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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—, recov-

ery, 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 work-

ing 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 in-

creased 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 gastrointes-

tinal, 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 long-

term 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 11-

day 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 work-

ers 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. Research-

ers 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 com-

plex 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 pro-

cess 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 



165

General discussion

8

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 ac-

tivation 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 sched-

ules—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 men-

tal and physical tiredness (Chapter 5).

After 2-week 12-hour offshore day work, the duration of physiological recovery lasted be-

tween 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 



Chapter 8

166

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 find-

ings 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 (15,20-

22). 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 ca-

tered 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 toler-

ant 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—recov-

ery 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 explana-

tion 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 simultane-

ously 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 lon-

gitudinal 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, ex-

tended 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 sched-

ules, 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 as-

sociation 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, well-

being, 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 long-

term 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 par-

ticipate 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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