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PREFACE 

This monograph was prepared by Dr. Wojtczak-Jaroszowa at the National Institute for Occupational 
Medicine in the Textile and Chemical Industries, Lodz, Poland, and the Food and Nutrition Institute, 
Warsaw, Poland; under the auspices of a Polish-American Program (agreement number 05-516-1.16) 
financed by the National Library of Medicine, Bethesda, Maryland, USA. 

The National Library of Medicine gave the National Institute for Occupational Safety and Health 
permission to publish this monograph in the NIOSH Technical Report Series. In preparing the 
manuscript for publication, some editorial rewriting was done to make the text conform with standard 
English sentence construction and word usage. However, special effort was made not to alter the factual 
material, the intent, and the conclusions of the author. 

During the past year, since the original text of the monograph was prepared, new research data with 
extensive references have been made available which warranted their inclusion in this monograph. The 
material was added as a three-section Addendum. Figures and references in the Addendum are iden­
tified and listed independently from those in the main body of the monograph. 
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INTRODUCTION 

The necessity for night and shift work' originates not only from economic factors, but from social 
conditions as well. Night and shift work are encountered commonly in public services such as transport, 
army, police, telecommunications, and health care and in those branches of industry where continuity of 
operations, whether for technological or economic reasons, is indispensable, e.g., in electrical plants, 
gas works, oil refineries, glass factories, printing houses, coal mines, electrochemical industry, phar­
maceutical plants, and metal smelting industries. 

Often an interruption of a continuous technological process, even if only for a few hours, would cause 
disproportionately increased costs. An additional reason for introducing shift work systems, is the need 
for maximal use of expensive machinery, as well as, for production needs. Progress in automation of 
technological processes and the wide. use of computers have also stimulated the introduction of shift 
work. 

In recent years. numerous international symposia and meetings have heen devoted to problems re­
lated to shift work. This growing preoccupation with the suhject by physiologists. psychol()gists. in­
dustrial physicians, industrial engineers, sociologists, and economists results from the contlict arising 
between economic demands for 'greater numbers of workers on shift work on the one hand, and the 
stresses of shift work on those workers on the other. The necessity for applying the shift system in con­
temporary industry has stimulated research studies with goals to decrease the stressfulness of shift work, 
particularly the night shift. 

In this rev iew, the results of physiologica I and psychologica I studies related to night and shift work 
have been collected. They are discussed mainly from the standpoint of their possible utilization in in­
dustry, in understanding the problems of shift work, the sources of possibI'e troubles and complaints 
connected with shift work, and in the alleviation of the problems. 

The wide variety of jobs involving shift work in modern industry indicates the need for this review. In 
Chapter I, and Addendum VI and VIII circadian rhythms in biological functions are reviewed with the 
purpose of drawing the reader's attention to the variations in the organism's functional capacities during 
day and night, and as a result of that, variations in responsiveness to environmental factors, as well as, to 
work. It is not the intention of the author to suggest that all night-day variations observed in physiologi­
cal functions, sensory-motor performance, and work efficiency retlect only the circadian rhythm. The 
problems related to physical work are dealt with in Chapter II and Addendum VII, mental and sensory­
motor performance in Chapter III, and some aspects of the night work in hot environments in Chapter 
IV. The main objective is to attempt an answer to the question: Is it appropriate to impose the same de­
mands on a worker employed at night as those required of a worker during the day and, if not, to what 
degree and in what respect should the requirements be modified? 

Special attention is paid in Chapter V to the importance of sleep after night duty. I n Chapter V I, data 
are presented on various arrangements of shift systems, as well as, on organization of the working time 
and breaks during the night shift. 

It should be noted that study ing shift workers under cond itions of their normal occupationa I activ ities 
does not permit an estimation of the extent that the observed variations result from the endogenous cir­
cadian rhythm and to what degree they retlect the intl uence of the exogenous "synchronizing" factors. In 
this review, the results of research studies are presented in a descriptive manner without always going 
into causes of the observed variations, whether they were the consequence of the endogenous circadian 
rhythm or of exogenous factors. 

• Definition of the term "shift work" denotes an employment system in which the working hours of the worker change 
periodically. but more or less regularly. Thus, for example. a two-shift system includes most commonly a morning and an after­
noon shift: the three shift system. in addition. includes a night shifl. This review deals mainly with systems of three or more 
shifts, one of which is a night shifl. 
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CHAPTER I 

CIRCADIAN* RHYTHM OF BIOLOGICAL FUNCTIONS AND 
NIGHT WORK 

"Biological cycles exert their power upon us from birth until we die, although most of us take little 
note of them, remaining ignorant of regular periodicities in our moods, strength, days of efficien­
cy, days of sluggishness" 

CIRCADIAN PERIODICITY 

Most physiological functions and metabolic 
changes display a circadian periodicity with a cy­
cle of about 24 hours duration (7,19,44,204). 
There are many studies concerning the circadian 
rhythms of body temperature, heart rate, blood 
pressure, urine production, blood leucocytes 
(20,109,132,139,140,180), secretion of enzymes 
and hormones, excretion of electrolytes in 
the urine (6,39,75,120,146,175,187,233,237, 
289), rate of dentin calcification (184), and 
metabolic activity of bone tissue (232). Day-night 
variations in physical, mental, and sensory-motor 
performance also have been observed (13,54,87, 
89,90,98,115,152,172,236,262). 

Rhythms of many functions are interrelated; 
however, this does not mean that their maxima or 
minima coincide in time. Thus, for instance, 
elevation of skin temperature of the extremities in 
the evening is accompanied by a decrease of the 
deep body temperature (8). Urinary excretion of 
electrolytes shows circadian variations (65,77); 
however, the peak of magnesium and calcium ex­
cretion coincides with the diurnal minimum for 
chlorides (figs. la, b). Adrenalin and 
noradrenalil) secretion is higher during the day 
than at night, whereas the concentration of anti­
diur~tic hormone peaks at night (73,84,154,239). 
According to observations by Doe, et al. (64,65), 
the maximum sodium and potassium excretions 
are in phase with 17-0HCS in urine (fig. 2a). In 

- G. G. Luce, 1. Segal, 1966 
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Figure 1 a. Circadian excretion cycles of magnesium 
and calcium for 8 subjects (age 6 to J 7 years) who 
were examined for J 20 hours on a standard dietary 
regimen ingested every 4 hours (Fiorica et al., 
/968). 

material by Bartter et al. (24), the peak of these 
electrolytes occurred about six hours prior to the 
maximal level of 17 -OHCS and aldosterone in 
urine (fig. 2b). The peak and trough of the blood 
eosinophils appear at the time of minimal anL 

* The term "'circadian rhythm" is derived from Latin "circa 
dies" which means appruximately 24-hour periods. The 
term is used mure frequently than "24-hour biological 
rhythm"' because it was shown that in artificial conditions 
of isulation from envlronl11ental stimuli. some rhythl11s do 
not adhere strictly to a 24-hour periodicity (10. 12.45. 
95. 186) 

! Preceding page biank 
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Figure 2a. Relationship ofmean diurnal variation in 
excretion of sodium, potassium, and 17-0HCS in 8 
normal subjects. The lmvest electrolytes excretion 
occurred in the 3-hour period following the lowest 
excretion of 17-0HCS (Doe, Vennes, and Flink, 
1960). 

maximal 17-KS urinary excretion, respectively 
(fig. 3). I n turn, the peak of eosinoph ils and 
lymphocytes in peripheral blood coincides with 
the trough of body temperature. On the other 
hand, the curve of body temperature reaches the 
diurnal peak together with the urinary excretion 
of 17-0HCS (fig. 4). The maxima and minima of 
the different types of circulating blood leucocytes 
are also manifested at different times of the day. 

Circadian periodicity of biological functions 
determines the variations in susceptibility of the 
organism to different environmental factors. 
Time related responses to many drugs and 
pathogenic agents are discussed by many authors 
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Figure 2b. Relative change in excretion of steroids. 
sodium, and potassium in a group of seven college 
girls (Barlter, Delea, and Halberg, 1962). 
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eosinophils and of excretion of 17-KS. in a group of 
!7 healthy males (Halberg, 1953). 

(108.112,125,165,176,210,214,242,237). Circa­
dian rhythm of the time of human death from 
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Figure 4. Relative changes in body temperature, cir­
culating leucocytes, and urinary steroids in seven 
college girls (Bartter, Delea, and Halberg, 1962). 

some diseases has been described (235). In the 
course of many diseases, the symptoms are 
usually more severe at particular times of the day 
or night. There is no exaggeration in the state­
ment of Luce and Segal that '"a man at 10 a.m. is 
not the same man at 4 p.m. or midnight. Indeed, 
the same individual is radically different at 2 
a.m." (165). Even the responsiveness to the ad­
ministration of salicylate varies with the time of 
day (fig. 5); this is often not appreciated in spite of 
the common every day use of salicylates (215). 

The circadian rhythms of a number of 
physiological functions persist even under con­
trolled conditions with an artificial lighting regi­
men, in which the local time scale and social 
schedule are abolished. The persistence of many 
rhythms does not seem to depend upon changes in 
motor activity and environmental factors, 
because they also can be observed in subjects rest­
ing continuously for 24 hours, as well as, in peo­
ple living under artificial conditions of isolation 
(11,45,69,186,188). Similarly, the rhythms are 
maintained during starvation or low-calorie food 
intake, restriction of fluids and mineral salts, and 
under cond itions of sleep depr ivation (82,83,85, 
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Figure 5. Circadian variation in salicylate excretion. 
The medicine was given orally at 7 a.m., II a.m., 7 
p.m., or II p.m. (Reinherg et al., 1967). 

154,210,212,213). 
The periodicity which is maintained indepen­

dently of the environmental conditions (as when 
the surrounding is artifically kept constant) is 
called the endogenous period icity, in con t rast 
with the exogenous rhythm whose phases can be 
related to changes in environmental factors. 
However, this classification is, at least with 
regard to some of the biological rhythms, of 
limited value in understanding their mechanisms. 
With several rhythms it is still a matter of dispute 
into which category they should be included. 
There is also the basic question of how long 
should a period of isolation last to be sufficient 
for assigning a given rhythm to the endogenous or 
exogenous category. The alteration of phases in 
time as a consequence of changes in the environ­
ment does not. however, mean that the given 
periodicity is of exogenous origin. It may just 
point to a synchronization of circadian 
periodicity with the environmental factors. 

Many observations indicate a role of the hy­
pothalamo-hypophyseo-ad renocortical system in 
the maintenance of circadian periodicity 
(4,54,70,76,105,131,149,242). This is under­
standable because this system plays a key role in 
physiological regulation, and because a large part 
of known hypophyseal ,hormones are the trophic 
ones, i.e., stimulating secretion of the other en­
docrine glands. On the other hand, the secretory 
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function of the hypophysis remains under the con­
trol of the hypothalamus. Thus, for instance, a 
relationship exists between circadian variations of 
hypophyseo-adrenocortical activity and circulat­
ing leucocytes in blood. Halberg (107) has shown 
that the rhythm of blood eosinophils disappears 
after adrenalectomy. However, it was possible to 
restore this rhythm by administration of 11,17-
oxycorticoids. Some rhythms (e.g., 17-0HCS 
secretion) are disturbed or abolished in patients 
with the Cushing's syndrome (64,65). 

The phase relationship between the circadian 
pattern of urinary potassium and that of 17-
OHCS, as well as, of aldosterone secretion, has 
been shown. This is understandable because the 
changes in potassium excretion depend on the ac­
tion of the steroids. The variations in sod:um ex­
cretion closely parallel those of potassium excre­
tion (64,65.110,235). This would suggest (24) 
that besides steroids, sodium excretion is also 
controlled by other mechanisms; it is known that 
the influence of these hormones on the excretion 
of sodium and potassium is opposite. In Addison's 
disease, a decreased amplitude of circadian varia­
tions in sodium and potassium urinary excretion 
was noted (24). An experimental study performed 
on rats showed (210) that circadian variations in 
metabolism of some drugs in the liver are 
abolished by adrenalectomy whereas, they were 
maintained during starvation. 

Some role in maintenance of circadian varia­
tions is attributed to visual stimuli, especially in 
lower animals (38,44,78,119,131,137). It was 
shown that the circadian rhythm of pineal gland 
function is related to the changes in light inten­
sity: In many lower animals (e.g., fish and 
lizards), the pineal gland is a receptor of visual 
stimuli, * In rats, activity of the pineal enzyme, 
catalyzing the terminal stage of melatonin syn­
thesis, is reduced under the influence of light. In 
some reptiles, amphibia, and fishes, the secretion 
of the melanophoric hypophyseal hormone is also 
regulated by visual stimuli, Both of these hor­
mones, the melatonin secreted by the pineal gland 
and the melanophoric hormone of the hypophysis. 
may modify the color of the skin of reptiles and 
amphibia by changing the distribution of color 
granules in the melanocytes, It was observed that 
a constant night coloration of the skin was main­
tained in lizards after hypophysectomy. 

• In the course of ontogenesis. part of the pineal gland of 
some lower venebrates evolves into an organ of vision: 
the so called third eye. 

The importance of the light-dark schedule for 
maintenance, of some circadian rhythms in 
humans is pointed out by observations made on 
blind people (118,123). Januszewicz and Wocial 

(123) noted that no day-night variations were 
found in urinary excretion of catecho I am ines in 
blind subjects, in contrast to people with normal 
vision, On the other hand, circadian periodicity 
of 17-0HCS secretion was maintained in the 
blind subjects, though the amplitude of the varia­
tions was lower (185). There is little doubt that 
visual stimuli playa special role in the adaptation 
of the organism to the alternating environmental 
factors. In lower animals, changes in the ambient 
temperature can exert an influence on some 
period icities. 

The fact that circadian periodicities occur even 
at the cellular level suggests that they must be 
linked to the cellular structural organization. It 

. also implies an existence of a hypothetical 
"clock" of endogenous biological rhythms 
(9,38.68,108), A significant role in the timing of 
biological processes is attributed to the recycling 
of the mechanism regulating the transcription of 
template RNA from DNA (54,68), The self-sus­
taining endogenous cellular "clocks" are suscepti­
ble to environmental factors in such a way that 
they synchronize the metabolic cellular rhythm 
with external cyclic changes in the environment. 
In higher animals, this cellular timing is subjected 
to the overlying endogenous oscillatory "clock," 
localized in the central nervous system, which 
receives stimuli from the outside world and syn­
chronizes the rhythms of particular biological 
functions, The basic role of the physiological 
organization of circadian changes is attributed to 
neural and neurohormonal regulation. 

Finally, the biological circadian rhythm is con­
sidered a genetically determined phenomenon 
which enables the adaptation of the organism to 
normal variations of the environment connected 
with astronomical timing. signalized by ex­
ogenous synchronizers * (light-dark regimen, 
changes in ambient temperature, conditions of 
social life. meal schedules, etc.). In this way, fac­
tors determine only the position of the phases of 
endogenous rhythms, In ontogenesis the en­
dogenous circadian periodicity has been syn­
chronized with environmental changes, and we 
"learn" to sleep at night and to lead an active life 

, . The factors playing a role of synchronizers arc cal leu the 
"timegivers" (Zeitgcbcrs) in German literature (Aschoff. 
1958) 



in the daytime. In this sense, the biological 
rhythms are the result of the interaction of inter­
nal and external timing. 

EFFECT OF NIGHT WORK 
ON CHRCA!DlIAN R.HYTHMS 

Night work is connected with the necessity of 
inverting the normal sleep-wake cycle. Under ar­
tificial circumstances of isolation with altered 
day-night regimen, after time zone translocation, 
or in industrial situations where undisturbed day 
sleep is possible, some changes in bodily rhythms 
corresponding to the actual sleep-wake schedule 
occur (51, 52, 93,134,136,139,141,150,159, 
162, 163, 195, 198, 206, 225, 238, 250). Such 
adaptation is observed especially in situations in 
which all members of a given social group keep 
the same diurnal rest-work pattern. For instance, 
in the course of long distance flights with time 
zone translocation, Klein, Wegmann, and Hunt 
(136) observed some changes in circadian 
periodicity of body temperatur~ (fig, 6). Col­
quhoun, Blake, and Edwards (47.48) noted the 
changes in the pattern of body temperature in sub­
jects employed in a simulated shift system, in 
which the hours of night duty and day sleep were 
kept constant for about 2 weeks (fig. 7), 

For shift workers who live under usual housing 
conditions, have families, and want some active 
social life, the situation is entirely different. The 
friends, family, and neighbors to whom the 
workers return every day after night duty, lead 
normal lives. They are active at the time the shift 
worker tries to sleep. Irrespective of work at 
night, the normal diurnal pattern of body tem­
perature is usually sustained. During the night 
shift. the body temperature is higher at the begin­
ning of the shift and it falls gradually during the 
night, regardless of the worker's physical ac­
tivities. On the other hand, during sleep in the day 
hours, the body temperature is usually higher 
than during the night work. 

In the shift workers studied by van Loon (255), 
body temperature rose only slightly during the 
night shift in spite of being on the night shift for 
weeks, but it still remained lower than during the 
day shifts (fig. 8). Similarly, M igeon et al. (185), 
found normal circadian rhythms in circulating 
eosinophils, as well as, in iron and 17-0HCS con­
centration in the plasma of subjects (nurses and 
watchmen) who worked continuously on the night 
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shift for at least 6 months (fig. 9). 
I n our own investigat ion (201,283,284), 'cotton 

mill workers with long experience with a shift 
work system were studied. In all workers, the 
body temperature was higher during the day shifts 
than during the night. These differences were 
statistically significant for 80 percent\of workers 
(fig. lOa). The systolic blood pressure was also 
lower during the night, shift (fig. lOb) and the 
differences in heart rate were less pronounced 
(fig. 10c). It was characteristic that the same pat­
tern of the physiological curvts was shown on 
each day of the week for a given shift. This was 
especially evident in the curves of body tem­
perature (figs. 1 I a, b, c). Thus, during the week of 
night shift work the lowest values were always 
noted at about 2 a.m. on the first. as well as, on 
the last night of the week (the slight rising trend of 
these values over the week was statistically insig­
nificant), According to Gambashidze (87,89), the 
gradual fall of body temperature in shift workers 
(subway employees and bakers) was observed 
during a week on the night shift. The author sug­
gests that this was an effect of fatigue connected 
with insufficient sleep during the period of night 
shift work. 

Total inversion of circadian rhythms is not 
often observed in shift workers. In several cases, 
however. some flattening of diurnal curves or 
diminution of the differences in values of 
physiological functions between measurements 
performed on day and night shifts are observed 
(84,110,201,246,255), However, the return to a 
normal diurnal periodicity usually occurs faster, 
commonly within the first day back on a normal 
activity schedule, There are some suggestions that 
the character of the work performed by shift 
workers exerts an essential influence on the 
course of the changes in circadian rhythms. 
Namely, the inversion of some rhythms is more 
frequently observed when the work requires 
muscular activity than during mental or 
monotonous work (21, 181, 246). According to 
Barhad and Pafnote (22), the character of work 
has as much influence on the adaptation to night 
work as the influence of the shift system itself. 

The length of period sufficient for the inversion 
of circadian rhythm due to inversion of the sleep­
wake cycle, varies for different physiological 
functions (84,159,186,27Il. Gambashidze (89) 
suggested that phylogenetical\y "younger" 
systems adapt more readily to an inversion of the 
sleep-wake cycle than do phylogenetically 
"older" ones. 
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Relatively small changes are observed in the 
rhythm of body temperature. This rhythm main­
tains its original course even after a long period 
on the night shift. It has been shown that there is 
some parallelism in circadian changes among 
body temperature, basal metabolism, general 
feeling of well-being. and performance on several 
mental and manual tests (46.138,139.172,199, 
228). Therefore. very commonly. adaptation to 
night work is evaluated on the basis of changes in 
the circadian rhythm of body temperature. It does 
not seem, however. that this is the only reason for 
such a widespread application of these measure­
ments. Measuring the body temperature is simple 
and the circadian rhythm of body temperature is 
well documented. 

In many cases, the desynchronizalion among 
different circadian rhythms can be observed after 
altering the wake-sleep cycle. Desynchronizations 
result from changes in some rhythms, whereas 
others maintain their normal pattern (41.84.136. 
158,159,186,271). A clear desynchronization of 
some rhythms was observed by Lewis and Lobban 
(159) in members of an expedition to Spitzbergen. 

Artificial "daily periods" of 21 or 27 hours dura­
tion were created by specially designed watches. 
The authors demonstrated that the rhythm of 
body temperature was adapted to the experimen­
tal daily routine more easily than those of urinary 
excretion of water and electrolytes. The rhythms 
of water, chloride, and potassium excretion were 
also desynchronized. 

Froberg et al. (84). studying shift workers in a 
paper mill, observed some elevation of urinary 
adrenal in excretion after several days of night 
work. whereas the level of noradrenalin excretion 
remained unchanged (figs. 12a,b), Weitzman et 

al. (271), studied subjects living in an artificial 
lighting regimen for which night was created be­
tween 10 a.m, and 6 p,m. The diurnal rhythm of 
diuresis and urinary excretion of creatinine were 
inverted after a relatively short time. whereas the 
circadian rhythm of l7-0HCS excretion showed 
only a tendency toward an inversion in the second 
week of the experiment. However. body tem­
perature sustained its normal pattern over the en­
tire period of observation, 
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In the period of desynchronization of rhythms, 
the susceptibility of the organism to various 
harmful factors increased. For a proper function­
ing of the body, not only is the transport of the 
"right material" to the '"right places" and in the 
"right amounts" important, but it is equally vital 
that it happens at the "right time" (Halberg, 108). 
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Figure 11, Body temperature curves of spinners 
(employed in a shift system with weekly rotation) 
during successive duties on (a) the morning, (b) 
a.fternoon. and (c) night shift. The regression lines 
have been drawn on the basis of the average values 
obtained (I) at the beginning, (II) after 4 hours. and 
(III) after 8 hours of work (Pawlowska-Skyba. Wo­
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Such desynchronization and abnormal diurnal 
variations of some functions have been observed 
during the course of several illnesses (6,39,146, 
149). "It seems important to ask whether distur­
bances of the normal time relations among the 
circadian rhythms themselves are signals of the 
tern poral I im its to functional integration -and 
adaptability and whether they might underlie dis­
ease. If so. recognition of variations in time rela­
tions among rhythms will contribute to the under­
standing of temporal maladaptations and diseases 
and thus to their eventual prevention or correc­
tions" (Halberg, 108). 

Thus, it is doubtful whether the symptoms of 
such desynchronization should be taken as an 
adaptation to night work. It rather requires rais­
ing the question of whether such an "adaptation" 
is at all desirable. It is also disputable that adap­
tation to night work may be evaluated on the basis 
of separate changes in some physiological 
rhythms. Even if some of them are inverted, the 
others (not studied) may maintain their previous 
pattern. On the other hand, it is impossible 
(especially in occupational conditions) to 
simultaneously measure the circadian rhythms of 
a large number of functions. 

Eustace claimed that "men should not work for 
more than three days on any shift. as this means 
they will not have to invert rhythms to adapt to 
night shifts and then it will not be necessary to 
again revert to the normal diurnal rhythm" when 
returning to the day shift (74). In this situation, it 
seems more proper to talk about "tolerance" to 
night work rather than the "adaptation" to it. For 
an evaluation of night work tolerance, the social 
conditions of workers and their subjective feel­
ings must be taken into consideration. However, 
feelings can not be accepted as an objective and 
quantitative measurement. For the objective 
assessment, it seems more appropriate to measure 
the work efficiency itself. According to Col­
quhoun's (46) research, programs in this field 
should give priority to the tests evaluating perfor­
mance and the individual efficiency of workers. 
'"There may be a very few situations where this 
work is itself of such a nature as to provide direct 
measures of , true' efficiency, but in the majority of 
cases the latter will have to be assessed by inter­
polated tests. Thus, one of the major initial con­
cerns of a laboratory research program should be 
the creation of tests which, though short. are 
nevertheless particulartly sensitive to circadian 
tluctuations, simple to administer, and also of 
high reliability" (46). 
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CHAPTERH 

PHYSICAL WORK 

Despite the fact that heavy physical work is 
being gradually eliminated in industry and 
replaced by machines and automation, its role in 
many types of work such as coal mining, farming, 
and lumbering remains unquestioned. Also, 
muscular activity plays a basic role in numerous 
sports. The problem of circadian variations on 
the ability to perform physical work has been 
raised by many authors. The results of studies 
concerning the day-night variations in physical 
fitness and in physiological responses to external 
work will be presented in the last two sections of 
this Chapter. The mechanisms underlying these 
variations seem to be closely related to day-night 
variations in pulmonary and circulatory functions 
and in metabolic changes responsible for the 
energy supplying mechanisms. These are treated 
in the first three sections of this Chapter. 

ROLE OF SOME FACTORS IN ENERGY 
TRANSFORMA TION DURING PHYSICAL 
WORK IN THE DAY AND A T NIGHT 

Large quantitIes of substrates are utilized by 
skeletal muscles during physical work. These 
substrates are derived mostly from the glycogen 
stores in the muscles and liver and from the 
triglycerides of adipose tissue. Prior to oxidation, 
the triglycerides are converted into free fatty 
acids (FFA) which pass into the blood. Mobiliza­
tion of lipids exerts some protective role on the 
glycogen stores whose depletion may then be 
delayed during prolonged work. However, during 
heavy work, the glycogen stores are the major 
energy source. At the beginning of exercise, work 
capacity is related to the glycogen content of the 
working muscles. When the muscle glycogen level 
decreases, the glucose output from the liver then 
contributes the energy fuel for the muscles. 

Among several factors that play an important 
role in metabolic changes during physical work, 
some show clear circadian periodicity. e.g .. ac­
tivity of the sympathetic nervous system, pituitary 
hormones. glycocorticoids, and catecholamines 
(192). Circadian variations have been shown for 
glycogen synthesis in the liver (86) and for the 
concentration of blood glucose (92). According 
to Gerritzen (93), the amplitude of day-night 
variations in the concentration of blood glucose 
was especially prom inent in diabetics. The higher 
values were regularly noted in the morning and 
the lower ones in the evening regardless of the 
food intake which occurred every hour 
throughout the 24 hours. 

The activation of both glycogenolysis and 
lipolysis during exercise is regulated by 
catecholamines. It has been shown that the 
catecholamine level in blood and urine increases 
during work. Catecholamines come to adipose 
tissue not only via circulating blood. but they are 
also released from the term inal nerve end ings of 
the sympathetic nervous system, reaching the 
adipose depots in different parts of the body. [n 
this way. the metabolism of fats is 'directly con­
trolled by the sympathetic nervous system. 
Lipolysis is further sustained by adipokinetic 
pituitary hormones. However. the role of the 
growth hormone (HGH) is still unsure. [t is sug­
gested that the action of HGH depends upon in­
creasing the sensitivity of adipose tissue to all 
adipokinetic agents. The increase in the plasma 
growth level of the hormone was observed under 
various physiological conditions with the physical 
work and sleep bringing about the greatest in­
crease (57,209.227). 

Because of the lower level of catecholamines 
and glycocorticoids, as well as. the diminished ac­
tivity of the sympathetic nervous system at night 
due to ci rcad ian rhythm, the possibi I ities for 
mobilization of glycogen and lipids depots during 
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physical work are probably diminished at night 
and muscle glycogen, then, is the main energy 
source. This can have a limiting effect on work 
capacity at night. especially in the case of 
strenuous exercise involving large muscle groups. 
Therefore, it seems likely that the tendency for 
severe hypoglycemia during heavy physical work 
could be higher at night than in the daytime. 
However, data which would confirm this 
presumption could not be found in the available 
literature. It also seems possible that, if in fact 
HGH would be released during physical work ir­
respective of the time of day, the mobilization of 
lipid sources could occur more easily at· night 
than the uti I ization of glycogen. These hypotheses 
require experimental confirmation. 

DA Y-NIGHT VARIATIONS IN 
VENTILATORY CAPACITY 

Pulmonary functions show clear circadian 
variations (37,182). Apart from the lower 
respiratory frequency, a reduction in the tidal 
volume. vital capacity, and alveolar ventilation is 
observed at night. In studies performed by 
Malinowski (1973) on female shift workers, the 
highest values of vital capacity were noted at the 
beginning of the afternoon shift at about 2 p.m. 
and the lowest values occurred at the end of the 
night shift, about 6 a.m. During the morning shift 
(6 a.m. to 2 p.m.), the vital capacity increased on 
the average by 22.6 mL whereas it dropped by 
83.0 ml and 211.1 ml during the afternoon (2 p.m 
to 10 p.m.) and night (10 p.m. to 6 a.m.) shifts, 
respectively. 

In the stud ies of Burger et a1. (37), respiratory 
function tests were performed on workers 
employed, in a 2-shift system in which the duty 
lasted from 7:30 a.m. to 5 p.m. and from 10 p.m. 
to 7: 30 a. m. The respiratory functions were 
measured twice per day, i.e., at the beginning and 
at the end of each shift. In these hours, no clear 
differences in respiratory function were observed 
on the tests performed at rest. However, signifi­
cant differences were noted in respiratory minute 
volume when the measurements were carried out 
during cycling on the ergometer (at a work load 
of 110 watts). For the cycling, the values were sig­
nificantly lower when the work was done at night. 

Maximal breathing capacity also showed a 
downward trend at night. This was reflected by 

lower values of forced vital capacity and the 
forced expiratory volume (32,96,101,156). The 
graph depicting circadian changes of four ven­
tilatory functions is presented in figure 13. 

The diurnal changes in the forced expiratory 
volume (FEY) are manifested even in workers 
with long experience in the shift system. The 
amplitude of circadian variations of FEY in heal­
thy subjects amounts to about 0.1 L (55). It is 
noteworthy (260) that in p~ople who work in the 
dusty environment of cotton mills, as well asin 
subjects with byssinosis, and apart from usually 
higher values of FEYO.75 in the daytime, the 
red uction of the FEY 0.7 5 during the work per iod 
on every sh ift was observed (fig. 14). 

DA Y-NIGHT VARIATIONS IN 
CIRCULATORY FUNCTIONS 

Several functions of the circulatory system re­
main at a lower level at night (37,58,87,117,132, 
135,262) even in workers with long shift work ex­
perience. This refers particularly to arterial 
systol ic pressure and pulse pressure. Less regul ar 
changes are seen in the heart rate. The circadian 
variations in arterial systolic pressure parallel the 
variations in arterial blood now which have also 
been demonstrated (128). 

Diminution of pulse pressure during the night 
results from a greater reduction of the systolic 
than of the diastolic blood pressure (23,182,201, 
283,284). In our studies performed on shift 
workers (spinners), the lowest values of pulse 
pressure were during the night shift, after mid­
night (fig. 15). This was accompanied by a feeling 
of tiredness and sleepiness. The diurnal variations 
in blood pressure were more pronounced in in­
dividuals with hypertension (figs. 16a,b). This 
might be the cause of the poorer tolerance to night 
work by the hypertensive subjects (217,231). 

In spite of parallel circadian changes in heart 
and respiratory rates, the quotient: pulse 
rate/respiratory rate (Qp/A), also shows circadian 
changes as a result of a relatively greater decline 
of heart rate than in respiratory rate at night 
( 1 14). During night sleep this quotient oscillates 
around the value of 4. Early in the morning, even 
in people refraining entirely from any physical ac­
tivity, Qp/A increases and in the daytime it re­
mains at a higher level than at night (fig. 17). The 
circadian periodicity of Qp/A could be abolished 
by administration of Somnifen. 
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FiRure 13. AveraRe curves of indirect maximal breathinR capacity (IMBC), vital capacity (VC), forced ex­
piratorv volume, I second (FEV I), and forced inspiratory volume, I second (FIV I). The in vestiRations were 
perfor~ed on 16 healthy males (20 to 25 years old) unaccustomed to night work. who were examined every 2 
hours (Gielec, 1973). 

FITNESS AND ORTHOSTATIC TESTS IN 
THE DA Y AND AT NIGHT 

There is some disagreement in the results of fit­
ness and orthostatic tests when day and night ex­
periments are compared (21,133,135,151,182, 
251,257.258.279). Even the same authors. when 
using different tests of fitness sometimes obtain 
contradictory results. Thus for example. Klein, 
Wegmann, and Bruner (135) observed that tilt ta­
ble tolerance was relatively better in the after­
noon (between 3 p.m. and 7 p.m.) than early in 
the morning (between 3 a.m. and 6 a.m .. fig. 18a). 
In the same people, the Schneider's index and the 
V'02 max predicted using the Astrand and Rhym. 
ing nomogram were relatively higher at night 
than in the afternoon (fig. 18b). 

In the Crampton's test, higher values were 
usually obtained at night (21,22). whereas the 
results on Lehmann and Michaelis test 

(Amplituden-Frequenze Product) indicated 
lower physical fitness at night (151,153,279). 

In general, for fitness tests in which short or fre­
quently altered work loads are applied, as in the 
Miller's test (Leistungs-puls Index, LPI) or in 
some mod ifications of the PWC 170 test (Physical 
Work Capacity). results suggest that physical fit­
ness is higher at night (258.280). The circadian 
changes in PWC 170 are presented in figure 19a. 
Also in our own studies (in press), in which the 
PWCl70 test has been applied in the form 
modified by Macnab, Conger, and Taylor (166) 
with the work load changed every 4 minutes. 
higher values were obtained at night than in the 
daytime (Table I). 

In the PWC 170 test. the index is calculated as 
the work load that produces a pulse rate of 170 
beats/min. Consequently, the higher index values 
obtained at night could result from a lower heart 
rate at a given external work load as compared to 
the daytime. This finding seems to derive from 
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TABLE 1 

Subject x2 - xI X 100 
xI 

Subject x2 - X I x 100 Subject x2 -xlxl00 
XI 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
1 1. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 

+ 8.8 
- 1.1 

+ 13.8 
+ 27.6 
+ 32.1 

- 5.7 
+ 1-3. 9 
+ 67.8 
+ 12.7 
+ 1.0 

- 19.1 
+8.7 

+ 25.5 
+ 21.9 
+1.5 

+ 19.6 
+ 2.9 

+ 14.4 
+ 15.8 

XI 

20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 

- 1.7 39. + 36.7 
+ 8.6 40. - 1.9 

+ 17.8 41. + 6.0 
- 5.4 42. + 3.5 

- 12.6 43. - 10.1 
- 1.3 44. + 8.8 

+ 14.3 45. + 7.1 
- 1.8 46. + 10.3 
+ 4.5 47. + 3.7 

+ 18.3 48. - 1.0 
- 2.1 49. + 5.3 
- 6.6 50. + 0.2 

+ 15.3 51. + 5.5 
+ 6.2 52. + 22.3 

+ 21.9 53. - 1.0 
+14.9 54. + 19.8 

- 3.7 55. + 9.2 
+ 3.8 56. + 6.0 

+ 15.3 

Table I. The differences in PWC 170 test between day (x I) and night (x2) experiments. The experiments 
were performed between 9 a.m. and 1 p.m., and I p.m. and 5 a.m. in the day and at night, 
respectively. The values were calculated individually. taking the day values as 100 percent 
(280). 

t\VO circumstances: the short duration of every 
work load used and the lower resting heart rate 
during the night than in the daytime. In this situa­
tion. the work lasting only 4 minutes could be 
sufficient to reach the steady-state level in the 
daytime, but might be too short to do so at night. 
This presumption is confirmed by our studies (un­
published), in which a given external load on the 
ergometer was applied to the same people both in 
the day and at night. In these experiments we have 
observed that to reach a ~teady state level. the 
work had to be prolonged beyond the 6-minute 
period more often during the night sessions than 
in the day. It has been assumed that the steady 
state level was reached if the difference in heart 
rate in two successive minutes did not exceed 5 
beats per minute. 

A similar explanation also seems plausible to 
elucidate the day-night variations in the LPI. This 
index relies heavily on the changes in pulse rate 
during the test. Voight et al. (258), demonstrated 
higher val ues of the index during the day relative 
to the values obtained at night. which suggested 
better physical fitness at night (fig. 19b). Con­
sidering these findings, the authors discussed 
whether in fact physical working capacity is high­
er at night, or whether there is only a slower adap­
tation of the circulatory system to the require­
ments of physical work. 

[n fact. it seems that because of day-night varia­
tions in the circulatory system. its adaptation to a 
given work load can proceed more quickly during 
the day than at night. It is important also that the 
parameters of circulatory and respiratory func­
tions are at a lower resting level at night than dur­
ing the day. Usually, only the absolute values of 
the physiological parameters are considered. 
Thus, it seems to be more appropriate to compare 
the net increases (differences between working 
and resting level) of physiological parameters 
rather than the absolute values when day-night 
variations are evaluated. The requirements that 
the readings represent a steady state level. both in 
the day and at night, is also indispensable for 
comparable results. 

Klein, Wegmann. and Bruner (135) in discuss­
ing possible reasons for the observed discrepan­
cies when ind irect fitness tests are used for the 
assessment of circad ian variat ion in physica I work 
capacity, remarked: "All indirect fitness tests are 
based on the fact that subjects with a higher per­
formance capability for physical exercise, e.g., 
trained people, have lower heart rate levels both 
at rest and during exercise. Consequently, in such 
tests, lower heart rates are scored better if 
measured under the same experimental condi­
tions, If we keep these facts in mind and consider 
the periodicity in heart rate .. the described 
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Figure 14. Mean changes in FEVO.75 during shift work for (a) workers in non-dusty factories and (b)­
workers with byssinosis employed in card and blow rooms (Wa~ford et al .. 1966). 

circad ian course for the ind ices of fitness can be 
demonstrated, but only as a result of these inter­
rei ations." Their concI us ion that: "The discussion 
of this phenomenon should begin with the state­
ment that indices of fitness were measured and 
not fitness itself" seems fully appropriate. 

Caution should be exercised in drawing any 
firm conclusions with regard to diurnal variation 
of physical work capacity estimated on the basis 
of \102 max, as predicted using the Astrand and 
Ryhming nomogram (15). The \102 max values 
calculated in this way by Klein, Wegmann, and 
Bruner (135), were somewhat higher at night. In 
our experiments performed on 90 men, no 
statistical differences were observed (Wojtczak­
Jaroszowa, Banaszkiewicz, and M akowiec­
Dabrowska, 279). The Astrand and Ryhming 
nomogram, is based on the observed relationship 
between heart rate and oxygen uptake during in­
creasing levels of submaximal work, and the oxy-

gen uptake during maximal work. However, the 
data which had been used for these calculations 
were based on the results of daytime experiments. 
These interrelationships could expectedly be 
different during the night hours due to circadian 
variations in circulatory, metabolic, and pulmo­
nary functions. 

When using this nomogram for assessing circa­
dian variations in a physical work capacity, it 
must be assumed, a priori, that these daytime 
relationships also hold for night work. However, 
recent studies by Wahlberg and Astrand (259) 
seem to indicate that these relationships can vary 
at night by demonstrating that the reduced max­
imal heart rate at night was not accompanied by 
corresponding change in the oxygen uptake. In 
this study, the oxygen uptake was determined at 
high work rates which were predicted from the 
nomogram as the maximal load, at which no 
differences were seen in oxygen uptake between 
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night (9:30 p.m. to 5:30 a,m.) sh(fts (Wq;tczak-Jaroszowa and Pawlowska, 1965). 

night and day sessions. These observations would 
suggest that there were no day-night variations in 
'102 max. 

In our own studies (Wojtczak-Jaroszowa and 
Banaszkiewicz, in press), the commonly accepted 
method was used for determining '102 max; the 
work load was gradually increased up to a 
supramaximal load to insure that oxygen uptake 
really reached the maximal value. This procedure 
was used in both the day and the night experi­
ments. The study was performed on 26 healthy 
males (athletes), aged 16 to 28 years, while cy-

cling on the ergometer. In those individuals 
'102 max was also predicted for day and night 
using the Astrand and Ryhming (15) nomogram 
and the PWC 170 test was performed. The experi­
ments were performed between 9 a.m. and I p.m., 
and again between 1 a.m. and 5 a.m. Prior to the 
testing sessions all the men were familiarized with 
the experimental procedures and before the max­
imal load was applied, they performed the sub­
maximal exercises several times on the 
ergometer. To avoid undue tired periods prior to 

. the night experiments as compared with day ses-
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Figure 16. Twen ty-four hour records of the blood 
pressure of (a) normotensive, pregnant women (32 
weeks {?estation) and (b) chronic hypertensive, preg­
nant women (31 weeks gestation). Readings were 
taken every 5 minutes (Seligman, 1971). 

3 15 3 15 3 hours 

~A 

6 

4 

2 
'-- Q -----J b­

Figure 17. Circadian changes in the quotient Qp/A 
(pulse rate/respiratory rate) in a resting man: (a) 
before and (b) ~fter administration of Somnifen 
(Hildebrandt, 1955). 

sions, the subjects rested for a few hours during 
the afternoons preceding the night sessions (ac­
cording to interviews, everyone slept for at least 2 
to 3 hours before each night session). A light meal 
was consumed not later than 2 hours before the 
beginning of both the day and night sessions. Each 
test was performed on separate days or nights. 
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Figure 18a. Circadian rhythm of cardiovascular 
responses to tilting: (1) heart rate, (2) systolic blood 
pressure, (3) pulse pressure. (4) change of systolic 
blood pressure, and (5) change of pulse pressure. 
The values qf each of the parameters were averaged 
"vertically" to a mean 24-hour cycle for the total 
group (Klein, We{?mann, and Bruner, 1968). 
Figure I8h. Circadian rhythm of ( I) VOl max pre­
dicted by Astrand and Rhyming's nomogram and 
(2) Schneider's index (Klein, Wegmann, and 
Bruner, J 968). 

As it is shown in Table 2, V02 max determined 
directly was higher in the daytime than at night. 
Of the 24 subjects, 2 had a higher V02 max at 
night, 2 showed no day-night difference and in 20 
the night values were 4 to 14.6% lower than the 
day values. Moreover. in two subjects not in­
cluded in the table, the highest attainable load on 
the ergometer was too low (60 revolutions per 
minute) to reach maximal oxygen uptake in the 
daytime tests, whereas it was sufficient during the 
night experiments. For the included 24 people, 
the average of V02 max was 3.8 L1min and 3.6 
L1min for the day and night experiments, respec­
tively. These small differences were statistically 
significant at p <0.001. Taking the day values as 
100 percent the calculated Vo: max was about 5 
percent lower during the night experiments. At 
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Figure J 9. Circadian rhythm of (a) PWC /70 and 
(b) LPI. The values of indices were calculated in­
dividuallyas a percentage ~f a mean 24-hour period 
for 20 young su~iects ( Voight. Engel. and Klein, 
/968). 

the same time, no significant difference was ob­
served in maximal heart rate between day and 
night experiments. 

The results of the other two tests performed 
with the same men were not uniform. The values 

of PWC 170 were significantly lower (p = 0.003) 
in the daytime (a average 1249 kgm/min). The 
values of predicted \102 max showed no significant 
difference with an average 3.7 Llmin and 3.8 
Llmin for day and night experiments.' respec­
tively. Thus, we concluded that the physical fit­
ness was higher in the daytime as compared to the. 
night, however, these differences were not ap­
parent when indirect fitness tests were used. These 
results confirm the view that indirect fitness tests 
may not reveal true day-night variations in physi­
cal work capacity and that the results of such tests 
can be misleading. 

DA Y·NIGHT VARIATIONS IN 
PHYSIOLOGICAL RESPONSES TO 
PROLONGED PHYSICAL EFFORT 

For practicality, it is important to know 
whether there are day-night differences in 
physiological responses to prolonged physical 
work. Astrand and Rodahl (16) demonstrated 
that the load which exceeded about 50 percent of 
the subject's maximal oxygen uptake could be too 
high if the physical activity was continued for 
many hours. Generally, a 30 percent load is ac­
cepted as a lim iting value for prolonged physical 
effort in occupational conditions (147). Because 
of day-night variations in physical fitness, the 
question arises of whether the same I imits should 
be accepted for both day and night work. In other 
words, does a given level of external work lasting 
for several hours cause the same physiological 

TABLE 2 

Subject 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
B. 

x 2 - xI 
--x-x 100 

I 

0.0 
- 5.3 
- 5.4 
- 2.7 

- 14.6 
- 11.9 

- 2.9 
- 9.B 

Subject 

9. 
10. 
11 
12. 
13. 
14. 
15. 
16. 

x 2 - xI X 100 
XI 

Subject x 2 - XI X 100 
XI 

- 2.6 17. - 9.3 
- 6.3 1 B. - 5.1 
- 7.3 19. - 5.1 

0.0 20. - 2.3 
+ 5.1 21. - 3.0 
- 4.9 22. - 3.0 

- 12.2 23. + 3.0 
- 5.3 24. - 5.9 

Table 2. The differences in V()c max determ ined by maximal exercise test between the day (x I) and 
night (x2) experiments. The experiments were performed between 9 a.m. and I p.m., and I 
p.m. and 5 a.lll. in the day and at night, respectively, taking the day values as 100 percent 
(280). 



strain during the day as when performed at night. 
No available literature could be found to answer 
this question. 

The studies performed in the author's laborato­
ry (167,277 ,279) showed that physiological strain 
of a given external work load is higher at night 
than during the day. The studies were carried out 
in two series. In the first one, the physiological 
parameters were recorded in 30 healthy males (19 
to 22 years of age) cycling for 30 minutes on the 
ergometer. The physical load was adjusted to be 
50 percent of the individual %2 max which, as 
estimated directly according to Astrand and 
Ryhming nomogram, amounted to an average of 
3.7 Llmin. All subjects were examined three times 
during the day (between 9 a.m. and I p.m.) and 
three times at night (between 1 a.m. and 5 a.m.) 
on separate sessions. The sleep pattern and meal 
regimen were similar to those described pre­
viously in regard to the estimation ofY'o2 max. 

It was demonstrated that after the fifth minute 
of riding, both the oxygen uptake and carbon 
dioxide production were maintained at a slightly 
higher level during night than during the day ses­
sions. The average difference in oxygen uptake 
was about 30 ml/min at the beginning of the work 
(between the fourth and eighth minute of cycling) 
and reached 75 ml/min at the end of riding (be­
tween the 26th and 30th minute). However, there 
were no statistically significant differences be­
tween day and night levels of the physiological 
functions. Nevertheless, statistically significant 
variations were detected when net values (work 
minus rest values) were calculated (figs. 20a,b,c). 
Namely, net oxygen uptake and net energy expen­
diture amounted on the average to 45327 ml and 
234 kcal, and 43132 m I and 222 kca I for 30 
minutes cycling at night and during the day, 
respectively (p = 0.005 for oxygen uptake, and 
p = 0.022 for energy expenditure). The cardiac 
work cost was also calculated as a sum of heart 
beats during the working period above resting 
level. It was shown that the difference in cardiac 
work cost between day and night sessions was not 
large but it was statistically significant (p = 

0.019). On the average. the heart rate values were 
higher by 73 beats for night experiments than for 
day sessions. Taking the day value of each 
parameter as 100 percent, the night values were 
higher by about 5 percent. 

In order to estimate the physiological "cost" of 
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night and day work. mechanical efficiency of 
work was determined according to the formula: 

We x 100 
7)= 

M-RM 
7) = mechanical efficiency 
We = external work performed 
M = total energy expend iture 
RM = resting energy expenditure 
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Figure 20. The changes in (a) net oxygen uptake 
and (b) net energy expenditure (total values above 
resting level for 30 minutes ()f riding); (c) cardiac 
work cost (the sum ()f heart beats occurring during 
the working period above resting leve/); and (d) 
mechanical efficiency ()f work. The work was per­
formed during the day between 9 a.m. and 1 p.m .. 
and ar night berween 1 a.m. and 5 a.m. Average 
values for 30 young, healthy males (W();tczak­
JarosZQwa, 1973a). 

Because of the higher energy expenditure dur­
ing night experiments (at constant external work 
in day and night sessions), mechanical efficiency 
was significantly lower at night (p = 0.004, fig. 
20d). Thus, the given external work was per­
formed less "economically" at night than during 
the daytime, and the physiological "cost" was 
higher at night. 
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The second series in the study comprised 17 
shift workers who had been employed in a glass 
factory for many years. Because ea;:;h worker 
repeated the same kind of operation on every 
shift, and, each factory was making the same sort 
of glass all the time, the individual load seemed to 
be similar on every shift. The workers were ex­
amined at rest prior to the morning, afternoon, 
and night shifts (5:30 a.m., I :30 p.m., and 10:30 
p.m., respectively) and during normal work bet­
ween the second and fourth, and between the sixth 
and eighth hour of work on each shift (i.e., about 
9 a.m. and I p.m. on the morning shift, about 5 
p.m. and 9 p.m. on the afternoon shift, and about 
I a.m. and 5 a.m. on the night shift). The work re­
quired about 25 to 30 percent of the individual's 
\10: max as predicted from the Astrand and 
Ryhming nomogram, an average of 2.4 Umin. 

The lowest and the highest oxygen uptake at 
rest was observed before the morning and after­
noon shift (5 a.m. and 1 p.m., respectively). This 
is in accord with data from literature, which dem­
onstrate that the resting metabolic rate is lower at 
night than in the daytime (14,148). At work, 
however, pulmonary ventilation, oxygen uptake, 
and energy expend iture (calculated from 02 con­
sumption) were significantly higher during the 
night shift as compared with daytime, morning, 
and afternoon shifts (Table 3, fig. 21). These 
differences were statistically significant in terms 
of oxygen uptake (p = 0.015 and p = 0.002 when 
morning and night, and afternoon and night 
measurements were compared, respectively) and 
of energy expenditure (p = 0.008 and p = 0.002, 
respectively). If the day shift values are taken as 
100 percent, the difference in oxygen uptake be­
tween day and night measurements was about 10 
percent. It is noteworthy, that even though the 
speed of work on the night shift was slightly 
lower, the energy expenditure calculated per unit 
of work was higher (p = 0.002) than during the 
day. 

Thus, the results obtained under these experi­
mental and occupational conditions demonstrate 
day-night differences in physiological responses 
to a given external work load. These results were 
recently confirmed by our further stud ies per­
formed under standardized cond it ions in which a 
constant dietary regimen was maintained. The 
results seem to be important in a practical sense, 
especially with regard to prolonged work per­
formed by people with low physical work 
capacity. In our observations, for well trained 
men doing heavy work for 30 minutes, the day­
night differences in physiological responses 

amounted to about 5 percent of daytime values 
(net values) rising to about 10 percent for subjects 
with lower work capacity performing uninter­
rupted work for many hours. Perhaps, the 
differences in energy cost of physical work per­
formed during the day and at night would be still 
greater for heavier work and for people with 
lower physical work capacity. As a result, the 
physical load corresponding to moderate work 
during the day may overlap with a heavy one 
when it is performed at night. Consequently, an 
external load equaling 30 percent of \102 max in 
the daytime may significantly exceed this limit 
when performed on the night shift; in addition the 
\102 max is lower at night than during the day. 
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Figure 2 f. Pulmonary ventilation, oxygen uptake. 
and energy expenditure during occupational work 
on three shifts (See Table 3; Makowiec-Dabrowska. 
Wojtczak-Jaroszowa, and Brykalski, 1967). 
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TABLE 3 

Shift Hours 
Ventilation Oxygen uptake Energy expenditure 

l/min % ml/min % keal/min <t~ 

Morning 8:00-10:00 19.62± 1.68 96.1±2.4 599±52 95.9+2.6 2.94+0.52 95.8+2.3 
12:00-14:00 19.89+ 1.54 98.2±2.0 609+46 98.6+2.7 3.00+0.22 98.7+2.4 

Afternoon 16:00- 18:00 19.86+ 1.93 96.0+2.0 598+51 96.1±2.1 2.97±0.24 97.0±2.2 
20:00-22:00 21.27±2.21 102.2+3.3 597±53 95.4±2.0 2.93±0.24 95.0±2.4 

Night 0:00-2:00 22.73±2.47 109.5±5.2 694±68 111.7±5.1 3.41 ±0.34 111.2±5.1 
4:00-6:00 20.03± 1.83 98.0+2.0 621 ±41 102.3±3.5 3.07±0.20 102.4±3.3 

Table 3. Mean values (and standard errors) of pulmonary ventilation, oxygen uptake, and energy ex­
penditure (17 shift workers). The measurements were performed during the work on morning 
shift (about 9 a.m. and 1 p.m.), afternoon shift (about 5 p.m. and 9 p.m.), and night shift (about 
I a.m. and 5 a.m.). Percentages were calculated individually, taking the day values as 100 per­
cent (167). 
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CHAPTER III 

MENT AL, SENSORY .MOTOR, AND MANUAL PERFORMANCE 

"Man, who until recently to satisfy his elementary needs had to perform work requiring con­
siderable muscular effort, in the last years forms a special species - homo sedentarius" 

Technological progress in contemporary indus­
try has changed the character of work in many 
respects. With increasing frequency, ind ustrial 
work requires mental, sensory-motor, and preci­
sion manual performance instead of physical 
effort. The efficiency, or even the safety of work, 
may depend upon the correct reading of signals 
and fast and appropriate responses to stimuli 
other than the appl ication of physical strength 
and endurance. Many jobs created by the in­
troduction of automated systems involve 
prolonged and continuous inspection activities, 
and demand constant vigilance and mental alert­
ness. Work of this kind has recently evoked par­
ticular interest among physiologists and psy­
chologists. Inspection tasks have been classified 
by Kano (129) into the following four categories: 

"I. Tasks mainly characterized as repetitive 
and continuous inspection in mass pro­
duction. 

2. Tasks required to monitor signals or 
targets presented on displays, such as 
radar operations. 

3. Tasks required to assess the qualities of 
materials or products in order to sort 
them into categories. 

4. Tasks required to exam ine parts or the 
whole body of machines or equipment 
and to test their operations." 

These jobs can be found in places where dozens 
of human hands have been replaced through ad­
vanced mechanization and automation, as in 
power stations, oil refineries, railway dispatching 
centers, airports, and radar control stations, 
where work has to be carried out continuously 

- S. Kozlowski 

throughout the day and night. 
Another category of jobs is those demanding 

manual skill, but little physical effort. In 
monotonous manual work, the motor activity of a 
worker is often reduced to stereotype movements 
that are so simple they can be done a.lmost with­
out any visual or conscious mental control. Such 
activity is sometimes very t·iresome because of the 
monotony of the surroundings and the boredom 
of continuously performing identical operations, 
making continuous attention to the performed 
tasks difficult. 

Some authors (22,246) have seen that shift 
workers participating in mental or repetitive 
work, adapt themselves to night work with greater 
difficulty than those engaged in physical work. 
Therefore, people perform ing such jobs have to 
fight sleepiness throughout the whole night shift 
and all vigilance tasks are for them r:1ore difficult 
than in the daytime. Particularly, the tasks per­
formed under conditions of relative perceptual 
isolation or monotonous surroundings intensify 
the sleepiness. Physical work, if light and of short­
duration, can improve mental performance by 
raising the level of arousal (59). Therefore, inter­
rupting continuous tracking tasks with short 
periods of light physical work can improve men­
tal performance; especially at night, when the 
level·of arousal is low. 

It is incomparably more difficult to study the 
psychological and neurophysiological functions 
involved in mental or sensory-motor perfor­
mance than to estimate the physiological func­
tions of physical work. The methods used to study 
the former are so limited that the conclusions 
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refer usually to the performance itself (its im­
provement or impairment), rather than to 
mechanisms. Theoretically, actual work perfor­
mance could be estimated by measurements of 
work efficiency, but the comparison of efficiency 
on various shifts would be justified only under 
identical working conditions. However, it is 
known that conditions often differ. Sometimes 
better conditions of work are observed on night 
shifts than on day shifts when the workers are 
more often distracted from their job. And in such 
situations, where the performance is assessed in 
measurable quantities, the performance "on the 
job" may be a quantitative criterion only. 
Nevertheless, the question is how to measure the 
productive output, for instance, of an operator or 
pilot. In the case of physical work, not only the 
output, but parallel physiological functions can 
be quantitatively assessed allowing the evaluation 
of efficiency and physiological load. But how can 
the "psychological load" on an operator be esti­
mated? 

For the reasons discussed above, the results of 
stud ies referring to day-night variations will be 
presented in a descriptive manner. Generally, 
most observations point to a decrease of mental 
and sensory-motor performance at night. The 
poorest performance is usually obtained in the 
early morning. Attention is also drawn (46,98, 
142) to the existence of an additional decline of 
general psychomotor performance in the after­
noon hours (post-lunch dip). This short impair­
ment of performance a·lso can be observed even if 
a meal is not consumed. Contrary to the lessened 
activity at night, the post-lunch dip is not accom­
panied by a decrease in the body temperature. 
Usually, the post-lunch dip does not exert a great 
influence on work performance because it coin­
cides with the end of the morning and the begin­
ning of the afternoon shift. 

Depressed mental performance during the 
night hours may be related not only to the circa­
dian rhythms but, also, to sleep deprivation 
(35,79, Ill). The influence of the sleep depriva­
tion is difficult to eliminate because of the "poor" 
sleep experienced in the daytime. When reporting 
for night duty, the shift workers are often already 
tired and sleepy. This should not be overlooked 
when analysis of experimental results is under­
taken. (See Chapter Y.) 

One of the tests commonly used in studies of 
fatique depends on the assessment of flicker fu­
sion frequency. When work is performed con­
tinuously throughout many hours, the critical fu­
sion frequency of flicker decreases. Such changes 

were seen especially during (or after) night work 
(21,99,100,144,145), along with circadian 
change in reaction time. Both simple reaction 
time (the time lag between the onset of the signal 
and the onset of the response) and choice reaction 
time (different stimuli calling for different 
responses) are usually prolonged at night (12,13, 
42,89,91,135,144,172, 173,220,253,262). The 
highest and lowest values usually have been ob­
served soon after midnight and in the afternoon, 
respectively. In the experimental studies of Klein, 
Wegmann, and Bruner ( 135), the increased reac­
tion time at night coincided with the decline of in­
dividual variance of the reaction time (fig. 22), 
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Figure 22. Circadian rhythm of ( I) reaction time 
and (2) individual variance of reaction time. The 
values were averaged "vertically" to a mean 24-hour 
cycle for the total group of 17 subjects (Klein, Weg­
mann, and Bruner, 1968). 

which would seem to contradict the concept that 
the "steadiness" of mental performance is best in 
daytime. However, these studies did not note sig­
nificant statistical differences for the reaction 
time and its standard deviation. 

Barhad and Pafnote (21,22) estimated that the 
reaction time of shift workers was longer at the 
beginning of the night and afternoon shift than of 
the morning shift. The authors related these find­
ings not only to the circadian rhythm of perfor­
mance, but also to the fatigue resulting from the 
work performed before arriving at the factory: In 
fact, the longer reaction time for the night shift 
seemed to be the result of interaction of the circa­
dian rhythm and loss of sleep. 

The prolongation of the "psychological refrac­
tory period" at night may be the cause of the 
decline of work efficiency of those cases in which 
the efficiency depends upon the rapid ity of 
answers to the stimuli', Measurements of reaction 
time during work performance are only possible 



in a situation in which rapid reaction to the sig­
nals is an element of the work itself, thus, avoid­
ing interrupted work. A study of teleprinter 
operators by Browne (34) measured the delays in 
answering teleprinters' calls during shift work. 
The length of time between onset of the stimulus 
(the signal light) and the onset of the response 
(i.e., lifting of the receiver) was measured. It ap­
peared that the delays in responses were con­
siderably greater during night shifts (fig. 23). 

24 
III 22 -c: 

20 :::J 

~ 16 
E 16 -'.Q ... 14 oCt 

12 

c 10 
u 

~ 
8 
6 

>. 
c 4 ... 

0 2 

0 
9 II o 15 17 19 21 Z3 1 'J 5 7 hours 

FiRure 23. Delay in answerinR the calls by 
teleprinter switch-board operators .durinR their shift 
work (Browne, 1949). 

Also, circadian changes in the standard deviation 
paralleled the changes in delays, in contrast to the 
previously described findings of Klein, Weg­
mann; and Bruner (135). 

One of the possible causes of poor performance 
at night where visual control is necessary, seems 
to be connected with day-night variations in 
visual perception. It is known that the visual per­
ception time is prolonged at night and the 
threshold of sensitivity to auditory stimuli (for air 
conduction) is higher. The same refers to the 
threshold to sensory electrical stimuli and to the 
optic rheobase (21,22,91,170,193,276). In our 
own studies (Makowska and Wojtczak­
Jaroszowa, 170), the visual perception time and 
sensitivity threshold to auditory stimuli were 
determined in students and workers during the 
day (between 9 a.m. and I p.m.) and at night (be­
tween midnight and 4 a.m.). After familarization 
with the procedure of the experiment, meaning­
less three letter syllables were displayed by a 
tachistoscope. The period of display was in­
creased until the time for correct reading was at­
tained. The sensitivity threshold to auditory 
stimuli was studied by gradual lowering of the 
stimuli (for air conduction). To secure the same 
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period of wakefulness before both day and night 
experiments, the subjects slept during the after­
noon before the night experiments. Small but 
highly significant statistical differences were 
noted between the results of day and night ses­
sions. Namely, the time necessary for correct 
reading of syllables was sigl11ficantly longer, and 
the threshold for auditory stimuli was signifi­
cantly higher, at night (for both, p <0.001). The 
differences were especially pronounced for the 
high frequency tones. 

I rrespective of the causes of these differences, 
the elevated threshold of sensitivity to the stimuli 
at night can intl uence work efficiency. I n fact, 
perception plays an important role in all inspec­
tion tasks. It is possible that circadian changes in 
performance observed by Bjerner. Holm, and 
Swensson in gas workers could have been related, 
at least to some degree, to the changes in visual 
perception (28,29). The workers' performance 
depended on controlling the instruments which 
registered the consumption of gas, its pressure, 
and other parameters. The data collected in­
cluded errors in the figures, both in noting the 
readings from the instruments and in calcula­
tions. It appeared (fig. 24) that the occurrence of 
errors made by the workers varied with the max­
imum during the night shift and the minimum 
during the morning shift. 

errors 
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FiRure 24. Distribution of errors duri/lg the shift 
work ofRasworkers r8ierner and Swensson. 1953). 

Reduced efficiency due to more errors or 
slower work speed is a usual, but not the most 
severe, consequence of lower sensory-motor per­
formance at night. In numerous occupations, for 
instance in airline pilots, drivers, and engineers 
even the slighest error can present a direct and 
immediate danger to life. Lower ability to per­
form the work correctly in vigilance situations 
may lead to greater frequency of accidents at 
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night, as noted by some authors (56,181 ). Klein et 
al. (134). during their studies on pilots, were 
able to show that flight risk was greater at night 
than during the day. The studies were conducted 
in a supersonic flight simulator at various times of 
the day and demonstrated that the time required 
to make the necessary readjustments to the cor­
rect position after occurrence of a stimulated 
flight incident was longer at night. A deviation 
from the pre-set range, speed, and altitude of 
flight occurred more often at night than during 
the day (fig. 25). 
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FiRure 25. Circadian rhythms for the performance 
of 14 pilots durinR standardized simulator fliRhts: 
deviation from a (I) !?iven ran!?e, (2) speed, and (3) 
altitude, in percent of the 24-hour avera!?e (Klein et 
al .. 1970.) 

A night time "dip" in human performance has 
been revealed by numerous studies using a variety 
of tests including calculation tests, memory tests, 
tracking, and vigilance tasks (47,48,49,50, 
81.136,181,267). In the studies of Jansen, 
Rutenfranz, and Singer (122), the best perfor­
mance was observed between 6 p.m. and 10 p.m. 
in tracking tasks, and between 10 a.m. and 2 p.m. 
in calculation tests. However, under conditions of 
a stabilized night shift system, in which the hours 
of work and rest are the same each day, a clear 
improvement of performance in calculation (sim­
ple summation) and vigilance tests were observed 
on successive nights (40). This improvement in 
performance at night occurred earlier than did 
the changes in the daily body temperature 
rhythm. 

A decline in performance at night occurs more 
frequently for complicated tasks, such as the 
tracking task with simultaneous adding of two 
digit numbers (122). In our studies of glass facto­
ry workers (Rzepecki and Wojtczak-Jaroszowa, 
221), the Toulouse-Pieron figure cancellation test 
(in our own modification) was used. The work, 
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manual cutting of the glass-plate, required a high 
degree of accuracy and precision of movements. 
Observations were made on the same workers 
three times during each shift (at the beginning, 
after 4 hours of work, and at the end of the shift) 
on the morning (6 a.m. to 2 p.m.), afternoon (2 
p.m. to 10 p.m.), and night (10 p.m. to 6 a.m.) 
shifts. During each experiment, the first task was 
a page with different numerals in which the sub­
ject had to recognize and cross out all of three 
different specified numbers. Directly after the 
first task, each person was given a second task 
with reversed orders to cross out the other three 
figures, which had not been eliminated in the first 
task. Thus, the figures which caused "positive" 
reactions in the first task formed "inhibitory" 
stimuli in the second. The experimental situation 
required learning a new response for the signals 
which had a different meaning in the two situa­
tions. The subjects were instructed to perform the 
tasks as quickly and accurately as possible, cross­
ing out all the three figures on the page, beginning 
at the first line, working from left to right, and 
continuously down the page through the subse­
quent lines of numbers. For each task (both the' 
first and second), the working time was limited to 
one minute. The workers were familiarized with 
the experimental procedure and had considerable 
practice on the tests. In analysis of the data, the 
number offigures checked during one minute and 
the number of errors were used. 

The performance was poorer after 4 and 8 
hours of work than at the beginning of every shift 
(fig. 26). This was particularly evident during the 
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Figure 26. The chan!?es in results of Toulouse­
Pieron test which was performed by 10 !?lassworkers 
during sh!ft work: (a) first task and (b) second task. 
The test was repeated three times durin!? every shift: 
at the be!?innin!?, after 4 hours, and at the end of the 
work (Rzepecki and Wojtczak-Iaroszowa, 1969). 



night shift. These differences were seen as well in 
the first (a), as in the second (b), task. But 
generally, the second task was much more 
difficult to perform than the first one. The nega­
tive infl uence of the first task upon the second 
resulted mainly from a considerably lower speed 
of performance and resulted in a reduction of the 
amount of performed work, i.e., in a decrease of 
the number of figures checked in one minute 
(p= 0.033 and p= 0.036, when the results of night 
experiments were compared with those obtained 
during morning and afternoon shifts, respec­
tively). 

The experimental scheme simulated real life by 
requiring a change in a "known" stimulus. In 
these experiments, learning the first task made 
learning the second one more difficult. This was 
manifested especially during the night shift, and 
after many hours of continuous work. It is likely 
that under infl uence of various asthenizing factors 
(as fatique, sleep deprivation, or emotional stress) 
the previously established behavior manifests it­
self and overrides the more recently trained reac­
tion patterns. It seems also possible that at night 
(due to low level of arousal) the inhibition may be 
more pronounced than in the daytime. 

A majority of tests used by various authors in­
volve, to some degree, motor activity. Generally, 
in all tests for which the subject is instructed to 
perform a motor reaction in response to a given 
stimulus, the results depend considerably upon 
manual skill and the speed of movements. Results 
of tests in which visual control is minimal seem to 
suggest that the reduction in performance at night 
may result from a decline in manual performance 
(Makowska and Wojtczak-Jaroszowa, 169). 
When such tests are used, lower scores at night 
result. The tasks used in our studies (tapping test 
and finger ergograph test) were so simple that 
they did not require visual control. The subjects 
were asked to perform the tasks at the maximum 
possible rate. The experiments were carried out 
during the day (between 9 a.m. and I p.m.) and at 
night (between midnight and 4 a.m.). The speed 
of tapping and the output of ergograph test were 
significantly lower at night than in the daytime 
(p= 0.001 and p= 0.02, respectively), but no day­
night difference was found when the subjects were 
asked to tap at their most preferred rate. This is 
not in agreement with the results of Aschoff et al. 
(13), who observed circadian variations when 
tapping was performed at maximal, as well as, in 
preferred tempo. 

It is also worthwhile noting that at night, apart 
from the lower speed of movements during tap-
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ping, an irregular tempo was also recorded as 
breaks in tapping were observed from time to 
time (fig. 27). The subjects were usually conscious 
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Figure 27. Fragment of a record from the 3-minute 
tapping test: (a) in the day at about 10:30 a.m. and 
(b) at night at about 3 a.m. Tapping was performed 
at maximal speed (Makowska and Wojtcwk­
JarosZQwa, 1971). 

of these breaks, but claimed they were not able to 
maintain a constant and uninterrupted rhythm of 
tapping at a rapid rate. 

Persuasive data referring to day-night varia­
tions in manual performance have been provided 
from our studies performed on female spinners 
while at work (Wojtczak-laroszowa and 
Pawlowska-Skyba, 285). Throughout the entire 
shift, the time spent per work unit (joining the 
broken threads) was noted. The studies were 
made on the same subjects during morning (5:30 
a.m. to I :30 p.m.), afternoon (I :30 p.m. to 9:30 
p.m.), and night (9:30 p.m. to 5:30 a.m.) shifts. 
The workers selected for this study had been on 
shift work for at least 10 years. They performed 
their work with great proficiency and with 
minimal visual control. It was shown (Table 4) 
that the time required per work unit was signifi­
cantly longer at night than in the morning 
(p= 0.006). Changes of work efficiency during 
each shift show that (fig. 28) the rate of work was 
minimal at about 3 a.m. and maximal between 8 
a.m. and II p.m. 

Thus, even simple manual tasks took longer to 
do at night than in the daytime. In our studies 
(169,221,276,285), the difference between the 
results of day and night experiments amounted to 
about 10 percent. This difference was revealed in 
standardized experimental situations, as well as 
under occupational conditions, and was seen not 
only in subjects who worked days only, but also in 
workers with long experience on shift work. The 
question, in the case of manual work, is whether 
the required rate of performance should be the 
same for both day and night shifts. A rate of work 
which is satisfactory for the day shift might be too 
high for the night shift. 

Causes of day-night variations in manual per­
formance can probably be found in some 
neuromuscular changes. The genesis of these 
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TABLE 4 

SHIFTS 
Morning Afternoon Night 

Hours % Hours % Hours % 
(sec) (sec) (sec) 

5:30-6:30 0.98 13:30-14:30 1.00 21 :30-22:30 1.05 
(6.06) (6.23) (6.38) 

6:30-7:30 0.91 14:30-15:30 0.93 22:30-23:30 1.00 
J5.621 J5.68J (6.13) 

7:30-8:30 0.90 15:30-16:30 0.93 23:30-24:30 1.09 
(5.531 (5.67) (6.73) 

8:30-9:30 0.93 16:30-17:30 0.95 24:30-1 :30 1.06 
(5.73) (5.86) (6.51) 

9:30-10:30 0.90 17:30-18:30 0.92 1 :30-2:30 1.08 
(5.47) (5.58) (6.60) 

10:30-11 :30 0.95 18:30-19:30 0.99 2:30-3:30 1. 13 
(5.82) (6.11 ) (6.91 ) 

11 :30-12:30 0.99 19:30-20:30 1.10 3:30-4:30 1.05 
(6.09) (6.85) (6.47) 

12:30-13:30 1.01 20:30-21 :30 1.08 4:30-5:30 1.03 
(6.22) (6.68) (6.27) 

Table 4. Average time (in percentage) of work unit (5 female spinners) during morning (5:30 a.m. to 
1:30 p.m.), afternoon (1:30 p.m. to 9:30 p.m.), and night (9:30 p.m. to 5:30 a.m.) shifts. The 
measurements were performed throughout every shift hour by hour. The percentage was 
calculated individually taking the mean value of all measurements as 100 percent. In 
parentheses the absol ute val ues in seconds are noted. About 5,000 measurem ents were 
recorded (285). 
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Figure 28. Changes in work efficiency (time per 
work unit in percentage) offive spinners. The per­
centage values were calculated individually, taking 
the mean values of all measurements as 100 percent 
(Wojtczak-Jaroszowa and Pawlowska-Skyba. 
1967). 

changes is discussed in a report of our recent 
electromyographic studies (282). The 
electromyographic activity of forearm flexor 
muscles was recorded during voluntary pressing 
on a button. The surface electrodes used were fix­
ed at the points proposed by Lippold (160). The 
initial period of electrical activity (lPe) was 
analyzed and defined as the time elapsing be-

tween the onset of electrical activity in the EMG 
(the point at which the action potential spike first 
leaves the baseline) and the initiation of the 
mechanical event (281). Studies were made on 31 
healthy subjects (without neurological distur­
bances) who usually worked the day shift and who 
were familiar with the experimental procedure. 
The examinations were performed several times 
during the day, between 10 a.m. and noon, and at 
night, between I a.m. and 3 a.m. 

Preliminary analysis (Table 5) revealed that 
the length of IPe was significantly longer at night 
(p= 0.001). To obtain a better insight into the 
nature of these differences, a detailed analysis was 
made of more than 300 EMG records on six sub­
jects randomly selected from the group. For this 
purpose, the area of the region determined by the 
EM G curve in IPe was measured in successive 10 
msec intervals. Then, three functions denoted by 
A,B, and C were calculated for IPe: 

A(t) = t/f(x)/dx 

~ 
a 

(2) 

where a<t<b, and where "a" is the point of first 
incline of the EMG curve from the baseline, "b" 
corresponds to the onset of mechanical events, 
and "f " is the function of the voltage in the course 
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TABLE 5 

Subject 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
B. 
9. 

10. 

x -x 
_2 __ 1 X 100 

X, 

+ 14.4 
+ l1.B 
+ 41.6 
+20.1 
+27.0 
+ 12.6 
+2.9 

+ 34.B 
+ 71.4 
+ 46.2 

x -x 
Subject _2 __ 1 x 100 

X, 

11. - 37.0 
12. + 1B.6 
13. + 14.5 
14. - 0.3 
15. + 59.B 
16. + 154.5 
17. + 2B.B 
lB. + 44.3 
19. + 44.9 
20. - 5.5 

X
2 
-XI 

Subject --x 100 
X, 

21. + 30.3 
22. +6.2 
23. +5B.2 
24. +101.3 
25. + 147.4 
26. + 12.9 
27. +4.9 
2B. + 36.5 
29. + 1B.4 
30. - 36.1 
31. - 41.5 

Table 5. The differences in length of IPe between day (x I) and night (x2) experiments (31 subjects). The 
experiments were performed between 10 a.m. and noon, and between I a.m. and 3 a.m. taking 
the day values as 100 percent (282). 

of time from point "a" to point "b". Thus, for 
each "t", A(t) is the area of the region determined 
by the graph of the function f from "an to "t". 

B(t)= A(t) 
--r:-a 

(3) 

where a <t <b. This function has been interpreted 
as a function of the mean velocity of the increase 
of surface under the graph "f'. It was ca lied the 
function of "mean amplitude." 

C function, was obtained by linear interpola­
tion of the integrated mean of function "f' in suc­
cessive intervals of 10 msec duration. 

The curves of all three functions were clearly 
different for day and night sessions. The curves of 
function C are presented on figure 29a. In day ex­
periments, the mechanical response appeared at 
110 msec from the first point of decline of the 
EMG curve from the baseline. At night, the 
length of IPe was longer and the mechanical 
response appeared at about 170 msec after the 
first potential. The regression lines corresponding 
to function B (fig. 29b) clearly demonstrate the 
development of bioelectrical events during IPe. 
The incl inations of these lines were different for 
the day and night experiments with the slope of 
the line for night experiments being less steep 
than for the day (p= 0.008). 

The IPe corresponds to the initiation of recruit­
ment of motor units before the mechanical event. 
At the end of the recruitment period, the number 
of activated motor units and the frequency of 

their discharges becomes sufficient for the onset 
of the mechanical event. The presented results 
suggest that activation of motor units during IPe 
occurs more "dynamically" in the daytime than at 
night. The slower recruitment of motor units, pre­
ceding the mechanical event, could be responsible 
for the lower speed of manual performance at 
night as described previously. 

The mechanisms underlying the lower efficien­
cy of electrical activity at night seem to be similar 
to those which are responsible for day-night 
variations in the latency period of motor 
responses as described by Wyrwick and Duncan 
(288). Possibly, some biochemical changes occur­
ing in contractile material during the contraction 
of the muscle could be the cause of the observed 
variations. It is also possible that the recruitment 
of motor units might be centrally limited at night. 
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Figure 29. The curves of (a) "integrated amplitude" and (b) the regression lines of "mean amplitude" during 
the initial period of electrical activity (I Pel of the muscle. The measurements were performed ( 1) between 10 
a.m. and noon, and (2) between 1 a.m. and 3 a.m. (Wqjtczak-Jaroszowa, Maciaszek, Jarosz, 1975). 
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, CHAPTER IV 

DA Y-NIGHT VARIATIONS IN PHYSIOLOGICAL RESPONSES 
TO HEAT STRESS 

In numerous branches of industry, shift work is 
done under hot environmental conditions. The 
technology of the process often does not allow in­
terruption of production, and the work has to be 
done continuously, involving a night shift. 
Therefore, it is important to know whether human 
tolerance to heat stress is the same during the day 
as at night. Data from several studies indicate a 
circadian variation in thermoregulatory behavior 
(116,183,211). Nevertheless, the same criteria are 
used for the assessment of heat load during the 
day as at night without any evidence in the avail­
able literature to support this position. 

Although industrial situations are not included 
in the few references to day-night variations in 
response to heat exposure, some of the variations 
will be discussed in terms of their importance in 
shift work. 

First of all, not only the deep body tem­
perature, but also skin temperature (fig. 30) dis­
plays a regular circadian rhythm (8,14,100,113). 
According to most of the data, the circadian 
rhythm of the skin temperature of the extremities 
is a mirror image of the rhythm of deep body tem­
perature. Bloch ('30) reported that the maximum 
and minimum skin temperatures of the ex­
tremities were reached between 8 p.m. and 4 a.m. 
and between 8 a.m. and 4 p.m., respectively. 
These rhythmic changes in skin temperatures are 
not related to variations in am bient temperature 
and are observed when the subjects are resting in 
bed, as well as, when they are ambulatory during 
the day. It is impossible to explain the internal 
body temperature's rapid morning rise and low 
ebb at night without reference to the circadian 
variation of skin temperature of the extremities. 

According to Geschickter, Andrews, and 
Bullard (94), night skin temperature increased 
about half an hour before the onset of sleep and 

about 90 percent of the total sweat loss, occurring 
during the night sleep period, took place prior to 
the minimum deep body temperature. This could 
suggest that the decline of body temperature dur­
ing the night is connected with greater sweat pro­
duction. It is remarkable, however, that in the 
same subjects no decrease in body temperature 
had been observed during afternoon naps, in spite 
of a concurrent increase in sweat production. 

Contemporary views (Aschoff, 14) hold that 
regular variations in skin temperature of the ex­
trem ities is the principal factor determ ining the 
circadian periodicity of deep body temperature. 
The increase of heat loss from distal parts of ex­
tremities during the night would be responsible 
for the decline of deep body temperature (fig. 31 ). 
Day-night variations of the internal conductance * 
also have been observed (fig. 32). Those varia­
tions are related to changes in blood flow through 
the extremities (226,234) and could be the basis 
for circadian variations of body temperature 
regulation. 

Interesting data on circadian rhythm in 
physiological responses to heat loads have been 
provided by Little and Rummel ( 161). They ob­
served eight healthy men subjected to one hour 
heat exposure in a heat chamber, where the en­
vironmental parameters were kept constant at 
46°C T a and 31 percent relative humidity (rh) . 

. The experiments were repeated at different times 
of the day, i.e., at 4 a.m., 8 a.m., noon, 4 p.m., 8 
p.m., and at midnight, on several days. The sub­
jects reclined during the experiments and no 

• The coefficient for internal conductance of the whole 
body is obtained by dividing the total heat loss from the 
body's surface by the difference between cure temperature 
and skin temperature (12). 
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Figure 30. Variations in the temperature of d(fferent 
areas ~f the body at various times of the day (Heiser 
and Cohen, 1933). 

physical work was performed. For 30 minutes 
prior to the heat test, the subjects rested on a cot 
at a room temperature of 24°C T a and 50 percent 
rho After the parameters characterizing 
physiological strain from heat exposure were 
compared with those recorded prior to the test. 
clear circadian variations in sweat loss were noted 
(fig. 33). The rate of sweating increased 
throughout the afternoon. reaching its peak at 
about 8 p.m., whereas its minimum was observed 
at noon. 

Circadian rhythmicity was also noted in regard 
to rectal and skin temperature. heart rate. and 
metabolic rate at room temperatures, as well as, 
under heat stress. However. in the hot environ­
ments, the rectal and mean weighted skin tem-
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Figure 31. Rectal temperature and heat loss from 
hands (in running water of 3rC) as a function of 
the time of day. During the experiment the subject 
was fastinf? and sittinf? comfortably at an ambient 
temperature of 24°C (Aschoff. 1955 b). 

perature :.::4-hour cycle amplitudes were reduced 
(figs. 34,35). Apparently, in spite of greater sweat 
loss at night. the rise of body temperature (above 
the level estimated prior to the heat exposure) 
was greater at night than during the day. It is in­
teresting that the smallest increase of rectal tem­
perature under the infl uence of heat exposure oc­
curred during the day when the sweat rate was 
lowest. In contrast, the higher values of both 
sweat loss and the increase of rectal temperature 
were recorded in the afternoon and at night. Sum­
marizing, the physiological strain in man exposed 
to a given heat load varies throughout the day 
with some physiological responses being more 
pronounced in the afternoon and at night than 
during the daytime. 

The data are not sufficient to s.tate conclusively 
whether or not the harmful effects resulting from 
work in hot environments could also depend 
upon the time of the day or night during which the 
heat exposure took place. However, in light of the 
discussed findings on day-night variations in 
human tolerance to heat stress, especially in the 
cases of more severe and/or prolonged exposure, 
the perm issable exposure time to heat stress 
should be set differently for the day and the night 
shift. Also the day-night variations inphysiologi­
cal responses to heat stress should be considered 
when threshold lim it val ues are establ ished. 
These and many similar questions are of great im­
portance for industries where heat stress is still 
unavoidable. 
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Figure 32. Rectal temperature. mean skin tem­
perature, and internal conductance (core to skin) as 
a function of the time of day. A verage data from six 
su~iects, resting nude in an ambient temperature ~f 
20°C (Aschoff, 1972). 
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Figure 33. Mean 24-hour variations in the water 
loss ~f eight subjects after 60 minutes ~f exposure to 
heat (Little and Rummel, 1971). 
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Figure 34. Mean 24-hour variations in rectal tem­
perature ~f eight subjects ( 1) before and (2) at the 
60th minute ~f heat exposure. Values are expressed 
in absolute terms (OC ± I standard error) in the 
lower graph and as percentages ~f 24-hour means in 
the upper graph (Little and Rummel, J 97 1) 
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Figure 35. Mean 24-hour variations in mean 
weighted skin temperature eight su~iects ( 1) before 
and (2) at the 60th minute ~fheat exposure. Values 
are expressed in absolute terms (OC ± I SE) in the 
lower graph and as percentages ~f24-hour means in 
the upper graph (Little and Rummel, 1971). 
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CHAPTER V 

IMPORTANCE OF SLEEP AND REST FOR SHIFT WORKERS 

"All men sleep. Between the darkness out of which we are born and that in which we end, there 
is a tide of darkness that ebbs and flows each day of our lives. A third of life is spent in sleep, that 
profoundly mysterious sovereign to which we irresistibly submit, lying almost immobile for hours, 
removed from the waking world." 

According to the terminology of Pavlov's 
school. the inhibitory processes predominate in 
the cerebral cortex during the night even in in­
dividuals who have been employed on the shift 
system for many years (21,87,91). Impaired 
ability to differentiate and delayed response in 
cond itioned reflex behavior have been observed 
at night. Babadzhanyan and Muksinova (17) 
claim that the rhythm ic succession of excitation 
and inhibition in man, related to the natural alter­
nating periods of light and darkness, had evolved 
phylogenetically. According to this hypothesis, 
sleep is a reaction to darkness and depends upon 
the radiating of the inhibitory process over the 
cerebral cortex. This might explain why it is so 
difficult to overcome sleepiness. 

As a rule for shift workers, the length of sleep is 
longest when they work in the afternoon and 
shortest when they work at night. Night shift 
workers living under '"poor" housing conditions 
often cannot sleep more than 3 to 4 hours per day, 
which is inadequate for full recovery. However, it 
is difficult to say how much sleep is necessary. 
Young adults sleep 7.5 to 8.5 hours per day 
although considerable individual variation has 
been observed (177,263). Prior to contemporary, 
medical knowledge, 8 hours of sleep was thought 
necessary for the normal functioning human. In 
the 12th century, the philosopher Maimonides 
proclaimed: '"The day and night is 24 hours. It is 
enough for men to sleep one third of them" (165). 

Full restoration after a work shift depends on 
the organization of the worker's off-time. Ap-

- G. G. Luce and 1. Segal 

propriate use of this time is especially important 
when the worker is on the afternoon or night 
shifts. On these shifts the time preceding the work 
is often used for other activities. Studies show that 
at the beginning of the night or afternoon shift, 
the workers are already tired from non-occupa­
tional activity (21 ,91 ,97,197). Skilled technicians 
often use their free time to earn extra money 
(205), and workers who have large families 
usually spend a lot of time on household duties, 
which makes recovery for work difficult. As a 
result, the workers arrive at the factory having 
already spent .many hours working, sometimes 
more strenuously than at their regular occupa­
tional job. 

Day sleep after night duty coincides with the 
activity of the worker's family. Social conditions 
(social "timegivers") are most apparent among 
numerous factors which are considered as ex­
ogenous synchronizers. Consciousness of what is 
happening, what other mem bers of the family and 
neighbors are doing, disturb the worker's day 
sleep. 

Most often, housing and family conditions 
make the proper organization of rest after night 
duty difficult. From an analysis of the causes of 
disturbed sleep, it appears that noise is most com­
mon. Highest among the complaints, is the noise 
of street traffic, passing trains, conversations, 
water pipes, radio and TV, children at play, fac­
tory noise, etc. (1,74,143,219,247). On the other 
hand, whether it is light or dark during sleep is of 
relative.Iy little importance. An uninterrupted 
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and sufficiently long day sleep is a first requisite 
for tolerance to the night shift. Also, no adapta­
tion to the night shift can be seriously considered 
if there is no opportunity for adequate rest during 
the daytime. It is emphasized very often that not 
only the shift worker. but also members of his 
family, must understand the importance of the 
allocation of a sufficiently long sleep. Therefore, 
whether the worker is tired and sleepy or suffi­
ciently recovered before working on the night 
shift depends largely on the consideration of the 
family. 

Attempts had been made to solve the problem 
of sleeping after night duty by prov iding in facto­
ries special bedrooms, well insulated from noise, 
(88,203,208). However, this solution has not been 
accepted by most workers because it meant isola­
tion from fam ilies and social life while on the 
night shift. Presently, emphasis is largely on the 
design of houses for shift workers; adequately 
sized flats and the appropriate location of 
bedrooms that would insure satisfactory relaxa­
tion during day hours. It has been pointed out that 
optimal housing conditions for rest during the day 
should be investigated before a worker com­
mences shift work (23,37.207,243,249). 

Complaints related to sleep are well known to 
physicians employed in factories where a majority 
of the workers are on a shift system. The com­
plaints include difficulties in falling asleep, wak­
ing episodes during the sleep period, sleeplessness 
and overly light sleep, and being easily disturbed 
by a mild noise (100,244,254). However, even 
with good housing, shift workers often have 
"poor" sleep after night duty and, in spite of their 
tiredness, sometimes are not able to fall asleep. 
Similar psychophysiological problems accom­
panied by sleep disturbances have been reported 
in aircraft crews and passengers during long jour­
neys involving rapid time zone translocation. 
These symptoms, called "travel or jet fatigue," 
are not related to the alterations of the circadian 
rhythms of biological functions (36,43,194), but 
rather that they are out of phase with real time. 

Sleep disturbances appear in young subjects as 
well as in older workers who had been employed 
for a long time on shift work. According to some 
data (168), the complaints about sleep distur­
bances are sometimes even more frequent among 
older workers. This observation counters the 
theory that adaptation to night work occurs dur­
ing long periods of participation in a shift system. 
It is also noted that during trans-Atlantic flights, 
older people adapted their sleep-wake cycle with 
difficulty to a new time zone (72). According to 

Picrach (203). the appearance of sleep distur­
bances in people who tolerated night work for 
many years, should be treated as one of the signs 
of incipient arteriosclerosis of the cerebral 
vessels. 

Electroencephalographic (EEG) sleep analysis 
has shed some light on the mechanisms of these. 
disturbances. It is presently recognized that sleep 
is not a state of uniform pattern in which there is 
"nothing happening." "The process of sleep as 
revealed by the EEG. is a complex and dynamic 
one rather than a simple drifting into sleep and 
lying awash in the gentle tides of the night" (264). 
It is possible not only to recognize the difference 
between sleep and wakefulness, but also to assess 
the depth of sleep. During the period of wakefu 1-
ness (Stage 0) the alpha activity of 8 to 12 cps 
waves dominate in the EEG, In the period corres­
ponding to drowsiness and falling asleep (Stage 
I), these waves disappear and are replaced by 
relatively low voltage, mixed-frequency waves 
with "spindling." Stage 2 sleep is identified by the 
bursts of 12 to 14 cps regular waves ("'sleep spin­
dles") and/or k-complexes (sharp negative waves 
which are immediately followed by a positive 
component). In Stage 3, at least 20 percent. but 
less than 50 percent. of the record is occupied by 
the relatively high voltage waves of 2 cps, or 
slower. In Stage 4, the deepest physiological 
sleep, there is 50 percent or more of high-voltage 
slow waves. During this phase, the non-rapid eye 
movements (NREM) can be observed, whereas 
dreams * are often accompanied by rapid eye 
movements (REM). The EEG of REM sleep cor­
responds to that of Stage I. During normal night 
sleep, lasting about 7.5 hours, the REM sleep 
makes up 20 to 25 percent of the total sleep time. 

In a detailed analysis of sleep pattern. the 
following features are most often taken into ac­
count: the total length of sleep, temporal distribu­
tion, and the amounts of Stage 4 and Stage REM. 

Sleep shows its own biorhythm with regard to 
Stage 4 and Stage REM. During normal night 
sleep, Stage 4 dom inates in the first one-th ird of 
the night, whereas Stage REM occupies a greater 
proportion of time later in the night. It has been 
noted also that REM episodes occur at rather 
regular intervals of about 90 minutes. Thus, there 
are four to five episodes of REM during 7.5 hours 
of sleep. Webb (264) describes the pattern of 
sleep. 

* According to some concepts. dreams occur in all stages, 
and are not restricted only to REM sleep. (124). 



Sleep pattern is clearly affected by age (fig. 36; 
127,157,164,263). The sleep of children and 
young people shows infrequent awakenings, 
whereas elderly people often awake several times 
during the night. Because of the frequent awaken­
ing episodes. the total amount of sleep in elderly 
people is reduced and the pattern of their sleep is 
characterized by a relatively small amount. or 
even absence of Stage 4 (fig. 37). This decline of 
the "abil ity" to enter Stage 4 sleep is the cause of 
the fatigue feeling and sleepiness. As a result. 
elderly people have poor sleep and day naps are 
typical for them. 

The light sleep of older people can be more 
easily disturbed than the deep sleep of the young. 
Therefore. the conditions which seem to insure a 
"good" sleep for a young worker are not 
necessarily satisfactory for elderly people. 

Regardless of the differences in sleep patterns 
as related to age. there are other factors that may 
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Figure 36. Sleep cycles of normal subjects. The 
sleep of children and younR adults shows early pre­
ponderance of Stages 3 and 4. proRressive lengthen­
inR of the first three REM periods. and infrequent 
awakenings. In elderly adults. there is little or no 
StaRe 4 sleep, REM periods are fairly uniform in 
lenRth, and awakenings are frequent and often 
lengthy (Kales, /968). 
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change the sleep patterns. An essential role affect­
ing sleep is the time of 'day during which one 
habitually sleeps or. rather. to a change in that 
habit. Generally. one falls asleep without 
difficulties if the time for going to sleep is consis­
tent. However. during the period of the night shift 
the sleep-wake cycle is inverted. Changing the 
sleep hours leads to qualitative. as well as. quan­
titative changes in sleep pattern (3.143.179.266. 
268.271.272). These changes occur under ar­
tificial conditions with the subjects removed from 
environmental influences. First of all. the waking 
episodes appear more frequently in the daytime 
than during the normal night sleep. Accordingly. 
there is a reduction in the amount of actual sleep 
in the daytime even in situations when the length 
of time devoted to sleep is the same as at night 
(fig. 38). Also. the total amount of deep sleep dur­
ing the daytime (Stages 3 and 4) is reduced with 
Stages 3 and 4 becoming shorter and less fre­
quent. By contrast. the percentage of Stage I sleep 
is greater during day sleep than at night. Changes 
in the distribution of REM sleep is also seen. 

From the above. one can conclude that day 
sleep is less effective than normal night sleep. 
Even under favorable circumstances. with 
possibilities of a sufficiently long day-rest period. 
the total length of sleep (especially deep sleep) is 
shorter for day than for night sleep. Therefore. it 
is highly important to organize free time after 
night duty to insure a satisfactory length of day 
sleep. As a matter of fact. only time for adequate 
sleep can compensate for the lack of sleep. 

Many workers divide their day sleep after night 
duty into two parts. They fall asleep as soon as 
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possible after coming home, and then they have a 
nap after dinner, before going to work. Some 
workers claim that the additional afternoon sleep 
is indispensable for them to maintain their effi­
ciency at a relatively high level during night duty. 
They report being "particularly sleepy and tired 
on night shifts because of the lack of a preceding 
afternoon nap." However, workers who live far 
from their work can rarely afford the time to nap 
in the afternoon. Also, non-occupational ac­
tivities and difficulties connected with public 
transport * can render the afternoon sleep im­
possible. In reality, a long time spent traveling to 
work and returning home means a reduction in 
sleep time, primarily the lack of an afternoon nap. 

The role of afternoon sleep in maintaining a 
relatively high efficiency during night work has 
been confirmed in recent studies of pilots per­
formed by Boesler and Ignatiuk (31). The authors 
controlled the performance of pilots during 
simulated night flights. These pilots (12 subjects) 
were studied during duty at night after they spent 

• Problems arising from the unsatisfactory quality of public 
transport have been described by some authors (20 1.205 J. 
From these data it follows that some workers are spending 
2 to 3 hours daily commuting. According to Quaas (207. 
208) the time spent for reaching work and going back 
home may increase during the period of afternoon and 
night shifts by 10 and 20 percent relative to morning shift .. 
respectively. 

the afternoon in active rest (walking, visiting the 
museum, experiment A, and after sleeping for 
three hours in the afternoon, experiment B). To 
allow for the possible effects of training, the sub­
jects were divided into two groups (six subjects 
each) with one group starting with experiment A. 
and the other with experiment B. It was shown 
that the number of deviations from pre-set range, 
speed, and altitude, as well as, the number of er­
rors which constitute flight-risks, increased when 
the subjects were awake throughout the afternoon 
before night duty (experiment A). The conclusion 
was that active rest is not an acceptable substitute 
for sleep. 

The significant role of afternoon sleep in the 
performance of night work seems to have been 
clarified somewhat by the studies of Karacan, et 
al. (130). Their electroencephalographic analysis 
of the sleep pattern of healthy young men (stu­
dents) demonstrated a decrease in the total Stage 
4 sleep of normal night sleep after the men had 
taken daytime naps. This leads to the suggestion 
that the afternoon nap causes a lowering of the 
"requirement" for sleep during the night. It also 
seems to support a common belief that one should 
take a nap in the afternoon before going to night 
work and should avoid an afternoon nap if a good 
night's sleep is desired. 

Complaints of fatigue and sleepiness are com­
mon among shift workers, especially when they 
work on night shift. Usually, the night shift deficit 



of sleep can be compensated for only after a few 
days on the day shift. However, chronic sleep 
deprivation can affect the worker. There are 
numerous studies O!l the effects of sleep depriva­
tion upon health, the various functions of the 
body, and mental and psychomotor performance 
(27,35,72,80,83,85,126,155,165,191,196,200, 
252,253,273,274,275). Elevation of plasma 
cholesterol, decrease of fibrinolysis, changes in 
ECG and EEG, and changes in body temperature 
are described. Changes in the structure of cells of 
the central nervous system are noted in experi­
mental animals. Many authors described signifi­
cant changes in the pattern of sleep during recov­
ery from sleep deprivation (2,25,61,143,173, 
202,216,265). The changes, observed for several 
consecutive nights, consist mainly of an increase 
of the total amount of Stage 4 sleep. According to 
Sampson (224), prominence of the NREM sleep 

41 

after sleep deprivation supports its particular role 
in removal of fatigue. 

According to Bannel and Dervillee (18), the ir­
regular life routine of shift workers and their 
chronic lack of sufficient sleep can lead to pre­
mature aging. The deficit of sleep (together with 
irregular meals, closely connected with shift 
work) can cause a deterioration of health during 
the course of some diseases. Caution is expressed 
against the employment for shift work of subjects 
with diabetes, hyperthyrosis. and gastrointestinal, 
cardiovascular, or nervous disorders. It seems 
also indisputable that epilepsy should be taken as 
a strong contraind ication for assignment to night 
work, because a sleep deficit may provoke an 
epileptic attack. There is evidence that the onset 
of the first convulsion in a once apparently 
healthy subject can be casually connected 
with sleep depr ivation (26,66,67.230). 
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CHAPTER VI 

SOCIAL PROBLEMS OF SHIFT WORKERS AND 
ORGANIZA TION OF NIGHT SHIFT 

"For a mqjority of the people, night work means . . . something at variance with human 
nature, a deviation from its basic laws, a forced compromise with living conditions of our civiliza­
tion . .. " 

REASONS FOR PREFERENCE OF 
V ARIOUS WORK SHIFTS 

Reasons that workers give for preferring a 
given shift and shift system are rarely only 
specifically job related. The most important and 
decisive considerations are social, financial, and 
domestic (53,60,74, I 02,240,244,245,269). A ma­
jority of workers prefer the morning shift because 
it does not disturb the schedule of family and 
social life, does not restrain attendance at 
cultural and sports events, but does permit rest at 
night (102,103,104,201,241,243). The least 
preferred is the night shift with the afternoon shift 
also unpopular among most workers. The night 
and afternoon shifts dislocate normal home life. 

Each shift may be characterized by a peculiar 
set of social difficulties (190): the afternoon 
worker is limited in his duty as a father; the night 
worker as a husband. Afternoon shifts take away 
the chance of spending time with the family and to 
unmarried people, it means a serious obstacle in 
their social relationships with friends. It also in­
terfered with relaxation and active rest from par­
ticipation in sports activities. On the other hand, 
from interviews with workers with marital con­
flicts, it appears that some of them prefer shift 
work because it provides an excuse to spend after­
noons and nights away from home. A few people, 
who like solitary activities such as gardening, 
fishing, motoring, and woodworking, sometimes 
prefer night shifts and devote the daytime to their 

- H. Valentin 

hobbies which otherwise would be neglected. 
For many workers and their families, the most 

compelling reason fur undertaking night or shift 
work is financial considerations. In spite of all the 
negative aspects of shift work, the shift system is 
often preferred by many workers because it is bet­
ter paid. 

V ARIOUS TYPES OF SHIFT SYSTEMS 

For a long time the apparent lack of adaptation 
to night work was attributed to the short period of 
a week on the night shift in the system of rotation. 
However, the extension of working nights beyond 
a week did not improve the situation, but instead, 
resulted in diminished work and efficiency, and 
increased absenteeism in the second week of night 
work (53,256,287). Periods on the night shift of 
more than a week were also poorly received by 
the workers themselves, mainly because partici­
pation in community and family life and contacts 
with people working on the day shifts became 
practically impossible. Thus, according to 
Eustace (74), assignment to a night shift for 
periods lasting a fortnight or even a month should 
be introduced only when it does not create ex­
cessive social difficulties and under conditions 
which enable workers to sleep undisturbed during 
the daytime. 

There are many variations of the shift system: 
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some systems are traditional in a given part of a 
country; some are typical for a particular type of 
industry; and some arise from production re­
quirements (189,229). Generally, in industries 
with a continuous 5-day per week operation, 
various types of three team-three shift systems are 
most common; for industries with full week con­
tinuous operation a four or five team three or four 
shift system is usually chosen. 

In the traditional three shift system, work starts 
at about 6 a.m., 2 p.m., and 10 p.m. on the morn­
ing, afternoon, and night shifts, respectively. In a 
four shift work system (with 6-hours duty), there 
are two night shifts, the evening (6 p.m. to mid­
night) and the proper night' shift (midnight to 6 
a.m.). The advantage of this system is that the 
worker can spend at I east part of the night asleep. 
Utilizing this principle, Eustace (74) proposed 
modifying the three shift system in such a way that 
the two shifts would each take only part of the 
night. leaving the rest for sleep. The suggested 
schedule would be: I a.m. to 9 a.m.; 9 a.m. to 5 
p.m.; and 5 p.m. to I a.m. Such a shift schedule 
would not disturb the normal circadian sleep­
wake cycle as much as the usual three shift rota­
tion. 

Eranko (71) proposed to replace the normal 
24-hour day with a 25-hour "day" for shift 
workers. This 25-hour period would be sub­
divided into a work period lasting 8 hours and 20 
minutes and an off-time period lasting 16 hours 
and 40 minutes. Thus, on each succeeding day, 
the shift would start and end an hour later (i.e., it 
would last from 8 a.m. to 4:20 p.m., then 9 a.m. to 
5:20 p.m., and so on). The author expected that 
the slowly progressing change of the day work 
hours into night work hours would bring about a 
gradual adaptation to night work. An attempt to 
introduce a similar system was made by Wedder­
burn (270). He studied the sleep pattern in a "25-
hour day" in groups of shift workers. However, 
the author noticed that the new system was not at­
tractive, especially to the married men. Avoiding 
the interference with family life was sometimes 
more important to the workers than the sleep it­
self. In fact, several people preferred fixed hours 
of work, even in the case of night work, because 
then they could more easily adjust their sleep 
hours to the life schedule of the family (62). 

From the physiological point of view, distribu­
tion of the off-time periods throughout the shifts 
is important. Combining a few days off with a 
long period of continuous shift work is not desira­
ble and usually is not acceptable to the workers 
themselves, regardless of the fact that such a 

system would offer better possibilities for more 
convenient and attractive arrangement of holi­
days. For instance, in some systems with a six-,-day 
rotation, a three-days off-period is given after 18 
days of shift work (21,22,42). According to the 
opinion of workers, however, the three days off 
was too short for recovery after such long, unin­
terrupted work. 

In general, the frequency of complaints related 
to fatigue and sleepiness are greater among shift 
workers than among only day workers. Dirken 
(63 L who recorded the com plaints of shift and 
non-shift workers by means of a standardized 
questionnaire, noticed that the most frequent 
complaint of shift workers was that they come 
"home from work and fal I asleep in a chair." 
Similarly, a tendency to take more and longer 
naps outside the major sleep period was observed 
by Tune (253) in shift workers compared to non­
shift working control subjects. 

Cameron (40) noted the frequency among shift 
and night workers of symptoms typical of fatigue, 
such as general irritability, restlessness and dis­
turbance of sleep: "It (fatigue) has its origins in 
the personal state of the individual, and the ap­
propriate starting point for research on fatigue is 
a volume of complaint from those who are ex­
posed to a particular set of conditions .... It is 
necessary to examine the whole life pattern of 
those who are complaining of fatigue. Particular 
im portance attaches to sleep habits, since fatigue 
effects bear a close resem blance to the effects of 
sleep deprivation .... The importance of such 
long term effects suggests that the time required 
for recovery may be a useful method of quantify­
ing severity of fatigue." It is worth considering 
whether the method proposed by the author for 
evaluating fatigue (based on the length of time re­
quired for the recovery) could be useful in 
estimating tolerance to night work and to a shift 
system. 

In the weekly rotation of shifts (with free Sun­
day), the afternoon shift to the night shift se­
quence rather than the night shift to the morning 
shift is often preferred because of the longer off­
time period after the night shift (23,90,223). 
However, workers often contend that a schedule 
on the night shift for I week is too exhausting and 
that free Sundays and 2 weeks on the day shift are 
not sufficient to recover from the loss of sleep. 
Most investigators report that fatigue from night 
work is most annoying at the end of the week 
(88,89,99,201,283,284,290). This seems to be an 
argument against the concept that adaptation to 
night work could be achieved under shift work 



circumstances. In this context, a different opinion 
was recorded from a group of workers by Fro­
berg,OKarlsson, and Levi (84). These authors 
found that fatigue ratings were lower towards the 
end of the week as compared with the beginning. 

According to Knauth and Rutenfranz (143) at 
least 24 hours are needed to make up for the sleep 
deficit resulting from spending one full night at 
work. Actually. there is a general tendency to 
prefer the system based on a rapid shift rotation. 
limiting the period of night shift to two or three 
consecutive nights. The idea of rapid rotation is 
supported by many authors (5,17,21,33,87,91. 
144,174,253.261,269), and it has been in­
troduced into several factories with remarkable 
success where economy and health are concerned. 
When work output and absenteeism were com­
pared for groups of workers employed on six (or 
seven) and two (or three) days rotation systems, 
the latter appeared better. Such a system is also 
usually preferred by the workers (Table 6). Inter­
views indicated that the workers felt less fatigue, 
and had more time at their disposal for sleep, as 
well as, for family and social life. As a rule. the 
workers opposed to return to the traditional shift 
system with weekly rotation. Thus, the idea of 
physiological adaption to night work should be 
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abandoned since such adaption is not encoun­
tered in most life situations. 

Some objections against the general introduc­
tion of rapid shift rotation seem to result from a 
reluctance to change traditional habits of weekly 
rotations and from a fear of social consequences. 
In many families with both husband and wife 
working on a shift system, both of them have to 

coordinate their shift work in light of the care 
needs of their children. 

The rapid shift system may be easily organized 
when four teams (or even more) participate in the 
system. However, complications arise when the 
rapid shift system is organized for only three 
teams of workers. The schedule of such a three­
team system designed for the cotton industry by 
the Institute of Occupational M ed icine in Lodz is 
presented in figure 39 (273). Advantages of this 
pattern are as follows: (1) the night shift occupies 
only two consecutive nights, (2) the period of 
night shift is always followed by 24 to 48 hour off­
time. (3) the off-time period (including Sunday) 
always lasts 48 hours, and (4) apart from the free 
Sunday, there is a 24 hour off-time in the middle 
of every week. Such a system would assure better 
rest and recuperation than a weekly rotation. 

TABLE 6 

Meal Sleep Social Wife's 
Subject Arrange- Arrange- Work Health Life Prefer· 

ments ments ences 

3x2x2 preferred 9 25 31 28 37 30 
.>J; 

0_ About the same 34 19 10 17 5 2 
~ ~ c 

- 0 
7·day shift preferred 5 5 5 3 7 7 c ~ 

u ~ .- .. 
E a. 
"0 (Don't know ..c.,., u_ Not applicable 2 1 4 2 I 11 

Not asked) 

2x2x2 preferred 25 39 43 26 48 41 

About the same 26 14 14 29 7 1 
~ ~ 

.>J; c 
~ 0 o ~ 7-day shift preferred 6 5 0 0 4 1 
~ <; 
- a. (Don't know ::0 -., Not applicable 3 2 3 5 1 17 "'- Not asked) 

Table 6. Numbers of men who preferred the new and the former (7-shift-cycle) systems with respect to 
the subjects listed, three years after introducing the new system (Walker, 1966). 
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" III 

~ mornIng shift 

~ 
I 

afternoon shift I. II. III - teams of workers 

night shift 16/ 2L./ ~8 - off- time (number of hours) 

Figure 39. Scheme of rapid shift system proposed by the Institute of Occupational Medicine in Lodz for thr.ee 
teams of workers employed in a cotton industry. The total work time amounts, on the average, to 42.7 hours 
per week (W()jtczak-JarosZQwa, 1973). 

ORGANIZA TION OF BREAKS WITHIN 
THE NIGHT SHIFT 

There is insufficient literature on the need for 
breaks during the night shift. Most often. the 
emphasis is on limiting total effective working 
time at night to correspond with that of day shifts 
(17.21.205.236). Shortening the total working 
time of the night shift by more frequent. or longer 
break periods is recommended. This is especially 
important in exhausting physical work, or in 
monotonous or vigilance situations. Great.er fa­
tigue in night shift workers was indicated by 
prolonged breaks occurring more often during 
night shifts than during the day (Quaas. 207). 
Also, the data presented in all preceding chapters 
support establishing different patterns of work 
and breaks within all three shifts. 

A subjective feeling of drowsiness and fatigue 
during the night shift is usually strongest between 
2 a.m. and 5 a.m. Some workers fall asleep for 
short periods at work, claiming that otherwise, 
they would not be able to continue work. Hak­
kinen (102) interviewed shift workers who. every 
hour, assessed their subjective feeling of fatigue 
and sleepiness. According to his observations (fig. 
40a). complaints of fatigue occurred at the begin­
ning of the morning shift and toward the end of 
the afternoon shift. However, most complaints 
were noted on the night shift at about 4 a.m. The 
curve of fatigue is similar to the curve of spinners' 
decreased efficiency descr ibed by us (fig. 40b). 
The curve of errors in studies by Bjerner and 

Swensson (fig. 40c) was similar to the curve of 
changes in delay in answering call s by telepr inter 
switchboard operators reported by Browne (fig. 
40d). The similarity among those curves and. 
also. to the diurnal changes in numerous 
physiological functions, is remarkable. 

The sim ilarity of curves suggests that the use of 
longer rest breaks during the night shift would be 
appropriate at the time when the drowsiness is 
most annoying and work efficiency declines. 
Similar suggestions have been put forward by 
other authors even though the opinions on how to 
use the breaks are different. Some observers 
(22.88.89) suggest that active exercise should be 
introduced during the break at night to combat 
sleepiness. On the contrary. Babadzhanyan and 
Muksinova (17) claim that the ability for further 
work can be restored if the workers are allowed to 
sleep during the break. They recommended using 
a I-hour break between 2 a.m. and 3 a.m. for 
sleep. A similar solution has been introduced in 
Japan (254) where in the majority of industries, a 
I-hour period for sleep between I a.m. and 4 a.m. 
was introduced for night shift workers. 

Meal schedules pose a separate and important 
point in the organization of night shift work. A 
majority· of workers are not accustomed to eating 
during the night shift and usually limit their in­
take to only fluids (21,23,102.181.203). This 
results from a lack of appetite during the night 
shift despite muscular activity. Loss of body 
weight in shift workers is. therefore. often ob­
served after a prolonged period of night work. 



Takagi (240), discussing the physiological 
mechanisms of hunger, assumed that due to the 
predominance of the parasympathetic nervous 
system, meals should be consumed willingly at 
night. In reality, however, the opposite is true. 
Eating during the night is usually not observed 
even in workers on the shift system for a long time 
(181,203,283,284). Sometimes a worker will eat 
his meals when ,he first starts on a night shift 
schedule, but by the end of the week. he takes his 
food back home (203). 
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Figure 40. Feeling offatigue (a. Hakkinen, 1966) 
and work efficiency of shift workers during their 
work on different shifts (b. Wqjtczak-Jaroszowa and 
Pawlowska-Skyba, 1967; c. Therner and Swensson, 
1953; and d. Browne, 1949). 

Hakkinen (102) reported (fig. 41) that the feel­
ing of hunger was strongest at about noon and at 6 
p.m. on the morning and afternoon shift, respec­
tively. These hours correspond to. narmal meal 
times, althaugh, the results could be samewhat 
different in ather popUlations, with different meal 
habits. However, hunger was at its minimum dur­
ing the night shifts. At abaut 3 a.m., i.e., after four 
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hours afwark when faad shauld be cansumed, the 
workers expressed no. desire for faad. 

The irregularity af the daily meals af shift 
workers has attracted the attentian of numeraus 
investigatars (1,37,74,,121,178,244,247,248, 
286). This irregularity, connected with shift wark, 
disrupts therapy far numerous disorders (e:g., 
diabetes and gastra-intestinal disarders) where 
regular daily meals farm a basis af treatment. 
Therefare, same diseases may be aggravated by 
shift work, and in these cases, the warkers should 
not be put on the night shift. Irregular nourish­
ment is also taken into. cansideratian as a factar in 
the development af peptic ulcers. Very aften, the 
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Figure 41. Distribution of complaints about the feel­
ing of hunger in relation to working hours during 
di.fferent shifts (Hakkinen, /966). 

transfer of a warker fram shift wark to. the regular 
day shift is indispensable far the treatment af pep­
tic ulcers. The number af shift warkers with 
gastra-intestinal disarders is higher amang yaung 
men than among older workers. 

AI thaugh beyond the scope af th is discussian, it 
should be mentioned that the warking haurs af 
shift workers aften determines nat anly the 
worker's awn meal pattern, but also. meal times af 
the families (222). This applies especially to. when 
the meal schedule may be adjusted to the hours of 
the shift warker's day sleep. 
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ADDENDUM 

CHAPTER VII 

SOME PHYSIOLOGICAL ASPECTS OF CIRCADIAN 
V ARIATIONS IN GLUCOSE TOLERANCE 

In recent years, the interest in circadian varia­
tions of glucose tolerance has greatly increased. 
Because these variations may determine at least to 
some extent the course and range of diurnal 
periodicity in the capability to perform physical 
work, as mentioned in Chapter II, some attention 
should be given to this problem. 

Circadian variations in the several hormones 
which have an effect on carbohydrate metabolism 
have been described in Chapters I and II. Among 
others, the growth hormone (HGH) which is im­
portant in carbohydrate and lipids metabolism, 
has been suspected of playing a ba'sic role in the 
diurnal fluctuations of carbohydrate metabolism. 
The relationships between the diurnal variations 
of HGH secretion and those of glucose tolerance 
have been examined and no cyclic variations over 
a 24-hour period were found (4,8, I 0,20,22,23). 
The level of HGH in peripheral blood did not 
differ in the morning and evening in fasting men, 
and no diurnal variations in plasma HGH were 
observed after both oral and intravenous glucose 
administration. An elevation of HGH levels was 

'noted in response to insulin induced hy­
poglycemia in the evening but not in the morning 
(4 ). 

No close correlation has been detected between 
peak secretion of HGH and levels of plasma free 
fatty acids (FFA). The 24-hour curves of blood 

sugar, FFA, HGH, and insulin during fasting in 
healthy adults studied by Quabbe, Schilling, and 
Helge (18) are presented in figures I and 2. The 
fact that the peak secretion of HGH seems inde­
pendent of changes in the concentration of blood 
sugar or FF A, suggests that neither is directly 
responsible for stimulation or inhibition of the 
release of HGH under conditions of total starva­
tion. 

The indubitable connection of HGH release 
and the onset of sleep, rather than with time of 
day and of meals, has been demonstrated (figs. 3, 
4). A clear relationship between HGH peaks and 
the stages of sleep was described by Takahashi, 
Kipnis, and Daughaday (20). They examined 
eight healthy young adults (20 to 30 years old) 
during normal, as well as, disturbed night sleep. 
The plasma HGH, blood insulin, cortisol, and 
glucose levels were measured during 38 nights 
with simultaneous recordings of EEG and EOG. 
The results are presented in figure 5 where plasma 
HGH, glucose, insulin, and cortisol levels have 
been plotted together from the time sleep com­
menced. The clear relationship of HGH release 
with the onset of sleep is seen in figure 6 where the 
levels of sleep have been recorded during normal 
night sleep in a 27-year-old man. The highest 
defined peak of plasma HGH was noted after the 
onset of sleep, whereas, the cortisol level was low 
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Figure 2. Blood sugar, NEFA, HGH, and insulin (radioimmuoassay) during a 24-hourfast in a normal male. 
Base line and heavy bars as in Figure 1 (Quabbe, Schilling, and Helge, 1966). 

at that time. On the contrary, upon awakening, 
when cortisol level was at its highest, the plasma 
HGH level was low. 

With the data presented in Chapter V, it should 
be mentioned that when the onset of sleep is 
delayed (fig. 7) or when sleep is interrupted (fig. 
8), the diurnal pattern of cortisol secretion is dis­
turbed, but H G H r~lease is al ways connected 

with the beginning of the sleep. However, the 
changes in HGH level are not correlated with the 
changes in plasma glucose and insulin levels. 

Convincing data indicate that insulin secretion 
undergoes cyclic fluctuations over a 24-hour 
period, which is probably all important for the 
diurnal changes of carbohydrate metabolism 
(5,6,14,16,19). First of all, it has been shown that 
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(Hansen and Johansen. 1970). 

the plasma insulin response to identical meals 
consumed at different times of the day. was 
greatest after the morning meal (16.19). Thus, 
Malherbe et al. (16) examined healthy subjects 
when the same meal was given in the morning. at 
midday, and at night. They observed that during 
the night, blood sugar and plasma insulin re­
mained low, FFA decreased. and the excretion of 
catecholamines diminished. The morning-midday 
blood sugar values were not significantly 
different, whereas the plasma insulin was highest 
after the morning meal. This was the cause of the 
changes in the plasma insulin/blood sugar ratio 
(I/G ratio), which is commonly used to express 
the insulin response ofB-celis to glycemic stimuli. 
It has been shown that the I/G ratio, like insulin, 
was maximal in the morning (fig. 9). suggesting 
that there is an inherent rhythm in the release of 
insulin from the pancreas. 

Similar observations were reported by Rigas et 
al. (19), who compared the responses to a stan­
dard meal in groups of normal subjects, diabetic 
patients treated with different drugs. and obese 
subjects on total starvation (fig. 10). The greatest 
insulin response was consistently observed after 
the first (morning) of the three equal meals of the 
day. 

These data suggest that the synthesis and the 
storage of insulin proceeds at a higher level at 
night than in the day, when the period between 
meals is shorter. If this is the main mechanism of 
the described diurnal variations, it seems that a 
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reversal to a morning state of better glucose 
tolerance might occur during the night. and also 
during the day. as a result of meal spacing. 

For comparison of the relationship between 
glucose and insulin levels according to the time of 
day, II healthy young men (soldiers) volunteered 
for studies after prior screening to exclude those 
with o.ccult diabetes mellitus. hepatic diseases, 
cardio-renal abnormalities, and endocrinopa­
thies. The subjects were examined during 3 and 4 
day periods of total starvation (Freinkel, Mager, 
and Vinnick, 6). It was observed that plasma 
glucose progressively declined to a new plateau 
during starvation but diurnal patterns were not 
demonstrated. However, plasma immunoreactive 
insulin levels were significantly greater in the 
morning (7 a.m. to 8 a.m.) than in the midafter­
noon (3 p.m. to 4 p.m.) Consistently higher I/G 
ratios in morning tests resulted from a higher in­
sulin level in the peripheral blood at a given con­
centration of glucose in the early morning than in 
the midafternoon. Thus, the diurnal fluctuation 
of insulin level in the blood cannot be explained 
as a response only to an increased blood glucose 
level. The authors related the findings to the 
possible existence of a periodicity which would 
regulate insulin secretion independently of any 
exogenous stimuli evoking insulin release. 

As a result of the differences in plasma insulin 
levels, these diurnal variations in glucose 
tolerance have been observed. These diurnal 
variations in oral glucose tolerance tests (OGTT) 
have been described by many authors (3,4,13,17, 
21.23). It has been shown that the blood sugar 
levels are higher in afternoon and evening tests 
than in morning tests at all time points. except 
fasting and 30 minutes after the glucose load (figs. 
11, 12). The peak glucose response occurred later 
in the evening and afternoon tests than in the 
morning tests. On the contrary, the plasma insulin 
levels (fig. 13) are lower at 50 minutes in the 
afternoon and evening than in the morning, 
whereas at 120 to 180 minutes they are higher in 
the afternoon (13). In figure 14, the levels of 
blood glucose, plasma insulin, HGH, and FFA 
after oral glucose administration have been pre­
sented for both morning (7 a.m.) and evening (7 
p.m.). These results were obtained by Carroll and 
Nestel (4) in healthy subjects. 

Because the insulin release after oral glucose 
can be influenced by intestinal factors and these 
factors might be partly responsible for diurnal 
variations in glucose tolerance, the response to in­
travenous glucose administered at different times 
of the day was also studied (4,\0,22). 
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Figure 4. The 24-hour serum growth hormone level in five healthy males (Hansen and Johansen, 1970). 

The same direction of diurnal changes were ob­
served when intravenous gl ucose tolerance tests 
(lGTT) were used. The differences in the levels of 
blood glucose and plasma insulin between morn­
ing and afternoon tests performed in apparently 
normal people (Whichelow et aI., 22) are pre­
sented in figures 15 and 16. Similar results were 
obtained by Carroll and Nestel (4). Changes in 
blood sugar during IGTT are shown in figure 17 
together with the curves of plasma HGH, insulin. 
and FFA levels. It was noted that blood glucose 
concentration was nearly the same in the morning 
and evening tests at about 10 minutes after 
glucose injection. Consequently, the curves of 
both tests showed no difference in the height and 
timing of the peak level. However, the subsequent 
rate of glucose disappearance from the blood was 

significantly slower in the evening. resulting in a 
more rapid fall after the peak in the morning. 

Thus. apparently normal people may show a 
small diurnal cycle in their response to glucose 
administration, spending much of the day in a 
state of relative hyperglycemia. Lestradet and 
Deschamps (15) analysed the individual results 
obtained in apparently healthy children before 
puberty. and found that only one value in one 
subject could have been regarded as abnormal in 
the morning tests, whereas 6 out of 10 subjects 
showed some abnormalities in the afternoon tests. 

The statement that the slight degree of glucose 
intolerance in the afternoon exists in healthy peo­
ple is also of considerable importance for clinical 
examinations, because it indicates that glucose 
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sulin, and cortisol levels during 12 normal control 
sleep studies. All values represent mean ± SE 
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tolerance tests performed after an overnight fast 
are not very reproducible when they are per­
formed at different times of the day. Nevertheless, 
little attention is usually given to the time of day 
when the tests are carried out. The pattern of 
glucose and insulin levels for the afternoon and 
evening tests may resem ble the pattern described 
as typical for "maturity onset diabetes." It has 
been suggested that afternoon gl ucose intolerance 
may represent a high factor of risk in the develop­
ment of diabetes mellitus (3), and even though the 
hypothesis has not been confirmed, the investiga­
tions in this field seem to be important in under­
standing the etiology of diabetes. A relatively hy­
perglycemic response in the afternoon is regarded 
as a normal phenomenon that occurs in most nor­
moglycemic people. 

On the other hand, the investigations of 
diabetic and obese subjects in which glucose 
tolerance tests were repeated at different times of 
the day, contributed to the knowledge of the 
mechanisms supporting the observed variations. 
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The diurnal variations in blood sugar, plasma in­
sulin, and FFA levels in hyperglycemic in­
dividuals were studied by several authors (4,5,8, 
11,12,17,19). It has been noted that the degree of 
diurnal variations was significantly and inversely 
related to the degree of obesity (12,17). No diur­
nal variations in both oral and intravenous 
glucose tolerance test were demonstrated for the 
people who had virtually no increase in plasma 
insulin concentration after glucose administration 
(4 ). 

Jarrett and Keen (12) studied 122 male volun­
teers (40 or more years old) who participated in a 
screening health examination. The people were 
categorized according to the 2-hour blood sugar 
level in a morning test. Then the OGTT was per­
formed in the morning and afternoon. The results 
are presented in figure 18. 

It is also characteristic that diurnal variations 
in fasting blood sugar levels in establ ished 
diabetics are observed with clear peak levels oc­
curring in the morning: such fl.uctuations are ab­
sent in healthy subjects (5,6). 

There is insufficient data to explain the 
mechanisms of glucose intolerance in diabetics. 
The working hypothesis presented by Jarrett and 
Keen (12) was that "afternoon hyperglycemia is 
the first stage of glucose intolerance, followed by 
increased morning glycemia (and reduced diurnal 
variation), then proceeding to morning hy­
perglycemia, sufficient eventually to warrant the 
description of diabetes mellitus." 

Some sl ight age effects have been detected 
(13,15,23). Lestradet, Deschamps, and Giron 
(15) studied 20 normal children before puberty, 8 
to 13 years old. Lower blood sugar values during 
OGTT were noted in the morning, whereas at the 
same time the insulin response to glucose admin­
istration was less rapid in the afternoon than in 
the morning (fig. 19). Consequently the I/G ratio 
calculated for morning and afternoon tests was 
significantly different, suggesting that the ,a-cells 
were more sensitive to glucose in the morning 
hours (fig. 20). Circadian variations in I/G ratio 
plotted with diurnal fluctuation in urinary excre­
tion of potassium are presented in figure 21. The 
comparison of the results obtained for a group of 
children with those obtained for the adults 
showed that the diurnal variations in OGTT were 
greater for the adults (15). 

Zimmet et al. (23) studied adults between the 
ages of 22 and 65. The people were d iv ided into 
two groups, one between 22 and 44 and the other 
between 45 and 65 years. There were no signifi­
cant differences in the morning blood sugar levels 
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between the two groups. The variations between 
morning and afternoon tests showed the same pat­
tern for both groups; however, the older group 
had significantly higher postglucose blood sugar 
levels at 90, 120, and 150 minutes in the after­
noon (fig. 22). Consequently, the range of the 
diurnal variations was greater for the older sub­
jects. These results did not confirm the previous 
observations made by Jarrett et al. (13), who 
found less variations in OGTT in elderly people. 
The authors attributed this phenomenon to the 

poorer glucose homeostasis in the elderly rather 
than to age per se. 

J'he mechanisms behind the diurnal rhythm in 
glucose tolerance are still unclear. As was men­
tioned previously, it can not be attributed to 
HGH fluctuations. The hypothesis that the HGH 
fluctuations might be the cause of variations in in­
sulin resistance has been unsupported. There are 
probably numerous mechanisms responsible for 
the diurnal variations in carbohydrate metabol­
Ism. 
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The following two mechanisms are most fre­
quently considered. The first is associated with a 
reduction of the hypoglycemic effect of insulin. It 
is suggested that the diurnal changes in sensitivity 
of the tissues to endogenous insulin contribute 
partly to the differences in blood sugar responses 
(1,7). Some hormones and metabolites such as 
corticosteroids and FFA would be involved in 
this process. The circadian variations in plasma 
cortisol, which is well known for its role in car­
bohydrate metabolism, were described in Chapter 
I. The fasting levels of plasma FFA also reveal 
changes over a 24-hour period. It was found, that 
during starvation, plasma FFA was significantly 

higher in the afternoon and evening than in the 
morning (2,4,22.23). The concentration of 
triglycerides also increased overnight (2). It 
might be that a higher level of plasma FFA, with 
consequent rise of muscle metabolism of FFA, 
results in reduced insulin sensitivity. However, 
there are rather controversial data concerning the 
diurnal variations in insulin tolerance tests. Gib­
son and Jarrett (7) observed a consistantly and 
significantly greater fall in blood sugar after 
morning intravenous insulin. No diurnal varia­
tions were seen by Carroll and Nestel (4) whose 
data are presented in figure 23. 

The second explanation is associated with a 

9 
I 



68 

NO.12 B.S.2Ovr 9 
II'lTERRUF1TED SLEEP 

"'~i ;t 'O\FW 
SL fE P 5 

4 

10.m. , 

40 

30 
rry.Jq/ml 

20 

10 

o 

120 

100 

"'9 1 
100 ml 80 

60 

GluCoSE 
; 

1N5ULlN 

:2 , 9 , , , 

}'U Iml 
lOr ,-0,. S . 

___ 0 "'0- __ 0-' ___ 0... -0·- -0 5 0 --0---0---0-_... __ ... 0 -"'0---0---0".. ....... -~---o-
()---o '0---0--0----0---0..-

o 

16 

12 

"''3/100 ml 8 

4~ 
0L-~10-p-.m~-~11--~-1~2--~'~lLa-m~.--~2--~~3--~~4-~·~~6--~~­

TIME 
8 9 

Figure 8. The effect of a 3-hour interruption of sleep on. the plasma growth hormone secretory pattern 
(Takahashi, Kipnis, and Daughaday, /968). 

reduced and delayed output of insulin from the 
pancreas in the evening. According to this hy­
pothesis, the diurnal variation in glucose 
tolerance is secondary to a rhythm in islet cell ac­
tivity which determines the amount of insulin 
released by the pancreas in response to a given 
stimulus. The existence of a diurnal variation in 
nuclear size of the islet cells, not only ,a -cells but 
also a-cells, has been demonstrated in experi­
ments on animals (9). A biphasic diurnal curve 
for the size of the nuclei of the ,a-cells and a 
monophasic curve the size of nuclei of the ,a-cells 
have been shown for rats (fig. 24). The high value 
during the later daylight hours was noted for a­

cells, whereas the ,a-cells showed maxima at noon 

and at midnight. Figure 25 illustrates the rela­
tionship between the nuclear size of the a- and ,a­
cells. 

The question arises whether the described 
variations represent inherent rhythms or are 
rather effects of given sleep-activ ity patterns and 
meal schedules, Most studies performed in this 
field were carried out with people on their normal 
life schedules .. Recently, some results have been 
described suggesting that the factors associated 
with the patterns of sleep and nutrition somehow 
control the diurnal variations in gl ucose 
tolerance. Jarrett (10) cites the stud ies performed 
by Cambell in the Antarctic during midwinter 
when darkness was continuous. The control group 
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of people adapted spontaneously to a 25 to 26 
hour day with a reversed sleeping pattern, getting 
up about 5 p.m. and going to bed at about 6 a.m. 
A significant, but reversed, diurnal variation in 
glucose tolerance in comparison with the 
chronological expectation was observed in these 
people. 

The changes in diurnal pattern of the I ife­
schedule were probably the cause of the reversal 
of diurnal fluctuations in glucose tolerance ob­
s<!rved by Trenchard and Jennings (21) in men 
after fasting. These authors examined healthy 
young males 22 to 24 years old in the morning (9 
a.m. to I p.m.) and afternoon (l p.m. to 5 p.m.), 
both after 4-hour and 12-hour fasting periods. In 
the case of 12 hours of fasting, the last meal was 
served at 1 a.m., instead of the normal daytime 
period. The existence of a relative afternoon in­
tolerance was noted in the situation when the 
afternoon test was preceded by a four hour fast. 
However, it was interesting that an improvement 
of glucose tolerance in the afternoon test was ob­
served when the test was preceded by a 12-hour 
fast (fig. 26). 
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CHAPTER VIII 

CIRCADIAN VARIATIONS IN PHYSIOLOGICAL 
REACTIONS TO PHYSICAL WORK 

It is im portan t, for practical reasons, to know 
whether the physiological reactio'1s to physical 
work are independent of the time of day the work 
is performed. Some inform ation has been pre­
sented in Chapter II. The results of recent in­
vestigations in which the physical load did not ex­
ceed the level commonly accepted for occupa­
tional work are presented here. 

General Procedure 

The subjects (healthy young students, 23 
women and 20 men), leading a normal life­
schedule with day activity and night sleep, were 
examined on the ergometer at different times of 
the day. The external load was the same for a 
given subject in all experiments and it was chosen 
during preliminary experiments to be about 30 
percent of each individual's maximal aerobic 
capacity (V'02 max). The people were examined 
during short experiments with work periods of 10 
minutes; during intermediate work periods of 30 
and 70 minutes for women and men, respectively, 
and during long work periods of 8 hours. The 8 
hour work periods were interrupted every 30 and 
70 minutes with 25 and 35 minutes of rest for 
women and men, respectively. Thus, there were 
nine or five work cycles during each 8-hour ses­
sion. Each experiment was repeated at different 
times of the day; once in the morning at 8 a.m., 
once in the afternoon at 4 p.m., and once at mid­
night. Thus, in the case of the long work sessions, 
the subjects worked from 8 a.m. to 4 p.m. (morn­
ing session), from 4 p.m. to midnight (afternoon 
session), and from midnight to 8 a.m. (night ses­
sion). The experimental sessions were performed 
in a random order with only one session being 
carried out on any experimental day. 

Results 

Only slight differences in the physiological 
responses were observed during the short and the 
intermediate work period experiments. The 
differences were mainly in the valu~s of net pulse 
rate and net cardiac work cost (i.e., the values 
above resting level). Thus, during the short work, 
the net pulse rate was Significantly lower when the 
work was performed at 8 a.m. in comparison to 
the rates taken at 4 p.m. (p = 0.039) and at mid­
night (p = 0.00 I; n = 23). At the same time (fig. 
27), there were no significant differences in ab­
solute values of these parameters and often, even 
lower values were noted at night because of the 
lower resting levels at night. 

Sim ilar resul ts were obtained when the subjects 
were examined during the intermediate work 
periods. It was shown that net cardiac work cost 
(fig. 28), was higher in the afternoon (at 4:30 
p.m.) and at night (at 12:30 a.m.) than in the 
morning (at 8:30 a.m.) (p = 0.039 and p = 
0.029, respectively; n = 23). Thus, it can be con­
cluded that the evaluation of physiological cost of 
physical work should not be based on absolute 
values when the measurements taken in different 
time of day are compared, but rather net values 
should be used. 

The differences in physiological parameters, 
which were related to the time of day, were 
greater when the measurements were taken during 
prolonged work. These differences were present 
for the net values of pulse rate and cardiac work 
cost; the absolute values sometimes revealed simi­
lar differences. It has been shown that both 
parameters increased during successive work cy­
cles through the 8-hour session, but especially 
when the work started at midnight (figs. 29, 30, 
31). The differences between the measurements 
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FiRure 27. Pulse rate (a) and net pulse rate (a 1 ); the 
measurements taken between 5 and 10 minutes of 
cyclinR at 8 a.m. (A), 4 p.m. (B), and at midniRht 
(C) in women (n= 23). 

for comparable work cycles of different sessions 
are seen on figures 32,33,34, and 35. The higher 
values were more frequently observed during 
night and afternoon sessions than during morning 
ones. It was character istic that at the end of 8 
hours of night work, at 8 a.m., net pulse rates (fig. 
33) and net cardiac work cost (fig. 35) were sig­
nificantly higher than they were at the end of 8 
hours of day work at 4 p.m. (p = 0.005 and p = 
0.003, respectively; n = 23). Also after 3-hours 
work (2nd work cycle), net cardiac work cost (fig. 
34) was significantly lower in the morning (about 
10:30 a.m.) than after the same period of work 
performed in the afternoon (about 6:30 p.m.; 
p= 0.012) and at night (about 2:30 a.m.; 
p= 0.028). 

There were also similar differences in oxygen 
consumption and energy expenditure. Generally, 
the highest values were noted at night or in the 
evening compared with similar cycles of the 
morning session. Thus, after 4 hours of work, oxy­
gen uptake was higher at night (about 4:30 a.m.) 
and in the evening (about 8:30 p.m.) than after the 
same work period performed at about noon (p = 
0.034 and p = 0.024, respectively; n = 20). 

It should be mentioned that the respiratory 

beat.s 
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FiRure 28. Net cardiac work cost durinR 30 minutes 
of cyclinR in different times of day for women. The 
work started at 8 a.m., 4 p.m., and at midniRht (n = 

23). 

quotient (RQ) decreased slightly in the later part 
of the day. Thus, the values noted at about mid­
night were lower than those at 4 :30 p.m. (p = 
0.013; n = 23). During work of 30 minutes, the 
RQ was lower at midnight than in the afternoon 
(p = 0.005). Similarly, after 8 hour~ of work (fig. 
36) the RQ was lower at midnight (the end of 
afternoon session) than at the end of morning ses­
sion at 4 p.m. (p = 0.037; n = 23). 

Thus, in the experiments presented above, the 
physiological cost of physical work was slightly 
higher at night, inspite of the fact that the external 
load did not exceed the load commonly accepted 
for daily occupational work, i.e., 30 percent of in­
dividual V02 max. It resulted in a higher night 
time net heart rate and net cardiac work cost. 
These differences were not revealed when the ab­
solute values of heart rate and cardiac work cost 
were used as indicators because of lower resting 
level of these parameters at night. Thus, the ab­
solute values should not be used in assessing cir­
cadian variations in the physiological cost of 
physical work. Net cardiac work cost seems to be 
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Figure 29. Regression lines representing the rise of 
net pulse rate during successive work cycles (t) of 
three experimental sessions (men. n = 20).- (0--0) 

morning. 8 a.m. to 4 p.m.; (x-x) afternoon, 4 p.m. 
to midnight; and (0--0) night, midnight to 8 a,m, 

the best indicator that might be used while com­
paring the physiological strain of physical work 
performed at different times of the day. 

The differences which have been reported for 
the respiratory quotient were probably connected 
with circadian variations' in energy metabolism as 
a consequence of the changes in the interrelation­
ship between the carbohydrates and lipids which 
are utilized under the conditions of physical 
work. 

The investigations were supported by Polish­
American agreement 05-015-2 and 05-015-3. 
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Figure 30. Regression lines representing the rise of 
net pulse rate during successive work cycles (r) of 
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Figure 32. Net pulse rate during successive cycles of three experimental sessions (men. n = 20): morning. 8 
a.m. to 4 p.m.; ~fternoon. 4 p.m. to midnight; and night. midnight to 8 a.m. Unlined bars indicate the begin­
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Figure 33. Net pulse rate during successive cycles of three experimental sessions (women. n = 23): morning. 
8 a.m. to 4 p.m.; ~fternoon. 4 p.m. to midnight; and night. midnight to 8 a.m. Unlined bars indicate the 
beginning (5 to 10 minutes) and lined bars indicate the end (65 to 70 minutes) of each cycle. 
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Figure 34. Net cardiac work cost during successive 
work cycles of three experimental sessions (men, n 
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Figure 35. Net cardiac work cost (sum of heart beats 
above resting level) during successive work cycles of 
three experimental sessions (women, n = 23): 
morning, 8 a.m. to 4 p.m.; afternoon, 4 p.m. to mid­
night; and night, midnight to 8 a.m. 
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Figure 36. Respiratory quotient estimated at the end 
of three experimental sessions (i.e., after 8-hour 
work periods): at 4 p.m. for the morning session; 
(unlined bars) at midnight for the afternoon session 
(lined bars); and at 8 a.m. for the night session 
(cross-lined bars). ("a" women, n = 23{ men "b", n 
= 2Q) . 
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CHAPTER IX 

THE INFLUENCE OF PHYSICAL EXERCISE ON CIRCADIAN 
VARIATIONS IN 17-KS URINARY EXCRETION 

There are several factors which can change the 
course of biological circadian rhythms; e.g., 
changes in the light/dark regimen, in meal 
schedule, or in ambient temperature. The role of 
synchronizers in tim ing the phases of biological 
rhythms has been treated in Chapter I. In the in­
vestigations presented below, the infl uence of 
physical effort performed at different times of the 
day on circadian fluctuation in 17 -KS urinary ex­
cretion was stud ied. 

Procedure 

Series A The levels of urinary 17 -KS excre­
tion were measured in healthy people (13 women 
and 10 men, age 19 to 27 years) working on the 
ergometer. The work was performed for 8 hours 
and the urine was collected every 4 hours over 
24-hour periods, starting with the beginning of 
the work and ending 16 hours after finishing the 
work. The physical load was chosen individually 
to be about 30 percent of V02 max, as a border! ine 
load commonly accepted for daily occupational 
work. Each subject worked at different times of 
the day: 8 a.m. to 4 p.m. (morning-session), 4 p.m. 
to midnight (afternoon session), and midnight to 
8 a.m. (night session). The work was interrupted 
every 30 to 70 minutes for 25 and 35 minutes of 
rest for women and men, respectively. The ses­
sions were performed in a different sequence for 
each subject. Each session was carried out on a 
separate experimental day with about a week be­
tween successive sessions. * 

The subject led a normal life with day activity 

• In the case of women. the experiments were stopped for a 
period of about 10 days including the menses. 

and night sleep, except for the night experiments 
before which they were asked to sleep in the pre­
ceding afternoon. 

Series B As in Series A, the levels of urinary 
17-KS excretion were estimated in the same indi­
viduals, but during their normal life and with no 
physical exercise. They participated in normal 
student activities during daytime hours and slept 
at night. The samples of urine were collected con­
tinuously every 4 hours as in Series A. Each sub­
ject was examined on 3 separate days. Thus, a 
comparison could be made between the levels of 
17-KS recorded in samples collected in Series A 
and with those recorded at the same hours in 
Series B. 

Results 

Clear circadian variations in urinary 17-KS ex­
cretion were shown in Series B when the subjects 
were examined during their normal life schedule. 
The maximum and minimum occurred at about 8 
p.m. and 4 a.m., respectively, for men (fig. 37) 
and at about noon and midnight, respectively, for 
women (fig. 38). The amplitude of circadian 
variations was higher for the men (p <0.001), 
than for the women. 

Physical effort (Series A) caused an elevation of 
urinary 17-KS excretion. Thus, the levels noted 
during work were higher than those noted during 
the normal life routine. The work effect was ap­
parent in particular for the samples collected at 
noon in the women (p <0.001) and at 8 p.m. and 4 
a.m. in the men (p= 0.034 and p= 0.044, respec­
tively). 

It was characteristic that after finishing work, 
the concentration of 17 -KS in urine decreased 
rapidly to levels which were sometimes lower 
than those noted at the same hours in Series B. 
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Figure 37. 17-KS urinary excretion estimated every 
4 hours during normall~fe schedule (men, n = 10). 

Such a sharp fall was noted at midnight if the 
work was done between 8 a.m. and 4 p.m., and at 
4 a.m. if the work was performed between 4 p.m. 
and midnight for both the women and the men. 
Thus, in the case of the morning session the levels 
of 17 -KS were highest in samples collected 4 
hours after work and lowest in samples collected 
8 hours after the end of the work (p <0.001 and 
p= 0.002, for women and men, respectively). 
Sim i larly, during the afternoon session the levels 
were highest after 4 hours of work but lowest after 
4 hours of recovery (p= 0.007 and p= 0.04, for 
women and men, respectively). On the other 
hand, when the work was done at night (midnight 
to 8 a.m.) the highest levels were mostly noted 
after 8 hours of work and the fall in level con­
tinued until the next night. 

However, the circadian fluctuations were still 
sustained when the physical work was performed 
in day hours, i.e., during morning and afternoon 
sessions (figs. 39,40,41,42) for both women and 
men. It was also sustained when the work was 
done at night (night session) but only in the men 
(fig. 43). In the women (fig. 44), the circadian 
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Figure 38. 17-KS urinary excretion estimated every 
4 hours during normal life schedule (women, n = 

13 ). 

rhythm was com pletely abol ished when the sub­
jects work from midnight to 8 a. m. 

Therefore, it can be concluded that the in­
fl uence of the physical effort upon circadian fl uc­
tuations of urinary 17-KS excretion depended on 
the time of day when the work was performed. 
This influence was marked, in particular, in the 
case of the women when they worked at night. 

The investigations were supported by Polish­
American agreement; Contract Nos. 05-015-2 
and 05-015·3. 
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Figure 39. / 7-KS urinary excretion: Series A (solid 
line), the work performed from 8 a.m. to 4 p.m.; 
Series B (broken line), normal life schedule 
(women, n = /3). 
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Figure 40. / 7-KS urinary excretion: Series A (solid 
line), the work performed .from 4 p.m. to midnight; 
Series B (broken line), normal l(fe schedule 
(women, n = /3). 

"'9 

2.6 

2.2 

2.0 

r·a 

1.6 

r.~ 

'6 

I 
I 

I 

Pf'lDQ OF PJtYS/CAL /,J"R~ 

20 

I 
I 

I 
I 

85 

Figure 4 /. / 7-KS urinary excretion: Series A (solid 
line), the work performed from 8 a.m. to 4 p.m.; 
Series B (broken line), normall!fe schedule (men, n 
= /0). 
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Figure 42. 17-KS urinary excretion: Series A (solid 
line), the work performed .from 4 p.m. to midnight; 
Series B (broken line), normall!fe schedule (men. n 
= /0). 
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Figure 43. 17-KS urinary excretion: Series A (solid 
line), the work performed from midnight to 8 a.m.; 
Series B (broken line), normal life schedule (men. n 
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Figure 44. 17-KS urinary excretion: Series A (solid 
line), the work performed from midnight to 8 a.m.; 
Series B (broken line), normal life schedule 
(women, n = 13). 
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