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ABSTRACT

The thesis discusses the significance of some aspects
of wakefulness, namely exercise and diet, upon human sleep

using the electroencephalogram (EEG).

Part One of this thesis examines the relationship_bet-
ween exercise and sleep. An initial literature review prod-
uced equivocal findings, although it appéared that several
factors might be involved in this relationship such as the
time of day of exercising, the fitness of the subject and

the amount of stress associated with the exercise prescribed.

In the first exercise study (Study I) the amount of
exercise taken by the subjects was standardised at 40% of
the individual work capacities as assessed by a submaximal
estimation of maximum aerobic power. The fesults indicate
that the ensuing wakefulness following morning exercise was
sufficient for recovery but the proximity of the late after-
nobn exercise-period'to the sleep period may result in an
intrusion of recovery into initial sleep, as shown by a
small increase in delta activity during the first few hours
of sleep. 'This study suggested that sleep, as assessed by

the EEG, is not necessary for recovery from muscular fatigue.

The second exercise study (Study II) extended the earlier
study by obtaining general data from questionnaires on tire-
dness and sleep behaviour following day-to-day variations in
normal physical activity. The findings do not suggest that
the variations encountered in daily activity levels or in
the time of activity have any major effect upon the variables
assessed, although it appeared that fit subjects either need
less sleep or sleep more efficiently than unfit sﬁbjects.

The various factors thought to influence the effect of

exercise upon sleep are discussed at the end of Part One.




Part Two of this thesis examines the relationship
between the diet and sleep. An initial literature review
provided good evidence for the existence of this relation—-
ship although there was little evidence to suggest by which
mechanism the diet influenced sleep. '

The first diet study (Study III) assessed the influence
of carbohydrate supplements taken as a late evening supper
upon sleep. The results showed that the prbgressive.increase
in carbohydrate content of the supplementary diet was assoc-
iated with a progressive increase in REM sleep during the
first half of the night and a progressive decrease in wake-
fulness and light sleep throughout the night. These changes
appear to be as a result of the increase in the carbohydrate
content rather than the calorie intake as work published foll-
owing this experiment provided clear evidence that an iso-
caloric increase in the carbohydrate content of a diet was
associated with similar changes in sleep as described for
Study III. | ‘

The remainder of the thesis is devoted to the development
of a theoretical model which attempts to explain one of the
'mechanisms by which the diet might influence sleep. Two
further reviews were undertaken. The first review assessed
the influence of the diet upon neurotransmitter metabolism
and it was concluded that changes in brain serotonin meta-
bolism could be mediated by changes in the diet. The second
review assessed the relationship between changes in brain
serctoninmetabolism and sleep. A theoretical model was dev-
eloped by the integration of these two reviews, which sugg-
ested that the duration of REM sleep may be influenced by
changes in brain serotonin metabolism following variations
in the carbohydrate and fat content of the diet.

The last study of the thesis (Study IV) provided experi-
mental evidence to test the theoretical model. Two non-

isocaloric experimental diets were designed: one was expected




to provide a high ratio of free plasma tryptophan to the
other large, neutral amino acids whereas the other eXperi—
mental diet was expected to produce a low ratio. Accord-
ing to the model, it was predicted that the consumption of
the first diet (high carbohydrate and fat content, low
protein content) would be associated with a greater amount
of REM sleep than the latter diet (low carbohydrate and

fat content, high protein content). The results were found

to be consistent with this prediction.

A good degree of agreement was also found from a compar-—
ison of the findings in the literature and the predictions

from the model.

Part Two concludes with a brief discussion of some avenues

for research in the diet and sleep relationship.




CHAPTER. 1

INTRODUCTION

1. The Scope of the Thesis

2. The Structure of the Thesis




1. THE SCOPE OF THE THESIS

This thesis is concerned with the relationship between
sleep and some of the biological factors of wakefulness.
It does not attémpt to determine the function of sleep because
decades of research have failed to isolate any specific un-

questionable functions other than the alleviation of tiredness.

There have been, and are, many theories which attempt to
explain the functions of sleep and it is very likely that
sleep fulfills many functions. However, the quality of the
theory or model depends to a large extent upon the quality of
the original research upon which it was based. Thus, a pre-
requisite to the understanding of the functions of‘éleep re—
quires the study of the relationships between wakefulness and
sleep and the identification of those factors which have an
influence upon sleep. These factors may include psychological
factors such as arousal, mood and perceived stress, physiolo~.
gical factors such as exercise, diet, injury, disease or env-

ironmental factors such as temperature, humidity and altitude.

Additionally, the various factors should be studied within
a normal range encountered in everyday life as the felevance
of findings based on abnormal states upon the functions of
sleep are debatable. For example, extreme amounts of exer-
cise can be very stressful and severe depression is often
associated with an altered dietary intake. Thus, any changes
in sleep may be due to changes in other associated factors

apart from the main factor of interest.

This thesis commences with an investigation of the _
exercise and sleep relationship. This area was chosen because
of the theoretical implications for one of the current theor-
ies of sleep (see Section 1, Chapter 2). The existing liter-—
ature at that time was eqpivocal and it was hoped that a more
systematic approach would provide‘clearer information concern-

ing the effects of exercise upon sleep. From the findings of




the two experimental studies and more recent literature it
appears that normal or unstressful variations in physical
activity have little influence upon sleep in subjects of
average fitness. The fact that large amounts of activity
taken by very fit subjects can influence sleep is very int-
eresting and it possibly reflects the long term influence

of activity upon sleep.

Although continued study of the exercise and sleep
relationship would be warranted, it was decided to invest-
igate the effects of the diet upon sleep as the existing
literature indicated that sleep was responsive to acute
dietary changes. The remainder of the thesis wés concerned
with the confirmation of the above and the study of the

mechanisms involved in the diet and sleep relationship.

Another reason for the decision to study the influence
of exercise and the diet upon sleep stems from the number
of quotations that can be found referring to such relation-

ships. For example:

"To tired limbs and over-busy thoughts,
Inviting sleep and soft forgetfulness."

WORDSWORTH The Excursion Book (iv) 1line 1323.
"Tir'd Nature's sweet restorer, bélmgvsleep!" |
YOUNG Night Thoughts, Night (i), lihe 1.
"The sleep of a labouring_man is'sweet"
OLD TESTAMENT: Ecclesiastes, V, 12.
"Sleep is the nourice (nurse) of digestion”

CHAUCER Canterbury Tales.

Also, one often hears that people 'sleep like a log’
after a hard day of physical work or play or report feel-
ings of tiredness following large meals. Similarly,




children are often urged to play hard so that they will sleep
quieter or informed that they cannot have a bedtime snack

containing cheese or chocolate as they will have nightmares.

Whilst the above 'folklore' is not based upon scientific
fact it is clear that exercise and the diet are prime cand-

idates by which to account for day-to-day variations in sleep.

2. THE STRUCTURE OF THE THESIS

For clarity, the thesis has been divided into two parts;
Part I discusses the exercise and sleep relationship while

Part II discusses the diet and sleep relationship.

A summary of contents is provided at the beginning of
the thesis which lists the individual chapters.and a detailed
list is presented on the first page of each chapter. The \
chapters describing the experimental studies all contain a
section entitled "Summary and Conclusions", which may be use-
ful to the reader requiring a rapid, but detailed, account
of the experiment. .

Chapter 2 is the first chapter of Part I and it briefly
discusseé the theoretical significance»of the exercise and
sleep relationship. It also contains a review of the existing
literature up to 1974, when the first exercise study commenced.
Chapter 3 discusses the general considerations for the study
of exercise upon sleep and the first study (Study I) is des-—
cribed in Chapter 4. This EEG study is followed by the sec-
ond exercise study (Study II) which investigated sleep beh-
aviour by questionnaires and is described in Chapter 5. Chap-
ter 6 contains a review of published studies from 1974 to the
present and concludes Part One of the thesis with a general

discussion concerning the effects of exercise upon sleep.

Part Two of the thesis has been subdivided into three
sections. Section A includes Chapters 7 and 8 which contain

a literature review of the diet and sleep literature up to




1977 and a description of the first diet study (Study III),
respectively.

Section B includes Chapters 9 to 11 and describes the
development of the theoretical model for the diet and sleep
relationship. The approach adopted for this development is
described in the preface to this section. Chapter 9 assesses
the influence of the diet upon neurotransmitter metabolism
and Chapter 10 assesses the expected effect of such changes
upon sleep (the studies discussed in this chapter are reviewed
in Appendix IV). Chapter II integrates the findings from the
previous two chapters to form a theoretical model from which it
is possible to predict the effects of certain changes in the
diet upon sleep. The validity of the model is initially ass-
essed.with,reference to the studies reviewed in Chapter 7 and
to Study III. '

Section C includes Chaptérs 12 and 13 and investigates
the validity of the proposed model. Chapter 12 describes the
second diet study (Study IV) ‘which was designed to test the -
theoretical model. Chapter 13 concludes Part Two of the thesis
with a review of recent evidence pertaining to the model and a
brief discussion of the avenues for future research in the. '

diet and sleep relationship.

The data used for.the‘statistical analyses are presented

in the Appendices;
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1. INTRODUCTION

The study of the effects of exercise upon sleep has
been carried out using the electroencephalogram since the
early 1960's. However, it was felt that the available
studies did not provide a coherent picture of the |sleep

response to daytime exercise. Further research into the

effects of exercise upon sleep is required because of the
theoretical implications. Several researchers have deve-
loped theories concerning the functions of sleep %nd there
appears to be general support for the view that deep sleep
(SWS) is specifically concerned with general body restit- -

ution (Oswald, 1969, 1970, 1973, 1974, 1976; Har?mann,l973).

1.1 General body restitution and SWS

1.1.1 Evidence cited in favour of this theon

Briefly, the main evidence to support this view is

described below:-
a) Sleep deprivation

The first recovery night following sléep depﬁivation
typically contains large amounts of SWS (Berger and
Oswald, 1962). Other evidence indicates strongly that the
duration of wakefulness preceding the sleep perio;wis a

strong determinant of stage 4 sleep (Webb and Agnew, 1972).
Also, the imposition of one hour of wékefulness in the
middle of the night has been reported to increase |[SWS during
the remainder of the night (Beck, Brezinova, Hunter and

Oswald, 1975).

b) Human growth‘hormone (HGH)
i

HGH is a sleep-dependent hormone which typically shows
its largest secretion peaks during SWS (Sassin, Plrker,
Mace, Gotlin, Johnson and Rossman, 1969; Schnure” Raskin

and Lipman, 1971). This hormone is thought to increase

|
|




the rate of synthesis of protein and RNA (Korner, 1965).
c) Cell division

Peaks of mitotic activity have been reported to occur
in human bone marrow and skin soon after the usual sleep
onset time (Cooper, 1939; Killman, Cronkite, Fliedner and
Bond, 1962; Mauer, 1965; Fisher, 1968). Similar findings
can also be found in the animal literature (Clark and Korst,
1969; Halberg and Barnum, 1961).

d) Starvation

Acute. fasting, which increases the metabolism of tissue
resexves, has been found to increase SWS in the human
(MacFadyen, Oswald and Lewis, 1973; Karacan, Rosenbloom,
London, Salis, Thornby and Williams, 1973).

e) Diseases of the thyroid gland

Hyperthyroidism is a conditioﬁ”ihiWHibh’iﬁCreased'~f~fru S
demands are made on the tissue reserves of the body. Pat-
ients suffering from hyperthyroidism have been reported to
exhibit large amounts of SWS compared to normal subjects
(Dunleavy, Oswald, Brown and Strong, 1974). Moreover, as.
the patients responded to treatment the amount of SWS taken
nightly progressively declined towaras normal levels.

Conversely, hypothroidism has been associated with low
amounts of SWS which increase during treatment (Kales, Heuser,

Jacobson, Kales, Hanley, Zweizig and Polson, 1967).
f) Exercise

Some of the early studies reported that an increase in
daytime exercise levels was associated with an increase in
SWS in both animals (Hobson, 1968) and humans (Baekland and
Lasky, 1966) . ‘
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1.1.2 Arguments against this theory

Whilst the evidence summarised above appears to be in
accord with the general body restitution theory of SWS, it
must be noted that other interpretations are possible.

Horne (1979) questions whether the evidence summarised

above is sufficient to assign the role of body restitution
to SWS. For example, the link between SWS and the sleep
release of HGH may not be casual as SWS depriviation does _
not abolish the sleep HGH peak (Sassin et al, 1969). There
is evidence that the sleep release of HGH may be under
neural rather than metabolic control, as glucose infusions
were unexpectedly found to be ineffective in suppressing

the sleep HGH peak (Parker and Rossman, 1971). However,

the nocturnal peak can still be suppressed by elevating the
level of plasma free fatty acids (Lipman, Taylor, Schenk

and Mintz, 1972). This is in agreement with recent reviews
~ (Kostyo and Nutting, 1974; Hunter, 1972) that HGH secretion
is cloééiy”ihﬁélVed”in”the~r¢gulatiopwqf fat metabolism.

The role of HGH is still far from clear but it is app-
arent that its stimulating effect upon protein synthesis is
~only one of several functions. Possibly, of equal import-
ance is its protein sparing action effected mainly by the

redistribution of fat.

If the sleep peak of HGH is taken to indicate increased
rates of protein synthesis during the first part of the
night then it is surprising that the oxygen consumption
rate and carbon dioxide excretion rate both fall early in
the night (Brebbia and Altshuler, 1965; Webb and Hiestand,
1975). Both of these variables were reported to be at a
.minimum during SWS in the study by Brebbia and Altshuler
(1965) although this was not confirmed by the later study
of Webb and Hiestand (1975). The decline of both these
variables indicates that energy expenditure is reduced

during the period when the secretion of HGH is at its peak.




11.

Recent work by Young, Steffee, Pencharz, Winterer and
Scrimshaw, 1975,has reported that the differences in total
body protein synthesis found between various age groups are
related to their differences in energy expenditure. If
this factor is controlled for, then protein synthesis,
measured as grams per calorie of energy expenditure, shows
no variation between the agé groups. This finding, to-
gether with the similar observations of Munro (1969) and
'Waterlow (1968), strongly suggests that protein synthesis _
accounts for a significant portion of the resting metabolic
‘rate. Thérefore, the studies of Brebbia and Altshuler (1965)
and Webb and Hiestand (1975) do not support the theory that
protein synthesis is greatly increased during SWS, compared

to levels found during relaxed wakefulness.

The findings of increased mitotic activity may also be
re—interpreted. Horne (1979) points out that mitosis is
greatly influenced by the circulating levels of cortico—-

steroids and adrenaline. These hormones have sleep—

independent circadian rhythms which peak in the early morn-
ing (approximately 7 a.m.) and trough in the late evening
(Weitzman, 1976). Therefore, the findings of increased
mitotic activity following sleep onset may be only tempor-—
ally associated with SWS. 1In support of this, Fisher (1968)
has reported peaks of epidermal mitotic activity'occurring
before sleep onset in some human subjects. Fisher also
reported that the elevation of corticosteroids and adren-
aline byvexercise delayed the peak in mitotic activity to

later in the night.

Regarding the increases in SWS associated with starv-
ation, it should be noted that the increases occur only after
at least three days of fasting (MacFadyen et. al., 1973;
Karacan et. al., 1973). From this fact it would appear that-
SWS levels do not change appreciably, on a day-to-day basis,

in response to variations in general body metabolism.
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Further evidence indicating a lack of responsiveness
of SWS to changes in varying metabolic conditions can be
found in hyperthyroid patients (Dunleavy et. al., 1974).
Whilst these patients became clinically euthyroid within
six weeks to eight months following treatmeﬁt, the decrease
in SWS did not parallel the clinical state but took place

slowly during fifteen months.

The finding that increases in daytime exercise are
associated with increases in SWS in the subsequent sleep
period is obviously crucial to those theorists who argue
that SWS is intimately linked with general body restitution
However, many of the more recent exercise studies have not
found suqh increases in SWS (Hauri, 1968; Baekeland, 1970;‘
Z2ir, Smith and Parker, 1971; Adamson, Hunter, Ogunremi,
Oswald and Percy-Robb, 1974).

This lack of consistency in the findings of the exer-
cise studies may well be a result of the fitness of the
éﬁbiécﬁg used, the type of exercise programme imposed and
the time at which it is taken.

1.2 Proposals for research

From the above brief discussion it is evident that
“the validity of the general body restitution theory of
SWS is suspect. If SWS has a "physically restorative
function" (Hartmann, 1973), then it would be expected that
this stage of sleep would be enhanced following days of
great wear and tear to the body. Thus, the effect of
exercise upon SWS is of great interest and theoretical

significance to the study of sleep.

At present, the literature concerning the effects of
exercise upon sleep has produced equivocal findings. Con-
sidering the significance of this area of research it was

decided that further work was warranted.
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The rest of this chapter will be devoted to a review
of the existing exercise and sleep literature. Following
this review it is intended to assess which factors are
involved in the exercise and sleep relationship. A more
systematic approach to the study of exercise and sleep can

then be carried out by controlling for these factors.

2.  REVIEW OF THE EXERCISE AND SLEEP LITERATURE

2.1 Ahimal studies

Matsumoto, Nishisho, Suto, Sadahiro and Miyoshi, (1968)
studied the effect in adult rats of four hours of continuous
exercise on a treadmill upon sleep in the subsequentd24’hour
period. Electroencephalographic recordings were made via.
chronically implanted electrodes. Each rat underwent a
control recording taken one week prior to the experimental
recording. This control period consisted of placing the
rats on treadmills for four hours without enforcing exer-

cise or allowing them to sleep, eat or drink.

Sleep following the control period was compared to that
following the exercise period and the authors noted that
the occurrence of REM sleep was inhibited following the
exercise. However, the percentage of total sleep time
occupied by REM sleep was not found to be reduced following
the exercise. NREM sleep was found to appear earlier follow-
ing exercise in these rats, the difference from the control
period béing statistically significant (p<0.0l). Unfortun-
étely, no data was provided concerning the total time spent
in NREM sleep during the 24 hour sleep period, and it is
therefore difficult to conclude that exefcise enhances NREM
- sleep as the reduction in its onset time following the exer-

cise period was only an average of 9 minutes.

Hobson (1968) conducted an extensive and careful study
of the effects of exercise upon sleep in cats. Several

pilot~studies were carried out to determine the exercise
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load to enforce in the main experiment; The cats were
exercised on a power—driven treadmill. The load chosen
was described as moderate (4-8 rev/minute for two hours)
and this load consistently produced hyperventilation and
resisténce to work. Higher speeds of rotation could not
be maintained for the two hour period by the cats and

resulted in exhaustion with subsequent hypervigilahce.

The author realised that any observed change in sleep
following the exercise period may have been due to the
effect of sleep deprivation alone and proceeded to compare

the sleep. behaviour of cats following
i) no treatment

ii) sleep deprivation by the flower-pot method
(this selectively deprives the cat of REM
sleep only)

iii) subtotal sleep deprivation under EEG control
(this eliminated REM sleep and all but a small -
amount of SWS).

Hobson found very little difference in Subsequent
sleep between these various conditions when their duraﬁion
was for two hours or less. The subtotal sleep deprivation
was chosen as the control for the main experiment as he
considered that it approximated most closely to the sleep

deprivation incurred during exercise.

In the main experiment the sleep of four cats was
continuously monitored, except between 2 to 4 p.m. each
day for 6 days. During this period, exercise and subtotal

sleep deprivation were alternated on a daily basis.

The results showed that exercise was followed by an
earlier onset of NREM sleep (an average of approximately
20 minutes) and a later onset of REM sleep (an average of
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approximately 65 minutes) when compared to subtotal sleep
deprivation. The decrease in wakefulness and the increase
in SWS in the first 5.5 hours following exercise were both
significant (p<0.0l1l). Although the total duration of REM
sleep during the first 5.5 hours was unaffected by the
exercise, it was found that the relative amount of sleep

time spent in REM sleep was significantly reduced (p<0.5).

The above findings would appear to indicate that NREM
sleep is increased following the rigours of exercise. How-
ever, as the author noted, the total quantity of sieep, and
of its component stages, during the entire recording period
did not show any significant changes following the two |
conditions even‘though there were marked differences in its
distribution within that time; the exercised cats sleeping

first and awakening later, whereas the controls slept.later.

Hobson remarked that "this would seem to mean that
environmental effects contribute relatively little to the
total quantity of sleep". Whilst this appears to be true
for the cat, it does not follow that the same is true for
other animals and man. The cat typically enjoys a large
daily amount of sleep and it is quite possible that a larage
portion of this is a luxury form of sleep. By the term
"luxury" it is implied that the cat could, if necessary,
femain awake for longer periods without undue discomfort
or physical deterioration. Thus, any change in a cat's
sleep requirement could be masked by this luxury sleep.
However, over—sleeping generally consists of light sleep
interspersed with REM periods and, therefore, the lack of
‘any significant change in NREM sleep during the entire
recording period may not be due to the masking effect of

luxury sleep.

2.2 Human studies

This literature review describes the exercise and
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sleep studies in historical order and contains only those
studies available prior to the first exercise énd sleep
study of this thesis. The more recent studies are described
in Chapter 6 and all of the human studies reviewed are summ—

arised in Table 1 of this later chapter.

Baekeland and Lasky (1966).studied the effects of
exercise upon sleep in ten very fit male students. These
subjects attended the sleep laboratory on four non-consec-
- utive nights, generally a week or more apart. No recordings
were analysed for the first night to allow for possible
"first night" effects (Agnew, Webb and Williams, 1966) to
disperse; On the three remaining experimental days the
subjects were instructed to take their normal sporting
activities in the afternoon, evening or not at all. The
sequence of exercise conditions was randdmised for each
subject and the EEG records were analysed for the first

six hours of sleep only.

The results showed that the duration of SWS was highest
on nights following the afternoon-exercise (40.1%), inter-
mediate on nights with evening-exercise (35.4%) and lowest
on nights following no-exercise (32.5%). The difference
between afternoon-exercise and no—-exercise was found to be
significant (p<0.0l1); this effect being evident throughout
the night:

Stage 1 sleep was significantly decreased followihg.
afternoon-exexrcise compared to evening-exercise (p<0.05)

and no-exercise (p<0.01l).

This study strongly suggested that SWS is positively
related to the amount of exercise taken.during the.day—.
time. The increase in SWS following exercise was compen-—
sated for by a decrease in light sleep (stages O and 1),
whilst REM sleep time remained unaffected. No significant
differences were found between sleep following the evening-

exercise and no-exercise conditions suggesting that the




17.

time-of-day when the exercise is taken is an important factor.

The authors noted that sleep following evening-exercise
was more disturbed by brief periods. of wakefulness and sugg-
ested that the recent exercise had an arousing influence on
the brain which opposed the SWS-enhancing effect of exercise.
However, although wakefulness was significantly greater on
the evening-exercise night compared to the afternoon-exercise
night (p<0.02), the difference was only about two minutes;
that between the evening-exercise and the no—-exercise night'
being even less. Of special interest is the fact that the
amount of SWS taken in the second half of the night was still
greater following afternobn—exercise than evening-exercise,
by which time the arousing influence of the late exercise
would probably have disappeared. Unfortunately, the amount
of exercise taken>during the afternoon and evening was not
stated so it may have been possible that the subjects did

not exercise quite so enthusiastically during the evening.

Hauri (1968, 1969) provided more information concerning
.the effects of evening-exercise upon.sleep. Fifteen young,
male subjects spent four non—consecutive nights in the lab--
oratory. No recordings were analysed from the first night
because of possible "first-night" effects. ' In the following
three nights the subjects engaged in three different pre-
sleep activities, each lasting for six hours, in a counter-
balanced order. The three activities studies were relaxation,
exercise and studying. The exercise period involved, on ‘
average, an equivalent of 50 miles on a bicycle and 90 minutes
lifting 15 pound weights. The subjects retired immediately
after the evening activity and EEG data was recorded for the

first 3% hours of sleep.

The results showed that the subjects took similar times
to fall asleep (either to stage 1 or stage 2 sleep) after

exercise and after relaxation, although studying delayed
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sleep onset by an average of about 6 minutes. No significant
differences in. any sleep stage duration or cycle length were.
found between the three expérimental nights. Also, no
changes were found concerning the number and duration of

body movements during sleep.

Hauri concluded that these findings provided "no supp-
ort to the hypothesis that specific kinds of sleep represent
extensions of or recovery from specific waking activities"
It is possible that this uniformity of sleep following the
various pre-—sleep activities was a consequence of the short
duration of EEG recording. However, it is well known that
the majority of SWS occurs in the first half of the night
and the possibility of an increase during the second half
of the night following evening exercise was not indicated

by the previous study of Baekland and Lasky (1966).

It seems unlikely that the lack of influence of the
‘activities studied upon the sleep parametefs was as a res-—
ult of too little experimental vériation. The six hour
exercise périod, taken by subjects not selected specifically
for their fitness, can be classed as strenubus. Hauri
points out that the subjects felt that the level of exercise
could not have been maintained over a significantly. longer

time than the six hours imposed.

This inability of strenuous exercise taken 1mmed1ately
prlor to sleep to influence sleep is in accord with the study
by Baekeland and Lasky (1966), and it may be argued that this
strengthens the belief thét the arousing effect of exercise
on the brain opposes the exercise-mediated increase in SWS.
However, in Hauri's study it appears that there is no differ—
ence in sleep following studying and exercise (apart from
sleep onset time). Both of these conditions have an arousing
influence on the brain whilst only one, according to the body
restitution theorists, enhances SWS. Thus, it'may be argued
that SWS should have been found to be reduced folloWing the
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studying period as a consequence of the arousal to the CNS

in the absence of an increased need for SWS.

Baekeland (1970) continued his study of the effects of
exercise upon sleep by investigating the effects of exercise
deprivation in fourteen students who were used to regular
exercise (three to four days a week). The subjects' sleep
was recorded on a total of 6 nights: nights 1 and 2 followed
two non-consecutive days when they took their normal exercise,‘
whilst nights 3 to 4 were taken at intervals of about 2, 7,

14 and 30 days after the subjects had last exercised. No

adaption or re-adaption nights were used in this Study.

Although the results showed that SWS tended to be greater
on night 2 than on night 3, the difference was not significant.
Also, no significant changes in SWS were noﬁed during the
no—-exercise period. Baekeland suggested that £his lack of
change in SWS from a period of regular exercise to a period
of no-exercise might be due tomtwo'factors. Firstly,‘the
subjects in this experiment exercised less frequently and.
strenuously than those in the previous study (Baekeland and
Lasky, 1966). ‘Secondly, it appeared (according to stage REM
parameters) that the subjects' adaptation to the laboratory
was not complete until night 3 (the first no-exercise night).

The complete lack of control for "first night" effects
is the main criticism of this study. Furthermore, it is
possible that re—adaptationAwould be necessary on the sub- 
sequent recording nights made at one and two week intervals.
Also, by ignoring the use of adaptation nights, the authaqr
has little knowledge of. the subjects' sleep on the nights
prior to the recording nights. Obviously, a poor night's
sleep or a late awakening can have substantial influence

upon the subsequent night"s sleep.
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Both wakefulness and the number of body movements in
the second three hours of sleep showed significant increases
(p<0.05) as the period of no-exercise continued, although
these changes were small (an average increase of 7% minutes
of wakéfulness on night 6 compared to night 3). Baekeland
attributed these changes to the increased anxiety of the

subjects during this period of relative inactivity..

Unfortunately, this study did not investigate the effects
of a return to normal physical activity upon sleep. It ' ,
would have been very interesting to know if SWS had increased

during this period.

Zir, Smith and Parker (1971) studied the effect of light
and moderate exercise upon SWS and HGH releaée in 10 young
Navy corpsmen in good physical condition. The experiment
lasted for 5 or 6 consecutive days allowing for 2 adaptation
days, 2 control days, an experimental exercise day and,_in
the moderate exercise group, a recovery day. During all days
except the exercise day, the subjects remained completely at

chair rest except for a short walk to the canteen.

Five subjects completed a 2 hour period of light exer-
cise starting at 2.00 p.m. This consisted of an equivalent
of 10 miles cycling up a moderate slope on a bicYcle ergo-
meter, 20 round trips of the buildings, 4 flights of stairs,
20 push—-ups, 20 chin-ups and 40 overhead pushes of a 20 ' _
pound barbell. The remaining five subjects completed a 6 hour
period of exercises identical to.those above bﬁt increased
three—-fold. This moderate exercise group exercised from
8.00 - 1.00 a.m. and from 1.00 - 4.00 p.m. '

Percentage SWS during the first 3 hours of sleep, and
total sleep and the peak HGH (ng/ml) were determined for
all subjects on each night. ‘The results showed that mean
sleep length was increased following both the exercise con-

ditions (no data provided). However, SWS was found to be
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increased above control values on fhe exercise night in
only 2 subjects when considering the whole night data and
in 3 subjects for the first 3 hours only. Interestingly,
only one subject from the moderate exercise group was found
to exhibit an increase in SWS and that was during the first
three hours of sleep. Only 2 of the sﬁbjects had a greater
peak of HGH concentration on the exercise night and neither
of these subjects were from the moderate exercise group.
However, both of these subjects exhibited an increase in

SWS during the first 3 hours of sleep on the exercise night.

The authors'concluded that these findings "... do not -
sﬁpport our hypothesis that SW sleep and HGH release would
be adaptively responsive to daytime exercise, at least as
tested by our present light and moderate exercise protocols”.
Admittedly, the light exercise condition was not particularly
trying for Navy corpsmen and most of this group experienced

no fatigue prior to retiring.

This was not true for the moderate exercise group who
all reported feelings of fatigue at bedtime. Thus; the
fact that most of the predicted changes in SWS and HGH ’
release were found only in the light exercise group further

strengthened the authors' conclusion.

Ryback and Lewis (1971) (see also Ryback, Lewis and
4Lessard, 1971) reported on the effects of prolonged bed
rest upon sleep in eight young trainee airmen. The study
was divided into control, bed-rest and recovery periods of
5, 5 and 6 weeks respectively. During the bed-rest period,
4 subjects (exercise group) continued to exercise on a .
total-body ergometer while confined to bed, while the
other subjects (no-exercise group) remained inactive. All
vsubjects performed 600 kcal of exercise (in three periods)
daily except for those in the no-exercise group during the

bed—-rest.
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The authors went to great lengths to control the
physical activity of each subject during the bed-rest
period. To this end the subjects remained supine in bed
aided by special prism glasses which enabled them to read
and eat in this position. Furthermore, they were carried
to the ergometer and lavatory. The subjects were contin-
uously monitored by staff and could not sleep or nap during
the day. During the entire study the subjects all received
a 3,334 kcal daily diet. '

EEG sleep recordings were taken a total of 5 times
during the study: 1 during the control period, 2 during
the bed-rest period and a further 2 during the recovery
period. These reqording nights occurred between the 5th
and l8thvday of the control period, between the 11th and
27th day of the bed-rest period and between the 3rd and
33rd day of the reCovery period. One adaptation nighE'was
given prior to the first recording hight but no further

adaptation was given before subsequent recordings.

The results showed that the total sleep time.did not
vary significantly during'the différentlperiods of the
study or between the exercise and no-exercise groups during
the bed-rest period. SWS was increased by 44% (p<0.01l) and
light sleep (stages 1 and 2) was decreased by 10% (p<0.005)
during the bed-rest period compared to the control period
when the two groups were combined. However, when analysed
separately, ohly the no-exercise group showed a significant
increase in SWS (+53% p<0.05) although the exercise group
did show a progressive increase over the bed-rest period.
During the recovery period, SWS and light sleep showed
decreases and increases respectively but, although ﬁhey
were no longer significantly different tb control values,
they had not returned to control values by the second rec-
overy night (a minimum of 25 days after the completion of
.theAbed—rest period). Stage 4 sleep was found to be
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significantly elevated (p<0.05) during both the bed-rest
(+123%) and recovery (+85%) periods compared to the control
values when the two groups were combined. No significant

changes were reported for REM sleep.

The findings of increased SWS during prolonged bed-rest
does not appear to be in accord with the body restitution
theory of SWS function. However, examination of the SWS
data shows that the control values are much lower than
found in a study of normal males within this age range
(Kales et. al., 1966). This is especially true for the
‘stage 4 values. It is possible that these low values were
as a result of the subjects' insufficient adaptation to
the EEG recording equipment,although the length of sleep
and duration of stage REM and stage 1 sleep do not appear
to be atypical.

The authors attempted to explain their findings within
the restitution theory by suggesting that the decrease in
physical activity during bed-rest would cause atrophy of
the subjects' muscular systém-and thus induce an increase.
in SWS to help repair this system. They.ﬁote that the no-
exercise group would suffer greater muscular atrophy than
the exercise group and therefore require é quicker and
greater increase in SWS than the exercise group. Further-
more, they suggested that SWS remained elevated during
the recovery period because of the effect of exercise upon
the atrophied muscular system resulting in a greater de-—
mand on the "physiological reparative process" than normally

encountered.

Whilst the above suggestions may be plausible, it is
possible that these changes in SWS were as a result of the
sensory deprivation incurred during the bed-rest period.
Ryback et. al (1971) suggested that the decrease in sensory
input from the muscular system was the primary factor
underlying the EEG changes in sehsory deprivation studies
rather than a decrease in environmental stimulation on the

five senses.




This exercise deprivation study differs markedly from
that of Baekeland (1970) as regards the normal life style

of the subjects. The subjects in Baekeland's study were
asked to refrain from taking their accustomed exercises

for one month, during which time they spent four nights in
the sleep laboratory. Thus, it appears that the life-style
of these subjects was not significantly changed beyond the
change in activity. However, the subjects'in Ryback and
Lewis' study underwent a major change in their life-style
due to the enforced experimental procedure. It is possible
that the differences in the findings of these two studies
may be due, in part, to the gross changes in life—étyle of
the later study. | '

A further variable which might have some bearing upon
the findings of this study is the subjects' diet. As this
remained constant during the entire study it seems very
likely that the subjects, especially those in the no-exercise
group, were effectively over-eating during the bed-rest |
period. This may influence sleep as the sleep—-inducing
effects of large meals are well-known. Also, the "over-
eating” probably led to the subjects gaining weight during

the bed~rest period which may have an influence upon sleep.

Considering the time and effort spent_on this study it
is unfortunate that only one recording was taken during the
control period. The findings would be far stronger if at
least two recordings were taken with, preferably, two adapt-

ation nights preceding them.

Zloty, Burdick and Adamson (1973) noted that the college
athletes studied by Baekeland and Lasky (1966) showed con-
siderably more SWS, even on the no-exercise night, compared
to levels recorded with non-athletes in the same age range
(see Williams, Agnew and Webb, 1964). They suggested that
people who partake in regular, heavy exercise may character-

istically show large amounts of SWS. To test this hypothesis
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they studied the sleep of 16 long distance runners on

the second of three consecutive nights. Night one was

not used in the analysis because of the possible first
night effects and the authors considered that sleep on
night 3 might have been affected by the fact that it was
the last expérimental hight. The minimum period of serious

running by these subjects was 4 years.

The results showed that the average duration of SWS
was 23.1% of the subjects' total sleep time (an average of
7% hours). Stages 3 and 4 occupied 11.9% and 11.2% of

total sleep time, respectively.

The authors compared these values with those from a
study of "normals" (i.e. not selected for their physical
fitness) who spent an averagé of 10.0% and 3.5% of their
total sleep time in stages 3 and 4 respectively. They
concluded from this comparison that their long distance
runners did have more SWS than normative groups and that
this elevation was due mainly t6 an increase in Stage 4

sleep.

In addition, the authors compared their subjects with
those used by Baekeland (1970). These subjects exhibited
an average of 7.6% and 8.9% of stages 3 and 4 respectively
on the second control night following their normal daily‘
exercises., Admittedly, Baekeland used a 6 hour period of
analysis whereas Zloty et. al. used a 7% hour period but,
as Zloty et. al. noted, this comparison is "conservative"
because most SWS occurs during the first'half of the night.
The authors concluded that their findings were "consistent -
- with the hypothesis that the amount of SWS is related to

the amount of daytime energy expenditure".

Considering the implications of their findings, I
believe that the above evidence is not at all convincing

and should not be taken as evidence in favour of the




26.

body-restitution theory of SWS. Levels of SWS reaching
and exceeding 23% of total sleep time are not uncommon
during the control periods of several sleep studies. For
example, MacFadyen et. al. (1973) reported an average of
25% of total sleep time.was spent in SWS over the four
consecutive nights of their baseline period. The total
sleep time during this period averaged 7 hours 53 minutes
which is comparable to the 7 hours 30 minutes of sleep
analysed by Zloty et. al. The subjects used in the MacFadyen
et.lal. study were "1lO healthy, non-obese volunteers aged
20 to 23 years...". In another study using young men
(Phillips; Chen, Crisp, Koval, McGuiness,'Kalucy, Kalucy
and- Lacey, 1975) it was reported that 25.4% of their total
- sleep time (average of 7 hours 27 minutes) was spent in

SWS during the control period.

- Further evidence of control levels of SWS exceeding
those reported by Zloty et. al. can be found guring the
control periods of the more recent exercise and sleep
studies (Horne and Porter, 1975: 8 healthy subjects of
average fitness, mean % SWS = 27.7, period of analysis =
7% hours sleep time; Moses, Lubin, Naitoh and Johnson,
1977: 18_Navy men of average fitness (bed-rest group),
mean of SWS = 26.6, period of analysis not specified but o

subjects were allowed 8 hours in bed).

Adamson, Hunter, Ogunremi, Oswald and Percy—-Robb,
(1974) studied the effects of strenuous daytime physical
exercise upon sleep and plasma growth hormone levels in
12 healthy males. Five of these subjects regularly enjoyed
some type of sporting activity whereas the remaining seven
took little exercise. Each subject had one or more adapt-
ation nights before the study began. On the exercise day,
the subjects were instructed to take "considerably more
than their usual amount of exercise, to take it before

14.00 hours, but not to the point of severe exhaustion.”
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- Control data was taken 2-12 days after the exercise day.
Eight subjects were recorded on 2 exercise-recovery nights
and 2 control nights, whereas the other 4 subjects were
studied on only one night following exercise and control

activities.

bd .

The EEG data showed that the subjects fell asleép
slightly more quickly after exercise. However, both. SWS
and REM sleep were slightly decreased and the Sleep was
generally more disturbed than on the control nights. None
of these small changes were found to be significant. Int-
- erestingly, the nocturnal plasma growth hormone levels (areas
under the curve between 24.00 and 06.30 hours) were found
- to be significantly elevated in 10 of the subjects even
though SWS was not increased. This does not necessariiy
contradict the negative findings of Ziret. al. (1971) as
these latter authors referred only to peak values of growth

hormone.

3. .DISCUSSION

The findings from the two animal studies suggest that
NREM sleep'appears earlier than usual during the sleep
period if an appreciable amount of exercise has been taken
prior to sleep. However, neither of these studies have
shown that SWS levéls were increased during a 24 hour period

in response to the exercise loads given.

The findings from the human exercise studies appear to
be equivocal. It was felt that the categorisation of the
studies might highlight any consistent findings. To this
end the human studies were divided into the following cate-
gories depending upon the type of exercise conditions imposed

or prevalent at the time of study:-

a) acute exercise

b) chronic exercise




c) acute exercise deprivation

d) chronic exercise deprivation

3.1 Acute exercise

The term "acute exercise" is used here to describe
exercise in excess of that normally encountered and of
short duration (i.e. measured in hours as opposed to days

or years), regardless of the fitness of the subjects.

Hauri (1968), Zir et. al. (1971) and Adamson et. al.
(1974) have not found acute exercise to be associated with

increased levels of SWS.

3.2 Chronic exercise

‘The term "chronic exercise" is used here to describe
the regular heavy exercise which is taken as a way of life.
It is not clear whether chronic exercise endows the athlete
~with increased amounts of SWS as several studies using
subjects of average fitness have reported levels of SWS
in excess of those reported by Baekeland (1970) and Zloty
et. al. (1973). However, very high amounts of SWS were
reported in the study by Baekeland and Lasky {(1966).

3.3 Acute exercise deprivation

The term "acute exercise deprivation" is used here to
describe an appreciable decrease in physical activity over
a short period of time (i.e. up to a few days), regardless

of the fitness of the subjects.

No studies reviewed have specifically studied the
effects of acute exercise deprivation upon sleep. It might
be argued that the no-exercise night in the study by Baeke-.
land and Lasky (1966) recorded the effect of acute exercise
deprivation as these subjects exercised regularly on five

to six days a week. This would suggest that SWS is decreased
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following a short period of relative inactivity. The sub-
sequent study by Baekeland (1970) provides more evidence
concerning the effects of acute exercise deprivation. No
significant changes in SWS were found between nights 1 and

2 (normal exercise) and night 3 (no exercise for between

1 and 3 days) of this study. It is not possible to assess
the effects of acute exercise deprivation from the study by
Ryback and Lewis (1971) as the first recording night during

- the bed-rest period occurred between the 1lth and 17th nights.

3.4 Chronic exercise deprivation

The term "chronic exercise deprivatioh“ is used hére,to
describe an appreciable decrease in physical activity over
a prolonged period of time (i.e. several weeks), regardless

of the fitness of the subjects.

Chronic exefcise deprivation laéﬁing'for 4 to 5 weeks
has been réported to either have no effect on SWS (Baeke-
land, 1970) or to increase.SWS'(Ryback and Lewis, 1971).
This latter study reduced physicai acfivity_to a bare min-
imum in the no-exercise group during bed-rest whereas the
subjects in the earlier study only refrained from taking
their accustomed exercise (normally on 3 to 4 days a week).
However, because of the drastic change in the life-style of
the subjects dﬁring the bed-rest period and the very low |
baseline values of SWS reported for these subjects, there
is not sufficient evidence to conélude that chronic exercise

deprivation, per se, is associated with changes in SWS.

It is apparent that the above categorisation of the
studies has not revealed a clear relationship between the
various forms of exercise and sleep. It is possible that any
influence of exercise upon sleep is dependent upon other

factors.
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3.5 Other possible factors

The only study that has reported significant increases
of SWS following exercise is that of Baekeland and Lasky
(1966) . The other studies reviewed did not confirm this
report possibly bécause the exercise conditions imposed
were less strenuous and/or the subjects were not at such a

peak of physical fitness.

Another factor in the exercise and sleep relationship
may be the time of day when the exercise is taken. This
is evident in the Baekeland and Lasky (1966) study and this
may explain'why Hauri (1968) found no éffect of evéniﬁg exer—

cise upon sleep.

The general lack of significant éhanges in SWS follow-
ing either an increase or decrease in physical activity may
be due to the arbitary system adopted'for'Sleep stage scor-
ing. The current system (Rechtéchaffen.and_Kales, 1968)
divides SWS into stage 3, containing between 20% and 50% by
 time of delta activity, and stage 4, containing greater than
50% by time of delta activity. No assessment of the extent
of-delta.activity outside of these two stages is allowed by
this system as the duration of delta activity can vary from
0 to 20% by time in stage 2 epoChs. Thus, it is possible
that a subtle increase in delta activity may occur as a
result of daytime exercise and not be noticed. As the dur-
ation of stage 2 sleep often occupies 50% or more of the
total sleep time, it is apparent that the change of delta
activity from an average of, say, 5% to 15%, by time, con- ,
stitutes a significant increase in this type4of brain activity.
For example, if stage 2 duration for one night is 225 minutes,
then the difference in the duration of delta activity would
be 22.5 minutes. Furthermore, this represents the amount of
continuous delta activity which has escaped detection and
this is equivalent to up to 45 minutes of stage 4 sleep or

up to 112.5 minutes of stage 3 sleep.




4, CONCLUSIONS

The review of the exercise and sleep literature upvto

1974 (when the first study of this thesis was undertaken)

has produced equivocal findings. Sleep following both exer-—
cise and bed—-rest has been found to exhibit increases in
SWS, whereas the majority of the studies have not found any
change in SWS. The sub-division of the studies into those
of exercise or exercise deprivation of chronic or acute
duration has not clarified the issue. It is possible that
other'ﬁactors, such as the fitness of the subject or the

- -time of exercising, influence the effects of exercise upon
sleep and these should be controlled for in future studies.
Also, some account should be taken for the variation in '

‘delta activity during stage 2 sleep.
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1. GENERAL CONSIDERATIONS

‘From‘the literature review it is apparenﬁ that further
study of the exercise and sleep relationship is merited.
The existing studies suffer from a general lack of apprec-
iation of factors which may be involved in such a relation-
ship, andbany subsequent work should take care to control
for these factors. Specifically, a new study should make
provisions for the following:- ' '

1. the selection of subjects who are healthy, both ment-
ally and physically, do not take any medications and
have no sleep problems,

2. the use of at least two adaptation nights in the labor-
atory before the first recording period and a further

adaptation night before subsequent periods of recording,

3. no recordings should be taken during the weekends as

life-styles may change considerably,

4. the amount of delta activity occurring within stage 2

sleep should be assessed on each recording night,

5. at least two nights should be used to record control
data, '

6. the night fdllowing the exercise recovery night should

be recorded in case there are any carryover effects,

7. the amount of work done by the subjects during the
exercise period should be quantifiable,

8. the subjects should perform identical types of activ-

ities during the exercise period,

9. the exercise should be taken at a consistent time of
day (i.e. morning, afternoon, early evening, late

evening) by all subjects,
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-10. the duration of the exercise should be constant for

all subjects.

Points 1-6 are concerned with removing or decreasing
the effects of extraneous variables upon the main variable,
namely exercise, which is to be studied. The remaining
points are concerned with the design of the experimental
exercise load and they are discussed in more detail in the

following section.

2; CONSIDERATIONS FOR THE DESIGN AND ASSESSMENT OF
EXERCISE

2.1 Quantification of work done

It should be appreciated that the amount of work done.
during the exercise period is one of the most important
variables to be studied. The effects of light exercise
upon sleep, if they exist, are probably very small whereas .
the effects of very heavy exercise may include non-specific
effects arising from psychological stress if the subjects.
are not accustomed to such strenuous activity. Thus, the
use of moderate, but not stressful, exercise loads is to be
recommended when assessing the influence of exercise alone

upon sleep.

These loads should be quantifiable to allow for compar-
isons between studies. Unfortunately, the majority of
studies reviewed in the previbus-chapter did not state the
workload imposed in units of work (i.e. watts, kiiopond—
metres) but rather in terms of duration, with a brief des-

cription of the activities.

2.1.1 Exercise load in relation to maximum work

capacity

However, more important than stating the absolute

amount of work done by a subject is the knowledge of the
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amount of work done relative to this subject's maximum work
capacity. As the maximum work capacity of an athlete
trained at a specific activity can be several timés larger
than that of an unfit untrained person at the same activity,
it would be poor practice to assign an identical experi-
mental workload to both of these subjects. The superior
performance of the athlete's cardiac and respiratory systems
would be able to cope with the workload far morevefficiently
than the unfit subject and it is possible that a workload
which the athlete would regard as light to moderate could
severely.strain an unfit subject, both physiologically and
pyschologically. ' '

) With regard to the physiological response, the athlete .
would derive energy from almost exclusively aerobic processeé
" (i.e. those requiring the presence of oxygen) to sustain the
same workload. This is because the athletes' cardiac and
respiratory system would be more efficient than an unfit
subject, and would enable a faster flow of oxygen to reach
the exercising muscles, and a faster excretion rate of carbon-
dioxide from the energy-liberating processes. These improve-
ments are mediated by increases in the blood supply to the

exercising muscles as a result of:-

a) reduced blood flow to the skin (during initial exercise

only) and splanchnic area

b) increased venous return to the heart due to the pumping
 action of the working muscles and the vigorous breath-

ing movements

c) = 1increased force and frequency of the cardiac muscle

contractions to cope with increased venous return

d) dilation of arterioles and capillaries in the working
muscles due to nervous control and the effect of
increased metabolism upon the composition and pH of
the interstitial fluid. ‘ ' |
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As the workload increases, the anaerobic contribution
becomes more important. One of the productsAof anaerobic
respiration is lactic acid and the subjective feeling of
fatigue during exercise is closely related with the levels
of this acid in the blood.

The individual's capacity for heavy,,prolonged physical
work is therefore dependent upon the okygen supply to the
active muscles. In types of work which use large groups of
muscles, the limiting factor for the aercbic work capacity _
"will be the capacity and regulation of the oxygen-transporting
System. This knowledge provides the basis for the physiol-

" ogical tests of maximum work capacity. o

2.1.2 Evaluation of maximum work capacity

In many types of muscular exercise the steady-state
oxygen uptake increases roughly linearly with an increasé
in work load (Astrand and Saltip, 1961). A steady-state
condition describes the situation where the oxygen uptake
equals the oxygen requirement of the tissues. Heart rate,
cardiac output and pulmonary ventilation should have. att-
ained fairly constant levels and there should be no accumul-
ation of lactic acid in the blood. The knowledge of a
subject's maximal oxygen uptake (maximal aerobic power) will
confer information regarding that subject's‘maximum work
capacity for aerobic muscular exercise. The maximal aerobic
power is defined as the highest oxygen uptake the individual

can attain during physical work breathing air at sea level.

A direct measurement of the maximal aerobic power can .
be made, but it demands a high degree of co-operation from
the subjects since they have to exercise very close to the
point of exhaustion. For this reason an estimation or
prediction of a subject's maximal aerobic power is often

made from submaximal exercise tests using the nomogram dev-

eloped by_Astrand and Rhyming (1954). The error of this
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nomogram has been assessed as not greater than *10%
(Shephard et. al., mult., 1968) and between 10 and

15% (Astrand and Rodahl, 1970), even when the tests.
are carried out auring strictly standardised conditions
(i.e. time since last meal, temperature and humidity of
the room).

Thus, the prediction of an individual's maximum work
capacity during aerobic exercise can only be approximate
but, as pointed out by Astrand and Rodahl (1970), it is
sufficiently accurate to select the best, worst and average

from a group.

A detailed description of the submaximal test can be
found in the following chapter. The bicycle ergometer is

often chosen as the instrument of exercise as the oxygen:

uptake can be predicted with greater accuracy than for any

other type of exercise (Astrand and Rodahl, 1970, page 362).

2.1.3 Standardised exercise load

With a knowledge of the subjects' approximate maximum
aerobic work capacity, it is possible to prescribe a stand-
ardised exercise load to each subject; this standardised
load being simply a fixed percentage of each subjects' pers-
onal maximum aerobic work capacity. Thus, if a very fit
subject has a maximal aerobic WOrk.capacity which is l% times
that of a subject of below average fitness, then the more L

athletic subject will be given an experimental work load lE

times that given to the less fit subject.

In order to decide Wha£ this fixed percentage of the
maximum aerobic work capacity should be, one has to consider
that the experimental load should be rated as moderate, as
opposed to stressful, by the subjects. Since the feelings
of greater exertion and fatigue can lead to psychological

stress, it is apparent that the experimental load should not
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induce an accunulation of lactic acid in the body as the
levels of this acid are known to be related to such feel-
ings. When work periods are extended -to 1 houxr, it has

been found that the level of arterial lactic acid is not
significantly elevated provided the oxygen uptake is not »
higher than about 50% of the maximum (istrand et. al., 1959;
Astrand, 1960; Shephard et. al., 1968). |

As the steady-state oxygen uptake is linearly related
to work load it was decided to prescribe a work load equiv-

alent to 45% of a subject's maximum work capacity.

The typé of activity chosen and its duration and time
of onset are all important variables and are discussed in

the subsequent sections.

2.2 Type of exercise

In order‘to prescribe the various standardised work
loads it would be possible to sample the subjects' oxygen
- consumption (using a Douglas bag) at regular intervals
during exercise to ensure that the subject was working at
the required load. However, this is a tedious method and
rather uncomfortable ., for the subject. It is far simpler
to ensure that each subject exercises at the correct work
load by using a bicycle ergometer, as the task load can be
pre-set (the bicycle ergometer is described in the next

chapter).

2.3 Duration of exercise

The duration of the exercise must be carefully assessed
to ensure that, whilst the subjects are not stressed by
prolonged work periods, they do perform significant amounts
of work. It has been reported that the introduction of a
rest period into a work programme can have considerable
beneficial effects upon the total duration of activity that

a subject can tolerate (istrand et. al., 1960 a, b;
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Christensen et. al., 1960). The use of split exercise
periods is thus a good method to study the effects of large
amounts of work upon sleep without causing any undue stress
to the subjects.

2.4 Time of exercise

There is some evidence to suggest that the time of day
-of exercising is an important factor in the exercise and
sleep relationship. The influence of this factor can be
assessed either by inter-study comparisons or, preferably,

by a suitable experimental design which accommodates the
study of this factor. This latter method will be more sens-—
itive than inter-study comparisons because of the differences
in subjects, experimental design and exercise variables

between studies.

The exercise could be given either during the morning,
afternoon or evening. _If the exercise is taken during the
evening, then it will be difficult to determine whether any
observed changes in sleep are as a direct result of an .
increased need for body recovery following the exercise or
“as an indirect result of the increased heart rate, blodd

pressure and alertnecs associated with exercise.

2.5 Control for day-to—-day variations in physical
activity '

Obviously, the daily physical activity levels of the
subjects must show little variation over the entire study
except for the experimental exercise days. Therefore, if
a subject walked to town .twice a week then he or she should
either omit this journey or undergo its equivalent at
roughly the same time-of-day during every day of the study
including the exercise days. The same applies to sporting

activities.
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3. SUMMARY AND PROPOSALS FOR RESEARCH

This chapter has describéd the general considerations
that should be taken when assessing the influence of exer-
cise upon sleep. Many of the previous studies did not pay
respect to all of these considerations and, consequently,
the findings were constrained due to the lack of valid con-
trol data. 1In addition, the various exercise loads imposed
were often poorly described, thereby hindering inter-study

comparisons.

- The most important variables in the description of an
experimental exercise load have been discussed and these
include the type, the time of onset, the duration‘and the
ratio between a subject's prescribed experimental load and
his maximum work capacity. The knowledge of this last var-
iable can be used to preécribe standardised work loads to

groups of'subjects.

The first study in this thesis was designed to assess
the time-of-day effects of standardised exercise upon sub-
‘sequent sleep in humans. More specifically, moderate morning
and afternoon exercise were studied and stage 2 sleep was

additionally quantified in respect of delta activity.
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1. AIMS OF THE STUDY

There is a theoretical argument, backed by a degree
of evidence, that SWS is specifically concerned with body
restitution (see Chapter 2, Section.l.l for discussion).
However; the predicted increase in SWS following daytime

exercise has not been reported on several occasions.

The duration of SWS during the night is often regarded
as an accurate indicator of delta activity, but up to 20%
of this activity is included in the non-SWS stage 2. To
improve the assessment of delta activity, this study will
subdivide stage 2 according to whether the delta activity
is 10% or less (stage 2(i)) or greater than 10% but less
than 20% (stage 2(ii)).

Other factors which may be of significance in the

exercise and sleep relationship are the fitness of the
.subjects, the work load prescribed, the type of activity
and the time of onset and duration of the exercise. There
has been a lack of control of these factors in the previoﬁs
exercise studies which may contribute to the equivocality
of findings. This present study has been designed with

these considerations in mind (see Chapter 3 for discussion).

The aim of this first study is to assess the effects
of standardised moderate exercise, taken in the morning or
afternoon, upon subsequent sleep in humans. The results
from this study will indicate whether exercise does influence
sleep and, if so, whether the extent of this influence is

‘sensitive to the time-of-day at which the exercise was taken.

2. SUBJECT SELECTION

The experimenter advertised for subjects within the
student community on the campus. Prospective ‘subjects

were requested to complete a screening questionnaire (see

Appendix I). Only those subjects who were young (17 - 25
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years), healthy, free from medication and sléep problems
and did not report daytime naps were considered for this

study.

Suitable subjects were then informed that it was
important that they should display little variation in
their daily physical activities throughOut the study (ex-
cept for the imposed exercises). Prospective subjects
who typically enjoyed a variety of sporting commitments
were not chosen for this study because of the difficulties
that would be encountered in regulating the daily activity
levels. Even if these subjects promised to refrain from
such regular activities they were not chosen because their
control data would reflect exercise deprivation rather than

normal activity.

3.  PILOT-STUDY TO DETERMINE INDIVIDUAL STANDARDISED
WORK LOADS

3.1 Aims of pilot-study

This pilot-study predicted the maximum aerobic power,
and thus an estimate of the maximum'work capacity, for
each subject. The standardised work load given in the
main exercise and sleep experiment was 45% of this maximum

work capacity for each subject.

3.2 Prediction of VOZ max.

Maximal aerobic power (\.IO2 max) was pfedicted using

the sub-maximal exercise nomogram method of Astrand (1960).

3.2.1 Type of exercise

The bicyclé ergometer was chosen in preference to the

step method and the treadmill as the instrument of exer-

cise, for the following reasons:-




the oxygen uptake can be predicted with greater

accuracy than for any other type of exercise
(Astrand and Rodahl, 1970),

within limits, the mechanical efficiency of the
bicycle ergometer is independent of body weight-
Wahlund (1948). Tests have also shown that the
mechanical efficiency does not vary with the
height of the handlebars and saddle, provided
that this variation is kept within reasonable
limits (Astrand, 1954),

variations in pulse rate due.to_habituation and

learning are slight,

the subject exercises in a sitting position with
arms and chest relatively immobile. Good ECG

tracings can therefore be obtained,

e) the work load can easily be adjusted and recorded,

and the instrument is reasonably mobile.

The bicycle ergometer used incdrporated a whirling
current braking system. Attached to the wheel was a copper
disc which passed between the poles of two strong permanent
magnets. The position of these magnets could be\adjusted
by operating a crank handle and this varied the braking

- force (i.e. the work load).

3.2.2 Choice of load

When testing circulatory—respiratory fitness, the work
must engage large groups of muscles and the load must be
relatively high. The duration of the work must be suffic-
ient to allow for circulatory and respiratory adjustments

to that work load (i.e. steady-state conditions).




46.

The nomogram of Astrand and Ryhming was developed
from the results of 5 - 6 minute exercises on the bicycle
ergometer, step test and treadmill. ‘The greatest'accuracy
of the nomogram was obtained when the load imposed a steady
heart rate somewhere between the 125 and 170 region (Ast—
rand and Ryhming, 1954). Within these limits there was an

almost linear increase in metabolism with heart rate.

It was decided to run a succession of 6 minute exer-
cises starting at a load designed to produce a heart rate
at the lower end of this region. The subject was then
allowed to rest until his heart rate was back to normal.
Several other increasing work loads were carried out,

providing heart rates in the middle and upper regions.

3.2.3 Precautions

a) Subjects were screened for any circulatory or
respiratory handicap; they were also required

to be infection-free.

b)  Subjects refrained from energetic activities

prior to the work tests.

c) The tests were not performed within 2 hours of
the last meal, because heart rate and respiratiom
would be increased for approximately an hour

after a heavy meal.

d) No smoking was allowed dufing the last 30 minutes
prior to the tests and until their completion.
Tobacco contains up to 4% carbon monoxide by vol-
ume. This combines with haemoglobin thereby
decreasing oxygen transport to the tissues. Smok-
ing also increases the resistance of the air
passages due to the swelling of the mucous mem—

.branes.




)

-9

h)

i)

3)

Subjects refrained from taking alcohol prior
to the tests. Alcohol causes an increase in
respiration and heart rate (Blomquist et. al.,
1969).

The subjects were tested at approximately the
same time, but on different days, to reduce the
effects of circadian variation between the sub-

jects.

The environmental temperature was between 18° to
20°C and the relative humidity was within the
range of 40.to 60%. This was in accordance-with
Astrand and Ryhmihg's studies. At high temper-
atures, blood is diverted to the sub-cutaneous
vessels during rest and sub-maximal exercise and
predictions of maximal aerobic power (\'IO2 max)

based on pulse rate fall into error.

The saddle and handle bars of the érgometer were
adjusted to suit individual subjects. The most
comfortable position, and in the case of heavy
loads the most effective one, is a saddle height
producing a slight bend of the knee when the ball
of the foot rests on the pedal and the leg is
stretched.

A pedalling rate of 60 revs./minute was used
since it is the most comfortable rate for people

of average fitness.

Subjects were requested always to remain seated,.
and to sit upright whilst exercising. This was
to avoid changes in the mechanical efficiency of
the ergométer and to prevent changes in the heart

rate due to changes in the body position.
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3.2.4 Measurement of heart rate

The heart rates of the subjects were recorded on an
electrocardiogram (ECG) during the last minute of exercise.
A three—electrode system was used as only the R wave com-

ponent was of interest.

The grid I electrode was placed on the left chest in
the anterior axillary line of the 5th intefspace; the
grid II electrode over the manubrium and the earth on the

‘right chest, symmetrically opposite the positive electrode.

3.2.5 Calculation of predicted VO, max and maximum

work capacity

The knowledge of .each éubject's heart.rate at speé—
ified sub-maximal work loads enabled the prediction of 
002 max from the nomogram. The average\.lo2 max was‘calcul—
ated from those predictions using a heart rate between 125
and 170 beats per minute. The maximum work capacity of
each subject was estimated.from this aVerage 002 max using
the appropriate scales on the nomogram. These values are

shown in table 1.

3.2.6 Calculation of individual sﬁandardised
work loads

The work load chosen for the main study was 45% of
the subject's maximum work capacity. This was in accord-
ance with the results of prolonged work loads on untrained
subjects, whose maximum was around the 50% mark kistrand,
1970). The individual and average loads are described in
Table 1. The range of standardised work loads was from.
90 to 150 watts with an average of 121 watts, at a pedal

rate of 60 revs./minute.
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Table 1: Summary of results for pilot—-study

SUBJECT Estimated Estimated Standardised

S (max) Max. Work work load
Rate (45% max.)
1/mins watts | watts
1 216 _ 97
2 3.9 288 130
3 266 120
4 3.5 255 115
5 .8 200 90
6 282 127
7 4.7 333 150
'8 4.4 ’ 313 - | 141

3.2.7 Limitations of this method

The error of the nomogram method for predicting Vo,
max has been assessed as not greater than +10% (Shephard
et. al., 1968) and between 10 and 15% (Astrand, 1970).

As &Oz max is predicted from the knowledge of heart
rate at various sub-maximal work loads, it. is apparent
that any non-metabolic changes in the heart rate will
induce unquantifiable errors in the prediction. For
example, fear, excitement and stress may also cause
marked elevation of the heart rate at a sub-maximal work
load without either maximal oxygen uptake or performance
capacity being affected. However, the heavier the work
load, the less pronouncéd is this effect and it is usﬁally
recommended that the test load should bring the pulse »
rate up to or above 150 beats/minute for young subjects.

The effect of stress was also reduced by the informal
attitude of the experimenter. Any anxiety typically de-
creases upon repetition of the test and this was used to
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advantage as the latter tests, which used the heavier work
loads, were the ones used in the calculations. The corr-
ections for the age factor (heart rate declines with age

after about twenty) were used.

Thus, the prediction of an individual's maximum work .
capacity during aerobic exercise can only be considered
approximate. However, as discussed in the previous chapter,
it is sufficiently accurate to distinguish between unfit,

fit and very fit people.

4. PILOT STUDY TO DETERMINE. THE DURATION QF EXERCISE

4,1 Aims of pilot-study

- To determine the length of time the subjects could
exercise at their standardised work loads without undue
exertion and stress. One rest period was allowed in order

to increase the duration of exercise.
4.2 Method

The two subjects with the highest and lowest maximum
work capacity were used in this pilot-study. They exer-
cised at their prescribed standardised workloads on the
bicycle ergometer until they felt that a break was ufgently
required. The duration of this break was kept to a minimum
as judged by the subjects, and the subjects continued their
‘exercise. Liquid refreshment, in the form of water or

sweetened orange juice, were available at all times.
4.3 Results

After 42 minutes of continuous exercise, both subjects
demanded a rest. The subjects either sat or laid down
during the break and were ready to restart after quarter of
an hour. Approximately half-an-hour later, the subjects
reported that it was time to stop although they continued
to exercise for an identical length of time as in the pre-
rest session at the suggestion of the experimenter. The

subjects did not find this extra ten minutes required undue
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‘exertion on their part although, if the decision had been

theirs, they would have stopped after 30 minutes.

From the findings it was decided to split the exercise
period into two halves, each of 42 minutes duration, with

a break of 15 minutes in between.

The reports of fatigue and the desire to finish exer-
cising were comparable with these two subjects, even though
one was eXxercising at 90 watts whilst the other exercised

rat 150 watts. This highlighted the value of prescribing
individual standardised work-loads. |

5. CONTROL OF EXTRANEOUS VARIAELES

Variables such as age, general health; taking of med-
icines and sleeping quality were controlled for via sub-
ject selection (see Section 2). Subjects were instructed
not to change their diet during the study or to drink tea,
coffee or alcohol in the evéﬁings. Aiso,'daytime naps

were not permitted.

One of the most important variables to be controlled
for was the daily physical activity of the subjects (see
Chapter 3, Section 2.5).

No recordings were made during the weekend as the

changes in life style of the subjects may influence sleep.

6. EXPERIMENTAL PROCEDURE

The experimental timetable is described in Table 2.
The main experiment lasted for two consecutive weeks
although no recordings were made during the weekends. The
subjects were recorded in pairs and the experiment always
started on a Monday. Monday and Tuesday night of the first
week were used as adaptation nights with full electrode

attachment but no recording. The following night (Wednesday)
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Table 2. Experimental Timetable
Subject
Day
1,3,5 & 7 2,4,6 & 8
1 (Monday) Adaptation Adaptation
- NA, NR - NA, NR
2- (Tuesday Adaptation Adaptation
NR, NR NA, NR
3 (Wednesday) Control 1 Control 1
_ NA, R “NA, R
4. (Thursday) AM exercise PM exercise
: R R
5 (Friday) AM carryover PM carryover
NA, R NA, R
6 (Saturday) FREE FREE
7 (Sunday) FREE FREE
8 (Monday) Adaptation Adaptation
' NA, R NA, R
9 (Tuesday) Control 2. . Control 2
C NA, R NA, R
10 (Wednesday) PM exercise - AM exercise
. R R
11 (Thursday) PM carryover AM carryover
NA, R NA, R '
Key:- AM exercise morning exercise
PM exercise afternoon exercise
NA normal activities
R EEG recordings taken
NR

No EEG recordings taken
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was used to record the first control night and the first
exercise period was taken on the next day (Thursday).
EEG recordings were also taken on this night (exercise
recovery night) and on the Friday night (exercise carry-
over night). The subjects returned to the lab on the
next Monday night when the electrodes were fitted but no
recordings were taken. The Tuesday night of the second
week was used to record the second control night and the
Wednesday and Thursday nights were used to record the

-second exercise recovery and carryover nights, respectively.

 On the first exercise day, one subject of each pair
'performed morning exercise whilst the other performed
afternoon exercise. These conditions were reversed for
the second exercise day. The subjects performed their
prescribed exercise load (for two 42 minute periods of
exercise with a 15 minute rest period in betWeen) either
between 10.00 and 12.00 (morning) or 16.00 and 18.00
(afternoon).

The subjects arrived at the sleep laboratory at approx-
-imately 10.30 p.m. when the daily activity log was com-
pleted and the electrodes were attached. The montage rec-
ommended by Rechtschaffen and Kales (1968) was used, namely:
C3-A2; C4-Al; left-eye Al; right-eye Al; EMG electr-
odes were located on either side of the chin. Lights out
was at 12.00 p.m. and all—night‘recordings were made with .
a Grass model 78 electroencelphalogram at a paper speed of
10 mm/Secowt. The subjects were alloweéd to sleep until they
felt refreshed and ready to get up.

7. DATA ANALYSIS

The sleep records were divided into one minute epochs
and classified into sleep stages according to the criteria
described by Rechtschaffen and Kales (1968) by two exper-

ienced scorers. In addition, stage 2 was subdivided into




stage 2(i), containing less than 10% by time of delta
activity, and stage 2(ii), containing between 10% and 20%

by time of delta activity.

Only the first 7% hours of sleep, as measured from the
onset of stage 2, were used for analysis; this being the
shortest sleep length for the group of subjects over the

experimental period.

For each subject, the percentage of time spent in each
stage of sleep were calculated for each of the control,

exercise recovery and exercise carryover nights during:-

a) the whole night (i.e. 450 minutes)

b) the first half (i.e. first 225 minutes) of the
night | |

c) the second half (i.e. last 225 minutes) of the
night '

In addition, various other parameters concerned with
REM sleep were calculated, including the amount of stages
O+1, 2(i), 2(ii), 3 and 4 taken before the first REM period.

Related t tests were used to compare the data for the
exercise recovery and exercise carryover nights with the
average control values. No predictions.were made concern-—
ing SWS as the literafure review had failed to find any

consistent effects of exercise upon SWS.
8. RESULTS

The group data is summarised in tables 3 and 4 and
the changes in delta activity are illustrated in figures
1 - 4. The standard deviations for the group means are

provided in Appendix I.

The whole night percentages of sleep stages remained
within baseline values on all experimental nights. Also,
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Table 3. Group means (%) for sleep'stages

Baseline Morning exercise Afternoon exercise
Recovery Carryover Recovery Carryover
night night night night
Whole night
Stages O0+1 5.2 6.2 5.7 5.4 4.8
2ii 9.9 8.8 8.9 11.7 9.6
3 9.5 9.7 10.8 10.8 8.5
4 18.2 19.1 17.2 17.2 16.8
3+4 27.7 28.8 27.9 27.9 25.3
2ii+3+4 37.6 37.6 © 36.8 39.6 34.9
REM 23.5 25.2 24.1 23.7 24.4
First half
Stages O+1 2.8 3.2 3.8 2.7 2.6
2ii 11.6 8.0+(4.4) 10.0 14.6 12.2
3 » 13.2 11.5 13.6 16.24(4.0) 11.0
4 "31.6 35.3 26.1 29.3 30.8
3+4 45.1 46.7 39.7 45.3 © 41.9
2ii+3+4 56.7 54.7 49.7*%(3.0) { 59.9 54.1
REM 13.7 15.9 16.3 13.2 14.5
Second half '
Stages O+1 7.8 9.2 - 7.6 8.2 7.1
2ii 8.2 9.5 8.1 8.8 7.1
3 5.7 8.0 7.9 5.3 6.1
4 4.9 2.8 8.2 5.1 2.8
3+4 10.4 10.9 16.1 10.8 8.7
2ii+3+4 18.6 20.4 24.,3*%(2.5) | 19.6 15.8
REM 33.3 34.4 31.8 34.7 34.4
*Significant at 0.05 level (two tailed)
TSignificant at 0.01 level (two-tailed)
t values in brackets, df=7




Table 4.

Group means for REM parameters

Time (min) bef-
ore first REM
period

Stages 0+1
2ii
3
4
3+4 ,
2ii+3+4

REM latency
First REM per-
iod length
REM periodic-
ity
First period
Mean of first
and second
periods

Baseline Morning exercise Afternoon exercise
Recovery Carryover | Recovery Carryover

night night night night

1.0 0.7 1.4 2.1 1.7
10.6 5.4*%(3.1) 7.8 16.6 9.3
14.4 10.7 12.5 19.6%*(3.6) 11.6
47.9 50.2 42.0 56.2 40.0
62.1 60.9 54.5 75.7 51.6
72.7 66.3 62.3 92.3 60.9
91.9 79.4 79.4 112.9 89.5
14.4 11.9 9.0 15.8 10.9
88.4 87.9 77.2 77.1 81.7
92.3 92.0 90.4 89.9. 89.6

*Significant at 0.05 level (two-tailed)

t values in brackets,

df=7
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REM latency and periodicity were unaffected. However,
subtle changes in delta activity occurred following PM
exercise with stage 3 showing a significant increase dur-
ing the first half of the night (6.7 minutes, p<0.0l) and,
related to this, prior to the first stage REM period

(5.2 minutes, p<0.05). Although the mean duration of

- stage 2(ii) and stage 4 prior to the first stage REM period
also showed increases, (6.0 and 8.3 minutes, respectively),
these changes did not reach significance. ©No significant
changes in the various sleep parameters were found on the

PM exercise carryover night.

The only significant change found to follow AM exercise
was a decrease in stage 2(ii) both prior to the first stage
REM period (5.2 minutes, p<0.05) and during the first half
of the night-(8.l minutes, p<0.0l). On the AM exercise
carryover night summated stages 2(ii)+3+4 showed a signif-
icant decrease during the first half of the night (15.7
minuteé, p<0.05) followed by a significant increase during
the second half of the night (12.8 minutes, p<0.05).

9. DISCUSSION OF RESULTS

The results of this study suggest that modérate exercise
does have a small effect upon subsequent sleep and that this
effect is influenced by the time of day when the exercise

is taken.

The effects of AM exercise upon subsequent sleep appear
to be minimal as the decrease in stage 2(ii) during the
first half of the night was the only significant change.

The overall measure of delta activity (stages 2(ii)+3+4)
did not show a significant decrease during this half of

the night due to the non—significant increase in stage 4.
The only significant findings on the AM exercise carryover
night were a significant decrease of stage 2(ii)+3+4 during

the first half, followed by a significant increase during




the second half. This temporal shift of delta activity
appears to be mainly as a consequénce of the non-signif-
icant changes in stage 4 sleep and may be due to the arb-
itary decision to divide total sleep into the first and

second periods of 225 minutes.

The same amount of exercise taken during the afternoon
does appear to influence subsequent sleep. Specifically,
the PM exercise recovery night shows a significant increase
in stage 3, both prior to the first stage REM period and

during the first 225 minutes of sleep.

However, these increases do not extend into the sec—
ond half of the night and no sighificant increases in any
"of these stages, either individually or collectively, were

found for the whole night data. '

With regard to stage REM sleep, no significant changés
were found on any night, either for whole night data or
during the first and second halves. REM latency, length
of the first stage REM period and REM periodicity remained
at baseline values on all nights except for the non-signif-
icant increase in REM latency on the PM exercise recovery
night. Interestingly, three subjects actually missed their
normally expected first stage REM period. This increase
in REM latency for these subjects following the PM exercise
would allow more NREM sieep to occur which may account for
the significant increase in stages 2(ii)+3+4 found prior

to the first stage REM period on this night.

The results of this study have shown that moderate
daytime exercise appears to have a time-of-day effect upon
subsequent sleep. If the exercise is taken in the morning,
then the influence upon sleep is minimal. Afternoon ex-
ercise appears to induce small increases in delta activity

during the first few hours of sleep.




It is possible that a greater increase in delta
activity may have occurred if more strenuous exercise
had been prescribed. However, as previously discussed,
the effects of exercising at higher levels than volunt-
afily contemplated would be physiologically and psychol-
ogically stressful. Apart from the hormonal changes in-
duced (e.g. stress-increased activity of the cortex and
medulla of the adrenals), it is possible that the subjects
may suffer from body aches and pains which would influence
subsequent sleep. Other psychological factors such as
resentment at being bullied to do more work or frustration
" at not achieving the prescribed work levels could also

affect sleep.’

‘The work done by the subjects in this study was not
‘sufficient to cause undue discomfort, either physiologically
or psychologically, after rest and refreshment., At the
- same time, however, the work done was appreciably in excess

of normal daily activity.

If SWS does fulfill a bodily recovery function then
it is surprising that the high work load incurred by the
subjects did not show a more conclusive increase in SWS.
The fact that AM exercise did not show any increase in SWS:
or delta activity prompts the conclusion that the remaining
hours of wakefulness were sufficient to allow for full re-
covery. If exercise 1s taken later during the day, then
recovery may not be completed before the sleep period, res-
ulting in an intrusion of recovery into the first few hours

of sleep.

Whilst the t test is a correct method of analysis for
the data, it must be appreciated that the risk of making
Type 1 errors (i.e. rejecting the null hypothesis when, in

fact, it is true) is increased when the analysis involves

many comparisons. Thus, the error rate (probability of




making a Type 1 error) has to be considered in terms of
the experiment (experimentwise error rate) and not merely

in terms of each individual comparison.

The simplest solution to this problem is to use a
smaller significance level (i.e. alpha value - thereby
reducing the probability of making a Type 1 error) based
on the number of comparisons made. The required alpha.
value for any given number of comparisons can be calcul-

ated from the fgllowing formula (see Jacobs, 1976):-
' c
alphaEW”= 1 - (1 - ;lpha).

where alpha is the experimentwise error rate, alpha is

EW
~ the per comparison error rate and ¢ is the number of

independent comparisons.

-The analysis involved a total of 124 comparlsons and
the alpha value used for asse551ng significance was 0.05.
Using the table provided by- Jacobs (1976) it is possible
to determine the per comparison error rate which must be
set to achieve a nominal.experimentwise error rate. Al-
though this table only includes values of experimentwise
error rate for up to 100 comparisons this is suitably
accurate for the present study. From the table it is
apparent that aiper comparison error rate of 0.0005 must
be set to achieve an experimentwise error rate less than
0.05.

Obviously, such an alpha value would be very diffi-
cult to attain, especially with only 8 subjects."As the
power of this method increases as the number of comparisons:
decrease, the alpha value could be corrected for the
comparisons made concerning delta activity on the exercise
recovery nights only, as this was the central point of
interest in this study. The number of compariSons made
between stages 2(ii), 3, 4, 3+4, and 2(ii)+3+4 amount to




40 and this requires a per comparison error rate of 0.001

to achieve an experimentwise error rate less than 0.05.

As none of the comparisons made using the t test reached
significance at p<0.001, this can be taken as further
evidence concerning the lack of effect of moderate exercise

levels upon subsequent sleep.

are discussed in Chapter 6.

|

\

3
- The findings from this study, and from those reviewed,

10. SUMMARY AND CONCLUSIONS

The time-of-day efféctstof standardised exercise upon"
sleep was studied with eight young males. Pilot-studies
 were carried out on a bicycle ergometer to assess. individual
';maximum work capécity and the duration for which the subjects

could tolerate exercise at 45% of their maximum work capacity.

In the sleep study, each subject performed the prescribed
exercise, once in the morning (10.00 - 12.00 hours) and once
in the afternoon (16.00 ~ 18.00 hours), on separate days.
.Sleep was scored according to the criteria recommended by
Rechtschaffen and Kales (1968) and, in addition, stage 2 was
sub—-divided depending on whether the epoch contained more or

less than 10%, by time, of delta activity.

No significant changes were fouhd with whole night data
on either of the exercise recovery nights when'compared to
baseline values. Following the afternoon exercise it appeared
that delta activity was increased during the first few hours

of sleep.

In conclusion, it appears from the findings of this
study that sleep is not necessary for recovery from phys-
ical fatigue. Thus, if moderate exercise is taken in the
morning, the ensuing wakefulness may be sufficient for
recovery whereas later exercise may result in an intrusion

of recovery into the first few hours of sleep.
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11. PROPOSALS FOR FURTHER RESEARCH

The conclusion from this experiment may surprise the
layman to the study of exercise and sleep. As mentioned |
in the introduction to this thesis, it is commonly believed
that an increase in daytime physical activity is beneficial
to sleep. Exactly how sleep is improved appears to vary from
person to person,but the following responses to increased

physical activity are often reported:-

a) feel tired earlier in the evening
b) fall asleep quicker than usual
c) "sleep like a log"

These factors are rarely assessed in the exercise and

sleep studies, with the exception of sleep onset times.

In a laboratory study, the subjeéts are usually asked to
arrive at specified times which may be either too early

or too late on some nights, depending upon how tired the
individual subject feels. Also, subjects who feel tired
"at home during the evening may be stimulated into greater
arousal by the journey to the laboratory, the laboratory
environment and the personnel. Thus, any small effect of
exercise upon sleep may not be detected in a laboratory

study.

It is proposed that the next experiment will study the
effects of exercise upon sleep by a less obtrusive method
than that typically employed. More specifically, it is
intended to supply sleep questionnaires to subjects of
various fitness and of various activity regimes. No EEG
recordings will be taken, thereby allowing the subjects to
enjoy their normal routine. The subjects will be asked to
fill in both a pre-sleep and post-sleep questionnaire for
several nights. These will be designed to provide inform-

ation concerning the fitness of the subjects, the time and
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amount of physical activity taken, subjective assessment
of tiredness, time to bed, time to rise, sleep quality and
other variables of interest. By using this method, it is
thought that the detection of any changes in sleep behaviour
following exercise will be highlighted. Admittedly, these,
if found, will be subjective in nature but it is important

that any such changes are known as they can then be invest-

igated more objectively using existing or revised laboratory

methods.
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1. AIM OF THE STUDY

The aim of this study is to investigate the effects of’
exercise upon sleep behaviour using questionnaires} The
information obtained from these questionnaires will naturally
be mainly subjective (i.e. feelings of tiredness, sleep quality)
although some objective data will be available (i.e. time
spent in bed). The justification for this method of study
has been discussed in section 11 of the previous chapter.-

The main advantage of this method is that the subjects can

go about their normal routine, without performing potent-
ially stressful experimental exercise programmes or. being
required to sleep away from home for several nights. It

- may be considered that the lack of objective sleep measures

is a disadvantage of the questionnaire method but this is

not felt to be so in this case. Many studies have been carr-
ied out in the last decade which have assessed the effects

of exercise upon sleep using objective sleep measures, but
there is still little evidence for any major change in these
.objective measures following exercise. Thus, there is little
that sleep research can offer to the general public to explain
why it is a common belief that physical activity is beneficial
to sleep. Presumably physical activity is beneficial to sleep
otherwise such beliefs would not exist today. These beliefs
can only have been derived from subjective criteria such as
the degree of tiredness before and after sleep and some basic
objective measures such as the time of retiring or the dura-
tion of sleep. As yet, these beliefs have not yet been valid-
ated using these criteria, as research has been focussed on
the intricasies of sleep behaviour (i.e. sleep stage duration

and periodicity) following specified activities.

It was felt that this study was of great interest as
it would present evidence for or against the belief that
physical activity is beneficial to sléep. If evidence was
found to support this belief, then laboratory methods could
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be orientated towards the more detailed study of this
evidence, be it pre—-sleep tiredness, daytime napping,
time of retiring or some other variable identified from

the questionnaire analysis.

2. QUESTIONNAIRE DESIGN

2.1 General description

Three questionnaires were prepared for this study,
namely a subject questionnaire, a pre-sleep questionnaire
and a post-sleep questionnaire. These questionnaires are
‘included in Appendix II.

.The subject questionnaire was given to -prospective
subjects and used to record the subjects personal details
such as age, sex, health, fitness and any sleéping problenms.

Subject selection was made at this stage.

The pre-sleep questionnaire was designed to be com-
pleted immediately before thé subjects'retired to bed and
was used to obtain information concerning the amount of
physical activity taken during the day and to assess pre-
sleep tiredness. It was stressed to the subjects that. the
pre-sleep questionnaire should not be completed until the
subject was about to retire. Some thought was given to
this decision because this questionnaire contained the
Stanford sleepiness scale (Hoddes, Zarcone, Smythe, Phillips
and Dement, 1973). This scale is used to subjectively .
quantify sleepiness and it was included to see whether the
subjects felt more tired and sleepy following high levels
of physical activity compared to normal or below normal
levels. Obviously, the response given by a subject will
be influenced by the time of day when the scale is completed.
It can be argued that this time should remain constant to
contrbl for this influence. However, if this was specified,
then there would be the risk that the subject would forget

to record his or her feelings of sléepiness at the specified
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time. This might result in the subject failing to retﬁrn
the questionnaire. If the questionnaire is completed
immediately before retiring then there is less chance of
the subject forgetting. It was appreciated that the time
of day of completion may not be consistent from night to _
night. Thus, it was necessary to record the time of ret-
iring every night as this presumably related to the sleép—
iness of the subject. An early time of retiring in con-
junction with great feelings of tiredhess will obviously
indicate increased sleepiness. Similarly, a late time of
retiring in conjunction with no féelings of tiredness will
indicate decreased Sleepiness. Farly retiring times with
no tiredness or late retiring times with great tiredness
will be difficult to interpret. As the time of retiring
is depehdent upon other factors than tiredness (i.e. social
commitments, travelling, boredom), it was decided that the
time when the subject felt ready for bed should also be

recorded.

The post-sleep questionnaire was designed to obtain
information concerning the quantity and quality of sleep
‘as well as post-sleep tiredness. It was stressed to the
subjects that they should complete this guestionnaire only
after they had been awake for approximately 15 minutes.
This period allowed the subjects time to assess their_level

of tiredness.

The design of the three questionnaires is discussed
in more detail below. The left-hand column lists the
information required from the subjects whilst the right-

hand column comments upon the use o0of such information.
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Subject Questionnaire

Information Reguired:

Subject details.
Name, age, sex,

married/single.

Comments

This information might be useful
for detailed analysis of the

results or for comparison with

" any future work.

Subject screening.
Determine whéther
the subject has any
health problems.

.Determine whether

the subject has

" any sleeping

problems.

Subject fitness.
Determine how fit
the subject con-
siders himself or
herself to be.

If so, ascertain the nature of
the disablement and medication
taken‘if any. A physical handi-
cap might influence the subject's
response to activity, whereas a
mental handicap might‘be assoc-
iated with disturbed sleep; In
either case, the subject's data

should not be analysed.

If‘So, find out more details and
if any remedies or medications
are takén. If the problem is
severe or variable then the
subject's data should not be
analysed.

It is possible that fit subjects
will show different changes in
sleep behaviour than unfit Sub;'
jects'following high activity

levels.

Thus, an indication of subject
fitness is required for this
analysis. It is not practicable
to assess each subject's fitness
by objective criteria as this

would discourage many potential




71.

subjects and be extremely time
consuming. Therefore, each sub-
ject was asked to rate his, or
her, perceived fitness on a 4-

point rankable scale from "very

fit" to "very much out of condit-

ion".

Pre-Sleep Questionnaire

Information Required:

Determine subject’'s

pre—-sleep tiredness.

Determine the sub-

ject's level of

cactivity during

the day.

If physical activity
levels are greater
than normal then
determine at what
time(s) of day the

activity was taken.

Determine when the
subject felt ready
for bed.

Comments

Use Stanford SleepinessiScale.
(Hoddes et. al., 1973). This
scale is uséd to quantify sub-
jective changes in sleepiness

for any time period of the day

or night.

5—pbint rankable scale from
"greatly above normal"” to

"greatly below normal”.

Choice of morning,'afternoon,
early evening, late evening.
Determine the nature of the

activity.

This time is an indicator of
how tired the subject felt. It
is ‘possible that the subject
retired to bed early or late
due to factors other than

tiredness.




Information Required:

Determine whether the
subject felt that he
or she had retired to
bed too early, at the
right time, or too
late.

Determine whether
- the subject has had

a disturbing day.

Determine bedtime.

Determine whether
the subject has had

any daytime naps.

Comments

This gives another indication
of the subject's pre-sleep
tiredness. A éarly or late
bedtime is often imposed
because of factors other than
tiredness. Therefore, bedtime
on its own cannot always be
used as an indication of tired-

ness.

Anixiety and stress would be
reflected in disturbed Sleep
behaviour. The data for such

days should not be analysed.

This alloWs for the assessment
of other variables such as time
spent in bed and Sleep onset

times.

Can be used as an indication of

tiredness.

Post—-Sleep Questionnaire

Information Required:

Comments

Determine the subject's Use Stanford Sleepiness Scale.

post-sleep tiredness.

Determine subjective
sleep onset time,
sleep length and

time spent in bed.

Useful parameters for assessing

the need for sleep.
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Information Required: - - Comments
3. Determine subjective 5 point rankable scale from
sleep quality. "much better than normal" to

"much worse than normal". The
subject was invited to give
reasons for not sleeping well
as this could be due to many
factors (i.e. noisy neighbours,
not tired, cramp).

If it was due to extraneous
variables then the data for
that night was not anélysed.

4, Determine whether ‘Indicates whether the subject's

the subject felt in need for sleep has increased

need of more sleep. given that no changes are rep-
' ‘ orted for sleep length or
- sleep quality. The time of
awakening is often pre-deter-
mined by commitments and the
length of sleep cannot always

be used to assess the sleep

requirement. -
5. Determine.whether The use of an alarm clock could -
the subject used invalidate the use of sleep time
an alarm clock. as an indicator of sleep require-

ments. Care should be taken to
ensure that the frequency of use
of alarm clocks is comparable
following the various physical
activity levels otherwise the

use of an alarm clock might

become a main factor.
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3. SUBJECT SELECTION AND EXPERIMENTAL PROCEDURE

In order to investigate the effects of physical act-
ivity upon sleep behaviour it was necessary to obtain inform-
ation concerning the subject's sleep following a variety of
activity levels. As a 5-point rankable scale was used to
assess daily physical activity levels, it would be ‘desirable
to have the subjects.complete one or more sets of pre-sleep
and post-sleep questionnaires following each of the five
levels of activity. However, this was considered to be im-
practicable because it would have extended the duration of
the study which could have resulted in a poor return of.
completed questionnaires. Also, a subject may go for several
- days without a change in activity level and then forget to
‘complete the set of questionnaires when the activity level
“changes. This could result in the subject 'remembering’
~his or her level of tiredness, sleep times and other details

which is not desirable.

To minimise the possibiiity of subjects forgetting to
complete the questionnaires it was decided that the quest-—
ionnaires would be completed every night and_day.for seven
consecutive days, commencing on the day when the subject

received them.

To maximise the likelihood of obtaining data following

a wide range of activity levels, it was decided that careful
selection of the subjects would be nécessary. In addition
to being healthy and free f£rom medication and sleep problems,
it was important that the subjects took part in a physically
demanding pastime at least once or twice a week. It was
hoped that this would ensure that the majority of the sub-
jects would report some measurable degree of variation in

their daily activity levels during the course of the week.

In order to select such subjects, the experimenter

visited several sports centres which offered facilities
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for squash; badminton, swimming and other activities.
Prospective subjects were informally interviewed to
determine if they had any health or sleep problems and

to assess whether their daily activity levels showed

much variation during the course of a typical week. Suit-
able subjects were shown the questionnaires and asked if
they would like to take part in the study. If the subject
appeared Willing, then each question on the questionnaire
was discussed to make sure that the subjects would have

no difficulty in completing the queStionnaire. The sub-
“Jjects were asked to complete the first questionnaire that
vevenlng and to continue for seven consecutive days. A
stamped addressed envelope was provided with the quest-
1onna1res and the subjects were asked to post them the
follow1ng week upon their completion. A total of 80 packs

of queStionnaires were distributed.

It was appreciated that the information from the quest-
ionnaires may be influenced by the individual's expectations
of the effects of activity upon sleep. To minimise such an
effect, the experimenter made no reference to any experiment-

al or folk—-lore evidence of such a relationship.

4, DATA ANALYSIS

Fifty—-one subjects returned their questionnaires, _
giving a good response rate of approximately 64%. A total
of 332 days of data were used for analysis after the quest-
‘ionnaire had been inspected for omissions or reports of

anxiety or sleep disturbance by extraneous factors.

The factors and Varlables of interest in this study

are described below.
4.1 Factors

Daily activity levels (5 point scale), time of day
when activity taken (4 point scale) and subject fitness
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were the three factors of interest in this study.

4.1.1 Activity

The effect of activity upon sleep behaviour was the
main factor of interest in this study because of the var-
ied findings reported in the EEG studies of exercise and
sleep. Each subject's daily activity level was ascertained
from the 5 point scale in the pre—-sleep questionnaires
which varied from 'greatly below normal', 'below normal']

'normal', 'above normal' to 'greatly above normal’'.

However, as.only three subjects reported daily act—
ivity levels of 'greatly below normal' (giving a total of
3 days data) and only twelve subjects reported levels of
" 'greatly above normal' (giving a total of 18 days data),
it was decided to class the actiVity levels into three
groups namely, 'léss than normal’', 'normal','and"greater
than normal'. This gave 46, 147 and 139 days of data for

these classes of activity, respectively (see table 1).

4,.1.2 Time of day

The time of day of activiﬁy was considered because
the first study of this thesis (study I) had indicated
that this factor may modify the effects of activity upon
sleep. Whenever a subject reported activity levels greater
than normal, he or she was then asked to specify what time(s)
of day the activity was taken, given a choice of morning, -
afternoon, early evening and late evening (see pre-sleep
questionnaire). If a subject marked two or more time

periods then the later period was used in the analysis.
4,1.3 Fitness

It was not possible to implement standardised act-

ivity levels in this study because its objective was to
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assess sleep behaviour following various activity levels
encountered normally, and without the impositions usually
encountered in laboratory studies. It was not considered
‘practicable to assess fitness by objective criteria because
this would discourage many potential subjects and would be
very time consuming. Subjects described their level of
fitness in the subject questionnaire by choosing from a
four point scale comprising 'very fit, 'fit', 'a bit out

of condition' and 'very much out of condition'.

Out of the fifty-one subjects, only 2 described them-
selves as 'very fit' (giving a total of 11 days data) and
only 2 as 'very much out of condition' (giving a total of
14 days data). The four point fitness classification was -
therefore reduced to 2 classes, namely, fit and unfit giving
179 and 153 days of data for these classes, respectively
(see table 1).. o

Tabie 1: Number of days data for Activity and Fitness

Factors
Activity
Subject
Fitness Less Greater
than Normal than - TOTAL
normal normal

Fit 21 77 81 179

Unfit 25 .70 . . 58 153
TOTAL 46 147 . 139 | . 332

4,2 Variables

The variables of interest, their extraction from the

questionnaires and their units of measurement are detailed

below.




Question

At what time did
you start think-
ing about going
to bed tonight?

At what time are
you going to bed
tonight?

If you have fall-
en asleep during
the day please
. state when and
- for how long.

At what time did
you

a) fall asleep
c last night?

b) wake up this
morning?

| c) get up this
morning?

Do you feel that
you have gone to
bed

a) too early?

b) at the right

time?

c) too late?
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Variable

Thinking of bed

Actual bedtime

Daytime napping

Sleep onset

Sleep length

Time taken to
rise

Bedtime suitable

Data

Decimal clocktime
(choice of 30 min.
periods)

Decimal clocktime

Minutes

Minutes R
(calculated as the
difference between
the reported times
of going to bed and
falling asleep)

Minutes
(calculated as the
difference between
the reported time
of falling asleep
and waking)

Minutes

(calculated as the
difference between
the reported times
of waking and gett-—
ing out of bed)

3 point scale




Question

Which one of the
following state-
ments do you con-
sider to best
describe your
feeling during
the last quarter
of an hour?
(Stamford Sleep-
iness Scale)

Which of the foll-
owing do you con-

sider to best des-

cribe the quality
of your sleep last
‘night?

a) Much'better
- . than normal

b) Better than

normal
c) Normal

d) Worse than
: normal

e) Much worse
than normal

If you could,
would you have
liked to have
slept longer
this morning

a) Yes

b) No
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Variable

Pre—-sleep tiredness

Sleep Quality

More sléep
required

Data

Examined on 7 point
scale (1 - alert,

7 - sleep onset
soon). Statistical
analysis performed
on 3 point scale
(original points 1,
2 and 3 - not tired,
points 4 and 5 —
slightly tired,

" points 6 and 7 -

very tired)

Examined as a 3
point scale due to
the low frequencies
of 'much better' or

'much worse' reports.
a) Poor
b) Normal

c) Improved

2 point scale




4.3 Statistical Analysis

The statistical analysis was carried out ueing Glim -
a software package for the analysis of general linear models.
The analysis investigated the main effects of activity, time
of day of activity and fitness as well as the activity and
fitness interaction effect. The questionnaire data was an-
alysed separately for the time data (clocktime or minutes
duration) and the subjective ratings (tiredness, yes/no etc.).
As time data is ratio order, the analysis was carried out
" assuming a normal (gaussian) error structure. The subjective
- ratings were analyeed with respect to the frequency with
which each rating was made and, therefore,va Poisson erroxr

| structure was appropriate.

, It was appreciated that the use of an alarm clock was
a factor to be considered regarding sleep length and, con-
sequently, other variables such as post-sleep tiredness.

To assess whether any of the significant correlations bet-
weeh activity or fitness and the variables were due, in
part, to the varied use of an alarm (i.e. maybe unfit sub-
jects use alarm clocks more than fit subjects, or alarm
clocks are used more often following late evening exercise),

the frequency of use was determined across these factors.
5. RESULTS

The statistical analysis is summarised in Table 2 which
shows the mean values for the time data and the frequencies
for the subjective ratings. The significant findings are

displayed invfigures 1-7 where the frequencies are expressed

as percentages for each fitness group or activity level where

appropriate.

Activity was significantly related (p<0.05) with the
suitability of bedtime. From figure 1 it appears that the .




Table 2,  Summary of Questionnuire Data

FACTOR SIGNIFICANCE
VARIABLE ACTIVITY FITNESS
Less than | Normal | Greater Time of day exercise completed A activity
normal than (for '+' activity days only)} Fit Unfit F fitncss
normal - T time of day
Morning | Afternoon |Early ovening | Late cvening * p<0.05
. . *¥p<0,01
Time -thinking about 11.0 “11.1 11.1 11.0 11.1 11.0 11.7 11.2 10.9 F** F=9.3, df = 1,326
bed (decimal clock- ‘ e T ¥=3.3, df = 3,135
time)
Actual bedtime ) )
(decimal clocktimo) 11.9 11.8 11.9 11.7 11.8 11.8 12.5 12,00 11,7 [ F*¢ ¥=5,3, df = 1,326
: T* F=3.8, ¢f = 3,135
Daytime naps (mins) 7.6 6.9 4,2 8.3 1.7 4.5 4.6 6.5 5.1
Sleep onset (mins) 31.2 28.0 31.4 37.7 37.9 27.7 21,3 24.4 3G.2 F** F=17.9, df = 1,326
Slecp length (mins) 465.0 453.,6 445.4 430.5 444.0 460.9 426.5 442,.6 | 462.4 F* ¥=5,2, df = 1,326
Time taken to rise 28.3 39.5 34.2 23.0 42.1 31.1 35.4 38.9 32.1
(mins)
Bedtime suitable?
(frequency) 2
too early 4 8 1 o] [¢] 1 0 4 9 A* x7=10.7, df = 4
suitable 28 85 96 13 32 37 14 114 95
too late 14 54 42 7 13 13 9 61 49
Pre-sleep tired-
ness (frequency)
not tired 27 89 79 10 31 26 12 100 95
slightly tired 10 45 42 8 13 13 8 54 43
very tired 9 13 18 2 1 12 3 25 15
Post=-slecp tired-
ness (frequency) 2
not tired 35 106 91 15 30 ' 32 14 129 103 F* ¥° = 7.0, df = 2
slightly tired 8 32 38 3 12 15 7 14 34
very tired 3 9 10 2 2 4 2 6 16
Sleep quality (fre-
quency) ) . 2
poor 10 14 25 4 6 9 6 - 17 32 Fxx x2=10.1, df = 2
normal 27 111 85 13 30 31 11 131 92 A* X“=9.6, df = 4
improved 9 22 29 3 9 11 6 31 29
More slecep 