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The literature on shift work is considera-
ble. Most of the available reports concern a
particular approach to the problem. How-
ever, a more general view is given in some
recent publications (22, 52, 68, 73, 90), and
several international symposia have been
devoted to this subject (e.g., 24, 2T,
93, 94). The present paper is a review of
the most important and generally accepted
facts on shift work and its possible effects
on health and related factors.
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DEFINITION AND SHORT REVIEW
OF DIFFERENT TYPES OF SHIFT
WORK

Over the last 50 years, shift work has in-
creased considerably in many countries.
There appear to be three main justifica-
tions for this increase: (a) social (provision
of “round the clock” services, e.g., medi-
cal care, transportation facilities, and se-
curity); (b) technological (continuous proc-
ess operations, e.g., steel production, pet-
rochemical refineries); and (c) economic
(optimal use of invested capital, e.g., costly
machinery).

It can be argued that shift work intro-
duced for social reasons results in an im-
provement in the quality of life of society
as a whole, but it should be pointed out
that shift work disturbs the life of the in-
dividual workers (and their families) who
provide the services. Thus there is a need
to create a balance between the needs of
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society in general and those of the indi-
vidual worker in particular.

With the present state of technology it
must be accepted that in certain industries
production can only be carried out in a
continuous manner. However, society
should not be content with this state of
affairs, and technical research should be
encouraged which eventually allows pro-
duction in such industries to be achieved
in an alternative way.

In both developed and developing coun-
tries economic arguments encourage the
continuous use of industrial machinery
and plants, both because of their high
initial cost and their rapid obsolescence
due to technological advances and, particu-
larly in developing countries, because of
the importance of maximizing plant pro-
ductivity so that industry can compete
effectively in the modern world and there-
fore continuing employment can be en-
sured for the working population.

Thus, in any particular situation where
the question of shift work arises, it is nec-
essary to weigh the possible health risk
to the individual against the requirements
or pressures of the state, society, and in-
dustry.

Evolution has provided man with a cir-
cadian temporal structure that is largely
determined by various ‘“synchronizers”
which can be social, e.g., the activity pat-
terns of the society in which one lives (5,
46, 90), cognitive, e.g., awareness of clock
time (32, 62), or perceptual, e.g., detection
of the day/mnight alternation in the ambient
level of light (50). Shift work disturbs this
temporal structure and thereby introduces
the possibility of a risk to health.

When shift work is discussed, some
words have a special meaning. The follow-
ing definitions are proposed:

Shift: unit of work time (typically 8 h).
Normal day: morning and afternoon work
with a lunch break of not more than 2 h.

Rotation period: number of consecutive
days on the same shift: (a) short (less than
7 days) and (b) long (7 days or more).

Rotation direction: regular (morning, after-

noon, night) or inverse (morning, night,
afternoon).

Cycle: time elapsed between identical
points in a sequence of rotating shifts.
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Split shift: shift with two distinct periods
of work separated by an interval of more
than 2 h.

Twilight shift: short, evening period of
work (typically 1700—2100 or 1800—2200).

A large number of different shift sys-
tems exists, but it is possible to catego-
rize the majority of them under one of the
following headings:

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)

II. Systems with might 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)

The complexity of the arrangements is
greatest with the systems of type III (con-
tinuous shift work). There are many dif-
ferent solutions, some of which have been
presented by Graf (42), Knauth (55),
Maurice (68), Schunck (92), and Wed-
derburn (102), as illustrated in tables 1—5.

The current situation regarding the
prevalence of shift work in different
countries is somewhat confusing since the
criteria used for its definition are not al-
ways the same. According to Knauth (55)
the incidence of shift work was 21.9 %o in
France in 1974, 20.4 %o in the Netherlands
in 1969, 18.2 % in the United Kingdom in
1964, and 13.3 % in Japan in 1971.

For certain countries which use cons-
tant data collection methods, it is possible
to follow the changes in the amount of
shift work done over recent years. In most
cases there has been an increase. In France



Table 1. An alternating 12-h shift system (4 teams, 4-week cycle) for a 42-h work week (55).

[D = day shift (0600—1830), N = night shift (1800—0630), — = rest]
Day
Week

Mon. Tues. Wed. Thurs. Fri. Sat. Sun.
1 D N — —_ D N —
2 — D N — — D N
3 -— — D N — — D
4 N —_ — D N — —

Table 2. A rapidly rotating regular 8-h shift system (4 teams, 4-week cycle) for a 42-h work

week (42). (M = morning shift, A = afternoon shift, N = night shift, — = rest)
Day
Week

Mon. Tues. Wed. Thurs. Fri. Sat. Sun.
1 N — M A N —_ —
2 — M A N — M M
3 M A N — M A A
4 A N — M A N N

Table 3. Two rapidly rotating regular 8-h shift systems (102). [M morning shift (0600—1400),

A = afternoon shift (1400—2200), N = night shift (2200—0600), — rest]
Day
Week
Mon. Tues. Wed. Thurs. Fri. Sat. Sun.
2-2-2 shift system?@
1 M M A A N N —
— M M A A N N
3 — — M M A A N
4 N — — M M A A
5 N N — — M M A
6 A N N — — M M
7 A A N N —_ — M
8 M A A N N — —
2-2-3 shift systemP
1 M A A N N N
2 —_— — M M A A A
3 N N — — M M M
4 A A N N — — —
# 2-2-2 shift system = “metropolitan rota” (4 teams, 8-week cycle, 42-h week).
b 2-2-3 shift system = “continental rota” (4 teams, 4-week cycle, 42-h week).

this increase has been substantial, from wards stabilization. This stabilization may
10.3%0 in 1957 to 21.9°% in 1974 (69). In be accompanied by a redistribution of the
other countries its extent may have varied, proportions of workers in different shift
or may even have shown a tendency to- systems (table 6).
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Table 4. A slowly rotating regular 8-h shift system (4 teams, 4-week cycle) for a 42-h work

week (68). (M = morning shift, A = afternoon shift, N = night shift, — = rest)
Day
Week

Mon. Tues. Wed. Thurs. Fri. Sat. Sun.
1 M M M M M M M
2 — — A A A A A
3 A A — — N N N
4 N N N N — — —

Table 5. A rapidly rotating irregular shift system (4 teams, 4-week cycle) for a 42-h work week
(92). [M = morning shift (0600—1400), A = afternoon shift (1400—2200), A = prolonged afternoon
shift (1000—2200), N = night shift (2200—0600), N = prolonged night shift (2200—1000), — =
rest]

Day
Week

Mon. Tues. Wed. Thurs. Fri. Sat. Sun.

1 A — M A N N N

2 —_ M A N —_ M —_

3 M A N — M A A

4 N N —_ N A — —
Table 6. Percentage distribution of shift There is a marked variation in the
workers in different shift systems (77). amount of shift work done in different
types of industry, ranging, e.g., in France,
Shift system from 71 %o in metal processing to 1.4 %o in
Year & desme Total the building trades (table 7). In general
2 teams 3 teams (. ore) shift work has shown an increase in the
majority of industries in all countries.
1957 7.9 12.3 9.0 99.0 However, there are certain exceptions,
1960 7.8 12.8 2.4 23.0 which can in some cases be explained by a
1963 7.5 11.1 2.5 211 recession in a particular industry in cer-
}ggg Z; 337; Zg gg:i tain countries, e.g., The Netherlands (min-

ing), the United Kingdom (shipbuilding,
for which shift work decreased by 1.3 %o
per year between 1954 and 1960), Japan
(chemical industry, for which the number
of shift workers decreased from 36.1 %o to
34.2°% of the total labor force between
) Biopaition 1958 and 1962).
Type of industry 0/ The size of the plant or organization in
question also has a substantial influence
on the incidence of shift work. The larger

Table 7. Proportion of shift workers in dif-
ferent types of industry in France (52).

Metal processing 71.0

Automsbile manufacturing 58.3 the number of employees, the greater the
Textile industry 50.2 proportion engaged in shift work (table 8).
Plastics processing 46.6 Assessments of the general attitude to-
Chemical industry 34.6 .

Electrical and electronic manufacturing 21.6 wards shift work have been made by
Wood and furniture industry 10.0 Chazalette (20), Mann (67), Mott et al. (73),
House building 1.4 Nachreiner and Rutenfranz (76), Wedder-
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burn (102, 103), Wyatt and Marriott (109),
and others. It has been shown (69) how this
attitude varies according to the type of
shift system with which the worker is
familiar (table 9). It is evident that nega-
tive answers to the question posed
increase progressively from ‘“perma-
nent shift” to “rotating three-shift” sys-
tems. Table 10 shows that where the
answer is “Yes, without reservations” at-
titude is the most strongly affected by
feelings about free time. Where the an-
swer is “Yes, with reservations” factors
such as age and health are important.

Shift work is traditionally carried out
by men. At the international level, night
work by women has been governed by the
Berne Convention and by ILO (Interna-
tional Labor Organization) conventions
number 4 (1919), number 41 (1934), and
number 89 (1949). Available information
indicates that some countries (e.g., Den-
mark, Norway and Poland) have adopted
a single set of regulations concerning night
work which apply equally to men and
women. In principle these regulations
prohibit night work altogether except in
those establishments specified by law. On
the other hand, a substantial number of
countries have adopted legislation pro-
hibiting night work only in the case of
women. This is indicated by the large
number of ILO members which had
ratified one or the other of the relevant
ILO conventions by January 1973 (conven-
tion number 4, 57 ratifications; convention
number 41, 36 ratifications; and conven-
tion number 89, 52 ratifications).

Table 8. Influence of the size of the organiza-
tion on the proportion of employees engaged
in shift work (52).

Nuror}ber Percentage of workers
employees in shift work
10—49 5.6
50—199 12.1
200—499 95.1
=500 431

EFFECTS ON HEALTH

The two main sources of health risk com-
monly identified by physicians in charge
of shift workers are disruption of sleeping
patterns and variations in eating habits.
Apart from difficulties with sleep, the
complaints of the workers themselves
center mainly on mervous troubles and
disturbances of the alimentary tract. Other
factors mentioned are fatigue from travel-
ing between home and work; poor housing
conditions (particularly in respect of noise
insulation); and the lack of facilities for
obtaining a hot meal during night shifts.
Several investigations have been made
of the disease patterns associated with
shift work. Surveys by Aanonsen (1), And-
lauer (4), Thiis-Evensen (95, 96), and Wyatt
and Marriott (109) have shown that,
whereas gastric and intestinal dysfunctions
predominate in shift workers, the incidence
of cardiovascular disease and nervous

Table 9. Percentage of answers to the question “Would you like to continue
working in shift work in the future?” according to the type of shift system
followed at present by the respondent (68).

Response
Shift system
followed Yes, without Yes, with ” N supwer
reservations reservations

Permanent shift 68 12 19 1
Rotating two-shift 65 10 17 2
Rotating three-shift

(semicontinuous) 33 25 41 1
Rotating three-shift

(continuous) 32 35 33 —
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Table 10. Factors affecting response to the question “Would you like to continue working in

shift work in the future?” (69).2

Response
Shift system Yes, witl}out Yes, with No
reservations reservations
Factor % or no. Factor % or no. Factor %o or no.
Permanent shift Free time 399% Health, Family life 43 %%,
Familiarity with family life 18°% Health 17 %%
routine 16°% Age 12 %
Family life,
transport 12 %
Rotating two-shift Free time 449%0 Age 24°%, Family life 26 %o
Tran.sport 159% Family life 1490 Leisure activities,
Family life 11% Variety 14%, age, more regular
life 13 %
Rotaj;ing fchree—shift Free time 289%, TFatigue Fatigue
(semicontinuous) Familiarity with caused by 28°% caused by
routine 19% night work night work 27 %
Pay 16% Age 18% Age, family
Health 11%  life 22 %%
Rotating three-shift Free time 349% Age 27°%  More regular
(continuous) Pay 229y Health 18°%  life 29 %%
Familiarity with Fatigue Age 25 %/
routine 16 % caused by Health 18 %
night work 14 %
Numbgr of occasions Free time 4 Age 4 Family life 3
on Wthh. the Familiarity with Health 3 Health 3
factors glted were routine 3 Fatique caused by 2 Age 3
ranked in the top Family life 2 night work More regular life 2
three places over Transport 2 Family life 2
the range of different Pay 2

shift systems.

2@ The factors shown in this table are those few which were ranked as most important. Where
more than one factor was ranked as of equal importance, both have been given.

symptoms does not seem to be higher than
in the population at large.

Long-term studies on disease incidence
among shift workers are lacking. How-
ever, Aanonsen (1) attempted to estimate
possible long-term effects by including
people who had left shiff work in his
survey. Table 11 illustrates the results of
his well known study. It is evident from
the figures given that the group who had
left shift work had the highest incidence
of diseass. In fact about 20 °6 of shift
workers are unable to continue such work
(96), and for these people shift work may
constitute a health risk (90).

The symptomatology is mainly focused
on the gastrointestinal tract, and it is well
known that psychosomatic factors are
important determinants in this respect. For
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instance, difficulties are often encountered
in the clinical diagnosis of ulcers (43).

Apart from the main diseases and dys-
functions already mentioned, disorders of
digestion and sleep are the most common
“minor” complaints observed in shift
workers.

The frequency of digestive disorders
suggests that eating habits may be an
important factor. Debry and Bleyer (29)
showed that, although shift work does
not affect total caloric intake, it alters its
distribution over the 24-h period. They
pointed out that the social conditions for
eating during a work shift are not good
and, also, that the disrupted social life of
shift workers tends to encourage an
increase in the consumption of alcohol. It
has been recommended (82) that short



meal breaks should be introduced during
the morning and the afterncon, since for
social and practical reasons it is often
difficult for people to increase the amount
of food they eat during the meals before
and after their shift. The seriousness of
this difficulty may, of course, vary accord-
ing to local custom in different countries.

It is well known that alcohol, caffeine
and tobacco have a pathogenic influence
on gastrointestinal dysfunction. It should
be noted that night workers tend to
increase their intake of caffeine and
indulge in heavy tobacco smoking in order
to increase their wakefulness during the
shift (72).

Sleep is a major concern in the life of
shift workers, particularly if they work at
night. First, their unusual work hours
prevent them from sleeping at the normal
time. Second, when they do have an
opportunity to sleep, they have to do so
in an environment which is geared to-
wards the awakened state. Third, night
work and day sleep affect one of the most
apparent circadian rhythms (54).

The normal length of sleep, as reported
by 18-year-old college students, is shown
in table 12. The most common duration of
sleep is 7.5—8.5 h for sleep during the
normal night hours. This amount is
affected by age. It was found (34) that the
average number of hours slept by people
aged 40—50 was only approximately 6. It
has been shown (69) that, whereas 50 %o
of people with normal day work sleep for
7—8 h, only 40, 35 and 15 %o of 3-shift
workers in afternoon, morning and night
teams, respectively, sleep as long.

Similar results were found by Caillot
(19). Foret (36) gives 7.55 h as the mean
length of night sleep. In day sleep this
time is shortened to 5.56 h, and the lowest
figure is found for people going to sleep
at the end of the night (5.45 h). It is
generally agreed that the duration of day
sleep is always less than 7 h (60, 85, 98).
Foret (36) summarizes the situation as
follows: “One may say that for a morning
sleeper the later (in the might) he retires
the less he sleeps.”

Table 11. Frequency of observed disorders, expressed as the percentage of
the number of workers in three categories (1).

Category of workers

Nature of disorder Day SRt Ds,_};s (sﬁff‘?
workers)

m = 345) (n = 380) (n = 128)

Neuroses and nervous disorders 13.0 10.0 325

Ulcus ventriculi S. Duodeni 7.5 6.0 19.0

Peptic symptoms without

demonstrable peptic ulcer and

other digestive diseases 18.2 20.2 32.5

Angina pectoris and

infarctus cordis 2.6 1.1 0.8

“With symptoms” 34.8 34.0 67.0

Table 12. Average length of sleep, expressed as the percentage in different

time categories (101).

Hours of sleep

Sample

5.5 8.5

or less 5.5—6.5 6.5—17.5 7.5—8.5 or more
2,364 males 1.1 6.1 27.9 48.8 16.0
2,011 females 0.6 9.2 31.1 44.5 145
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Table 13. Percentage of time spent in different stages of sleep (53, 105).

Author Blace

0 (awake) I I III v REM 2
Kales et al. (53) — 44 51.2 10.1 11.2 22.9
Williams et al. (105) 1.0 5.4 48.7 7.7 13.2 24.1

a2 REM = rapid eye movement.

A survey of 9,000 shift workers (96)
showed that 20 %o of them had difficulty
adapting to shift work because of lack of
sleep. The major complaint about poor
sleep is the disturbance caused by noise.
It was found (58) that 78.8 %o of the people
were disturbed in this way when they slept
between 0700 and 1900. Children’s noise
was mentioned in 77.9 % of the complaints,
road traffic noise in 63.2 %o, telephone
ringing in 54.5 %o and, among others, air-
craft noise in 53.4 %o. (The study was con-
ducted in the vicinity of an airport.) By
comparison, and for obvious reasons,
when sleeping during the night, the same
people had almost no complaints about
children’s noise and telephone ringing, but
of those reporting disturbed sleep, road
traffic noise was still mentioned in 40.6 %o
of the cases and aircraft noise in 40.1 %bo.

The influence of heat on sleep has rarely
been taken 'into account in recent research.
All work carried out by man at an effec-
tive temperature of more than 30° C
appears to reduce the restorative power of
subsequent sleep (70). In addition the
temperature of the sleeping room will
affect sleep (72, 79).

It is not only the length of sleep that
is important, but also its “quality.” It is
normally accepted that the quality of sleep
is indicated by its different stages, dif-
ferentiated in the encephalogram (EEG) by
criteria developed by Rechtschaffen and
Kales (86). Table 13 shows the percentage
of time spent in the different stages of
sleep (53, 105). [Note: REM* sleep (associ-
ated with dreaming) occurs in “bursts,”
usually separated by intervals of approx-
imately 90 min.]

4 REM: rapid eye movement.
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Several factors may affect the quality
of sleep. Although there is no change in
REM sleep with age, at least during the
active working period of life, the amount
of stage IV sleep starts to decline in the
midthirties, and this decline is associated
with an increase in stage I (34, 101).

Neither presleep conditions (107) nor
psychopathological events (48, 110) affect
REM sleep. However, environmental heat
may produce dissociation between the
state of consciousness and neurophysio-
logical alertness, as indicated by the EEG
(89).

The sleeping EEG response of individ-
uals to acoustic events varies greatly (31,
47, 64, 66). Awakening occurs at sound
levels between 40 dB (A) and 65 dB (A).
A field study (100) showed that sleep
stages III and IV were reduced by traffic
noise. Auditory stimuli presented during
stage III or IV produced a shift to stage
II in 30 %o of the cases (12).

The extent of the effect of noise on shift
workers sleeping during the day is largely
governed by two factors, i.e., adaptation
and motivation. Although much contro-
versy exists concerning the degree to
which adaptation can take place (59, 65),
it has been shown that with sufficient
motivation awakening will only occur in
response to those stimuli which the sleeper
has previously learned to dicsriminate as
being important (104, 106).

There is a relative temporal stability
between the different EEG stages that
Webb (101) calls “intra-sleep cycling” and
Foret (36) refers to as “sleep internal
logic.” This temporal organization must be
acquired by cerebral maturation since it
is not seen in the newborn (80).

Foret and Lantin (38), who analyzed
the sleep of shift workers, including rail-



road workers (many of whom sleep in
noisy stations), bus drivers, and mail car-
riers, reached the conclusion that the
internal logic of sleep was maintained.
Variations in the length of sleep were
observed, and also an REM deficit, but
disruption of the regular cycling of the
various sleep stages was never found.

REENTRAINMENT OF PHYSIOLOGICAL
FUNCTIONS DURING SHIFT WORK

Perhaps the most important physiological
problem regarding shift work, particularly
shift work which includes night work, is
the problem of the reentrainment of
physiological functions after a phase shift
of working and sleeping times. The basic
facts concerning this problem are well
known, having been ascertained from
studies with animals (6) and from studies
with human subjects under controlled
environmental conditions (e.g., in “isola-
tion suites” or caves) where the subject
was totally removed from all contact with
the outside world (8, 41, 88).

The main fact learned from such studies
is that human beings, like animals, have
innate circadian rhythms which are en-
trained by “Zeitgebers” (5) or “synchro-
nizers” (46). The importance of any partic-
ular synchronizer may be determined by
a series of experiments in which the
synchronizer is (a) removed entirely (e.g.,
by screening the subject from daylight
changes), (b) altered in its periodicity (e.g.,
by changing the length of the “day”), (c)
altered in its phase (e.g., by “inverting”
the sleep/waking cycle).

It has been shown many times that in
animals light is the most important
synchronizer. However, in man, the domi-
nant Zeitgebers are the social environment
and the awareness of clock time. Light is
also a synchronizer in man, but it is a
relatively weak one (6).

Shift work produces a situation in which
a phase shifting of waking and sleeping
times takes place without a corresponding
shift in the phasing of the dominant social
synchronizers. This is the situation in
which the troubles mentioned previously
occur. The same troubles occur in the first
few days after air travel involving sub-
stantial (more than 3 h) time-zone shifts.

Thus the results of experiments on trans-
meridianal flights provide good models for
understanding the problems of shift work.
Other models leading towards such under-
standing are provided by the results of
animal and insect experiments on longev-
ity as related to phase-shifted light/dark
schedules (7). These experiments suggest
that different light/dark cycles have dif-
ferent effects on longevity. Although the
results of these experiments on lower
species cannot be directly related to the
problem of shift work, they may act as
guidelines for the design of experiments
on this topic with human subjects.

The specific problems of the reentrain-
ment of physiological functions caused by
shift work have to be studied both in the
laboratory and in the field. In both cases
the experiments must be specifically
designed; post hoc studies are not suf-
ficient. Planned experimental studies of
shift work of this kind have been carried
out in recent years in several countries
(25, 26, 56, 81, 91, 97).

In these experiments different types of
shift systems have been examined by
measurement of various physiological and
psychological functions over periods rang-
ing from one day to several weeks. In the
laboratory experiments, an attempt was
made to mimic, as far as possible, the real-
life situation (“open-door” experiments
without social isolation and with real or
simulated work). It was observed that in
shift systems with single night shifts the
circadian rhythm of body temperature was
not significantly altered. However, in ex-
periments which involved consecutive
night work for periods of one to three
weeks, a phase shifting was observed for
the temperature minimum; the time
of the minimum shifted to a point
within the new sleeping period after seven
or more days. At present it is not known
whether other body functions also re-
entrain at the same rate as body tem-
perature or whether the phase shifting is
delayed, as has been observed in trans-
meridianal flights (40, 49).

From the medical point of view, the
physiological problems of shift work are
considered the most important. However,
the shift workers themselves have a dif-
ferent attitude. For them the most im-
portant problems are psychosocial ones,
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such as the extent to which shift work
disrupts their family routine or interferes
with their social life.

Thus it must be realized that, although
it is possible to plan shift systems which
minimize physiological problems, these
systems may not be acceptable to the
worker. On the other hand, experimental
studies of shift work can yield guidelines
for helping people in industry to construct
shift schedules which both take into
account basic physiological findings and
respect the social needs of the workers.

INTERACTION WITH OTHER FACTORS

Age is an important factor in regard to
shift work. Although the total sleep re-
quirement decreases in older people, there
is an increased need to sleep in frequent
short periods (“naps”). Furthermore, peo-
ple over 50 years of age are generally
less flexible, both physiologically and
psychosocially, than younger people.
Therefore the ability of older people to
adapt to shift work may be reduced (10,
37).

Various other factors may interact with
shift work. For example, the effects of a
hot climate have been observed to differ
in night and day shifts (61). Toxic agents
are another potential factor; as studies in
chronopharmacology have shown, the
effects of such agents vary considerably at
different points in the 24-h cycle (87).
A related concern is the use of drugs by
workers on different shifts. In this regard,
and in relation to the concepts of Halberg
and Reinberg (45), one must keep in mind
the phrase “tempora minoriae resistentiae.”

A special problem exists with immigrant
shift workers, whose sociocultural habits
may conflict with those of the community
in which they come to live. For example,
Moslems, during the annual month-long
Ramadan festival, must fast between sun-
rise and sunset. Therefore those Moslems
who are on the night shift tend to take
their main meals during their work period,
and may, in consequence, suffer from
inadequate nutrition (33). In addition
immigrant workers often live in over-
crowded housing conditions that may
aggravate their sleeping problems, partic-
ularly during the daytime.
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EFFECTS ON PERFORMANCE

“The individual’s capacity for doing
mental or physical work is not the same
throughout the waking period” (54).

Results from earlier studies of perform-
ance in relation to time of day are confus-
ing. Wyatt and Langdan (108) attempted to
classify changes in observed output rates
at different times of the day and by this
means construct theoretical performance
efficiency curves for different types of
work. A similar attempt was made by
Freeman and Hovland (39) for wvarious
mental test scores. These attempts were
somewhat ad hoc and not unduly success-
ful. It was left to Kleitman (54) to advance
a coherent theory, which related perform-
ance variations to the effect of changes
in metabolic rate on the speed of chemical
processes in the brain. By careful labora-
tory experimentation he was able to
demonstrate clearly that reaction time is
closely related to body temperature (which
was taken to be a good index of metabolic
rate) as this altered according to its well
known 24-h rhythm. Such a relationship
was later found to exist in a range of what
Hockey and Colquhoun (51) termed “simple
information-processing tasks,” for which
speed of response is the major wvariable.
Thus there appearsd to be a “rule” that,
whether or not the relationship was
actually causal in the way Kleitman (54)
had suggested, the rhythms of body tem-
perature and of simple performance ex-
hibited a parallelism over the 24-h period.

One exception to this rule was noted
with the “post-lunch dip,” a period in
which the performance and temperature
curves diverge for a time. It was suggested
(54) that this dip may reflect the influence
of a rhythm with a period of some 80—90
min, ie., a period of the same order as
that of the REM cycle in sleep. This latter
question is still under debate, but it seems
that, even for simple tasks, one cannot
accept the hypothesis that there is a strict
association between the curves of per-
formance and temperature (23). Further-
more, in the case of tasks requiring
“higher level” or “cognitive” abilities, such
as short-term memory (15) or logical
reasoning (35), it has now been shown that
the rhythms of performance and tempera-



ture can be completely out of phase with
each other.

As for actual industrial tasks mot involv-
ing much cognitive effort, a study of
switchboard operators (18) and data from
Swedish gasworkers collected over a peri-
od of 20 to 30 years (14) showed that the
level of performance reaches its lowest
point at about 0300; a second “low point”
occurs at 1500 (75). Similar conclusions
were reached for 3 x8 shift systems (71,
99), and for 2 x 8 systems (109). As regards
night work involving “simple” tasks, Col-
quhoun (22) concluded from the results
of his experimental studies of shift work:
(a) that performance during a night shift
should be generally worse than during a
day shift; (b) that, when the sleep/waking
cycle is altered as a result of shift work at
night, the temperature rhythm adapts very
slowly, and the initial on-shift temperature
fall gradually disappears; and (c) that, as a
result, efficiency trends during two weeks
of consecutive mnight shifts should be
characterized by a change from a pro-
nounced within-shift decrement during the
first few days to a relatively constant per-
formance level throughout the shift affer
about a week.

These findings are all based on average
results from groups. But it is clear that
considerable individual differences exist.
It has been shown (16) that both tempera-
ture and (simple) performance curves vary
in phase and, in a correlated manner, ac-
cording to whether the individual is char-
acterized as introverted or extroverted on
a personality questionnaire. This conclu-
sion amplifies the original identification
of “morning” and “evening” types (54) and
may have implications for the selection of
workers for different shifts.

SHIFT WORK AND ACCIDENTS

Generally speaking, many factors are in-
volved in accident causation. Some may
be specifically related to shift work, but
knowledge in this field is conspicuously
absent.

Circadian variations in accidents have
been investigated by several workers.
However, the results are controversial be-
cause the times of accident-rate maximums
were found to be different in different

studies. An exceptionally careful survey
was carried out with 11,000 workers in
the mining and steel industries (4). Acci-
dent rates were compared in comparable
populations working different shifts. The
rates were found to be higher for the
morning and afternoon shifts than for the
night shift, but the accidents were more
serious in the last case.

Some workers have observed two acci-
dent peaks during daytime hours, one at
about 1000 and the other at 1600 (13, 61, 74).
A survey of 427 daytime accidents showed,
on the other hand, that, when these acci-
dents were grouped by 15-min periods,
there were three peak times for occur-
rence, i.e., 0930, 1145 and 1400 (84).

It is difficult to account for these find-
ings. Circadian variation in mental effi-
ciency is unlikely to be the cause since,
for industrial tasks, it is known that such
efficiency is relatively high between 0900
and 1200 and 1600 and 1800 (14).

When accident rates are analyzed in re-
lation to rest breaks, the results differ for
day and night work. Although in day work
accidents tend to decrease before the
breaks, the effect of the breaks in mnight
work is ambiguous.

Further research is clearly meeded on
the circadian variation of accidents, since
studies of mental efficiency in relation to
time of day indicate that at least the po-
tential for accidents in which the human
factor is involved (some 80 °/o of the cases)
must vary considerably for different shifts
(24). The possible interactive influence of
environmental factors, such as heat and
cold, and seasonal variations in climate,
should also be investigated since such
knowledge is also sparse (61). Finally, it
should be mnoted that accidents “off the
job” (i.e., in the workers’ leisure time) may
also be related to the time of the work
shift (17).

EFFECTS ON FAMILY LIFE, SOCIAL
LIFE AND PROFESSIONAL
RELATIONSHIPS

In shift work psychosocial factors are gen-
erally involved. These can often be more
important than physiological or organiza-
tional ones (11). This general assertion may
be modified in a situation where shift
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work is common for a substantial propor-
tion of the working community or where
shift workers have adopted a subculture
within a special housing area (103).

People on shift work often perceive their
own situation as either peripheral to or
quite apart from the general community.
Participation in social events is limited,
and in some cases shift workers are under-
represented in responsible groups, such as
trade unions, professional associations and
community councils.

Special difficulties occur in family life.
These are related to the size of the fam-
ily, the personalities of its individual
members, the standard of the living ac-
commodations, and financial status. Due
to the particular circumstances of shift
workers’ families, the feeling of being a
well-integrated group is often more im-
portant to them than to other families (9,
19, 69, 76). On the other hand, only about
2090 of shift workers’ wives complain
about the changes in the times of meal
preparation (9), which time budget stud-
ies have revealed (69).

Shift workers complain more frequently
about difficulties concerning relationships
with friends and about perturbations in
sex life than nonshift workers (76, 99).
These factors could explain some of the
physical and psychosocial disorders which
arise from shift work (73), and they may
account for the reported marital problems
(109).

Nevertheless, it is possible for shift work
to have a beneficial influence on family
life because of the increased amount of
leisure time available during the day. This
increase is produced partly by the shift
system itself and partly by the reduced
amount of sleep taken. Another positive
aspect is the possibility of having several
consecutive free days at unusual times in
the week. These days can be used to pur-
sue special types of hobbies and leisure
activities, such as fishing, etc. (2).

The organization of social life is gen-
erally synchronized with the work hours of
the normal population. Thus it is difficult
for shift workers to participate in socio-
cultural activities such as visits to the
theater, watching sports or television, at-
tending educational classes, etc. The gener-
ally higher educational standard of pres-
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ent-day workers and the increase in the
number of workers from higher sociopro-
fessional levels working shifts aggravates
these problems. Probably because of this
phenomenon an increasing number of shift
workers are demanding that more consid-
eration be given to their abnormal living
and working conditions as they relate to
community life. They are now asking, for
example, for special times for trade union
meetings, religious services and TV pro-
grams, and they are requesting that
changes be made in the opening hours of
shops, libraries, etc. (76).

CRITERIA FOR OPTIMAL SHIFT
SYSTEMS

It is impossible to construct one single
shift schedule which is optimal for all
shift workers and for all working and
living conditions. But, based on present
knowledge, some criteria can be set for
schedule construction.

The following statements are based on
results obtained from experimental studies
of shift work:

1. Single night shifts are better than
consecutive night shifts (a) because a single
night shift does not significantly disturb
circadian rhythms and (b) because more
than seven consecutive night shifts are re-
quired for reentrainment of the rhythms
(25, 26, 56, 81). It could be argued that a
sequence of consecutive night shifts longer
than seven days would therefore be ac-
ceptable. However, for psychosocial reasons
most workers need either to change their
shift or to have some rest days after no
more than one week, so reentrainment is
not normally possible in practice.

2. At least 24 h of free time should be
allowed after each night shift. Sleep dis-
turbances and reduction of sleeping time
are the most common complaints of shift
workers, particularly of night workers.
The 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
(42, 58, 59, 90). A similar problem can
arise with morning shifts when the start-
ing time is so early that the worker gets
an insufficient amount of sleep the night



before; in this case a 24-h break after
each such shift should also be allowed.
(Alternatively, of course, it may be possible
to delay the starting time of the shift by
reorganization of the system.)

3. The 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 extended to 12 h,
but it normally should not exceed 8 h (or
even 6 h for certain types of work, e.g,
work involving particularly heavy physical
energy expenditure or a considerable
mental load).

4. The cycle of a shift system should
not be too long (4 weeks, for example, 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 the 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 friends who do
not do shift work.

Knauth et al. (67) have recently proposed
a systematic methodology for evaluating
shift systems in relation to these criteria.

SELECTION FOR SHIFT WORK AND
PROVISION OF HEALTH SERVICES

Because shift work cannot be sustained by
about 20 % of the working population, the
appropriate selection of shift workers is
important. Unfortunately, it is not possible
at present to define positive criteria for
selecting such workers, and the criteria
thus far developed are mainly negative. In
this regard, shift work is contraindicated
to a greater or lesser extent for certain
categories of people. Industrial medical
officers should pay particular attention to
the following groups:

1. People under 25 (especially if living
alone) and over 50 years of age. Such
persons should normally not be selected
for shift work, if they are mewcomers.
However, experienced, well-adapted shift

workers can, in most cases, be allowed to
remain in shift work beyond the age of
50 (21, 28, 63, 95). The possible difference
between chronological and physiological
age should be borne in mind.

2. 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 function (3, 21,
30, 71, 95).

3. Diabetics and thyrotoxicosics. Regular
food intake and correct therapeutic timing
can be difficult to maintain under shift
work conditions (28).

4. Epileptics. Reduction of sleep in-
creases the incidence of fits (28).

5. People living alone. The sleeping
time of such people is reduced through
having to carry out all the usual domestic
tasks by themselves (71).

6. People with sleeping facilities which
are inadequately soundproofed. Noise
reduces sleeping time (3, 58, 71, 83, 95).

In the future it may be possible to derive
positive criteria for selecting shift workers
based on the results of special examina-
tions, such as autorhythmometry (44) or
psychological tests for appropriate per-
sonality characteristics (16, 76, 78).

The medical supervision of shift workers
is especially important. Between six
months and one year after the initial
medical examination, a second examina-
tion should be carried out. Subsequent
examinations should be made on a regular
basis. In general, these should take place
at two-year intervals. However, for shift
workers over 50 years of age, a shorter
interval is recommended (63).

CONCLUSIONS

Further research into the problems of shift
work must be oriented towards real-life
situations to ensure that the results of any
experiments that are carried out are
relevant to the needs of the workers.
Special attention must be paid to the
long-term effects of shift work on health.
There is an urgent need for epidemiologic
studies to identify the various possible
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harmful effects, particularly in relation to
factors such as toxic agents, adverse
climatic conditions, age, ete. It is also
important that a special study be
made of that group of people (comprising
approximately 20 %o of shift workers) who
are unable to continue working on shifts.

More, and reliable, statistics are required
on the incidence of accidents, injuries, and
“near misses” during different shifts and in
different shift systems. Present arrange-
ments for the recording of such occur-
rences are inadequate, and the develop-
ment of a uniform data-collection system
is urgently meeded before appropriate
comparisons can be made.

There is a clear need for the develop-
ment of appropriate models for studying
the effects of shift work on the circadian
variation of physiological functions. Such
models may be formulated from the results
of experiments on (a) shift work conducted
in the laboratory, (b) shift work conducted
in the field, and (c) the effects of repeated
phase shifting on insects and animals.

Thus, increased knowledge about the
relevance of biomedical and psychosocial
factors to shift work is required so that
occupational medicine can be properly
prepared to deal with the possibly harmful
effects of such work.
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