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Summary
This thesis is the result of the ‘Shift Your Work’ study, which aims to contribute to a better 
understanding of sustainable employability of older shift workers by implementing new 
shift systems. This thesis builds on two premises. The first premise constitutes that shift 
work becomes more demanding with older age (Part I), the second premise entails that the 
type of shift system may contribute to sustainable employability (Part II).

Part I: The ageing shift worker
The premise that shift work becomes more demanding with older age is based upon the 
adverse effects of shift work on health, performance and social life due to the disturbance of 
biological and social circadian rhythms in combination with the physiological deterioration 
with older age. Yet, at the intersection of shift work and age, evidence is lacking, leading to 
the overall objective of Part I: to examine the effects of shift work on health, work function-
ing and social life within different shift systems, with a special focus on age.

Chapter 1 provides a general introduction on the background on shift work, with defini-
tion, prevalence and trends in the Netherlands. Mechanisms of shift work that might lead 
to ill health, impaired performance and disturbed social life are discussed, followed by the 
rationales for Part I and II.
Chapter 2 investigated shift work exit in a prospective cohort study among 5640 shift and 
day workers of a large Dutch steel manufacturer. Health check data were gathered to iden-
tify individual and work-related characteristics at baseline. Workers were followed up for 
a period of five years using company registers to determine whether they 1) had left the 
organization, 2) had been absent for ≥6 months or 3) had been temporarily placed in less 
strenuous work. Individual and work-related predictors of shift work exit did not seem to 
differ in strength and magnitude neither between older and younger shift workers, nor be-
tween shift and day workers.
Chapter 3 examined the relation between chronotype, age, sleep and need for recovery. Pre-
vious research has shown that with older age, sleep duration shortens, sleep quality wors-
ens and need for recovery increases. Furthermore, with older age, workers become more 
morning oriented, i.e. an earlier chronotype. Earlier chronotypes are known to have more 
difficulties sleeping after night shifts, while later chronotype have more difficulties sleeping 
before morning shifts. In a cross-sectional study among 261 shift workers, we investigated 
what matters most when it comes to sleep quality, sleep duration and need for recovery in 
shift workers: chronotype or age? We found no associations for age, yet, later chronotypes 
reported a shorter sleep duration and more awakening complaints before morning shifts. 
These results suggest that chronotype, rather than age, explains individual differences in 
sleep.
Chapter 4 addressed a completely other, yet burdening, shift system than reported in the 
previous two chapters, namely distal on-call work. Distal on-call work refers to a working 
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time arrangement in which workers are away from the workplace, but can be called back in 
case of an emergency. According to Dutch working time legislation, distal on-call work is 
considered resting time. In this cross-sectional study among 169 technical on-call workers, 
need for recovery was higher when on-call while not called, compared to not on-call, and 
even higher when called back to the workplace during an on-call period. On-call workers 
with poor mental health or high work family interference reported higher need for recov-
ery, independently of being on-call or not. Workers with high work demands reported high-
er need for recovery, only when being on-call. We found no differences for older compared 
to younger workers. 

Part II: Enhancing sustainable employability by implementing new shift systems
The shift system design is one of the key modifiable determinants to affect the potentially 
negative effects of shift work and has therefore been examined extensively. Still, challenges 
remain in determining the relative and combined contributions of shift system character-
istics and how to effectively implement a new shift system to facilitate sustainable employ-
ability. The aim of Part II is therefore to examine the relation between the design of a shift 
system and measures related to sustainable employability and to explore the implementa-
tion process of a new shift system.

In Chapter 5, the shift system design was explored in a cross-sectional study among 491 
shift workers.  Eighteen shift schedules were classified according eight, shift schedule char-
acteristics, based on ergonomic recommendations and expert opinions. These characteris-
tics were: 1) number of consecutive shifts, 2) start time of the morning shift, 3) number of 
consecutive working days, 4) direction of rotation (i.e. forwards (M)orning to (E)vening to 
(N)ight or backwards NEM), 5) number of annual weekends off (i.e. Saturday and Sunday), 
6) number of recovery days, 7) number of rest days before a night shift and 8) average week-
ly working hours. We examined associations between the shift schedule characteristics with 
shift-specific sleep complaints and need for recovery, and generic health and performance 
measures. Relatively few associations were found, of which the majority was in favor of the 
ergonomic recommendations. The healthy worker effect, limited variation between includ-
ed schedules and the cross-sectional design might explain the paucity of significant results.
Chapter 6 explored the implementation process of a new shift system. In a qualitative study, 
we investigated the facilitating and impeding factors for the implementation of a new shift 
system. Interviews were conducted among production managers, trade unions and workers 
of six companies, of which three companies successfully implemented a new shift system 
and three companies cancelled the implementation. A facilitating factor was if the change in 
shift system served production goals. An impeding factor was alteration of current employ-
ment terms related to the shift system change, and thereby involvement of headquarters and 
trade unions. Employee participation, management vision and support were no guarantee 
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for successful implementation. 
The final study, described in Chapter 7, investigated the effect of the workers’ attitude to-
wards change before implementation on changes in health, work ability, work functioning 
and work-family interference after implementation. The new shift systems were designed 
to adhere to ergonomic shift scheduling recommendations. Using a pre-post-measurement 
design, complete data were retrieved from 59 shift workers of nine companies planning a 
new shift system. Workers were asked about their attitude towards the new shift system 
before implementation. Furthermore, self-rated mental and physical health, work function-
ing, work ability and work-family interference were assessed before and 6-8 months after 
implementation. The results of this study indicate that a more positive attitude towards 
the new shift system before implementation is associated with increased self-rated mental 
health, increased work ability and decreased work-family interference after implementa-
tion. The intervention context, i.e. the change process in the organization, is probably an 
important factor in explaining workers attitude towards change, considering differences 
in workers’ attitude could not be explained by age, health status, work functioning, work 
ability or work-family interference. 

Finally, in Chapter 8 a discussion of the main findings of this thesis is provided, alongside 
with methodological considerations and implications for research and practice.
In general, no evidence was found either supporting or opposing the two premises. In Part 
I, hardly any age-related differences were found for measures related to sustainable em-
ployability of shift workers. In Part II, ergonomic recommendations for the design of a 
shift system supported sustainable employability, although the evidence was weak, and new 
shift systems deemed hard to implement. Several explanations for these results may apply. 
First, other characteristics than age (e.g. chronotype) may better explain individual differ-
ences in outcomes related to sustainable employability of shift workers. Second, a healthy 
worker effect may have been present, i.e. only those workers best suited and adapted to 
shift work manage working at irregular times. Third, most participating companies had al-
ready ergonomic shift schedules in place, providing fewer options for further optimization 
of shift schedules. Few age-related effects, a relatively healthy study populations and already 
well-designed schedules might have led to a low sense of urgency to implement new shift 
systems.
In conclusion, the findings of this thesis have implications for research and practice. Con-
sidering the age distribution of the study sample, many shift workers are at the verge of 
working past the initial retirement age. The retirement age has recently been increased, 
while at the same time “sparing-policies” for older shift workers have been abandoned. Lit-
tle is known about the problems and needs of shift workers in these additional working 
years, warranting further research to enhance sustainable employability of shift workers. 
A possible strategy is to design and evaluate new shift systems intervening on personal 
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characteristics, e.g. chronotype. Alternative research designs, next to a RCT, are needed 
to overcome logistical and time-based constraints. For practice, implementing new shift 
systems may help to enhance sustainable employability of shift workers, in particular when 
non-ergonomic shift schedules are in use. Ergonomic recommendations should be applied 
and shift workers’ individual preferences accommodated as much as possible. The process 
towards implementation is as important as the design of a new shift system, implying a care-
ful process before implementation, preferably using a participatory approach. 








