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In the last ten years shift work has become, both for practical and theo­
retical reasons, a matter of increasing interest to a growing number of scien­
tists in different countries, mostly in Europe. Because of this, a group of 
Institutes have organized several shift work symposia during this period, usu­
ally under the auspices of the International Association of Occupational 
Health. Our conference follows this tradition in many ways, because these­
lected themes (and indeed some of the individual speakers) are identical with 
those in previous symposia Oslo 1969 (Swensson, 1969); Slanchev Bryag 1971 
(Swensson, 1972) i Dortmund 1974 (Colquhoun, Folkard, K.nauth, & Rutenfranz); 
furtmund 1977 (Rutenfranz & Colquhoun, 1978). 

As a result of these symposia, the Scientific Committee of Shiftwork of 
the International Association of Occupational Health decreed at its session in 
Dubrovnik 1978 that the main themes to be pursued in current research should 
be: 

-the implications of circadian rhythm research for shift work problemsj 
-methodological problems in conducting both experimental and field 
studies of shift workj 

-individual differences in adaptability to shift work; 
-socio-psychological problems created by shift workj 
-developnent of criteria for optimal shift systems and their evaluation; 
-development of non-monetary techniques of compens~ting for the effects 
of working unsocial hours. 

1he general theoretical background for these topics is given in Figure 1, 
In terms of the stress-strain co·ncept of modern occupational medicine, shift 
work problems can be described as: 
1) The Objective Stress of Shift Work. 1his means the exposure of everybody 

working in shifts to the phase shifting of working and sleeping hours in 
relation to the nonnal phases of the circadian rhythms of physiological or 
performance functions; a special aspect of this problem is the time course 
of the adaptive processes in physiological functions after a shift in work­
ing hours, i.e., their re-entrainment. 

2) The Subjective Strain Caused by TI1is Stress. This strain may express it­
self in complaints, lowering of well-being and possible adverse health ef­
fects. At this moment, many governments are mainly interested in the 
health effects of shift work. 1his can be seen from the discussions about 
shift work as a possible cause of disease, especially gastrointestinal 
disease, although there is very little evidence of this. Nevertheless, 
shift \,,Urk does produce many non-clinical complaints because of disturbed 
sleep, changes in eating habits and disruptions of family and social life. 
But the importance of these disorders for a particular person depends on 

3) Intervening Variables, such as: 
-housing standards (especially sleeping conditions); 
-the family situation (age of children, acceptance of shift ',,,'Ork by the 
family as a whole); 

-personality; 
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Figure 1. Model of relations between stress, intervening variables and 
strain in connection with shift\.K>rk (Rutenfranz, 1976). · 
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-differences in physiological adaptability. 

Tnese intervening factors detennine if a particular person is able to 
cope with shift work, or if the disturbances of well-being will be augmented 
to such a degree that actual diseases will occur (Rutenfranz, 1976). 

To cope with these problems, it is necessary to develop research-based 
principles for selection of shift workers, compensation for ·shift work, and 
construction of shift work schedules. 

Therefore, I shall try to represent the actual position of research 1 in­
cluding questions still open in relation to the following problems: 
1) Re-entrainment of physiological functions during experimental shift work 

and in real life situations; 
2) Effects of shift work on well-being and diseases; 
3) Personal and situational differences in shift workers; 
4) Chronohygiene of shift work. 

Re-Entrainment Problems D.iring Shift Work 

If stress in shift work results from the discrepancy between the time­
structure of behaviour (work, sleep) and the circadian rhytrun of physiological 
functions geared to the nonnal daily routine 1 this stress can only exist as 
long as the circadian rhythm remains unadapted to the changed living condi­
tions. 

From numerous re-entrainment experiments with phase-shifting of the syn­
chronizers, we know that the re-entrainment of most physiological functions 
takes place within a period of 3-14 days (Aschoff, Hoffmann 1 Pohl, & Wever, 
1975). As far as shift work is concerned, the possibility of such re-entrain­
ment has been disputed for a long time, since certain of the synchronizers es­
sential to man, namely, time-consciousness and social contact, cannot be al­
tered in real life. However, it is undisputed that shift work initiateg adap­
tation processes of the circadian rhythm. The number of studies dealing with 
this question is surprisingly small at the moment, and it is useful to differ­
entiate between those conducted in the field and those carried out in the lab­
oratory, i.e., experimental shift work studies. 

Results of Field Studies 

As an example of field studies, we would like to take the findings on the 
oral temperature rhythms of a total of 133 experienced shift workers, which, 
depending on the shift system, were measured over 1-7 consecutive days of 
night shift (Knauth 1 Emde, Rutenfranz 1 & ~ith, in prep.). Tne investigation 
lasted for 387 days altogether. 

Figure 2 shows that the circadian rhythm of body temperature on the day 
of the first night shift remained practically unaltered in all groups and that 
up until the day of the 7th night shift 1 no indications of an inversion could 
be seen. However, it was striking that 'masking-effects'(Aschoff, 1978) could 
be recognized in both sleep and work, from the day of the second night shift 
onwards. Thus during the working period, there is a possible relative rise of 
the body temperature level, which clearly depends U!X)n the energy expenditure 
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and the climatic conditions of the working place. 

The upper part of Figure 3 shows the results from four other investiga­
tions of body temperature rhythms in field studies of shift work. It is evi­
dent at once that the picture is not homogeneous; however, only a few studies 
containing 24-hour recordings of body temperatures over several periods of 
~ight shifts have Reen carried out!and the number of subjects in these studies 
1s very small (~kerstedt, Patka1, & Dahlgren, 1977; Benedict & Snell, 1902; 
van Loon, 1963). Other experiments lack records about single days (Smith, 
1979) or only cosinor values of the rhythms are given (Reinberg, Vieux, 
Laporte, Migraine, Ghata, Abulker, I:upont, & Nicol ai, 1976). 

From the data of field studies which so far have been considered, we may 
conclude that: 

-one group of authors find no inversion up to the 7th night shift but 
only a flattening of the circadian rhythm (Benedict & Snell, 1902; 
Knauth et al., in press; van Loon, 1963; Smith, 1979). This group had 
at its disposal the largest number of subjects and, in most cases, com­
plete records (often from t~-hourly readings) over a period of several 
days; 

-other authors report that oral temperature shows a tendency towards an 
'adjustment (increase)' (Akerstedt et al., 1977) or an 'unusually fast 
adjustment' of the circadian rhythm of rectal temperature over a week of 
night work (Reinberg, Chaumont, & Laporte, 1975). Unfortunately, the 
data from this group are incomplete, as measurements for parts of the 
24-hour period are missing, so that it is difficult to establish a clear 
picture of the re-entrairnnent. 

Investigations resulting from field studies with more than 7 consecutive 
night shifts have not been published in Europe, since the laws of most of the 
countries do not allow such longer sequences of night shifts. 

Experimental Shift Work Studies 

For the reason given above, repeated attempts have been made in experi­
mental shift work studies, to follow the circadian cycle of physiological 
functions over a sequence of night shifts longer than 7 days. In these stud­
ies, initiated more than 15 years ago by the late Michael Blake and his col­
leagues, an attempt is made to simulate shift work in the laboratory using, 
in the majority of cases, 'naive' test subjects. This is done either with 
work at taxonanically-built test-batteries or with work at actual industrial 
tasks carried out in the laboratory. The subjects nonnally live in the Insti­
tute in an "open-door" situation and sleep in controlled conditions; the lat­
ter allows sleep to be either limited or disturbed by controlled noise, if re­
quired. 

Results of such experiments are shown in the lower part of Figure 3 and 
in Figure 4. The experiment by Colquhoun, Blake and Edwards (1968) shows, for 
example · that on the 12th night shift day, a transference of the minimum body 
temperature rhythm was not evident even at this stage. In experiments by 
Knauth and Rutenfranz (1976) or by Knauth _ et al. (1978), which in some 
cases were continued for 21 consecutive night shift days, the same tendencies 
were found. Here an incipient migration of the body temperature was observed 
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from the 2nd night shift onward; this progressed during the following days, 
but was still not totally complete even on the 21st night shift day. 

If one follows the changing position of the minimum of body temperature 
in relation to the middle of the sleeping period over the very long re-train­
ment period studied in certain of these experiments (Knauth & Rutenfranz 
1976; Knauth et al., 1978) it becanes apparent that the phase-alteration of 
this value to the expected value under the conditions of experimental shift 
work takes from about 7-14 days (Figure 5). 

In this connection the question of the duration of the "re-re-entrainment" 
physiological functions in the reverse transition rrom night shift to day 
shift is of interest. D..lr results (Knauth et al., 1978) show that the dura­
tion of this second re-entrainment under the experimental conditions was re­
lated to the length of the night shift period. In experiments with 21 night 
shifts, re-entrairinent had not, in fact, been completed even after 4 days 
(Figure 6). 

Comparing the results from shift work under field conditions and from ex­
periments under laboratory conditions, it emerges clearly that re-entrainment 
is more quickly, but only partly achieved with experimental shift work. We 
assume the reason for this to be that within the relatively closed group of 
persons participating in these laboratory experiments, a more or less unconsc­
ious displacement of the social synchronizers occurs, while in actual shift 
work, the phase p::,sition of the synchronizers within their normal time struc­
ture remains more stable because of family and social pressures. It should be 
noted also that the subjects in the studies of experimental shift w:>rk were 
always of a younger age group than the shift workers in the field studies. 

Long-Term Adaptation to Shift Work 

Finally, the question is as yet unsolved whether experienced shift workers 
develop special adaptation mechanisms to ehift work, if for a long period they 
only work night shifts (i.e., if they are "pennanent" night workers). From 
studies of night nurses who had been working 8 ('part-timer') or 16 ('full­
timer') night shifts in every 28 days over many years, Folkard, Monk, and 
Lobban, (1979) came to the conclusion "that full-timers do show long-term ad­
justrnen relative to part-timers, and that this is manifest in an enhancement 
of short-term adjustment, rather than a general flattening of the rhythms. It 
would appear to be even more apparent on the second night shift in a run of 
night work than on the first. However, the nature of this short-term adjust­
ment would seem to vary with the variable considered, taking the fonn of a re­
duction in slope for temperature, but an increase in mean level for alertness 
and well-being, over the first night shift. In contrast, the changes from the 
first to the second night shift were in level for temperature, but in slope 
for alertness and well-being." 

Desynchronization of Physiological Functions in Shift Work 

From fundamental studies on re-entrainment of physiological .functions 
(Aschoff et al., 1975; Wever, 1979), as well as from experiments on trans­
atlantic flights (Klein, Wegmann, & Hunt, 1972), one can conclude that during 
the re-entrainment after a phase-shifting of working and sleeping times a 
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desynchronization can take place in the circadian rhythms of various physiolo­
gical functions. Unforturately, as far as shift work is concerned, there are 
only a few investigations into this important question, and these are still in 
an early stage (M<erstedt et al., 1977; Patkai, fu<erstedt, & Pettersson, 1977; 
Reinberg et al., 1975; Rutenfranz, Klimrner, & Knauth, 1975). So far, the re­
sults have produced no unifonn picture, so that the question must remain open, 
whether the subjective complaints reported by shift workers are possibly in­
creased by desynchronization of circadian rhythms. 

Changes in the Sleep-Waking Cycle in Shift Work 

A further objective problem of stress in shiftwork is produced by the 
disruption of the nonnal circadian rhythm of sleeping and waking (Kleitman, 
1963) by the enforced behaviour. In the first place, this results in a short­
ening of the sleep period during day time sleep; if in addition (because of 
living conditions) noise-induced disturbances of sleep occur, this shorten­
ing is accompanied by alterations in sleep quality (Williams, 1973). Data 
concerning this phencrnenon, obtained from tests during experimental shift work 
were reported in 1972 by Knauth and Rutenfranz (Figure 7). The long tenn 
adaptation to such behaviourally- and environmentally-conditioned disturbances 
of the sleep-waking rhythm is being studied anew at present by various groups 
(Ehrenstein & Muller-Limmroth, 1975; Foret & Benoit, 1978; Lortie, Foret, 
Teiger, & Laville, 1979; Patkai et al., 1975). 

Open Questions 

As a result of the recent experiments described in the presentations, 
our knowledge about problems of re-entrainment in shift work has been widened 
considerably; nevertheless, discrepancies remain. For further clarification, 
the following experiments are urgently required; 

-Experiments with continuous night shift under field conditions over more 
than 7 consecutive days, in order to check the stability of the social 
and cognitive synchronizers; 

-Experiments with continuous night shift under conditions of experimental 
shift work with experienced shift workers for more than 7 days, in order 
to check problems of long-term adaptation; 

-Experiments with continuous night shift under field and/or experimental 
conditions for more than 7 days in which the circadian rhythm of several 
physiological functions are recorded, in order to study the problem of 
desynchronization in shift work; 

-Investigations into the sleeping behaviour pattern in night shift per­
iods of longer duration with experienced shift workers in field, as well 
as laboratory studies, including stress through noise, in order to check 
the importance of qualitative or quantitative sleep reduction in rela­
tion to the intensity of sleep disturbances complained of by the workers. 

Effects of Shift Work on Well-Being and Disease 

According to modern biology, life exists in coming to tenns with the en­
vironment (Uexkull & Kriszat, 1956). Man is generally in a position to adapt 
himself not only to natural but also to artificial environments. Occupational 
medicine proceeds from the fact that there is a spectrum of possible adapta­
tions between the two extremes of complete physical, psychical and social 
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well-being on the one hand, and death on the other (Karvonen, 1979). 

It is possible to think of several degrees of adaptation between the two 
extremes. Should well-being, for instance, not be achieved in certain spheres 
of life (physical, psychical or social)--the term discomfort is used in epide­
miology in order to describe this--a lowering of well-being, which is not ill­
ness, becomes likely. Conditions which are outside the nonnal limits of adap­
tation capacity, and which, therefore, do not meet the criteria of long-term 
endurability, will, eventually, lead to illness. In this context we describe 
innate characteristics, acquired patterns of behaviour, or pregiven conditions 
of daily life, all of which might decrease the physical capacity of adaptation 
of a person, as risk factors. This means that the presence of one or more of 
such factors does not at first cause any particular illness, but generally 
makes the eventual occurrence of an illness statistically more probable. In 
this sense, shift work may be regarded as a risk factor (Rutenfranz, 1967). 

Health-Relevant Types of Shift Work 

One may generally assume that shift work, or work at constantly unusual 
times, is disagreeable to the majority of human beings. Shift work has this 
in common with all other forms of work which differ from our average expecta­
tions of working conditions. Despite this, however, it cannot be denied that 
even shift work is expressly sought after by a small number of persons, be­
cause they believe that only with this kind of organization of their work can 
they realize certain expectations or enjoy certain hobbies. 'Ihe best known 
examples are the fanners shift working in the chemical industry in Germany, 
and the fishermen shift working in the paper industry in Norway. According to 
Harrington's (1978) findings, it generally may be assumed that 20-30% of all 
workers decline shift work, approximately 10% see certain advantages in it, 
and the rest simply tolerate it. 

Apart from this, it may be assumed that any working at changing times of 
day disturbs the order of our social life, and partly the order of our biolog­
ical functions as well; this does not, however, mean that in every case it en­
tails danger to health. If we consider the various forms of shift work listed 
in Figure 8, where the classification according to kinds of organization is 
similar to that in Rutenfranz, Knauth, and Colquhoun (1976), and if we bear in 
mind the problems of biological rhythms, we may set up the hypothesis that all 
forms of shift work, including night work, deserve special attention from the 
point of view of occupational medicine. Irregular forms of shift work, "con­
tinuous" shift work, and ''permanent" night shift work should be examined par­
ticularly closely, because of their special psycho-social problems; no notice­
able influence on health, however, may be expected from forms of shift work 
which exclude night shifts. 

In considering the health effects of shift work, one tends to forget that 
shift w'Ork, as a special time-oriented organization of work, is superimposed 
upon the most varied activities. TI1us, when discussing the possibilities of 
harmful effects from this work-organization, it is necessary to distinguish 
these from the stresses and possibilities of harm caused by the kind of work 
in itself, in the sense of the so-called 'confounding factors' as used by 
epidemiology (MacMahon & Pugh, 1970). On the other hand, stresses which other­
wise lie within the range of harmlessness (Hacker & Macher, 1977) as, for in-
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I. Systems without night work 
Two-team ("double-days") 
a. nonoverlapping (e.g., 0600-1400, 

1400-2200) 
b. overlapping (e.g., 0600-1400, 1330 

-2130) 
n. Systems with night work 

Two-team (up to 12-h shifts) ("days 
and nights") 
Three-team (8-h shifts) 
One-team (night work only) ("perma­
nent night shift") : is often combined 
with I to provide complete coverage 
of the 24-h period 

III. Systems with night work and includ­
ing weekend work ("continuous shift 
work") 
Regular 
a. three-team (12-h shifts) 
b. four-team (8-h shifts) 
Irregular (varying number of teams 
and cycle lengths) 

Figure 8. Types of shi~ system (Rutenfranz et al., 1977), 

234 



stance, work in climatic conditions below certain temperature figures, work 
with health-endangering substances within the limits of MAK, work with noise, 
etc., may possibly lead to health-endangering situations in night work condi­
tions. 

In all disturbances of health caused by shift work, it is however, advis­
able to distinguish between lowering of well-being and disease proper. 

Lowering of Well-Being 

Sleep Behavio.ur Patterns in Shift Work. Numerous investigations (e.g., 
Menzel, 1962) have shown that average sleeping time amounts to 7.5 hours be­
fore a morning shift, 8.5 hours after an afternoon shift and approximately 
4-6 hours on the day after a night shift (Figure 9). The need for sleep, in­
dependent of the form of shift work, varies considerably with the individual 
human being and is also related to age. Tne amount needed is, however, defin­
itely longer than any sleeping time which can be achieved with night work, as 
we have demonstrated with engine drivers (Rutenfranz, Knauth, Hildebrandt, & 
Rohmert, 1974) (Figure 10). 

1his shortening of sleeping time is brought about on the one hand by the 
transference of sleep to a time of day which is unfavorable for it in respect 
to circadian rhythms, and on the other hand through disturbances of sleep dur­
ing the day time caused by noise (Figure 11); children and traffic are usually 
mentioned as most important sources of this disturbing noise (Knauth & Ruten­
franz, 1972a,b). 

On the basis of these facts, one would expect the frequency of sleep dis­
turbance to be detennined by the type of shift work. In Figure 12, we have 
plotted the reported frequency of sleep disturbance according to type of shift 
wo~k among 5766 persons, on the basis of various investigations of our own or 
studies published by others (Aanonsen, 1964; Anderson, 1958, 1970; Barhad & 
Pafnote, 1970; Graf et al., 1958; Hakkinen, 1969; Hettinger et al., Knauth & 
Rutenfranz, 1972b; Kolmodin-Hedman & Swensson, 1975; Loskant, 1970; Mann & 
Hoffmann, 1960; Monnier,1963; Nachreiner & Rutenfranz, 1975; Rutenfranz et al., 
1974; Wyatt & Marriott, 1953). 

The table shows that sleep disturbances were reported by: 
-approximately 15-20% of day workers; 
-approximately 5% of the shift workers, not doing night shift; 
-approximately 10-80% of shift workers doing night shift; 
-approximately 60% of workers doing continuous night shift; 
-approximately 90% of former shift workers at the time of their night 
shift activity; in switching over to day shifts, the sleep disturbances 
decreased to less than 20%. 

From Figure 12, we may conclude that shift work which excludes night shift 
and straight day work do not lead to sleep disturbance to any significant de­
gree; but that shift work which includes night shift and continuous night work 
bring about special sleep problems for the shift worker. At the same time, 
there is an indication that the irregular systems of shift work prevalent in 
the service sector (radar controllers,engine drivers) very often lead to sleep 
disturbances, whereas living conditions in the area around a big chemical fac-
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Figure g, Sleep duration by shift type from diary records of 5926 days 
(Knauth, unpublished data). 
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tory with an advantageous shift work system apparently lead to favourable 
sleep conditions. The influence of other work conditions such as heat, noise, 
etc., cannot be clarified because of the variety of the types of industry. 

Tilese sleep disturbances with night shift 'w'Orkers are the dominant symp­
tom of lowered well-being; compensation for which will have to be rethought 
anew. 

Disturbances of Eating Habits. 'lne time changes of w-ork, sequence of meals 
and sleep very probably are the causes of disturbances in appetite during 
night work. On the basis of our own investigations and those of others, deal­
ing altogether with 906 persons, we show the findings for various fonns of 
shift work in Figure 13 (Graf, Pirtkien, Rutenfranz, & Ulich, 1958; Hakkinen, 
1969; Wyatt & Marriott, 1953). 

Figure 13 shows that disturbances of appetite occurred: 
-in less than 5% of the day workers; 
-similarly in less than 5% of shift workers not doing.night work; 
-in approximately 35-75% of shift workers doing night shift; 
-in approximately 50% of workers doing continuous night shift. 

'lne number of investigations concerning this problem is not very large. 
Nevertheless, Figure 13 shows that shift workers doing night shift or doing 
continuous night shift clearly suffer more from disturbances of eating habits 
than day workers or shift workers not doing night shifts. 

Debry and Bleyer (1972) were able to show that these disturbances of ap­
petite did not lead to a lessening of calorie intake; the disturbances of ap­
petite have more to do with the dislike of having to eat at unusual times or 
with food that is often cold or which has to be taken outside the accustomed 
social environment. 

Gastrointestinal Complaints. Irregularities in food intake can, as ex­
perience shows, lead to digestive disorders and gastrointestinal complaints; 
however, the reasons for this complex of symptoms are surely manifold. Never­
theless, complaints concerning the gastrointestinal system are often named as 
a predominant symptom in shift workers. On the basis of our own investiga­
tions and those published by other authors dealing altogether with 8060 per­
sons, we have assembled in Figure 14 the findings for various forms of shift 
work (Aanonsen, 1964; Andersen, 1960; Bjerner, Holm, & Swensson, 1948; Graf et 
al., 1958; Hakkinen, 1969; Kolmodin-Hedman & Swensson, 1975; Loskant, 1970). 

Figure 14 indicates that gastrointestinal complaints have been observed: 
-in 10-25% of day workers; 
-in approximately 17% of shift workers not doing night shift; 
-in approximately 5-35% of shift workers doing night shift; 
-in approximately 50% of workers doing continous night shift; 
-in approximately 30-50% of former shift workers who have ceased work for 
reasons of health. 

1he striking factor in these findings is the wide overlap of the answers, 
which does not pennit a clear differentiation between the various groups. This 
is especially noticeable in the day workers and i n the group of shift workers 
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doing night shift. , . It is conspicuous that (especially with the studies from 
Scandinavia) even day workers show a strikingly high percentage of gastrointes­
tinal complaints. If one compares in groups investigated by the same authors, 
the groups of shift workers doing night shift with th~ corresponding groups of 
day workers (Aanonsen, 1964; Bjerner et al., 1948; Hakkinen, 1969), there are 
only insignificant differences. C.Ontrary to this, the fonner shift workers 
[even taking the findings of the same investigations (Aanonsen, 1964; Bjerner 
et al., 1948)] show the greatest frequency of complaints; similar figures were 
found for a small group of shift workers doing continuous night work. rinally, 
gastrointestinal complaints were ·strikingly rare wherever experienced occupa­
tional physicians had been doing special medical examinations for years for 
beginners and follow-up tests with the shift workers (Loskant, 1970). 

Dangers to Health 

The adaptation disturbances in shift work, as detailed above, show that 
not all forms of shift work are similarly problematic, but, rather, that it is 
mainly those forms of shift work which include night shift that contain spe­
cial risks. In these cases, shift work may become a risk factor as far as 
health is concerned if the unavoidable adaptation disturbances resultant on 
changes in the biological rhythms are augmented by other personal or situa­
tional factors at home or at the working place (Rutenfranz, 1976). Such trans­
gressions of the adaptability limits of the human organism should show up in 
an excessive mortality rate or in an increased frequency of disease. 

Studies of Mortality. Studies of mortality with shift ~rkers are, so far, 
very rare. In an unusually careful study, Taylor and Pocock (1972) compared 
mortality rates in shift workers and day workers in 10 factories over a 13-
year period; with 1578 deaths occurring in 8603 persons, they found no differ­
ence in rates between shift workers and day workers. Shift workers, however, 
who had given up shift work prematurely showed a higher mortality rate (stan­
dard mortality ratio: 118.9 against 101.5). A certain excessive mortality due 
to neoplasmas was found among shift workers and due t6 pulmonary complaints 
among the day workers. Further studies seem necessary here. 

Gastrointestinal Diseases. On account of the high frequency of disturbed 
appetite and gastric complaints, special risk to the gastrointestinal system 
among shift workers appears probable and plausible, should other aggravating 
factors accrue. 

Duesberg and Weiss reported, in the basis of health insurance company 
statistics in 1939, that workers who, under the conditions prevailing in the 
German armament industry, were employed in shift work doing heavy physical 
work, succumbed to gastric ulcers eight times as often as non-shift workers. 
Duesberg and Weiss ( 1939) mention in their publication: "Workers who, with 
only a short lunch break, often doing continuously heavy physical work, par­
tially in shifts or in over-time, include among them approximately 8 times a·s 
many ·; persons suffering from an ulcer as members of professions which permit a 
regular daily life and a sufficient lunch break with physically less exacting 
work. 11 

• 

In the discussion of this result it is often overlooked that the relative 
frequency of falling ill in the studies of Duesberg and Weiss (1939) was ex-
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tremely low compared with that in other investigations. In evaluating material 
provided by health insurance companies, they found an ulcer frequency of ap­
proximately 0.3% among day workers; among shift worke~s doing heavy physical 
work while leading irregular lives, the frequency 'was approximately 2.4%. 
Reckoned altogether, this amounts to an eight-fold increase, but in investiga­
tions made after the second world war, there were significantly increased fre­
quencies even among day workers, which indicates that there was an underlying 
upward trend. 

1his time trend may partially account for the completely different re­
sults found by Aanonsen in Norway in 1964. He established that shift workers 
and non-shift workers did not differ in any significant way from day workers 
as far as gastric ulcers were concerned, but that among day workers, the high­
est frequency of such diseases was to be found within the group of former 
shift workers. 

Figure 15 shows the findings for ulcer incidence, compiled from investi­
gations by various authors, in a total of 32550 persons doing various kinds of 
shift work (Aanonsen, 1964; Andersen, 1958, 1960; Bjerner et al., 1948; Bruus­
gaard, 1949; Duesberg & Weiss, 1939; Ensing, 1969; Kolmodin-Hedman & Swensson, 
1975; Rietschel, 1978; Thiis-Evensen, 1958). According to this figure, gas­
tric ulcers were found among: 

-approximately 0.3-7% of day workers; 
-approximately 5% of shift workers not doing night shift; 
-approximately 2.5-15% of shift workers doing night shift; 
-approximately 10-30% of those shift workers who had given up shift work, 
probably for health reasons. 

These data make it evident that there is a wide overlap in the incidence 
of ulcer among shift workers and non-shift workers. It can generally be said 
that the material provided by health insurance ccxnpanies shows exceptionally 
low percentages of ulcers, while investigations in plants produce significatly 
higher percentages in shift as well as in day workers, which cannot be ex­
plained merely by the different sizes of the populations studied. If one com­
pares the different groups within the populations studied by individual re­
searchers, Andersen (1960) found a slightly higher morbidity among shift work­
ers doing night shifts than among day workers and former shift workers; how­
ever, Bruusgaard (1949) observed an identical frequency in day workers and 
shift workers doing night shift, but a small hyper-morbidity among former 
shift workers. In an exceptionally careful study, Aanonsen (1964) found the 
lowest frequency of ulcers in shift workers doing night shift, a slightly 
greater frequency in day workers, and a significantly higher incidence in 
former shift workers. These findings are confirmed by the data of 1hiis­
Evensen (1958). 

Other Diseases. As far as other illnesses are concerned, a significant 
hyper-morbidity caused by shift work would seem unlikely. So far, investiga­
tions of cardiovascular diseases, neurological disturbances and psychiatric 
illnesses have been made, and, as a new assembly of the facts by Harrington 
(1978) shows, no effects of shift work can be demonstrated in these aspects of 
health. 
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Open Questions 

The question of whether heal th is damaged by shi f't work has not, as yet, 
been satisfactorily answered. The discussions have concentrated so far on gas­
trointestinal diseases; the possibility that shift work has a co-respcnsibil­
ity for other illnesses is considered by only a f'ew authors (for instance 
Carpentier & Cazamian, 1977). The investigations published 50 far reveal the 
following deficiencies: 

-the diagnosis of diseases is based on very different kinds of facts 
(questionnaires on subjective health, medical history,x-ray, endoscopy); 

-so far, only cross-sectional studies have been made, very often without 
control groups. 

As regards the latter, since it can be deduced from the investigation 
that test-groups of shift workers represent self-selected groups, it is clear­
ly very difficult to answer the question by cross-sectional studies. As in 
epidemiology, retrospective--or better--prospective cohort studies, as well as 
case-control studies, are necessary. 

One of the first studies using one of these techniques in shift work 
(Angersbach, Knauth, Loskant, Karvonen 1 Undeutsch 1 & Rutenfranz, 1980) sup­
ports the assertion that health data of shift workers can be evaluated only 
in relation to time, since it was found that the process of self-selection had 
not come to an end even after 10 years. Ille group of workers who for reasons 
of heal th had changed from shift work to day work, proved to be of special im­
portance. The true reasons for the withdrawal of shift workers from shift work 
can only be found by a follow-up of the losses through prospective cohort 
studies of all workers. Such extremely work-intensive studies are especially 
necessary today. 

Effects on Family and Social Life 

Shift work affects, not only the workers themselves, but also their fami­
lies. Time budget studies in families of shift workers (Knauth 1 Romahn, Kuhl­
mann, Klimmer, & Rutenfranz, i975) have made it clear that the wives of shift 
workers have to try to keep the family together by altering meal times to fit 
in with the shift system (Figure 16). 

From the investigations of Barhad and Pafnote (1970), Mott, Mann, Mc­
Loughlin, and Warwick (1965), Nachreiner and. Rutenfranz ( 1975), and Wedderburn 
(1967), it can be concluded that shift workers consider the disturbances of 
their social life to be more serious than the physiological or organizational 
disturbances. OJr studies (Figure 17) show that complaints are voiced rela­
tively more often about disturbances in the wider social sphere than in the 
immediate family circle (Nachreiner & Rutenfranz, 1975). Ille importance of 
psychosocial disturbances as a cause of disease among shift workers has not 
been dealt with sufficiently. 

Effects on Industrial Performance Rhythms 

It has been shown many times that there are circadian rhythms in human 
performance (Colquhoun, 1971; Kleitman,1963; · Rutenrr:anz & Colq~houn, 1979). 
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This means that the same kind of work is carried out at different hours of day 
at different psychical and physical. 'costs' , so that II experienced industrial 
workers unconsciously adopt habits of work which tend to the production of a 
maximum output with a minimum of effort" (Vernon, 1921). Despite this, very 
few industrial performance rhythms have been described so far (Bjerner, Holm, 
& Swensson, 1955; Goldmark & Hopkins, 1920; Graf, 1943; Link, 1913). 1his is 
due to the fact that "workers attempt to mask such variations in productivity, 
out of fear of changes in their piecework wages" (Graf, 1943). 

Until now, therefore, we do not have a definitive answer to the question 
whether, during the period of re-entrainment in change-over to a night shift, 
regular changes in the "basic processes of performance rhythms 11--similar to 
those in physiological processes--occur independently of other factors in the 
job situation which can affect observed output. 

The 1ifficulty of investigating this question lies in the fact that in­
dustrial performance rhythms can be masked by the mechanisms referred to, as 
well as by motivational factors. Understanding of these mechanisms, and of 
the extent of the physical and psychical cost is, however, very necessary in 
order to assess the strains to which a shift worker doing night shift is sub­
jected. 

Personal and Situational Differences Among Shift Workers 

In spite of equal stresses, it is quite apparent that workers react to 
shift work in very different ways; this fact can only be explained by individ­
ual and situational differences. If such differences can be identified and are 
of importance for adaptation to shift work, it should be possible to use them 
as criteria for selection. ' 

Health Differences 

Because it is an established fact that persons with certain diseases suf­
fer under shift work more than others, the following groups of persons (see 
Collier, 1943) should be excluded from shift w'Ork if possible (Rutenfranz, 
Colquhoun, .Knauth, & Ghata, 1977): 

-People with a history of digestive tract disorders. Shift work produces 
special psychophysiological problems and also involves unusual meal 
times; both of which may affect gastric functions (Andersen, 1958; 
Collier, 1943; Dervellee & Lazarini, 1958; Menzel, 1962; Thiis-Evensen, 
1958). 

-Diab~tics and thyrotoxicosics. Regular food intake and correct thera­
peutic timing can be difficult to maintain under shift work conditions 
(Cook, 1954); 

-Epileptics. Reduction of sleep increases the incidence of fits (Cook, 
1954). 

1he validity of these criteria for selection can be proved only by pro­
spective cohort studies; standard medical examinations before starting work 
have (according to Taylor, 1968) only limited predictive value for sickness­
absence. Loskant and Knauth (lg?6) have therefore proposed that shift w:>rkers 
should be subjected to another health examination no later than one year after 
starting shift work, in order to assess their degree of adaptation to it. 
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Personality Differences 

Individual differences in adaptation to shift work have, over the past 
few years, repeatedly been linked with differences in personality structure. 
Most of the studies in which this link is alleged take the time needed for the 
re-entrainment of physiological functions--usually body temperature--as a mea­
sure of the capacity to adapt to shift work; Thus, Blake (1971) found "small 
but significant differences in certain aspects of the mean body temperature 
rhythms of introverts and ex tr averts. 11 Later Colquhoun and Folkard ( 1978) were 
able to show that 11 neurotic extraverts exhibited the greatest degree of ad­
justment" as far as the trend of body temperature during night shift was con­
cerned. Oestberg 0973), on the basis of preferences for, and habits of, ac­
tivity, made the distinction between 11morningness" and 11 eveningness", and 
stated that 11 the morning type of subject had the most pronounced difficulty i n 
adapting to night w::>rk." Patkai 0971) found "a significant relationship be­
tween morningness and introversion and eveningness and extraversion" so that 
it is probable that both factors have a common basis. 'Ine observations of Fol­
kard (1975) about rhythms of subjective alertness relating to extraversion or 
introversion must be interpreted in the same sense. Nachreiner (1975) used the 
personality variables identified in these studies in order to classify atti­
tudes towards shift work among groups of shift workers. He found that 11 if a 
shift worker is rather introverted and tends to be emotionally unstable, the 
probability that he feels uncomfortable with shift work and would like to get 
out of it is fairly high." 

'lne facts presented here are all based on cross-sectional studies and 
have not been used, so far, to make any predictions about the capacity to 
adapt to night work. Folkard, Monk, and Lobban (1979) have recently developed 
a predictive test of adjustment to shift work which is based on the hypotheses 
referred to above and Nachreiner (1975) has formulated a test of attitude to 
shift work using these hypotheses. Validation of these tests, however, will 
only be possible by projective cohort studies. Such studies still have to be 
carried out. 

Physiological Differences in Adaptability of Circadian Rhythms 

Various parameters of circadian rhythms have been discussed as possible 
physiological yardsticks for the prediction of adaptability to shift work. 
Breithaupt, Hildebrandt, lx)hre, Josch, Sieber, and Werner (1978) used the cir­
cadian phsse position and concluded that in evening types (as defined by 
Oestberg, 1973), the normal maximum and minim1.m1 body temperature appear later 
than in morning types. Evening types also show fewer sleeping problems and 
better adjustment to shift 'WOrk than morning types. 

Reinberg et al. (1976, 1978) used the circadian rhythm amplitude as a 
measure of individual capacity to adjust to shift work. lney found that a 
smaller amplitude of body temperature on normal days increased the probability 
of a quicker adaptation of this circadian rhythm to shift w:irk. 

Neither of these mea·sures of the capacity to adapt have been validated so 
far in prospective studies. 
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Situational Differences 

Living conditions are of special importance for adaptability to sh i ft 
work. As we (Knauth & Rutenfranz, 1972b; Knauth et al., 1975; Rutenfranz 
P.t al., 1974) have shown, approximately 60-80% of shift workers complain of 
sleep disturbance by noise on the day after the night shift, the most frequent 
sources of noise mentioned being traffic and children. Both these kinds of 
noise have been shown to disrupt sleep (Griefahn et al., 1976; Knauth 
& Rutenfra~z, 1972a, 1975; Williams, 1973). It is therefore hardly surprising 
that people with unfavourable living conditions 1 'especially those with badly 
insulated bedrooms, near roads carrying a lot of traffic, and with small child­
ren in the family, should complain more often about lowering of well-being and 
about health than people in more favourable living conditions. TI-le value of 
living conditions as a predictor of good or bad adaptability to night work so 
far has only been investigated by Angersbach in a retrospective cohort study; 
prospective cohort studies are also needed here. 

A situational factor which has hardly been investigated so far is the 
family's acceptance of shift work. If night work is not accepted by the mem­
bers of the family, it cannot be expected that the worker himself can adapt to 
night work conditions without at least some effect on his well-being. 

Chronohygiene of Shift Work 

1he technological, economic and social reasons for which shift work ex i sts 
~eans that it will not be possible to eliminate it. But one can ameliorate the 
discomforts of shift work by selecting suitable personnel and one can also in­
fluence the organization of shift schedul es. Over the last few years, more 
than 500 different shift systems have come to our notice; it is a priori impro­
bable that all of them are equally good. One cannot, therefore, leave the con­
struction of shift schedules to the plants alone. In order to assist them in 
their task, we (Rutenfranz et al., 1977) have put forth the following points: 

It is impossible to construct one singl e shift schedule which is optimal 
for all shift \o,Drkers and for all working and living conditions. But, 
based on present knowledge, some criteria can be set for schedule con­
struction. 

TI1e following statements are based on results obtained mostly from exper­
imental studies of shift work: 

1. Single night shifts · are better than consecutive night shifts 
(a) because a single night shift does not significantl y disturb 
circadian rhythms and (b) because more than seven consecuti ve 
night shifts are required for re-entrainment of the rhythms 
(Colquhoun et al., 1968, 1969; Knauth & Ilmarinen 1 1975; ?atkai 
et al., 1975), It could be argued that a sequence of consecutive 
night shifts longer than seven days would t herefore be acceptable. 
However, for psychosocial reasons, most workers need either to 
change their shift or to have some rest days after no more t han 
one week, so re-entrainment is not normally possible in practice. 

2. At least 24 nours of free time should be allowed after each ni ght 
shift. Sleep disturbances and reduction of sleeping time are the 
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most C(){IITlon complaints of shift workers, particularly of night 
workers. 'Ihe resultant accumulation of sleep deficit over several 
days may be a risk factor. Thus, for preventing the harmful effects 
of sleep deprivation, a substantial recovery period is necessary 
after each night shift (Graf, 1955; Knauth & Rutenfranz, 1972b; 
Knauth et al., 1975; Rutenfranz, 1973). A similar problem can arise 
with the morning shift when the starting time is so early that the 
~rker gets an insufficient amount of sleep the night before; in this 
case, a 24 hour break after each such shift should be allowed. 
(Alternatively, of course, it may be possible to delay the starting 
time of the shift by reorganization of the system.) 

3. 'Ihe length of the shift should be related to the type of work, 
particularly to the energy expenditure required by it. If the 
work is light, the length of the shift may (with caution) be ex­
tended to 12 hours, but it normally should not exceed 8 hours (or 
even 6 hours for certain types of work, e.g., work involving partic­
ularly heavy physical energy expenditure or a considerable mental 
load). 

4. The cycle of a shift system should not be too long (4 weeks, for 
exanple, is better than 40 weeks). It is also better to have a 
regular system of rotation than an irregular one. Short cycles and 
regular systems make it easier for the worker and his family to 
plan their social life. 

5. In case of continuous shift work, it is important to arrange as 
many free weekends as possible for the worker in order that he can 
participate at these times in the normal social life of his friends 
who do not do shift work. 

Knauth et al. (1979) have recently proposed a systematic methodology for 
evaluating shift systems in relation to these criteria. 

A final problem is the question of 'compensation for working unsocial 
hours•. Until now, night work has been almost universally rewarded only with 
money. Thierry et al. (1975) were the first to point out that this mechanism 
of compensation is no longer adequate for industrialized countries of Europe, 
since the shift workers there have begun to realize that sleep, and social 
contacts, cannot be bought with money. It must be seen as one of the tasks of 
psychosocial research to develop and to test alternative compensation mechan­
isms. Since social synchronizers are of particular importance for adjustment 
to shift work, mechanisms of compensation for the discomfort of shift work, 
based on psychosocial arguments, without any doubt, must be of special value 
not only in their own right, but also from the physiological point of view. 
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