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General introduction 
A major challenge in the coming years is to help the ageing worker remain productive 
during its working life. This is particularly important for workers with taxing jobs, like shift 
workers. Shift work can be demanding due to disturbances of biological and social circadi-
an rhythms (1-3), which have been suggested to become more demanding in older age (4). 
One of the suggested countermeasures to ameliorate the negative effects of shift work is to 
implement new shift systems (5), which brings us to the overall aim of this thesis: to con-
tribute to a better understanding of sustainable employability of older (and younger) shift 
workers by implementing new shift systems. 
This chapter first provides an overview of the background of shift work and its effects on 
important concepts related to sustainable employability like health, work functioning and 
social life. Next, two separate parts introduce the supporting premises of the overall aim of 
this thesis. Part I explores the ageing shift worker and challenges concerning sustainable 
employability. Part II presents the importance of the design of a shift system in facilitating 
sustainable employability, and, in particular, the process of successfully implementing a new 
shift system. This introduction concludes with the outline of this thesis.
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Background of shift work
Shift work is used to provide 24/7 coverage of necessary services (e.g. police, fire brigade 
and healthcare), and, due to efficiency- and capacity-related reasons, to keep production 
processes running around the clock. The term ‘shift work’ is used to describe a variety of 
working time arrangements, like working outside regular working hours (i.e. 9:00 to 17:00 
from Monday to Friday), or working at changing or rotating hours. In a more strict descrip-
tion, shift work refers to an arrangement in which workers alternate in a given work process 
to maintain continuity and productivity over the working day or week (6). 
In 2013, 64% of the Dutch worker population sometimes or regularly worked outside regu-
lar working hours, about 50% worked evenings and weekends, and almost 17% night work 
(7, 8). From 2003 to 2013, the percentage of work outside regular working hours has in-
creased by 8% (7). This increase is mainly due to an increasing number of workers report-
ing evening and weekend work, while the percentage of night work has remained similar 
to previous years (7). Using the strict description of shift work, approximately 17% of the 
Dutch workforce sometimes or regularly worked in shifts in 2013 (8). An increase of almost 
3% compared to 2006 (8, 9). 
The way shift work is arranged depends on the shift system. Sallinen and Kecklund have 
divided shift systems into five broad categories: regular 3-shift systems; irregular 3-shift 
systems; 2-shift systems;  permanent morning, evening or night work; shift systems during 
extended operations (10). Workers may only work in one of the available shifts (perma-
nent morning, evening or night shift), or rotate between the different shifts (2- or 3-shift 
systems). Regular shift systems are cyclic with set start and end times, whereas in irregular 
shift systems these circumstances vary. While regular shift systems tend to be collective (i.e. 
one schedule fits all), irregular shift systems are often more individualized. Shift systems 
during extended operations are a collection of extreme shift systems, e.g. long shift duration 
(≥ 12 hours) in combination with long working hours (≥ 48 hours per week) and/or on-call 
arrangements. 
The choice as to use a shift system mainly depends on the demand for personnel over time 
in relation to the composition of the workforce, i.e. how many workers with which capa-
bilities are needed and available at a given point in time. Regular 2- and 3-shift systems 
are common in industry, where constant and stable production processes in combination 
with a homogenous workforce allow a regular shift system. Most often, in regular shift sys-
tems, teams are formed, ranging from two to three teams for semi-continuous production 
processes and four or more teams for full-continuous production processes. Irregular shift 
systems are frequently used in the transport sector and in public services. Especially long 
haul truck drivers have very irregular schedules in terms of varying start and end times, 
shift length and rest periods in between. For many public services, demand for personnel 
is lower during nights and weekends, and part-time work is widespread.  Extended opera-
tions can be found on oil rigs and in the mining industry, where workers are far away from 
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home. On-call work is common when 24/7 coverage is provided, without the necessity for 
an actual presence of a professional outside regular working hours. 

Shift work and the circadian clock
Usually, work is performed during the day, nights are meant for sleep and social life is orga-
nized in between. The driving force behind this day/night rhythm are the biological circa-
dian clock, and its derived version, the social circadian clock. The function of the biological 
circadian clock is to regulate body processes. When not disturbed by time cues, the biolog-
ical circadian clock has a rhythm of approximately 24 hours (circa means about and dies 
means day) and it needs to be reset each day to align with the external environment. For 
humans the main external time cue is sunlight (11, 12). The social circadian clock is derived 
from the biological circadian clock, in the sense that the biological circadian clock promotes 
activity during the day. As most people have a normal daytime job (i.e. 9:00 to 17:00 from 
Monday to Friday), most social activities take place during evenings and weekends. Shift 
work interferes with both the biological and the social circadian clock by requesting to work 
during hours meant for sleep or social activities, and has been linked with adverse effects on 
health, performance and social life. 

Shift work and health 
The detrimental health effects of shift work are well documented and include an increased 
risk of developing sleep problems, cardiovascular diseases, gastrointestinal diseases, meta-
bolic syndrome, diabetes and even cancer (1, 3, 13). Although the underlying mechanisms 
are not clear yet, several, often interrelated, pathways have been proposed, and range from 
disturbances in the sleep/wake cycle and desynchronization of the biological circadian 
clock to stress reactions and changed lifestyle behaviours.
Disturbances in the sleep/wake cycle is the most reported problem by shift workers, with 
approximately three quarters of shift workers reporting sleep problems (14). The biological 
circadian clock opens a sleep window and, in conjunction with the accumulated sleep pres-
sure (i.e. time being awake plus accumulated sleep loss of preceding days), regulates falling 
asleep and waking up (15). Shift work, especially early morning work and night work, inter-
feres with this mechanism by  prolonging being awake, waking up before our internal clock 
tells us to and trying to sleep outside the predetermined sleep-window. In the short term, 
effects of interference of the sleep/wake cycle are shortened sleep length and decreased sleep 
quality (2, 3). In the long term, sleep problems and insufficient recovery have prospectively 
been associated with health complaints and sickness absence (16-18). Although researchers 
are still trying to find an answer to why we need sleep, several hypotheses have been posed. 
Sleep is probably needed to restore energy resources in the body, to recover from infections 
while at the same time boosting the immune system’s resistance, and the restoration of syn-
aptic homeostasis (19). 
Repeated desynchronization of the biological circadian clock, i.e. the internal clock is not 
aligned with the external clock, is linked with an increased risk of developing chronic dis-
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eases. The biological circadian clock is controlled by the suprachiasmatic nucleus located 
in the hypothalamus, which acts as master clock (20). The master clock coordinates body 
clocks up to the cellular and molecular level to make sure they are properly aligned. In case 
of desynchronization, the master clock loses control over subordinate clocks, resulting in 
body processes not performing optimally. For example, diurnal secretion of hormones is 
surppressed and cell proliferation is affected (21), which both have been linked with an 
increased risk of developing cancer (22).
Next to repeated desynchronization, shift work might induce psychosocial stress and 
changes in lifestyle behaviour. Lack of control over working hours, increased work-family 
interference and insufficient recovery might contribute to increased stress (23). Stress is a 
well-known risk factor for all kinds of chronic diseases (24-26). Besides stress, shift work 
might impact health behaviour. Shift work might contribute to an adverse risk profile for 
chronic disease, which is illustrated by shift work being associated with smoking, physical 
inactivity and poor diets, and moreover with obesity (27, 28). Healthy food might be dif-
ficult to obtain or high energy food is used to counteract fatigue, while at the same time 
digestion is less efficient during nights and opportunities to engage in physical activities are 
limited (5, 22).

Shift work, performance and safety
Shift work has been associated with increased risk of sleepiness and decreased alertness, and 
may lead, by inference, to adverse effects on performance and safety (29). The main driver 
is the interference of shift work with the biological circadian clock and, more specifically, 
with the sleep/wake rhythm. 
Shift work interferes with the sleep/wake cycle by postponing sleep and requiring to work 
and to sleep at a time in conflict with the circadian time (15), which might lead to acute sleep 
deprivation and chronic sleep restriction (30, 31). Extended periods of being awake lead to 
acute sleep deprivation. Without sufficient time to recover, sleep debt accumulates over the 
working week, leading to chronic sleep restriction (10, 32). Laboratory studies have shown 
that acute sleep deprivation, as well as chronic sleep restriction are related to a decrease of 
about 2 standard deviations in psychomotor performances and subjective alertness (31). 
Due to complicated work processes, many different tasks, or work being performed as a 
team, it is difficult to assess individual work performance in the work setting (33). There 
is some evidence that work-based individual performance is optimal between 7:00h and 
19:00h (34). More data is available about accidents. In an extensive review, Folkard and 
Tucker (34) have shown that the relative risk of accidents is largest during night shifts, in 
particular in the first few hours, followed by evening shifts. Furthermore, the relative risk 
increased with an increasing number of successive shifts, hours on the job and minutes after 
a break. Recently, shift work has been linked with a long-term decline in cognitive perfor-
mance. Shift work experience exceeding ten years is associated with chronic impairment of 
cognition (35). Considering the effects of shift work on health, health-related functioning 
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in work might also be affected by shift work.

Shift work and social life
Next to the biological circadian clock, shift work also interferes with the social circadian 
clock.  Many family, social and leisure activities take place at fixed times, e.g. family dinner, 
holidays and sport events (36). Shift work interferes with these activities by demanding 
workers to work at times normally used for family and social life. Being unable to meet the 
demands of both work and family life might result in work-family conflict (37). Although 
work-family conflict is not directly linked to specific health complaints, higher levels of 
work-family conflict have been associated with increased levels of need for recovery, fatigue 
and risk of future sickness absence (38). 

Part I: The ageing shift worker
The percentage of shift workers older than 55 years of has doubled in the period 2003-2013 
to 17.4% (7). The increase in older shift workers may partly be explained by changes in de-
mographics, and institutional and company regulations. The retirement age was increased 
to keep the social security system affordable. Today, older shift workers are also needed to 
compensate the increasing shortage on the labour market. At the same time, companies 
struggle to employ new (young) shift workers. The traditional strategy to place older shift 
workers in day work is therefore no longer feasible. Older shift workers are needed to keep 
24h services available and production processes running around the clock. Hence, several 
challenges at the intersection of shift work and sustainable employability have to be ad-
dressed. 
In this thesis, the operationalization of sustainable employability is inspired by the defini-
tion of Van der Klink et al. (39). Their definition includes prerequisites for sustainable and 
healthy functioning at work. Good sleep and sufficient recovery are among those prereq-
uisites for sustainable employability of shift workers. Sleep quality and duration decrease 
up to the age of 45 years and remain relatively stable afterwards (40, 41). Concurrently, the 
physical and mental condition to recuperate deteriorates with age. Shift work tolerance, i.e. 
the ability to adapt to shift work without adverse consequences (42), has been suggested 
to be lower for older shift workers compared to their younger counterparts because of a 
decreased ability for circadian adjustment and a shortening of the circadian rhythm (43). A 
steeper decline of the work-ability index over age in shift workers compared to day workers 
has been presented as evidence supporting this suggestion (44). 
As illustrated in the previous paragraph, research on sustainable employability in relation 
to shift work so far mainly focused on age. Yet, despite the detrimental effects of shift work 
and ageing, only a few differences have been found between shift and day workers regarding 
outcomes related to sustainable employability like sickness absence, early retirement and 
work disability (45-47). The strength and relevance of different individual and work-related 
predictors for work outcomes related to sustainable employability might differ. Further-
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more, the authors of two reviews concluded that there was only a weak relation between age 
and shift work tolerance (40, 41). Individual differences in the timing of the biological clock 
(chronotype) seem to better explain individual differences in sleep duration and quality 
(48). Also the design of a shift system, rather than age, appears to be related to sustainable 
employability (49). Hence, in view of sustainable employability it is not only necessary to 
further examine shift work and age, but also to examine other factors next to age, such as 
chronotype, within the context of different shift systems.

Objective Part I: The overall objective of Part I is to examine the effects of shift work on 
health, work functioning and social life within different shift systems, with a special focus 
on age. The following three sub-objectives are addressed:
1. To examine which individual and work-related characteristics predict work outcomes 

related to sustainable employment among male shift and day workers.
2. To examine associations of chronotype and age with shift-specific assessments of sleep 

duration, sleep quality and need for recovery.
3. To examine need for recovery among technical distal on-call workers.

Part II: Towards interventions to enhance  
sustainable employmenability of shift workers
To actually help shift workers continue working in a sustainable and healthy way, interven-
tions aiming to enhance sustainable employability of shift workers need to be developed 
and implemented. Several measures have been proposed to alleviate the burden experi-
enced by shift workers (5). Bright light, melatonin, naps, use of stimulants and proper work 
scheduling have been suggested to support adaptation to shift work (5). Of those interven-
tions, shift system interventions have been examined extensively, as the design of a shift sys-
tem is a key determinant of shift work-related problems. Shift schedule characteristics like 
shift length, shift starting time, direction of rotation and the number of consecutive shifts 
or working days in relation to their distribution over the working week, can be considered 
when designing a shift schedule. In general, a fast (i.e. max 2-3 consecutive shifts) forward 
rotating (i.e. postponing the start time of consecutive shifts) schedule is favored to promote 
sleep (5, 10, 50), in particular for older workers (40). Still, there remain challenges to de-
termine the relative and combined contributions of different shift schedule characteristics. 
There are also indications that increasing workers’ control over working hours is beneficial 
for workers’ health and well-being (51, 52). Whether these interventions will also improve 
health in the long-term, has yet to be proven (5).
The design of a shift system intervention is one step according to the latest scientific knowl-
edge, the implementation process might be an equally important step for an intervention to 
be effective (53). Expert views on how to set-up an implementation process of a new shift 
system are available (54) and the attitude towards a new system may affect the results of an 
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effect-evaluation (55, 56). Yet, so far, neither the process prior to implementation, nor the 
attitudes of workers towards a shift system intervention, have been investigated systemat-
ically. 

Objective Part II: The overall objective of Part II is to examine the relation between the 
design of a shift system and sustainable employability on the one hand and how to suc-
cessfully implement a new shift system on the other. The following three sub-objectives are 
addressed:
1. To examine associations between ergonomic shift schedule criteria, separately and com-

bined, for shift-specific and generic health and work functioning measures.
2. To examine facilitating and impeding factors for the implementation of a roster change.
3. To examine whether attitude towards a shift system implementation is prospectively as-

sociated with changes in health, work functioning and social life after implementation.

Outline
Part I comprises chapters 2 to 4 and focuses on the first objective, the examination of the 
effects of shift work on health, work functioning and social life in different settings. In 
Chapter 2 we describe a prospective study among a large cohort of shift and day workers to 
examine whether health- and work-related characteristics assessed during periodic health 
checks are associated with outcomes related to sustainable employability. A sensitivity anal-
ysis was conducted to examine the effect of age on the results. In Chapter 3 another concept 
besides age is explored. Associations for chronotype and age with shift-specific sleep and 
need for recovery are investigated among regular 3-shift workers. Chapter 4 presents the 
associations of need for recovery with age, health and social life among distal technical on-
call workers.
Part II consists of Chapters 5 to 7 and focuses on the second objective, the investigation of 
the design and implementations process of new shift systems. In Chapter 5, we examine 
associations between shift schedule characteristics, sleep, need for recovery, fatigue, health 
and work functioning among regular (semi-)continuous 3-shift workers of nine different 
companies. In Chapter 6, we study facilitating and impeding factors for the implementation 
of a new shift system. Chapter 7 presents the investigation of the effects of workers’ attitude 
towards a new shift system on changes in health, work functioning and social life. 
Chapter 8 comprises the general discussion; we present the main results of the study and 
methodological considerations, and discuss implications for practice and research.  
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