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Chapter 1

Nonstandard working hours
The 40-hour working week
Amidst the industrial revolution at the beginning of the 19th century, Robert Owen, a Welsh
social reformer, started a radical campaign for “Eight hours labour, eight hours recreation,
eight hours rest”. Owen argued that this working schedule would be better for the happiness, motivation, and health of employees, rather than the 10-16 hour working days, six
days a week that factory employees were required to work for maximum financial gain (1,2).
Dividing the day into three equally long periods—one for work, one for leisure, and one for
sleep—introduced the concern for workers’ health and well-being and the idea that these
could be enhanced by time off for rest and recreation.
However, Owen’s ideas were not very popular amongst factory owners and it was not until
the first half of the 20th century that many industrialised countries caught on to his ideas (3). In
1921, the International Labour Organisation (ILO) passed a convention for weekly rest breaks
for industry (4). In 1935, this was followed by a convention for a five-day 40-hour working
week (5). As recently as 1993 the first European Commission (EC) Working Time Directive was
accepted that protected workers’ rights and that included limits to weekly working hours
(48 hours including overtime) and minimum durations of rest periods (11 consecutive hours
between working days and 35 consecutive hours per seven-day period) (6).

Defining nonstandard working hours
Although the 40-hour working week has become the norm, nonstandard working hours are
still common in European. Of the workers, an estimated 21% work in shifts and 19% work at
night (7). At least once a month, 32% of the workers report working >10 hours per day. Twelve
percent regularly work >48 hours per week; in some sectors this percentage is higher, for
example in manufacturing (20%) and the service sector (15%) (7,8). Further, an estimated 30%
of the workers regularly work on Sundays (7).
In this dissertation, nonstandard working hours encompass a broad definition: i.e. any form of
working hours outside of the 40-hour working week of five 8-hour days. This includes extended
working hours (≥9 hours per day), extended working weeks (>5 days per week), weekend
work, on-call duties, shift work, night work, as well as any combination of these working hours.
Shift work is described as any working time arrangement that requires working regularly at
times between 6pm-6am; this includes evening work, night work, and early morning work (9).
Night work refers to at least 3 hours spent working between 10pm-6am (10).
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Health effects of extended working hours and extended working weeks
Since the acceptance of the 40-hour working week, research has supported that extended
working hours and extended working weeks can be detrimental to health. Such working
hours are associated with fatigue in the short term and cardiovascular disease in the long term
(11-15). The health problems are hypothesised to be caused by the short leisure time between
working days, which may not be sufficient to relax and unwind, and to fully recover from the
daily efforts expended at work (16). According to recovery theory, the accumulation of fatigue
over time may lead to wear and tear of the body’s physiological functions, which may in turn
lead to ill health (17,18).

Health effects of shift work
The EC Working Time Directive limits night time working hours to an average of 8 hours to
reduce any health damages associated with night work (19). Although findings are not always
consistent, night work and shift schedules that include night work have been associated
with sleepiness, need for recovery, and fatigue in the short term and cancer, cardiovascular
disease, gastrointestinal disease, and diabetes in the long term (20-26). The main hypothesis
explaining these health problems is a disruption to the body’s circadian rhythm. This rhythm
is a complex physiological process that, under normal circumstances, keeps us awake during
the day and asleep at night. Disruptions are caused by being awake and active at night when
the body should be resting and sleeping (27). This may lead to short-term health symptoms,
while repeated night work may lead to long-term health problems (28-31). Next to disruptions
to the circadian rhythm, a lack of recovery between shifts has also been suggested to cause
health complaints in shift workers (32).

Health effects of combining shift work with extended hours and extended
weeks
Shift workers have shown preference for schedules with extended working hours and extended working weeks, because they provide extended free periods (33). However, the long-term
health effects associated with such schedules are unknown. The question is whether combining these working hour characteristics may lead to an exacerbation of the health effects
related to extended working hours, extended working weeks, and shift work. The question is
also whether the extended free periods provide sufficient time to recover in order to maintain
employee health.

Recovery theory
Both research on extended day work and research on shift work acknowledge that recovery
between working days and working periods is important for employee health maintenance
(16-18,34). The Effort-Recovery Model defines recovery as a return to and stabilisation of
psychophysiological systems at their baseline level of activation in the absence of specific
11
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demands (16). When performing work tasks, psychophysiological activation increases; after
work, recovery reverses this process (18). However, when activation is sustained after work,
it can over time cause wear and tear on the body and lead to health problems (17). Indeed,
inadequate recovery after work has been associated with health problems, including cardiovascular disease, fatigue, and sleep problems (35-37).
Recovery is influenced by activities pursued by employees during their leisure time. For
example, sports and physical activity keenly promote recovery, and so may social activities
(38). Conversely, continued negative thoughts and worries about work, as well as work-related
activities, may sustain activation and thereby impede recovery (37,38).
Recovery has mostly been studied as a static concept, for example by assessing the ‘need
for recovery’ in cross-sectional studies; however, it is a dynamic process that unfolds over time
(39). Zijlstra et al. (39) proposed it is a process of energy regulation relative to the regular
circadian rhythm. At work, an employee may need to muster additional effort to perform tasks;
while after work, an employee may need to down regulate his/her energy level in order to
align it with the regular circadian rhythm. In extended working hours, extra effort may be
mustered to continue performing work tasks when the employee is getting tired and the
circadian rhythm is at a state of reduced energy.
An extreme case of energy regulation takes place when working at night (39). At night the
body’s energy levels are low and ready for a good night’s sleep, but in order to stay awake and
to perform work tasks, an increased effort is needed on the part of the night worker. Indeed,
shift work has been associated with an increased ‘need for recovery’ (22). After working at
night, free periods should provide the opportunity to recover.

This dissertation
Long working hours and shift work in the offshore petroleum industry
Derogations may be made from the EC Working Time Directive regulations in the case of
offshore work, where extended working hours, extended working weeks, and night work
are standard (19,20,41). In Norway, the petroleum sector forms the country’s largest industry
sector, contributing significantly to national export (49% in 2014), the welfare state, and the
labour market (42-44). An estimated 6% of the Norwegian labour force works directly in the
petroleum industry, with an additional 4% working indirectly in it (44,45). Approximately
29,000 people (1% of the Norwegian labour force) are employed on offshore petroleum installations (45,46). This sizable contribution of the petroleum sector to the Norwegian economy
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and labour market indicates the importance of ensuring the productivity, health, and safety
of its employees.
The remote locations of the oil platforms necessitate compressing the working hours into
12-hour shifts and extending the working period to 14-21 days. Normal working hours are
from 7am-7pm for day work and 7pm-7am for night work. Within the offshore population,
shift schedules consist of permanent day work (47.3%); permanent night work (2.2%); fixed
shifts, i.e. alternating day and night shifts every other tour (6.3%); or swing shifts (25.6%), i.e.
either 7 day shifts followed by 7 night shifts every tour or vice versa (46). For the remainder of
the population, the schedule varies (17.7%) or other schedules are worked (1%) (46). This suggests that approximately half (51.8%) of the offshore population at some time works at night,
and that a third (34.1%) regularly—every tour or every other offshore tour—works at night.
On offshore installations a diversity of jobs is found, such as platform managers, control
room operators, administrative staff, process engineers, drillers, maintenance staff, divers, and
hotel and catering staff (47). Between these jobs, task demands vary; for example platform
managers and control room operators have predominantly cognitive task demands, while
maintenance staff, divers, and hotel and catering staff predominantly have physical task demands (33). All offshore personnel require a safety course certificate and a health certificate
to safely work offshore (48). Meals are catered for and hotel facilities provide laundry and
room-cleaning services (49).

Recovery from offshore work
The extended working hours and working weeks of offshore schedules may impede the
recovery process by providing too little time between shifts for recovery. This may lead to an
accumulation of fatigue over the working period and a spill-over of the level of fatigue into
the start of the free period (11,12). Recovering from night shifts in these schedules may be
extra challenging, as the opportunity to recover between shifts is further impeded by sleep
problems and disruption of the physiological circadian rhythm associated with the changed
sleep/wake cycle (27,50-52).
Following an offshore tour, 21-28 days of respite is given that should give ample opportunity
to unwind and recover from the offshore working period, as well as the opportunity to pursue
leisure time activities—activities that ideally promote recovery (38,41). However, the offshore
worker may return to a family and social life where they expected to participate in household
chores and social gatherings; this may be taxing for the employee (53). Therefore, although the
free period is long and may seem to provide ample time to recover and pursue leisure time
activities, no evidence exists to support whether this actually is the case.

13
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Main aims of this dissertation
The health effects of schedules that combine extended working hours and extended working
weeks with shift work, such as in the offshore industry, have received little scientific attention.
The health effects of such schedules, therefore, remain speculative. Recovery, as a short-term
health outcome, could shed light on the effects of combining these schedule characteristics;
thereby contributing to schedule optimisation. Additionally, studying the recovery process
after shift work will help understand how and why working hours can affect health. Therefore,
the overall aim of the dissertation was to obtain insight into the theoretical and empirical
association between nonstandard working schedules (in particular offshore type schedules),
recovery, and health.
For this purpose, the dissertation was divided into four central aims:
AIM 1	To develop a comprehensive model on the relationship between nonstandard working schedules and health-related outcomes in schedules that combine extended
hours and weeks with shift work, and to identify the role that recovery plays in this
relationship.
AIM 2	To investigate the associations between shift work and proxies for health.
AIM 3	To study the course of recovery after 2-week 12-hour offshore working periods that
consisted of schedules of night work and day work.
AIM 4	To describe the activities offshore employees pursue during their free period that are
expected to influence recovery.

Outline of the dissertation
AIM 1 is addressed in Chapter 2 that illustrates the development of a model on the association
between nonstandard working hours and health, in which extended working hours, extended
working weeks, shift work, and recovery play a central role. To address AIM 2, Chapters 3 and
4 describe systematic literature reviews on the association between shift work and sick leave,
and between shift work and body weight change, respectively. To address AIM 3, Chapter 5
presents the course of subjectively assessed recovery for 14 days and Chapter 6 describes the
course of physiological recovery for 11 days following an offshore working period. AIM 4 is
addressed in Chapter 7 that describes the activities that offshore workers pursue during the
first 14 days of their free period.
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Definitions used in this dissertation
In this dissertation the following definitions are used:
Nonstandard working schedule: any form of working hours outside of the 40-hour working
week of five 8-hour days
Shift work: regular employment outside the hours of 6am-6pm; this includes evening work,
night work, and early morning work
Night work: at least 3 hours of duty spent working between 10pm-6am
Extended working hours: ≥9 hours per day or ≥48h per week; this does not include overtime
Extended working weeks: >5 days per week
On-call duties: any schedule in which an employee is available for work during a predefined
period and can be called in to work at any time during this period. The employee does not
necessarily work all these hours, but he/she is expected to work whenever it is required

15
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Abstract
Background: Theoretical models on shift work fall short of describing relevant health-related
pathways associated with the broader concept of nonstandard working schedules. Shift work
models neither combine relevant working time characteristics applicable to nonstandard
schedules nor include the role of rest periods and recovery in the development of health
complaints. Therefore, this paper aimed to develop a comprehensive model on nonstandard
working schedules to address these shortcomings.
Methods: A literature review was conducted using a systematic search and selection process.
Two searches were performed: one associating the working time characteristics time-of-day
and working time duration with health and one associating recovery after work with health.
Data extracted from the models were used to develop a comprehensive model on nonstandard working schedules and health.
Results: For models on the working time characteristics, the search strategy yielded 3044
references, of which 26 met the inclusion criteria that contained 22 distinctive models. For
models on recovery after work, the search strategy yielded 896 references, of which seven
met the inclusion criteria containing seven distinctive models. Of the models on the working
time characteristics, three combined time-of-day with working time duration, 18 were on
time-of-day (i.e. shift work), and one was on working time duration. The model developed
in the paper has a comprehensive approach to working hours and other work-related risk
factors and proposes that they should be balanced by positive non-work factors to maintain
health. Physiological processes leading to health complaints are circadian disruption, sleep
deprivation, and activation that should be counterbalanced by (re-)entrainment, restorative
sleep, and recovery, respectively, to maintain health.
Conclusions: A comprehensive model on nonstandard working schedules and health was
developed. The model proposes that work and non-work as well as their associated physiological processes need to be balanced to maintain good health. The model gives researchers
a useful overview over the various risk factors and pathways associated with health that should
be considered when studying any form of nonstandard working schedule.
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Background
From a societal perspective, the continuous availability of staff outside the 9-17h working day
is necessary in some sectors. This requirement is met by nonstandard working schedules, i.e.
any schedule other than the regular 40h working week (8-hour day work, Monday to Friday).
These schedules include shift work (6pm-6am), extended working hours (>8 hours), extended
working weeks (>5 days), on-call duties, weekend work, and combinations thereof, for example found in health care, and the trucking, airline, mining, and offshore industries (1-6). It
is estimated that 51% of the European work force works some form of nonstandard working
schedule (7).
From a worker’s perspective, nonstandard working schedules have been associated with
negative health effects. Working in extended weeks leads to increased fatigue (5, 8), while
extended working hours has an increased risk for sleep disturbances, need for recovery, and
coronary heart disease (9-12). Although the evidence is not always conclusive, shift work is
suggested to increase the risk for fatigue, sleepiness, shift work sleep disorder, gastro-intestinal
problems, diabetes type II, cancer, and cardiovascular disease (9, 13-18).
Models and theories describing the association between nonstandard working schedules
and the health effects described above are deeply rooted in shift work theory. Models on shift
work traditionally have a biomedical perspective, focusing on disrupted sleep/wake cycles and
circadian rhythms (19-21) and, thus, on the effects of the time-of-day that work is scheduled.
However, many nonstandard schedules found in society and studied in research combine shift
work with extended working hours, e.g. durations of 10h-24h, and current shift work models
do not provide insights into whether and how shift duration, next to time-of-day, may play
a role in the onset of health complaints. Theories on extended working time duration may
shed a light on this matter, with their psychophysiological perspective, focussing on increased
activation due to long exposure to work demands (22,23). Integrating shift work models,
i.e. models on time-of-day, with models on working time duration would better reflect the
diversity of schedules found in society and studied in research by describing how time-of-day
and working time duration—separately and jointly—can contribute to the onset of health
complaints.
Additionally, models on shift work do not include the role that rest periods play in health,
although the European Commission’s Working Time Directive emphasises the importance of
‘adequate rest periods’ for health maintenance (24). Recovery, that takes place during rest
periods, is considered important for health maintenance and has been defined as the return
to and stabilisation of psychophysiological systems at a baseline level of activation in the
absence of work demands (25). Shift work has been associated with a higher need for recovery
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(9). It is hypothesised that nonstandard working schedules that include extended working
hours, shift work, and/or extended working weeks may impede the recovery process (26) and
may over time predispose the individual to negative health effects (25,27). Recovery has been
put forward as a protective mechanism in models on shift work and extended working hours
(21,22,28). Integrating models on recovery with shift work models, i.e. models on time-of-day,
and models on working time duration could increase the understanding of what makes a rest
period ‘adequate’ for those working in nonstandard schedules and how their health could be
protected by rest periods.
The overall purpose of this paper is to develop a comprehensive model on nonstandard
working schedules and health that better reflects the diversity of schedules found in society
and that includes the health effects of rest periods. This was done by combining models on
shift work, i.e. the time-of-day work is scheduled, with models on working time duration and
recovery.

Methods
A literature review was conducted to gain an overview of models that associated 1) the working time characteristics time-of-day (such as in shift work) and working time duration (such as
in extended working hours) with health; and 2) recovery after work with health. Data extracted
from the models formed the basis for the development of a comprehensive model describing
the association between nonstandard working schedules and health.
The literature review was conducted using a systematic search and selection process. Nonstandard working schedules were defined broadly as any schedule other than the traditional
Monday to Friday working week consisting of five consecutive 8-hour working days. Excluded
from this review were flex-work, part-time work, and self-rostering practices. This was done to
provide an overview of the health effects of full-time work, as well as an overview of health
maintenance suggestions for schedules that do not permit employee working time control.
In accordance with G Costa (29), health was defined according to the World Health Organisation’s definition as “a state of complete physical, emotional, and social well-being and not
merely the absence of disease or infirmity” (30). Models, theories, frameworks, mechanisms,
pathways, and constructs were included in the search process and are summarised as ‘models’
in the remainder of the paper.
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Search methods
Sources
Systematic searches were conducted in three databases from inception to 31st January 2014
to retrieve peer-reviewed articles, books, and PhD dissertations. Searches were conducted in
Medline with EBSCOhost, in PsycINFO with Ovid, and in EMBASE with EMBASE.com. Additionally, reference lists of relevant articles were hand-searched, and references were included by
the snowball method.
Table 1: Search strategy used for Medline via EBSOhost
Limits: Human, English language, Booelan search, Abstract
Time-of-day (i.e. shift work) and working time duration and health
(MH “Work Schedule Tolerance”) OR (MH “Chronobiology Disorders”) OR (MH “Sleep Disorders, Circadian
Rhythm+”) OR AB ((Shiftwork) OR (Nightwork) OR (Nightshift) OR (shift* N2 work*) OR (night* N2 work*) OR
(night* N2 shift*) OR (Night* N2 schedul*) OR (Shift* N2 system*) OR (Shift* N2 schedul*) OR (Shift* N2 rotat*) OR
(Shift* N2 pattern*) OR (Evening N2 work) OR (Evening N2 shift*) OR (Morning N2 work) OR (Morning N2 shift*) OR
(irregular* N2 shift*) OR (irregular* N2 work* N2 hour*) OR (irregular* N2 schedule) OR (nonstandard N2 schedul*)
OR (Work* N2 time N2 arrangement*) OR (Long N2 work* N2 hour*) OR (hour* N2 long) OR (hour* N2 extend*)
OR (Extend* N2 week*) OR (Compress* N2 hour*) OR (Compress* N2 week*) OR (weekend N2 work*) OR (Sleep N2
wake N2 cycle) OR (circadian N2 stress) OR ((circadian N2 rhythm*) AND work))
AND (MH “Health+”) OR (MH “Pathological Conditions, Signs and Symptoms+”) OR AB ((Health) OR (Occupational
N2 health) OR (Illness*) OR (Impairment*) OR (Health N2 outcome*) OR (Disease) OR (Health N2 complaint*) OR
(well N2 being))
AND (MH “Models, Theoretical”) OR (MH “Models, Biological+”) OR (MH “Models, Psychological”) OR AB ((Model*)
OR (theor*) OR (construct) OR (framework) OR (mechanism*) OR (pathway*))
Recovery after work and health
(MH “Relaxation+”) OR (MH “Fatigue+”) OR AB ((Recuperate) OR (Recuperation) OR (Rest) OR (Resting) OR
(Recovery) OR (Recovery N2 after N2 work) OR (Recovery N2 from N2 work) OR (unwind*) OR (nonwork) OR (nonwork))
AND (MH “Work+”) OR (MH “Workload”) OR AB ((work* N2 schedul*) OR (Work* N2 time N2 arrangement*) OR
(Work* N2 arrangement*) OR (Long N2 work* N2 hour*) OR (hour* N2 long) OR (hour* N2 extend*) OR (Week* N2
work* N2 hour*))
AND (MH “Models, Theoretical”) OR (MH “Models, Biological+”) OR (MH “Models, Psychological”) OR AB ((Model*)
OR (theor*) OR (construct) OR (framework) OR (mechanism*) OR (pathway*))

Search Strategy
A search specialist at the VU University Medical Center Library in Amsterdam, the Netherlands,
was consulted for developing the search strategy. Two search strategies were developed: one
for models associating the working time characteristics time-of-day and/or working time
duration with health, and one for models associating recovery after work with health. The
controlled vocabulary thesauri from the databases were used to retrieve useful search terms:
Medical Subject Headings of MEDLINE, Major Subject Headings of PsycINFO and the EMTREE
of EMBASE. The Boolean operators AND, OR and NOT, as well as the proximity operators NEXT,
ADJ and NEAR, were incorporated into the search terms. The search strategy developed for
Medline is given in Table 1. Similar strategies were used for PsycINFO and EMBASE. Search
results were restricted to the English language.
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Selection process
Determination of eligibility for inclusion was done by one reviewer (SLM) at two levels. At the
first level, references were screened for eligibility based on title and abstract. At the second
level, full text articles were retrieved and evaluated for those titles and abstracts that seemed
eligible for inclusion or for which eligibility was unclear, e.g. due to too little information.

Inclusion and exclusion criteria
Articles were included if they met all of the following criteria:
1. Description of a framework, theory, model, construct, mechanism, pathway, or model:
–	on time-of-day and/or working time duration and health (first search)
–	on recovery after work and health (second search)
2. A.	For time-of-day and/or working time duration, any (combination) of the following:
		 –	shift work (hours worked 6pm-6am, including early morning, evening, and night
work)
		 –	extended working hours (>8 hours/day)
		 –	extended working weeks (>5 days/week)
		 –	on-call duties
		 –	weekend work
B.	For recovery after work, one of the following characteristics:
		 –	psychological unwinding (recovery experiences, need for recovery, improvement in
fatigue)
		 –	physiological unwinding (e.g. recovery in neuroendocrine parameters, cardiovascular parameters, body temperature)
		 –	sleep as recovery activity
3. Population: humans and a working population
4. Source: primary research, secondary research, books, and thesis/dissertations
Articles were excluded if one of the following criteria were met:
1. A model centred round:
–	part-time work, flex-work, self-rostering
–	the onset of fatigue (as opposed to recovery from work-related fatigue)
–	statistical/mathematical methods only
2. Outcomes of models were not health but:
–	quality of life, work performance, or job satisfaction
3. Source:
–	conference proceedings
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Data extraction and data preparation
From each model, data was gathered on working time and on other work schedule characteristics; on all pathways associating these characteristics to health outcomes; and on the
health outcomes. The data was prepared for development of a comprehensive model by 1)
identifying and grouping working time characteristics, and 2) identifying and grouping similar
health pathways.

Results
Search and selection
Figure 1 gives an overview of the results from the selection processes for the two searches. The
first search strategy for models associating time-of-day and/or working time duration with
health resulted in 3036 references. After duplicates were removed, 2440 titles and abstracts
were screened. In total, 117 full-text papers were read; finally, 26 articles were included into the
review. The most frequent reasons for exclusion were the absence of a model in combination
with the focus on other topics related to health (e.g. management strategies) (n=918), and the
focus on non-working populations (e.g. patient populations) (n=416).
The second search strategy for models on recovery after work and health resulted in 896
references. After the removal of duplicates, 819 titles and abstracts were screened. In total, 61
full text articles were read; finally, seven articles were included in the review. Most frequently,
articles were excluded because they did not present a model and did not focus on a working
population (e.g. recovery from exercise or alcoholism) (n=684).

Summary of the included articles
From the 26 articles found on models on time-of-day and/or working time duration (Table 2),
29 models were identified: 23 articles described one model and three articles included two
models (31-33). However, six articles summarised or only slightly extended previous models
(33-38), which led to 22 distinctive models that described the association between a form of
nonstandard working schedule and health.
Of these 22 models, three models (two of which were described in one article) combined
the working hour characteristics of time-of-day and working time duration (22,32). Eighteen
models focussed on time-of-day only, of which two specifically focussed on night work (39,40).
One model was about working time duration (41).
Various pathways contributing to ill health as well as those protective of ill health were
identified in the models (Table 2). The models on working time duration and those combining
time-of-day with working time duration described sleep and stress-related pathways. The
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Identification

Selection process 1 for models associating time-of-day and/or working time duration with
health

Records identified through
database searching
(n = 3036)

Additional records identified
through other sources
(n = 8)

Included

Eligibility

Screening

Records after duplicates removed
(n = 2440)

Records screened
(n = 2440)

Records excluded
(n = 2323)

Full-text articles assessed
for eligibility
(n = 117)

Full-text articles excluded,
with reasons
(n = 91)

Studies included in
qualitative synthesis
(n = 26)

Figure 1. An overview of the number of articles found, screened, and included in the review

models on time-of-day included a diversity of pathways that could be categorised according
to circadian adjustment (circadian disruption and (re-)entrainment), sleep (sleep deprivation
and restorative sleep), and activation and recovery.
The health outcomes described by the three models that combined time-of-day with working time duration included somatic complaints (e.g. gastrointestinal, cardiovascular, musculoskeletal), chronic fatigue, sleep problems, stress, discomfort, dysfunction and cancer (22,32).
Models on time-of-day included general outcomes, such as complaints (37), disease (36), and
general feelings of malaise (20), as well as more specific outcomes such as shift work sleep
disorder (40), obesity (42), cardiovascular disease (21,43,44), diabetes (45), and cancer (19). The
model on extended working hours had psychological distress as health outcome (41).
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Selection process 2 for models associating recovery after work with health

Identification

2
Records identified through
database searching
(n = 894)

Additional records identified
through other sources
(n = 2)

Records screened
(n = 819)

Records excluded
(n = 758)

Eligibility

Full-text articles assessed
for eligibility
(n = 61)

Full-text articles excluded,
with reasons
(n = 54)

Included

Screening

Records after duplicates removed
(n = 819)

Studies included in
qualitative synthesis
(n = 7)

Figure 1. An overview of the number of articles found, screened, and included in the review (continued)

Seven different models were found in the articles on recovery after work (Table 3). Five
models were about regular day work, while two models were about nonstandard working
schedules (21,22). The latter two models were also found in the first search for models on
time-of-day and working time duration. Health outcomes included general health impairment
(23,25,46), cardiovascular disease (21), psychological and energetic state (47), and somatic
symptoms (48).
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Table 2: Overview of identified models on time-of-day (such as in shift work), working time duration (such
as in extended working hours), and nonstandard working schedules (where time-of-day and working time
duration are combined) and health
Study

Schedule

Model summary

Health outcome

1. Rutenfranz (52)

Shift work

Complaints and
The association between objective stress
disease
(desynchronisation of work and sleep hours)
and strain (lowered well-being and disease) is
mediated by intervening variables (e.g. personality,
physiological adaptability). The intervening variables
determine whether a person can cope with shift
work or whether lowered well-being may develop
into disease.

2. Haider (31)

Shift work

1. Model by Åkerstedt et al. (1977). Adjustment
of the circadian rhythm to working hour
requirements may lead to complaints and social
role conflicts. This may in turn lead to poor
attitudes, absenteeism, and illness. Variables
modify these associations (e.g. exposure, health
state, and personality factors).

1. Digestive
problems, illness,
absenteeism

2. General health
2. Destabilisation hypothesis from Kundi et al.
problems
(1979). Adaptation to shift work is central in the
maintenance of shift worker health, accomplished
by a stable interaction between family life,
sleep behaviour, and attitudes towards shift
work. Personal factors, work situation, and
social environment modify the interaction. An
unstable interaction may, over time, lead to
health complaints via a sensitisation phase and
accumulation phase (health problems begin to
show).
3. Folkard (20)

Shift work

Shift work may affect three interrelated life domains:
the biological domain (circadian disruption),
medical domain (short-term health consequences),
and social domain (social and family activities).
Symptoms in each domain are reflected in
susceptible individuals.

General feelings of
malaise

4. Monk (86)

Shift work

Shift work is seen as a source of stress, due to a
reversed sleep/wake cycle, that must be coped with.
A triad of coping factors—biological clock, social/
domestic, and sleep— are described that influence
tolerance to shift work.

Sleep and stomach
complaints, malaise

5. Kundi (37)

Shift work

Destabilisation theory of shift work, adapted from
Kundi et al. (1979) and Haider et al. (1981). Model
describes a complex dynamic interaction between
three activity spheres (work, family, and recreation)
that need to stay in equilibrium to preserve
health. Personality traits, attributions of the social
environment, and work situation play a mediating
role between the interacting spheres. Adaptation,
sensitisation, and accumulation phases.

Health state/
complaints
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Table 2: Overview of identified models on time-of-day (such as in shift work), working time duration (such
as in extended working hours), and nonstandard working schedules (where time-of-day and working time
duration are combined) and health (continued)

2

Study

Schedule

Model summary

Health outcome

6. Knutsson (43)

Shift work

Three inter-related pathways leading from shift work Coronary heart
disease
to coronary heart disease are described:
1. Mismatch of circadian rhythms
2. Psychosocial factors lead to stress-induced
changes, e.g. lipoprotein disturbances.
3. Behavioural and life-style changes (coping) (e.g.
diet, smoking).

7. Knutsson &
Bøggild (38)

Shift work

Adjusted slightly from Knutsson (43)

8. Olsson (53)

Shift work

Model based on transactional psychological theory
of stress and coping. Stress occurs when there is
an imbalance between the person’s resources and
the appraised demands from the environment
(occupational shift work stressors, non-occupational
stressors). Passive coping styles may lead to poor
health when resources exceed stressors. Active
coping styles maintain health. Personal factors
influence the balance between appraisal, stress, and
coping.

Poor health: mental
load, symptoms,
absence, well-being

9. Tepas & Mahan
(39)

Night work

Night work induces acute sleep loss that
accumulates to ‘total acute sleep loss’ with
consecutive shifts. Continued night work over the
years may lead to chronic sleep deprivation, which
in turn can lead to biological deficiency and medical
disorders. Shift work tolerant workers or those able
to makes suitable changes in lifestyle and values,
and continue to work night shifts.

Medical disorders,
sickness and death

10. Folkard (51)

Shift work

Shift system features, influenced by individual
and situational differences, may disturb biological
rhythms, sleep, and family/social life. These
disturbances may affect mood. Success of coping
strategies determine whether acute effects develop
into chronic mental health problems, which in turn
may develop into negative physical health.

Chronic mental &
physical health

11. Tepas (36)

Shift work

Sequential Austrian life span model from Kundi et
al. (1979) and Haider et al. (1981). Development
of health effects occurs in 4 sequential phases:
adaptation phase (0-5 years), sensitisation phase
(5-20 years), accumulation phase (20+ years),
disease manifestation phase (40+ years). Situational
and biological factors may have a stabilising or
destabilising effect on each phase. Drop-out may
occur at each stage depending on individual stress
tolerance and coping development.

Disease
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Table 2: Overview of identified models on time-of-day (such as in shift work), working time duration (such
as in extended working hours), and nonstandard working schedules (where time-of-day and working time
duration are combined) and health (continued)
Study

Schedule

Model summary

Health outcome

12. Smith &
Barton (54)

Shift work

Appraisals of controllability (shift work locus of
control) together with actual control over working
hours influence situational control, which in turn
plays a moderating role in the stress-strain process.
External stress arises from working the shift system
and internal strain from attempts to cope with the
shift system. Reduced situation control may lead to
negative health effects and absenteeism.

Absenteeism

13. Barton (34)

Shift work

Same as Folkard (51)

14. Richardson &
Maly (33)

Shift work

Two theories were briefly described that may
increase health risk:
1. Chronic circadian disruption, i.e. chronic
disruption of normative physiological processes
2. Chronic sleep deprivation, with proximal causes
such as heightened exposure to behavioural risk
factors

Shift work sleep
disorder

15. Smith (44)

Shift work

Individual and situational variables influence
the development of sleep, social, and domestic
disturbances. The disturbances lead to coping
behaviour (active or passive) to handle the stress
associated with the disturbances. When coping
is unsuccessful, it may lead to short-term effects
(decreased emotional and physical well-being)
which in turn may result in chronic health problems.

Short-term: fatigue.
Chronic: digestive
and cardiovascular
symptoms

16. Perrucci (49)

Shift work

Schedule and job demands are stressors that predict Physical symptoms
negative health effects. Timing and duration of work Mental health and
well-being
and non-work are important: they may negatively
(e.g. circadian disruption) or positively (e.g. more
time off ) influence health. The predictor variables are
moderated or mediated by family and work place
variables. Demographic and personality variables
(e.g. shift work tolerance) independently influence
predictor variables.

17. Reinberg (50)

Shift work

Clinical symptoms
The Dian Circadian Model is described. Shift work
and physical and/or psychological workload may
lead to circadian disruption in some, but not in all
individuals (euchronism). Circadian disruption may
be present with clinical symptoms (dyschronism)
or without (allochronism). These inter-individual
differences are due to genetic differences. Long-term
exposure to circadian disruption may sensitise the
body, leading from allochronism to dyschronism at
a later stage.
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Table 2: Overview of identified models on time-of-day (such as in shift work), working time duration (such
as in extended working hours), and nonstandard working schedules (where time-of-day and working time
duration are combined) and health (continued)
Study

Schedule

Model summary

18. Puttonen (21)

Shift work

Shift work may lead to circadian stress by disturbing Cardiovascular
disease
circadian rhythms of body functions. The following
mediators can influence each other and may lead
to disease conditions (e.g. atherosclerosis) that
precede cardiovascular disease: psychosocial stress
(e.g. recovery), behavioural stress (e.g. sleep) and
physiological stress (e.g. inflammation). Physiological
stress may directly lead to cardiovascular disease; so
may other disease conditions.

19. Antunes (42)

Shift work

The cause of obesity is a complex interplay between Obesity
genetic, environmental, psychobehavioural,
endocrine, and metabolic factors. Shift work leads
to desynchronisation of work, social, and eating
patterns, which may cause desynchronisation
between central en peripheral oscillators. This in turn
may cause weight gain by:
1. Lower metabolic efficiency when eating at night
due to gene expression at the ‘wrong’ time of day.
2. Fat production in adipose tissue by increased
sympathetic output due to stress, job strain, and
psychosocial factors.
3. Altered glucose and lipid homeostasis due to
light at night.
4. Lifestyle changes, e.g. reduced physical activity.

20. Fritschi (19)

Shift work

Cancer
Shift work may lead to one or more of these
mechanisms:
1. Desynchronisation between central en peripheral
oscillators causing physiological disruptions and
intra-cellular disruptions.
2. Light at Night may suppress melatonin excretion
and thereby reduce its anti-carcinogenic effects.
3. Sleep disruption may cause stress axis activation
and immune suppression.
4. Lifestyle disturbances may lead to negative
lifestyles and metabolic changes.
5. Less sunshine for night workers may decrease
production of Vitamin D and reduce its anticarcinogenic effects.

21. Kivimaki (45)

Shift work

Shift work may cause desynchronisation between
central and peripheral oscillators and trigger “a
cascade of biological changes that have potential
diabetogenic effects”. Shift work may also lead
to poor or insufficient sleep. Desynchronisation
between central and peripheral oscillators and poor
or insufficient sleep affect each other, and may lead
to insulin resistance and weight gain. This in turn
may lead to diabetes type 2.

2

Health outcome

Diabetes type 2
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Table 2: Overview of identified models on time-of-day (such as in shift work), working time duration (such
as in extended working hours), and nonstandard working schedules (where time-of-day and working time
duration are combined) and health (continued)
Study

Schedule

Model summary

Health outcome

22. Dickerman &
Lui (35)

Night work

Model of Fritschi et al (20). Review on evidence of
light at night among female nurses working night
shifts.

Breast cancer

23. Vallieres &
Bastille-Denis (40)

Night work

Psychobiological model. Night work may disrupt
sleep regulation that leads to shift work sleep
disorder. Sleep regulation is controlled by a
complex interaction between circadian rhythm and
sleep homeostasis, in which adjustment capacity
(plasticity) and involuntary processes (automaticity)
play a central role. Subsystems protect plasticity
and automaticity; these include physiological (e.g.
chronotype) and cognitive de-arousal (e.g. no
intrusive thoughts), as well as stimulus control (e.g.
sleep habits) and facilitation of daytime sleep (e.g.
low job stress).

Shift work sleep
disorder

24. Haines (41)

Extended
working hours

Extended working hours are not a stressor; rather,
they are a parameter for duration of physical or
mental effort. Therefore, the association between
extended working hours and psychological distress
is mediated by increased psychological work
demands and increased decision latitude.

Psychological
distress

25. Caruso (22)

Nonstandard
working
schedules

Framework for Study of Undesirable Impacts of Long Acute effects and
Work. Extended working hours, together with other Chronic illnesses
schedule characteristics, lead to longer exposure to
job demands, and reduce the time for recovery and
sleep. This may lead to acute effects and chronic
illnesses. Worker and job characteristics moderate
the associations between time for recovery and
acute effects, and between acute effects and chronic
illnesses. Chronic illnesses may increase vulnerability
to acute effects.

26. Steinmetz &
Schmidt (32)

Nonstandard
working
schedules

1. Sequence model: Sleep quality and chronic
fatigue mediate the effects of job stressors and
working time on health outcomes.
2. General strain factor model: A general strain
factor is a common factor underlying the
simultaneous expression of various health
constructs. The strain factor mediates the effects
of job stressors and working time on health
outcomes. It is explained by the process of
sensitization of cognitive, emotional, and somatic
systems. This model is a better fit to study data.
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A comprehensive model on nonstandard working schedules and health
From the literature review it was evident that the working time characteristics of time-ofday and working time duration have already been integrated in three models found in two
articles (22,32). These models addressed major shortcomings of shift work models by adopting a multidimensional approach to working hours and one model included the effects of
recovery on health (22,32). However, we believe that these models were not sufficiently able
to describe the pathways associating nonstandard working schedules with health, as they
either lightly touch upon or do not at all mention the central pathway of circadian disruption
relevant to time-of-day work is scheduled (22,32). The comprehensive model developed in the
present paper built on the strengths and addressed the weaknesses of these three models on
nonstandard working schedules and health (22,32).
The comprehensive model presented in Figure 2 proposes that work and non-work as well
as their associated physiological processes need to be balanced to maintain good health.
The concepts underlying work and non-work came from models on time-of-day, working
time duration, and recovery (19,22,23,32,40,42,44,47,49-51). From the models on time-ofday and/or working time duration, pathways leading to health complaints were extracted,

WORK

NON-WORK

Time of day
Duration of work
Fixed/rotating shifts
Shift rotation direction
Personal &
situational
factors

Shift rotation speed
Work demands

Time of day
Duration of free time
Activities
Psychosocial context private life

Psychosocial context work

Schedule
tolerance
Coping
Work- life
balance

PHYSIOLOGICAL PROCESSES
Circadian disruption

(Re-)entrainment

Sleep deprivation

Restorative sleep

Activation

Recovery

SHORT-TERM HEALTH EFFECTS

LONG-TERM HEALTH EFFECTS

Figure 2. a comprehensive model on nonstandard working schedules and health
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Table 3: Overview of identified models on recovery after work and health
Study

Schedule

Model summary

Health outcome

1. Meijman &
Mulder (25)

Regular day
work

Effort recovery model. A cumulative process model
of normal load reactions due to effort expended at
work. This may lead to negative health effects with
insufficient recovery. Effort expenditure manifests
as mental and physiological activation. Normal
load reactions are adaptations to work demands
and are short-term physiological, behavioural, and
subjective reactions. They are reversible through
recovery, while negative health effects are structural
changes that can be irreversible.

Negative health effects:
Losses of function, health
impairment, or illness.

2. Sluiter (46)

Regular day
work

Health complaints
Cumulative process model of stressors, recovery,
and health. When job demands exceed the person’s Diseases
capacity, increased psychophysiological reactivity
may lead to a cascade of increased need for recovery
and fatigue, and short-term and long-term health
effects. Sufficient recovery may counteract these
effects, four timeframes are given in which this may
occur.

3. Caruso (22) Nonstandard
working
schedules

See Table 2

4. Geurts &
Sonnentag
(23)

Regular day
work

Health impairment
Two supplementary models are described:
1. Effort-recovery model: A negative spiral is
initiated when continued effort expenditure and
load reactions due to performing work tasks are
not followed by sufficient recovery.
2. Allostatic load model: Physiological systems
are activated under stress and effort at work.
When repeated or prolonged they may lead to
disturbances in homeostatis and allostasis. This in
turn may lead to wear and tear of the body and
brain.

5. Demerouti
(47)

Regular day
work

Daily recovery after work model. Negative
strain during work will continue into the home
environment where it is influenced by home
demands and home resources. The association
between strain and psychological and energetic
states at bedtime is moderated by the recovery
potential of activities. States at awakening are
influenced by sleep.

6. Puttonen
(21)

Shift work

See Table 2

7. Biron (48)

Regular day
work

The association between need for recovery and
sickness absence is mediated by supervisor and coworker support, and partially mediated by somatic
symptoms.
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which led to three pathways: circadian disruption (19-21,31,33,40,42,43,45,49,50,52), sleep
deprivation (19-22,32,33,37,39,40,43-45, 52), and increased and/or sustained activation
(19,21,31,32,36,41,43,44,49,52-54). All of which are considered stressors for the body (21,55).
From the models on recovery as well as the models on time-of-day and/or working time duration, recovery was extracted as a compensatory physiological process for increased and/or
sustained activation (21-23,25,46-49). From the models on time-of-day and/or working time
duration, the compensatory processes of restorative sleep (39) and circadian (re-)entrainment
(40,42,52) were retrieved. In the following sections, the new comprehensive model is described
and supported by knowledge from the models found in the literature review (references up to
(55)) and by some empirical evidence (references beyond (55)).
Work and non-work
A large variety of nonstandard working schedules exists, and with that comes an equally large
variety of ways to regulate the balance between work and non-work. Work refers to the timeperiod in which a person invests mental and physical effort into performing tasks in order to
acquire an income. Assimilated from the models in the review, important overarching-terms
for work relate to the working time characteristics: time-of-day, working time duration, fixed/
rotating shifts, and shift rotation direction and speed; and to the work characteristics: work
demands and psychosocial context of work (22,32,40,42,44,48-51). The overarching terms for
the working time characteristics are comparable to the ‘dimensions of working time patterns’
labelled by Harma, Ropponen (56). Non-work refers to the time-period in which a person pursues personal, family, and social activities and may recover from and accommodate to working
at nonstandard hours. For nonstandard working schedules, important overarching-terms for
non-work include time-of-day, duration of free time, leisure time activities, and psychosocial
context of the private life (19,22,37,40,42,44,47,49).
Certain timeframes apply to all nonstandard schedules in which different factors of work
and non-work play a role (46,49). These timeframes are the “working day or shift” and “work
schedule”.
Firstly, of importance for the working day or shift are: the time-of-day that a person is scheduled to work and the duration of the working day or shift (32). The time-of-day is related to
the light/dark cycle. As a diurnal species, humans function best when they are awake during
the day and asleep during the night. Night work leads to changes in the sleep/wake pattern,
to exposure to light at night (19,35), and to an altered timing of food intake (42,45). Early
morning and evening shifts are associated with similar changes, although these changes are
less pronounced than those in night shifts. The duration of a working day or shift determines
the duration of effort expenditure as well as exposure to work demands (e.g. fast-paced work)
(22,41) and psychosocial context at work (e.g. absence of management at night) (22,57). To
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counteract the effects of extended working hours or extended shifts, sufficiently long free
time (e.g. breaks) for recovery activities (e.g. naps or exercise) during the work shift are needed,
as well as positive psychosocial context at work (e.g. supportive colleagues) (22,48,49,58-63).
Secondly, when the work schedule as a whole is considered, the durations of the working
periods and free periods are important (22,49,64,65). Of additional importance is whether shifts
are fixed or rotating (22,32,37). When shifts rotate, the direction (forward or backward) and
speed of rotation (number of identical consecutive shifts) are important (66,67). To counteract
the effects of the work schedule, sufficiently long periods of non-work need to be scheduled
between and after consecutive working days and shifts (22,23,25,32,65). During non-work,
activities can be pursued with potential for recovery and accommodation to a changed sleep/
wake pattern (19,22,37,40,47,68,69). Positive psychosocial factors related to the private life may
also contribute to counteracting the negative effects of the work schedule (22,40,42,49,70).
Physiological processes
The aforementioned aspects of work, i.e. the time-of-day of work; the duration of a shift, working day, and schedule; fixed and rotating shifts; the direction and speed of rotation; work
demands and psychosocial context of work, may individually and combined lead to circadian
disruption, sleep deprivation, and/or increased physiological activation. We propose that not
all physiological processes are equally relevant for all types of nonstandard schedules: the
presence of working time characteristics, work demands, and psychosocial context, determine which processes are activated. We further propose that these physiological processes
are counteracted by recuperative processes during non-work: (re-)entrainment, restorative
sleep, and complete recovery, respectively.
Firstly, unfavourable time-of-day, i.e. night work, early morning work, and late evening
work, and disturbed daytime sleep are at odds with the body’s circadian rhythm and may
cause circadian disruption (21,31,33,42,43,45,50,51,71,72). Circadian disruption has four operationalisations in the models in the literature review, which can be one or a combination
of the following: a phase shift of a circadian rhythm relative to the day/night cycle, internal
desynchronisation of different internal body rhythms, reduced rhythm amplitudes, and/or a
desynchronisation between the central oscillators in the brain and those in peripheral tissues (19,42,43,45,50). For health maintenance, it is important to minimise circadian disruption
(64,66). However, when circadian disruption does take place, the duration of disruption can
be minimised by rapid re-entrainment of circadian rhythms to daytime wakefulness during
the free period. Specifically for fixed schedules, rapid entrainment of the circadian rhythms to
being awake during early morning, late evening, or night work could minimise the duration
of circadian disruption. Activities that may function as ‘Zeitgebers’, such as timing of physical
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activity, as well as the presence of psychosocial private life factors, such as supportive and
understanding family and friends, may also facilitate (re-)entrainment (20,42,73-75).
Secondly, working at an unfavourable time-of-day and changes in the sleep/wake pattern
may lead to sleep deprivation (20,33,39,40,43). Acute sleep loss that is associated with daytime sleep and disturbances in the distribution of sleep stages throughout sleep (20,76,77)
may, with repeated work at unfavourable time-of-day, lead to an accumulation of sleep loss
and chronic sleep deprivation (39,40). Restorative sleep during breaks/naps or in between
shifts seem to protect against such accumulation of sleep loss (39,40,58). Restorative sleep
may be facilitated by activities and psychosocial factors that influence physiological and
cognitive de-arousal (40).
Thirdly, extended working hours, extended working weeks, high work demands with low
control, and unfavourable psychosocial context at work, may lead to increased and/or sustained activation of the body’s physiological systems (23,41,53,78) as well as sleep loss (12, 22,
79]. When increased activation is sustained until bedtime, this may delay and shorten sleep,
thereby creating acute sleep loss, which over time may lead to sleep deprivation (39,40). To
counteract the increased and/or sustained activation, complete recovery to a baseline level
of activation is needed during non-work time (23,25,47). Recovery can also be facilitated by
activities and positive psychosocial factors that help to detach from work, e.g. physical exercise
or positive experiences with family and friends (47,69,80).
Fourthly, in rotating shift schedules, a rapidly forward rotating direction is more beneficial
for health than a slowly backward rotation direction (66,67,81,82). A forward rotation direction
provides longer free periods between shifts, which gives more time to re-entrain circadian
rhythms and to sleep; in the case of forward rotating shifts with extended working hours,
unfavourable work demands, and/or psychosocial work context, the longer free periods also
give more time to recover (66,82). A rapid speed of rotation entails that fewer consecutive
shifts are worked compared to a slow speed of rotation. A rapid speed may minimise circadian
disruption and sleep deprivation by providing less time for disruption and sleep loss to take
place (67).
To summarise, nonstandard schedules vary regarding working time characteristics and
work characteristics, and it is the presence and the combination of these characteristics
that determine which physiological processes are activated. For example, for shift schedules
that include night work, early morning work and/or late evening work, circadian disruption
and sleep deprivation are relevant physiological processes. In day schedules with extended
working hours and working weeks, physiological activation and sleep deprivation are relevant
physiological processes. When these working time characteristics are combined, for example
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in shift schedules that include extended working hours (e.g. 12h night shifts) or extended
working weeks (e.g. 7 consecutive night shifts), all three physiological processes are relevant
and may influence each other. All three physiological processes are also relevant for shift
schedules that have unfavourable work demands and psychosocial context.
Health effects
When the physiological processes associated with nonstandard working schedules, i.e. circadian disruption, sleep deprivation, or activation, are not properly counterbalanced, they may
lead to short-term health effects, such as sleepiness, fatigue, and shift work sleep disorder
(5,9,13,16). These effects are often short lived and reversible with (re-)entrainment of the
body’s circadian rhythm, restorative sleep, and complete recovery (21,25,39,47). The presence
of these health effects may also negatively feed back onto the individual’s capacity to (re-)
entrain, sleep well, and recover (22).
Long-term health effects are hypothesised to be a consequence of an inability to adapt to
nonstandard working schedules, i.e. the inability to re-entrain the body’s circadian rhythms,
sleep well, and recover. The continuous presence of desynchrony between work and biological
rhythms, i.e. being active at a time when the body should be resting, could over time lead to
increased vulnerability to disease (22,32,36,43). These diseases include obesity, metabolic syndrome, cardiovascular disease, diabetes mellitus type II, and cancer (14,15,18,19,21,42,43,45,83).
Some of these health effects may still be reversible, such as obesity and metabolic syndrome, if
changes in lifestyle and coping behaviour are made. The presence of long-term health effects
may negatively feed back onto the individual’s capacity to maintain a balance between the
physiological processes (22).
Personal and situational factors
Personal and situational factors may influence the effects that work and non-work have on
the physiological processes, as well as the effects of the physiological processes on health.
Personal factors are those related to the ability to adapt to working in nonstandard schedules,
such as shift work tolerance, genetics, personality, coping strategies, behavioural and lifestyle
changes, and shift work locus of control (19,31,42,49,50,52-54,84,85). Situational factors are
those related to work and non-work that may fall outside of a workers direct control, such as
working conditions, family composition, and housing conditions (37,49).

Discussion
A comprehensive model was developed on nonstandard working schedules and health that
better reflects the diversity of schedules found in society and includes the health effects
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of rest periods. Central to the comprehensive model is the balance between physiological
processes arising from working time characteristics and work characteristics that may lead to
health complaints, and physiological processes related to non-work that protect from health
complaints.
The fact that theoretical knowledge on the health effects of nonstandard working schedules
has been deeply rooted in shift work literature was mirrored in the literature review: the far
majority of models were on shift work, i.e. time-of-day (18 out of 22), while only one model
was found on working time duration (41). It is assumed that the theoretical background used
by researchers studying working time duration has been rooted in theories on regular day
work.
Three models were retrieved in the review that integrated the working time characteristics
time-of-day and working time duration (22,32). The main weaknesses of the existing models
on nonstandard working schedules and health are their shortcomings in describing the pathways to health. The two models described by H Steinmetz and P Schmidt (30) are oversimplified, and the model by CC Caruso, T Bushnell, D Eggerth, A Heitmann, B Kojola, K Newman, RR
Rosa, SL Sauter and B Vila (21) is overly complex and fails to include the important pathway of
circadian disruption in those working at night. In the new comprehensive model, three main
recurrent physiological processes associating nonstandard working schedules with health
are given (circadian disruption, sleep deprivation, activation) that were found throughout all
models included in the review.
As only four models were found in the review that addressed working time duration, the
theoretical perspective of recovery after work helped support the perspective of extended
working hours in its integration with shift work theory. The comprehensive model developed
in this paper drew from models on recovery after work by proposing a trade-off between
work and non-work. This means that demands from the work arena, such as extended working
hours, need to be counterbalanced by positive aspects from the non-work arena, such as
sufficiently long breaks and time off. Attention for the trade-off between work and non-work
is of specific importance in nonstandard working schedules, where the ratio between work
and non-work is not fixed, and usually varies over time and between schedules. However,
most likely a trade-off exists between negative and positive aspects of work as well; therefore,
positive aspects of work can also be relevant for health maintenance. Similarly, most likely
a trade-off exists between negative and positive aspects of non-work that also need to be
balanced to maintain health.
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Strengths and limitations
This paper has several strengths. Firstly, where possible, we adhered to the PRISMA guidelines
to systematically search, select, extract data, and report on existing frameworks, theories, and
models from which the new comprehensive model was developed. . Secondly, the model
gives an overview of risk factors and the complex pathways relating nonstandard working
schedules to health complaints. It thereby can function as a frame of reference and a starting point for creating a common language for researchers studying any form of nonstandard
working schedules. Finally, this is the first model to specify the importance of both health
damaging and health protective pathways related to nonstandard working schedules, illustrating that in order to prevent health problems not only damaging effects of work schedules
should be considered but also the protective potential of breaks and leisure time.
This paper also has some limitations. Firstly, it cannot be ruled out that frameworks, theories,
or models were missed by restricting the search to the databases Medline, PsycINFO, and
EMBASE, and to the English language. However, these databases and the English language
are expected to be the most important sources for relevant articles. Secondly, some of the
assumed relationships in the new comprehensive model have not yet been verified by empirical studies. These pertain to the non-work side of the model and the protective physiological
processes, e.g. the protective effect of (re-)entrainment on health, the optimal duration of free
time, and the recovery effects of activities that shift workers pursue in their free time. Thirdly,
like any model, the new comprehensive model is a simplification. It only includes overarchingterms for working time characteristics and not detailed descriptions of variables that fall
under these overarching-terms, e.g. the proportion of night shifts (a time-of-day variable) or
the proportion of extended night shifts (a working time duration variable) such as given by
Harma, Ropponen (56). The model also simplifies the health-related pathways so that they are
relevant for general health outcomes; thereby the suggested pathway of vitamin D deficiency
for cancer was excluded. Lastly, although work-time control has been suggested as a means
to improve recovery and restorative sleep and inclusion into the model could have advanced
working time theory, it was excluded from the model to give alternative health maintenance
recommendations for schedules that do not permit control over working time.

Recommendations for future research
For future research, we recommend that the assumed relationships in the model will be empirically verified by summarizing available evidence in the scientific literature on nonstandard
working schedules and health. Furthermore, newly conducted studies on the health effects of
nonstandard working schedules should take a comprehensive approach and study both the
individual as well as the combined effects of working time duration and time-of-day, work demands, and psychosocial work context in order to understand their relationship with health. In
these studies, multiple outcome measures should be included on circadian adjustment, sleep,
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and on activation and recovery, corresponding to the assumed underlying mechanisms of
health. In addition, attention should be paid to the contribution of non-work time and activities to understand how the duration of breaks, naps at work, or time off, as well as activities
pursued in non-work time may contribute to (re-)entrainment, sleep, and recovery. In the end,
this should lead to knowledge needed to define what ‘adequate rest’ is and to the optimal
combination of these factors in (re-)designing working schedules. In this way, the model
may serve as a tool for future research and practise in optimisation of nonstandard working
schedules in order to maintain the workers’ health.

Conclusions
A comprehensive model on nonstandard working schedules and health was developed. The
model adopts a comprehensive approach to working time characteristics and work characteristics as well as their related physiological pathways leading to health complaints (circadian
disruption, sleep deprivation, and activation). The model further proposes that work needs to
be counterbalanced by non-work factors during rest periods and their associated physiological pathways that are protective of health ((re-)entrainment, restorative sleep, and recovery).
This model gives researchers a useful overview over the various risk factors and pathways
associated with health that should be considered when studying any form of nonstandard
working schedules.
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Chapter 3

Abstract
Objectives: This systematic review aimed to determine whether an association exists between
shift work and sick leave.
Methods: A systematic literature review was conducted on observational studies. Six databases were searched. Two reviewers independently selected relevant articles and appraised
methodological quality. Data extraction was performed independently by review couples.
Articles were categorised according to shift work characteristics and summarised using a
levels of evidence synthesis.
Results: The search strategy yielded 1207 references, of which 24 studies met the inclusion criteria. Nine studies were appraised as high quality and used in the levels of evidence
synthesis. Two high quality longitudinal studies found a positive association between fixed
evening shifts and longer sick leave for female health care workers. The evidence was assessed
as strong. Evidence was inconclusive for rotating shifts, shift work including nights, for fixed
night work, and for 8-hour and 12-hour shifts.
Conclusions: Evidence was found for an association between evening work and sick leave in
female health care workers. This finding implies that the association between shift work and
sick leave might be schedule and population specific. To study the association further, more
high quality studies are necessary that assess and adjust for detailed shift work exposure.
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Introduction
Within various industries and business sectors, continuous production processes and services
are needed to facilitate the demands of a 24-hour economy and increased globalisation.
The health care sector, too, works around the clock, monitoring patients in need of care. This
necessitates the availability of staff outside regular working hours on both evening and night
shifts. It is estimated that 17% of the European work force works in shifts (1).
Shift work has been associated with negative consequences for the employee. These include
impacts on health and psychosocial well-being, such as work-family conflict (2), increased
fatigue (3), problems with adapting and re-adapting to night work(4), and an increased risk for
cardiovascular disease(5), gastro-intestinal problems (6,7), and cancer (8).
Sick leave is a widely used outcome within occupational health research (9) due to its predictive value of medically certified sick spells of >7 days for all-cause mortality (10,11). Sick leave is
defined as “absence from work that is attributed to sickness by the employee and accepted as
such by the employer” (12). However, sick leave may also mirror a variety of social, economic
and psychological processes that need not be associated with an underlying illness (13).
The financial costs related to sick leave are high for the employer as well as for society (14).
These include sick leave benefits and salary costs of the absentee as well as salary costs of replacement staff, costs associated with lost productivity, and reduced quality of services (12,14).
Long-term sick leave is seen to contribute disproportionately to these costs, while it makes up
only a small fraction of the absence episodes (14). For the employee, long-term sick leave is
associated with a lower probability to return to work (15,16) leading to financial deprivation as
well as social isolation through exclusion from the job market (13).
It is unknown whether shift work is associated with sick leave. Determining whether such an
association exists can contribute to the theoretical understanding of health and psychosocial
consequences of shift work. Additionally, if any such association exists, it will be clear whether
interventions are necessary to improve shift workers’ health and to alleviate the economic
burden and social isolation associated with sick leave.
A number of reviews have been undertaken to study shift work in relation to various
outcomes, such as general health outcomes (6,17-19), safety outcomes (20), and work-family
balance (21). However, to date, no review has been conducted that has specifically studied the
association between shift work and sick leave. Thus, this review aims to establish whether an
association exists between shift work and sick leave.
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Methods
A systematic review was conducted to summarise the evidence for a possible association
between shift work and sick leave. For the purpose of this review, shift work was defined
as regular employment outside the hours 6am-6pm (22) in schedules that include evening
and/or night shifts. The definition encompasses three important assumptions: 1) repetitive
and regular exposure to shift work contributes to negative effects (23,24), 2) early morning
work is regarded as shift work, and 3) inclusion of evening and/or night shifts ensures that a
substantial amount of time is regularly spent outside standard working hours.

Search methods
Sources
Medline, CINAHL, and PsycINFO were searched using EBSCOhost. EMBASE, Web of Science,
and NIOSHTIC-2 were searched using their internet interfaces. The electronic databases were
searched from inception to 21st of April 2010 for peer-reviewed articles. Additionally, references of relevant articles were hand-searched.
Search strategy
The search strategy was developed by the first author in conjunction with a search specialist
affiliated with the VU University Medical Center in Amsterdam, The Netherlands. The MeSH
Browser (MEDLINE), EMTREE (EMBASE) and Major Subject Headings (PsycINFO) were consulted
to retrieve useful search terms. Key terms included: work schedule tolerance (MeSH), personnel staffing and scheduling (MeSH), work rest cycles (Major Subject Heading), shift work,
nightshift, compressed weeks, irregulars working hours; and absenteeism (MeSH), sick leave
(MeSH), and absence duration. The Boolean operators AND & OR, as well as the proximity
operator NEAR, were incorporated into the search terms. See appendix A online for the full
search strategy per database.

Selection process
Articles eligible for inclusion in the review were assessed with a selection table in which reasons for in-/exclusion could be indicated. One exclusion criterion was enough to exclude the
study from the review. Eligibility for inclusion was restricted to the following criteria:
– Language & literature: Peer-reviewed, full text articles written in English, Norwegian, Danish,
Swedish, German, French, or Dutch.
– Design: Observational studies: cross-sectional, case-control, and prospective or retrospective cohort studies.
– Exposure: Shift work in both traditional (8-hour) and compressed (10 to 12-hour) style.
– Control group: Day workers with working hours between 6am–6pm on week days.
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– Outcome: Sick leave due to illness, not due to accidents.
– Data analysis: For reasons of transparency and validity, the data analysis techniques had to
be reported. Further, a comparison had to have been made between the shift work and
control groups.
– Results: For reasons of accuracy and precision, numerical results of the comparison between the shift work and control groups had to be given, together with the 95% CI or level
of significance. If the latter had not been done, data should have been provided in order
for the review team to perform the calculations.
Two levels of screening were used. In the first level, titles and abstracts found in the search
databases were screened for eligibility. This was done independently by two reviewers (SLM
& AvD). In the second level, the full text articles were evaluated that were deemed eligible
for inclusion in the first level, or for which insufficient information was available to determine
eligibility. In a consensus meeting agreement was reached on the full text selections. Where
agreement could not be reached eligibility was settled by an arbitrator (KAH). If a full text
article was written in a language foreign to reviewer AvD, then a third reviewer was asked to
assess eligibility (ML). Inter-rater agreement was calculated for the full text selections using
Cohen’s Kappa coefficient.

Methodological quality assessment
Issues of selection bias, information bias and confounding were systematically appraised with
a standardised checklist modified from other systematic reviews (25-27). A checklist was made
for each study design: cross-sectional, prospective or retrospective cohort, and case-control.
See Table 1 for an overview of the items.
Two reviewers independently assessed the methodological quality of the studies (SLM &
AvD). Items were scored positive (+) if sufficient information was given in the original article;
items were scored negative (-) if the item was not considered. Items were scored non-applicable (NA) if the item did not apply to the article. If insufficient information was given, the item
was scored ‘do not know’ (?). A consensus meeting was held to reach agreement on the quality
items. If agreement could not be reached, the quality of an item was decided by arbitration
(KAH). When an item was scored ‘do not know’, the authors of the articles were contacted and
asked to elaborate on the items.
Quality scores were assigned to each article by dividing the number of positive items by
the total number of applicable items. High quality studies scored over 50% and additionally
reported adjusted outcomes. Low quality studies scored 50% or lower and/or only reported
crude outcomes (28-30). When at least two high quality studies were available for each analysis, the low quality studies were excluded from analysis (28).
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Table 1: Standardised checklist for the assessment of methodological quality for cross-sectional (CS), casecontrol (CC), and prospective or retrospective cohort (PRC) studies modified from van der Windt et al. (25],
Hayden et al. (26), and van Drongelen et al. (27)
Study objective
1.

Positive if a specific, clearly stated objective is described

CS, CC, PRC

Study population
2.

Positive if the main features of the study population are described (sampling frame and
distribution of the population by age and sex)

CS, CC, PRC

3.

Positive if the participation rate is equal to or more than80% or if participation rate is
60%–80% and non-response is not selective (data presented)

CS, CC, PRC

3A.

Positive if the participation rate at main moment of follow up is equal to or more than 80% or
if the non-response is not selective (data presented)

PRC

3A.

Positive if cases and controls were drawn from the same population and a clear definition of
cases and controls was stated

CC

3B.

Positive if contrast between cases and controls are big enough (controls should not be on sick CC
leave at the time of study, nor should they have been on sick leave within 6 months prior to
inclusion in the study)

Exposure assessment: shift work
4.

Positive if data are collected and presented about shift work (starting/ending times of shifts
and rotating/fixed schedule)

CS, CC, PRC

5.

Method for measuring shift work: company records or personal recall during the past 3
months (+), personal recall only for a duration longer than 3 months (-)

CS, CC, PRC

Exposure assessment: compressed weeks
6.

Positive if data are collected and presented about compressed weeks (no. of working hours &
no. of consecutive days )

CS, CC, PRC

7.

Method for measuring compressed weeks: company records or personal recall during the
past 3 months (+), personal recall only for a duration longer than 3 months (-)

CS, CC, PRC

Outcome assessment
8.

Method for assessing sick leave: company records or personal recall over the past 3 months
(+), personal recall only for a duration longer than 3 months (-)

CS, CC, PRC

8A.

Positive if data were collected for 1 year or longer

PRC

8A.

Positive if exposure is measured in an identical manner in cases and controls

CC

Confounding assessment
9.

Positive if data are collected and presented about occupational exposure to irregular working CS, CC, PRC
hours in the past

10.

Positive if the most important confounders (age, health status) are measured and used in the
analysis

CS, CC, PRC

11.

Positive if data are collected and presented about the history of sick leave

CS, CC, PRC

12.

Positive if confounders are measured the same for all participants using standardised
methods of acceptable quality (company records or personal recall over the past 3 months)

CS, CC, PRC

12A

Positive if incident cases are used (prospective enrolment)

CC

Analysis and data presentation
13.

Positive if measures of association are presented (OR/RR), including 95% CIs and numbers in
the analysis (totals)

CS, CC, PRC

14.

Positive if the number of cases in the multivariate analysis is at least 10 times the number of
independent variables in the analysis (final model)

CS, CC, PRC

15.

Positive if the appropriate statistical model is used

CS, PRC

14A

Positive if a logistic regression model is used in the case of an unmatched case-control study
and a conditional logistic regression model in the case of a matched case-control study

CC
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Evidence synthesis
To summarise the results on the relationship between shift work and sick leave, a levels of evidence synthesis was performed. This was based on the methodological quality, study design,
and the consistency of the study outcomes. The following criteria were based on Ariëns et al.
(31):
– Strong evidence: consistent findings in multiple high-quality cohort or case-control studies.
– Moderate evidence: consistent findings in one high quality cohort or case-control study
and multiple high quality cross-sectional studies.
– Some evidence: findings of one cohort or case-control study or consistent findings in
multiple cross-sectional studies, of which at least one study was of high quality.
– Inconclusiveevidence: all other cases (consistent findings in multiple low quality crosssectional studies, or inconsistent findings in multiple studies).
The study outcomes were first inspected for statistical significance (p<0.05). In the case
of no statistical significance, it was checked whether the effect estimates were meaningful,
defined as RR/OR/HR >1.4 or <0.71. The meaningful cut-off point 1.4 was based on the upper
range for significant effect estimates of work-related predictors for sick leave (32,33). The cutoff point 0.71 is the inverse of 1.4. Findings were considered to be consistent if ≥75% of the
studies showed significant or meaningful results, as previously defined, in the same direction.

Data extraction
A reviewer couple independently extracted data from each article with help of a data extraction table. One reviewer (SLM) extracted data from all included articles, while ML, TL, KAH, and
AvD formed a review couple with SLM for individual articles. ML and TL extracted data from
10 and 11 articles, respectively. TL was a co-author of an additional two articles included in
the review; therefore KAH performed the data extraction from those articles. One article was
written in a language that was foreign to ML, TL and KAH, and therefore AvD performed the
data extraction from that article.
The following details were extracted from the articles: language, country, study design,
population characteristics, sample size, participation rate (all designs), participation rate at
main moment of follow up (cohort design), working times and shift characteristics, outcome
assessment, confounders measured, analysis technique used, and adjusted results.

53

3

Chapter 3

Medline:
517

EMBASE:
631

References included
by hand searches: 5

PsycINFO:
277

CINAHL:
18

ISI Web of
Knowledge: 124

NIOSHTIC-2:
4

Total references:
1576

Titles & abstracts
screened: 1207

Duplicates removed:
369

Abstracts excluded:
1024
Full-text articles
assessed: 183
Full text excluded:
159
Included studies:
24
Figure 1. An overview of the number of articles found, screened, and included in the review

Results
Search
An overview of the references found in the different databases and the selection process is
given in Figure 1. The search strategy yielded a total of 1576 references. After removing the duplicates, 1207 titles and abstracts were screened for eligibility. From these, 183 full text articles
were retrieved and further examined. This resulted in 24 articles that met the inclusion criteria.
Reader couple SLM & ML assessed one full text article for eligibility, and agreed on exclusion.
Reader couple SLM & AvD examined the remaining 182 full text articles. This resulted in an 80%
agreement, with a Cohen’s Kappa value of 0.52, indicating a fair inter-rater agreement (34). The
main reasons for exclusion were a lack of reporting analysis techniques and numerical results.

Methodological quality assessment
The outcome of the methodological quality assessment is given in Table 2. The inter-rater
agreement for the quality assessment was 81%, resulting in a Cohen’s Kappa of 0.70, reflecting
good agreement between the two reviewers (34).
Methodological quality was appraised as high for nine of the 24 studies. The majority of all
included studies received positive scores on items describing the study objectives and the
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study population (items 1 & 2), as well as the appropriateness of analyses (items 15 & 15A). In
addition, when confounders were measured, this was done with tools of acceptable quality
(item 12). However, it can be seen that confounding variables that are specific to the possible
association between shift work and sick leave, were seldom measured or used in the analyses
(items 9, 10 & 11).
Study characteristics
Of the 24 included studies, 13 originated in Europe, six were conducted in North America, four
were performed in Asia, and one was a cross-country study. Twenty-three studies specified
the sex of the participants: 12 studies included both male and female workers, five studies
included only male participants and six studies included only female workers. A variety of
populations were studied, including nurses and health care workers, general working populations, chemical industry workers, and law enforcement.
Statistical pooling
There was wide variation in outcome measures, study designs and shift schedules, making statistical pooling of the results not possible. Therefore, the results were summarised qualitatively.
Study quality and design
From the 24 studies that reported on the difference between shift work and day work, nine
studies were assessed as high quality. These nine high quality studies were included in the
levels of evidence synthesis. Four of the nine studies had a longitudinal design: two were
prospective cohort studies (A1,A2) and two were case-control studies (A3,A4). The remaining
five had a cross-sectional design (A5-A9). See Table 3 for the study characteristics, see Table
4 for shift schedules assessed, and see Table 5 for the outcomes and conclusions of the high
quality studies.
Summary findings
The effect estimates for an association between shift work and sick leave varied amongst
the included studies from protective (OR 0.75 - ns) to an increased risk for sick leave (OR
2.6 – p<0.05). One out of the four high quality studies with a longitudinal design reported a
significant increase in sick leave due to night and evening work, and a meaningful increase
for rotating shift work (A4], while one study found a significant increased effect for evening
workers only (A1).
It is concluded that the findings are inconsistent (two out of four), and that there is inconclusive evidence for an association between sick leave and shift work. Including the high quality
cross-sectional studies, of which four showed an increased risk for sick leave (A6,A7,A8,A9),
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Quality Score

67%

Tüchsen et
al.(A2)

Sex

Norwegian chemical
plant workers

Canadian nurses with
sick leave diagnosed
“most likely to be
related to work load”

Bourbonnais et 59%
al.(A4)

Danish working
population, random
sample

Sick spells ≥6 days
for full-time workers,
≥8 days for part-time
workers
Register:
3 years
5 months
Fixed evening,
fixed night,
and rotating
shifts
NA –
Data retrieved
from registers

Female

Cases/references:
N=184/1,165
Schedules: 42/240
evening;
32/154 night;
46/268 shifts,
24/162 unknown;
40/341 day

Sick spells > 3 days

1) Proportion sick
leave spells lasting
≥2weeks
2) Proportion sick
leave spells lasting ≥8
weeks
Register: 10
years

Register: 78
weeks

1) Incidence of sick
leave spells of ≥2
weeks
2) Incidence of sick
leave spells of ≥8
weeks

3-Shift system

Irregular
working hours

75%

N=5,017:
1,008 shift workers;
4,009 day

Register: 52
weeks

Recall /register Outcome measures
period

NA –
Data retrieved
from registers

Fixed evening,
fixed night,
rotating shifts

Exposure shift
workers

78.7%

Participation rate
(%)

N=5,627:
1,231 evening;
405 night;
748 shifts
3243 day

Sample size

Cases/references:
Cases: 91.8%
male Referents: N=3,580/7,582
91.5% male

Shift workers:
49% male
Day workers:
52% male

Female
Danish carers of the
elderly: social, nursing
home, home care and
health care assistants/
helpers

Study population

76%

Kleiven et
al.(A3)

Case-control studies

67%

Tüchsen et
al.(A1)

Prospective cohort studies

Study

Table 3: Study characteristics of the high quality studies
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54%

Eyal et al.(A9)

Israeli shift workers in
a company - industry
unknown

French psychiatric
hospital staff: medical,
maintenance,
social services &
administrative staff

54%

Ohayon et
al.(A8)

French workers,
random sample
from voluntarily
participating
occupational
physicians

Finnish workers from
all sectors of the
economy: mostly
blue-collar workers

62%

Niedhammer
et al.(A6)

Japanese chemical
fibre & textile workers
in production,
maintenance and
service departments

Study population

Böckerman &
54%
Laukkanen(A7)

67%

Higashi et
al.(A5)

Cross-sectional studies

Study

NA - Data retrieved Shift work
from registers
N= 519:
250 shift workers;
269 white-collar
workers.

Male

Register:
12 months

≥20 accumulated days
of registered absence

Proportion workers
who had at least 1
sick day

Recall:
12 months
2-shift system,
fixed/ rotating
nights

40.7%

N= 817:
323 2-shift;
52 fixed/rotating
night;
442 day

2-Shift: 21.4%
male;
Fixed/ rotating
nights:
40.4% male
Fixed day:
31.9% male

Proportion workers
with ≥2 sick leave days
Shift and
period work as
one group

69%

N= 725:
297 shift/period
workers,
428 not shift/ period
workers

Recall:
12 months

1) % Spells/man/ year
2) % Number of
lost work days/total
normal potential work
days
Proportion workers
who had at least 1 sick
leave spell of >8 days

Register:
1 year

Recall /register Outcome measures
period

Recall:
Shift work
without nights, 12 months
fixed night,
shift work
including
nights

3-Shift system

Exposure shift
workers

58% male

96.5%
N=24,486:
3,206 shifts
excluding nights;
1,111 nights;
1,256 shifts including
nights;
18,913 day

58.2% male

NA –
Data retrieved
from registers

Participation rate
(%)

N=26,324:
13,472 3-shifts ;
12,852 day

Sample size

Male

Sex

Table 3: Study characteristics of the high quality studies (continued)
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60

Quality Score

67%

Tüchsen et al.(A2)

76%

59%

Kleiven et al.(A3)

Bourbonnais et
al.(A4)

Case-control studies

67%

Tüchsen et al.(A1)

Prospective cohort studies

Study

Continuity (incl/
excl weekends)

“Evening, night, shift”:
Assumed fixed evening,
fixed night, and rotating
shift schedules

3-Shift system: slowly
rotating between day/
evening/night

Irregular working hours:
2-shift system, fixed
evening shifts, 3-shift
system, and fixed nights
Rotating (speed/
direction not given)

Fixed and rotating
(speed/
direction not given)

Not given

Fixed and rotating

Fixed and rotating
(speed/
direction not given)

Rotation

Not given

Not given

Not given
1) Fixed evening
2) Fixed night
3) Rotating shifts:
intermittent day/evening,
intermittent evening/night,
intermittent day/evening/
night.
Evening work usually
between 14:00-23:00hrs

Exposure shift workers

Table 4: Overview over the shift schedules for the high quality studies

Day work

Day work
Not given
M ± sd seniority in hospital:
Cases: 10.9 ± 5.0 years;
Controls 10.3 ± 5.0 years
(p = 0.097)
M ± sd seniority last position:
Cases: 45.3 ± 42.1 months;
Controls: 43.6 ± 42.5 months (p =
0.601)

Permanent day
work

Day work

Exposure day
workers

Not given
Duration of work in company:
Cases: median 11.9 years; interquartile range19.9 years

Not given
Average person years at risk:
Men: 1.32 person years;
Women: 1.28 person years

Not given

Shift work experience
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Quality Score

67%

62%

54%

54%

54%

Higashi et al.(A5)

Niedhammer et
al.(A6)

Böckerman &
Laukkanen(A7)

Ohayon et al.(A8)

Eyal et al.(A9)

Cross-sectional studies

Study

Continuous

Continuity (incl/
excl weekends)

Shift work

1) 2-Shift system: rotated
mainly between morning/
evening shifts (6:30am2:30pm/1:30pm-21:30pm)
2) Fixed/rotating night:
either fixed night time or
rotating between day/
evening/night

Shift and period work as
one group (definition used:
hours worked not limited
to the usual daily/weekly
hours)

Not given

Fixed and rotating
(speed/
direction not given)

Not given

Not given

Not given

Fixed and rotating
(speed/
direction not given)

Rotating (speed/
direction not given)

Rotation

Not given

1) Shift work without nights Not given
2) Night work
3) Shift work including
nights

3-shift system: rotated
between starting times:
6am, 2pm, and l0pm

Exposure shift workers

Table 4: Overview over the shift schedules for the high quality studies (continued)

Not given
M ± sd seniory total population:
12.5 ± 1.5 years

Not given

Not given

Not given

Not given

Shift work experience

Day work – white
collar workers

Daytime
(8 – 9 a.m. to 4 – 5
p.m.)

Non-shift and nonperiod workers

Day work

Not given

Exposure day
workers
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62

Quality
Score

67%

Tüchsen et
al.(A2)

Kleiven et
al.(A3)

76%

Case-control studies

67%

Tüchsen et
al.(A1)

Prospective cohort studies

Study

No significant difference
was found between
3-shift workers and day
workers for taking sick
spells lasting >3 days.

After adjusting for age,
only shift working men
showed a significantly
increased risk for taking
a ≥8-week sick leave
spell in a year. In model
2 this association was
ameliorated.
Model 2:
HR (95% CI):
0.92 (0.71-1.18)
0.90 (0.71-1.14)
1.33 (0.91-1.94)
1.13 (0.81-1.59)

Model 1
HR (95% CI):
0.94 (0.74-1.19)
1.20 (0.96-1.50)
1.43 (1.01-2.04)
1.35 (0.98-1.84)

≥2wks
Men:
Women:
≥8wks
Men:
Women:

Age, sex, children,
education, work sector,
establishment size,
replacement policy,
full-time work, overtime,
3 day sick leave without
certificate rule.
Model 1: age adjusted
Model 2: fully adjusted
OR (95%CI):
Minor mental illness: 1.04 (0.64-1.70)
Gastrointestinal diseases: 1.02 (0.64 -1.63)
Coronary heart disease: 0.75 (0.42-1.31)
Musculoskeletal disease: 1.14 (0.92 - 1.40)
Neoplasm: 0.75 (0.29 -1.94)

Fixed evening workers
had a significantly
increased risk for taking a
≥ 2-week and a ≥ 8-week
sick leave spell in model
1. When additionally
adjusting for work
environment factors
(model 2), the increased
risk was still evident for
≥2-week sick leave spells,
but not for ≥8-week sick
leave spells.
Model 2:
RR (95% CI):
0.97 (0.73-1.29)
1.29 (1.10-1.52)
0.93 (0.76-1.15)
0.93 (0.62-1.38)
1.24 (0.99-1.56)
0.85 (0.63-1.16)

Model 1:
RR (95% CI):
1.03 (0.80-1.32)
1.31 (1.13-1.5)
0.97 (0.80-1.18)
1.17 (0.84-1.62)
1.26 (1.03-1.55)
0.91 (0.69-1.20)

Conclusions

≥2wks
Fixed night:
Fixed evening:
Rotating shifts:
≥8wks
Fixed night:
Fixed evening:
Rotating shifts:

Adjusted outcomes

Age, education, BMI,
smoking status,
leisure time physical
activity, general
health, psychosocial
and physical work
environment factors
Model 1: adjusted for
variables excluding work
environment factors
Model 2: adjusted for all
variables

Confounder used in
analysis

Age, sex, seniority
Logistic
regression,
stratification

Cox
proportional
hazards
model

Poisson
regression
model

Analysis

Table 5: Outcomes and conclusions for the high quality studies
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Quality
Score

Logistic
regression

Logistic
regression

67%

62%

Niedhammer
et al.(A6)

Böckerman &
54%
Laukkanen(A7)

MantelHaenszel
test

Chi square
tests,
multiple
logistic
regression

Analysis

Higashi et
al.(A5)

Cross-sectional studies

Bourbonnais et 59%
al.(A4)

Study

Participation in shift or
period work significantly
increases the prevalence
of sickness absenteeism
by 8%.

Men working shifts
including nights, as
well as shifts excluding
nights, showed a
significantly increased
odds for taking sick
leave. No associations
were found for women.

Men: OR (95% CI)
Fixed night: 1.11 (0.89-1.38)
Shift excluding nights: 1.26 (1.09-1.45)
Shift including nights: 1.24 (1.04-1.49)
Women: OR (95% CI)
Fixed night: 1.07 (0.79-1.45)
Shift excluding nights: 1.03 (0.86-1.23)
Shift including nights: 1.29 (0.91-1.83)

Marginal effect: 0.075 (p=0.045)
Sex, work sector,
education, children at
home, company size,
replacement, work hours,
match in work hours, sick
leave policy

Age, decision latitude,
psychological demands,
social support, bullying,
aggression from public,
occupation, work
status, work hours, and
physical-, ergonomic-,
biological-, and chemical
exposure.

3-Shift workers had
a significantly lower
percentage of sick leave
spells than day workers,
but not % lost workdays

Shift vs. day:
1) %Spells/man/year: 25.1 vs. 33.1 (p<0.01),
2) % Lost days/ working days: 0.83 vs. 1.04 (NS).

Working night
and evening shifts
significantly increased
the odds for sick leave,
rotating shifts showed
a meaningful increased
odds.

Proportion ≥1 sick leave spells of ≥6-8 days:
OR (95% CI)
Night shifts: 1.96 (1.14-3.36)
Evening shifts: 1.67 (1.02-2.75)
Rotating shifts: 1.43 (0.88-2.31)

Duration of stay, nursepatient ratio, job title,
interaction between
nurse-patient ratio and
job title, job classification

Age

Conclusions

Adjusted outcomes

Confounder used in
analysis

Table 5: Outcomes and conclusions for the high quality studies (continued)
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64

Quality
Score

54%

54%

Study

Ohayon et
al.(A8)

Eyal et al.(A9)

Relative risk

Chi square,
logistic
regression

Analysis

Adjusted outcomes

Age

RR to take ≧20 days sick leave: 1.3 (p<0.05)

Proportion workers at least 1 sick day:
Age, sex, profession,
2-shift: OR: 2.6 (p<0.05) (95% CI not reported) Fixed/rotating night: no numerical
children at home,
results given
daytime sleepiness,
sleep duration, circadian
rhythm disorders,
obstructive sleep apnoea
syndrome, insomnia
disorder

Confounder used in
analysis

Table 5: Outcomes and conclusions for the high quality studies (continued)

Blue-collar shift workers
had a significantly
increased RR for sick
leave.

2-Shift workers had a
significantly increased
OR for sick leave than day
workers. No difference
was found between
night time/rotating shifts
and day workers.

Conclusions

Chapter 3

The association between shift work and sick leave: a systematic review

would not have changed the consistency of the review findings (six out of nine studies with
a positive association).
From Table 4 it is clear that various shift schedules were included in the different studies.
Shift schedules could have different effects on sick leave; therefore a subdivision according
to schedule characteristics was made. Six out of nine high quality studies described the shift
schedules sufficiently to be able to group them into a category.
Evening work
Four high quality studies reported on shift work excluding nights, ie evening work: one
prospective cohort study (A1), one case-control study (A4), and two cross-sectional studies
(A6,A8). Tüchsen et al. (A1) found that fixed evening workers had a significantly increased RR
for sick leave spells of ≥2 weeks. Bourbonnais et al. (A4) found a significantly increased OR for
fixed evening shifts to take sick leave for ≥6-8 days. Niedhammer et al. (A6) found a significantly
increased odds for male shift workers who did not work nights to take sick leave spells for >8
days, while this was not found for women. Ohayon et al. (A8) found a significantly increased OR
for 2-shift workers to take >1 day sick leave in the 12 months preceding the study.
It is concluded that the findings in the studies are consistent (three out of four) for an association between shift work excluding nights and sick leave. Two of the studies had a longitudinal
design with findings in the same direction for fixed evening work among a female health care
population. Therefore, the evidence was assessed as strong for an increased risk for sick leave
with fixed evening work.
Night work
Five high quality studies reported on the association between shift work including night work
and sick leave. Of these studies one had a prospective cohort design (A1), two had a casecontrol design (A3,A4), and two had a cross-sectional design (A5,A6). Tüchsen et al. (A1) did not
find a significant association between fixed night work or schedules that could include night
work and sick leave. Kleiven et al. (A3) did not find a significant association between working
in 3-shifts and taking sick leave spells >3 days. Bourbonnais et al. (A4) found a significantly
increased odds for taking sick leave spells for ≥6-8 days for fixed night workers. Niedhammer
et al. (A6) did not find a significant association between fixed night work and sick leave. They
did found a significantly increased odds for men working shifts including nights to take sick
leave spells for >8 days, with similar effect estimates for women. Higashi et al. (A5) found that
3-shift workers had a significantly lower percentage of sick leave spells than day workers, but no
significant difference was found for percentage lost days. When considering meaningful results,
only Bourbonnais et al. (A4) found an increased meaningful result for rotating shift workers.

65

3

Chapter 3

The findings from the studies were inconsistent. This applies to the studies with a longitudinal as well as a cross-sectional design. In total, two studies did not find an association
between shift work including nights and sick leave; one study found a significantly increased
odds for fixed night work, and a meaningful increase for rotating night work; one study found
a significantly increased odds for men; and one study found a significantly lower sick leave.
Furthermore, one study found an increased odds for sick spells but not for days lost. It is
concluded that the evidence for an association between shift work including nights and sick
leave was inconclusive.
Fixed shifts
Three studies focussed on fixed evening and/or night shifts: one prospective cohort study
(A1), one case-control (A4), and one cross-sectional study (A6). As stated before, Tüchsen et al.
(A1) and Bourbonnais et al. (A4) found significantly increased risks for fixed evening workers
to take sick leave. Bourbonnais et al. (A4) found a significantly increased OR for fixed night
shift workers to take sick leave. Tüchsen et al. (A1) and Niedhammer et al. (A6) did not find an
association between fixed night shifts and sick leave.
In summary, two studies reported on fixed evening shifts, and three reported on fixed night
shifts. The findings were inconsistent. The same two studies that were described under the
heading ‘Evening work’ found an association between fixed evening shifts and sick leave. One
study found an association between fixed night shifts and sick leave, while two did not find
the latter association. It was concluded, as before, that there was strong evidence for an association between fixed evening work and sick leave. It is further concluded that there was
inconclusive evidence for an association between fixed night shifts and sick leave.
Rotating shifts
Six high quality studies assessed shift work in a rotating schedule: one prospective cohort
study (A1), two case-control studies (A3,A4), and three cross-sectional studies (A5,A6,A8).
Tüchsen et al. (A1), Kleiven et al. (A3), found no significant association between rotating shift
work and sick leave. Bourbonnais et al. (A4) found a meaningful increased risk for rotating
shifts on sick leave. Higashi et al. (A5) found that rotating shift workers had a significantly lower
risk for percentage sick spells, but not for percentage sick days. Niedhammer et al. (A6) found
a significantly increased odds for male rotating shift workers to take sick leave. Ohayon et al.
(A8) found that rotating 2-shift workers showed a significantly increased odds for sick leave
compared to day workers.
It is concluded that the study findings are inconsistent and that there is inconclusive
evidence for an association between rotating shift work and sick leave. Two studies with a
longitudinal design found no association between rotating shift work and sick leave, while
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one found a meaningful increased risk. Two cross-sectional studies reported an increased
odds for sick leave, while one reported a risk reduction.
Shift duration
Four high quality studies reported on traditional 8-hour shift work in comparison with day
work. One had a prospective cohort design (A1), one had a case-control design (A3), and two
had a cross-sectional design (A5,A8).
Tüchsen et al. (A1) found a significantly increased risk for 8-hour fixed evening shift workers
to take sick leave, but they did not find an association for 8-hour rotating schedules. Kleiven
et al. (A3) did not find an association between 8-hour shifts and sick leave. Higashi et al. (A5)
found a significantly lower risk for rotating 3-shift workers to take sick leave spells, but they
did not find the association for individual sick days. Ohayon et al. (A8) found a significantly
increased risk for 2-shift workers to take sick leave, but not for rotating or night shift workers.
The findings for 8-hour shifts were inconsistent; there is inconclusive evidence for an association between 8-hour shift work and sick leave.
Two low quality studies (A10,A11) reported on 12-hour shifts in comparison with day work.
They both had a cross-sectional design and did not report adjusted outcomes. It was therefore
concluded that there is inconclusive evidence for the association between 12-hour shifts and
sick leave.

Discussion
The review found strong evidence for a positive association between fixed evening work and
sick leave among female health care workers. Evidence was assessed as inconclusive for the
following associations with sick leave: rotating shifts, shift work including nights, fixed night
shifts, as well as 8-hour and 12-hour shifts.

Strengths and limitations of the review
A strength of the current review is the addition of the criterion ‘reporting adjusted outcomes’
to the high quality scores. The quality assessment form used in this review was based on
previous systematic reviews where all items were weighed equally (25-27). Weighing selection
bias, information bias, and confounding equally, assumes that the biases are equally important
in influencing the study outcomes and can therefore overestimate the quality of the studies.
Adding an important criterion to the quality score can adjust for this overestimation. The most
often assessed quality item in systematic reviews is ‘adjustment for confounding’ (35) and,
therefore, this was used as the additional quality criterion.
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An additional strength of the review was the modification of the levels of evidence from an
earlier review by Ariëns et al. (31). The moderate level of evidence was revised from “consistent
findings in multiple cohort or case-control studies, of which only one study was of high quality”, to “consistent findings in one high quality cohort or case-control study and multiple high
quality cross-sectional studies”. The version by Ariëns et al. (31) was based on the assumption
that longitudinal study designs increase the validity of evidence for an association between
two variables when compared to cross-sectional studies. As the validity of a study depends
more on the quality of the study than on its design, the levels of evidence were adapted to increase the weight of high quality cross-sectional studies over low quality longitudinal studies.
The levels of evidence synthesis in this review was based on significant and/or meaningful
effect estimates; both approaches have strengths and limitations. The strength of significant
findings is their valid effect estimates in 95% of similar studies when repeated, yet the effect
warrants discussion as to whether the size is important. The strength of including non-significant meaningful effects is not missing studies that can contribute to the building of evidence.
However, use of arbitrary cut-off points, as done in previous reviews (36,37), questions the
legitimacy of the meaningfulness. In the current review, on the contrary, the cut-off points
were based on effect estimates found in the sick leave literature (32,33). Caution should be applied in using meaningful estimates, as they are only valid in studies with overall high quality
yet low sample sizes. For instance, Bourbonnaise et al. (A4) found a non-significant association
between rotating shifts and sick leave. Use of a meaningful estimate was plausible, reasoning
that in this high quality study a larger sample would narrow the confidence interval and make
the association significant. This changed the conclusion from a strong level of evidence for no
association between rotating shifts and sick leave, to inconclusive evidence for this association. This warrants further research into the topic.

Strengths and limitations of the studies
The included studies often lacked detailed information on schedule characteristics, whereby
the differentiations were not clear-cut, making it difficult to interpret the schedule characteristics’ effects on sick leave. Additionally, three included studies appraised as high quality did
not specify or differentiate between schedule characteristics (A2,A7,A9) and could not be used
in the detailed analysis. Reducing the number of studies in the analysis lowers the chance
to detect moderate or strong evidence for associations, which means that if the studies had
included schedule characteristics this could have led to different conclusions of this review.
In the scientific literature there is little agreement on definition, measurement methods
and reporting units of sick leave (9). This was reflected in the included studies. The definition
of sick leave was not given in some studies (A6,A8) while in other studies it was defined (A7)
or categorised according to diagnosis (A3,A5). Various reporting units were used: average
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number of sick leave (spells) per group, proportions of sick leave (A6,A7) and sick leave for time
at risk (A1). As sick leave is regarded to mirror a variety of factors, such as health (14,15) and
psychosocial processes (14), a uniform sick leave outcome could increase the understanding
of the processes that underlies sick leave.

3

Possible explanations of the findings
In the nine studies that reported adjusted results, differences existed in the size of the adjusted
effect estimates. A source of between-study variance could lie in the different confounders
that were adjusted for. Adjusting for confounders is important in sick leave research due to the
multifactorial causes of sick leave (14). Adjustment leads to a more precise effect estimate for
the association between shift work and sick leave, with important confounders being age, shift
work experience, work environmental factors as well as health indicators. Six of the nine high
quality articles adjusted for work environmental factors or proxies thereof (A1,A2,A4,A6-A8);
however, only two articles adjusted for health indicators (A1,A8) and none adjusted for shift
work experience. Adjustment for psychosocial and physical work environment factors could
have led to lower effect estimates for shifts excluding night work (A1,A4,A6) than when no
adjustment was made for these factors (A8). Adjusting for work environmental factors could
also explain the lower effect estimates found for fixed night shifts (A1,A6) than when adjusting
for proxies of work environment factors (A4). The two articles that adjusted for health indicators varied to such an extent that it cannot be stated which effect the adjustment had on the
size of the effect estimates.
The positive association found between fixed evening shifts and sick leave was based on
two studies with similar effect sizes as found in other research for work-related factors (32,33).
The relatively low estimates (RR 1.29 (A1) and OR 1.67 (A4) are regarded to be a consequence
of the multifactorial nature of sick leave. The study outcomes were long-term sick leave spells
of ≥2 weeks (A1) and ≥6-8 days (A4), respectively. The predictive value of longer sick leave
spells of >3 or >7 days for all-cause mortality (15,16) and disability pensioning (38) suggests
that long-term sick leave mirrors an underlying biomedical condition. It could therefore imply
that fixed evening work is associated with ill health in female health care workers. Whether this
is a causal relation remains unknown.
Possible explanations for the association could not be found in the articles, therefore only
hypotheses can be proposed that can be tested further. Firstly, a plausible hypothesis is sick
leave as a consequence of repetitive exposure to the same tasks inherent to working fixed
shifts. A similar population of female evening workers reported more physical handling task
than day workers (39) which in the study by Tüchsen et al. (A1) could have caused musculoskeletal problems and sick leave. Secondly, low management support is associated with sick
leave in women (40) and was evident in a similar population (39). Management staff are often
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less available in evening hours which could explain the low management support. Lastly, it is
proposed that willingness to work fixed evenings could be a coping behaviour: night workers
or day workers with existing health problems could transfer to evening work due to the lower
overall work load associated with it (39).
Contrary to expectations, the evidence for an association between shift work including
nights and sick leave was inconclusive. Current research is focussing on night work as the
main contributing factor for ill health (8,41,42), yet this review did not support this hypothesis.
Possible differences between studies with regards to the data extracted on population characteristics (sex, country of origin, work sector, confounders) that could explain the varying study
outcomes were not found.
A possible explanation could include differences between studies with regards to population characteristics that were not measured, such as shift work experience and health indicators that could lead to the ‘healthy worker effect’. It is a common phenomenon in the shift
work literature, where shift work tolerant individuals are hypothesised to be relatively healthy
and continue working in shifts (selection into shift work), while those who are less tolerant
stop working shifts (selection out of shift work) (3). It is possible that the participants of some
studies included in this review were relatively healthy individuals, thereby underestimating
the association between shift work and sick leave.

Recommendations for future research
The review findings indicate that the existence of an association between shift work and sick
leave is schedule specific, due to the strong association found for fixed evening work and
inconclusive evidence for other shift types. This indicates that shift work, as a collective phrase,
is too broad and that the phrase should be broken down into exposure characteristics and
studied accordingly. Surprisingly, a relatively large number of high quality studies (three out of
nine) included in the review did not do this. It is therefore recommended to gather more specific information with regards to shift schedule characteristics and use them in the analyses.
Just over a third of the included studies adjusted for confounding, and none adjusted for an
important confounder, namely shift work experience. The cumulative effects of exposure to
shift work on shift work tolerance and health is hypothesised to have high explanatory value
(23,24), but it was often not assessed or reported. Seniority or time at a company, as reported
in three articles (A3,A4,A9) are poor proxies for shift work experience. They do not take into
account that employees can change between shift work and day work, and thereby might
overestimate the exposure to shift work. It is recommended to assess shift work experience in
more detail in future studies on shift work and sick leave.

70

The association between shift work and sick leave: a systematic review

Conclusion
Fixed evening work was found to be positively associated with sick leave in female health care
workers. This implies that a possible association between shift work and sick leave might be
dependent on schedule characteristics as well as population characteristics. Future research
should include the assessment of schedule characteristics and exposure to these characteristics over time, when studying the association between shift work and sick leave.
Acknowledgements: The authors would like to acknowledge the contribution of René
Otten at the VU Amsterdam Medical Library for his contribution in the development of the
search strategy.
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Abstract
Objective: This systematic review aims to summarise the available evidence and thereby
elucidate the effects of shift work which includes night work, on body weight change.
Methods: A systematic search strategy on longitudinal studies was performed. Articles were
included following strict inclusion criteria, methodological quality was assessed by a standardised quality checklist. The results were summarised using a levels of evidence synthesis.
Results: The search strategy resulted in eight articles that met the inclusion criteria. Five of
them were considered as high quality and three as low quality studies. Seven studies presented crude results for an association between shift work exposure and change in body
weight; five high quality and two low quality studies. There was strong evidence for a crude
relationship between shift work and body weight increase. Five studies presented weight
related outcomes adjusted for potentially relevant confounders (age, gender, bodyweight at
baseline and physical activity). Two studies found a significant difference between groups in
the same direction. Consequently, the evidence for a for these confounders adjusted relationship between shift work exposure and body weight was considered to be insufficient.
Conclusion: Strong evidence for a crude association between shift work exposure and body
weight increase was found. In order to further clarify the underlying mechanisms, more and
better high quality studies about this subject are necessary.
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Introduction
Due to the 24/7 economy, the number of jobs including shift work and irregular working
hours has increased substantially during the last decades. Up to an estimated 20% of the
European workers are thought to be exposed to shift work schedules that include time spent
working at night (1). A recent report of the European Working Conditions Survey (2) indicates
that this proportion has stabilised during the last 10 years. In the Netherlands, more than 20%
of the working population reports that they work in shifts while approximately 50% reports
occasional work during the evening or night (3). An overview article by Costa (4) stated that
only 24% of the workforce still has a regular daytime, Monday to Friday working week.
A large amount of research has been published concerning the health effects of shift work.
This research shows that, although the pathways are unclear, shift schedules including nightly
hours are probably related to gastrointestinal and cardiovascular diseases (1,5-9). Further, this
kind of work is thought to be associated with an increased risk for several types of cancer
(10-13).
Shift work including night work has also been found to be associated with diabetes and
metabolic disturbances, but the evidence is not conclusive (6,14,15). However, recent longitudinal studies showed significantly increased risks for the metabolic syndrome in shift and
night health care workers (16,17). Still, the underlying mechanisms for the onset of metabolic
health problems as a result of shift work are not clear yet. Possible mediators are reduced sleep
and physical activity, changed eating habits and patterns, and an altered circadian rhythm
(18-20). Weight gain, overweight or obesity might be the mediating factor between shift work
and metabolic disturbances, which can eventually result in diabetes or cardiovascular diseases
(1,5).
Overweight and obesity are major health care problems for current society. As an indirect
result of the population getting heavier, health care costs are thought to be increasing. Estimations vary from 1 to 7% of the total health care cost in the developed world, and the amount of
indirect costs due to loss of productivity and disability pensions might be even higher (21). It
has been shown that overweight and obesity lead to an elevated risk of some forms of cancer,
cardiovascular and digestive diseases, diabetes mellitus, sleep apnoea, and osteoarthritis
(22,23). In a large cohort study for example, Colditz et al. (24) showed that body mass index
(BMI) is a main predictor for the onset of diabetes. In a recent review it was found that due to
obesity, the all cause mortality is increased by approximately 20% (25).
In recent years, several studies have investigated the association between shift work and
weight gain, overweight or obesity (26-31). Several of them demonstrated a significant rela79
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tion between working in shifts and body weight or obesity (26-29), while some others did
not (30,31). Most of these studies, however, had a cross-sectional design and thereby failed
to determine a clear causal relationship between shift work and body weight change. Longitudinal research would be able to give more insight in the working mechanisms of this
relationship and results could be used in efficient worksite prevention. This could eventually
lead to a reduced risk for various kinds of diseases and a smaller burden on health care costs.
Up to date, no systematic review has been published about the effects of shift work on
body weight. This review aims to summarise the available evidence and thereby elucidate the
relationship between exposure to shift work, which includes night work, and body weight
change. A systematic literature search, selection and quality assessment has been performed.
In order to be able to find indications for causality, only longitudinal studies are included.

Method
Search Strategy
The literature search aimed to identify relevant peer-reviewed studies providing information
about change in body weight as a consequence of shift work.
The review was based on publications retrieved by a computerised search of the following
databases: Medline, Embase, Cochrane library, and PsycINFO. The databases were searched
for published articles up to June 18, 2010. The search terms included were: work schedule
tolerance (Mesh), shift work, night work, irregular working hours, body weights and measures
(Mesh), body weight changes (Mesh), BMI and body mass. After inclusion of the articles based
on the selection criteria below, references were checked for additional articles.
The full Medline search strategy can be seen in Appendix 1, the search strategies for the
other databases were based on this strategy.

Selection criteria
The retrieved abstracts were checked on the following criteria:
1. The study was a full text, peer reviewed article in written English, Dutch, German, French,
Spanish or Italian.
2. The study compared a group of shift workers with a control group of day workers. Working
at night (12.00 am-6.00 am) was part of the shift work exposure.
3. The study had a longitudinal design; either prospective or retrospective.
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4. The outcome included: body weight, BMI, waist to hip ratio or waist circumference. At least
two measurements of the outcome were provided or the difference between outcome
measurements was presented.
5. The study presented the association between shift work and day work and an outcome
related to body weight, or this association could be calculated by the authors.
Two reviewers (AvD and CB) read all the abstracts independently. If no abstract was available
or if it was not clear whether the article should be included based on the title or abstract, the
full text article was read. Articles were included if they met al.l five inclusion criteria. If consensus between the two reviewers could not be reached, a third reviewer made a final decision.

Quality assessment
Differences in methodological quality across studies indicate that the results of some studies
are more likely to be affected by bias than others, making it important to take the quality of a
study into account. Two reviewers (AvD and SM) independently assessed the quality of each
included study.
A standardised checklist of predefined criteria was used, which was a modified version of
the checklists by Hayden et al. (32) and Van der Windt et al. (33) (Table 1). Each item was scored
as positive (+) or negative (-, potential bias). If the paper provided insufficient information on
the specific item, the item was scored with a question mark (?, don’t know). If an item was not
applicable, it was scored as not applicable (NA).
Disagreements between the reviewers on individual items were identified and solved
during a consensus meeting. Subsequently, the first author of each included article with a
quality item that had scored a question mark was contacted in order to provide the author an
opportunity to clarify that quality item of their article.
Eventually, for each study, a total quality score was calculated by counting the number of
items that were rated positively. This number was divided by the total number of applicable
items of the study. Based on this total score, a study was classified as either a high or low
quality study. A study was classified as high quality if a study scored positively on at least 51%
of the applicable items in the quality assessment list; otherwise, a study was classified as low
quality. High quality studies were considered to have an overall low risk of bias, while the
low quality studies have a high risk of bias. This is in accordance with previously published
systematic reviews (21,33-35).

Data extraction
Details about the following elements were extracted and tabulated from the publications:
study population, sample size, response rate, study design, follow-up duration, exposure,
81
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controlled confounders, outcome measurement, results without adjustment for confounders,
results with adjustment for confounders, and overall conclusion.
The associations between exposure to shift work and body weight outcome were presented
as the mean differences in outcome between baseline and follow-up. If possible, the 95%
confidence intervals (CI) were calculated and presented as well.
The first author of the included article was contacted to provide additional information if
calculation of the adjusted mean difference or p-value was not possible.
Table 1: Checklist of methodological quality (based on Hayden et al. (32) and Van der Windt et al. (33))
Study objective
1

Positive if a specific, clearly stated objective is described.

Study population
2

Positive if the main features of the study population are clearly described (sampling frame and distribution
of the study population by age and gender).

3

Positive if the inclusion and exclusion criteria are clearly described.

4

Positive if the participation rate is ≥ 80%, or if it is lower, the non-response is not selective (data presented).

5

Positive if the response rate (proportion completing the study and providing outcome data) is ≥ 80% or if
the non-response is not selective (data presented).

6

Positive if information (potential confounders and outcomes) is presented about the population lost to
follow-up.

Exposure assessment
7

Positive if the characteristics of shift work are clearly described (type of work and shift schedules).

8

Positive if data are collected and presented about occupational exposure in the past and during the followup period.

Confounder assessment
9

Positive if the most important confounders (age, gender, body weight at baseline, physical activity) are
measured and used in the analysis for body weight outcome.

10

Positive if confounders are measured the same for all participants using standardised methods of acceptable
quality.

Outcome assessment
11

Positive if body weight is measured the same for all participants using a standardised method of physical
examination.

12

Positive if data were collected for ≥ 1 year.

Analysis and data presentation
13

Positive if the appropriate statistical model is used to evaluate the data.

14

Positive if mean differences in body weight outcome are presented or can be calculated (including 95% CI).
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Analysis
Results of the studies were analysed and where possible, a statistical meta-analysis was performed. To gain insight in factors interfering with the relationship between shift work and
body weight change, crude and adjusted results were analysed separately.
To summarise the results and thereby draw conclusions about the relationship, a levels of
evidence synthesis was used. This synthesis took into account the methodological quality and
the outcomes of the selected studies. It was applied to both the crude and adjusted weight
related outcomes of the studies.
The three levels used were based on Hoogendoorn et al. (34) and Sacket et al. (36):
– Strong evidence: consistent findings in multiple high quality cohort studies.
– Moderate evidence: consistent findings in one high quality cohort study and in one or more
low quality cohort studies.
– Insufficient evidence: only one study available or inconsistent findings in multiple cohort
studies.
Findings were considered consistent if at least 75% of the selected cohort studies showed
significant (p<0.05) results in the same direction.

Results
Study selection
The results of the selection procedure are presented in Figure 1. The search strategy resulted
in 1047 citations (571 PubMed, 291 Embase, 160 Cochrane, and 25 PsychINFO). After excluding
the doublings, 839 titles and abstracts were examined. Out of these, 65 full texts were selected
for further investigation. Seven articles met all inclusion criteria. The references of these articles
were checked and this resulted in one additional article. The percentage agreement between
the two reviewers was 95%. Initial disagreement about three of the 65 studies (resulting in a
Cohen’s κ of 0.86) was resolved in a consensus meeting.
The most frequent reason for exclusion was the fact that the studies did not measure a
change in body weight or another appropriate outcome. Many studies did measure body
weight or BMI multiple times, but only used the baseline measurement as a confounder or
covariate for their specific outcome. Therefore, change in weight outcome was not presented
or it could not be calculated.
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Number of potentially
relevant articles found
in the search strategy:
1,047

Articles excluded due
to doublings: 208

Articles screened on
title and abstract: 839
Articles excluded
based on abstract: 774
Full text articles
retreived: 65

Excluded articles: 58
Study type: 2
Study population: 15
Study design: 10
Outcome: 31

Articles meeting the
inclusion criteria: 7
Articles retreived in
references: 1
Articles included: 8
Figure 1. Result of the selection procedure

Methodological quality assessment
The outcome of the quality assessment is presented in Table 2. The scoring of the quality items
by the two reviewers resulted in an initial agreement of 75% (Cohen’s κ of 0.56). All disagreements were resolved in a consensus meeting between the two reviewers.

Table 2: Results of the methodological quality assessment
Study

Suwazono et al. (37)

Methodological items
1 2 3 4

5

6

7

8

9

+ + + +

+*

-

+

-

+

?

Total
score

Total Quality
%

10 11 12 13 14
+

+

+

+* 11/14

79%

high

Morikawa et al. (38)

+

?

-

?

+

-

+

+

+

+

-

+

+

+

9/14

64%

high

Niedhammer et al. (39)

+ +

-

-

-

+

+

+

+

-

+

+

+

?

9/14

64%

high

Geliebter et al. (43)

+ + + +

NA

NA

+

-

-

?

-

-

+

+

7/12

58%

high
high

van Amelsvoort et al. (40) + + +

-

-

-

+

-

-

+

+

+

+

-

8/14

57%

Copertaro et al. (41)

+ + +

?

?

?

+

+

-

?

?

+

+

-

7/14

50%

low

Hannerz et al. (42)

-

+

-

+

-

-

-

-

+

+

-

+

+

+

7/14

50%

low

Romon et al. (44)

+ +

-

-

NA

NA

+

-

-

?

-

?

+

-

4/12

33%

low

+ Positive score on quality item			
- Negative score on quality item
? Unclear or insufficient information		
NA Item is Not Applicable
* Item changed into “+” due to supplied information by the author
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Japanese male
workers at a
steel company

Japanese male
blue collar
workers at a
sash and zipper
factory

French female
nurses

64%

64%

Morikawa et al.
(38)

Niedhammer et
al. (39)

Study
population

79%

Qual.
score

Suwazono et
al. (37)

Study

Table 3: Study characteristics
Response
rate

1985: n=363.
215 day work,
148 night work
1990:n=305.
216 day work, 9
night work

n=1144 712
dayworkers 434
shiftworkers

1985: 89%
1990: 78%

84%

none
n=7254 2926
alternating shift reported
4328 day shift

Sample size

Prospective
study on the
relationship
between
night work,
overweight
and weight
gain.

Prospective
study on
the effects
of shiftwork
on changes
in metabolic
disturbance
parameters.

Prospective
study on
the effect of
shift work on
weight gain

Study design

5 years (two
measurements)
5 years (two
measurements)

10 yearsn (two
measurements)

14 years

Follow up time

Day work:
permanent
or alternating
day and
evening work
Night work:
permanent
night work or
alternating
morning,
evening and
night work

Day work: no
specifications
presented
Shift work:
various
systems

Day shifts:
no hours
reported
Alternating:
shifts starting
at either 7am,
15pm or
23pm.

Exposure

Outcome measurement
BMI obtained by annual
health examination
was calculated into the
percentage BMI increase
relative to BMI at job
entry.

Change in BMI, calculated
after obtaining weight
and height at the
beginning and end of the
study

Weight gain measured
by a physician each 5
years. (plus a correlation
coefficient between
exposure to night work
and weight gain.

Controlled
confounders
Age, BMI measured
during the study,
drinking, smoking
and regular exercise

Age, BMI,
smoking, alcohol
consumption and
leisure time physical
activity at baseline

Age, BMI at baseline,
births during
the 5year period,
smoking and sports
activities.
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Italian female
n=58 30
and male nurses rotating shifts
28 daytime
shifts

50%

Copertaro et
al. (41)

n=264 105
dayworkers 159
shiftworkers

Mix of nurses,
workers at a
incinerator
plant and other
employees

57%

van Amelsvoort
et al. (40)

n=85 49 late
shifts 36 day
shifts

Sample size

US male and
female nurses,
nurse’s aids
and security
personell

Study
population

58%

Qual.
score

Geliebter et al.
(43)

Study

Table 3: Study characteristics (continued)

none
reported

65%

none
reported

Response
rate
None

Follow up time

18 months (four
Prospective
measurement measurements)
of predictors
for
cardiovascular
disease

1 year
Prospective
study on
the impact
of one year
shift work on
cardiovascular
disease risk
factors

Retrospective
measurement
of weight
gain during
day and night
work

Study design

Controlled
confounders

Outcome measurement

Age, gender, BMI at
baseline, physical
sporting activity
and physical activity
during leisure time.
Data obtained after
contacting the first
author.

Waist circumference (cm)
measured by medics.

Measured change in BMI
and waist circumference

Age, years on the
Self-reported weight
shift, smoking status change since the start of
their current job type

N/A
Day shifts:
8am-14pm or
14pm-22pm
Rotating
shifts:
Starting at
6am, 14pm or
22pm.

Day work: no
specifications
presented
Shift work:
working in an
alternating
work
schedule,
including
nights

Day shift:
8am to 4pm
Late shift:
4pm to 12am
or 12am to
8am

Exposure
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Random male
sample from
the Central
Population
Register of
Denmark

French male
factory workers

33%

Romon et al.
(44)

Study
population

50%

Qual.
score

Hannerz et al.
(42)

Study

Table 3: Study characteristics (continued)

76%

Response
rate

none
n=84 27
3-rotating shift reported
47 5-rotating
shift 20 day shift

n=1980 379
irregular
working
1601regular
working

Sample size

Follow up time

Retrospective None
dietary survey
of annual
weight gain

5 years (two
Prospective
study on work measurements)
factors related
with changes
in BMI.

Study design

Day shifts:
permanent
day work
between
7.30am and
17.30pm
Rotation
shifts: shift
work starting
at 5am, 13pm
or 21pm.

N/A

Exposure

Outcome measurement

None. Groups were
matched on age,
socio-professionel
level and seniority

Annual weight gain in kg/
year since the start of the
shift type. Obtained by
occupation health service
records.

Self-reported height and
Age, cohabiting,
weight was calculated
smoking, baseline
into ΔBMI
bmi, work hours/
week, cold work
environment, hot
work environment,
physical activity
at work, decision
authority,
psychological
demands,
possibilities to
communicate
with colleagues,
conflicts at work, job
insecurity.

Controlled
confounders
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Two out of six authors replied to our invitation to clarify the methodological quality of their
article. As a result, two unclear items (?) were changed into positive (+). Eventually, five out of
eight articles were considered high quality studies.

Study characteristics
Large differences existed between the studies. Especially the kind of shift work exposure,
population, sample size, and duration of follow-up differed substantially. For this reason no
overall meta-analysis was performed on the outcome data. The characteristics of the eight
studies included in this review are presented in Table 3.

Study design
Six studies had a prospective design (37-42) and two retrospective studies were included
(43,44). The follow-up periods of the prospective studies ranged from 12 months (40) up to 14
years (37). In the retrospective studies, data were obtained from the start of the participants’
employment in the job (43,44).

Population
Four studies reported findings from a population of nurses (39-41,43). Besides nurses, Geliebter et al. (43) included security personnel as well, while van Amelsvoort et al. (40) included a
mixture of nurses and factory personnel. Three studies reported about male factory personnel
only (37,38,44). Hannerz et al. (42) used a random nationwide sample. In this study, a male
sample from the Central Population Register of Denmark was studied and participants with
poor self-rated health at baseline were excluded.
The number of participants in the selected studies ranged from 55 (41) to 7,254 (37).
Suwazono et al. (37) did not report a dropout rate for the 14 years of follow-up, while Copertaro et al. (41) did not report any loss to follow-up during 18 months. Van Amelsvoort et al.
(40) retained 70% of their initial sample after 12 months. Morikawa et al. (38) lost 16% during
10 years. Hannerz et al. (42) lost 18% to follow-up in five years, while Niedhammer et al. (39)
lost 5% in 1985, and 16% in 1990.

Exposure
The authors of the selected studies used different definitions for shift, night and day work. A
summary of the exposure characteristics is presented in Table 4.
The working hours of the experimental groups in some studies consisted of three different
shifts (morning, evening, and night) with a continuous (covering the whole week) rotating
system (37,41). However, other studies included participants with both two and three shift
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systems (38), participants exposed to both continuous and non-continuous (covering only
week days) systems (44), and to counterclockwise shift systems (38,40). Further, some studies
included nurses with permanent night (39,43) or evening (43) work. The exposure in these
two latter studies shows the profound differences between studies because another study
excluded all participants with fixed, permanent night work (37).
Table 4: Exposure characteristics
Study

Quality
score

Shift work exposure
shift system

schedule

4

Day work exposure

continuity

rotation

shifts

working
time

Suwazono et
al. (37)

79%

four team/
three shift
system

five days on, continuous
two off, five
evenings on,
one off, five
nights on,
two off

clockwise

no information presented

Morikawa et
al. (38)

64%

two-shift or
three-shift
system

continuous
five on,
two off and and nonthree or four continuous
on, one off
(three shift)

counter
clockwise
(three shift)

no information presented

Niedhammer
et al. (39)

64%

three shift or several kinds no
information
permanent
presented
night

clockwise

permanent
day or
morning
and evening
shifts

9am-17pm
or 6am14pm and
13 pm-21pm

Geliebter et
al. (43)

58%

permanent
night or
evening
shift

none

none

8am-4pm

van
Amelsvoort
et al. (40)

57%

All kinds of exposure: 32% fast clockwise schedule (at
most three consecutive night shifts) 17% fast counter
clockwise schedule (at most three consecutive night
shifts) 35% medium counter clockwise schedule (At most
five consecutive night shifts) 15% irregular schedule

Copertaro et
al. (41)

50%

three shift
system

Hannerz et al.
(42)

50%

Romon et al.
(44)

33%

fixed

no
information
presented

continuous
one
morning,
one evening,
one night,
two off

clockwise

all kinds of irregular working hours
three shift
system

five on, two continuous
and nonoff (slow)
or three on, continuous
one off (fast)

no
information
presented

no information presented

morning
and
afternoon

8am-14pm
and 14pm22pm

permanent day duty
none

8hours
between
7.30am17.30pm
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Differences in day work definitions were present as well. The control group of three studies
worked between approximately 7.00 am and 5.30 pm (42-44). Other studies did not give any
specifications of the day working hours (37,38,40), while participants in the control group of
some other studies worked in morning or evening shifts themselves (Table 4) (39,41).

Outcome measurement
Different outcome measures for body weight change were used. Several studies measured
body weight and calculated it in kilograms of body weight change (39,43,44). Others obtained
body weight and body height and converted this into BMI and BMI change (37,38,42). Copertaro et al. (41) reported a change in mean waist circumference. Van Amelsvoort et al. (40)
was the only study that, in addition to change in body weight and BMI, presented waist to hip
ratio as well.
Secondly, there was a difference in the way the outcome was measured. In six out of eight
studies, qualified people (e.g. physicians) measured the body weight related outcomes (3741,44). Two studies based their outcomes on self-reported body weight changes provided by
the participants (42,43).

Confounding
The different studies measured a wide variety of potential confounders. These confounders
however, were not always used in the analyses to adjust the body weight related outcomes
(Table 3).

Outcomes
The unadjusted and adjusted results on body weight related outcome of the eight included articles are presented in Table 5. Two articles provided sufficient information about the outcome
(42,44), while mean values could be calculated in two other studies (38,43). Four first authors
were contacted by email and asked to provide additional data for adjusted mean difference
or p-value calculation. One author did not respond (41), another author did, but could not
reproduce the data (39). Van Amelsvoort (40) provided data about the adjusted difference in
several outcomes between groups. Suwazono (37) provided data about the mean percentual
BMI change for both groups. However, the author reported that due to job schedule type
changes, this mean change was only available for a one year period from baseline (while the
follow-up period of the study was 14 years).
Associations between shift work and body weight change, crude results
Seven out of the eight studies presented crude, non-adjusted, outcomes of type of work and
body weight change: five high and two low quality studies. The five high quality studies (3740,43) did find a significant difference between the groups. Morikawa et al. and Suwazono
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1990. A significant crude difference in
weight gain between groups after 5 years.

1990. Correlation coefficient: 0.8 (0.08) NS.

1990. Mean weight change for night
workers was 2.2kg, for day workers 1.3kg.
Significant difference but no p-value
reported.

58%

Geliebter et al. (43)

Late shift weight gain since start of current
job type = 4.3kg Day shift weight gain =
0.9kg P=0.02, calculated mean difference is
3.4 (se 1.43)

1985. No significant difference in weight
gain between groups after 5 years. Both
crude and adjusted.

1985. Correlation coefficient: -0.0 (NS).

1985. Mean weight change for current
night workers was 0.3kg, for current day
workers 0.6kg. NS.

64%

Late shift weight gain = 4.4kg Day shift
weight gain = 0.7kg P=0.008, calculated
mean difference is 3.7 (se 1.36)

Significant more reported weight change
in late shift workers compared to day shift
workers. Both crude and adjusted.

There was a significant higher BMI change
in shift-shift workers after 10 years of
follow-up compared to the day-day
workers.

Niedhammer et al.
(39)

Mean BMI change for shift-shift workers
was 0.89(se 0.07) Mean BMI change for
day-day workers was 0.62(se 0.06) P= 0.001,
calculated mean difference 0.83 (se 0.25)

Mean BMI change for shift-shift workers
was 0.88(se 0.07) Mean BMI change for
day-day workers was 0.63(se 0.06) P= 0.002,
calculated mean difference 0.25 (se 0.08)

64%

Shiftworkers had a significant higher
increase in BMI after one year from baseline
compared to dayworkers. No differences in
results between adjusted and non-adjusted
analysis.

Conclusion

Morikawa et al. (38)

Provided data by the first author, %BMI
change after one year from baseline: shift
ΔBMI 0,63% (0,44% - 0,82%) 95% CI day
ΔBMI 0,40% (CI 0,24% - 0,56%) 95% CI
P=0.002

Adjused

Provided data by the first author, %BMI
change after one year from baseline:
shift ΔBMI 0,56% (0,44% - 0,69%) 95% CI
day ΔBMI 0,31% (0,21% - 0,42%) 95% CI
P=0.004

Crude

79%

Qual. score

Suwazono et al. (37)

Study

Table 5: Study results
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N/A

N/A
Annual weight gain in: 3 day rotating
shifts: 0.73kg (sd 0.30). 5 day rotating shifts:
0.89kg (sd 0.28). Day shifts: 1.02kg (sd 0.54)
NS

50%

33%

Hannerz et al. (42)

Romon et al. (44)

Irregular working hours lead to a ΔBMI of
-0.05 (-.024, 0.15) 95% CI compared to the
group without irregular working hours
p=0.6382

Mean waist to hip ratio change shift work:
-0.0102 Mean waist to hip change day
work: -0.0053 p=0.256. Mean difference
0.0049 (se 0.0043)

Mean waist to hip ratio change shift work:
-0.0093 Mean waist to hip change day
work: -0.0052 p=0.3. Calculated mean
difference 0.0041 (se 0.0042)

N/A
Rotating nurses’ circumference changed
from 95.8 cm (sd 9.1) to 95.7 cm(sd 9.2).
Mean difference of -0.1 in 18 months
Daytime nurses’ circumference changed
from 90.2(sd 10.2) to 90.4 (sd 9.9), mean
difference of +0,2 in 18 months. No p-value
reported

Mean BMI change shift work: -0.33 Mean
BMI change day work: 0.07 p=0.011. Mean
difference 0.40 (se 0.16)

Mean BMI change shift work: -0.31 Mean
BMI change day work: 0.13 p=0.004.
Calculated mean difference 0.44 (se 0.15)

50%

Adjusted data below provided by the first
author: Mean weight change shift work:
-1.02 kg Mean weight change day work:
0.28 kg p=0.007. Mean difference 1,30 kg
(se 0.48)

Adjused

Mean weight change shift work: -0.98 kg
Mean weight change day work: 0.43 kg
p=0.003. Calculated Mean difference 1,41
kg (se 0.47)

Copertaro et al. (41)

Crude

57%

Qual. score

van Amelsvoort et
al. (40)

Study

Table 5: Study results (continued)

No significant crude difference in annual
weight gain between groups.

No adjusted difference found between
groups

Although there was no p-value presented,
no crude difference was found between
groups.

Significant crude difference between
groups in weight and BMI change. Shift
workers lost weight and BMI compared to
day workers who gained weight and BMI.

Conclusion
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et al. (37,38) found more body weight related change for shift workers in a male Japanese
population, while Niedhammer et al. (39) and Geliebter et al. (43) reported similar results for
male and female nurses in France and the US, respectively. Van Amelsvoort et al. (40) however,
found significant results in the other direction. The two low quality studies (41,44) did not find
any significant difference in body weight related outcome between groups.
Because multiple high quality studies provided consistent (four out of five studies; 80%)
findings, it is concluded that there is strong evidence for a crude relationship between shift
work and body weight change.
Associations between shift work and body weight change, adjusted for potentially relevant
confounders
Six out of eight articles presented body weight related outcomes adjusted for potential
confounders, five high quality studies and one low quality study. The high quality study of
Geliebter et al. (43) found a significant difference in body weight change between late shift
and day shift nurses, while adjusting for age, years in shift work, and smoking status. The potentially relevant confounders gender, body weight at baseline, and physical activity were not
taken into account and therefore, the study was not considered in the analysis.
The other studies showed varying results. Hannerz et al. (42) found no significant difference
in their Danish male sample. Niedhammer et al. (39) did not find a significant effect of night
work on body weight change in a nurses population. The two high quality studies among
male Japanese workers did find a significant effect. Morikawa et al. (38) found a difference in
BMI increase between shift workers and day workers after a follow-up of 10 years. Suwazono et
al. (37) showed a significantly higher BMI increase after one year for shift workers compared to
day workers. Again, the study of van Amelsvoort et al. (40) found results in the other direction.
The shift workers showed a loss in weight outcome after adjustment, which was significantly
different from the day workers.
Because two out of four high quality studies (50%) found a significant difference in the
same direction, the results are considered to be inconsistent. Subsequently, if the low quality
study of Hannerz et al. (42) is included, only 40% (two out of five) of the studies show results
in the same direction. Therefore moderate evidence was rejected as well, and it is concluded
that there is insufficient evidence for an adjusted relationship between shift work and body
weight change.
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Discussion
The present paper is the first systematic review of the scientific literature to investigate the
association between exposure to shift work which includes night work, and body weight
change. The included studies show that there is strong evidence for a crude relationship
between longitudinal exposure to shift work and body weight outcomes. Additionally, it is
concluded that there is insufficient evidence for a relation between shift work exposure and
body weight change when confounders are taken into account.
The results of this review have to be interpreted with caution because of the limited number
of studies, the methodological quality of the studies, and the heterogeneity between the included studies. The small amount of eligible studies was rather surprising regarding the large
amount of shift work related literature that has been published. A majority of the articles had
to be excluded because, as a result of different study objectives, the relevant outcome data
was not presented. The available body weight data of their studies might have altered our
results though. Eventually, only five out of eight included studies could be used to investigate
the adjusted relation between shift work exposure and body weight change. If the three
remaining studies would have made adjustments for potentially relevant confounders, other
conclusions might have been drawn for this relation.
One of those potential confounders is physical activity during leisure time. This kind
of physical fitness is an important factor influencing body weight gain, it might improve
individual tolerance to shift work (19,45,46) and has a positive effect on sleep amount and
quality, leading to a reduction in metabolic disturbances (19,47). Shift work literature generally
states that employees involved in shift work become physically less active, have less time to
participate in (organised, social) sporting activities and find it difficult to stay physically fit (46).
Consequently, if this is true, than physical activity would be an intermediate factor rather than
a confounder. In this review however, none of the included studies analysed physical activity
as an intermediate factor. Moreover, they did not analyse physical activity as an individual
confounder, but adjusted their results together with the other confounders (37-40). Hence,
another analysis of the role of physical activity may give more insight in the relation between
shift work and body weight gain.
Of course, the lack of thorough analysis mentioned above holds true for other factors as well.
Factors as age and gender should be analysed for possible effect modifying effects. Moreover,
longitudinal studies are most suitable to examine if variables as smoking, energy intake, and
physical activity during work, which are routinely included in shift work studies, should be
treated as intermediate factors.
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Further, to summarize the results of the studies included, a levels of evidence synthesis,
which is often used for reviews concerning studies with a longitudinal design, was applied.
Due to this synthesis, the low quality studies were disregarded when multiple high quality
studies were available. Because of this, the quality assessment and the chosen distinction
between high and low quality studies are very influential. In the present study similar weight
was given to all quality items. This resulted in the situation that a study could be considered
as high quality although shift work exposure was vaguely assessed, no confounders had been
used, or weight change was retrospectively self-reported. It is arguable if this kind of weight
allocation is correct.
Another important issue in this review is the fact that when comparing the scores on the
quality criteria of the different studies (Table 2), profound reasons for possible selection bias
can be observed. Only four out of eight articles had a clear description of their in- and exclusion criteria and yet three studies had a non-selective non-response or a participation rate of
at least 80%. Additionally, during follow-up, in some studies the response rate did not reach
80% or there was no response rate presented at all. Selection into shift work may be associated with better adaptability and fewer adverse health effects. This leaves the most suitable,
healthy people in the job (healthy worker effect), thereby underestimating the real effect of
shift work exposure (5,45).
This review studied the effect of shift work which included night work because working during nights alters the circadian rhythm, which could lead to adverse health effects via several
pathways (1,5-9). However, two studies were included which partly used participants who
were not exposed to the working hours defined as being night work (12am-6am). Geliebter
et al. (43) used fixed evening workers (27 out of the 49 late shift participants) and 27.5% of the
participants in the study of Morikawa et al. (38) were on a two shift system, which normally
does not involve night shifts. It is arguable if these numbers have over- or underestimated the
association found in these studies, but they at least blurred the association this review was
looking for.
Lack of a complete description of exposure might have underestimated the results as well.
Only three studies presented information about shift work exposure before the beginning of
the study (38,39,41). Further, during the follow-up period, the exact exposure was not entirely
clear either. Although it was adequately described in the retrospective (43,44) and the shortterm follow-up studies (37,40,41), the other studies only assessed the shift work exposure at
baseline and at the end of the follow-up, which implies that it cannot be ruled out that the
workers might have changed type of (shift) work several times during this period (38,39,42).
Moreover, large differences between studies in follow-up duration were observed. Only two
studies reported sufficient follow-up periods, 10 (38) and 14 years (37) respectively, to expect
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real effects of the shift work exposure. Although Suwazono et al. (37) and Van Amelsvoort et
al. (40) found significant differences in body weight gain between groups after one year, larger
effects and effects in a similar direction might have been found if all studies would have used
longer periods of follow-up.

Findings compared to other reviews
Earlier reviews that have addressed the problem of shift work and body weight change did not
come to the same conclusion. In a narrative review published in 2003, Knutsson (6) stated that
the evidence for the impact of shift work on body weight is inconsistent, and the evidence for
a relation with metabolic factors of diabetes is inconclusive. In a recent review, Antunes et al.
(48) merely stated that shift work plays a role in increasing BMI.
In these reviews, both longitudinal and cross-sectional data were used to explain the findings, no differentiation was made between crude and adjusted associations, and the methods
used were non-systematic. Moreover, they did not perform a methodological quality assessment and did not use a levels of evidence synthesis.

Explanation of the findings
Our findings are in accordance with shift work literature, which claims that, shift work exposure can lead to unhealthy behaviour and to subsequent disturbances in gastrointestinal and
psychophysiological functioning causing body weight gain and obesity (9,26,38).
The review presented here found insufficient evidence for an adjusted relation between
shift work exposure and body weight gain. However, two Japanese studies adjusted for
health behaviour and still found a relation between shift work and body weight gain (37,38).
Although they did not measure food intake, the studies explain their results by claiming that
the timing and amount of food intake is involved. However, two recent reviews state that total
energy intake seems not to be affected by shift work, although meal frequency is irregular and
reduced, and that high-energy snacking seems to be increased (19,49). Therefore, it seems
that food intake itself cannot fully explain possible body weight gain as a result of shift work. It
has become clear though, that irregular meal pattern and time of day intake could contribute
to negative consequences in metabolism (20) because of the relation between circadian
rhythm and food intake (19).
During daytime, when individuals normally eat, the human body promotes glucose metabolism and fat storage, while during the night, glucose sparing and fat metabolism is promoted.
As a result, shift workers show a lowered glucose and lipid tolerance following the change
from day to night working (50). Other studies reported about increased leptin and blood lipid
concentrations, higher low-density lipoprotein levels and a decreased glucose tolerance and
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insulin sensitivity as a result of nocturnal eating (48,51-55). These factors are all considered as
risk factors for body weight gain and the onset of the metabolic syndrome, type 2 diabetes,
and cardiovascular diseases (19,53,56). Interestingly, Sopowoski et al. (57) found that men have
higher and longer elevated triacylglycerol levels compared to women in response to eating
at night. These findings could mean that women have lower risk to gain weight as a result of
night work compared to men. This might be a part of the explanation for the results shown in
this review; two all-male, high quality studies did find an adjusted association between weight
gain and shift work exposure while this was not found in female nurses studies.

Implications for further research
This review found strong evidence for a crude relationship between shift work which includes
night work and body weight gain. Although recent literature suggests that shift work itself,
due to nocturnal eating and alterations in circadian rhythm, could lead to body weight gain,
insufficient evidence was found in the results of the included studies of this review. In order
to clarify this further, more and better research should be conducted. With the resulting data,
stronger conclusions about the risk factors of shift work for body weight gain can be drawn.
Furthermore, this can shed more light on the involvement of shift work exposure on the onset
of metabolic disturbances, diabetes type 2, and cardiovascular diseases. Shift work researchers
should consider publishing more data about body weight outcomes in the future, even if it is
not their primary outcome.
Further, to be able to compare the different aspects of shift work systems and their health
consequences better, exposure has to be assessed more properly (12,58). The shift exposure
assessment should encompass at least the following modalities: the type of shift work, the
schedule, the number of different shifts (morning, evening, night) per month or year, and
the cumulative numbers of years in shift work. Ideally, the information about the type and
schedule of shift work should include the amount of night work, the rest periods, the rotating type, and direction of rotation. The information should make clear whether the schedule
is continuous (includes weekends) or discontinuous as well. Eventually, all this information
should be summarised into an “integrated exposure” variable by, for instance, summing the
products of the shifts worked and the number of years worked on this particular schedule (58).
The chosen control group is important as well. In general, the control group should be day
workers, composed of people who are quite similar to shift workers (58). Often, the chosen
control group works during the day and evening. This can be seen in the studies by Niedhammer et al. (39) and Copertaro et al. (41) as well, and might have altered the results found.
Further, when the control group consists of a group of day workers, they often tend to differ
from shift workers socially, economically and in personality factors. This should be measured
and used in the analysis.
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Different aspects of shift work systems can cause circadian disruption. This disruption might
lead to detrimental health effects, as for example, body weight gain. Tolerance to shift work
might be an important factor with regards to the development of detrimental health effects.
Shift work tolerance is a complex phenomenon with large inter-individual differences in the
speed of (re)adapting to circadian disruption (12,45,59). Costa (45) claims that short-term
adjustment (circadian adjustment and sleeping) and long term adjustment (personal factors,
working circumstances, social circumstances) to shift work are related to different factors.
Therefore, in future studies, the relation between exposure and body weight change should
be conducted with large cohorts of newly employed shift workers and these cohorts should
be followed for an extensive period of time. Importantly, potentially relevant confounders,
intermediate factors, and effect modifiers should be appropriately and objectively measured,
and adequately used in the analysis. For instance, health habits, like physical activity, should be
considered as a possible intermediate factor, and should be analysed like that as well. Further,
these factors should be measured objectively because imprecise measures of health habits
have shown to increase the likelihood of false null findings (26).

Conclusion
This review shows that there seems to be an association between exposure to shift work
which includes night work, and body weight increase. If the results of the studies are adjusted
for potentially relevant confounders (gender, age, body weight at baseline and physical activity), insufficient evidence remains. In order to further clarify the underlying mechanisms, shift
work studies should present more body weight related outcomes. More importantly, better
high quality studies about this subject are necessary.
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Appendix I Search strategy for Medline
Search #1 AND #2 AND #3 NOT #4
#1 Shift work
“Work Schedule Tolerance”(Mesh) OR “Personnel Staffing and Scheduling”(Mesh) OR shiftwork(tiab) OR
“shift-work”(tiab) OR nightwork(tiab) OR “irregular working”(tiab) OR “rotate shift”(tiab) OR “rotate shifts”(tiab)
OR “Workload”(Mesh) OR workload(tiab) OR ((night(tiab) OR shift(tiab)) AND work(tiab)) OR ((“Circadian
Rhythm”(Mesh) OR “Sleep Disorders, Circadian Rhythm”(Mesh) OR “Biological Clocks”(Mesh) OR “Sleep-Wake
Schedule”(tw) OR “sleep-wake cycle”(tiab) OR “circadian rhythm”(tiab) OR Nyctohemeral(tiab) OR diurnal(tiab))
AND (Work(mh) OR work(tiab) OR labour(tiab) OR labor(tiab) OR “Workplace”(Mesh) OR “Occupations”(Mesh) OR
occupation*(tiab) OR vocation*(tiab))) OR “Workplace/psychology”(Mesh)
#2 Overweight/ weight gain
“Overnutrition”(Mesh) OR “Body Weights and Measures”(Mesh) OR “obese”(tiab) OR “obesit*”(tiab) OR
“overweight”(tiab) OR “Body Mass”(tiab) OR BMI(tiab) OR “Body Weight Changes”(Mesh)
#3 Study type
“Cohort Studies”(Mesh) OR cohort(tiab) OR research design(mh:noexp) OR comparative study(pt) OR evaluation
studies(pt) OR control(tw) OR controll*(tw) OR prospectiv*(tw) OR volunteer*(tw) OR longitudinal(tiab) OR
retrospective(tiab) OR “Case-Control Studies”(Mesh)
#4 Publication types filter
NOT (“addresses”(Publication Type) OR “biography”(Publication Type) OR “comment”(Publication Type)
OR “directory”(Publication Type) OR “editorial”(Publication Type) OR “festschrift”(Publication Type) OR
“interview”(Publication Type) OR “lectures”(Publication Type) OR “legal cases”(Publication Type) OR
“legislation”(Publication Type) OR “letter”(Publication Type) OR “news”(Publication Type) OR “newspaper
article”(Publication Type) OR “patient education handout”(Publication Type) OR “popular works”(Publication Type)
OR “congresses”(Publication Type) OR “consensus development conference”(Publication Type) OR “consensus
development conference, nih”(Publication Type) OR “practice guideline”(Publication Type))
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Abstract
Background: Recovery from fatigue is important in maintaining night workers’ health. This
study compared the course of self-reported recovery after 2-week 12h schedules consisting of
either night shifts or swing shifts (i.e. 7 night shifts followed by 7 day shifts) to such schedules
consisting of only day work.
Methods: Sixty-one male offshore employees—20 night workers, 16 swing shift workers, and
25 day workers—rated six questions on fatigue (sleep quality, feeling rested, physical and
mental fatigue, and energy levels; scale 1–11) for 14 days after an offshore tour. After the
two night work schedules, differences on the first day (main effects) and differences during
the follow-up (interaction effects) were compared to day work with generalized estimating
equations analysis.
Results: After adjustment for confounders, significant main effects were found for sleep
quality for night workers (1.41 95% confidence interval (95% CI) 1.05–1.89) and swing shift
workers (1.42 95% CI 1.03-1.94) when compared to day workers; their interaction terms were
not statistically significant. For the remaining fatigue outcomes no statistically significant main
or interaction effects were found.
Conclusion: After 2-week 12h night and swing shifts, only the course for sleep quality differed
from that of day work. Sleep quality was poorer for night and swing shift workers on the first
day off and remained poorer for the 14-day follow-up. This showed that while working at night
had no effect on feeling rested, tiredness, and energy levels, it had a relatively long lasting
effect on sleep quality.
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Introduction
Recovery from work-related fatigue is important in maintaining employee health (1-4). Studies show that the inability to recover after work, as assessed by self-reports, predicts longer
sickness absence (5,6), as well as cardiovascular disease and cardiovascular mortality (7,8).
The effort-recovery model defines recovery as a process of unwinding to and stabilizing at
a baseline level of activation in the absence of specific work demands (3,9). Recovery can
be impeded when the body’s psycho-physiological systems remain activated, even when
work demands have been removed. According to the allostatic load model an accumulative
process of increased and prolonged activation over time may cause a gradual wear and tear
on the body’s organs causing a predisposition to disease (9,10).
Working long hours can impede the recovery process in two ways. Firstly, prolonged exposure to work demands may leave the employee experiencing a higher level of fatigue than
after an 8 hour working day. Secondly, the reduction in time to unwind may not be sufficient
to recover completely in between working days (11). When recovery is impeded in schedules
with long working hours and extended working weeks, it leads to an accumulation of fatigue
over the working period (12,13), and a spill-over of the level of fatigue into the start of the free
period (14). Recovering from long night shifts in extended schedules is seen to be extra challenging, as the opportunity to recover between shifts is further impeded by sleep problems
and disruption of the physiological circadian rhythm associated with the changed sleep/wake
cycle (15-17).
Long working hours in extended schedules are standard in the Norwegian offshore
petroleum industry (18-20). The remote offshore locations of the oil platforms necessitate
compressing the working hours into 12 hour shifts and extending the working periods to
14-21 days. Shift schedules consist of permanent day work; permanent night work; fixed shifts:
alternating day and night shifts every other tour; or swing shifts: either 7 night shifts followed
by 7 day shifts every tour, or vice versa. The offshore working periods are followed by 3 to 4
weeks of respite.
Studies from the offshore petroleum industry have assessed sleep after two weeks of night
shifts, swing shifts (7 night shifts followed by 7 day shifts), and day shifts, but omitted other
dimensions of fatigue (20-22). For sleep quality, night and swing shift workers scored similarly
to day workers during the free period, but for sleepiness night workers scored poorer (20,21).
However, fatigue does not only consist of a sleep-related dimension, it also has a mental and
a physical dimension, as well as dimensions for lack of energy and reduced activities (2224). Studying multiple dimensions of fatigue is important in understanding the full scale of
implications of working at night in schedules with long shifts and extended weeks (19,22).
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Previous research on compressed and extended night working periods have not assessed
recovery indicators beyond 7 days of the free period (18,19,25), while in this period sleep
indicators still fluctuated (18). Recovery is a dynamic process that unfolds over time (26) and
knowing more about it would be beneficial for recovery theory (9). Therefore, a longer followup than 7 days is needed to study the course of recovery to a period of stability, as is inherent
to the definition of recovery.
This study aimed to compare the course of recovery from work-related fatigue after 2-week
12h schedules that consisted of either night shifts or swing shifts (7 night shifts followed by 7
day shifts) to such schedules consisting of only day work, by assessing several dimensions of
fatigue during a 14-day follow-up period.

Materials and Methods
Participants and procedure
In total, 2492 invitations were distributed in eight oil companies active on the Norwegian
Continental Shelf. Inclusion was restricted to: 1) male employees, 2) at least two years offshore
experience, and 3) parental responsibility for at least one child living at home under the age of
18. The latter criterion mirrored the research goal of the larger project under which this study
falls, i.e. studying work-family balance amongst offshore personnel. Response was received
from 184 employees, of whom 20 did not meet the inclusion criteria and were excluded, 60
declined to participate or withdrew from the study, and 33 were lost to follow-up. Eight swing
shift workers rotating from day to night shifts were excluded from analysis, as were two swing
shift workers of whom the rotation directions were unknown. The final study sample consisted
of 61 participants, all of whom had given written informed consent prior to the start of the
study. It was not known how many of the 2492 employees approached for this study were
eligible for participation, because privacy regulations prevented the research team from gaining information on how many employees met the third inclusion criterion.
The study had an observational, repeated measures design. Participants received a booklet
by postal mail that consisted of a diary that assessed self-perceived recovery and a general
questionnaire that assessed demographic, work-related, and health-related background information. The diary was filled in daily during the first 14 days of a self-chosen free period; the
general questionnaire was filled in on the first day of that same free period.

106

Self-reported recovery from 2-week 12h shift work schedules: a 14-day follow-up

Dependent variables
Daily self-reported recovery
Self-reported recovery was the main outcome of this study and was assessed daily by 6 singleitem questions. The items consisted of questions on sleep quality, feeling rested, physical
tiredness, mental tiredness, energy for activities related to the family and home, and energy for
activities of personal interest. All questions were assessed with similar questions, for example:
“On a scale from very little to a great extent, how mentally tired did you feel today?”. The items
were assessed on an 11-point Likert scale that were anchored on both extremes with ‘very
badly’ and ‘very well’ for sleep quality, and with ‘very little’ and ‘a great extent’ for the remaining items. The outcomes for sleep quality, feeling rested, and both items on energy levels
were reverse-coded for data analysis to consistently assign low scores to positive levels of
self-reported recovery. Single-item questions on recovery, with comparable 1–10 Likert scale
answer categories, have been used in previous diary studies to reduce the burden of participation for the respondent (11,27). Single-item questions have been found to be valid, reliable,
and practical in studies where full questionnaires are not feasible (28,29).

Independent variables
Shift schedule
For the offshore tour preceding the diary study, the shift schedule was assessed together with
the starting and finishing times of the shifts. From this information the shift schedules were
categorized into night shifts, swing shifts (7 night shifts followed by 7 day shifts), and day shifts.

Background information and control variables
Demographic and health-related information
Demographic information was assessed regarding age, level of education, marital status
(partner/no partner), and age of the children living at home. Based on the idea that younger
children require more care and, therefore, could be considered more fatiguing, the age of
the children was dichotomized into 1) at least one child under the age of 7 years, and 2) all
children 7 years or older. Self-perceived general health status was assessed using a single-item
question with answer categories on a 5-point Likert scale ranging from ‘very good’ to ‘very
poor’ (30).
Fatigue, need for recovery, and sleep problems during offshore period
For the offshore tour preceding the diary study, information was assessed regarding fatigue,
need for recovery, and sleep problems. Self-perceived ratings of fatigue and need for recovery
were assessed using the Checklist Individual Strength (CIS) (31,32) and Need for Recovery
Scale (33,34), respectively. Sleep problems experienced during the offshore working period
were assessed with four questions answered on a 4-point Likert scale (never/sometime/often/
every day). Three questions came from the Karolinska Sleep Questionnaire (problems with fall107
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ing asleep, problems awakening, disturbed/restless sleep) (35) and one from a questionnaire
developed by Gustafsson, Lindfors (36) (problems falling asleep because thoughts of my job
keep me awake). The recall period for the questions on fatigue, need for recovery, and sleep
problems was adjusted to the duration of the offshore working period.
Work-related information
For the offshore tour preceding the diary study, separate items assessed the duration of the
tour and the total amount of overtime. Total overtime was dichotomized into the categories
≤ 14hours and >14 hours, corresponding to on average of ≤1 hour per day and >1 hour per
day, respectively.
Job demands were assessed using the quantitative demands and decision demands subscales from the General Questionnaire for Psychological and Social Factors at Work (QPSNordic)
(37). Job control was assessed using the control of decision and control of work pace subscales
from the QPSNordic. Job demands and job control were scored on a scale from 1 to 5, from very
seldom/never to very often/always. Other work-related information included offshore experience (in years) and employment in other paid work during the free period (yes/no).

Statistical analysis
Data analysis was conducted in IBM SPSS (21.0) with statistical significance set at p<0.05.
Differences in demographic, health-, and work-related background variables between the
shift groups were studied by performing Chi2 tests for categorical outcomes and analysis of
variance (ANOVA) for continuous outcomes.
Separate analyses were performed for each of the six recovery items. The distribution of each
recovery outcome was skewed and therefore log-transformed. Generalized estimating equations (GEE) analysis is well suited for analyzing data with repeated measures and can handle
missing data well. GEE analysis was used with robust standard errors and an unstructured
working correlation matrix to calculate the association between shift groups (night shifts and
swing shifts, respectively, with day shifts as reference). The model for the mean consisted of
the main effects for shift group (as a factor), days of the free period (as a covariate, with the
value of 0 corresponding to first day of the free period), and an interaction term between
shift group and days of the free period. The main and interaction effects were transformed
back to the original scale, which means that main and interaction effects were expressed as
multiplicative differences. The main effects for night and swing shifts indicated differences
in the level of recovery on the first day of the free period relative to day shifts. The interaction
effects indicated differences in the rate of recovery over the 14-day follow-up. This means that
under the assumption of a linear effect of time on the log scale, the interaction coefficients
indicated whether any differences between shift groups present on the first day increased (if
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significantly larger than 1), decreased (if significantly smaller than 1), or remained the same (if
not significantly different from 1) during the follow-up period.
Based on the literature and logical consideration, assessment of confounding was done
for age, level of education, age of the children living at home, job demands, job control,
and overtime. Assessment of confounding was done for each recovery outcome separately
according to four steps: 1) Determination of an association between the outcome and the
background variable and/or its interaction with the days of the free period (p<0.05). 2) When
only a main effect was found, it was added to the crude model; the main and interaction
terms were added to the crude model when either an interaction effect only or a main and
interaction effect were found. 3) Confounding was defined by a change of 10% in the main
effect estimates for shifts (night and/or swing shifts) when the main effect estimate for the
possible confounder was added, and a change of 10% in the interaction terms for shifts when
the interaction term(s) of the possible confounder was (were) added to the crude model. 4)
In the adjusted model, all the confounders established in step 3) were simultaneously added
to the crude model. All analyses were done on the log-transformed data, after adjustment for
confounding the data was transformed back to the original 11-point scale.

Ethics
Approval for this study was granted by the Region West-Norway Ethics Committee for Medical and Health Research (numbers 2009/187-7). Signed informed consent was given by all
participants prior to their inclusion in the study.

Results
The final study sample consisted of 61 participants: 20 participated after an offshore tour of
night shifts, 16 after an offshore tour of swing shifts, and 25 after an offshore tour of day shifts.
Day shift schedules started between 06:00–08:00 and on average lasted 14.6 days (standard
deviation (sd) = 2.6). Night shift schedules started between 18:30–19:00 and on average lasted
14.3 days (sd = 2.2). The swing shift schedules were on average 14.6 days (sd = 2.3) and were
worked from 19:00–07:00 the first week and 07:00–19:00 the second week.
The distributions of the background variables over the three shift groups are presented in
Table 1 for demographic and health-related variables, and in Table 2 for work-related variables.
Statistically significant differences between the shift groups were found for level of education
(p=0.043) and overtime during the offshore working period (p=0.030).
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Table 1: Distribution of demographic and health-related background variables
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p

Chapter 5

3

Often/every day

8

Often/every day

4

14

11

≤14 hours

>14 hours

Overtime

≥55

44.0

56.0

20.0

80.0

4.0

1

16

96.0

<55

Need for recovery (0-100)

Often/every day

Never/sometimes

12.0

88.0

32.0

68.0

24

3

Often/every day

Thoughts of my job keep me awake

22

Never/sometimes

Problems awakening

17

Never/sometimes

Disturbed/restless sleep

22

Never/sometimes
12.0

64.6

Checklist Individual Strength (20-140)

Problems with falling asleep

3.0
(16.0)

(8.3)

(0.8)

(sd)
(0.5)

m
3.2
13.0

88.0

%

Job control (1–5)

n

Offshore experience (years)

Job demands (1–5)

Day shift (n=25)

8

12

6

13

1

19

2

18

9

11

2

18

n

40.0

60.0

31.6

68.4

5.0

95.0

10.0

90.0

45.0

55.0

10.0

90.0

%

73.0

11.8

2.7

3.2

m

Night shift (n=20)
(sd)

(20.6)

(5.1)

(0.6)

(0.4)

1

15

2

14

1

15

2

14

8

8

2

14

n

6.3

93.7

12.5

87.5

6.3

93.7

12.5

87.5

50.0

50.0

12.5

87.5

%

63.1

13.0

2.7

3.0

m

Swing shift (n=16)

0.253
0.967

0.471

0.967

0.948

0.384

0.030

1.41(2,56)
0.07(2)

1.51(2)
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Table 2: Distribution of work-related variables, as well as fatigue, need for recovery, and sleep problems during the offshore working period
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0.96 0.93–0.99 0.009

Days

Shifts*days

1.09

–

0.673

0.99 0.95– 1.02

0.467

0.94 0.91– 0.97 <0.001

1.00

0.74–1.59

2.44 1.73–3.43 <0.001

1.25 0.94–1.66 0.118

p

1.60 1.27–2.02 <0.001

–

95% CI

Swing shift

1.00

exp(β)

Night shift

p

1.00

–

exp(β) 95% CI

Feeling rested

Day shift
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Sleep quality

–

0.136

0.96 0.91–1.02

0.163

0.94 0.89–0.99 0.027

1.00

1.03 0.99–1.07

–

0.99 0.96–1.02

0.98 0.95–1.01

1.00

0.584

0.270

0.96 0.93–0.98 <0.001

0.562

0.90 0.63–1.29

–

p

1.48 1.09–2.01 0.012

1.00

exp(β) 95% CI

1.40 1.05–1.86 0.022

–

p

Mental tiredness

1.84 1.39–2.46 <0.001

1.00

exp(β) 95% CI

Physical tiredness

–

p

–

0.99 0.95–1.02

0.97 0.93–1.01

1.00

0.98 0.96–1.01

1.04 0.77–1.41

0.419

0.098

0.175

0.801

1.78 1.27–2.51 0.001

1.00

exp(β) 95% CI

Energy for
family and home

–

–

0.96 0.92–1.01

0.99 0.94–1.04

1.00

0.98 0.95–1.01

1.73 0.90–3.34

1.24 0.70–2.20

1.00

exp(β) 95% CI

p

0.119

0.647

0.122

0.102

0.455

Energy for
own activities

Table 3: The crude associations for night shifts (n=20) and swing shifts (n=16), with day shift as reference (n=25), for the course of recovery during the first 14 days of a free
period for six recovery items.
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Paid work in free period

Day shift (n=25)

Table 2: Distribution of work-related variables, as well as fatigue, need for recovery, and sleep problems during the offshore working period (continued)
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Crude recovery models
Figures 1 and 2 depict the non-adjusted development of the recovery indicators over time for
night shifts and day shifts, and swing shifts and day shifts, respectively. In the crude models
(Table 3), the main effects for night workers were between 1.24–2.44 times higher than day
workers on the recovery outcomes, with all but energy for own activities reaching statistical
significance (p<0.05). Interaction effects for night shifts with days of the free period varied between 0.94 and 0.99, and were statistically significant for feeling rested (0.94 (95% confidence
interval (95% CI) 0.91-0.97); p<0.001) and physical tiredness (0.94 (95% CI 0.89-0.99); p=0.027).
For swing shift workers the main effects were between 0.90-1.73 for which only physical
tiredness reached statistical significance (1.40 (95% CI 1.05-1.86); p=0.022). The interaction effects of swing shifts with days of the free period varied between 0.96 and 1.04; none reached
statistical significance.

Adjusted recovery models
Adjusted models are given in Table 4, where variables that were identified as confounders for
each association between the individual outcomes and shifts were added to the corresponding model. For the outcome ‘energy levels for activities of own interest’ no confounders were
identified, leaving the crude model as best estimate for the main and interaction effects of
night shifts and swing shifts.
For night shift workers, the adjusted models showed between 1.24–1.67 times higher main
effects than for day workers, with only a statistically significant main effect for sleep quality
(1.41 (95% CI 1.05-1.89); p=0.021), indicating a significantly poorer sleep quality for night workers. The interaction terms for night shifts varied between 0.96–0.99; none reached statistical
significance.
For swing shift workers, the main effect estimates varied between 0.90 and 1.73, with only
sleep quality (1.42 (95% CI 1.03-1.94; p=0.031) reaching statistical significance, indicating a
poorer sleep quality for swing shift workers as compared to day workers. The interaction effects
for swing shifts with days of the free period varied between 0.95-1.03; none were statistically
significant.

Discussion
The aim of the study was to compare the course of self-reported recovery after working in
2-week 12h schedules that consisted of either night shifts or swing shifts (7 night shifts followed by 7 day shifts) to such schedules consisting of day work only. The results showed that
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Figure 1. The non-adjusted course of 6 recovery indicators after day shifts and night shifts (geometric mean
95% CI)
Fig. 1 The non-adjusted course of 6 recovery indicators after day shifts and night shifts (geometric mean 95%
CI)

compared to day workers, both night shift workers and swing shift workers scored poorer on
sleep quality on the 1st day of the free period. The rate of recovery of sleep quality over the
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14-day follow-up was similar for night and swing shift workers compared to day workers. This
indicated that, compared to day workers, the poorer sleep quality for night and swing shift
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Table 4: The adjusted associations for night shifts (n=20) and swing shifts (n=16), with day shift as reference (n=25), for the course of recovery during the first 14 days of a
free period for six recovery items.
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workers on the first day off remained throughout the follow-up period. For the remaining
recovery dimensions, night and swing shift workers reported similar levels to day workers on
the first day off as well as similar rates of recovery over the 14-day follow-up. This showed that
compared to day workers, night and swing shift workers had similar courses of recovery for
feeling rested, physical and mental tiredness, and for energy for own activities and activities
related to the family and home.
The results are consistent with findings of several other studies on offshore workers and
other working populations, showing that recovery is needed directly following night work
(13,18,38,39). Additionally, previous studies among offshore workers have indicated that the
re-adjustment of the cortisol rhythm after 2 weeks of night work may take as long as 11 days
(19,40). This finding is consistent with the reported sleep problems in the present study. However, in contrast to the present study’s findings, Saksvik, Bjorvatn (21) did not find differences
in sleep quality after returning home from an offshore petroleum platform for night or swing
shift workers compared to day workers. This difference in findings may partly be explained by
the fact that Saksvik, Bjorvatn (21) did not adjust for confounders in their study, while in the
present study differences in sleep quality between swing shift and day workers were found
only in the adjusted model.
The findings suggest that schedules that included night work (2 weeks of night shifts and
swing shifts consisting of 7 night shifts followed by 7 day shifts), when compared to day work,
particularly influenced sleep quality and did not affect the remaining recovery dimensions, i.e.
feeling rested, tiredness, and energy levels. In the crude analyses, effects were present for night
work on feeling rested, tiredness, and energy for family and home. However, after adjusting
the analyses for work-related and family-related factors these effects decreased and were no
longer statistically significant. This indicates that work-related and family-related factors partly
explain the association between night work and recovery. Therefore, the effects of work- and
family-related factors on recovery deserves further investigation in those working in irregular
schedules, as was also suggested by Jansen, Kant (41).
Working at night seemed to have a long lasting effect on sleep quality, which was particularly
clear in the swing shift group. Usually, swing shift workers prefer to rotate from night shifts to
day shifts rather than rotating from day to night shifts, because it gives them the opportunity
to adjust their day/night rhythm before returning home (42). However, the present study suggests that one week of day work after one week of night work is not long enough to improve
sleep quality to the level of those who had worked only day shifts. This may be explained
by previous research that found that swing shift workers slept shorter than day and night
shift workers during the two week offshore period (21). Even though the participants in the
present study did not report any differences in sleep problems during the offshore working
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period (Table 2), sleep duration was not assessed and, therefore, this explanation could not be
verified. The long lasting effect of night work on sleep quality is further seen in the similar rate
of recovery for night and swing shift workers compared to day workers, i.e. night and swing
shift workers continued to report poorer sleep quality throughout the 14-day follow-up.

Strengths and limitations
The main strength of the study was the long follow-up duration into the free period that extended previous study durations (18,19,21,25). Additionally, the study assessed several dimensions of recovery from work-related fatigue following compressed and extended schedules,
as opposed to previous research that focused solely on the dimension of sleep (18,20,21,25).
Factor analyses showed that all items were dimensions of recovery, as they all loaded onto one
underlying construct (data not shown). Other strengths of the study are the strict inclusion
criteria. The single gender sample (91% of the offshore population is male (43)) controlled for
differences found between genders regarding fatigue ratings (22, 41).
This study also had some limitations. One of the limitations was the study’s small sample
size, which may have reduced the statistical power to observe differences between the shift
groups, which were nevertheless found for sleep quality. In addition, it can be stated that the
response rate was low, even though calculating the exact response rate was not possible,
because it is unknown how many of those recruited for participation had children living at
home. Low response rates are common in diary studies due to high participation burden, with
response rates as low as 6% being reported (27). A low response rate and the inclusion criterion of having at least one child under the age of 18 years may have caused a selection effect
and may limit the external validity of the study. However, similarities with the general offshore
population in exposure during the offshore period to job demands, as well as similarities in
job control and subjective health (data not shown) (44), indicated that limited external validity
may not have been an issue. Generalization to other worker populations should be done with
caution. The offshore population is a healthy working population, because for safety reasons
they need to meet the requirements of a health certificate. An additional limitation is the
lack of objective measures to anchor our self-reported findings. These could have included,
for example, actigraphy for sleep and sleep quality (45), or salivary cortisol for physiological
recovery (40). A final limitation is that this study did not include a baseline measurement from
which full recovery could be determined. Due to the short follow-up of previous research, it
was not possible to identify an appropriate baseline. However, the present study’s data suggests that all three schedules reached relative stability for all recovery outcomes during the
second week off (Figures 1 and 2), suggesting that future research may consider a day beyond
the first two weeks as a valid baseline. Preferably, a baseline value should be aggregated from
assessment of multiple consecutive days.
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Conclusions
After two weeks of 12h night shifts and swing shifts, only sleep quality was poorer on the first
day off and remained poorer during the 14-day follow-up, compared to such schedules of
day work. This showed that while working at night may have had no effect on feeling rested,
tiredness, and energy levels, it had a relatively long lasting effect on sleep quality.
This study contributes to the theoretical and practical understanding of the effects of working time arrangements on the recovery process, showing that 12h night work in extended
weeks may have a long, negative effect on sleep quality. The study showed that night work
offshore resulted in poorer sleep quality than day workers, even when followed by a week
of day work before returning home. This persisted to be poorer for two weeks into the free
period. Therefore, even though swing shifts rotating from night to day shifts is the preferred
shift rotation direction (42), this schedule still has an impact on sleep quality.
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Abstract
Purpose: The study aimed to investigate the course and duration of neuroendocrine recovery
after 2-week 12h day and night shift working periods, and to study whether there were differences in recovery between the shift groups.
Methods: Twenty-nine male offshore employees working 2-week 12h shift tours participated
in the study; 15 participated after a day shift tour and 14 after a night shift tour. Salivary cortisol
was assessed at awakening, 30 minutes after awakening, and before bedtime on the 1st, 4th, 7th,
and 11th day of the free period, with a reference day prior to the offshore tour. Differences were
tested using generalized estimating equations (GEE) analysis.
Results: Compared to the reference day, night shift workers had a significantly flatter cortisol profile on the 1st day off, significantly lower cortisol concentrations at 30 minutes after
awakening on day 4 and at awakening on day 7, and a significantly smaller decline to evening
concentration on days 4 and 11. Compared to the reference day, day shift workers only
showed a significantly lower cortisol concentration at awakening on the 1st day off. Compared
to day workers, night shift workers had a flatter profile on the 1st day off and a lower cortisol
concentration at awakening on the 4th day.
Conclusions: Following 2-week 12h night shift working periods recovery was not fully
complete up to day 11. Following 2-week 12h day shift working periods, an indication of
incomplete recovery was found on the 1st day off, with full recovery reached on day 4.
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Introduction
The ability to recover and unwind after work is of importance for employee health. During
recovery, psycho-physiological systems that have been activated during work unwind to and
stabilise at a baseline level of activation (1). However, when recovery is impeded, levels of
physiological activity remain elevated in non-work hours, and when the process of recovery is prolonged by sustained elevation of physiological activity, this may over time lead to
impaired health (1-4). Indeed, prolonged and increased neuroendocrine activity following
work, assessed by urinary excretion rate of adrenaline and noradrenaline, was associated with
self-reported psychosomatic health symptoms (5). Furthermore, increased evening concentrations of cortisol, have been found to predict fatigue 2 years later and all-cause mortality 6
years later (6,7). Additionally, increased cortisol concentration after work was found to predict
increased health care costs in nurses 5 years later (8).
Cortisol is an often used biomarker for neuroendocrine recovery as it mirrors functioning of
the hypothalamic pituitary adrenal (HPA) axis (8). Salivary cortisol is seen as a reliable indicator
for serum cortisol (10,11) and can be measured easily and non-invasively by the individual
at home (12). Activation of the HPA-axis occurs in the presence of stressful stimuli, while its
marked diurnal rhythm is controlled by the suprachiasmatic nucleus (SCN), the body’s endogenous pacemaker situated in the hypothalamus. The cortisol diurnal rhythm is characterised
by an increase in excretion in the early morning, reaching a peak approximately 30-45 minutes
after awakening, and a trough late at night (13-15). Inherent to the definition of recovery,
when the cortisol profile has not returned to and stabilised at a baseline or reference level, any
disturbance in the diurnal rhythm may be interpreted as incomplete recovery.
Working long hours may impede HPA-axis recovery by extending the exposure to work load
and work stressors, as well as limiting the time for recuperation in between successive work
days (16). Several consecutive work days or weeks of long working hours are thought to further impede neuroendocrine recovery throughout the working period (17). In the Norwegian
offshore petroleum industry 12h shifts during 14 consecutive days are common due to the
remote locations of the oil platforms on the Norwegian continental shelf. The 24h production
processes also necessitate working 12h night shifts in equally long offshore tours. These night
shifts are considered to be extra demanding on the neuroendocrine recovery process due to
sleep problems and deregulation of the circadian rhythm associated with working at night
(18,19). Harris et al. (18) reported on recovery of the cortisol diurnal profile one week after a
2-week working period and found a normal cortisol profile after day shifts. After two weeks
of night shifts, however, a flattened cortisol profile was found, i.e. lower concentrations at
awakening and at 30 minutes after awakening, and higher concentrations before bedtime
compared to when working day shifts. Harris et al. (18) concluded that recovery was complete
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for day workers, but not for night workers. Since assessment of cortisol recovery was only done
on days 6 and 7, and not on preceding or following days, it remains unknown how long it takes
to recover from compressed and extended day and night shifts. Additionally, the course of
neuroendocrine recovery from such schedules also remains unknown.
The aim of the current study was to investigate the natural course and duration of neuroendocrine recovery, assessed by salivary cortisol, after 2-week 12h day and night shifts with
a longer follow-up than has been done to date. In addition, the study aimed to investigate
whether the duration and the course of recovery differed between day and night shifts.
Based on the study by Harris et al. (18), it was expected that after 2-week 12h day shifts the
cortisol profile would be normal on day 7; recovery was, therefore, expected to be complete
within 7 days of the free period. It was further expected that after 2-week 12h night shifts the
cortisol profile on day 7 would be flattened. For night shifts workers, cortisol recovery was,
therefore, expected to be incomplete on day 7, but complete on day 11 of the free period.

Methods
Participants
This study was part of a larger research project on work-family balance among offshore personnel for which participants were recruited among employees working in the Norwegian
offshore petroleum industry. Common rotation schedules comprise 14-21 days offshore
followed by 21-28 days free, with standard working hours 07:00-19:00 for day shifts and 19:0007:00 for night shifts. Various shift sequences can be worked, including permanent day shifts,
permanent night shifts, fixed shifts (alternating day shifts and night shifts every other tour),
and swing shifts where a week of night shifts is followed by a week of day shifts (or vice versa).
In total, 2492 letters were sent to employees within 8 different companies active on the
Norwegian Shelf, asking them whether they would be willing to participate in a diary study,
and one of two sub-studies (i.e. an interview, or cortisol sampling, of which the latter was
most time-consuming) if they fulfilled the inclusion criteria. Inclusion in the present cortisol
sampling study was restricted to: 1) male employees, 2) working a 2-week offshore period
of either night work or day work during the course of the study period, and 3) who had a
minimum of two years offshore rotation experience. The exclusion criteria were: 1) having a
health problem or taking medication that could influence cortisol excretion, or 2) taking sleep
medication, melatonin, or light treatment after the working period.
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It was expected that less than half of the 2492 met the inclusion criteria for the present
study: of the offshore population 91% is male, 55.2% regularly work rotation schedules eligible
for inclusion, and 91.4% have worked offshore longer than 2 years (20,21). The response rate
was further restricted by the inclusion criterion of the diary study: responsibility for at least
one child under the age of 18 years. Even though this inclusion criterion was omitted for
the present study due to a low response rate, by far most of the respondents had parental
responsibility.
Written informed consent was received from 52 offshore employees prior to the start of the
study. Nine respondents were excluded from the study: six were excluded due to use of sleep
medication or melatonin after the offshore tour, one took the samples during an offshore tour,
one was transferred to onshore work, and one went on sick leave. A further five withdrew from
the study, contact was lost with 8 before the start of the study, and one was lost to follow-up.
The final study sample consisted of 29 employees: 15 after a tour of day shifts and 14 after a
tour of night shifts.

Saliva sampling and cortisol determination
Neuroendocrine recovery was studied with a repeated measures design with an 11-day
follow-up. Participants received a saliva test kit, a logbook, and a questionnaire by postal mail.
Written and oral (telephone contact) instructions on the sampling procedure were given prior
to the start of the study. Saliva samples were taken over the course of the first 11 days of
the free period, following a 2-week 12h day shift or a 2-week 12h night shift working period.
Samples were taken three times a day: at awakening, 30 minutes after awakening, and in the
evening before bedtime, on the 1st, 4th, 7th, and 11th day of the free period. Reference samples
were taken on the Sunday that fell at least three days before the offshore tour.
Saliva samples were collected by self-monitoring, using Salivette® Cortisol with synthetic
swabs (Sarstedt, Ski, Norway). Participants held the synthetic swab in the mouth for two
minutes, placed it back in the plastic tube, and wrote the date and time of sampling on the
tube. The participants were asked to refrain from excessive alcohol consumption and intensive
physical exercise on the days of sampling. They were further asked not to brush their teeth
or smoke an hour before the sample, and not to take in liquids 15 minutes prior to sampling.
As Norway is situated in the north, with part of the country falling within the arctic circle,
large variations in day light hours throughout the year, as well as within the country, are found.
To avoid variation in cortisol concentration due to variations in day light hours, the months
with the most day light hours (i.e. months expected to show lowest cortisol concentration)
and the least day light hours (i.e. months expected to show highest cortisol concentration)
were excluded from the study protocol (22). Saliva samples were, therefore, gathered dur127
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ing the months of February-May and August-November; cortisol concentrations were not
expected to differ between the two 4-month sampling periods.
To increase adherence to the sampling protocol, a reminder SMS message was sent to the
participants’ mobile phones the day before the samples had to be taken. Complete data was
gathered from 22 participants: five participants missed one sample, one missed two samples,
and one missed three samples.
The samples were stored in the participants’ freezers where, if held under 5°C, they remain
stable for 3 months (12). The samples were returned to the research institute by mail, where
they were refrozen at -20°C. Shipment to the laboratory occurred in Styrofoam containers with
freezer elements to keep the samples cool, and stored at the laboratory at -20°C until analysis.
Exposure to varying temperatures during transportation does not influence the concentration
of cortisol (23), neither does freezing and refreezing affect the samples (12).
Detection of cortisol was performed by a mass spectrometer, an Agilent 6460 QQQ (Agilent
technologies, Santa Clara, CA) equipped with a jet stream ESI ion source, and was operated in
the positive ion mode. The quantification was achieved by using low-energy collision induced
tandem mass spectrometry (CDI-MS/MS) in the multiple reaction monitoring (MRM) mode. A
single precursor ion – product ion transition was measured for cortisol and its internal standard.
The limit of detection (LOD) was estimated to be 0.62 nmol/L. A more in-depth description
has been given in Jensen et al. (24). Equivalence between different runs was verified by natural
saliva samples (2.5 nmol/L and 11.9 nmol/L) as control materials and was analysed together
with the samples. Westgard control charts were used to document that the trueness and the
precision of the analytical methods remained stable (25).

Outcome measures
The repeated independent variables were: measured salivary cortisol concentration at awakening, 30 minutes after awakening, and before bedtime. Based on the measured concentration three derived variables were calculated. 1) Daily CAR, i.e. the absolute difference between
cortisol concentration at awakening and 30 minutes after awakening. When the sample ‘30
minutes after awakening’ was taken later than 60 minutes after awakening, it was excluded
from analysis. 2) Daily decline to evening concentration, i.e. the absolute difference between
cortisol concentration at 30 minutes after awakening and before bedtime. 3) Daily average
cortisol concentration, which was calculated by dividing the sum of the three daily samples
by three.
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Daily sleep and life-style factors
At 18:00 on the saliva sampling days, participants filled in a logbook assessing bedtime the
previous night and rising time that morning. In addition, the number of cigarettes smoked,
and the daily units of alcohol and cups of coffee consumed were assessed.

Demographic, health-, and work-related variables
Background information was assessed with a questionnaire on the first day of the free period.
Demographic information was assessed with regards to age, marital status, number of children
under 18 years, and educational level. Self-perceived general health status was assessed using
a single item question with answer categories on a 5-point Likert scale ranging from ‘very good’
to ‘very poor’ (26). Work-related questions assessed information on shift schedule, perceived
schedule strain, accumulated overtime, and duration of offshore shift work experience. Job
demands and job control were assessed using subscales from the General Questionnaire for
Psychological and Social Factors at Work (QPSNordic)(27). Additionally, information on whether
participants had paid work during their free period was gathered.

Statistical analysis
Statistical analysis was conducted in IBM SPSS Statistics (20.0), with statistical significance set
at p<0.05. Differences between shift groups for demographic, work-related, and health-related
background variables were studied by performing Chi-squared tests for schedule strain and
general health; Fischer’s Exact test for marital status, children under 18 years, level of education
and extra paid work during the free period; independent-samples t-tests for normally distributed continuous outcomes; and Mann-Whitney U tests for skewed continuous outcomes.
As cortisol concentration was skewed, data was log-transformed for analysis of the cortisol
concentration at each measurement. Samples quantified to contain 0 nmol/L cortisol during
laboratory analysis, were substituted by a random number falling within the range of mean
± 1 sd (0.31 ± 0.16) of the study sample’s values below the LOD (<0.62 nmol/L). In total, 19
samples were below the LOD and were imputed. One outlier was excluded from the analyses
with an extreme value of 101.96 nmol/L in the evening at baseline. CAR, daily decline to
evening concentration, and average cortisol concentration were calculated on the original
cortisol measurements.
Differences between shifts and sampling days in cortisol measurements, daily CAR, daily
decline to evening concentration, and daily average cortisol concentration were tested using
generalized estimating equations (GEE) analysis with robust standard errors and an unstructured working correlation matrix. GEE analysis allows inclusion of all participants (n=29), also
in the case of one or more missing samples as was the case for 7 participants. The model for
the mean consisted of the main effects for shift (night or day), sampling day (reference day,
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day 1, day 4, day 7 or day 11) and—in case of cortisol measurement—time of day (awakening,
30 minutes after awakening, or before bedtime). Interactions between all main effects were
included in the model. To account for variation in sampling times, exact time of sampling
was added as a covariate in the model for cortisol measures. Differences in sampling times
between the first and second samples, and between the second and third samples, were
added to the models for daily CAR and daily decline to evening concentration, respectively.
For the cortisol measurements, when significant effects were found for shift and/or in the
interaction terms, differences between the reference day and the days of the free period were
studied by contrasting shift and time of day, whereas differences between the shifts were
studied by contrasting the estimated means for sampling day and time of day. Differences between the reference day and the days of the free period for daily CAR, daily decline to evening
concentration, and daily average concentration were studied by contrasting the estimated
means of the sampling days for night and day shifts separately; differences between shifts
were studied by contrasting estimated means of the shifts for each sampling day.

Ethics
Approval for this study was granted by the Region West-Norway Ethics Committee for Medical
and Health Research (numbers 2009/187-7 and 2009/187-8). Signed informed consent was
given by all participants prior to the start of the study.

Results
Characteristics of the study sample are given in Tables 1 and 2. Most participants had a partner
or spouse (93.1%) and children <18 years (89.7%). The average age was 43.5 years with a
median of 10.5 years of offshore rotation experience. All participants perceived their health
to be at least moderate. No significant differences were found between the shift groups with
regards to the background variables. Also, no significant differences in background characteristics were found between those who had participated and those who were eligible to
participate but with whom contact was lost, who had withdrawn, or were lost to follow-up,
i.e. no differences in age, partner status, children under 18, shift schedule usually worked, or
years of offshore experience.
In the working period preceding the measured recovery period, participants on average
worked 14.7 days offshore (range 10-21 days), with 20.4 hours (range 0-99 hours) accumulated
overtime, and received 27.1 days off (range 21-31 days). Working hours for night shift workers
started at 19:00 (78.6%) or 18:30. Working hours for day shift workers started at 07:00 (76.9%),
06:30, or 08:00.
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Table 1: Characteristics of the study sample (categorical variables)
Total
(N=29)

Day shift
(N=15)

Night shift
(N=14)

N

%

N

%

N

%

Partner/spouse

27

93.1

13

86.7

14

100.0

Single/divorced/widowed

2

6.9

2

13.3

0

0.0

Yes

26

89.7

15

100

11

78.6

No

3

10.3

0

0.0

3

21.4

Secondary school

15

51.7

7

46.7

8

57.1

College or university

14

48.3

8

53.3

6

42.9

7

24.1

5

33.3

2

14.3

A little

3

10.3

3

20.0

0

0.0

To some extent

12

41.4

4

26.7

8

57.1

To a large/very large extent

7

21.4

3

20.0

4

28.6

Very good

10

34.5

4

26.7

6

42.9

Good

14

48.3

10

66.7

4

28.6

Neither good nor poor

5

17.2

1

6.7

4

28.6

c2

p

Marital status
0.483

Children <18 years
0.100

Education
0.715

Schedule strain
Not at all

5.734(3)

0.125

4.743(2)

0.093

General health

Paid work in free period
No

20

69.0

10

66.7

10

71.4

Yes, sometimes or always

9

31.0

5

33.3

4

28.6

Permanent day

7

24.1

7

46.7

0

0.0

Permanent night

2

6.9

0

0.0

2

14.3

Fixed shifts

17

58.6

5

33.3

12

85.7

Other shifts

3

10.3

3

20.0

0

0.0

1.000

Schedule usually worked

On the 1st and 4th day, samples were taken earlier by night shift workers than by day shift
workers (20-24 minutes throughout the 1st day; 17 minutes at awakening and 31 minutes in
the evening on the 4th day). On the 7th and 11th day, samples were taken later by night shift
workers than by day shift workers (15 minutes at awakening and 17 minutes at 30 minutes
after awakening on the 7th day; 20 minutes in the evening on the 11th day). For the remaining
samples, smaller average differences were found (1-8 minutes).
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Table 2: Characteristics of the study sample (continuous variables)
Total
(N=29)

Day shift
(N=15)

Night shift
(N=14)

t(df)

P

N

mean

± sd

N

mean

± sd

N

mean

± sd

Age (years)

29

43.5

± 9.8

15

43.0

± 9.1

14

44.1

± 10.8

-0.290(27) 0.774

Job demands
(range 1-5)

29

3.2

± 0.5

15

3.3

± 0.6

14

3.1

± 0.3

1.251(23)

0.223

Job control
(range 1-5)

27

2.9

± 0.7

14

3.0

± 0.8

13

2.7

± 0.6

1.018(25)

0.318

N

median

IQR*

N

median

IQR*

N

median

IQR*

U

Offshore
experience (yrs)

28

10.5

6.0-15.0

14

10.0

5.8-18.8

14

12.0

5.8-14.3

97.5

0.982

Daily smoking
(cigarettes)

28

0.0

0.0-0.0

14

0.0

0.0-0.0

14

0.0

0.0-0.9

85.5

0.345

Daily alcohol
intake (units)

28

0.0

0.0-1.2

14

2.0

0.0-0.9

14

0.0

0.0-1.3

96.0

0.920

Daily coffee
intake (cups)

28

4.2

3.0-6.3

14

4.0

2.1-5.7

14

4.6

3.3-6.9

79.5

0.395

*IQR=Interquartile range

Cortisol concentration at each measurement
The cortisol concentrations at each measurement over the sampling days are shown in Figure
1 (this figure depicts non-adjusted values). Although there was no significant main effect of
shift on cortisol concentration (p=0.476), significant interactions were found between shift
and sampling day (p=0.001), shift and time of day (p<0.001), and shift, sampling day and time
of day (p<0.001).
When compared to the reference day, night shift workers showed changes in cortisol
measurements on all measures on day 1 (all p<0.001). The ratios of geometric means on day
1 relative to the reference day were 0.19, 0.19, and 2.70, respectively. Additionally, for night
shift workers, measurements 30 minutes after awaking on day 4 (p=0.026, ratio of geometric
means=0.49) and at awakening on day 7 (p=0.025, ratio of geometric means=0.60) were lower
than those on the reference day.
For day shift workers a difference with the reference day was only found for the measurement at awakening on day 1 (p=0.029, ratio of geometric means=0.70).
Differences between night and day shift workers were found on day 1 for the three measurements at awakening, 30 minutes after awakening, and before bedtime (all p<0.001). The
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Figure 1. Salivary cortisol (geometric mean and 95% CI) on a reference day and on the 1st, 4th, 7th, and 11th day
of the free period after a 14-day offshore tour of day shifts and night shifts. Samples were taken at wakening,
30 minutes after awakening and before bedtime. For visual clarity only upper CIs are given for day workers
and lower CIs for night workers
* difference between shifts (p<0.001)
¤ difference between shifts (p<0.05)
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ratios of the geometric means of the cortisol concentrations for the night shift relative to
the day shift workers for these measurements were 0.23, 0.20, and 5.17, respectively. Further
differences between the shift groups were found for awakening on day 4 (p=0.049, ratio 0.63)
and before bedtime on the reference day (p=0.004, ratio 2.19).

Daily Cortisol Awakening Response
No significant effect for shift (p=0.941), day (p=0.0.349), or their interaction (p=0.243) was
found for CAR, although relatively large differences between the shift groups were found on
some of the sampling days (figure 2, non-adjusted values are depicted).
8
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Figure 2. Cortisol awakening response on a reference day and on the 1st, 4th, 7th, and 11th day of the free period
after a 14-day offshore tour of day shifts and night shifts. For visual clarity only upper CIs are given for day
workers and lower CIs for night workers

Daily decline to evening concentration
Significant main effects of shift (p=0.003) and day (p=0.004) were found for decline to evening
concentration, together with a significant interaction (p=0.002).
Compared to the reference day, decline to evening concentration for night shift workers
differed on day 1 (p<0.001), day 4 (p=0.014), and day 11 (p=0.045). The estimated decline
was 9.86 nmol/L on the reference day, while on day 1 there was an estimated increase of 0.25
nmol/L,on day 4 an estimated decline of 5.44 nmol/L, and on day 11 an estimated decline of
7.66 nmol/L.
In the day shift group, no differences between the reference day and any of the days off
were found regarding the decline to evening concentration.
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Cortisol nmol/L (95% CI)

Mean decline differed between day and night workers only for day 1 (p<0.001, reduction
of 10.90 nmol/L in day workers versus a modest increase of 0.25 nmol/L in night workers).
Non-adjusted results are given in figure 3.
4
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Figure 3. Salivary cortisol decline to evening concentration on a reference day and on the 1st, 4th, 7th, and 11th
day of the free period after a 14-day offshore tour of day shifts and night shifts. For visual clarity only lower CIs
are given for day workers and upper CIs for night workers
* difference between shifts (p<0.001)

Daily average cortisol concentration
Significant main effects for shift (p=0.008) and day (p<0.001) were found for daily average
cortisol concentration, together with a significant interaction (p=0.004).
For night workers a difference relative to the reference day was only found for day 1 (p<0.001,
2.67 nmol/L on day 1 versus 6.49 nmol/L on the reference day). No differences were found for
day shift workers between the reference day and any days of the free period.
For night shift workers compared to day workers average cortisol concentration on day 1
was found to be lower (p<0.001, 5.98 nmol/L for day shift workers and 2.67 nmol/L for night
shift workers) (Figure 4). From day 4 onward no differences were found between the shift
groups.
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Figure 4. Average daily salivary cortisol concentration on a reference day and on the 1st, 4th, 7th, and 11th day
of the free period after a 14-day offshore tour of day shifts and night shifts. For visual clarity only upper CIs are
given for day workers and lower CIs for night workers.
* difference between shifts (p<0.001)

Discussion
The study aimed to assess the course and the duration of the recovery of salivary cortisol after
2-week 12h day and night shifts, and to study whether there were differences between the
shift groups. Regarding the course of the recovery from day work, a significantly lower cortisol
concentration was found at awakening on the first day compared to the reference day; the
diurnal profile of the remaining days of the free period were aligned with the reference day. A
short period of recovery may therefore have been needed for day workers that was stable, and
thus complete, from day 4 onwards. The course of recovery from night work, when compared
to the reference day, showed a flatter cortisol profile throughout the 1st day, as well as a statistically significantly lower concentration at 30 minutes after awaking and a smaller decline to
evening concentration on day 4, a significantly lower cortisol concentration at awakening on
day 7, and a significantly smaller decline to evening concentration on day 11. The duration of
the recovery period for night workers may have been up to and possibly over 11 days when
compared to the reference day: the cortisol diurnal profile had not returned to and stabilised
at the reference values by day 11. The course of recovery from night work compared to day
work showed a flatter profile on the first day off and a significantly lower cortisol concentration at awakening on day 4. No differences between night and day workers were seen from
day 7 onwards.
The course of cortisol recovery for night workers was distinct: a flattened profile on the
first day off, on day 4 the characteristic increase after awakening and subsequent decline to
evening concentration became evident, with the diurnal profile clearly present from day 7.
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The flattened cortisol profile of night shift workers compared to day workers on the first day
off was not likely a consequence of exposure to offshore work demands and other work in the
free period, nor due to health-related, demographic, and life-style factors (alcohol and caffeine
consumption, smoking), as differences between day and night shift workers were very small
for these variables. The flattened cortisol profile was similar to that found in another study
during the first day shift after having worked a week of night work offshore: a small increase in
cortisol concentration from awakening to 30 minutes after awakening and a small decline towards bedtime (18). The similarity in diurnal profiles implies that in the present study the night
workers’ cortisol profile mirrored a deregulation of the diurnal rhythm due to the reversed
sleep/wake cycle that occurred when working at night. In that light, the cortisol profile on
following measurement days could mirror a re-synchronisation of the cortisol diurnal rhythm
to day time living.
Contrary to what was expected, no flattened profile was found on day 7 for night workers compared to their reference day or compared to day workers. When comparing cortisol
concentrations after a 2-week night working period to those after a 2-week day working
period, Harris et al. (18) found lower concentrations at awakening and at 30 minutes after
awakening, and higher concentrations before bedtime on day 7. In the present study, only
a lower concentration at awakening on day 7 was found for night workers compared to the
reference day. It, therefore, seems that the night shift workers in the present study were more
recovered after a week off, than those who had participated in the study by Harris et al. (18).
The difference between the studies could be due to a variety of factors. Firstly, Harris et al. (18)
had a within-subject design, while the present study had a between-subject design. Secondly,
Harris et al. (18) averaged the measures from day 6 and 7, which on average could present a
higher need for recovery than the present study’s measures done on day 7. Thirdly, males have
been found to adjust their circadian rhythm faster than females (28), which could have led to
a faster recovery time for the male only population in the present study.
Contrary to what was expected, the results further showed that following a 2-week 12h
night working period, the duration of cortisol recovery might have been longer than 11 days,
when compared to a reference day at least three days prior to the offshore working period.
This duration is still debatable, as only one outcome was significantly different from that of
the reference day on both day 7 and day 11 and it was not consistent which measure differed.
Additionally, no differences were found on days 7 and 11 compared to the day shift workers.
However, the differences compared to the reference day were considered large enough to be
meaningful: 2.37 nmol/L (ratio of geometric means=0.60) lower at awakening on day 7, and a
2.20 nmol/L smaller decline towards bedtime on the 11th day. Furthermore, the smaller decline
in cortisol found on day 11 should not go unnoticed as it could be indicative of negative
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health: a smaller decline throughout the day, due to increased evening concentrations, has
been found to predict fatigue 2 years later and all-cause mortality 6 years later (6,7).
Before the present study it was unknown whether a period of neuroendocrine recovery was
needed after long working hours (1,18). The findings suggest that neuroendocrine recovery
was needed following 2-week 12h day work: lower cortisol concentration at awakening has
been associated with subjective ratings of lower sleep quality and with decreased feelings of
recovery (29). As expected, the duration of recovery was shorter than 7 days: it was found to
be shorter than 4 days and thereby much shorter than the only assessments done on days 6
and 7 of the free period studied by Harris et al. (18).
The presence of a period of cortisol recovery for the day and night workers indicates that
employees working in these compressed and extended schedules might be at risk for developing negative health complaints (4,30). This may be of specific importance for offshore
personnel working day and night shifts in on-call duties when short periods of respite are
insufficient to fully recover between offshore tours. Studies on the consequences of compressed and extended shift schedules on general health are warranted (18,31,32). To give a
better description of the recovery process over time, future research is recommended to have
more frequent sampling days when studying day and night workers and a longer follow-up
duration when studying night workers.

Strengths and limitations
The main strength of the study is the larger number of measurement days during a longer
follow-up period than previous studies (18,33) enabling the analyses of both the course and
the duration of the recovery process. An additional strength of the study is the strict inclusion
and exclusion criteria for participation (13). Participation was restricted to male employees
that controlled for differences between sexes (34,35). As 91% of the Norwegian offshore
employees are men, the study covered the dominant gender on the Norwegian shelf (21).
Participants further needed to have at least 2 years of offshore experience, so that they were
adapted to working in an offshore context. Participants were excluded if they used medication
that has known effects on cortisol excretion or used circadian phase advancing aids, such as
sleep medication or light therapy. Additionally, study protocol took into account the large
variation in day light hours found throughout the year and within Norway; analyses with time
of the year as covariate showed similar concentrations for the samples taken in the period
February-May and August-November (data not shown). In this way, the course of neuroendocrine recovery could be described without these interfering factors. However, generalisation
of the results to the general male offshore population as well as to other occupations should
be done with caution. Specifically the participants who worked night shifts might represent
a healthy, shift work tolerant, group: participants were excluded if they used sleep medicine,
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a medication that sufferers from Shift Work Disorder are more likely to use (36). In addition,
compared to other occupations, offshore personnel constitute a group of healthy workers,
as they need to meet the requirements of a health certificate to safely work in a high risk
environment far from medical facilities. Therefore, neuroendocrine recovery time is likely to be
longer in other populations if similar shifts are worked.
Self-monitoring as a method of gathering salivary cortisol data has its strengths and limitations. On the one hand, it is convenient for the participants to take samples in the privacy
of their own homes, removing travelling time to research facilities, and possibly increasing
participation rate. Self-monitoring further increased sample size by increasing the geographic
area from which participants could be recruited. On the other hand, deviating from the sampling protocol is easier with self-monitoring through lack of close control by the research
team. Deviations from the sampling protocol were found for 16% of the samples: 23 of the
sampling days were not on the 1st, 4th, 7th, or 11th day of the free period, but on the days after
or preceding the protocol days. However, sensitivity analysis in which samples were excluded
that deviated from the protocol days showed that effect estimates hardly differed from the
original analyses, and where they differed, they still supported the main conclusions from the
original analyses (data not shown).
The choice of the reference day may have had its strengths and limitations as well. A strength
was that it fell on a Sunday, the main day of rest in Norway when shops and schools are
closed. Therefore, it was hypothesised that stress for household activities, chores, and school
preparation was low. Additionally, the reference Sunday had to be at least three days prior to
the offshore working period. This was considered long enough to avoid the saliva samples
from representing some level of anticipatory stress and mental preparation for the upcoming offshore working period and for leaving the family. However, whether the participants
experienced any level of stress was not assessed and any possible influence of such stress on
the reference values cannot be judged. A limitation regarding the reference day was that it
was based on samples from a single day. Due to the high intra-individual variability of cortisol,
aggregated data from multiple reference days is preferable.
A limitation of the study was the low sample size that may have decreased the power and
therefore may have reduced the chance to detect differences between days and between
shifts, as was the case with CAR in the present study. Additionally, the low sample size restricted the analyses: control for confounding effects of health or age on cortisol concentration was not possible. Further, regarding the statistical analyses, no adjustments were made
for multiple testing when contrasting the outcomes, whereby the chances for false positives
may have been increased.
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An additional limitation of the study was the assessment and use of rising time as a proxy
for waking time. The first cortisol sample of the day should be taken closest to waking time as
cortisol concentration is dependent on awakening: delays in sampling of >15 minutes have
been associated with a blunted CAR (37). Assessment of rising time does not give insight into
whether participants were compliant with the sampling protocol, i.e. taking the first sample
at awakening; the degree to which deviations from the sampling protocol influenced the
morning cortisol measures is not known. Rising time was further used as a proxy for waking
time when deciding whether to include or exclude cortisol measures for analyses, i.e. when
the second sample of the day was taken later than 60 minutes after rising. As rising time is
later than waking time, cortisol measures may have been included that were taken later than
60 minutes after awakening. Additionally, the self-report of rising time was assessed up to 10
hours after rising, and could have contained some degree of recall bias.
Cortisol is a useful marker of neuroendocrine recovery from both day and night work as
HPA-axis activity reflects both exposure to stressful experiences and regulation of the diurnal
rhythm. However, interpretation of deviations from the cortisol diurnal profile, e.g. whether
deviations are indicative of a lack of recovery due to prolonged stress, increased fatigue, or
deregulation of the circadian rhythm, are problematic specifically in the case of shift work. In
general, activation of the HPA-axis under stressful stimuli increases peripheral cortisol both
in the morning (CAR) (13) and in the evening (38), while lower CAR has been associated with
fatigue, exhaustion, burnout, and poorer sleep (13). Exposure to night work, on the other
hand, has been associated with both a reduced CAR and increased evening concentrations,
which have been interpreted as indicative of deregulation of the circadian rhythm (18). Future
research studying the association between cortisol and self-reported outcomes in the context
of shift work may shed light on what the deviations from the reference values are indicative of.
In conclusion, when taking the study limitations into account, a flat cortisol profile was
found on the first day following a 2-week 12h night working period that gradually returned to
the profile of the reference day during the follow-up period. The flat profile was interpreted
as a deregulation of the cortisol diurnal profile due to a reversed sleep/wake cycle as a consequence of working at night. Neuroendocrine recovery from a 2-week 12h night working
period may not have been fully complete after 11 days. Recovery from a 2-week 12h day
working period was needed and complete on the 4th day off.
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Abstract
Background: The activities that shift workers, such as offshore employees, pursue during their
leisure time can influence the recovery process, but little is known about these leisure time
activities.
Objective: This study aimed to describe leisure time activities that are relevant to recovery
which are pursued by offshore employees during their free period.
Methods: Sixty-one offshore family men—20 night shift, 16 swing shift, and 25 day shift
workers—reported on six predefined activities for 14 days after an offshore tour. Trends and
differences in trends between the shifts were studied by generalized estimating equations
analysis.
Results: From the start of the free period, almost all participants were involved in household
chores and childcare; the trend declined over the 14 days. Throughout the study, participants
actively pursued social, volunteer, leisure time physical activities. Work-related activities were
pursued by half of the participants at some time during the 14 days. Night and swing shift
workers were more physically active than day workers throughout the first 14 days of the free
period.
Conclusions: The transition from offshore work to family life can be characterised as active.
The activities engaged in by employees may promote recovery.
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Introduction
In the petroleum industry, offshore installations are remote and production processes take
place round-the-clock. Hence, offshore employees are required to remain offshore—away
from their families—for several consecutive weeks, working 12h shifts, day and night (1). In
the Norwegian offshore petroleum industry, the working periods last 14 days and consist of
working in day shifts, night shifts, or swing shifts (7 nights followed by 7 days, or vice versa)
(1,2). These long working hours and long working periods can be tiring, especially for those
working at night due to disruptions to the sleep/wake cycle (3,4,5,6,7,8).
After an offshore working period, the employee (usually the husband) returns home tired,
while the family may demand attention and expect participation in shared activities after the
2-week absence (9,10,11). The employee may be reluctant to participate due to tiredness,
specifically during the first few days or weeks at home, during which the employee needs to
recover and to adapt to a normal day-time rhythm (9,12,13,14). The return home and the free
period paradoxically coincide, as it is a time to rest and recover as well as a period in which the
employee is expected to be an active participant in family and social life.
Activities pursued by employees during their leisure time influence the recovery process; a
process that is important for health maintenance (15,16,17,18). Sonnentag (19), the pioneer of
leisure time activity in relation to recovery, differentiated between various activity categories
including household and child-caring activities, social activities, leisure time physical activities,
and work-related activities. It is hypothesised that recovery is facilitated by leisure time activities in which employees actively engage (18). The strongest predictor is leisure time physical
activity, while childcare and social activities have also been found to facilitate recovery (19,20).
However, activities that may be experienced as demanding may impede recovery, such as
work-related activities and household chores (19). Which activities shift workers in general,
and offshore employees in particular, pursue during their free period is not known (19). Insight
into these activities would be the first step towards developing interventions in order to promote recovery and health.
The study aims to describe the pursuit of activities relevant for recovery in six distinct
categories in a sample of offshore family men during the first 14 days of a free period and to
describe the frequency and duration of these activities. Additional aims are to study whether
trends exist over these 14 days for pursuit of the activities, and whether differences in trends
exist between schedules of day shifts, night shifts, and swing shifts (7 night shifts followed by
7 day shifts).
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Hypotheses
Due to the needed period of recovery and re-adaptation after an offshore tour, we hypothesise that the transition from an offshore working period to family life is characterised by little
activity in the six activity categories. Therefore, we expect to find a positive trend in the activity
categories during the first 14 days off. Further, we hypothesise that a lower proportion of
night workers and swing shift workers will pursue these activities at the start of the free period
compared to day workers, and that this proportion will be similar after 14 days.

Methods
Participants and procedure
In this paper, the same study sample and sampling methods were used as described in our
previous study (11). Invitations were distributed in eight oil companies active on the Norwegian Continental Shelf. Inclusion into the study was restricted to: 1) male employees, 2) at least
two years offshore experience, and 3) parental responsibility for at least one child living at
home under the age of 18 years. In total, 184 employees responded to the invitation. However,
20 employees did not have children and had to be excluded, 60 declined to participate or
withdrew from the study, and 33 were lost to follow-up. A further eight swing shift workers
rotating from day to night shifts were excluded from analysis due to the small group size, as
were two swing shift workers of whom the rotation direction was unknown. The final study
sample consisted of 61 participants: 25 day shift workers, 20 night shift workers, and 16 swing
shift workers. All had given written informed consent prior to the start of the study.
The study was a diary study that assessed daily activities pursued by the participants during
the first 14 days of a self-chosen free period immediately following the end of an offshore tour.
A questionnaire was filled in on the first day of that same free period assessing demographic,
work-related, and health-related information. A booklet containing the diary and questionnaire was received and returned by postal mail.

Activities
Daily, participants were asked to report the activities they pursued that fell under one of six
predefined categories. The six activity categories were: (a) activities related to the home, for
example, general chores, gardening, and finances, (b) activities associated with childcare, (c)
social activities, for example, cultural activities and activities with friends, (d) leisure time physical activity, for example sports and exercise, walking, hunting, and fishing, (e) participation
in volunteer work, for example, at a sports club, or at a political or religious organisation, (f )
work-related activities, for example, courses and meetings. Participants were free to choose
where they reported certain activities, for example, doing something physically active with
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friends could be reported as a physical activity or as a social activity, depending on which
category they thought best described the activity. In addition, the duration of each activity
was reported by crossing of one of the following boxes: <1 hour, 1-1:59 hours; 2-2:59 hours;
≥3 hours.
For each category, the daily activities were dichotomised (Yes/No) and the cumulative daily
duration of the activities were computed (19,21). When an activity was left blank the activity
was not considered to have been pursued when on the same day other activities had been
reported. Data was considered to be missing when the complete form for a given day was not
filled in.

Background information
7

Demographic and health-related information
Age, marital status (partner/no partner), age of the children living at home, and level of education were assessed. Self-perceived general health status was reported using a single-item
question (i.e. “How would you generally describe your health?”) with answers on a 5-point
Likert scale from ‘very good’ to ‘very poor’ (22). For more information see Merkus et al. (11).
Work-related information
For the offshore working period preceding the diary study, the shift schedule was assessed
and categorised into day shifts, night shifts, and swing shifts (7 night shifts followed by 7 day
shifts). The total amount of overtime during the offshore tour was also assessed and dichotomised into the categories ≤14hours and >14 hours, corresponding to on average of ≤1 hour
per day and >1 hour per day, respectively. See also Merkus et al. (11).
The quantitative demands and decision demands subscales from the General Questionnaire
for Psychological and Social Factors at Work (QPSNordic) were used to asses job demands (23).
The control of decision and control of work pace subscales from the QPSNordic were used to
assess job control. Answers on the scales were given on a scale from 1 to 5, from very seldom/
never to very often/always. Other work-related information included offshore experience (in
years). See also Merkus et al. (11).

Data analyses
Data analysis was conducted in IBM SPSS (22.0). Statistical significance was set at p<0.05. Differences in demographic, health-related, and work-related background variables between the
shift groups were studied by performing Chi2 tests for categorical outcomes and analysis of
variance (ANOVA) for continuous outcomes.
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For each activity category, the most commonly pursued activities are reported; and the
frequency of pursuit and average daily duration are summarised. Additionally, for each activity
category, trends over the 14-day study were analysed with generalised estimating equations
(GEE) analyses for dichotomous outcomes (activity pursued yes/no). Trends were studied by
adding ‘days in the free period’ as a covariate to the equation. Analyses were performed using
robust standard errors and an exchangeable working correlation matrix. GEE analysis is well
suited for analysing data with repeated measures and with missing data.
Differences between shifts regarding trends over the free period were also studied with GEE
analyses for dichotomous outcomes (activity pursued yes/no). This was done by comparing
night and swing shift schedules to day work schedules. For this purpose, the model included
shift groups as a factor, ‘days in the free period’ as a covariate, and interaction terms between
shift and ‘days in the free period’.

Results
In total, 61 employees filled in an activity diary after an offshore tour. Complete data, i.e. 14
days of diary reports, was available for 49 of the participants. Twelve of the participants had
missing data: eight participants had missed one day, two participants had missed two days,
one participant had missed six days, and another one had missed nine days.
Table 1: Number of participants with complete data on each day of the study period
Day of the free period

1st

2nd

3rd

4th

5th

6th

7th

8th

9th

10th 11th 12th 13th 14th

No. of complete diaries

58

59

61

61

61

60

60

60

58

58

59

59

59

54

Demographic, health-related, and work-related background information of the study sample
is presented in Table 2 (see also Merkus et al. (11)). Statistically significant differences between
the shift groups were found for level of education (p=0.043): more day and swing shift workers
had college or university degrees than night workers. Statistically significant differences were
also found for overtime during the offshore working period (p=0.030): swing shift workers
worked less overtime than day or night shift workers.

Description of the activities that were pursued
Under the category activities related to the home, participants reported household chores, food
preparation and grocery shopping, renovation and maintenance of the house, gardening, finances and paper work, and car/boat/caravan maintenance. Childcare activities included general childcare, such as feeding, bathing, and bedtime care; as well as activities related to school
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All children ≥7 years

*60

*60

Job demands (1–5)

Job control (1–5)

Offshore experience (years)

20

>14 hours

151

16

Yes, sometimes or always

26.2

73.8

32.8

67.2

11.5

7.1

0.6

0.5

7.4

(sd)

8

17

11

14

2

17

6

13

12

11

14

22

3

N

32.0

68.0

44.0

56.0

8.0

68.0

24.0

52.0

48.0

44.0

56.0

88.0

12.0

%

13.0

3.0

3.2

42.2

m

(8.3)

(0.8)

(0.5)

(8.6)

(sd)

Day shift (N=25)

5

15

8

12

5

7

8

4

16

5

15

20

0

N

25.0

75.0

40.0

60.0

25.0

35.0

40.0

20.0

80.0

25.0

75.0

100.0

0.0

%

11.8

2.7

3.2

39.8

m

(5.1)

(0.6)

(0.4)

(6.2)

(sd)

Night shift (N=20)

* For one shift worker the information on job control and offshore experience was missing.

45

No

Other paid work in free period

41

≤14 hours

Overtime

2.8

7

61

Neither good nor poor

12.6

3.2

37

60.7

17

41.5

m

Good

27.9

42.6

57.4

37.7

62.3

93.4

6.6

%

Very good

General health

35

26

Primary/secondary school

College/university degree

Education

38

One child < 7 years

Children

4

57

Partner

61

Single/divorced/widowed

Marital status

Age (years)

N

Whole sample (N=61)

81.3
0.0

93.8
6.3
81.3
18.8

0

15
1
13
3

43.8
56.2

7
9

18.8

43.8

7

3

56.33

9

13

6.3
93.8

1

%

15

N
(6.9)

42.6

1.52(2,57) (2,66)

(0.3)
(7.6)

2.7
13.0

0.90(2)

7.01(2)

0.19(2,57) (2,67)

0.57(2,58) (2,67)

0.02(1)

6.30(2)

2.05(2)

2.62(2)

0.86(2,58)

F(df)

(0.5)

3.0

(sd)

m

Swing shift (N=16)

0.6355

0.030

0.826

0.229

0.567

0.902

0.043

0.360

0.271

0.428

p

Table 2: Distribution of demographic, health-related, and work-related background variables for the whole sample and for the three different groups of day shift, night
shift, and swing shift workers.
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or day care, such as accompanying the child to school or day care, parent-teacher meetings,
and homework help. Childcare also included leisure activities together with the child, such as
playing, reading, and outdoor activities; and activities for the child, such as driving the child to
football. The most frequently reported social activities were social gatherings with friends and
extended family. Leisure time physical activities included sports and exercise, such as walking,
running, cycling, skiing, and football, as well as hunting, fishing, and snow shovelling. Volunteer
activities included activities related to sports clubs, political organisations, and community
service. The reported work-related activities included extra work, correspondence with work,
work-related courses, and other work gatherings (e.g. meetings or seminars).

Frequency of activities pursued
For each activity category, Table 3 shows the number of participants who pursued the activities during the 14-day study. The table also summarises the number of days of pursuit by those
who pursued the activities. All participants partook in activities related to the home, almost
on a daily basis. Childcare activities were pursued by 98% of the participants, on the majority
of the days (10 out of 14 days). Social and leisure time physical activities were pursued by the
vast majority of participants, 93% and 97% respectively, on average every other day. Volunteer
activities and work-related activities were pursued by approximately half of the participants,
who did so on 3-4 days of the 14-day study.
Table 3: The number of participants (n=61) who pursued activities during 14-day study; and the mean (SD),
median and range of the number of days these activities were pursued by those who pursued them.
Pursued
activity

No. of (%)
participants
(n=61)

Mean (days) SD

Median Range

Home

61 (100)

12 2

12 5-14

Childcare

60 (98)

10 4

11 1-14

Social

57 (93)

6 3

6 1-14

Physical

59 (97)

7 4

7 1-14

Volunteer

26 (43)

3 3

2 1-11

Work-related

32 (52)

4 2

3 1-11

Duration of activities
Table 4 shows the average daily duration of activities for the different activity categories. Every
time activities were pursued that were related to the home, to childcare, to social activities,
or to work, over half pursued them for two hours or more (54-63%). Just under half of those
who pursued volunteer activities (48%) spent two hours or more on these activities. Every time
leisure time physical activities were pursued, the majority (70%) were physically active for less
than two hours.
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Table 4. The average daily duration of activity for those pursing activities in the six assessed activity categories.
Home

Childcare

Social

Physical

Volunteer

Work

Average daily duration of activity

%

sd

%

sd

%

sd

%

sd

%

sd

%

sd

<1 hour

11

4

17

5

15

10

27

6

21

15

22

13

1-2 hours

26

6

26

7

32

6

43

7

31

18

14

16

2-3 hours

14

3

17

8

16

9

12

6

27

19

6

10

>3 hours

49

7

39

6

38

12

18

7

21

22

57

21

Trends over the first 14 days of the free period
Total sample
The proportion of participants pursuing activities during the first 14 days of the free period is
depicted in Figure 1. All participants pursued activities related to the home on the first day at
home; this percentage declined during the study period to 78-85% during the second week
(p=0.004). Childcare activities were pursued by 81% of the participants on the day of their
return home, which declined to between 56-70% towards the end of the 14 days (p=0.001).
Work-related activities showed a slight increase over the study period that did not reach statistical significance (p=0.053). For social activities (p=0.460), volunteer activities (p=0.813), and
leisure time physical activities (p=0.083), no statistically significant trends were found from the
start to the end of the 14-day study.
Comparison night workers to day workers
No statistically significant differences were found between night and day workers on the first
day of the free period for any of the activity categories (all main effects had p-values between
0.116-0.990). Additionally, for activities related to the home, childcare, social, volunteer, and
work-related activities no interaction effect was found between night shift and day in the
free period (p-values between 0.267-0.980). These findings indicate that an equal proportion
of night workers and day workers pursued these activities throughout the 14-day study. For
physical activities, there was a significant interaction effect (OR 1.10; p=0.029); the data showed
that the proportion of physically active night workers stayed the same over the 14-day study,
while it decreased for day workers.
Comparison swing shift workers and day workers
No statistically significant differences were found between swing shift workers and day workers on the first day of the free period (p-values between 0.052-0.891). In addition, for activities
related to the home, childcare, volunteer, and work-related activities, the interaction effects
between swing shift and day in the free period were not statistically significant (p-values
between 0.353-0.834). These findings indicate that a similar proportion of swing shift and day
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workers pursued these activities throughout the 14-day study. The interaction effects were
statistically significant for social activities (OR 1.10; p=0.006) and leisure time physical activities
(OR 1.10 p=0.009). For social activities, the data showed a decrease in the proportion of day
workers and an increase in the proportion of swing shift workers during the 14-day study. For
leisure time physical activities, swing shift workers remained equally active over the 14-day
study, while the proportion of day shift workers who were physically active during leisure time
decreased.

Activities related to the home

100%
80%

*

*

80%

60%

60%

40%

40%

20%

20%
0%

0%
1

2

3

4

5

6

7

8

1

9 10 11 12 13 14

Social acitivities

100%

80%

60%

60%

40%

40%

20%

20%

0%
1

2

3

4

5

6

7

8

9 10 11 12 13 14

Volunteer activities

3

4

5

6

7

8

9 10 11 12 13 14

Physical acitivities

0%
1

2

80%

60%

60%

40%

40%

20%

20%

3

4

5

6

7

8

9 10 11 12 13 14

Work-related activities

100%

80%

0%

2

100%

80%

100%

Childcare activities

100%

0%
1 2 3 4 5 6

7 8 9 10 11 12 13 14

Day in free period

1

2

3

4

5

6

7

8

9 10 11 12 13 14

Day in free period

Figure 1. Proportion of participants who pursued activities in six activity categories during the first 14 days
of a free period (* significant trends).
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Discussion
Contrary to what we expected, the transition from offshore work to family life was not characterised by rest, but by the pursuit of activities. Firstly, directly after return home, participants
engaged in childcare activities and activities related to the home; a trend that decreased
rather than increased over the 14 days. They spent a lot of time on these activities. Secondly,
the participants remained equally active in social, leisure time physical, volunteer, and workrelated activities throughout the 14 days; spending a good amount of time on these activities.
Contrary to what we expected, at the start of the free period night and swing shift workers showed the same amount of activity in the six categories as day workers. Further, the
shift groups behaved similarly as day workers for most activities over the 14-day study. For
leisure time physical activities, however, night and swing shift workers remained equally active
throughout the study, while fewer day workers were active as the free period progressed.
Additionally, day workers and night workers became less socially active over the 14-day study,
while swing shift workers became more socially active.
Compared to standard shift schedules, previous studies suggest that schedules with long
free periods improve the time spent on recreation, household chores, and family and social
activities (24). Likewise, in the petroleum industry, offshore employees with longer free periods
spend more time with family and friends than onshore employees with shorter free periods
(25). Similarly, in the present study, offshore employees spent a substantial amount of time
participating in household chores, childcare, and social activities during their free period.
Directly upon return home after an offshore tour, the participants were involved in all
aspects of family life including food preparations and household chores, as well as caring for
their children, such as feeding and bathing them, and helping them with homework. Just
under half of the participants spent ≥3 hours a day on such chores, which is in line with
the Norwegian average of about 3.5 hours per day (26). The level of involvement suggests
that any work-related tiredness experienced by the offshore employee did not reduce their
involvement in family life. Potentially, the fathers wanted to be involved, regardless of any
tiredness, in order to make up for two weeks of missed family time. Alternatively, spouses
may have expected their husbands to share or ‘take over’ the burdens associated with being
a temporary single parent (‘absent husband syndrome’ (9)). Whatever the reason, the results
showed that offshore family men were active participants in their family lives from the start of
the free period.
The participants were also active in their social lives and within their community. They spent
a substantial amount of time during their free period on social gatherings with extended
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family and friends. Forty-three percent of the participants spent time on sports clubs, political
organisations, and community service, a percentage similar to the Norwegian working population (27). This indicates that even though the employees spend a large amount of time away
from their extended family, friends, and their community, they still contribute to their different
life arenas when they can.
In general, shift workers are thought to be less physically active during leisure time than
other workers. One of the reported reasons is that organised, social sporting activities, such
as team sports, are not scheduled at times that suite the shift worker (28). Indeed, the present
study participants hardly engaged in organised sports. However, more participants engaged
in leisure time physical activity than the general Norwegian population, 97% versus 82% (29),
by predominantly pursuing solitary leisure time physical activities, such as walking, jogging,
and cycling. Shift workers are also thought to be less physically active as they may be tired
from working at night (28). This assumption is not supported by the present study either:
compared to day workers, night and swing shift workers were equally or more engaged in
leisure time physical activity.
Work-related activities were pursued by 32% of the sample at some point during their free
period. The working hours may be considered overtime or form part of the employment contract (30). In the general Norwegian working population, 18% report to do some work outside
of working hours on a daily basis (31). This number is much lower in the present sample as only
one participant (2%) worked almost all days (11 of the 14), and most worked 3 of the 14 days.
Regarding those who had worked at night, i.e. night and swing shift workers, they were
equally active in household chores and childcare activities throughout the 14 day study
compared to day workers; and they were more frequently engaged in leisure time physical
activity. This was not as hypothesised. For night workers, engagement in leisure time physical
activity, as well as living up to external demands from the family, may facilitate re-adaptation
of the sleep/wake cycle (32). Night and swing shift workers may have, out of experience,
pursued leisure time physical and family activities in order to speed up re-adaptation to a
day-time rhythm (28). Alternatively, their spouses may have disregarded their need to recover
and re-adapt, and may have expected them to take over and share household and childcare
responsibilities (9).
During the first days and weeks off, a period of recovery is needed from the long working hours and night work offshore (11,13,14). The study results show that even though the
participants may have been tired after their offshore tour, they did not take much time to rest.
Instead, the participants, including those who had worked at night, were actively involved in
various areas of their lives. Leisure time physical activity, social activities, and childcare activi156
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ties could promote recovery, suggesting that the activities predominantly pursued by offshore
family men, including those who work at night, may have been beneficial for the recovery
process (19,29,33).

Strengths and limitations
The study had both strengths and limitations. The main strength of the study was the use of
a diary format which may have reduced recall bias as it required participants to report the
pursued activities and the duration of the activities on the same day as they were pursued.
Another strength of the study is the relatively long follow-up duration of two weeks, which
gave a good indication of when activities were pursued throughout the first half of their
free period. A limitation may be the open interpretation of the six categories of activity that
the participants were asked to report on, i.e. participants were free to choose where they
reported certain activities, which did not make this reporting mutually exclusive. For example,
a physical activity performed with friends could be reported as a social activity or as leisure
time physical activity. This may have led to an overestimation of activities in some categories
and an underestimation in others. Another limitation is the inability to calculate the exact
durations of the offshore workers’ activities, since durations were reported by crossing off
boxes with one-hour ranges.

Conclusions
The transition from offshore work to family life was characterised by the pursuit of activities
related to the home; to childcare, social, and volunteer activities; and the engagement in
leisure time physical activity. Working at night had little effect on the level of activity in five
activity categories; only leisure time physical activities were pursued more often by those who
had worked at night. Considering the type of activities pursued, the active transition may have
been beneficial for recovery.
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This dissertation aimed to gain insight into the theoretical and empirical association between
nonstandard working schedules—with specific interest for offshore type schedules—, recovery, and health. This chapter presents the main findings of this dissertation and discusses them
in relation to the literature and with respect to methodological considerations. Finally, I give
recommendations for practise and future research directions.

Main findings
AIM 1	To develop a comprehensive model on the relationship between nonstandard working schedules and health-related outcomes in schedules that combine extended
hours and weeks with shift work, and to identify the role that recovery plays in this
relationship.
In Chapter 2, we developed a comprehensive model proposing that, in order to maintain good
health, a balance is needed between working periods and rest periods. The model proposes
that when extended hours and weeks are combined with shift work, this may lead to health
problems via the physiological pathways of circadian disruption, sleep deprivation, and/or increased activation. During rest periods and non-work activities, each of these pathways needs
to be counterbalanced by its opposing physiological pathway: (re-)entrainment, restorative
sleep, and recovery, respectively. If this balance is not in place, short-term health effects may
arise, and continued imbalance could lead to long-term health effects. Therefore, the model
suggests that when extended hours and weeks are combined with shift work, recovery is not
the only pathway—it is one of three pathways—that contributes towards maintenance of
good health.
AIM 2 To investigate the associations between shift work and proxies for health.
Shift work has been associated with several long-term health problems, including gastrointestinal, metabolic, and cardiovascular disorders (1-5). These long-term health problems may be
preceded by other health effects; a proxy for such health effects is sick leave. In Chapter 3, we
summarised the available evidence on the association between shift work and sick leave, and
concluded that the evidence for such an association is inconsistent. However, when analysing
the data for specific schedules, strong evidence was found for an association between sick
leave and female healthcare employees working fixed evening shifts. This suggests that the
association between shift work and sick leave may be population and schedule specific.
Overweight and obesity may be other health effects preceding the aforementioned longterm health problems. Chapter 4 summarised the available evidence from longitudinal studies
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on the association between shift work including night work and body weight change. Strong
evidence was found for a crude association between shift work and increased body weight;
however, in confounder-adjusted analyses, the evidence for this relationship was insufficient.
This finding highlights the role of other factors related to night work that are associated with
body weight change, such as the lack of the opportunity to participate in physical activity.

AIM 3	To study the course of recovery after 2-week 12-hour offshore working periods that
consisted of schedules of night work and day work.
Extended working hours in extended working weeks can lead to an accumulation of fatigue
over the working period and a spill-over of fatigue into the free period (6,7). Chapter 5
showed that following two weeks of 12-hour night shifts and 12-hour swing shifts (7 nights
followed by 7 days), subjective sleep quality was poorer at the start of the free period and
remained poorer throughout the 14-day study, when compared to such schedules of 12-hour
day work only. However, the course over the first 14 days of the free period of subjective
feelings of tiredness, physical and mental fatigue, and energy levels were similar across the
three schedules (Chapter 5).
In Chapter 6, the course of physiological recovery for day workers showed a significantly
lower cortisol concentration at awakening on the first day off, which had returned to normal
on day 4. For night workers, a flat cortisol profile was found on the first day off that gradually
returned to—but was not fully aligned with—the profile of the reference day during the 11day follow-up period. Therefore, physiological recovery after 2-week 12-hour day work was
complete after 4 days, while for 2-week 12-hour night work it may have been incomplete until
day 11 of the free period (Chapter 6). These findings suggest a relatively long-lasting effect
of night work on subjective and physiological recovery following extended working weeks
offshore.

AIM 4	To describe the activities offshore employees pursue during their free period that are
expected to influence recovery.
Following 2-week 12-hour offshore working periods, the recovery process can be quite long,
specifically for night workers (Chapter 6). Leisure-time activities can influence the recovery
process, a process that is of importance for health maintenance (8,9). Chapter 7 showed that
from the start of their free period offshore employees are active in their family, social, and
community lives. They are also physically active, and may need to work during their free time.
Working at night did not seem to influence the level of activity much: those who had worked
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at night were slightly more physically active than day workers, while they were otherwise
equally involved with their family, friends, community, and work. This suggests that the long
free periods (21-28 days) in the offshore industry give the opportunity for day and night workers to be actively involved with family, friends, and society, as well as to be physically active,
when they are at home. The findings also indicate that offshore employees pursue activities
that may be beneficial for recovery.

Reflections and methods
Are we speaking the same language?
Occupational health researchers focussing on shift work and those focussing on day work
both acknowledge the importance of recovery for employee health maintenance. However,
although they both use the term recovery, they relate this term to different concepts. Researchers on day work use the term recovery to describe a process of unwinding from workload
induced activation; activation is associated with fatigue in the short-term and cardiovascular
disease in the long-term (10,11). Shift work researchers use the term recovery as the restorative
processes for circadian disruption or disturbed sleep; circadian disruption and disturbed sleep
are associated with sleepiness in the short-term and gastro-intestinal problems, cancer, and
cardiovascular disease in the long-term (12,13).
Speaking different languages stands in the way of unravelling the ‘how and why’ of the complex association between nonstandard schedules and health. In the comprehensive model
we propose to use the term “recovery” only when addressing the process of unwinding from
workload induced activation and we propose to use the terms “re-entrainment and restorative
sleep” as the restorative processes for circadian disruption and disturbed sleep (Chapter 2).

What is recovery from nonstandard schedules?
Irrespective of the schedule that is worked, Zijlstra et al. (14) proposed that recovery is a process of returning psychophysiological activation to the body’s regular circadian rhythm. More
precisely, recovery is the change in the level of psychophysiological activation towards that of
the regular circadian rhythm (14). This is in contrast to re-entrainment, which is a change in the
rhythm of psychophysiological activation and restorative sleep which mirrors physiological
sleep processes related to REM and non-REM sleep patterns (Chapter 2). The change in the level
of psychophysiological activation is described by the Effort-Recovery Model as unwinding, i.e.
the down-regulation of activation, while the Conservation of Resources theory describes it as
replenishing energy reserves, i.e. the up-regulation of resources (15,16). Therefore, irrespective
of the schedule, recovery is a process of re-aligning the level of psychophysiological activation
to the body’s regular circadian rhythm; this can be a process of down-regulation as well as of
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up-regulation (14). The down- and up-regulation are not apposing processes; rather, they are
two sides of the same mirror.
So what recovery is does not depend on the schedule, but when recovery takes place does.
This depends on identifying the regular circadian rhythm. For day work—also for extended
schedules—it is straightforward: the regular circadian rhythm is synchronised to being awake
during the day and asleep at night. In night workers, identifying the regular circadian rhythm is
not so straightforward because it can get disturbed, i.e. the rhythm of psychophysiological activation changes. In the literature, health complaints associated with night work are explained
by changes in the rhythm of activation, a process that is associated with by re-entrainment
rather than recovery (Chapter 2). I hypothesise that the rhythm of activation only changes
after several consecutive night shifts, which is when re-entrainment starts. Up until then only
the level of activation changes and recovery takes place. This suggests that in some schedules—such as in fast rotating schedules—and during the first few night shifts of schedules
with extended weeks, it may never get to changes in the rhythm of activation. Rather, in these
schedules, only the level of activation may change and recovery is the only process that takes
place.

How do offshore type schedules affect recovery?
Keeping in mind the regular circadian rhythm, we found that after 2-week 12-hour offshore
day work, physiological recovery was characterized by an up-regulation of salivary cortisol
at awakening (Chapter 6). Subjectively assessed recovery also follows a circadian rhythm;
however, as opposed to physiological indicators of recovery, subjectively assessed recovery
can be assessed as a daily average. After an offshore period of day work, subjectively assessed
recovery was an up-regulation, e.g. of energy levels, as well as a down-regulation, e.g. of mental and physical tiredness (Chapter 5).
After 2-week 12-hour offshore day work, the duration of physiological recovery lasted between two and three days (Chapter 6). This duration was supported by subjective recovery
indicators (Chapter 5). Similarly, construction workers in 7-day 12-hour day shifts needed
two to three days of recovery (12). Therefore, extended day work in extended working weeks
may be associated with a prolonged period of recovery, which in turn suggests that these
schedules may be associated with long-term health effects.
Offshore night workers tend to adapt to working at night, which is seen in the reversal of
their circadian rhythm, i.e. of the rhythm of psychophysiological activation changes (17). This
suggests that the changes in salivary cortisol we found after 2-week 12-hour offshore night
work mirrored re-entrainment rather than recovery (Chapter 6). This was further supported
by the observed long lasting effect of working at night on sleep quality (as an indicator for
165

8

Chapter 8

restorative sleep), and the unaffected assessments for feeling rested, for physical and mental
tiredness, and for energy levels as pure indicators of recovery (Chapter 5). Therefore, extended
night work in our studies may have affected re-entrainment and restorative sleep, rather than
recovery.
Alternatively, recovery may have been needed, but the assessment of the singular process
was impossible, because it may have been overshadowed by circadian re-entrainment and/or
restorative sleep. To our knowledge no previous studies have been conducted on night work
in offshore type schedules in relation to recovery, which limits comparisons of our study’s findings with those from the literature. Any such studies focus on circadian disruption due to night
work; or solely on shift duration not in combination with extended working periods (18,19).
Regardless, the long lasting effect (11-14 days) on the rhythm of salivary cortisol and on sleep
quality suggests that these schedules may be associated with long-term health effects.

Are extended working hours and extended working weeks tiring?
Extended working hours are seen as a stressor, because they involve prolonged exposure to
work demands and they are associated with fatigue and other adverse health effects (15,2022). However, in our and a previous study on a comparable schedule of 84-hour working
weeks, day workers reported low levels of fatigue during their working period (Chapter 5,23).
The low levels of fatigue, together with the relatively short recovery period found in our and
previous studies (0-4 days), suggest that working extended hours per se may not be extremely
fatiguing (Chapter 5,22,23). Rather other factors may contribute to the onset of fatigue.
The offshore environment is a unique setting away from family and society: all meals are catered for and hotel facilities provide laundry and room-cleaning services. Therefore, between
shifts, time can be spent on relaxing, pursuing leisure activities offshore, physical exercise,
or sleeping, i.e. on activities that promote recovery; rather than on attending to the needs
of family, friends, or the community. In onshore sectors where people live at home, family
demands at the end of a working day come in addition to the demands of extended working
hours. Therefore, the combination of home demands and the demands of extended working
hours may lead to stress and fatigue, rather than extended working hours alone (24-26).
Other studies suggest that motivation, i.e. the choice, to work extended hours may play
a role (22,27,28). It has been shown that people who are motivated to work overtime, i.e.
extended hours, have a lower impact on well-being than those who are not motivated (28).
Additionally, those who experience a level of control over their working hours are more tolerant of their schedule (22). Indeed, the majority of day workers (60%) in Chapter 5 did not at
all, or only to a little extent, perceive their schedule to be a strain (data not shown). Therefore,
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those who choose to work in schedules with extended working hours may select themselves
into these schedules and be less affected by fatigue.

What determines whether a rest period is ‘sufficiently long’?
The EC Working Time Directive recommends that ‘sufficiently long’ rest periods are needed
to maintain health. But what is ‘sufficiently long’? This dissertation shows that the duration
of a rest period is determined by sufficient time and opportunity to re-entrain, restore sleep,
and recover (Chapter 2). In our studies, these processes were most likely complete within
two weeks for all studied schedules (Chapter 5 & 6). This suggests that the free periods of
21-28 days in the Norwegian Petroleum industry are sufficiently long to recover, re-entrain,
and restore sleep from offshore tours.
A ‘sufficiently long’ rest period not only depends on how long it takes to recover, re-entrain,
and restore sleep. It also depends on whether the rest period provides sufficient opportunity
to maintain a healthy lifestyle, to enrich one’s life by connecting with loved ones, and to do
practical chores (Chapter 4,16). Offshore employees spent a substantial amount of time on
onshore leisure time physical activities, which contribute to a healthy lifestyle; on childcare
and social activities, which contribute to life enrichment; and on chores, such as house
maintenance, grocery shopping, and finances (Chapter 7). Therefore, the possibility to pursue
these activities provided by the Norwegian offshore free periods supports the indication that
these free periods are sufficiently long. In other sectors, longer free periods made possible
by extended working hours also suggest that long free periods improve the time spent on
recreation, household chores, and family and social activities compared to standard shift
schedules (29,30).

How do nonstandard schedules affect health via recovery?
Theoretically, in any schedule—be it day work, evening work, or extended night work—recovery has the same health effect: it helps maintain employee health. When levels of activation
are high, a sufficiently long duration of recovery is needed, and when recovery is not complete
between shifts, this may lead to health problems (31,32). Breaks during the working day or
shift may provide time to recover, such as during micropauses that last a few minutes or
during coffee and lunch breaks of up to an hour (mesorecovery) (33). Sufficiently long rest
periods between shifts also provide the opportunity to recover; these include shorter rest
periods between shifts (metarecovery) and longer rest periods between working periods
(macrorecovery) (33). Such recovery opportunities may help alleviate some of the short-term
health effects, such as fatigue and a need for recovery (Chapter 2,34).
Recognising recovery as a separate physiological process provides an additional explanation to re-entrainment and restorative sleep on ‘how and why’ health effects may arise as a
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consequence of nonstandard schedules. Firstly, it may help explain health effects of schedules
in which circadian disruption and sleep deprivation do not play a role. An example is evening
work that we found to be associated with sick leave in female healthcare workers (Chapter
3). Secondly, recovery may explain why and how work-related factors, such as work demands
and psychosocial work context, may contribute to health problems in those working in shifts
(Chapter 2). Thirdly, recovery could explain why fast rotating schedules seem to be more
beneficial for health than slow rotating schedules: in fast rotating schedules the circadian
rhythm may not become really disrupted and only recovery may occur (29). Lastly, recovery
contributes to theorising how and why extending shifts and shift schedules may lead to
health problems.
Theoretically, circadian disruption, sleep deprivation, and activation may occur simultaneously in schedules that combine night work with extended working hours and extended
working weeks (Chapter 2). While working at night may cause circadian disruption and sleep
deprivation, extended shift durations might lead to activation due to extended exposure
to work demands (Chapter 2). Rather intuitively, long-term health problems may worsen
when shifts and working periods are extended in comparison to 8-hour shifts. The question
is whether this is the case, and if so, whether this may be due to an interaction between the
three physiological processes. The current body of knowledge can as of yet not fully answer
these questions (34).

Other work-related outcomes
Nonstandard working hours are not only associated with adverse health outcomes; they are
also associated with other work-related outcomes. In the healthcare sector extended shifts of
≥12 hours may have a negative effect on work performance and job satisfaction (34). Long
(12-hour) shifts of hospital residents decreased productivity compared to 9-hour shifts (35).
Additionally, night work may disrupt performance and safety indicators during work, as well
as driving-safety after night work (34,36). As with the effects on recovery, taking breaks during
the working shift may counteract the negative work-related effects by increasing alertness
(34).

Implications for research
Due to the extended free periods following extended working hours and extended working
weeks, shift workers have shown preference for these schedules (37). However, the long-term
health effects associated with these schedules are unknown. Even though shift workers may
prefer extended schedules, solely relying on the subjective preferences of employees to
decide on a schedule could be misleading as the preferences may not outweigh any possible
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long-term effects on health, safety, or well-being (38). Therefore, the long-term health effects
of schedules that include extended working hours, extended working weeks, and shift work
require attention in order to recommend the use of such schedules. This can be done with longitudinal cohort studies that follow employees in such schedules over several years, preferably
decades. Various sectors could provide suitable study populations that apply these schedules,
such as the offshore, mining, and construction industries, as well as the healthcare sector.
In order to further understand the role of recovery in how and why any potential health
effects relate to nonstandard schedules, the effects of solely insufficient recovery may be
studied. This can be done by comparing the health effects of working extended night shifts
with those of 8-hour night shifts, or by comparing 8-hour nights involving high work demands
with those involving low work demands.
Where extended shift and working period durations may negatively influence health, extended free periods may help maintain good health. In the petroleum industry worldwide,
12-hour shifts in extended schedules are the norm; however, the extended 21-28 days free
period in the Norwegian petroleum industry forms an exception. For example, in the UK and
Dutch offshore sectors, a 14-day working period is followed by 14 days off. The difference
in duration of free periods calls for studies on the optimum duration of rest periods in the
offshore industry. Studies on the optimum duration of rest periods in other nonstandard
schedules in other sectors are also recommended.
The three pathways that contribute towards maintaining good health in nonstandard schedules, i.e. re-entrainment, restorative sleep, and recovery, are influenced by activities pursued
during non-work as well by psychosocial context at home (Chapter 2). Activities that have
been found to facilitate recovery are physical activity, childcare, and social activities (Chapter
7,39,40). Psychosocial factors that could influence recovery are supportive and understanding
family and friends. Studies on specific activities and psychosocial factors that contribute to
recovery, as well as re-entrainment and restorative sleep, would provide employees working
in nonstandard schedules with strategies to actively maintain their health.
This dissertation has shown that the association between nonstandard schedules and
health is complex. Research studying this association may use the same terms, but give them
a different meaning (10,12). Additionally, researchers do not always describe the studied
working hours or define the used terminology. This makes comparisons between studies and
aggregation of study findings difficult (Chapter 3). In order to understand the complex association between nonstandard schedules and health, future research should more precisely
report the working hours, the health outcomes as well as the studied pathways that link the
two. To do so researchers could make use of the categories for working hours proposed in the
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comprehensive model in Chapter 2 or by Härmä et al. (41). For the health-related pathways,
researchers are recommended to use the pathways in Chapter 2, i.e. circadian disruption/
re-entrainment, sleep deprivation/restorative sleep, and activation/recovery. If it is not fully
clear which of these processes may be present, an umbrella term might be used, such as
adaptation/re-adaptation (42,43).

Practical implications
Our 24-hour economy, the increased globalisation, as well as the need for healthcare 24 hours
per day show that nonstandard schedules are here to stay. To maintain employee health, wellbeing, safety, and productivity, nonstandard schedules are changing to meet the needs of
their employees. This includes extending working hours in order to extend the number of days
off; and adopting night work in sectors that have not used it earlier (44). The diversification of
nonstandard schedules has led to the need for more particular recommendations in order to
help maintain good health.

Optimising nonstandard working schedules
This dissertation shows that after an offshore tour of day work, employees need time to
recover; and after a tour of night work, time is needed to re-adapt to a day time rhythm.
To prevent adverse health effects, we recommend that on-call schedules in the Norwegian
offshore industry should provide sufficient time between tours of night work to fully re-adapt
to a day time rhythm. Based on our studies we cannot suggest an optimum duration; however,
our findings do suggest that at least 14 days are needed (Chapter 5 & 6). When long free
periods between on-call schedules are not feasible, a tour of night work or swing shift work
should be followed by a tour of day work, in order for the employee to fully re-adapt to a
day-time rhythm.
Offshore schedules found in other countries, such as the UK and the Netherlands, provide
two weeks off after a 2-week tour. Our findings suggest that the duration of the free period
after offshore night work in these countries may not provide sufficient time to fully re-adapt.
Therefore, the free periods of less than two weeks duration may have consequences for longterm health of these offshore employees working at night.
Also in other schedules than those worked in the offshore industry, health is maintained by
a sufficiently long rest period. Here, the ratio between work and non-work provide guidance
regarding the duration of a rest period. Between night shifts and after a working period that
contains night shifts, a longer free period is needed than after day work (12). Extended shifts
may need to be followed by a longer free period than regular shifts. The sufficiently long rest
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periods are not only dependent on the time it may take to recovery, re-entrain, or restore
sleep, it also depends on factors related to health, well-being, and social activities. Additionally,
a rest period refers not only to the free periods following a working period, but also to free
time between shifts and rest-breaks during the shift. Timely breaks taken in a resting area or
napping area may provide the opportunity to partly recover during a shift, which may not only
positively affect health but alertness as well (34).

Improving the work environment
Next to improving the working schedule, employers can contribute towards maintaining
their employees’ health and well-being by considering the work demands and psychosocial
context of work associated with working shifts. Employers should consider the importance
of the availability of management support during odd hours of the day, such as during the
evening and night time (45). Consideration should also be given to the working tasks that are
performed during the shift. Heavy, monotonous tasks may contribute towards adverse health
effects; where possible, alternative working methods should be provided as well as variation
between working tasks (46).

Improving the private life situation
Recovery, re-entrainment, and sleep is influenced by the private life situation and activities
pursued during leisure time (Chapter 2). In the private life situation, supportive family and
friends may lessen work-life conflict associated with shift work. Spouses of offshore personnel
have reported to find it burdensome to be a temporary single parent during the offshore tour,
and upon return home, the spouses expect the offshore employee to ‘take over’ (47). To help
the balance between work and private life, some companies adopt ‘family-friendly’ policies.
These may include information sessions organised by the employer or counselling sessions
with a professional to improve communication between partners so that each other’s needs
are understood and met.
Pursuing leisure time physical activity is part of a healthy lifestyle, and it may positively
influence recovery, re-entrainment, and help restore sleep. Facilitating the opportunity to participate in leisure time physical activities by, for example, subsidising gym memberships, may
positively influence the adaptation period after shift work and it will help maintain a healthy
body weight (Chapter 4,39). Some companies have a committee for night shift workers that
spreads information about the consequences of night work, as well as tips and trick on how to
cope with working these shifts. Such committees may also be suggested for other companies
in order to give shift workers an active role in their own health.
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Conclusion
Recovery after work is one of three health-maintaining pathways relevant to nonstandard
schedules; the other two are re-entrainment and restorative sleep. Recovery after work is a
process of change in the level of psychophysiological activation, whereas re-entrainment is
a change in the rhythm of psychophysiological activation and restorative sleep is a change
in physiological sleep processes. This dissertation has shown that 2-week 12-hour offshore
day work is associated with a prolonged period of recovery, while this may not be the case
for offshore night work. Rather, 2-week 12-hour offshore night work is associated with a
prolonged period of re-entrainment and restorative sleep. The extended free period of 21-28
days seems to provide sufficient time to recover, to re-entrain, and to restore sleep, as well
as to pursue leisure-time activities and take care of oneself. Future research is suggested to
study the long-term health effects of offshore type schedules. I also suggest studying the
role of recovery, re-entrainment, and restorative sleep in maintaining good health, as well as
the activities that may influence these three health-related pathways. I further recommend
identifying optimum durations of rest periods for various nonstandard schedules in order to
maintain employee health.
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Chapter 4

Summary
Nonstandard working hours are common in the European work force. An estimated 12% work
extended hours (>48h per week); in some sectors this percentage is higher, for example in
manufacturing (20%) and the service sector (15%). Of the work force, 21% works in shifts, 19%
works at night, and 30% regularly work on Sundays. Extended working hours have been associated with health problems, such as fatigue and cardiovascular disease. Shift work and night
work have also been associated with health problems, including cancer and gastrointestinal,
metabolic, and cardiovascular disorders. A predictor of long-term health effects for extended
working hours as well as for shift and night work is the short-term health outcome ‘recovery
after work’ (Chapter 1).
The role that recovery plays in the association between nonstandard working hours and
health is not yet fully understood. Neither are the health effects of nonstandard schedules
in which extended working hours, extended working weeks, and shift work are combined.
Therefore, the overall objective of this dissertation was to obtain theoretical and empirical
insight into the recovery and health effects of nonstandard working schedules, with specific
interest in schedules that combine extended hours and extended weeks with shift work. For
this purpose, the dissertation was divided into four central aims which are outlined below
(Chapter 1).
The FIRST AIM of the dissertation was to develop a comprehensive model on the relationship between nonstandard working schedules and health in which extended hours and extended weeks are combined with shift work, and to identify the role that recovery plays in this
relationship. In Chapter 2 a systematic review of the literature was done on extended working hours, extended working weeks, and shift work; as well as of the recovery literature. The
findings were integrated into a comprehensive model. The comprehensive model proposes
that, in order to maintain good health, a balance is needed between working periods and
rest periods. The model proposes that when extended hours and weeks are combined with
shift work, this may lead to adverse health effects via the physiological pathways of circadian
disruption, sleep deprivation, and/or increased activation. During rest periods and non-work
activities, each pathway needs to be counterbalanced by its opposing physiological pathway:
(re-)entrainment, restorative sleep, and recovery, respectively. If this balance is not in place,
short-term effects may arise, and continued imbalance could lead to long-term health effects.
The model gives researchers a useful overview over the various risk factors and pathways
associated with health that should be considered when studying any form of nonstandard
working schedules.
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The SECOND AIM of this dissertation was to investigate the associations between shift work
and proxies for health. Some proxies for health could be mediators in the association between
shift work and long-term health problems. One such proxy is sick leave. Therefore, Chapter 3
presents a systematic literature review on the association between shift work and sick leave.
The available evidence from 24 studies was summarised and we concluded that the evidence
for the association between shift work and sick leave was inconsistent. When subdividing the
studies according to schedule characteristics, the evidence remained inconsistent for the
association between 12-hour shift schedules and sick leave. However, strong evidence was
found for an association between sick leave and fixed evening work in female health care
employees. These findings suggest that more high quality studies are needed to elucidate
the effect of extended shifts on health. Additionally, the findings suggest that the association
between shift work and sick leave could be population and schedule specific.
Other mediators in the association between shift work and long-term health problems are
overweight and obesity. In Chapter 4, in a systematic review we summarised the available evidence from eight studies on an association between shift work including night work and body
weight change in longitudinal studies. Strong evidence was found for a crude association
between shift work and body weight gain; however, insufficient evidence for this relationship
was found in confounder-adjusted analyses. These findings suggest that although shift work
including night work is associated with body weight gain, other factors related to night work,
such as healthy eating habits and lack of physical activity, may play a more decisive role in the
association.
The THIRD AIM of this dissertation was to study the course of recovery after 2-week 12-hour
offshore working periods that consisted of schedules of night work and day work. Chapters 5
& 6 describe two studies amongst Norwegian offshore employees on subjectively and physiologically assessed recovery.
Chapter 5 presents a study in which 61 offshore day, night, and swing workers (7 nights
followed by 7 days) report on their subjective feelings of recovery for the first 14 days of a selfchosen free period. Following two weeks of 12-hour night shifts and two weeks of 12-hour swing
shifts, subjective sleep quality was poorer at the start of the free period and remained poorer
throughout the 14-day study, when compared to such schedules of 12-hour day work only. The
course for subjective feelings of being rested, physical and mental tiredness, and energy levels
over the first 14-days of the free period was similar across the three schedules. These findings
indicate that, while working at night may have had no effect on feeling rested, tiredness, and
energy levels, working at night had a relatively long-lasting effect on sleep quality.
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In Chapter 6 we studied the course of physiological recovery after an offshore tour of day
work and an offshore tour of night work. Compared to a reference day, day workers showed only
a significantly lower cortisol concentration at awakening on the first day off that had returned to
normal on day 4. Compared to a reference day, night workers had a flat cortisol profile on the first
day off that gradually returned to the profile of the reference day during the 11-days follow-up
period. Therefore, physiological recovery after 2-week 12-hour day work was complete after 4
days, while for 2-week 12-hour night work it may have been incomplete until day 11 of the free
period. The findings from Chapters 5 & 6 suggest a relatively long-lasting effect of night work on
subjective and physiological recovery following extended working weeks offshore.
The FOURTH AIM of this dissertation was to describe the activities that offshore employees
pursue during their free period that are expected to influence recovery. Chapter 7 describes
a study amongst offshore family men who reported the activities they pursued for the first 14
days of a free period in six predefined categories. From the start of their free period, participants were active in their family, social, and community lives. They were also physically active,
and may have needed to work during their free time. Working at night did not seem to influence the level of activity much: those who had worked at night were slightly more physically
active than day workers, while they were otherwise equally involved with their family, friends,
community, and work. This suggests that the long free periods in the offshore industry (i.e.
21-28 days) give the opportunity for both day and night workers to engage in activities that
may be beneficial for recovery.
Chapter 8 presents the general discussion of this dissertation in which I present the
main findings and discuss them in relation to the literature. Recovery is one of three physiological processes that maintain good health in nonstandard schedules; the other two are reentrainment and restorative sleep. Recovery is the change in the level of psychophysiological
activation, while re-entrainment is the change in its rhythm; restorative sleep mirrors changes
in REM and non-REM sleep. This dissertation showed that after 2-week 12-hour offshore day
work, recovery was needed which took 2-3 days. After 2-week 12-hour offshore night and
swing shifts, recovery may not have been needed; rather, re-entrainment and restorative sleep
were needed that may have taken longer than 11 days. This dissertation further showed that
offshore employees—irrespective of the schedule—were physically active and involved in
their home, social, and community lives upon return home. The duration of 21-28 days off
in Norwegian offshore schedules seems sufficient to recover, re-entrain, and restore sleep, as
well as to engage in a private life.
Even though employees have shown preference for extended schedules because they
include extended free periods, before recommending their use, future research needs to
identify whether they are associated with long-term health effects. For health maintenance, all
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nonstandard schedules would benefit from research on the optimum duration of rest periods
for recovery, re-entrainment, and restorative sleep as well as activities that promote these
health maintaining processes.
In conclusion, recovery after work is one of three health-maintaining pathways relevant to
nonstandard schedules; the other two are re-entrainment and restorative sleep. Extended day
work in extended weeks was associated with a prolonged period of recovery, while extended
weeks of extended night shifts and swing shifts was associated with a prolonged period of
re-entrainment and restorative sleep. Extended free periods in these schedules provided the
opportunity to pursue leisure time activities. The extended free periods of 21-28 days seem
to be sufficiently long to maintain health. However, to recommend extended nonstandard
schedules, future research needs to study their long-term health effects.
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Samenvatting
In Europa komen onregelmatige werktijden en lange werktijden veel voor. Naar schatting
maakt 12% van de werkenden lange uren (>48 uur per week). In sommige sectoren ligt dit
percentage hoger, zoals in de productie- (20%) en in de dienstensector (15%). Verder werkt
in Europa 21% in ploegendiensten, 19% werkt ´s nachts en 30% werkt regelmatig op zondag.
Lange werktijden kunnen gezondheidsklachten met zich meebrengen, waaronder vermoeidheid en hart- en vaatziekten. Ploegendiensten en nachtdiensten vormen ook een risico voor
gezondheidsklachten, waaronder kanker, aandoeningen aan het spijsverteringsstelsel, metabool syndroom, en hart- en vaatziekten. Inzichten in de lange termijn gezondheidseffecten
van lange werktijden en het werken in ploegen- en nachtdiensten kan verkregen worden
door het meten van de gezondheidsmaat ‘herstel na het werk’ (Hoofdstuk 1).
Het is niet duidelijk wat de gezondheidseffecten zijn van het werken in ploegendiensten
met lange werktijden en lange werkweken. Ook is er beperkt inzicht in de rol van herstel
hierin. Het doel van dit proefschrift is om theoretische en empirische inzichten te krijgen in het
herstel na onregelmatige diensten, in het bijzonder ploegendiensten met lange werktijden
en -weken, en de eventueel bijkomende gezondheidseffecten. Dit proefschrift beschrijft vier
centrale doelen die hieronder toegelicht worden.
Het EERSTE DOEL van dit proefschrift was het ontwikkelen van een overzichtsmodel van
het verband tussen ploegendiensten met lange werktijden en lange werkweken en gezondheid, en om de rol van herstel in dit verband te verhelderen. In Hoofdstuk 2 beschrijven
we onze systematische zoektocht in de wetenschappelijke literatuur naar modellen die een
verband leggen tussen lange werktijden, lange werkweken, ploegendiensten en herstel en
gezondheidsklachten. Alle modellen zijn geïntegreerd in één overzichtsmodel. Het model
stelt dat een goede gezondheid behouden blijft door een juiste balans tussen perioden
met werk en rust. Vervolgens stelt het model dat ploegendiensten met lange werktijden
en werkweken kunnen leiden tot gezondheidsklachten via de volgende drie fysiologische
processen: verstoring van de biologisch klok, slaapstoornissen, en/of toegenomen activatie.
Deze processen moeten in balans zijn met hun tegengestelde fysiologische processen die
tijdens de vrije perioden en vrijetijdsbesteding plaatsvinden, respectievelijk: het stabiliseren
van de biologisch klok, herstellende slaap, en herstel. Zonder balans kunnen op korte termijn
negatieve effecten ontstaan zoals vermoeidheid en slaperigheid, en het voortduren van de
disbalans kan op lange termijn tot gezondheidsklachten leiden. Het model geeft onderzoekers een waardevol overzicht van de verscheidene risicofactoren en fysiologische processen
die onderzocht kunnen worden om meer inzicht te krijgen in de gezondheidseffecten van
werken in onregelmatige diensten.
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Het TWEEDE DOEL van dit proefschrift is om het verband tussen ploegendiensten en
gezondheidsgerelateerde uitkomsten te onderzoeken. Eén zo’n uitkomst is ziekteverzuim.
Hoofdstuk 3 beschrijft een systematisch literatuuronderzoek naar het verband tussen het
werken in ploegendiensten en ziekteverzuim. We hebben eerst voor de 24 geïncludeerde
studies het beschikbare bewijs samengevat waarna het bewijs is onderverdeeld naar type
rooster. Er bleek geen duidelijk bewijs te zijn voor een verband tussen werken in ploegendiensten en ziekteverzuim. Ook voor werken in roosters met 12-urige diensten was er geen
duidelijk bewijs voor een verband met ziekteverzuim. We vonden echter sterk bewijs voor een
verband tussen werken in vaste avonddiensten en ziekteverzuim in vrouwelijke werknemers
binnen de gezondheidssector. Er zijn meer studies van hogere kwaliteit nodig om beter inzicht
te krijgen in het effect van lange diensten op de gezondheid. De bevindingen suggereren dat
het verband tussen ploegendiensten en ziekteverzuim afhankelijk is van het type rooster dat
gewerkt wordt en de specifieke populatie dat in deze roosters werkt.
Hoofdstuk 4 beschrijft een systematisch literatuuronderzoek waarin we het beschikbare
bewijs van acht longitudinale studies samenvatten over de samenhang tussen ploegendiensten inclusief nachtwerk en een verandering in lichaamsgewicht. We vonden sterk bewijs
voor een samenhang tussen ploegendiensten met nachtwerk en toename van lichaamsgewicht. Wanneer er rekening werd gehouden met verstorende variabelen, bleek echter dat er
onvoldoende bewijs was voor deze relatie. De bevindingen geven aan dat ploegendiensten
met nachtwerk kunnen leiden tot een toename in lichaamsgewicht, maar dat andere factoren
gerelateerd aan nachtdiensten, zoals gezonde voeding en te weinig lichamelijk activiteit, een
beslissende rol spelen in deze relatie.
Het DERDE DOEL van dit proefschrift is om het verloop van herstel te bestuderen na
offshore schema’s met 2 weken van 12-urige dag- en nachtdiensten. In Hoofstukken 5 & 6
worden twee studies onder Noorse offshore medewerkers beschreven waarin we subjectief
en fysiologisch herstel gemeten hebben.
Hoofdstuk 5 presenteert een studie waarin 61 offshore medewerkers zijn gevraagd om
gedurende de eerste 14 dagen van een zelfgekozen vrije periode na het werken van 14 dag, nacht- en ‘swing shift’ diensten (7 nachten gevolgd door 7 dagdiensten) hun gevoel van
herstel te rapporteren. De subjectieve slaapkwaliteit na thuiskomst was slechter na 2 weken
van 12-urige nachtdiensten of swingdiensten dan na 2 weken van 12-urige dagdiensten. Ook
bleef deze slechter gedurende de 14 dagen van de studie. De mate van zich uitgerust voelen,
de lichamelijk en mentale vermoeidheid, en het energieniveau was gedurende de 14 dagen
vergelijkbaar voor alle drie de diensten. Dit toont aan dat ’s nachts werken geen effect heeft
op zich uitgerust voelen, of op vermoeidheid en het energieniveau, maar dat het een relatief
langdurig effect op de slaapkwaliteit heeft.
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In Hoofdstuk 6 bestudeerden we het verloop van fysiologisch herstel na 14 dagdiensten
en na 14 nachtdiensten offshore. Werknemers met dagdiensten hadden alleen een significant
lagere cortisolconcentratie op hun eerste vrije dag bij het ontwaken. Op dag 4 was de concentratie weer genormaliseerd. Werknemers met nachtdiensten hadden een afgevlakt cortisol
dagprofiel op de eerste vrije dag dat geleidelijk normaliseerde gedurende de 11 dagen durende studie. Dit betekent dat na het werken van dagdiensten de werknemers fysiologisch
volledig hersteld waren na 4 dagen, terwijl het fysiologisch herstel na nachtdiensen zelfs na
11 dagen nog niet volledig was. De bevindingen uit Hoofstukken 5 & 6 suggereren dat de
lange werkweken met lange nachtdiensten offshore een relatief lang effect kunnen hebben
op subjectief en fysiologisch herstel.
Het VIERDE DOEL van dit proefschrift was om de vrije tijdsbesteding van offshore
medewerkers tijdens een vrije periode te beschrijven. Hierin waren activiteiten die van invloed
kunnen zijn op herstel van belang. Hoofdstuk 7 presenteert een studie onder offshore mannen met gezinnen die tijdens de eerste 14 dagen van een vrije periode hun vrijetijdsbesteding
beschreven in zes categorieën. Vanaf het begin van de vrije periode waren deelnemers actief
in hun gezin, hun sociale leven, en in de samenleving. Ze waren lichamelijk actief en werkten
ook tijdens hun vrije periode. ’s Nachts werken leek geen invloed te hebben op de hoeveelheid activiteit: na nachtdiensten waren de mannen wat meer lichamelijk actief vergeleken
met degenen die dagdiensten hadden gewerkt, maar ze waren evenveel betrokken bij hun
gezinsleven, vrienden, de samenleving, en hun werk. Dit suggereert dat lange vrije perioden
in de Noorse offshore industrie (21-28 dagen) zowel dag- als nachtwerkers de mogelijkheid
geven om activiteiten te doen die het herstel positief zouden kunnen beïnvloeden.
Hoofdstuk 8 presenteert de algemene discussie waarin ik de hoofdbevindingen van dit
proefschrift weergeef en ze bespreek in relatie tot de literatuur. Herstel is één van de drie fysiologische processen die van belang is voor een goede gezondheid van medewerkers die in
onregelmatige diensten werken. De andere twee fysiologische processen zijn het stabiliseren
van de biologische klok en herstellende slaap. Herstel is de verandering in het niveau van
psychofysiologische activatie, terwijl het stabiliseren van de biologische klok de verandering is
in het ritme van psychofysiologische activatie. Herstellende slaap weerspiegelt veranderingen
in REM- en non-REM slaap. Dit proefschrift toont aan dat na 2 weken van 12-urige dagdiensten offshore, het herstelproces 2-3 dagen duurde. Na 2 weken van 12-urige nacht- en ‘swing
shift’ diensten was herstel misschien niet nodig, maar stabilistie van de biologische klok en
herstellende slaap waren wel nodig, en konden nog wel eens langer dan 11 dagen duren. Dit
proefschrift toont verder aan dat offshore medewerkers—onafhankelijk van de diensten die
ze werkten—bij thuiskomst lichamelijk actief waren en deelnamen aan hun gezinsleven en
sociale leven, en actief waren in de samenleving. Het aantal vrije dagen (21-28 dagen) in de
Noorse offshore diensten lijkt voldoende lang te zijn om te kunnen herstellen, de biologische
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klok te kunnen stabiliseren, en slapen te kunnen herstellen, maar ook om activteiten in hun
privéleven op te pakken.
Medewerkers hebben te kennen gegeven een voorkeur te hebben voor diensten met lange
werktijden en lange werkweken omdat ze gepaard gaan met lange vrije perioden. Echter,
om deze type diensten aan te kunnen bevelen moeten de lange-termijn effecten van deze
diensten onderzocht worden. Om de gezondheid van medewerkers die onregelmatige diensten werken te behouden is onderzoek nodig naar de optimale duur van vrije perioden voor
herstel, stabilisatie van de biologische klok, en herstellende slaap, evenals onderzoek naar de
vrijetijdsbestedingen die deze processen positief beïnvloeden.
Ten slotte, herstel is één van de drie processen die de gezondheid in stand houdt tijdens het
werken in onregelmatige diensten; de andere twee zijn stabilisatie van de biologische klok en
herstellende slaap. Na het werken van lange dagdiensten in lange werkweken is een periode
van herstel nodig, terwijl na lange nacht- en ‘swing shift’ diensten is een periode nodig om de
biologische klok te stabiliseren en slaap te herstellen. Lange vrije perioden in deze diensten
geven de mogelijkheid voor vrijetijdsbesteding. De offshore vrije perioden van 21-28 dagen
lijken voldoende lang om de gezondheid in stand te houden. Echter of deze diensten aanbevolen kunnen worden hangt af van toekomstig onderzoek naar de gezondheidseffecten
op lange termijn.
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It was amidst the industrial revolution at the beginning of the 19th century that a radical
campaign was started for “Eight hours labour, eight hours recreation, eight hours rest”.
Dividing the day into these three periods introduced the idea that time off for rest and
recreation could enhance workers’ health and well-being. More recent scientific theories
support this view. Studies have also shown that nonstandard working schedules, including
extended working hours and shift work, can have negative health effects such as fatigue,
cardiovascular disease, cancer, and gastro-intestinal disease. However, with enough time for
rest and recreation these health effects may be prevented. This dissertation aimed to gain
theoretical insights into how rest periods in nonstandard schedules may be associated with
health. This dissertation also aimed to study rest and recreation after working in extended
shift schedules.

