 
ficially modified, for instance by means of  an intense 
physical demand or forced abnormal times of  feeding, 
other variables are likely to be modified (e.g. HGH)  s,26 
which in turn would alter sleep characteristics. 
At  any rate, in order to study how the environment in- 
fluences sleep, it is first necessary to define 'normal 
diurnal activity'. Taking into account the practical im- 
possibility of  coming up with such a description, it 
would seem somewhat paradoxical to publish a quanti- 
tative description of  'normal '  human sleep 36. In con- 
trast, studies carried out in animals such as the Papio 
showed that important  ecological modifications resulted 
in significant and lasting changes in sleep patterns with- 
in the same species s,9,2s. 
For  the human species every attempt to describe a stan- 
dard environment seems to be futile. Within a single 
industrial society for instance, there are huge differences 
in the daily energy expenditure, and therefore in the nu- 
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tritional demand between white and blue collar 
workers. The environment in a big modern city and that 
existing in the Sahara with regard to temperature, noise, 
air pollution and stress of all kinds can hardly be com- 
pared. Despite the lack of data in this field, we can 
easily imagine significant differences in the quality of 
the sleep experienced by people living in these two envi- 
ronments. 

Sleep and physical exercise 

A great number of studies have been devoted to the 
influence of physical exercise on subsequent sleep. This 
is probably because their design is relatively simple and 
surely because of the strength of hypothesis No. 1 (sleep 
is a time of energy restoration). In the wake of the pio- 
neer study by Baekeland and Lasky 6 further results II'a9 
:~,>,4,, have concluded that an intense physical activity 
results in increasing the duration of both total sleep and 
SWS. For instance, in Shapiro et al? ~ the exercise con- 
sisted of a run of 92 km; in that case it took a subject 4 
nights to regain a sleep having a duration and structure 
equivalent to that of a reference night. In contrast, a 
somewhat greater number of other studies led to the 
opposite conclusion: sleep following notable physical 
exertion is not significantly m o d i f i e d  3''3"1s'2~ 

The first study 6 demonstrated that there is a problem of 
how to choose the subjects for an experiment. While the 
aim of these studies was to show a differential effect of 
physical exercise, it was essential to define the reference 
level of the selected subjects with respect to physical 
characteristics such as VO2 max., basic metabolism, 
maximal capacity, and so on. The differences can be 
enormous between a highly trained athlete and an indi- 
vidual accustomed to a sedentary lilE style. 
It is not perfectly clear to what extent the differences 
obtained by the various studies previously mentioned 
are due to the samples which were utilized as subjects. 
The general conclusion that can cautiously be drawn is 
that an intense diurnal exercise does not result in a sig- 
nificant alteration of the subsequent sleep. In contrast, 
highly trained subjects (such as the athletes utilized in 
many studies) showed several sleep characteristics 
which were consistently different from those of non- 
trained subjects. 
The differences essentially had to do with total sleep 
duration (TST) and SWS amount. Both proved to be 
higher in trained individuals ~''>~4. These results are in 
good agreement with Dunleavy et al. H who concluded 
that abrupt changes in EEG are not to be expected after 
heavy daytime exercise because metabolic changes are 
extremely slow in producing modification of sleep EEG. 
To sum up, hypothesis No. 1 (sleep is for restoration) 
has been verified only concerning long range effects: to- 
tal sleep duration and SWS amounts are increased 
above the average by a regular heavy physical exercise 
and the adaptation of the organism to this regimen (fit- 
ness). 
The studies mentioned above led to some other inter- 
esting concusions: 

- The amount (absolute and relative) of REM-sleep 
was found to be remarkably independent of both expe- 
rimental conditions and degree of fitncss. However 

Trinder et al.  33 demonstrated a negative correlation be- 
tween the periodicity of REM-sleep and the habituation 
to physical exercise: the better the fitness of the individ- 
ual, the shorter his average REM-sleep cycle length. 
This result is in good agreement with data obtained by 
Adam' in obese subjects whose overweight rate was 
negatively correlated with REM-sleep period. Therefore 
the 90 100-min rhythm which has proved to be so sta- 
ble in the human species in spite of all the exerimental 
manipulations undertaken thus far, might reflect slow 
oscillations in the process of synthesizing some proteins. 

As could be expected from the chronobiological ap- 
proach No. 3, sleep's 'responses' to an intense physical 
exercise are affected by the time of day when it is per- 
formed. Horne and Porter 2~ showed that a physical 
activity carried out in the morning did not alter the 
sleep of the subsequent night. In contrast, an afternoon 
exercise resulted in a disorganization at the onset of 
sleep. Particularly during the first REM-cycle SWS 
amount was above its average value. This increase 
might be accounted for less by a recovery process in the 
strict sense of  the word than by a transient perturbation 
of the biological rhythm as a whole. 
However, as Torsvall and Akerstedt ~2 aptly pointed out, 
the hypothesis of a fault of the conventional scoring of 
sleep cannot be discarded. That is to say a stability of 
SWS and REM-sleep amounts could mask some 
changes occurring in the electrical patterns of stage 2 
and may be of SWS. 
An attempt to synthesize the studies concerning the ef- 
fects of non-physical tasks on sleep is more compli- 
cated. 'Non-physical" stands for any activity that does 
not requirc a physical expenditure above the reference 
levcl corresponding to normal sedentary life. For facil- 
ity of expression, we shall call them 'mental' tasks but 
without excluding the possibility that 1. they might 
imply a sensory load (especially in the case of a visual 
task); 2. they might be, fi'om a psychological stand- 
point, extremely different, according to their cognitive 
or perceptual nature; 3. they have to some extent an 
affective, motivating or stressing character. 
They way in which the sleep-mental activity relationship 
has been approached is essentially different from that 
concerning sleep-physical activity. As a matter of fact, 
the studies in this field have been aimed at demonstrat- 
ing the validity of the hypothesis relative to the role of 
REM-sleep in 'processing' the information gathered 
during waking time. In particular, it has been hypothe- 
sized that during REM-sleep the process of memory 
consolidation is likely to take place. That is why a num- 
ber of experiments (human and animal) have been de- 
signed in order to study the relationship between REM- 
sleep and learning x~ The experimental protocols 
have been extremely varied but all of them were based 
on the hypothesis that REM-sleep is a time of cerebral 
activation necessary for information processing. 
Surprisingly enough, there are practically no studies 
dealing with the relationship between sleep and an in- 
tense intellectual activity not intended to result in any 
learning or memorization, but as it occurs in the daily 
experience of many jobs. 
Several studies, though, have been devoted to the effects 
on sleep of events with an affective load (for instance 
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the ' m o o d - d i s t u r b i n g  events '  o f  Car twr igh t  ~2. Even  
t h o u g h  they are hard ly  c o m p a r a b l e  because o f  different  
s tar t ing poin ts  and me thodo log ies ,  some studies 7' 38 have  
reached  the conc lus ion  that  stressing or  affectively 
charged  s i tuat ions  t end  to m o d i f y  R E M - s l e e p  charac-  
teristics, 
F o r  instance,  several  research labora tor ies  have  s tudied 
in humans  the possible re la t ionship  be tween sleep and 
abnormal i t i e s  o f  the visual  inpu t  when  it has been artifi- 
cially dis tor ted.  In  one  case, the subjects o f  Al len  et al. 4 
had  to wear  pr i smat ic  goggles that  inver ted the visual 
field. Results ,  on  a whole ,  have  been ra ther  cont rad ic-  
tory:  R E M - s l e e p  mechan i sms  were  affected in some stu- 
dies and no t  affected in o thers  by the heavy  learning 
requi red  by the nove l ty  o f  the s i tuat ion.  O f  course  one 
has to take into  cons ide ra t ion  the s t rong stress induced 
by this s i tuat ion:  the lack o f  effect found  in a s tudy 
migh t  be acccoun ted  for  the con t rad ic to ry  effects o f  
stress and learning.  
H o r n e  and Walms ley  22 tried to del ineate  the respect ive 
effects on  sleep o f  day t ime  'v isual  load '  and  of  the stress 
induced  by a possible ove r load  due to the exper imenta l  
p ro toco l .  F o r  this pu rpose  they designed a s i tuat ion 
where  the visual  st imuli  were  a b u n d a n t  (high load)  and 
ano the r  one  where  they were scarce (low load). Surpris-  
ingly enough,  R E M - s l e e p  was equiva len t  in b o t h  situa- 
t ions bu t  SWS was s ignif icant ly h igher  in the h igh  load  
condi t ions .  
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N o n e  o f  the reviewed studies p roved  to be crucial  to the 
hypothesis  where in  sleep is r egarded  as a t ime for  syn- 
thesis o f  cerebral  pro te ins  in re la t ion  to m e m o r y  pro-  
cesses. The  impossibi l i ty  o f  f inding clear  cut  results 
f r o m  E E G  pat terns  migh t  be expla ined  by the fact  that  
the supp lementa ry  a m o u n t  o f  pro te ins  to be synthet ized 
is very small  c o m p a r e d  to the a m o u n t  o f  those  regular ly  
requ i red  for  the rep lacement  o f  cel lular  componen t s .  
In  the same way  as the effects o f  physical  activity,  some 
results suggest  that  there  can  also be a ' t ime-of -day  ef- 
fect '  o f  menta l  act ivi ty  on ensuing sleep. One  study in 
g o o d  agreement  wi th  c o m m o n  experience,  shows that  
an intense menta l  act ivi ty  p e r f o r m e d  at the end of  the 
day or  at the habi tua l  bedt ime (The case in po in t  dealt  
wi th  journa l i s t s  o f  a press agency work ing  unt i l  mid-  
night) resul ted in a lengthened  sleep la tency and  thus 
p o s t p o n e d  bedt ime.  
Biological  processes which  cou ld  account  for  such a re- 
sult still r emain  unclear .  I t  has of ten  been repor t ed  that  
a high level o f  m o t i v a t i o n  or  interest  in a task can be 
sufficient to compensa t e  for  the effects o f  t ime of  day 
and a l low individuals  to pe r fo rm at their  best  at the 
mos t  unfavorab le  t imes o f  the nyc themer .  But  so far, 
one  has  no t  been able to expla in  to wha t  extent  and by 
which  mechan i sms  pe r fo rmances  which  are out  o f  phase 
relat ive to the b io logica l  rhy thms  can in tu rn  al ter  these 
rhy thms  as a whole  and,  m o r e  par t icular ly ,  af ter  the 
t ime when  sleep occurs.  
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Ambient temperature and human sleep 

by A. Muzet, J.-P. Libert and V. Candas* 

Groupe de Physiologie Environnementale, Centre d'Etudes Bioclimatiques du CNRS, 21 Rue Becquerel 
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Ambient temperature is a common factor of the envi- 
ronment, but some of its effects on human biology are 
still unknown. In laboratory situation, ambient temper- 
ature levels are often mentionned but rarely controlled. 
Moreover accurate variations within a narrow range are 
difficult to obtain and specially to maintain. Mostly, if 
mentionned, environmental condition is defined by the 
air temperature inside the experimental room. However, 
all the thermal characteristics of the environment 
should be taken into account and importance of wall 
temperatures, air humidity and air velocity on a defined 
climate should also be emphasized. 
The effects of ambient temperature on human sleep 
have been increasingly studied in the last decade, the 
main rcason being that in animals thermoregulatory 
processes have been found present in SWS and absent 
in REM sleeff~3L 
In laboratory situations, the general interest was first 
focused on low and mainly high ambient tempera- 
tures ~4'~:'' and very little attention has been paid to the 
influence of ambient temperatures fluctuating around 
thermoneutrality. It appears, however, that even slight 
changes of the ambient temperature within the thermo- 
neutrality zone can induce modifications of sleep struc- 
ture. 
Apart from studies performed under laboratory condi- 
tions, real life studies in extreme ambient conditions 
have also been carried out 2'2:~. They have revealed the 
important adaptative ability of man to live in harsh en- 
vironments where tough ambient temperature is only 
one aspect of these difficult living conditions. 

Ef[ect oJ" the arnb&nt temperature on the EEG stages of 
sleep 

Most sleep laboratory studies on the effect of tempera- 
ture on sleep have included all-night electroencephalo- 
gram monitoring which provides objective and tradi- 
tional measures of sleep quality. 
Within a certain range of ambient temperature that 
should be referred to as 'thermal comfort zone', the 
quantitative measures of sleep such as sleep stage laten- 
cies, time spent in each sleep stage, number and dura- 

tion of nocturnal awakenings, and occurrence of phasic 
events such as activation phases, are only slightly mod- 
ified s'29. Affecting this thermal comfort zone are 
clothing and bed covering of the sleeping subjects. In a 
study where clothing and covering consisted of py- 
jamas, two cotton sheets and one wool blanket, Candas 
et al. 5 found that the microclimate temperature estab- 
lished inside the bed varied from 28.6~ to 30.9~ 
while the ambient temperature (air and wall tempera- 
tures being equal) varied from 16~ to 25~ In this 
experiment the microclimate temperature measured in- 
side the bed was found to be constant at 29.6~ for 
both ambient temperatures of 19~ and 22~ These 
results suggest that thermoneutrality inside the bed lies 
around 30~ a value in agreement with results of 
McPherson 27. The preferred room temperature during 
sleep was found to be around 19~ and subjects' re- 
ports showed that subjective discomfort increased as 
room temperature deviated from this conditionL 
As ambient temperature increases or decreases from the 
above mentioned thermoneutral range, the structure of 
sleep is modified. At both high and low temperatures 
there is a marked increase in the number and duration 
of the periods of wakefulnesstT'ta'2L Kendel et al. ts 
pointed out that unclothed and uncovered subjects 
awoke from cold at 26 ~ and below. This ambient tem- 
perature is very close to the value found in another 
study where 26.1~ recorded inside the bed corre- 
sponded to an ambient temperature of 13 ~ and where 
an increase in nocturnal awakenings was clearly ob- 
served 29. 

Fever has also been found to be associated with a 
greater number of awakenings, increased total waking 
time, and reduced amounts of REM sleep and slow 
wave sleep ~5. The elevated ambient temperature induces 
very similar effects on the structure of these two stages 
of sleep ~''34 while stage 2 was found to be remarkably 
constant~L Haskell et al. ~ noted that although REM 
sleep latency was increased at high and low tempera- 
ture, REM sleep was depressed to a greater extent by 
lower than by higher temperatures whereas the reverse 
was observed for SWS. The duration of the REM 
phases is shortened in artificially-induced fever ~5 as well 
as at high ambient temperature 4L. 


