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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 asso-

ciated 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 relation-

ship between nonstandard working schedules and health in which extended hours and ex-

tended 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 work-

ing 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 evi-

dence 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 physi-

ologically 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 self-

chosen 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.



Chapter 4

180

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, partici-

pants 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 influ-

ence 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 physi-

ological processes that maintain good health in nonstandard schedules; the other two are re-

entrainment 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.


