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Interindividual differences in circadian
fatigue patterns of shift workers
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Ostberg, 0. (1973). BritishJournalofIndustrialMedicine,30,341-351. Interindividual differences
in circadian fatigue patterns of shift workers. Data from 37 computer operators and output-
handlers, working on discontinuous 8-16-24 alternating shifts, were collected in the morning,
evening, and night shifts during a one-year period. The study was directed to the interindivid-
ual diTerences in the workers' circadian patterns of activity, sleep, oral temperature, time
estimation, physical fitness, and food intake. By means ofa questionnaire on preferences and
habits of activity and time of day, three subgroup3 of five subjects each were selected-
'morning', 'middle', and 'evening' groups. Significant differences were found between the
groups and between the shifts. Most interesting was the significant interaction of group x
shift, on the basis of which it could be concluded that the 'morning' type of subjects had the
most pronounced difficulty in adapting to the shift system practised. It is thought that a
refinement of the questionnaire used should eventually result in a tool for assessing a person's
circadian type and the interaction of type x shift.

It is a generally accepted hypothesis that some
individuals are more prone to suffer from shift work
than others. Andlauer (1960) and Bruusgaard (1969)
estimated that about 20% of the worker population
is unable to adapt to shift work. Sergean (1971),
in a review of the practical consequences of shift
work, concluded that too little is known (1) about
the demands which different types of shift work
impose on the workers and (2) about the inter-
individual differences in the capacity to adapt in
various ways to different shift systems and rotas.
Wedderburn (1972) advocated that even though
interindividual differences too often appear as
'nasty noise' in experimental results, these differences
should be studied to understand the influence of
circadian rhythms in 'practical life'.
Many authors have explicitly shown that better

adaptation to shift work can be obtained by means of
a suitable design of the shift system. Colquhoun

'Present address: Department of Ergonomics, Loughborough
University of Technology, Loughborough, England.

(1971) and Wilkinson and Edwards (1968) found
that acceptable adaptation occurred more often in
'stabilized' rather than 'rotating' shifts. Walker
(1966) found that very frequent alternation of shifts
on continuous work was preferred by the workers to
the commonly used one-week spells, due to reduced
experience of 'fatigue and monotony'. Bjerner, Holm,
and Swensson (1948) showed that workers on con-
tinuous alternating shifts starting at the hours
4-12-20 on average obtained more sleep than after
a change to 6-14-22. Incidentally, Kleitman (1942)
proposed that the 4-12-20 system should be the
standard as this conformed to the body temperature
cycles of the workers. From the work of Oginski
(1966) and Wild and Theis (1967) it can be seen that
from both the production and accident reduction
points of view the 7-15-23 system is better than the
6-14-22. Finally, it can be concluded from the review
by Saito (1969) that it is better to have the shifts in the
order night-evening-day, instead of the more
common day-evening-night pattern.
The few selection criteria for shift workers found
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today are usually of sociomedical origin. In general,
the literature gives no support for abandoning the
zero hypothesis that there are no effects of shift work
on health per se, but if the shift workers have diffi-
culties in adapting to this style of life, already
existing unhealthy conditions might be aggravated.
However, if all researchers were as careful as
Andersen (1970) the picture would probably change.
He and his associates clearly showed that if one did
not stop at registered sicknesses, but went on to
look even at 'gastro-intestinal irregularities' and
other health defects of limited direct medical signifi-
cance, one would find negative effects of shift work
on health. To reduce this negative effect Thiis-
Evensen (1958) recommended the rejection of
workers living under unsatisfactory housing con-
ditions, as well as those over 50 years of age with
no previous experience of shift work. Menzel (1962)
added that workers below the age of 25 years might
be unsuitable for shift work, especially if they have
to provide their own meals. McGirr (1966) listed
as the conditions that should in general preclude
employees from alternating shift working (1) a need
for continuous drug therapy, as for epilepsy and
diabetes, (2) serious gastrointestinal diseases, such
as ulcer and colitis, (3) heart and circulatory diseases,
and (4) marked stress and anxiety syndromes.

Certain personality traits have been proposed as
possible selection criteria for shift workers, but these
proposals are merely spin-off results of investigations
directed to other areas of interest. Aanonsen (1964)
found that a high proportion of those workers who
had transferred to non-shift work for medical
reasons were of the type 'early to bed-early to rise',
and suggested that further studies should be done
on patterns of sleep and sleep types in order to estab-
lish criteria for selection. Similar deductions can be
made from a study by Tune (1969a) on non-shift
workers, in which it was shown that the older the
workers are the more pronounced are the differences
between 'extroverts' and 'introverts', the extroverts
rising later in the mornings and also getting more
sleep on average. In this connection it is important
to remember Wilkinson's (1971) statement that loss
of sleep may be at least as influential as body
rhythms in causing ill effects through abnormal
working hours.

Mott, Mann, McLoughlin, and Warwick (1965),
whose model for research has stimulated the present
study, found that an alternating shift schedule was
indeed difficult to adapt to for the younger, better
educated worker with small children, while the men
who were capable of having additional jobs ('the
moonlighters') very seldom complained about
the adaptation of their time-oriented body functions,
i.e., sleeping, eating, and bowel habits. These moon-
lighters are perhaps similar to the 'robust individuals'
whom Regelsberger (1940) found to be well-adapted

shift workers. Hakkinen's (1969) well-adapted group
of shift workers showed significantly less psychoso-
matic tension than his poorly-adapted group.
A few studies have been done on the inter-

individual differences in the circadian patterns of
physiological and psychological variables since
Kleitman (1963) drew attention to the existence of
'morning' and 'evening' types of individuals, but
none of these studies has been directed to shift
work. Paftkai (1971) studied habitual 'morning
workers' and 'evening workers' and found so many
significant differences in alertness, performance, and
adrenal excretion that she suggested that habitual
working habits might be an important factor in
determining both efficiency of performance and work
satisfaction. She also found that the habitual
morning workers (in a group of female students)
were more introvert than the evening workers,
a fact that fits very well with Blake's (1971) sum-
marized findings on 'temperament and time of day',
the introvert's body temperature rising a bit earlier
in the morning and falling a bit earlier in the evening.
Ostberg (1973) estimated that the morning types are
approximately two hours ahead of the evening types
in the circadian rhythms of oral temperature and
food intake.
The present study is a continuation of this

previous study, in order to test the hypothesis that
the questionnaire employed on morning-evening
types is sensitive enough to show significant differ-
ences even among shift workers. Implicitly it is thus
suggested that 'nasty noise' due to interindividual
circadiandifferences is auseful parameter of variation.
A new test of physical fitness is also introduced.

Design of investigation
Background
The shop steward of the computer department of the
Swedish Cooperative Union and Wholesale Society
demanded extensive yearly medical examinations for
the shift-working members of the local union. During
the ensuing negotiations it was agreed that a one-year
study, starting in September 1971, should be done on
the interindividual differences in the capacity to adapt to
the shift system as it was practised. The investigations
should centre on the individuals at work rather than at
leisure, and should be discontinued when the shift workers
did not wish to participate any more. Great efforts,
therefore, had to be made to keep the men motivated,
and meetings were held regularly to inform them of the
progress of the investigation. Neither the participating
subjects nor the production of the computer department
could be disturbed by the measurements and the data
collection, but, on the other hand, the research activities
had to be seen to be valid as well as being valid. These
restrictions, together with a general lack of resources,
had to be considered in designing the investigation.

Subjects and shifts
When the investigation started there were 36 computer
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Interindividual differences in circadian fatigue patterns of shift workers 343

operators and 12 output-handlers on shift work. These
two groups did not always apply the same shift systems,
as some of the operators now and then were sent
to training courses and as the production variation
influenced the operators more than the output-handlers.
In general, the eight-hour spells of the morning, evening,
and night shifts started at the hours 08, 16, and 24
respectively, with shift alternations after every weekend
cycling in the order night-evening-morning. If a subject
was ill or was temporarily working on 'wrong' shift on

a scheduled day of measurement, he was captured the
next time he worked the same shift. Some worked two
shifts only, and some were permanently transferred to
other jobs during the year of investigation. As the
investigation aimed at studying interindividual differences,
these men, and those from whom incomplete data for
other reasons had been obtained, had to be excluded
from the investigation. Eventually, complete data were
collected on 28 operators and 9 output-handlers, who
had an average age of 25 and 32 years respectively.

General method
It should be pointed out that the different parts of the
investigation were spread out over a whole year. The
investigation started with every subject answering a

questionnaire on 'circadian fatigue pattern', by means of
which they could be ranked on a morning-evening
continuum. A couple of weeks later they were given sleep
charts and asked to record the amount of sleep they had
during a four-week period. The next step consisted in
measurements of oral temperature at regular intervals
during the subjects' working hours. This was done during
three days of each type of shift. At the same times a test
on time estimation was also run. Some subjects, selected
by means of the questionnaire on circadian fatigue pattern,
then agreed to make thorough notes on food eaten during
three 24-hour periods, one while working morning shift,
one on evening shift, and one on night shift. The investi-
gation ended with a comparison of these subjects' heart
rate and exertion experienced during three different loads
on a bicycle ergometer. This test of physical fitness took
part early in the morning, late in the evening, and early
in the night shifts. The questionnaires were handed out
in September 1971 and the last food intake diary was

returned in July 1972. It is indeed very time-consuming
to study interindividual circadian differences of shift
workers.

Circadian fatigue patterns
This general expression is in the present context defined
by the questionnaire used to rank the subjects on a

morning-evening continuum. A detailed description of
the questionnaire, the item analysis, and the method of
scoring is given in an unpublished thesis in Swedish by
Oquist (1970). When employed here, the questionnaire
was slightly shortened and the method of scoring sim-
plified.

The questionnaire contained 14 items equally distri-
buted between morningness and eveningness. The items
dealt with preferences and habits concerning activity
and time of day 'on days when you are not too restricted
by schedules of society, family, and work'. Typical
morningness and eveningness items were:

Do you experience difficulties in getting out of
bed when you wake up in the morning? (a) Very
often (b) Sometimes (c) Seldom (d) Very seldom
-If you were free to choose, at what time would you
go to bed at night? (a) After 0100 (b) Between
2330-0100 (c) Between 2200-2330 (d) Before 2200

Scores were calculated by means of the method of
complementary proportions within the population.
Given a specific item where, in order, 'a', 'b', 'c', 'd'
indicated 'extreme morningness', 'morningness', 'evening-
ness', 'extreme eveningness', if the proportion of the
subjects who gave these answers were '0-1', '0 2', '0 5',
'02' their scores would be '+ 09', '+ 08', '- 05',
'- 0-8' respectively. The total score for a subject was
obtained by adding the item scores.

Sleep
The subjects' sleep and wakefulness patterns were regis-
tered for a period of four consecutive weeks. The
registration period covered one week of each type of
shift. The subjects were given two sleep charts, each of
which covered two weeks, and asked to mark the obtained
amount of sleep to the nearest half-hour. The charts were
Swedish equivalents to the charts described by Tune
(1968) and had a remarks column for illness, medication,
and unusual occurrences upsetting the daily routines.

Oral temperature
Oral temperature measurements were done during the
first, third, and fourth day of work on each shift. No
measurements were taken in the subjects' leisure hours.
Each shift was divided into five intervals and the workers
took one temperature reading per interval. The ther-
mometer allowed registration in tenths of centigrades
and had to be placed under the tongue for three minutes,
but this was hard to check as the subjects often had to
carry on with their work at the same time. Measurements
were never done immediately after food intake or
smoking.

Time estimation
Parallel to the measurements of oral temperature, and
at the same times, measurements were also done on the
'speed of the subjects' internal clocks'. The subjects were
individually asked to estimate the length of a time period
of 10 seconds by means of silent counting, and this was
registered on an electronic counter operated by 'start'
and 'stop' pushbuttons. No knowledge of the results
was given. The hypothesis for this test was that the
'10 subjective seconds' should become objectively longer
during the night because of slower speed of the subject's
'internal counting device'. Blake (1967) found no signifi-
cant time of day effects in a similar experiment, but, on
the other hand, it was shown by Pfaff (1968) and Thor
(1962) that the interindividual differences are very large
sources of variation in experiments of this type.

Physical fitness
This new test is based on the comparison between the
subject's actual heart rate and the subjective workload.
Voigt, Engel, and Klein (1968) showed that there is a
clear circadian rhythm of heart rate for fixed loads in
bicycle ergometer tests. Borg (1971) designed a scale for
subjective ratings of workloads, and found that the
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regression line of the experienced workload on the heart
rate was different for different age groups of subjects.
Based on this knowledge, an experimental procedure was
then designed to test the hypothesis that as assessed by
the test of physical fitness, a morning type of subject is
'older' in the evenings than in the mornings and vice
versa for an evening type of subject. The tests were run
at the workplace during the third day's work on each
shift at the hours 0925, 2225, and 0245 respectively.

In a pretest, the bicycle workloads were individually
chosen to give a day-time heart rate of about 140; one
load should give a somewhat lower and another a some-

what higher heart rate. At every test session the subjects
always had the same loads. Starting with the smaller load,
the subject's heart rate was taken as the mean value of the
fourth, fifth, and sixth minutes of work at each load.
During the fourth minute the subjects were shown the
Borg scale and asked to assess the workload in terms of
experienced exertion. The experimental setup and the
instructions to the subjects were designed in such a way
that the subjects were always unaware of the actual load.

Food intake
In the food intake diaries the subjects were asked to make
thorough notes on everything eaten during a 'normal'
24-hour period in the middle of each type of shift. Not
all subjects agreed to 'waste their time' on these diaries,
but eventually the five most extreme morning, middle,
and evening types, as well as some reserves, took part
in the investigation.

Results

Circadian fatigue patterns
Mostly due to the cumbersome recording of food
intake it was decided not to use each subject's score
on the morning-evening continuum, but rather to
select three groups of five subjects each. These
groups will further on be dealt with under the sub-
title 'interindividual differences'. Depending on what
part of the morning-evening continuum the groups
belonged to, they will be called morning, middle or
evening group. Due to incomplete data some reserves
had to be taken into the groups during the food
intake part of the investigation.

Sleep
As an overall description of the sleep of the 37 shift-
working subjects, their average amount of sleep
throughout the shift cycle is given in Table 1.
This clearly gives the same picture of the sleep
of shift workers as the study by Tune (1969b)
and Lille (1967).

Interindividual differences
The questionnaire on circadian fatigue patterns was
designed to differentiate between morning and
evening types of subjects according to their habits
and preferences concerning time of day during days
'when you are not too restricted by schedules of
society, family, and work'. To test whether the five
most extreme morning types and the five most
extreme evening types had slept as could have been
predicted from the questionnaire, their cumulative
distributions of hours of weekend sleep are pictured
in Figure 1.
By means of the one-tailed Kolmogorov-Smirnov

test the difference between the two distributions in
Fig. 1 was found to be significant at the 0 01 level.
The next step was to test the hypothesis that the
sleep patterns were also different during weekdays,
and that there were large enough differences to
indicate the degree of adaptation to different shifts.
In this case it was not possible to employ a directed
hypothesis as the only belief was that the middle
group should always come between the morning and
evening groups. In order to perform an analysis of
variance test on the sleep data, each subject's amount
of sleep obtained during work on the different shifts
is calculated, and the results are presented in Table 2.
The entries in Table 2 give, for each group and

shift, the total amount of sleep during four days'
work (Monday evening to Friday evening). The
amount of sleep is expressed as a percentage of the
total amount of sleep obtained during the 21 days
in succession that covered all three shifts, and this
was first calculated separately for each subject and
then averaged into the table. It can be seen that the

BLE 1
AVERAGE AMOUNT OF SLEEP (HOURS) DURING A TYPicAL WEEKDAY AND WEEKEND DAY, COMPILED FROM

37 SuBJEcrs' SLEEP CHARTS COVERING FOuR CONSECUTIVE WEEKS

Weekday sleep during Weekend sleep after Total average sleep
Shift on-going work in shift having worked one week during five week days and

in shift following weekend

Morning 7-1 8-4 7.5
Evening 7-6 7-8 7-7
Night 6-1 8-0 6-6

Mean 6 9 8-1 7.3
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FIG. 1. Cumulative amount of sleep of the morning
and evening groups during three weekends (Saturday at
2200 to Sunday at 2200 hours). 100% represents the total
amount of sleep during the three weekends. The separa-
tion between the distributions is significant (0-01,
one-tailed Kolmogorov-Smirnov test) in the predicted
direction.

different groups of subjects exhibit different patterns
of sleep throughout the shift cycle. It appears that
the morning types experienced most interference of
work on sleep during the night shift. As expected,
the morning types slept best on the morning shift
week and the evening types slept best on the evening
shift week. One can have confidence in this extraction
of information from the table, as the F-test showed
that the levels of significance of the sources of
variance were: group (0-05), shift (0{001), and group
x shift (0-07). By group x shift is meant the inter-
action between the groups (morning, middle,
evening) and the shifts (morning, evening, night), and
if the interaction is significant the conclusion must
be that the different groups were affected in different
ways by the shift cycle to which they were exposed.

It can also be concluded from Table 2 that the
middle group subjects were affected in an inter-
mediate way, intermediate to the morning and
evening groups.

Oral temperature
No measurements of oral temperature were done
outside the workplace and hence no real circadian
rhythm of oral temperature can be calculated, but
it is still possible to obtain circadian information
from the data. As a start, all oral temperature data
are averaged into the graph shown in Figure 2.

U 37-0-0i
2j 36 9
36-8-

t3 36-7

E0

4) 36.
E 36-5

o
0

o
0~~~

0
.@ .-

morninq evening 0 night
shift shift shift

08 12 16
Time of day (hr)

20 24 04 08

FIG. 2. The mean of 37 subjects' oral temperatures
during their first, third, and fourth days of work on the
different shifts. The graph (weighted three-point running
averages) is a composite of the measurements of the
three disjoint shifts and does not show the subjects'
circadian rhythm but shows rather their on-work oral
temperatures. The grand mean is 36-8 'C.

Figure 2 does not therefore show the circadian
rhythm of the studied group of subjects but it shows
the group's on-the-work oral temperature. The data
cover five equally spaced measurements on the first,
third, and fourth days of work on each shift, and
if one believes in the existence of a strong correlation

TABLE 2
AMOUNT OF SLEEP OBTAINED DURING FoUR DAYS' (MONDAY EVENING TO FRIDAY EVENING) WORK

Shift
Group Mean

Morning Evening Night

Morning types .. .. 18-2 18-5 16-5 17-7
Middle types .. .. 17-9 20-4 17-4 18 6
Evening types .. .. 177 211 17 6 18 8

Mean .. .. .. 179 20-0 17-2 18-4

For each group/shift combination the sleep is given as a percentage ofall sleep obtained by the group during the 21 consecutive
days that covered one shift cycle. Significant sources of variance (F-test) are group (0-05), shift (0.001), and group x shift
interaction (0-07).
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TABLE 3
ORAL TEMPERATURE OF DIFFERENT GROUP/SHIFT COMBINATIONS

Shift
Group Mean

Morning Evening Night

Morning types .. .. 36-79 36-90 36-67 36*79
Middle types .. .. 36-80 36&86 36-58 36-75
Evening types .. .. 36-99 37 16 36 91 37-02

Mean .. .. .. 36-86 36-97 36-72 36*85

Each entry gives the mean of all measurements during the first, third, and fourth days of work. Significant sources of variance
(F-test) are group (0 025) and shift (0 05).

between body temperature and performance effici-
ency one could say that the graph shows the 'circadian
rhythm of efficiency of the computer department'.
Unfortunately, no efficiency measures were to be
found for the subjects or the department.

Interindividual differences
The on-work oral temperatures of the morning,
middle, and evening groups during the morning,
evening, and night shifts are summarized in Table 3.
An analysis of variance of the data underlying

Table 3 shows that group and shift are significant
sources of variance (0 025 and 0 05, F-test) whereas
the interaction group x shift is a non-significant
source. However, the negative finding concerning
the interaction does not mean that there was no
interaction, and another type of analysis might
reveal the looked for significance. If the different
groups' maxima of oral temperature are not well
enough separated in the time base to be detected by
the analysis ofvariance, additional information could
be obtained by means of Fourier analyses of each
subject's temperature data. Figure 3 summarizes
such an attempt.
Each curve in Fig. 3 is based on the 24-hour

Fourier components of each of the group members.
It can be seen that the averaged levels (in °C),
amplitudes (in °C), and maxima (at hr) were
36-8/0O24/1610, 36-8/025/1636, and 37-0/0-39/1834
for the morning, middle, and evening groups. As
before, the differences between the overall levels
(36-8-37-0 °C) were significant according to the two-
tailed t test, but the only other difference worth
mentioning is the time separation of 2f4 hours
between the maxima of the morning and evening
groups (0f2, one-tailed t test). A Fourier extraction
of the eight-hour components of the oral tempera-
tures gave no further information.

Time estimation
The time estimations took place at the same times as

0 36-4

v08 12 lb 20 24 04 08
Time of day (hr)

FIG. 3. The 24-hours sinusoidal components of the
oral temperature of the morning, middle, and evening
groups. Each curve is drawn on the basis of the average
Fourier parameters of the individual subjects. The time
separation of 2A4 hours between the morning and evening
groups has a level of significance of 020 (one-tailed
t test).

the measurements of oral temperature and the time
estimation data can in principle be presented in the
same form, as has been done for the temperature
data in Figure 2. This is also done in Fig. 4, but the
within-shift variation is too large to allow the drawing
of a circadian on-work graph similar to that for oral
temperature.
The grand mean of the time estimations '10

seconds' was 9-93 seconds and, as shown in Fig. 4,
the general trend was that the estimated times
became objectively longer at the end of each shift.
This within-shift trend was expected due to the
hypothesis that the more fatigued the subjects were,
the slower would their 'internal counting device' run.
However, the interest should be focused rather on
the between-shifts trend, and this is indicated in the
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FIG. 4. The mean of 37 subjects' estimations of 10
seconds (by means of the method of production) during
their first, third, and fourth days of work in the different
shifts. The grand mean is 9-93 seconds.

figure by the differences between the shifts' mean
'10 seconds'.

Interindividual differences
Unfortunately, the time estimations started without
any training to 'count to ten' and it was found too
late that one of the morning group subjects con-
stantly produced estimates of about 4 5 seconds. As
the groups had just five members this type of bias
in one single subject will influence the group means,
and especially it meant here that the morning group
had a too low mean (Table 4).
The F-test shows that the sources of variance of

the Table 4 data are group (01001), shift (0 2), and
group x shift (01002), where, as explained above, the
importance of the significant variation due to group
is limited. Due to the hypothesis of this experiment
the night shift estimations should be longer than the
day shift estimations and this tendency was also
found, but the most reliable and interesting finding
was the significant interaction of group x shift. This
interaction can be read out from the table: the
morning group is most affected by the night shift,
the evening group is most affected by the morning

TAB

shift, and the middle group is affected in an inter-
mediate way.

Physical fitness
The scale employed for assessment of the exertion
experienced had been designed to give a regression
line equal to the line marked 'Borg (1971)' in Figure
5. Borg's experiments were all performed in day-time,
and a minor deviation from these results could
naturally arise when night-time experiments are

included as well. But when all data of the morning,
evening, and night tests were put together, the
resulting regression line (Fig. 5) was seen to deviate
only slightly from the day-time expectation.

- 140
.6J

3O103

e01200lIl0

II0

0

0

10 11 12 13 14 15 16 17 18
Perceived exertion (ratinq )

FIG. 5. Heart rate and perceived exertion during work
on bicycle ergometer. Each point represents a subject
classed in either morning, middle or evening group, five
subjects per group, two individually chosen loads per
subject, and the same loads during each shift at 0925,
2225, and 0245 hours respectively. The tests were run
during the third day's work in the shifts.

3LE4
AVERAGE TiME ESTIMATIONS FOR DIFFERENT GROUP/SHIFT COMBINATIONS

Shift
Group Mean

Morning Evening Night

Morning types .. .. 8-85 8-85 934 9-01
Middle types .. .. 10-18 10-50 10-35 10-34
Evening types .. .. 10-46 9-76 10-05 10-09

Mean .. .. .. 9-83 9<70 9-91 9-81

The sources of variation (F-test) are group (0 001), shift (0 20), and group x shift (0-002).
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TABLE 5
AVERAGED SCORES OF PHYSICAL FITNESS (AS DEFINED BY Z IN FIG. 5) FOR DIFFERENT GROUP/SHIFT

COMBINATIONS

Shift
Group Mean

Morning Evening Night

Morning types .. .. 37-9 36-4 20-8 31-7
Middle types .. .. 34-7 33 0 25 8 31-2
Evening types .. .. 29-8 34-5 27*7 30*7

Mean .. .. .. 34-1 34-6 24-8 31-2

The higher the score, the more fit. Significant sources of variance (F-test) are shift (0-001) and group X shift (0.05). No age
differences between the groups.

Interindividual differences
In Borg's experiments, the regression lines of the
older age groups run parallel to, but below, the
regression lines of the younger age groups. If a shift
worker has difficulties in adapting to the night shift
he can be thought of as being 'older' during the
night shift, and the further below the day-time
regression line the night-time regression line is, the
'older' and less fit he is. Thus, the parallel displace-
ments can be used as measures of physical fitness.
The distance Z between the subject (given by the
subject's heart rate and corresponding exertion
experienced) and the reference line (arbitrary below,
but parallel to, the regression line) of Fig. 5 can
thus be used in expressing the subject's physical
fitness: the larger the Z-value, the greater the
fitness. Of course, the Z-value in isolation says
nothing about the fitness; one should rather compare
the intra-subject differences in Z-values obtained
during different conditions. Table 5 gives the
Z-values of the three groups at the three times of
measurements.
An analysis of variance on the data summarized

in Table 5 very nicely confirms the hypothesis that
the subjects were less fit during the night shift, the
F-test level of significance being 0001. But the most
interesting result is that the interaction group x shift
was also a significant (005) source of variance,
especially in the light of the non-significant variance
due to group. Concluding the findings, it can be
said that (1) there were no differences in physical
fitness between the groups, (2) the lowest scores of
physical fitness were obtained during the night
shift, and (3) the morning group subjects were least
fit during the beginning of the night shift, the
evening group subjects were least fit during the
beginning of the morning shift, and the middle group
subjects were affected in an intermediate way.

Food intake
All food was analysed for its content of energy and
other nutritional factors. Averages were then calcu-
lated for each of the following subgroups: morning,
middle, and evening types; morning, evening, and
night shifts; all subjects together. All these avetages
showed that the typical shift working subject had
a well-balanced food intake according to Recom-
mended Dietary Allowances (1968). A more thorough
analysis was done on the amount and time patterns
of the energy contert in kilo joules (kJ) of the food
intakes. The overall dead-point of food intake was
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FIG. 6. Cumulative food intake (kJ) during a 24-hour
period in the middle of a week on morning, evening, and
night shift respectively. The curves are obtained by adding
the individually normalized curves of the subjects in the
morning, rniddle, and evening groups. Each subject's
kJ-count starts at the hour 0430, which was the overall
dead-point of food intake.
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Interindividual differences in circadian fatigue patterns of shift workers 349

found to be at the hour 0430 in the middle of the
night, and this was taken as the starting point of
the cumulative kJ-count shown in Figure 6.

In calculating the circadian food intake distribu-
tion shown in Fig. 6, a normalization was first
carried out. The total food intake of each subject's
24-hour registration (one registration per shift type)
was set to 100%, then every half-hour's food intake
was expressed accordingly, and finally all subjects'
normalized cumulative food intakes were added to
the total food intake distributions for the morning,
evening, and night shifts. It is seen from Fig. 6
that these distributions are quite well separated, with
approximately 4 hours difference between the
principal food intake periods of successive shifts (at
hours 1100, 1300, and 1700). The two-tailed
Kolmogorov-Smirnov test shows that the differences
are all well beyond the 0 001 level of significance.

Interindividual differences
It has already been shown that the time separation
in principal food intake was 4 hours between the
8 hours-separated shifts. It was thought that the
interindividual differences in the degree of adaptation
would be manifested in different time patterns of

food intake, and cumulated distributions of the
type shown in Fig. 6 were also calculated for each
shift/group combination. To get at the intragroup
intershift differences, the two-tailed Kolmogorov-
Smirnov test was employed in the comparisons
between the distributions, and the results are shown
in Table 6.

Table 6 tells nothing about how many hours'
differences there are between the distributions; it
merely tells the significance levels of the overall
differences between the time patterns. For example,
the entry '0 001' for the evening types in the morning-
evening comparison means that the evening types
ate significantly differently during the morning
and evening shifts, and '0.1' for the morning types
in the evening-night comparison means that the
morning types hardly changed their eating habits
during the evening and night shifts. The amount of
food intake (kJ) was also looked at, and this was

done by means of the F-test, but the only source of
variance of any importance was the interaction
group x shift. In order that the nature of this inter-
action might show up more clearly, the kJ-intakes
are expressed in percentage deviation from the group
means. The results (Table 7) seem to indicate that

BLE 6
LEVELS OF SIGNIFICANCE (TWO-TAILED KOLMOGOROV-SMIRNOV TEST) FOR INTRAGROUP INTERSHIFT

DIFFERENCES BETWEEN CUMULATIVE FOOD INTAKE DISTRIBUTIONS OF DIFFERENT GROUP/SHIFT COMBINATIONS

Comparison between shifts
Group

Morning/evening Morning/night Evening/night

Morning types .. .. 0-05 001 0 1
Middle types .. .. 005 0 001 0 001
Evening types .. .. 0001 0 001 0 001

All together .. 0001 0001 0001

The statistical test used can detect any difference whatsoever, but there were only time displacements detectable between the
actual distributions (see Fig. 6).

TABLE 7
PERCENTAGE DIFFERENCES OF FOOD INTAKE (kJ) BETWEEN SHIFTS

Shift
Group (average kJ-intake)

Morning Evening Night

Morning types (100% = 11 650) .. .. +12-2 -7-2 - 5-0
Middle types (100% = 10 280) - 5 2 +4-2 + 1 0
Evening types (100% = 11 000) .. .. - 8-5 -7-3 +15-8

All together (100% = 11 090) .. - 1-4 -3-7 + 4-0

Each group is treated separately. The source that contributed most to the total variance was the interaction group X shift
(0 25, F-test).
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the morning group subject ate 'best' during the
morning shift, the middle group during the evening
shift, and the evening group during the night shift.

Discussion and conclusions

The results give the general impression that the
subjects were not well enough adapted to the night
shift. This general impression can be approximately
quantified by the following method. Suppose that
equal weights are given to all measures employed
(sleep, oral temperature, time estimation, physical
fitness, and food intake), the results (in Tables 2, 3,
4, 5, and 7 respectively) could be combined by
simply adding the 'adaptation scores' calculated
separately for each table of results. The concept
'adaptation score' is most conveniently explained by
referring to Table 2, where the best and the worst
adaptations are judged to have occurred for the
evening types while working the evening shift, and
the morning types while working the night shift; the
'adaptatation scores' being '1' and '9' respectively.
When all the within-table scores are combined, the
results become as in Table 8.
Table 8 also provides an example of how the

'adaptation scores' were calculated: the scores that
could be assigned to the group/shift combinations
within the table are given in brackets. The total
score of 99 for the night shift supports the impression
that the night shift was the most difficult to adapt to,
the total score of 67 for the evening group indicates
that the evening types had the least overall difficulty
in adapting to the schedule of shift work as it was,

and the total score of 39 for the morning types in
the night shift column that the morning types had
the most pronounced difficulty in adapting to the
night shift. These conclusions are confirmed, as the
Kruskal-Wallis one-way analysis of variance used
on the within brackets numbers gives a significance
level of 0O02.
The total scores of the groups, shown in the right-

hand column of Table 8, tell that the evening group
had the least overall difficulty in adapting to the
shift schedule, but that there were no differences
between the morning and middle groups. However,
the calculation of 'adaptation scores' was based only
on the ordered values of the separate tables, and no

use was made of the numerical differences between
these values. If then (as a second approximation)
Table 8 is 'corrected' for these numerical differences
(e.g., the very low score of physical fitness for the
morning group during the night shift), it appears
that the morning group subjects had the most
overall difficulty in adapting to the schedule of shift
work used.

It has been shown that the evening types of subjects
had the least difficulty in adapting to the shift
schedule, that the morning types had the most
difficulty, and that the middle types adapted in an

intermediate way. The very same conclusions can

post hoc be drawn from Table 6, which also offers
a hypothetical explanation for the differences and
suggests directions for future research. From Table 6
it can be seen that the evening types had markedly
changed time patterns of food intake during the
different shifts, whereas the morning types had less
marked changes and especially they seem to eat in
the same way during the evening and night shifts.
But did the morning types have difficulties in
adapting to the shift schedule because they did not
change their eating habits, or was it the other way?
This cannot be analysed further from the present
data. More research is needed to test the hypothesis
that the morning types have a more autonomous
circadian rhythm than the evening types.

All measures used in the investigation seem to
have fulfilled the purpose of delineating the inter-
individual difference in adaptation to the shifts,
and it is remarkable that the crude questionnaire
was of such power that the interactions group x shift
became significant in spite of the very small samples
(N = 5) selected from the very small population

TABLE 8
TOTAL 'ADAPTATION SCORES' FOR DIFFERENT GROUP/SHIFT COMBINATIONS

Shift
Group Total

Morning Evening Night

Morning types .. .. 21 (3 5) 19 (2) 39 (9) 79
Middle types .. 24 (5) 21 (3 5) 34 (8) 79
Evening types 26 (6-5) 15 (1) 26 (6-5) 67

Total .. .. 71 55 99 225

The lower the score, the better the adaptation. The total scores are obtained by adding the scores obtained within each of
Tables 2, 3, 4, 5, and 7 (the method of scoring is exemplified by the scoring within this table, as shown by the scores given
in parentheses). A one-way analysis of variance shows the total score pattern is of significance (0-02, Kruskal-Wallis).
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(N = 37). The crucial point then is the questionnaire
itself. More work is needed before the questionnaire
can be used as a routine in shift work investigations.
Another crucial point is how the interindividual
circadian differences should be analysed and what
sort of statistical tests to employ. Various techniques
have been tried in the present study, and the reader
might have difficulty in seeing the shift working
computer staff who were the subjects behind all the
levels of significance. Certainly, much effort was
put into the problems of detecting the interindividual
differences and in extracting the most relevant data
for the tables, but the ever present purpose of the
investigation was still to do research on behalf of
the shift workers rather than merely on the shift
workers.

I should like to thank the computer staff who served as
subjects. Thanks are also due to Adam Kamien, Andrew
Nicholl, and Henning Wittmeyer for their help during
the data collection for, and the preparation of, this paper.

This study has been supported partly by the Swedish
Co-operative Union and Wholesale Society, where I
worked as ergonomist when the study was initiated.
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