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Effects on health of a change from a delaying to
an advancing shift system

J Barton, S Folkard, L Smith, C JM Poole

Abstract
Objectives-Shift work can lead to a
range of problems for some people that
seem to result from the disturbance of
the circadian system, and can broadly be
classified as: disturbances of sleep,
impaired physical and psychological
health, and disturbed social and domestic
life. The main attempt to try to reduce
these problems has focused on the design
of the shift system, and the identification
of the most problematic features of the
shift system. One such feature is believed
to be the direction of shift rotation.
Systems that advance are thought to be
more problematic than those that delay.
The present study examines the change
in the direction of shift rotation from a
delaying to an advancing system on
health and wellbeing.
Methods-Self reported measures of
tolerance to shift work were taken two
months before and six months after the
change. These included sleep difficulties,
gastrointestinal problems, psychological
ill health, chronic fatigue, social and
domestic disruption, job satisfaction, and
satisfaction with the shift system.
Results-The change from a delaying to
an advancing system resulted in an
increase in sleep difficulties between suc-
cessive afternoon shifts, but a decrease in
social disruption. There was little evi-
dence of impaired health on the advanc-
ing compared with the delaying system.
Conclusions-The increase in sleep diffi-
culties was thought to result from the
undesired adaptation of the circadian
system to night work, as a result of the
afternoon shifts now following a series of
night shifts, whereas previously they fol-
lowed a series of morning shifts. The
decrease in social disruption was thought
to result from the specific sequence of the
shifts and the discontinuous nature of the
shift system, in particular, the long week-
end offevery third week. Lack ofreported
health related differences are explained
in terms of the relatively unharmfil
nature of the shift system in question,
and the relatively short time span over
which the study was conducted.

(Occup Environ Med 1994;51:749-755)
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There is a generally accepted view that shift
work may lead to a range of problems for

many people. These problems fall broadly
into three categories: physical and psychologi-
cal health,1 social and domestic disruption,67
and sleep disturbances and fatigue.281' One
approach to try to reduce these problems has
focused on the design of the shift system.
Certain aspects of the shift system are thought
to be more problematic for the people con-
cerned than others. Thus, much research has
focused on trying to identify those features-
for example, the number of successive night
shifts worked'2 and the flexibility of the shift
system.'3 It has been argued that the design of
shift systems ought to take into account the
principles of the circadian system"-for
example, the fact that in the absence of exter-
nal time cues, the sleep-wake cycle runs with a
period of about 25 hours, so that sleep "natu-
rally" occurs later and later with respect to
clock time.'5 Thus, this delaying tendency of
the sleep-wake rhythm may make it easier for
people to stay awake longer than to fall asleep
earlier than normal. Consequently, it has been
argued that shift systems that rotate should do
so by successive phase delays-that is, from
mornings to afternoons to nights-rather than
successive phase advances-that is, from
nights to afternoons to mornings.
A second, and equally important reason

why systems that delay may be preferable to
those that advance, relates to the amount of
time off between shifts. Systems that delay
always incorporate a break of 24 hours (or
multiples thereof) when changing from one
type of shift to another. Shifts that advance
need only incorporate a break of eight hours
(or eight plus whole number multiples of 24).
Social pressures often result in only an eight
hour break being scheduled so that time off
can be accumulated into occasional longer
breaks at the end of a sequence of shifts, for
example at a weekend. These "quick returns"
from one shift to another after only an eight
hour break may severely restrict sleep dura-
tion and exacerbate the shift workers' prob-
lems, despite their popularity because of
periodic extended breaks away from work.

Studies that have looked specifically at the
impact of the direction of shift rotation on the
individual shift workers are few. One study,
with a sample of 46 policemen (23 in each of
two groups) used a crossover design where
each worker acted as his own control.'6 Both
groups worked for four weeks rotating in each
direction, with one group delaying first and
the other group advancing first. Overall, there
seemed to be fewer physical, social, and psy-
chological problems experienced on delaying
systems compared with advancing. Another
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study,17 with a group of 22 microelectronic
workers, found that workers went to sleep ear-
lier after a night shift and an afternoon shift,
and reported improved variables of sleep
quality in general, after the change from
advancing to delaying shifts. Thus, it has been
argued that from a biological point of view,
systems that delay permit a quicker adapta-
tion, particularly of sleep times, than systems
that advance.'8 Workers on delaying systems
went to sleep earlier after a night or an after-
noon shift than workers on advancing sys-
tems. Those on delaying systems cited
improved sleep after both shifts as the main
reasons for preferring that schedule. Of interest
also was the increased difficulty in falling
asleep after an afternoon shift on the advancing
system. More recently a study that involved
over 300 industrial shift workers on a range of
advancing and delaying continuous systems
found relatively small differences, yet consis-
tently fewer problems, to be associated with
delaying as opposed to advancing systems that
did not include a quick return.'9 Better physical
and psychological health, less chronic fatigue,
less social and domestic disruption, fewer
sleep difficulties, and more job satisfaction
were reported by workers on delaying sys-
tems. Also, the presence of a quick return was
found to exacerbate the problems of those on
advancing systems.
The small differences found between

advancing systems without a quick return and
delaying systems may partly be explained by
the arguments of Turek.20 Even though the
time of the work period might be delayed, the
time of sleep onset need not necessarily be so.
There may be little difference in the time of
sleep onset before a morning or an afternoon
shift, on either an advancing or a delaying sys-
tem, as people do have a choice as to when
they go to sleep.20 Sleep onset has been shown
to be linked closely to what has been termed a
"sleep gate"-that is, a sudden and dramatic
increase in sleep propensity, believed to occur
between 2100 and 0400.2 The time immedi-
ately preceding the sleep gate has been termed
the "forbidden zone" for sleep-that is, a
period lasting for around four hours during
which sleep propensity is greatly reduced.22
From the point of view of the body clock, the
time of sleep onset will depend largely on the
presence of the forbidden zone, and may be
less influenced by the direction of shift rota-
tion. As such, sleep onset before a morning or
afternoon shift may not differ greatly on either
an advancing or a delaying system. Conse-
quently, the more important factor might be
the presence of a quick return, a view that
would support some of the most recent find-
ings. 19
A potential study arose when a change in

shift system was imposed on a group of 3000
car manufacturing employees. Two discontin-
uous shift systems were in operation, one
delayed and the other advanced. For the pur-
pose of consistency it was decided by manage-
ment to change all shift workers on delaying
to advancing shifts. The present study there-
fore examined the effects of this change in the

direction of shift rotation on the health and
wellbeing of a sample of those involved. Two
hypotheses were tested.
(1) Workers on the advancing system would

report poorer health and lower levels of
wellbeing than workers on the delaying
system, and both would show more prob-
lems than the day workers.

(2) The workers who changed from a delay-
ing to an advancing system would report
an increase in ill health and lower levels of
wellbeing.

Method
DESIGN AND CONTEXT
The study was longitudinal with a before and
after test design. Data were collected by
means of a self reported questionnaire two
months before (time 1) and six months after
(time 2) the change. Three groups of workers
participated: an experimental three shift
group who changed from a delaying to an
advancing system, and two non-equivalent
control groups: firstly, a group of workers on
three shifts who remained on an advancing
system (control three shift); secondly, a group
of day workers who did not work shifts (control
day). At the time of the first data collection
none of the three shift workers were aware of
which system was subsequently to change.
We acknowledge the relatively short time

period over which the study was conducted,
yet other studies that involved shift system
changes have used a similar follow up
period523-25 or less.'6 The main advantage of
the design of this study was the inclusion of
two control groups. It has been noted that it is
rare to find longitudinal designs in shift work
studies,26 and even more rare to find shift
work studies that have used a control group.24

SHIFT SYSTEMS
The shift (and day) systems were discontinu-
ous, and did not involve weekend work. The
number and times of shifts were the same for
the experimental and control three shift
groups: one week of morning shifts (Monday
to Friday), one week of afternoon shifts
(Monday to Friday), and one week of night
shifts (Monday to Thursday). Thus, the
advancing system did not include any quick
returns. All shifts were eight hours duration:
0600-1400, 1400-2200 and 2200-0600;
except for those on Friday, the morning shift
lasted from 0600-1200, and the afternoon
shift from 1200-1800 at which point the pro-
duction stopped for the weekend. The shifts
worked by the control three shift group
(advancing) rotated in a backward direction
(night to afternoon to morning), whereas
those worked by the experimental group
(delaying) rotated in a forward direction
(morning to afternoon to night). Gonse-
quently, the main difference between the two
three shift systems was the direction of rota-
tion and the variability in the length of breaks
at the weekend. Those on the advancing sys-
tem had a longer than usual weekend break
when changing from morning to night shifts
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(82 hours), and when changing from night to
afternoon shifts (80 hours). However, the
change from afternoon to morning shifts
resulted in a break considerably shorter (60
hours) than any of the breaks associated with
the delaying system. These were: morning to
afternoon shifts (74 hours), afternoon to night
shifts (76 hours) and night to morning shifts
(72 hours). The work times of the control
(day) group were 0830-1630 Monday to
Thursday, and 0830-1330 on Friday.

PARTICIPANTS
A total of 363 people took part in the study,
120 in the experimental group, 173 in the
control three shift group, and 70 in the con-
trol day group. Table 1 shows the demo-
graphic details of the three groups. Of these,
248 (68%) took part in the second stage of the
study; 92 (77%) of the experimental group,
121 (70%) of the control three shift group,
and 35 (50%) of the control day workers.
Those who did not take part at time 2 had
either changed to another shift system, had
not provided any means of identification, or
had left the company altogether. At time 1
there was no difference in age (F1,288) = 0 00,
P > 0 05) or experience of shiftwork (F,287) =
0 00, P > 0 05) between the experimental and
the control three shift groups, although the
control day workers were significantly older
(F2,357) = 26-62, P < 0-001) and had spent sig-
nificantly more years on day only work than
the shift workers had spent on shift work
(F2,330) = 19-73, P < 0-001). There were pre-
dominantly more men than women in the
study, although the distribution was more
even within the control day group than within
the other two groups.

MEASURES
The measures included in the questionnaire
were chosen to cover the main problems com-
monly reported by shift workers. All the scales
were taken from, or derived from the standard
shift work index (SSI),27 which is a battery of
questionnaires for assessing the impact of dif-
ferent types of shift systems on the health and
wellbeing of large groups of shift workers. For
a full description of the measures see Barton et
al.28 All the scales have previously been used
in shift work studies, most of which have been
shown to be sensitive to the impact of shift
work and to various features of shift systems,
including the direction of shift rotation. 139
On each of the measures a higher score was
associated with the experience of more of a
problem or more dissatisfaction.

Table 1 Demographic data

Control (3 shift) Experimental Control (day)
(n = 173) (n = 120) (n = 70)

Men 159 112 56
Women 14 8 14
Mean (SD) age 30-16 (7-46) 30-14 (8 09) 38-54 (11-50)
Married (%) 67-1 67-5 68-6
Separated or divorced (%) 2-3 4-29 8-6
Widowed (%) 1-4
Single (%) 30-6 28-3 21-4
Children 0 93 1-16 0-87
Mean (SD) years in shift work 3-80 (4 60) 3-83 (4-33) 9-14 (8-53)

Psychological wellbeing questionnaire (GHQ-12)29
The psychological wellbeing questionnaire is a
standardised, self administered screening test
to detect psychiatric morbidity in the general
population. It gives an estimate of mental
health over the previous few weeks,30 and can
be used to assess the degree of psychiatric
morbidity. For this study, high and low scor-
ers on the questionnaire were identified, high
being three or more, as scores of this magni-
tude are most likely to be associated with psy-
chiatric morbidity.3

Chronic fatigue
Chronic fatigue is measured by a 10 item self
reported questionnaire, intended to give a
measure of the chronic tiredness experienced
by shift workers, which persists even on rest
days and holidays.

Gastrointestinal symptoms
A five item self reported measure of gastro-
intestinal symptoms was used.

Sleep quality and difficulties
We used a four item measure of sleep quality
associated with morning, afternoon, and night
shifts, and rest days.

Sleep record
Usual sleep onset and wake up times associ-
ated with morning, afternoon, and night
shifts, and with rest days were recorded. From
these it was possible to calculate average sleep
durations.

Social and domestic disruption
We used three items that scored on a five
point Likert scale, measuring the amount of
social and domestic disruption experienced,
and two items that rated satisfaction with
social life and sex life.

Work and shift satisfaction
A five item measure of general job satisfac-
tion, part of the larger job diagnostic survey
was used,32 and two individual items were
included: one relating to enjoyment at work,
and the other to shift system satisfaction.

Demographic and general information
Questions relating to sex, age, marital status,
number of children, and years of work experi-
ence were included. Also, there were two
questions that asked about the number of
cigarettes smoked and the number of units of
alcohol consumed a week.

PROCEDURE
Individual workers while at work were
approached by the researchers and asked to
take part in the study. It was explained that
the researchers would be returning in eight
months to conduct a follow up study. The
questionnaires were completed during the
workers' break time, and handed back to the
researcher the same day. Workers were asked
to put either their name or identification code
number at the top of the questionnaire, so
that they could be traced in eight months
time. Participation was entirely voluntary.
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Table 2 Differences between the mean scores for the groups at time 1

A
Control B
three shift Experimental C
Advance Delay Control day
(n = 173) (n = 120) (n = 70) Df F

Psychological health 11-63 11-35 11-08 2,212 0-15 A,B,C
Chronic fatigue 27-97 28-01 26-35 2,191 0-29 BAC
Gastrointestinal problems 9-43 8-89 8-10 2,216 1-88 AB,C
Social disruption 3-65 3-36 2-21 2,232 13-19*** A,B>C
Domestic disruption 3-14 2-90 1-90 2,232 7-48*** AB>C
Non-domestic disruption 2-45 2-37 1-88 2,227 1-89 AB,C
Social life dissatisfaction 3-23 2-83 1-90 2,231 10-96*** A>B>C
Sex life dissatisfaction 2-38 2-18 2 13 2,222 0-76 A,B,C
Job dissatisfaction 18-57 19-23 18-18 2,210 0-39 B,A,C
Lack of enjoyment at work 3-11 3-49 3-56 2,234 3-26*
Shift system dissatisfaction 3-21 2-94 1-81 2,222 21-08*** A>B,C
Alcohol consumption 8-53 9-88 8-83 2,220 0-49 B,C,A
Cigarette consumption 44-68 49-85 22-79 2,218 1-62 B,A,C
Sleep difficulties between:
Morning shifts 10-75 11-34 8-80 2,201 2-29 B,A,C
Afternoon shifts 10-28 9-01 1,190 8-29*** A>B
Night shifts 10-11 10-36 1,187 0-21 A,B
Rest days 8-99 8-83 9-45 2,177 0-17 C,A,B

Sleep duration between:
Morning shifts 5-88 6-04 7-58 2,191 6-94*** C>B,A
Afternoon shifts 8-57 8-62 1,176 0-05 B,A
Night shifts 7-51 7-40 1,185 0-22 A,B
Rest days 8-74 8-98 8-78 2,166 0-58 B,C,A

Sleep onset between:
Moniing shifts 22-37 22-28 23-16 2,310 5-69** C>A,B
Afternoon shifts 24-45 24-21 1,268 9.26** A>B
Night shifts 7-32 7-33 1,270 0-02 B,A
Rest days 24-06 24-00 24-00 2,275 0-22 A,B,C

*P < 0-05; **P < 0-01; ***P < 0-001.

STATISTICAL ANALYSES
Given that a specific change was predicted,
simple main effects were calculated with mul-
tivariate analyses of variance, with age as a

covariate. In this way, specific differences
according to time, and specific changes within
groups over time could be calculated. Only
those differences that were found to be signifi-
cant are reported. Also, a series of x2 tests
were performed to compare high with low
scorers on the questionnaire within each of
the groups. All these results are reported.

Results
DIFFERENCES BETWEEN THE GROUPS AT TIME 1

Table 2 shows the mean scores adjusted for
age, and the results of the analyses comparing
the experimental group, the control three shift
group, and the control day group on the sleep,
health, and wellbeing measures.

Day v three shift workers
Day workers reported significantly less social
and domestic disruption and significantly less
dissatisfaction with their social life than either
of the three shift groups. They also reported
going to sleep later and sleeping for longer
between their day shifts than the three shift
workers did between their morning shifts,
although this was probably a reflection of the
later start time of 0830 compared with 0600.
There were no other significant advantages of
day work although inspection of table 2 shows
that they scored lower on many of the prob-
lem scales. A x2 test showed a significantly
higher incidence of high scorers on the ques-

tionnaire in the shift working groups (35 1%)
than the day working group (22 4%) QZ'(1) =

3.93, P < 0 05).

Advancing v delaying three shift workers
There were only five significant differences
between the two three shift groups at time 1.
Those on the delaying system (experimental
group) reported more satisfaction with their
shift system and social life, yet reported less
enjoyment at work than the advancing (con-
trol three shift) group. Also, they reported
going to sleep earlier and having fewer sleep
difficulties between afternoon shifts. More
detailed analyses of the items that comprised
the sleep difficulties scale showed that the
delaying group had less difficulty falling asleep
(F1,281) = 16&14, P < 0-001), and slept better
(F1,281) = 15-11, P < 0-001) on the afternoon
shifts. There was no significant difference in
the number of high scorers on the question-
naire between the delaying group (31%) and
the advancing group (38%), (X2 = 1-13, P >
0-05).

CHANGE FROM TIME 1 TO TIME 2
Only those people who had taken part in the
study at both time 1 and time 2 were included
in this stage of the analyses. Table 3 shows the
adjusted means and the results of the analy-
ses. In view of the large number of variables
and the associated probability of a type I
error, attention was confined within the analy-
ses to the following: firstly, those measures
that had shown a significant difference
between the experimental and the control
three shift groups at time 1; secondly, those
measures that had not shown a significant dif-
ference between the two groups at time 1, but
had shown a significant change over time
within the experimental group, but not in the
control three shift group.
The experimental group showed a signifi-

cant increase in sleep difficulties between
afternoon shifts, whereas the increase in the
control three shift group was not significant.
Specific sleep difficulties that increased
between afternoon shifts included difficulty in
falling asleep (t84 = - 1-93, P < 0 05), in get-
ting up (t81 = - 2-50, P < 0 05), and in sleeping
less well (t83 = - 250, P < 005). There was,
however, no significant change in time of
sleep onset between afternoon shifts for either
of the groups.
The experimental group reported little

change in dissatisfaction with their shift sys-
tem or enjoyment at work, despite significant
changes on both of these measures for the
control three shift group. That is, the control
group reported significantly more dissatis-
faction with their shift system, and less
enjoyment at work over time. Also, the exper-
imental group did not show any change in dis-
satisfaction with their social life, although
there was a significant decrease in the disrup-
tion to social life at time 2, a variable that had
not shown a significant difference between the
two groups at time 1. Other variables that
showed a significant change over time for the
experimental group, but not for the control
group, was the number of cigarettes smoked
and the amount of alcohol drunk a week. A
significant decrease was noted for the experi-
mental group over time.
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Table 3 Changes in the mean scores within the groups between time 1 and time 2

Experimental Control three shift Control day

Ti T2 Df F Ti 72 Df F Ti T2 Df F

Psychological health 11-38 11-36 1,212 0 09 11-80 12-22 1,212 0 91 10 90 9-60 1,212 1-31
Chronic fatigue 27-71 28-57 1,191 0 95 27-68 29-04 1,191 2-89 26 55 26-82 1,191 0 25
Gastrointestinal 8-85 8-54 1,216 3-26 9-51 9-68 1,216 0-03 8-06 7-09 1,216 4-67*

problems
Social disruption 3-42 3-12 1,232 4-01* 3-72 3-81 1,232 0-35 2-06 1-59 1,232 4.09*
Domestic disruption - 2-74 1,232 0-72 3-08 3 30 1,232 1-68 2-00 1-72 1,232 1-03
Non-domestic 2-38 2-28 1,227 0-02 2-48 2-41 1,227 0-06 1-91 2-00 1,227 0-57

disruption
Sociallife dissatisfaction 2-77 2-78 1,231 0-14 3-11 3-20 1,231 1-04 2-06 2-24 1,231 0-88
Sex life dissatisfaction 2-18 2 52 1,222 9 01*** 2-34 2-54 1,222 5 85* 2-09 2-59 1,222 6-13**
Job dissatisfaction 19-45 20-20 1,210 1-82 18-89 20-28 1,210 6-17** 17-32 17-91 1,210 0-43
Lack of enjoyment at 3-53 3 49 1,234 0-83 3-19 3-41 1,234 4.07* 3-35 3-44 1,234 0-60
work

Shift system dissatisfaction 3-02 2-99 1,222 0 00 3-31 3-57 1,222 6-89** 1 59 1 91 1,222 2-06
Alcohol consumption 10-59 8-18 1,220 7-76** 9-44 9.86 1,220 0-27 7-44 7-84 1,220 0 00
Cigarette consumption 49-28 38-80 1,218 4-23* 43-56 47-67 1,218 2-01 25-44 20-09 1,218 0-43
Sleep difficulties between:
Moringshifts 11-36 11-22 1,201 0-26 10-92 11-31 1,201 3-06 9-33 10-56 1,201 3-15
Afternoon shifts 8-93 9-71 1,190 3-74* 10-29 10-64 1,190 1-40
Night shifts 10-29 10-95 1,187 1-52 10-07 10-89 1,187 6-87**
Rest days 8-63 8-56 1,177 0 37 8-93 8-77 1,177 0.20 9-63 9-25 1,177 0-15

Sleep duration between:
Morning shifts 5-19 5-98 1,191 1-20 5-10 5-91 1,191 0 49 7-34 6-85 1,191 2-04
Afternoon shifts 8-56 8-34 1,176 0-78 8-61 8-29 1,176 4-89*
Night shifts 7-34 7-14 1,185 3-96* 7-53 7-25 1,185 9-95***
Rest days 9-17 9.01 1,166 0-62 9 01 8-95 1,166 0-14 8-39 7 94 1,166 1-02

Sleep onset times between:
Morning shifts 22-41 22-58 1,195 2-80 22-46 22-60 1,195 2-07 22-91 23-28 1,195 0-96
Afternoon shifts 24-28 24-40 1,178 0-52 24-64 24-71 1,178 0-23
Night shifts 7 59 7-63 1,186 0 01 7-53 7-53 1,186 0 00
Restdays 23-97 24-07 1,169 0-21 24-12 24-22 1,169 0-79 24-11 24-08 1,169 0-01

*PT<i tm;**PT< m;e***P2<O .
T1 = time 1; T2 = time 2.

The number of high scorers on the ques-
tionnaire was calculated. Comparing only
those who completed the questionnaire at
both time 1 and time 2, a similarly moderate
decrease in scores over time was evident in
both the control three shift group (36-6% v
33*0%), and the experimental group (36*2% v
28-7%).
Two way analyses of variance were per-

formed on these variables to look at the
changes that occurred in the experimental
group, compared with the control three shift
group over time. Only three significant inter-
actions were produced: social life disruption
(F,210) = 6-18, P < 0-01), the control three
shift group reported more disruption over
time, and the experimental group reported
significantly less, the amount of alcohol con-
sumed (F,1,97) = 6-99, P < 0-01), and cigarette
consumption (F1,195) = 7-54, P < 0.01). In
each case there was little change in the control
group, yet a significant decrease over time in
the experimental group. Although there was
no overall interaction in disturbances of sleep
between afternoon shifts, one of the sleep dis-
turbance items did show a significant interac-
tion, that is, sleeping less well (F,197) = 4i85,
P < 0 05), the experimental group reported a
greater change, specifically, sleeping less well
after the change.

Discussion
Our study examined the impact on health and
wellbeing of a change from a delaying to an
advancing shift system. Based on the scientific
literature it was expected that the advancing
system would be more problematic.
Consequently, the change that was to take
place was not considered to be the best option
from the point of view of the workers' health.
Comparison of the workers on the advancing

and delaying systems before the change took
place suggested that advancing shifts might
not be as harmful as originally suggested.
There were few significant differences
between the two groups. The two most
prominent related to the severity of sleep diffi-
culties between successive afternoon shifts,
and dissatisfaction with their social life. Those
on the advancing system reported more prob-
lems. In most cases both groups of three shift
workers reported more problems than the day
shift workers, although these differences were
not necessarily significant.

Quite surprisingly, there was little change
in many of the measures in any of the three
groups over the eight month period. Some of
the changes that took place were, however,
common to all three groups. For example, all
three groups reported a decrease in sleep
duration that probably resulted from a sea-
sonal effect. The second test took place in
summer and the first test in winter. All three
groups reported more dissatisfaction with
their sex life at time 2. Such results would
suggest that these changes did not occur as a
result of the change in shift rotation, as they
were common to all three groups.
Of interest was the incidence of high ques-

tionnaire scorers in each of the groups. In
agreement with earlier results5 the incidence
within the group of day workers was statisti-
cally lower than in either of the groups of shift
workers, which might therefore imply a detri-
mental effect of shift work on psychological
health. Of particular interest, although diffi-
cult to explain, was the lack of any difference in
the number of high scorers between the
advancing and the delaying groups at time 1,
and a moderate decrease in the number of
cases within both groups over time.

Also of interest was the greater incidence of
sleep difficulties between successive afternoon
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shifts for the advancing compared with the
delaying group, and the significant increase
reported by the delaying group after the
change to an advancing system. In particular,
difficulties in falling asleep and in sleeping less
well were associated with the advancing sys-
tem. These results are in keeping with earlier
ones showing a reduction in sleep distur-
bances after a change from an advancing to a
delaying system,'7 increased difficulty in
falling asleep after an afternoon shift on an
advancing system,'8 and more sleep difficul-
ties between successive afternoon shifts, but
not between successive morning or night
shifts, on advancing than on delaying sys-
tems.'9 A later time of sleep onset after an
afternoon shift on an advancing than on a
delaying system has also been shown (similar
to our study),'7 18 even though the later time of
sleep onset associated with the experimental
group after the change did not reach signifi-
cance. Thus, it would seem that the direction
of shift rotation is important in influencing the
quality of sleep between successive afternoon
shifts, with advancing systems resulting in
more problems. One explanation might be in
terms of circadian adaptation to night work;
the afternoon shifts now follow a series of
night shifts, whereas previously they followed
a series of morning shifts. It has been argued
that it is easier to delay rather than advance
the time of sleep onset-for example, to
change from a morning to an afternoon shift
than from a night shift to an afternoon shift-
because of the tendency of the sleep-wake cycle
to run with a period > 24 hours, if allowed to
free run. Hence, sleep tends to occur later and
later with respect to clock time.
The second main finding was the decrease

in social disruption reported by the experi-
mental group after the change, which may
reflect the influence of the longer weekend
breaks associated with the advancing system,
compared with the delaying system. This
could possibly account for the ratings of satis-
faction with the shift system and enjoyment at
work not worsening after the change.

In summary, contrary to the few published
studies'617 19 there seems to be little evidence
from our study to support the view that
advancing as opposed to delaying systems are
the most detrimental. There are, however,
two possible explanations for this. Firstly, the
actual shift system under investigation was
discontinuous in nature, with at least two days
off between each change of shift, and there-
fore did not include any quick returns.
Consequently, it could be argued that the
organisation and sequencing of shifts are not
particularly problematic. Secondly, the rela-
tively short time span over which the study
was conducted might not be sufficient for the
build up of health related problems to occur,
although studies conducted over a similar
length of time have shown an effect.'6 In our
study the relatively short time engaged in shift
work altogether, by either of the three shift
groups, might account in part for the small
differences in health problems reported
between them and the day shift workers.

The main implications of the direction of
shift rotation seem to be acute in nature and
focus on the detrimental effect of the advanc-
ing system on the quality and disturbance of
sleep, and the advantageous effect of the two
long weekends. It is, however, not possible to
say from these results what the long term
chronic health effects of this change in shift
system might be. Given the relatively small
differences between the two groups at time 1,
and the results of our earlier work comparing
the effects of advancing and delaying shift sys-
tems,'9 it could perhaps be argued that the
direction of shift rotation by itself may be less
problematic than the presence of a quick
return within the schedule. Thus, the discon-
tinuous nature of these shift systems are not
particularly problematic for the people con-
cerned; however, the long term implications,
if any, of the sleep difficulties associated with
the afternoon shift remain unknown.
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