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Objectives The aim of the present study was (o investigate whether the direction of shift rotation was related to
the need for recovery, fatigue, sleep quality, work—family conflict, and leisure time among three-shift workers.
Methods Data of 95 workers in forward-rotating three-shift work and 681 workers in backward-rotating three-
shift work, with 32 months of follow-up, in the Maastricht cohort study (N=12 095) were used. Both cross-
sectional and longitudinal analyses were cartied out,

Results A backward rotation schedule was prospectively related to an increased need for recovery [relative risk
(RR) 2.88, 95% confidence interval (95% CI) 1.06-7.81] and poor general health (RR 3.21, 95% CI 1.32-7.83),
as compared with a forward rotation schedule. Adjustment for demographic and health variables and the
characteristics of the work environment did not alter these relations considerably. Furthermore, a forward rotation
schedule was prospectively related to less work—family conflict and better sleep quality over the 32 months of
follow-up. Finally, high levels of fatigue, need for recovery, poor sleep quality, poor general health, insufficient
leisure time, and work~family conflict at first measurement were associated with an increased risk of leaving
shiftwork during the follow-up.

Gonclusions Optimization of shiftwork schedules, in terms of shift rotation, seems a promising method for
decreasing the negative impact accompanying shiftwork. Future studies should investigate whether these find-
ings for three-shift workers are applicable to other shiftwork schedules as well. Furthermore, this study clearly
illustrates the existence of secondary selection processes among shiftworkers and thereby emphasizes the

complexity of valid shiftwork research.
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A considerable and still increasing part of the working
population works outside normal workhours. Within the
European Union, 19% of the workforce, or well over
31 million persons, work at least one night per month
(1, 2). Most of these people work in shifts. Generally,
shiftwork can be defined as work that includes working
outside normal workhours. Most shiftwork includes
nightwork. Many different shiftwork schedules can be
distinguished. Shiftwork schedules can roughly be di-
vided into discontinuous (two-shift), semi-continuous
(three-shift), continuous (four-, five- and six-shift), and
irregular work schedules. Shift- and nightwork have
been associated with considerable negative impacts on
health and well-being. Effects have been reported for
cardiovascular (3-7) and gastrointestinal (8, 9) health,

1

obesity (10, 11), the metabolic syndrome (12), sleepi-
ness (13), need for recovery from work (14), fatigue
(15-19), accidents (8), and well-being (20).

To decrease the potential adverse health effects of
shiftwork, the application of healthier shift systems has
been suggested (16, 21-23). One of the possibilities
within three-, four-, five-, or six-shift work is the choice
for forward or backward rotation of shift schedules. Sev-
eral studies have reported on different health effects of
a forward versus a backward rotation shift schedule. A
shift system that first moves from a morning shift to an
evening shift and then to a night shift has a forward ro-
tation (also called phase delay or clockwise rotation),
Counterclockwise rotation (night to evening to morn-
ing) is called backward rotation or phase advance (24).
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As early as 1982, Czeisler et al (21) reported that, by
changing from backward to forward rotation, the health
index score of the workers increased favorably. Com-
pared with forward rotation shift systems, backward ro-
tation systems have further been associated with poorer
physical and psychological health, including chronic
fatigue (16), more unfavorable cardiac autonomic con-
trol (25), adverse changes in self-rated health, duration
and quality of sleep, and unhealthy systolic blood pres-
sure, serum glucose, uric acid and triglyceride levels
{26). Following shiftworkers who changed from a back-
ward to a forward rotation system, and from slow to rap-
id rotation, Knauth & Kiesswetter (27) reported a re-
duction in sleep difficulties in association with night-
shifts. Three related factors favor forward rotation over
backward rotation (28). First, the cyclic period of the
endogenous circadian rhythm runs slightly longer than
24 hours if allowed to free-run, or oscillate, without re-
spect to external time cues. Second, with respect to the
clock, it is easier to delay sleep onset through voluntary
activity than to advance it. Third, forward rotation
schedules often aillow more than 24 hours of free time
before rotating to the new shift, and, therefore, they pro-
vide more opportunities for rest and sleep.

Although fatigue and the need for recovery from
work can be regarded as important indicators of the ad-
verse (psychological) health effects of shiftwork (14,
18), they have not been extensively investigated. Pro-
longed fatigue affects a worker’s performance in both
the work and home setting. It is related to increased ac-
cident risk (29) and may lead to sick leave and work
disability (30). Rosa (28) suggested that backward ro-
tation schedules could produce more fatigue than those
rotating in a forward direction. Only two studies on fa-
tigue (16, 31), and no studies on need for recovery from
work, and the direction of shift rotation have been found.
The intervention study by Barton et al (32), in which a
group of 120 workers who changed from a forward to a
backward rotation schedule was studied, showed little
change during the intervention. Only the number of
sleep difficulties increased during the backward rotation,
but the reported social disruption decreased. Tucker et
al (31) reported results from a cross-sectional compari-
son between forward and backward rotation. They found
a small, favorable effect of backward rotation on sleep
duration but no effect on alertness or chronic fatigue.

A frequently mentioned argument of shiftworkers
against a change in shift schedule from backward to for-
ward rotation is the apparent decrease in leisure time
and possible increase in conflict between work and fam-
ily life. Work—family conflict among shiftworkers is
often thought to arise because shiftwork involves work-
ing and living patterns that diverge from community
rhythms of social, recreational, and domestic activity
(33, 34). Unfortunately, surprisingly few studies on

150  scana J Work Environ Health 2004, vol 30, no 2

these outcomes have been conducted. In an earlier study,
we found that shiftworkers reported a higher risk of
work~family conflict when compared with dayworkers
(35). Work—family conflict is a perception of insufficient
energy and time to combine work and family roles suc-
cessfully (36). Backward and forward rotation systems
result in a different pattern of leisure time between con-
secutive shifts. In this respect the direction of rotation
may be related to work-family conflict as well.

Improvements in the design of shift schedules could
help to reduce the negative effects accompanying shift-
work and therefore help prevent employees from leav-
ing shiftwork.

If the direction of rotation proves to be related to the
need for recovery, fatigue, and work—family conflict
among shiftworkers, then companies would have a clear
utilizable tool with which to reduce fatigue-related out-
comes and work—family conflict among shiftworkers,
The aim of our present study was to investigate wheth-
er the direction of rotation in three-shift work was re-
lated to the need for recovery, fatigue, sleep quality,
work—family conflict, and leisure time. Furthermore, we
investigated whether these (health) outcomes were pro-
spectively related to leaving shiftwork over time. We
used data from the Maastricht cohort study on fatigue
at work to assess the aims both in a cross-sectional and
longitudinal design.

Participants and methods

Study population

For the current study, data from the Maastricht cohort
study on fatigue at work were used. This study has been
described in detail elsewhere (37, 38). In short, this pro-
spective study was established in May 1998 and had a
baseline response rate of 45%. Altogether 12 140 work-
ers, employed by 435 different companies, mostly locat-
ed in the southern part of The Netherlands, were fol-
lowed for 32 months. For the present study, the exclu-
sion criteria were (i) being absent from work at the time
the baseline questionnaire was completed and (ii) not
having completely resumed work after a period of sick
leave at the time of the baseline survey. Also excluded
were employees with multiple jobs, since we had no in-
formation on worktime arrangements or the content of
additional jobs.

Because of the small numbers in the other shift
schedule groups and the low number of female shift-
workers in the cohort, this study focused on male three-
shift workers only. Five-shift workers were excluded
because of the incomparability between workers in for-
ward and backward rotation schedules with regard to job



title and socioeconomic status. This exclusion resulted
in a final study population at baseline of 776 three-shift
workers, capturing 95 workers in forward rotation and
681 workers in backward rotation. To study the prospec-
tive relationship between direction of rotation and the
outcomes, we used the data available after 32 months
of follow-up. The response rates at the eight consecu-
tive time points have been described elsewhere (18, 38).
For the longitudinal analyses, employees who received
a retirement pension or stopped work in a three-shift
schedule job were no longer considered to be at risk of
becoming a case and were therefore excluded from the
analysis. Because contrasting results were observed be-
tween the cross-sectional and longitudinal analyses, ad-
ditional analyses were carried out to assess whether the
baseline levels of the main outcome variables were re-
lated to a higher risk of leaving shiftwork. Also for these
analyses, persons leaving shiftwork due to early retire-
ment were excluded.

As shown in table 1, forward-rotating three-shift
workers were slightly older, averaged more years of
three-shift work experience, and were somewhat more
highly educated than the backward-rotating three-shift
workers. No substantial differences were observed be-
tween the forward- and backward-rotating three-shift
workers with regard to work-related factors, such as psy-
chological job demands, decision latitude, physical de-
mands, social support from co-workers and supervisors,
and flexible workhours at baseline. However, the for-
ward-rotating workers reported less overtime work. The
backward-rotating workers reported more fatigne and
work—family conflict and were less often living with a
partner at baseline, although the difference between the
backward rotating and forward-rotating workers was not
significant. For the other factors only small differences
were found between the two groups, the differences be-
ing a little less favorable for the forward-rotating work-
ers.

Measures

Work schedules. The baseline questionnaire included 32
questions on worktime arrangements that enabled us to
describe the work schedules of the employees in detail.
Information on direction of shift rotation was gathered
through the company records on work schedules. In our
study, three-shift work, also referred to as 3x8 semi-con-
tinuous shiftwork, involved continuous 24-hour produc-
tion from Monday through Friday carried out by three
teams of employees, generally working 8-hour shifts. As
a rule, in three-shift work, teams are switched every
week. Therefore, the teams work five morning, evening,
or night shifts in a row. The precise start and end times
of the different shifts differed for the participating com-
panies. However, as a rule, in The Netherlands the start
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of a morning shift is between 0600 and 0800, evening
shifts begin between 1400 and 1600, and nightshifts
commence between 2200 and 2400. Three-shift work
generally comprises 36 to 40 workhours a week. The
majority of three-shift workers in our study were em-
ployed in the paper and automobile industry.

Need for recovery from work. The need for recovery was
assessed using an 11-item subscale of the VBBA (Dutch
Questionnaire on Experience and Assessment of Work)
(39-41) with questions like “I find it hard to relax at
the end of a workday” and “When I get home, people
should leave me alone for some time”. An average score
was calculated ranging from O to 100. The need for re-
covery from work was measured every 4 months. There
was no existing cut-off point for the scale to classify
“cases” with very high scores on the scale. Therefore,
in our study, the upper quartile of the score of the entire
cohort study was used to define a contrast between em-
ployees with considerable need for recovery from work
(upper quartile) versus employees with a lower need for
recovery from work (lowest three quartiles).

Table 1. Baseline characteristics of the forward- and backward-
rotating male three-shift workers.

Variable Forward Backward P-
(N=95) (N=681) value
differ-
Mean SD % Mean SD %  ence
Demographics
Age (years) 409 8.8 364 83 - <0.0001
Educational levet
Lower . . 79.4 . - 65.3 0.02
Secondary . - 174 . - 31.0 .
Higher . . 33 . . 38
Years of work experience
in same shift
<5 years . 447 - . 785 <0.0001
6-15 years . - 17.0 . - 11.0 .
>15 years - 383 . - 115
Work conditions
Psychological job
demands 334 65 343 6.0 . 0.2
Decision latitude 65.7 12.8 65.1 13.8 . 0.7
Social support
Co-workers 11.8 2.0 118 1.8 . 0.9
Supervisors 91 2.7 97 2.8 . 0.05
Physically demanding work - - 522 . . 475 0.4
Overtime work . - 255 . - 413 0.004
Flexible work hours . - 3.2 . .28 0.8
Waork—home interaction
Dependent children . - 50.5 . - 507 0.99
Living with partner . - 839 . - 75.0 0.06
Insufficient leisure time . . 38.0 . . 37.3 09
Work—family conflict . - 256 . - 344 0.09
Psychological health
Fatigue cases . - 220 . - 29.6 0.13
Considerable need for recovery- - 38.0 . - 36.0 0.7
Poor sieep quality . . 36.6 . - 305 0.3
Poor general health . - 194 . - 17.2 0.6
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Fatigue. In our study, fatigue was considered a subjec-
tive sensation with cognitive and behavioral compo-
nents. Furthermore, we only dealt with fatigue persist-
ent over a period of several days, also called prolonged
fatigue. Fatigue was measured with the 20-item, self-
reported Checklist Individual Strength (CIS), which has
been described extensively elsewhere (42, 43). A com-
posite CIS total score, ranging from 20 to 140, was cal-
culated by adding all the individual scores. For the clas-
sification of the fatigue cases, the cutoff point of the CIS
(total >76) was used (43). Fatigue was measured every
4 months.

Sleep quality. Sleep quality was assessed using the fol-
lowing self-formulated question: “Did you sleep well
during the last four months?” with the precoded answer
categories of “never”, “sometimes”, “mostly”, and “al-
ways”. We defined sleep quality as poor for the respond-
ents reporting “never” or “sometimes”. This item was

queried every 4 months.

General health status. Self-rated general health was in-
ventoried by one item, adapted from the SF-36 Health
Survey, which is a widely used generic health status
measure {44). This item was scored on a 5-point scale
and measured every 4 months. General health was de-
fined as poor if the response was “moderate” or “bad”.

Work-home interaction. To measure work—family con-
flict, the following item was used: “Are you able to ad-
equately combine work and family life?” Furthermore,
employees were asked if they felt they had sufficient
leisure time, besides work and family life. The response
to these self-formulated items was “yes” or “no”. These
items were measured once a year.

Confounding factors

Demographics and health factors. Data on age, gender,
educational level, care of dependent children, living with
a partner, and presence of a long-term disease were col-
lected at baseline.

Work-related factors. Overtime work, flexible work-
hours, and years of work experience in the current shift
schedule were assessed through self-reports in the ques-
tionnaire. Psychological demands and decision latitude
were assessed using the Dutch version of the self-ad-
ministered Job Content Questionnaire (JCQ) (45, 46).
Social support was assessed by two scales of the JCQ
(supervisors’ support and co-workers’ support) each
consisting of four items. The response options varied
from “strongly disagree” to “strongly agree” on a four-
point scale. To assess whether employees perceived
their work as physically demanding, we used one item

152  Scand J Work Environ Health 2004, vol 30, no 2

of the Dutch questionnaire on work and health (VAG)
47).

Statistical analysis

Independent sample t-tests and chi-square tests were
used to test the univariate differences between the
groups of employees with a different direction of rota-
tion. Multivariate survival analyses using Cox regres-
sion were performed in three steps to examine prospec-
tively the role of direction of shift rotation, measured at
the baseline in 1998 (T,), in the onset of the different
outcomes over time. For the need for recovery from
work, fatigue, sleep quality, and general health status,
we modeled the time to first “caseness™ at Ty, T,, T4,
Ty, Ts, Tg, T; or Ty. Because work—family conflict and
leisure time were asked about once a year, for these
analyses, we modeled the time at T,, and T, only. In
these analyses, all prevalent cases from the involved
dependent variable at baseline (T,) were excluded. In a
first step, crude relative risks (RR) and 95% confidence
intervals (95% CI) were calculated. In a second step,
adjustments were made for age, educational level, and
the presence of a long-term disease. We adjusted the
relative risks for years of shiftwork experience, psycho-
logical job demands, decision latitude, the social sup-
port of co-workers and supervisors, physical demands,
and overtime work in a third step. In the two analyses,
in which no incident cases occurred in one of the two
groups, the relative risk was calculated by replacing the
zero cases with one case and calculating a Taylor series
95% confidence interval. In these two instances no fur-
ther adjustment could be performed. For the estimation
of the relative risk of leaving a three-shift schedule, sep-
arate Cox regression models were evaluated with the
baseline level of the psychological health, work and
home variables as independents, with adjustment for
age. For these analyses, we excluded the respondents
who left their shiftwork job on retirement. Those who
changed to day work or stopped working were desig-
nated as cases. All data were analyzed using SAS (48).

Results

As shown in table 2, a backward rotation schedule was
prospectively related to increased need for recovery (RR
2.88, 95% CI 1.06~7.81) and general health (RR 3.21,
95% CI 1.32—7.83) during the total observation period
of 32 months, as compared with a forward rotation
three-shift system. Adjustment for age, educational lev-
el, years of shiftwork experience, presence of a long-
term disease, psychological job demands, decision lati-
tude, social support of co-workers and supervisors,
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Table 2. Relative risk (RR) for the psychological health outcomes and wark-home interaction for the backward- versus forward-rotating
three-shift workers during the 32 months of follow-up. (95% Gl = 95% confidence interval)

Variable Incident HE RR 95% Ct Adjusted RR2 95% Cl® Adjusted RR® 95% Cl¢
cases

Psychological health outcomes :
Fatigue case 124 532 1.90 0.89-4.09 1.94 0.90-4.19 1.36 0.61-3.06
Considerabie need for recovery 112 485 2.88 1.06-7.81 3.08 1.13-8.43 2.99 1.06-8.44
Poor sleep quality 72 506 >7.364 1.05-52.7 .ot . .t .
Poor general health 164 623 3.21 1.32-7.83 3.39 1.38-8.29 2.77 1.10-7.00

Work—home interaction
Insufficient leisure time 40 468 2,32 0.56-9.63 2.23 0.54-9.30 1.86 0.43-8.08
Work—family conflict 84 493 >8.94¢  1.26-63.4 e . -8 -

a Number of respondents at risk at baseline,
b Adjusted for age, educational level, and presence of a long-term disease.

¢ Adjusted for age, educational level, years of shiftwork experience, presence of a long-term disease, psychological job demands, decision latitude,
social support of co-warkers and supervisors and physical demands and overtime work.

4 No cases in forward-rotating group.
¢ Adjustment technically impossible due to empty cells.

physical demands, and overtime work did not alter this
relation considerably. Furthermore, a backward rotation
three-shift system at baseline was associated with a sub-
stantially higher risk of work—family conflict (RR >8.94,
95% CI 1.26-63.4) and poorer sleep quality (RR >7.36,
95% CI 1.05-52.7) during the total observation period.
Workers with a backward rotation schedule also report-
ed more problems with insufficient leisure time over the
total observation period, although this difference was
not significant.

The results of the cross-sectional and longitudinal
analyses yielded considerable differences conceming the
health outcomes. Therefore, additional analyses, adjust-
ed for age, were performed to explore the possibility that
three-shift workers experiencing health problems were
more likely to leave their shiftwork job over time (table
3). These analyses revealed that high levels of fatigue,
need for recovery and poor sleep quality, reported poor
general health status, insufficient leisure time, and
work—~family conflict were associated with an increased
risk of leaving a shift job over the total observation pe-
riod of 32 months.

Discussion

Our study examined the associations between the direc-
tion of shift rotation and several (psychological)
health-related outcomes and work-home interaction
among male three-shift workers. The cross-sectional
analyses revealed few differences between three-shift
workers in forward and backward rotation shift sched-
ules. In the longitudinal analyses, however, we found
that a forward rotation schedule was prospectively re-
lated to fewer psychological health-related problems, in
terms of need for recovery, sleep quality, and general
health, as compared with a backward rotation schedule.
Furthermore, employees with a forward rotation

Table 3. Age-adjusted relative risk (RR) for leaving (N=242) ver-
sus remaining in three-shift work (N=776) during 32 months of
follow-up, according ta baseline levels of the main outcome vari-
ables. (95% ClI = 95% confidence interval)

Variable RR 95% Cl

Fatigue case (N=214) 1.76 1.36-2.29
Considerable need for recovery (N=275) 1.60 1.23-2.07
Poar sleep quality (N=229) 1.50 1.14-1.96
Poor general health (N=132) 1.79 1.32-2.44
Insufficient leisure time (N=279) 1.4 1.09-1.84
Wark-family conflict (N=249) 1.46 1.12-1.91

schedule were less likely to report work—family conflict
than those with a backward rotation schedule.

Our findings of less favorable health outcomes
among workers on a backward rotation schedule agree
with the results of earlier studies regarding health out-
comes and direction of rotation (16, 21-23). In line with
the arguments favoring forward rotation, as reported by
Rosa (28) and stated in the introduction section, we also
argue that forward rotation schedules, as opposed to
backward rotation schedules, are healthier for shiftwork-
ers because they allow more time off between two
blocks of similar shifts and therefore provide employ-
ees with more opportunities to recover from their shift
and perhaps prevent further accumulation of fatigue. For
the forward rotation schedules there is 16 hours more
time to recover during the weekend than there is on the
backward rotation schedules. However, at the end of
every complete cycle of shifts, the workers in a back-
ward rotation schedule have an extra day off.

Backward rotation schedules provide employees
with a longer span of free time at the end of a complete
shift cycle, but allow for less time for rest and sleep be-
tween two consecutive blocks of shifts than forward ro-
tation shift schedules do. Nevertheless, a considerable
part of the working population continues to work in
backward rotation schedules. An important argument
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