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Abstract: There is no standard definition of shift work universally, and no validated report of 
complete biological adjustment to shift work in workers. Similarly, the evidence for shift work 
tolerance is limited due to a small number of studies and a narrow range of outcome measures. 
This paper discusses evidence to date regarding individual differences in shift work tolerance and 
highlights areas for future research and recommendations for workplace practice. The few factors 
that are consistently associated with perceived or actual shift work tolerance are young age, low 
scores of morningness or being a late chronotype, low scores of languidity and neuroticism, high 
scores on extraversion, internal locus of control and flexibility and male sex. An important first step 
is to differentiate between factors that are potentially modifiable, such as those that are determined 
by lifestyle choices, and those factors specific to the working time arrangement. Identifying deter-
minants of shift work tolerance and the ability to adjust to shift work, whether they are innate and/
or acquired mechanisms, is important so workers who are less likely to tolerate shift work well can 
be self-identified and supported with appropriate harm/risk minimization strategies. This paper 
also identifies important areas for future research with the goal of increasing the evidence base on 
which we can develop evidence-based harm mitigation strategies for shift workers.
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Introduction

The Oxford dictionary defines ‘tolerance’ as the “capac-
ity to endure continued subjection to something such as a 
drug or environmental condition without adverse reaction” 
and provides the following example: “The desert camel 
shows the greatest tolerance to dehydration”. For the 
camel, the definition of tolerance appears clear: the ability 
to withstand dehydration under adverse environmental 
conditions. However, to apply the same concept of toler-
ance to shift workers may be more complicated. One 

reason, is the lack of understanding about the conditions 
defining shift work tolerance1–3). This includes our current 
lack of understanding of whether shift work (in-) tolerance 
is grounded in physiological factors at the level of the in-
dividual worker (e.g. the inability of a specific individual 
to adequately recover when sleeping during the biological 
day) versus individual psychological factors (e.g. an indi-
vidual’s increased use of inappropriate coping strategies 
such as increased caffeine, alcohol or tobacco consump-
tion to mediate ‘sleepiness and alertness’ or voluntary 
sleep restriction to accommodate family and social obliga-

Consensus Statements

1) Individuals vary in their sleep requirements and preferences with regard to both duration and timing (e.g. 
observable as different chronotypes). They also vary considerably in the impact of sleep loss and circadian 
misalignment on their alertness and cognitive functioning. Long-term health consequences and risks associated 
with shift work vary among individuals as well.

2) Employers should consider flexibility in individuals’ work hours where operationally feasible. Employers 
should work with experts, regulators, worker representation, and employees to develop flexible work sched-
ules, specific to occupation or workplace.

3) Consideration should be given to allowing employees to take a nap in the workplace if they need it (sanctioned 
napping). And if naps are deemed appropriate, adequate facilities and worker guidance should be provided.

4) Caffeine is useful as a fatigue countermeasure and may positively impact alertness, although it also has the 
potential to disturb both nighttime and daytime sleep. Workers should be made aware that caffeine’s effects 
depend on the dose and timing of administration, and that sensitivity to caffeine varies considerably among 
individuals.

5) Individuals vary considerably in their ability to adapt to shift work. Healthy eating patterns and physical activ-
ity may help to promote shift work adaptation and improve long-term health outcomes. Employers should 
consider providing shift workers with healthy food options at all times of day/night and opportunities to get 
physical activity/exercise.

6) Workers differ in the work and home demands on their time and attention, and the optimal state of work-life 
balance. Workers should be encouraged to discuss their individual work-life balance needs with their employ-
ers, and employers should be encouraged to make accommodations where possible.

7) Shift work operations tend to interfere with normal social support systems (family, friends, colleagues, etc.). To 
help shift workers cope, support groups and events could be organized to promote social support, reduce feel-
ings of isolation, and reduce conflicts between work and home demands.

8) Light is a key modulator of shift worker alertness, well-being and health, and a useful fatigue countermeasure, 
and workers should be educated on the effects of light. Individuals differ profoundly in their responses to light 
and darkness, making it difficult at present to design individualized lighting solutions for shift workers.

Consensus statements review expert panel: Hans VAN DONGEN1(Chair), John CALDWELL2, Debra SKENE3

1Washington State University, USA
2Oak Ridge Associated Universities, Coastal Performance Consulting, USA
3University of Surrey, UK
Full consensus among panel members on all statements.



SHIFT WORK TOLERANCE AND INDIVIDUAL DIFFERENCES 203

tions). If physiological factors predominate, this would 
point towards individuals inherently unsuited to shift 
work. If the problem is inherently biological, coping strat-
egies may provide little benefit to the individual and the 
harm may be unavoidable. On the other hand, if the role of 
(in-) appropriate coping strategies predominates, then shift 
work tolerance could be improved—especially for those 
about to start with shift work—through the development 
of guidance materials addressing the appropriate behavior 
and lifestyle changes required for harm minimisation. In 
practice, it is likely that physiological predispositions and 
coping behaviors interact which, unfortunately, further 
complicates the search for ways to minimize shift work 
intolerance.

This manuscript is part of a series of consensus papers 
developed by the Working Time Society, as commissioned 
by the International Commission on Occupational Health. 
The goal of this series is to provide guidance for a broad, 
international audience of researchers, industry representa-
tives, workers, labor representatives, policy makers, and 
other stakeholders on managing fatigue associated with 
non-standard working hours and ensuring worker health 
and safety. Collectively, the papers provide overviews of 
the current state of research, identify health and safety 
risks, make recommendations for effective interventions, 
and suggest future research directions. Each paper presents 
a number of consensus statements, developed through the 
procedures outlined in Wong et al.4), and describes the 
background information on which the consensus state-
ments are based. This paper presents an overview of the 
current evidence on the relation to individual differences 
in shift work tolerance. We conclude our paper with 
recommendations for future research and the workplace 
practice.

Definition of Shift Work Tolerance

The definition of shift work tolerance was first intro-
duced by Andlauer et al., and was described as the ability 
of an individual to adapt to shift work without adverse 
consequences5). Following on from this initial definition, 
researchers have tried to understand what determines this 
‘ability’ and have deconstructed shift work tolerance into 
measures of the individual physiological and behavioral 
differences in adapting to shift work6, 7). More recently 
this has been further expanded to include psychological 
and social problems also thought to mediate shift work tol-
erance8–10). It is now generally considered that shift work 
tolerance is a complex phenomenon that includes a range 

of factors and is both physiologically and psychologically 
determined.

A recent exploratory study supports the use of the wider 
definition of shift work tolerance9). In that study, a princi-
pal component analysis conducted on Norwegian nurses 
(n=1,529) identified two main factors that were associated 
with shift work tolerance; psychological health or well-
being (this factor loaded on measures of insomnia, mental 
health and well-being, fatigue and anxiety) and physical 
health (including measures of physical health determined 
by well-validated general health questionnaires)9). This 
was the first time that the definition of shift work tolerance 
was conceptualized using an empirical, rather than theo-
retical, approach on a large sample size. While there are 
limitations of this definition that still need to be addressed, 
this finding warrants the view that shift work tolerance is 
a multi-factorial construct that combines individual physi-
cal, psychological, social and behavioral differences.

Historically, the assessment of shift work tolerance has 
been inconsistent due to the lack of definitional consen-
sus and the fact that different measures have been used 
across different studies. Not surprisingly this had made 
comparisons between studies difficult. As yet, there is no 
consensus on how to best define or measure shift work 
tolerance. If we look across the extant literature, the most 
common measures include subjective evaluations by the 
individual about their perceived tolerance of shift work re-
lated problems, including subjective measures of sleep (e.g. 
sleep quality, sleep problems, fatigue), chronotype (early 
or late sleepers), and subjective health status6, 7). In terms 
of social factors, standardized questionnaires are typically 
used to measure work-life conflict, work-family conflict, 
family and social disruption6, 9). Psychological question-
naires are used that measure job strain, work satisfaction, 
and personality factors6, 7, 11). Objective measures typically 
focus on sleep, circadian disruption and cognitive impair-
ment and include measures such as sleep actigraphy, core 
body temperature, saliva, blood, and urine samples for 
hormones used to measure circadian parameters such as 
period, phase and amplitude (e.g. melatonin, cortisol), and 
computerized measures of cognitive or neurobehavioral 
task performance, e.g. PVT)6, 7).

Individual Differences of Shift Work 
Tolerance

Although studies on shift work tolerance are relatively 
scarce, and are limited in scope as per above, several fac-
tors have been identified that are potentially associated 
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with better adaptation to shift work: young age, low scores 
of morningness or being a late chronotype, low scores 
of languidity and neuroticism, high scores on extraver-
sion, internal locus of control and flexibility and male 
sex7, 12, 13). Other than age and sex per se, all parameters 
on this list vary intraindividually, mainly with lifestyle 
choices, leaving these at the present stage as rather un-
reliable predictors for shift work tolerance across time. 
Cultural and socio-economic class differences between 
countries might also be factors that can influence shift 
work tolerance. To the best of our knowledge, there are 
no studies exploring the relationship between shift work 
tolerance in different cultural and socioeconomic settings, 
highlighting the need for additional studies addressing 
this issue. Due to methodological differences in shift work 
studies, it remains difficult to draw conclusions about the 
determinants of shift work tolerance. Saksvik et al. argued 
that “More longitudinal studies, especially concerning 
personality, are needed to make conclusions about the pre-
dictive power of individual differences for shift work tol-
erance”7). Next, we will discuss individual differences in 
shift work tolerance for a variety of factors, including age, 
sex, trait vulnerability to sleep loss, circadian rhythms, 
psychological determinants, social and behavioral deter-
minants, and occupational schedules and demands.

Age
Research on the relationship between shift work toler-

ance and age has produced mixed results. Many studies 
suggest that a younger age is related to a better tolerance 
of shift work7, 14–16), with indications that the critical age 
for reduced tolerance to shift work is between 40 to 50 yrs 
of age17, 18). However, other studies have found contrast-
ing results, where shift work tolerance may increase with 
age, or produce a U-shaped association7, 16, 19, 20). While 
the evidence is unclear regarding age and shift work toler-
ance, there is biologic plausibility for poorer shift work 
tolerance at older age. Age is principally a plausible fac-
tor since virtually all health and sleep problems become 
more severe with ageing. One might hypothesize that shift 
workers age at a quicker pace, since shift workers do not 
suffer from unique shift work related health and sleep 
problems, but from common aging related epidemiological 
health and sleep problems at an earlier age. This hypoth-
esis, of course, requires large scale longitudinal studies for 
confirmation.

One likely explanation for the published differences 
in the relation between age and shift work tolerance can 
be the healthy (shift) worker effect, a form of selection 

bias21). Older workers who have stayed in shift work for 
many years represent a cohort of workers who overall 
are healthier, and because of their good health they still 
are employed in shift work (and might appear as “survi-
vors”)21). There is also evidence that there is self-selection 
into shift work based on traits such as sleep22), which 
likely interacts with the healthy shift worker effect and 
age. In addition, the healthy worker effect is associated 
with other risk mediators like gender or sex, race, age at 
hire, occupational class, and length of employment, which 
may influence shift work tolerance3, 23). However, more 
knowledge can be gained from investigating other traits 
that are related to workers who stay in shift work, and 
those who select out of shift work.

Sex
The evidence linking sex with differences in shift work 

tolerance suggests that shift work tolerance is more com-
mon among male workers, while some studies show no 
sex relationship6, 7). Some studies report that women have 
greater susceptibility to shift work adaptation in terms of 
sleep-related problems and fatigue, higher risk of diseases 
such as metabolic syndrome, higher risk of poor mental 
health outcomes, and work injuries24–29). Not all studies 
support this relationship though, suggesting sex differ-
ences in adaptation to shift work could be related to only 
some measures of shift work tolerance7). Further, for some 
diseases, particularly mental health, it is hard to disen-
tangle whether these sex differences in susceptibility to 
the health impacts of shift work are due to underlying sex 
differences in disease etiology or differences in the ability 
to adapt to shift work. The current evidence suggests that 
more research is needed to investigate sex differences in 
shift work tolerance, and suggests that future interventions 
and policies should recognize that women may be more 
susceptible to the health impact of shift work.

Some reasons for sex differences in shift work tolerance 
are suggested in terms of both behavioral and physiologi-
cal function. In terms of physiological differences, there 
is evidence that men and women might differ in terms of 
sleep behaviors and sleep-wake patterns30). New evidence 
indicates there might be biological differences in the cir-
cadian regulation of sleep between sexes, making women 
more vulnerable to the impact of working nights31, 32). 
Sex differences in chronotype and susceptibility to mental 
health problems are also likely to play a role33, 34). In terms 
of behavioral factors, women may be additionally chal-
lenged in their shift work tolerance due to family and do-
mestic duties6). Shift working women with children have 
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a greater risk for work injury than shift working women 
without children, especially during extended working 
hours and rotating shift work24). This suggests that the 
probability of a work injury might also be influenced by 
social factors, such as family and childcare responsibili-
ties, that lead women to work longer hours and to sleep 
less on days off than men or women without children6). 
However, more research on sex-specific differences with 
respect to domestic duties on shift work tolerance is 
needed to better understand these relationships.

Trait vulnerability to sleep loss
Shift workers are at an increased risk for developing 

chronic sleep disturbances, such as insomnia, shortened 
sleep duration, fatigue, and poorer sleep quality35). There 
is evidence that some shift workers are more vulnerable to 
insufficient sleep than others. Observational and laboratory 
studies show that there are high interindividual differences 
in adapting to shift work after sleep restriction, as evident 
in cognitive impairment and work performance36, 37). How-
ever, it is still unclear why some shift workers are more 
resilient to the impact of sleep restriction; multiple fac-
tors, including personality, genetics, and chronotype, are 
likely to play a role35, 38). Shift workers who report higher 
feelings of work satisfaction and have more flexibility in 
sleep habits show higher shift work tolerance after sleep 
restriction39, 40). Traits such as lower scores of languidigy 
(i.e. difficulties overcoming drowsiness and lethargy fol-
lowing a reduction in sleep), morningness, neuroticism, 
low scores on extraversion, and long sleep need are linked 
to poor shift work tolerance7, 41). Individual differences in 
sleepability (i.e. the ability to fall asleep easily), unrelated 
to sleepiness, has also been suggested as an individual 
sleep trait38). However, it is still unclear how this trait may 
relate to shift work tolerance. Polymorphisms related to 
homeostatic sleep processes and circadian rhythms are 
also associated with individual differences in sleep pres-
sure, fatigue, and performance, including CLOCK, PER1, 
PER3, and MTNR1A42–44). Further, individual differences 
in chronotype are associated with resiliency to sleep loss, 
which will be discussed further below.

Circadian rhythms
Overall, it is still unclear why circadian misalignment 

occurs differently for individual shift workers, with 
evidence showing individuals adapt differently to shift 
work45–47). Different work schedules, differences in light 
exposure (especially at night), forced sleep timing, age, 
and the health status of shift workers likely affect their 

degree of circadian entrainment46). While complete circa-
dian adaptation to shift work would correct for the mis-
alignment between daily rhythms and the environment, it 
might only be desirable on some but not all circumstances. 
Evidence from simulated shift-work research suggests this 
is unlikely to occur. It has been reported that a complete 
adaptation of the circadian system to night shift work 
only occurs in a minority (<3%) of workers, even when 
working a fixed night shift schedule48), whereas a partial 
entrainment to night work occurs in <21% of workers. 
A study of 15 patrol officers (mean ± SD, 29.8 ± 6.5 yr) 
showed that more than 40% were adapted to their night 
shifts, possibly because of the organization of night shifts 
within their work roster45, 47). Other observational stud-
ies of melatonin as a biomarker for circadian adjustment 
show changes in the pattern and timing of peak production 
among healthcare employees working alternating days and 
nights49, 50), suggesting shift work may impact circadian 
physiology, and thus also shift work tolerance. Similar 
changes in pattern have also been reported for cortisol, an-
other suggested circadian biomarker51, 52) as well as for the 
majority of rhythmic transcripts of the human genome53).

While complete circadian adaptation is unlikely, some 
studies suggest that certain work conditions may promote 
adaptation to night work to some degree. Studies sug-
gest that forward rotating shift schedules, shift lengths of 
under 10 h, napping during night shifts, and use of light-
dimming glasses at night or during commute home may 
promote adaptation to shift work54–58). However, few 
studies have assessed the effectiveness of these conditions 
outside of experimental settings, and how it may relate 
to better health outcomes over time. This highlights the 
need for well-designed randomized interventions to assess 
the effectiveness and feasibility of these strategies in the 
workplace. Whether and how circadian disruption can lead 
to individual vulnerability to shift work and the health 
disturbances associated with it remains largely unknown 
and will require further research.

Another factor that impacts circadian adaptation to shift 
work is chronotype. However, chronotype (a behavioral 
marker based on preferred sleep timing) also varies with 
sex and age54), and therefore should be monitored regu-
larly. Studies suggest that individuals with an evening-
oriented chronotype exhibit less rigid sleep timing and 
higher shift work tolerance compared to morning-oriented 
chronotypes; late and flexible sleepers appear to suffer less 
from night shifts, and late sleepers are more challenged 
by morning shifts59, 60). This is supported by studies that 
show shift workers with an evening-oriented chronotype 
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have lower levels of drowsiness and sleepiness, and lower 
sleep-quality but longer sleep duration in comparison to 
workers with a morning-oriented chronotype7, 61). In addi-
tion, morning-oriented chronotypes show higher levels of 
social jet lag during night shifts in comparison to evening-
oriented chronotypes61). Morning-oriented types, in turn, 
are less challenged by morning shifts61). This evidence 
suggests that late chronotypes may be less challenged 
by circadian misalignment due to shift work, and sug-
gests that consideration of chronotype is important when 
developing healthy work policies, interventions and work 
schedules.

While an evening-oriented chronotype may be beneficial 
in terms of sleep quality, it has also been linked to adverse 
health effects in some shift workers. A recent study found 
that shift workers who have evening-oriented chronotypes 
are more susceptible to the adverse affects of light at night, 
as evident through reduced melatonin49). There is addition-
al evidence that shift workers with evening chronotypes 
may have a higher risk of obesity and breast cancer62, 63). 
These findings highlight the importance of continuing to 
study chronotype differences in the adjustment to shift 
work, especially when considering future disease risk. 
Further, while there is evidence suggesting chronotype is 
relatively stable during adulthood64), it is unclear whether 
chronotype could be altered to promote adaptation. More 
research is needed to examine the stability of this trait, and 
its potential effect on shift work tolerance.

Psychological determinants
Most studies investigating personality traits and shift 

work tolerance have found that internal locus of control, 
flexibility (i.e. ability to sleep and work at odd times of 
the day), hardiness, extraversion, and self-esteem are posi-
tively related to shift work tolerance7, 41, 65, 66). In contrast, 
higher scores of neuroticism, negative mood, and low 
positive affect are associated with shift work intolerance7). 
However, it is difficult to assess the temporality of these 
effects, since shift work could also induce personality 
changes7). In addition, it is still unclear if certain personal-
ity traits in shift workers are linked to a reduced risk of 
chronic health outcomes later in life; it could be that per-
sonality traits may be linked only with better self-reported 
adaptation to shift work. These findings and uncertainties 
highlight the need for longitudinal studies, especially 
when considering future health outcomes.

In recent years, the link between shift work and mental 
health has gained interest. Shift workers report poorer 
mental health, higher job strain, higher occupational 

stress, and are at higher risk for disorders such as anxiety 
and depression11, 28, 67, 68). However, it is still unclear if 
individual differences in mental health are causally related 
to shift work tolerance. It could be that certain personality 
factors allow for better adaptation to shift work, and a 
lower risk of mental health outcomes65). Another explana-
tion is that individual differences in self-perceived work 
stress could be related to shift work tolerance. In a recent 
meta-analysis of eleven papers, psychological factors at-
tributed to the work environment, such as job strain, low 
decision latitude, high psychological demands, and high 
job insecurity predicted mental disorders such as anxiety 
and depression11). This finding was significant despite 
the heterogeneity between studies, and response bias was 
ruled out as a possible explanation11). Overall, the pathway 
linking individual differences in psychological factors to 
shift work tolerance is still unclear, especially when con-
sidering mental health outcomes. More research is needed 
to investigate how personality factors and perceived stress 
may relate to shift work tolerance over many years, and 
how this relates to the development of mental health out-
comes.

Social and behavioral determinants
Research investigating differences in behavioral fac-

tors and shift work adaptation is limited. Shift work has 
been associated with changes in behavior including work 
performance, changes in eating patterns, and physical 
activity69–71). Some researchers state that behavioral fac-
tors may be related to shift work tolerance through coping 
strategies6). It could be that shift workers who have favor-
able coping strategies that include healthier eating patterns 
and regular physical activity can adapt better to shift work. 
In contrast, individuals who have better shift work toler-
ance may develop healthier behaviors than shift workers 
with poorer tolerance. Thus, it is unclear how individual 
behavioral factors (and coping strategies) relate to shift 
work tolerance. In addition, future research warrants the 
consideration of psychological traits when considering 
behaviors, since these are likely to be influenced strongly 
by personality traits.

In addition, there is evidence that having social sup-
port determines shift work tolerance. This includes social 
support from partners/spouses, family, co-workers, and 
supervisors and employers6, 65, 72). There is also evidence 
that having children and domestic obligations are related 
to poor shift work tolerance, for both men and women6, 73). 
As mentioned previously, women with children and do-
mestic obligations are more vulnerable to poor shift work 
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adaptation, which could be explained by sex differences 
in domestic and family roles24). While social support and 
family determinants have been thoroughly investigated, 
there is limited evidence on the link between individual 
differences in cultural and socioeconomic determinants 
in shift work tolerance. It is still unclear how lower (or 
higher) socioeconomic class, and differing cultural views 
of shift work affect adaptation to a shift work schedule. 
Future research should address these research gaps, which 
could help identify vulnerable groups and populations to 
the health impacts of shift work. Future research should 
also consider how employers and organizational support 
within the workplace may promote adaptation to shift 
work, with consideration of aspects such as provision of 
meals, transportation, childcare, and more.

Occupational schedule and demands
It is important to highlight that occupation (or actually 

which tasks are performed) itself likely plays a role in 
shift work tolerance. Most research has currently focused 
on how shift work schedule (i.e. shift work type, years of 
shift work, and intensity of shift work) may contribute to 
poorer health outcomes. Evidence suggests that permanent 
night shifts, rotating shifts, longer years of shift duration (in 
as little as 5-yrs), and higher shift work intensity increase 
the risk of a multitude of health outcomes, including can-
cer, cardiovascular disease (CVD), diabetes, and disrupted 
sleep and circadian rhythms49, 74–78). There is also evidence 
that quitting shift work may decrease the risk of poorer 
health outcomes. In comparison to current shift workers, 
former shift workers have a lower risk of adverse health 
outcomes such as cardiometabolic indices, poor cognition, 
CVD, disrupted sleep, and disrupted circadian rhythms; 
however, studies also suggest that former shift workers are 
still at a higher risk of these poorer health impacts in com-
parison to never-shift workers79–83). In addition, evidence 
suggests that longer time since quitting shift work may 
decrease risk of poorer health outcomes, such as CVD80). 
Nonetheless, it is important to highlight that most studies 
have assessed these associations cross-sectionally, and fac-
tors such as confounding by age and selection bias cannot 
be ruled out completely.

Although both permanent night and rotating shift work 
has been linked to poor shift work adaptation, studies 
indicate that permanent night workers do not adapt better 
to permanent shift schedules in comparison to rotating 
schedules48, 84). Few studies have assessed this prospec-
tively, making it difficult to rule out biases such as the 
healthy shift worker effect or an incomplete consideration 

of confounding factors. Further, due to the lack of lon-
gitudinal data on shift work tolerance, it is unclear how 
duration of shift work may relate to shift work tolerance, 
outside of factors such as the healthy shift worker effect 
and age. Finally, studies suggest that a rapid forward rota-
tion schedule may be the most beneficial for shift work 
tolerance55, 58). Again, only few studies have investigated 
this schedule long-term, leaving it unclear how the sched-
ule may impact shift work tolerance.

Overall, while the evidence has linked certain shift work 
types, higher intensity of shifts, and longer shift work 
duration to poorer health outcomes, it is still unclear how 
these factors may influence tolerance to shift work. While 
studies suggest that rapid forward rotating shift work 
schedules may be the most beneficial in terms of adapta-
tion, it is important to further investigate shift work types 
and duration more at the individual level in order to better 
understand how shift work interacts with tolerance to shift 
work, and inform future workplace policies. In particular, 
longitudinal studies are needed to more clearly assess the 
impact of different shift work schedules on adaptation.

Occupational demands likely also contribute to shift 
work tolerance; however, research is lacking on how 
different types of occupations and occupational condi-
tions may influence shift work tolerance. It is uncertain 
how different types of occupations, (e.g. healthcare, first-
responders, airline pilots), and different occupational con-
ditions (e.g. active vs. sedentary jobs, exposures to various 
chemicals and hazards, job strain), may affect tolerance to 
shift work. In addition, self-selection into certain occupa-
tions and maybe even shift schedules likely contributes 
to adaptation to shift work, although little research has 
investigated this. More research is needed to identify how 
occupation itself plays a role in shift work tolerance.

Discussion

Our understanding of the individual differences of shift 
work tolerance appears impeded by a lack of clear defini-
tions, different research methodologies, potential for the 
healthy (shift) worker bias, scarcely scrutinized concepts, 
and a limited number of variables investigated regarding 
the issue of shift work tolerance. The mere emergence of 
diseases and endpoints (as points in time when e.g. medi-
cal help would likely occur too late) in shift workers does 
not tell us much about shift work tolerance, unless there is 
a solid understanding about the causal pathway leading to 
these endpoints.

Ideally, we want to know whether a certain disease state, 
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e.g. cancer or metabolic syndrome, is related to a range of 
issues, from the specific aspects of shift work to certain 
coping strategies, or their biologic interaction. To improve 
our understanding about this complex causal situation, 
detailed prospective and long-term studies across at least 
20 to 30 yrs are needed. This research design would help 
to overcome risk stratification (e.g. by age, sex, or chrono-
type) issues, which also are a matter of debate. In addition, 
the lack of clear definition for shift work makes it difficult 
to compare studies. Studies frequently only focus on type 
of shift work (i.e. rotating vs. night only shifts), without 
consideration for intensity (i.e. number consecutive shifts 
in a row) or duration (i.e. length of shifts)85). In the future, 
studies should consider defining shift work in terms of 
type, duration, and intensity to grasp the complete picture 
of shift work, as different parameters of shift work likely 
influence shift work tolerance differently. Further, social, 
psychological, and cultural factors (and their interaction) 
should be considered important factors in determinating 
the limits of tolerance and intolerance to shift work.

When interpretating findings, researchers should 
consider the possible bias imposed by these factors to 
disentangle and help explain the mixed associations be-
tween age, sex, and shift work problems pointed out here. 
Ideally, one would follow populations of shift workers and 
non-shift workers (as the control group) over time (years 
to decades) and quantify the specific effects of age, senior-
ity, sex, and their potential interaction. The healthy (shift) 
worker effect can by itself become a research opportunity 
if expressed as a survival rate of shift work. With high 
quality long-term prospective studies, one can explore 
what factors affect survival and attrition rates. This would 
address the question of tolerance in the context of duration 
of exposure (i.e. past shift work experience), since also 
time being employed, beyond the age effect per se, should 
be assessed23).

It is a prevailing view that restorative sleep and good 
health rely on regular exposure to light and darkness to 
keep the circadian system synchronized with the natural 
environment86–88). Shift work disturbs this process1, 89) and 
thus also leads to atypical sleep schedules. Even though, 
sleep timing might be disrupted, sleep homeostasis might 
be preserved by the strategic planning of naps. To our 
knowledge, there are no studies on the long-term effects 
of sleeping on an atypical schedule. To date, there is no 
evidence to support that humans are or can become fully 
tolerant—with respect to the adjustment of their sleep and 
circadian system—towards the effects of shift work, espe-
cially where it includes work at night.

Overall, this paper highlights the lack of understanding 
of individual differences in shift work tolerance. There is 
a general understanding of how sleep, circadian rhythms, 
chronotype and personality impact shift work tolerance. 
However, it is still not completely clear how differences 
in culture, socioeconomic condition, mental health, genet-
ics, occupational conditions, age and sex contribute to 
shift work tolerance. It is important that future research 
addresses these research gaps, for many reasons. Further 
research into individual differences will help to identify 
specific groups and populations that are vulnerable to the 
health impacts of shift work. Knowledge of these individ-
ual factors would allow for the development of effective 
and evidence-based interventions, healthy workplace poli-
cies, and work schedules to improve adaptation of shift 
work. The consideration of these individual differences are 
therefore crucial not only for future disease risk, but also 
in terms of workplace safety and performance, and the 
psychological and social well-being of shift workers.

In conclusion, there is no evidence that workers better 
adapt across their shift work career, and full tolerance to 
working shifts has not been described in the literature. 
Intolerance to shift work could, theoretically, be defined 
by the amount of time spent outside the range of an 
individual’s endurance capacity, in turn defined by the 
endurance to live at atypical circadian phases and/or to 
resist sleep deprivation and restriction. From this defini-
tion, it then follows to elucidate the effects of age, sex, and 
years of enduring exposure to shift and night work. The 
details provided in this consensus paper, we hope, inform 
researchers, employers, and policy makers to broaden their 
view of aspects that should be taken into account when 
investigating the impact of shift work on human sleep and 
health. We emphasize that this paper does not allow us to 
draw strict conclusions about which individuals should or 
should not be selected into shift work. Further knowledge 
about shift work tolerance is needed to better adjust the 
work conditions to the individual shift worker, as recom-
mended in the following section.

Recommendations

Our recommendations aim to strengthen the awareness 
and understanding of the interaction between individual 
differences and shift work tolerance, including differences 
in sleep, physical and mental health, performance and an 
individual’s biology. This includes recommendations for 
future research and workplace practice.

Based on the evidence presented in this consensus 
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paper, we recommend researchers consider the following 
factors to study the physical and psychosocial health in 
shift workers:

• Definition of shift work exposure, especially in terms 
of type, duration, and intensity;

• Chronotype differences in the adjustment process to 
shift work;

• Sleeping and napping behavior;
• Effects of age between populations with different his-

tories of shift work exposure;
• Consideration of the healthy (shift) worker effect;
• Effects of sex and gender in the context of domestic, 

familial, and biological factors;
• Cultural and socioeconomic class differences between 

countries;
• Work stress levels.
We also highlight the need for more research in the fol-

lowing areas:
1) Studies assessing the complex interaction between 

work, sleep, light exposure, health, performance and an 
individual’s biology (e.g. circadian rhythm);

2) Studies assessing determinants of tolerance to sleep 
deprivation (acute and chronic), of living at adverse 
circadian phases (including assessments of melatonin and 
other markers of the circadian system), and of circadian 
readjustment to atypical work schedules;

3) The role of genetics and polymorphisms in shift work 
tolerance, especially those involved with homeostatic 
processes, circadian rhythms, and sleep;

4) Prospective studies to assess individual differences 
in shift work tolerance (particulary individual differences 
in age and personality factors), and the long-term health 
impacts of shift work;

5) Studies assessing the relationship between individual 
differences in health behaviors and coping strategies on 
shift work tolerance; and,

6) Implementation and assessment of the effect of 
interventions to mitigate workers intolerance (e.g. using 
tailored light exposure/hiding schemes).

7) Studies assessing the impact of employer and organi-
zational support within the workplace on shift work toler-
ance, with consideration of aspects such as provision of 
meals, transportation, and childcare as well as education 
and training.

Additional comments regarding consensus statements 
provided by the Deutsche Gesetzliche Unfallversicherung 
(DGUV), an umbrella association of the accident insur-
ance institutions for the industrial and public sectors  
 

in Germany, can be found at https://www.dguv.de/
medien/inhalt/praevention/fachbereiche_dguv/fb-gib/
beschaeftigung/stellungnahme.pdf (accessed January 22, 
2019).

References

 1) Kantermann T, Juda M, Vetter C, Roenneberg T (2010) 
Shift-work research: where do we stand, where should we 
go? Sleep Biol Rhythms 8, 95–105.  [CrossRef]

 2) Costa G (2003) Shift work and occupational medicine: 
an overview. Occup Med (Lond) 53, 83–8. [Medline]  
[CrossRef]

 3) Knutsson A (2004) Methodological aspects of shift-
work research. Chronobiol Int 21, 1037–47. [Medline]  
[CrossRef]

 4) Wong IS, Dawson D, Van Dongen HPA (2019) International 
consensus statements on non-standard working time 
arrangements and occupational health and safety. Ind 
Health 57, 135–8.

 5) Andlauer P, Reinberg A, Fourré L, Battle W, Duverneuil 
G (1979) Amplitude of the oral temperature circadian 
rhythm and the tolerance to shift-work. J Physiol (Paris) 75, 
507–12. [Medline]

 6) Nachreiner F (1998) Individual and social determinants of 
shiftwork tolerance. Scand J Work Environ Health 24 Suppl 
3, 35–42. [Medline]

 7) Saksvik IB, Bjorvatn B, Hetland H, Sandal GM, Pallesen S 
(2011) Individual differences in tolerance to shift work—
a systematic review. Sleep Med Rev 15, 221–35. [Medline]  
[CrossRef]

 8) Tamagawa R, Lobb B, Booth R (2007) Tolerance of shift 
work. Appl Ergon 38, 635–42. [Medline]  [CrossRef]

 9) Saksvik-Lehouillier I, Pallesen S, Bjorvatn B, Magerøy N, 
Folkard S (2015) Towards a more comprehensive definition 
of shift work tolerance. Ind Health 53, 69–77. [Medline]  
[CrossRef]

 10) Pisarski A, Brook C, Bohle P, Gallois C, Watson B, Winch 
S (2006) Extending a model of shift-work tolerance. 
Chronobiol Int 23, 1363–77. [Medline]  [CrossRef]

 11) Stansfe ld S , Candy B (2006) Psychosocia l work 
environment and mental health—a meta-analytic review. 
Scand J Work Environ Health 32, 443–62. [Medline]  
[CrossRef]

 12) Knauth P, Härmä M (1992) The relation of shift work 
tolerance to the circadian adjustment. Chronobiol Int 9, 
46–54. [Medline]  [CrossRef]

 13) Costa G (2004) Multidimensional aspects related to 
shiftworkers’ health and well-being. Rev Saude Publica 38 
Suppl, 86–91. [Medline]  [CrossRef]

 14) Flo E, Pallesen S, Magerøy N, Moen BE, Grønli J, Hilde 
Nordhus I, Bjorvatn B (2012) Shift work disorder in nurses-
-assessment, prevalence and related health problems. PLoS 
One 7, e33981. [Medline]  [CrossRef]

http://dx.doi.org/10.1111/j.1479-8425.2010.00432.x
http://www.ncbi.nlm.nih.gov/pubmed/12637591?dopt=Abstract
http://dx.doi.org/10.1093/occmed/kqg045
http://www.ncbi.nlm.nih.gov/pubmed/15646248?dopt=Abstract
http://dx.doi.org/10.1081/CBI-200038525
http://www.ncbi.nlm.nih.gov/pubmed/533866?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9916815?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20851006?dopt=Abstract
http://dx.doi.org/10.1016/j.smrv.2010.07.002
http://www.ncbi.nlm.nih.gov/pubmed/16996472?dopt=Abstract
http://dx.doi.org/10.1016/j.apergo.2006.05.003
http://www.ncbi.nlm.nih.gov/pubmed/25327300?dopt=Abstract
http://dx.doi.org/10.2486/indhealth.2014-0112
http://www.ncbi.nlm.nih.gov/pubmed/17190719?dopt=Abstract
http://dx.doi.org/10.1080/07420520601055316
http://www.ncbi.nlm.nih.gov/pubmed/17173201?dopt=Abstract
http://dx.doi.org/10.5271/sjweh.1050
http://www.ncbi.nlm.nih.gov/pubmed/1555261?dopt=Abstract
http://dx.doi.org/10.3109/07420529209064515
http://www.ncbi.nlm.nih.gov/pubmed/15608919?dopt=Abstract
http://dx.doi.org/10.1590/S0034-89102004000700013
http://www.ncbi.nlm.nih.gov/pubmed/22485153?dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0033981


J RITONJA et al.210

Industrial Health 2019, 57, 201–212

 15) Reid K, Dawson D (2001) Comparing performance on a 
simulated 12 hour shift rotation in young and older subjects. 
Occup Environ Med 58, 58–62. [Medline]  [CrossRef]

 16) Blok MM, de Looze MP (2011) What is the evidence for 
less shift work tolerance in older workers? Ergonomics 54, 
221–32. [Medline]  [CrossRef]

 17) Tucker P, Folkard S, Ansiau D, Marquié JC (2011) The 
effects of age and shiftwork on perceived sleep problems: 
results from the VISAT combined longitudinal and cross-
sectional study. J Occup Environ Med 53, 794–8. [Medline]  
[CrossRef]

 18) Koller M (1983) Health risks related to shift work. An 
example of time-contingent effects of long-term stress. 
Int Arch Occup Environ Health 53, 59–75. [Medline]  
[CrossRef]

 19) Viitasalo K, Puttonen S, Kuosma E, Lindström J, Härmä 
M (2015) Shift rotation and age—interactions with sleep-
wakefulness and inflammation. Ergonomics 58, 65–74. 
[Medline]  [CrossRef]

 20) Parkes KR (2015) Shift rotation, overtime, age, and anxiety 
as predictors of offshore sleep patterns. J Occup Health 
Psychol 20, 27–39. [Medline]  [CrossRef]

 21) Li CY, Sung FC (1999) A review of the healthy worker 
effect in occupational epidemiology. Occup Med (Lond) 
49, 225–9. [Medline]  [CrossRef]

 22) Knutsson A, Akerstedt T (1992) The healthy-worker effect: 
self-selection among Swedish shift workers. Work Stress 6, 
163–7.  [CrossRef]

 23) Baillargeon J (2001) Characteristics of the healthy worker 
effect. Occup Med 16, 359–66. [Medline]

 24) Smith PM, Ibrahim-Dost J, Keegel T, MacFarlane E (2013) 
Gender differences in the relationship between shiftwork 
and work injury: examining the influence of dependent 
children. J Occup Environ Med 55, 932–6. [Medline]  
[CrossRef]

 25) Wirtz A, Lombardi DA, Willetts JL, Folkard S, Christiani 
DC (2012) Gender differences in the effect of weekly 
working hours on occupational injury risk in the United 
States working population. Scand J Work Environ Health 
38, 349–57. [Medline]  [CrossRef]

 26) Wang F, Zhang L, Zhang Y, Zhang B, He Y, Xie S, Li M, 
Miao X, Chan EY, Tang JL, Wong MC, Li Z, Yu IT, Tse 
LA (2014) Meta-analysis on night shift work and risk of 
metabolic syndrome. Obes Rev 15, 709–20. [Medline]  
[CrossRef]

 27) Chung SA, Wolf TK, Shapiro CM (2009) Sleep and health 
consequences of shift work in women. J Womens Health 
(Larchmt) 18, 965–77. [Medline]  [CrossRef]

 28) Bara AC, Arber S (2009) Working shifts and mental 
health—findings from the British Household Panel Survey 
(1995–2005). Scand J Work Environ Health 35, 361–7. 
[Medline]  [CrossRef]

 29) Ogińska H, Pokorski J, Ogiński A (1993) Gender, ageing, 
and shiftwork intolerance. Ergonomics 36, 161–8. [Medline]  
[CrossRef]

 30) Mong JA, Cusmano DM (2016) Sex differences in sleep: 
impact of biological sex and sex steroids. Philos Trans R 
Soc Lond B Biol Sci 371, 20150110. [Medline]  [CrossRef]

 31) Santhi N, Lazar AS, McCabe PJ, Lo JC, Groeger JA, Dijk 
DJ (2016) Sex differences in the circadian regulation of 
sleep and waking cognition in humans. Proc Natl Acad Sci 
USA 113, E2730–9. [Medline]  [CrossRef]

 32) Boivin DB, Shechter A, Boudreau P, Begum EA, Ng Ying-
Kin NM (2016) Diurnal and circadian variation of sleep 
and alertness in men vs. naturally cycling women. Proc 
Natl Acad Sci USA 113, 10980–5. [Medline]  [CrossRef]

 33) Randler C (2007) Gender differences in morningness–
eveningness assessed by self-report questionnaires: a meta-
analysis. Pers Individ Dif 43, 1667–75.  [CrossRef]

 34) Riecher-Rössler A (2017) Sex and gender differences in 
mental disorders. Lancet Psychiatry 4, 8–9. [Medline]  
[CrossRef]

 35) Kecklund G, Axelsson J (2016) Health consequences of 
shift work and insufficient sleep. BMJ 355, i5210. [Medline]  
[CrossRef]

 36) Van Dongen HP (2006) Shift work and inter-individual 
differences in sleep and sleepiness. Chronobiol Int 23, 
1139–47. [Medline]  [CrossRef]

 37) Van Dongen HP, Caldwell JA Jr, Caldwell JL (2011) 
Individual differences in cognitive vulnerability to fatigue 
in the laboratory and in the workplace. Prog Brain Res 190, 
145–53. [Medline]  [CrossRef]

 38) Van Dongen HP, Vitellaro KM, Dinges DF (2005) 
Individual d i fferences in adul t human s leep and 
wakefulness: leitmotif for a research agenda. Sleep 28, 
479–96. [Medline]  [CrossRef]

 39) Axelsson J, Akerstedt T, Kecklund G, Lowden A (2004) 
Tolerance to shift work-how does it relate to sleep and 
wakefulness? Int Arch Occup Environ Health 77, 121–9. 
[Medline]  [CrossRef]

 40) Lammers-van der Holst HM, Van Dongen HP, Drosopoulos 
S, Kerkhof GA (2016) Inter-individual differences in 
sleep response to shift work in novice police officers—
a prospective study. Chronobiol Int 33, 671–7. [Medline]  
[CrossRef]

 41) Storemark SS, Fossum IN, Bjorvatn B, Moen BE, Flo E, 
Pallesen S (2013) Personality factors predict sleep-related 
shift work tolerance in different shifts at 2-year follow-
up: a prospective study. BMJ Open 3, e003696. [Medline]  
[CrossRef]

 42) Landolt HP (2008) Genotype-dependent differences in 
sleep, vigilance, and response to stimulants. Curr Pharm 
Des 14, 3396–407. [Medline]  [CrossRef]

 43) Sulkava S, Ollila HM, Alasaari J, Puttonen S, Härmä M, 
Viitasalo K, Lahtinen A, Lindström J, Toivola A, Sulkava 
R, Kivimäki M, Vahtera J, Partonen T, Silander K, Porkka-
Heiskanen T, Paunio T (2017) Common genetic variation 
near melatonin receptor 1A gene linked to job-related 
exhaustion in shift workers. Sleep 40, 1–10. [Medline]  
[CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/11119636?dopt=Abstract
http://dx.doi.org/10.1136/oem.58.1.58
http://www.ncbi.nlm.nih.gov/pubmed/21390952?dopt=Abstract
http://dx.doi.org/10.1080/00140139.2010.548876
http://www.ncbi.nlm.nih.gov/pubmed/21685800?dopt=Abstract
http://dx.doi.org/10.1097/JOM.0b013e318221c64c
http://www.ncbi.nlm.nih.gov/pubmed/6654503?dopt=Abstract
http://dx.doi.org/10.1007/BF00406178
http://www.ncbi.nlm.nih.gov/pubmed/25323301?dopt=Abstract
http://dx.doi.org/10.1080/00140139.2014.958573
http://www.ncbi.nlm.nih.gov/pubmed/25347685?dopt=Abstract
http://dx.doi.org/10.1037/a0038164
http://www.ncbi.nlm.nih.gov/pubmed/10474913?dopt=Abstract
http://dx.doi.org/10.1093/occmed/49.4.225
http://dx.doi.org/10.1080/02678379208260350
http://www.ncbi.nlm.nih.gov/pubmed/11319057?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23887698?dopt=Abstract
http://dx.doi.org/10.1097/JOM.0b013e31829178e1
http://www.ncbi.nlm.nih.gov/pubmed/22466526?dopt=Abstract
http://dx.doi.org/10.5271/sjweh.3295
http://www.ncbi.nlm.nih.gov/pubmed/24888416?dopt=Abstract
http://dx.doi.org/10.1111/obr.12194
http://www.ncbi.nlm.nih.gov/pubmed/19575690?dopt=Abstract
http://dx.doi.org/10.1089/jwh.2007.0742
http://www.ncbi.nlm.nih.gov/pubmed/19688143?dopt=Abstract
http://dx.doi.org/10.5271/sjweh.1344
http://www.ncbi.nlm.nih.gov/pubmed/8440214?dopt=Abstract
http://dx.doi.org/10.1080/00140139308967868
http://www.ncbi.nlm.nih.gov/pubmed/26833831?dopt=Abstract
http://dx.doi.org/10.1098/rstb.2015.0110
http://www.ncbi.nlm.nih.gov/pubmed/27091961?dopt=Abstract
http://dx.doi.org/10.1073/pnas.1521637113
http://www.ncbi.nlm.nih.gov/pubmed/27621470?dopt=Abstract
http://dx.doi.org/10.1073/pnas.1524484113
http://dx.doi.org/10.1016/j.paid.2007.05.004
http://www.ncbi.nlm.nih.gov/pubmed/27856397?dopt=Abstract
http://dx.doi.org/10.1016/S2215-0366(16)30348-0
http://www.ncbi.nlm.nih.gov/pubmed/27803010?dopt=Abstract
http://dx.doi.org/10.1136/bmj.i5210
http://www.ncbi.nlm.nih.gov/pubmed/17190701?dopt=Abstract
http://dx.doi.org/10.1080/07420520601100971
http://www.ncbi.nlm.nih.gov/pubmed/21531250?dopt=Abstract
http://dx.doi.org/10.1016/B978-0-444-53817-8.00009-8
http://www.ncbi.nlm.nih.gov/pubmed/16171293?dopt=Abstract
http://dx.doi.org/10.1093/sleep/28.4.479
http://www.ncbi.nlm.nih.gov/pubmed/14610678?dopt=Abstract
http://dx.doi.org/10.1007/s00420-003-0482-1
http://www.ncbi.nlm.nih.gov/pubmed/27088753?dopt=Abstract
http://dx.doi.org/10.3109/07420528.2016.1167733
http://www.ncbi.nlm.nih.gov/pubmed/24189084?dopt=Abstract
http://dx.doi.org/10.1136/bmjopen-2013-003696
http://www.ncbi.nlm.nih.gov/pubmed/19075716?dopt=Abstract
http://dx.doi.org/10.2174/138161208786549344
http://www.ncbi.nlm.nih.gov/pubmed/28364478?dopt=Abstract
http://dx.doi.org/10.1093/sleep/zsw011


SHIFT WORK TOLERANCE AND INDIVIDUAL DIFFERENCES 211

 44) Möller-Levet CS, Archer SN, Bucca G, Laing EE, Slak 
A, Kabiljo R, Lo JC, Santhi N, von Schantz M, Smith CP, 
Dijk DJ (2013) Effects of insufficient sleep on circadian 
rhythmicity and expression amplitude of the human blood 
transcriptome. Proc Natl Acad Sci USA 110, E1132–41. 
[Medline]  [CrossRef]

 45) Boudreau P, Dumont GA, Boivin DB (2013) Circadian 
adapta t ion to n ight sh i f t work inf luences s leep , 
performance, mood and the autonomic modulation of the 
heart. PLoS One 8, e70813. [Medline]  [CrossRef]

 46) Boivin DB, Boudreau P (2014) Impacts of shift work 
on sleep and circadian rhythms. Pathol Biol (Paris) 62, 
292–301. [Medline]  [CrossRef]

 47) Boivin DB, Boudreau P, James FO, Kin NM (2012) Photic 
resetting in night-shift work: impact on nurses’ sleep. 
Chronobiol Int 29, 619–28. [Medline]  [CrossRef]

 48) Folkard S (2008) Do permanent night workers show 
circadian adjustment? A review based on the endogenous 
melatonin rhythm. Chronobiol Int 25, 215–24. [Medline]  
[CrossRef]

 49) Leung M, Tranmer J, Hung E, Korsiak J, Day AG, Aronson 
KJ (2016) Shift work, chronotype, and melatonin patterns 
among female hospital employees on day and night shifts. 
Cancer Epidemiol Biomarkers Prev 25, 830–8. [Medline]  
[CrossRef]

 50) Grundy A, Tranmer J, Richardson H, Graham CH, Aronson 
KJ (2011) The influence of light at night exposure on 
melatonin levels among Canadian rotating shift nurses. 
Cancer Epidemiol Biomarkers Prev 20, 2404–12. [Medline]  
[CrossRef]

 51) Hung EWM, Aronson KJ, Leung M, Day A, Tranmer J 
(2016) Shift work parameters and disruption of diurnal 
cortisol production in female hospital employees. 
Chronobiol Int 33, 1045–55. [Medline]  [CrossRef]

 52) Charles LE, Fekedulegn D, Burchfiel CM, Hartley TA, 
Andrew ME, Violanti JM, Miller DB (2016) Shiftwork and 
diurnal salivary cortisol patterns among police officers. J 
Occup Environ Med 58, 542–9. [Medline]  [CrossRef]

 53) Kervezee L, Cuesta M, Cermakian N, Boivin DB 
(2018) Simulated night shift work induces circadian 
misalignment of the human peripheral blood mononuclear 
cell transcriptome. Proc Natl Acad Sci USA 115, 5540–5. 
[Medline]  [CrossRef]

 54) Roenneberg T, Kuehnle T, Pramstaller PP, Ricken J, Havel 
M, Guth A, Merrow M (2004) A marker for the end of 
adolescence. Curr Biol 14, R1038–9. [Medline]  [CrossRef]

 55) Neil-Sztramko SE, Pahwa M, Demers PA, Gotay CC (2014) 
Health-related interventions among night shift workers: 
a critical review of the literature. Scand J Work Environ 
Health 40, 543–56. [Medline]  [CrossRef]

 56) Wright KP Jr, McHill AW, Birks BR, Griff in BR, 
Rusterholz T, Chinoy ED (2013) Entrainment of the human 
circadian clock to the natural light-dark cycle. Curr Biol 23, 
1554–8. [Medline]  [CrossRef]

 57) Smith MR, Fogg LF, Eastman CI (2009) Practical 

interventions to promote circadian adaptation to permanent 
night shift work: study 4. J Biol Rhythms 24, 161–72. 
[Medline]  [CrossRef]

 58) Driscoll TR, Grunstein RR, Rogers NL (2007) A systematic 
review of the neurobehavioural and physiological effects of 
shiftwork systems. Sleep Med Rev 11, 179–94. [Medline]  
[CrossRef]

 59) Kantermann T, Duboutay F, Haubruge D, Kerkhofs M, 
Schmidt-Trucksäss A, Skene DJ (2013) Atherosclerotic risk 
and social jetlag in rotating shift-workers: first evidence 
from a pilot study. Work 46, 273–82. [Medline]

 60) van de Ven HA, van der Klink JJ, Vetter C, Roenneberg 
T, Gordijn M, Koolhaas W, de Looze MP, Brouwer S, 
Bültmann U (2016) Sleep and need for recovery in shift 
workers: do chronotype and age matter? Ergonomics 59, 
310–24. [Medline]  [CrossRef]

 61) Juda M, Vetter C, Roenneberg T (2013) Chronotype 
modulates sleep duration, sleep quality, and social jet lag 
in shift-workers. J Biol Rhythms 28, 141–51. [Medline]  
[CrossRef]

 62) Papantoniou K, Castaño-Vinyals G, Espinosa A, Aragonés 
N, Pérez-Gómez B, Ardanaz E, Altzibar JM, Sanchez VM, 
Gómez-Acebo I, Llorca J, Muñoz D, Tardón A, Peiró R, 
Marcos-Gragera R, Pollan M, Kogevinas M (2016) Breast 
cancer risk and night shift work in a case-control study in a 
Spanish population. Eur J Epidemiol 31, 867–78. [Medline]  
[CrossRef]

 63) Hulsegge G, Picavet S, van der Beek A, Verschuren M, 
Twisk J, Proper K (2017) Shift work, chronotype and the 
risk of cardiometabolic disturbances. Occup Environ Med 
74 Suppl 1, A36.

 64) Randler C, Faßl C, Kalb N (2017) From Lark to Owl: 
developmental changes in morningness-eveningness from 
new-borns to early adulthood. Sci Rep 7, 45874. [Medline]  
[CrossRef]

 65) Saksvik-Lehouillier I, Bjorvatn B, Magerøy N, Pallesen 
S (2016) Hardiness, psychosocial factors and shift work 
tolerance among nurses—a 2-year follow-up study. J Adv 
Nurs 72, 1800–12. [Medline]  [CrossRef]

 66) Natvik S, Bjorvatn B, Moen BE, Magerøy N, Sivertsen B, 
Pallesen S (2011) Personality factors related to shift work 
tolerance in two- and three-shift workers. Appl Ergon 42, 
719–24. [Medline]  [CrossRef]

 67) Ferri P, Guadi M, Marcheselli L, Balduzzi S, Magnani 
D, Di Lorenzo R (2016) The impact of shift work on the 
psychological and physical health of nurses in a general 
hospital: a comparison between rotating night shifts and 
day shifts. Risk Manag Healthc Policy 9, 203–11. [Medline]  
[CrossRef]

 68) Ma CC, Andrew ME, Fekedulegn D, Gu JK, Hartley TA, 
Charles LE, Violanti JM, Burchfiel CM (2015) Shift work 
and occupational stress in police officers. Saf Health Work 6, 
25–9. [Medline]  [CrossRef]

 69) Peplonska B, Bukowska A, Sobala W (2014) Rotating night 
shift work and physical activity of nurses and midwives in 

http://www.ncbi.nlm.nih.gov/pubmed/23440187?dopt=Abstract
http://dx.doi.org/10.1073/pnas.1217154110
http://www.ncbi.nlm.nih.gov/pubmed/23923024?dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0070813
http://www.ncbi.nlm.nih.gov/pubmed/25246026?dopt=Abstract
http://dx.doi.org/10.1016/j.patbio.2014.08.001
http://www.ncbi.nlm.nih.gov/pubmed/22621359?dopt=Abstract
http://dx.doi.org/10.3109/07420528.2012.675257
http://www.ncbi.nlm.nih.gov/pubmed/18533325?dopt=Abstract
http://dx.doi.org/10.1080/07420520802106835
http://www.ncbi.nlm.nih.gov/pubmed/26941366?dopt=Abstract
http://dx.doi.org/10.1158/1055-9965.EPI-15-1178
http://www.ncbi.nlm.nih.gov/pubmed/21953114?dopt=Abstract
http://dx.doi.org/10.1158/1055-9965.EPI-11-0427
http://www.ncbi.nlm.nih.gov/pubmed/27384964?dopt=Abstract
http://dx.doi.org/10.1080/07420528.2016.1196695
http://www.ncbi.nlm.nih.gov/pubmed/27129020?dopt=Abstract
http://dx.doi.org/10.1097/JOM.0000000000000729
http://www.ncbi.nlm.nih.gov/pubmed/29735673?dopt=Abstract
http://dx.doi.org/10.1073/pnas.1720719115
http://www.ncbi.nlm.nih.gov/pubmed/15620633?dopt=Abstract
http://dx.doi.org/10.1016/j.cub.2004.11.039
http://www.ncbi.nlm.nih.gov/pubmed/24980289?dopt=Abstract
http://dx.doi.org/10.5271/sjweh.3445
http://www.ncbi.nlm.nih.gov/pubmed/23910656?dopt=Abstract
http://dx.doi.org/10.1016/j.cub.2013.06.039
http://www.ncbi.nlm.nih.gov/pubmed/19346453?dopt=Abstract
http://dx.doi.org/10.1177/0748730409332068
http://www.ncbi.nlm.nih.gov/pubmed/17418596?dopt=Abstract
http://dx.doi.org/10.1016/j.smrv.2006.11.001
http://www.ncbi.nlm.nih.gov/pubmed/23324695?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/26241633?dopt=Abstract
http://dx.doi.org/10.1080/00140139.2015.1058426
http://www.ncbi.nlm.nih.gov/pubmed/23606613?dopt=Abstract
http://dx.doi.org/10.1177/0748730412475042
http://www.ncbi.nlm.nih.gov/pubmed/26205167?dopt=Abstract
http://dx.doi.org/10.1007/s10654-015-0073-y
http://www.ncbi.nlm.nih.gov/pubmed/28378787?dopt=Abstract
http://dx.doi.org/10.1038/srep45874
http://www.ncbi.nlm.nih.gov/pubmed/26988165?dopt=Abstract
http://dx.doi.org/10.1111/jan.12951
http://www.ncbi.nlm.nih.gov/pubmed/21172694?dopt=Abstract
http://dx.doi.org/10.1016/j.apergo.2010.11.006
http://www.ncbi.nlm.nih.gov/pubmed/27695372?dopt=Abstract
http://dx.doi.org/10.2147/RMHP.S115326
http://www.ncbi.nlm.nih.gov/pubmed/25830066?dopt=Abstract
http://dx.doi.org/10.1016/j.shaw.2014.10.001


J RITONJA et al.212

Industrial Health 2019, 57, 201–212

the cross-sectional study in Łódź, Poland. Chronobiol Int 
31, 1152–9. [Medline]  [CrossRef]

 70) Lowden A, Moreno C, Holmbäck U, Lennernäs M, 
Tucker P (2010) Eating and shift work—effects on habits, 
metabolism and performance. Scand J Work Environ Health 
36, 150–62. [Medline]  [CrossRef]

 71) Coffey LC, Skipper JK Jr, Jung FD (1988) Nurses and shift 
work: effects on job performance and job-related stress. J 
Adv Nurs 13, 245–54. [Medline]  [CrossRef]

 72) Pisarski A, Bohle P, Callan VJ (1998) Effects of coping 
strategies, social support and work-nonwork conflict on 
shift worker’s health. Scand J Work Environ Health 24 
Suppl 3, 141–5. [Medline]

 73) Saksvik-Lehouillier I, Bjorvatn B, Hetland H, Sandal 
GM, Moen BE, Magerøy N, Akerstedt T, Pallesen S 
(2013) Individual, situational and lifestyle factors related 
to shift work tolerance among nurses who are new to 
and experienced in night work. J Adv Nurs 69, 1136–46. 
[Medline]  [CrossRef]

 74) Yuan X, Zhu C, Wang M, Mo F, Du W, Ma X (2018) Night 
shift work increases the risks of multiple primary cancers 
in women: a systematic review and meta-analysis of 61 
articles. Cancer Epidemiol Biomarkers Prev 27, 25–40. 
[Medline]  [CrossRef]

 75) Vyas MV, Garg AXV, Iansavichus AV, Costella J, Donner A, 
Laugsand LE, Janszky I, Mrkobrada M, Parraga G, Hackam 
DG (2012) Shift work and vascular events: systematic 
review and meta-analysis. BMJ 345, e4800. [Medline]  
[CrossRef]

 76) Hansen AB, Stayner L, Hansen J, Andersen ZJ (2016) 
Night shift work and incidence of diabetes in the Danish 
Nurse Cohort. Occup Environ Med 73, 262–8. [Medline]  
[CrossRef]

 77) Härmä M, Karhula K, Puttonen S, Ropponen A, Koskinen 
A, Ojajärvi A, Kivimäki M (2018) Shift work with and 
without night work as a risk factor for fatigue and changes 
in sleep length: a cohort study with linkage to records on 
daily working hours. J Sleep Res 00, e12658. [Medline]

 78) Ramin C, Devore EE, Wang W, Pierre-Paul J, Wegrzyn 
LR, Schernhammer ES (2015) Night shift work at specific 
age ranges and chronic disease risk factors. Occup Environ 
Med 72, 100–7. [Medline]  [CrossRef]

 79) Puttonen S, Viitasalo K, Härmä M (2012) The relationship 
between current and former shift work and the metabolic 
syndrome. Scand J Work Environ Health 38, 343–8. 
[Medline]  [CrossRef]

 80) Vetter C, Devore EE, Wegrzyn LR, Massa J, Speizer FE, 
Kawachi I, Rosner B, Stampfer MJ, Schernhammer ES 
(2016) Association between rotating shift work and risk 
of coronary heart disease among women. JAMA 315, 
1726–34. [Medline]  [CrossRef]

 81) Kim SW, Jang EC, Kwon SC, Han W, Kang MS, Nam YH, 
Lee YJ (2016) Night shift work and inflammatory markers 
in male workers aged 20–39 in a display manufacturing 
company. Ann Occup Environ Med 28, 48. [Medline]  
[CrossRef]

 82) Monk TH, Buysse DJ, Billy BD, Fletcher ME, Kennedy 
KS, Begley AE, Schlarb JE, Beach SR (2013) Shiftworkers 
report worse sleep than day workers, even in retirement. J 
Sleep Res 22, 201–8. [Medline]  [CrossRef]

 83) Titova OE, Lindberg E, Elmståhl S, Lind L, Schiöth HB, 
Benedict C (2016) Association between shift work history 
and performance on the trail making test in middle-aged 
and elderly humans: the EpiHealth study. Neurobiol Aging 
45, 23–9. [Medline]  [CrossRef]

 84) Burch JB, Tom J, Zhai Y, Criswell L, Leo E, Ogoussan K 
(2009) Shiftwork impacts and adaptation among health 
care workers. Occup Med (Lond) 59, 159–66. [Medline]  
[CrossRef]

 85) Stevens RG, Hansen J, Costa G, Haus E, Kauppinen T, 
Aronson KJ, Castaño-Vinyals G, Davis S, Frings-Dresen 
MH, Fritschi L, Kogevinas M, Kogi K, Lie JA, Lowden A, 
Peplonska B, Pesch B, Pukkala E, Schernhammer E, Travis 
RC, Vermeulen R, Zheng T, Cogliano V, Straif K (2011) 
Considerations of circadian impact for defining ‘shift work’ 
in cancer studies: IARC Working Group Report. Occup 
Environ Med 68, 154–62. [Medline]  [CrossRef]

 86) Archer SN, Oster H (2015) How sleep and wakefulness 
influence circadian rhythmicity: effects of insufficient and 
mistimed sleep on the animal and human transcriptome. J 
Sleep Res 24, 476–93. [Medline]  [CrossRef]

 87) Roenneberg T, Kantermann T, Juda M, Vetter C, Allebrandt 
KV (2013) Light and the human circadian clock. Handb 
Exp Pharmacol 311–31. [Medline]  [CrossRef]

 88) Roenneberg T, Merrow M (2016) The circadian clock 
and human health. Curr Biol 26, R432–43. [Medline]  
[CrossRef]

 89) Kantermann T, Wehrens SM, Ulhôa MA, Moreno C, Skene 
DJ (2012) Noisy and individual, but doable: shift-work 
research in humans. Prog Brain Res 199, 399–411. [Medline]  
[CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/25216072?dopt=Abstract
http://dx.doi.org/10.3109/07420528.2014.957296
http://www.ncbi.nlm.nih.gov/pubmed/20143038?dopt=Abstract
http://dx.doi.org/10.5271/sjweh.2898
http://www.ncbi.nlm.nih.gov/pubmed/3372899?dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2648.1988.tb01414.x
http://www.ncbi.nlm.nih.gov/pubmed/9916831?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22853193?dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2648.2012.06105.x
http://www.ncbi.nlm.nih.gov/pubmed/29311165?dopt=Abstract
http://dx.doi.org/10.1158/1055-9965.EPI-17-0221
http://www.ncbi.nlm.nih.gov/pubmed/22835925?dopt=Abstract
http://dx.doi.org/10.1136/bmj.e4800
http://www.ncbi.nlm.nih.gov/pubmed/26889020?dopt=Abstract
http://dx.doi.org/10.1136/oemed-2015-103342
http://www.ncbi.nlm.nih.gov/pubmed/29383788?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/25261528?dopt=Abstract
http://dx.doi.org/10.1136/oemed-2014-102292
http://www.ncbi.nlm.nih.gov/pubmed/22231451?dopt=Abstract
http://dx.doi.org/10.5271/sjweh.3267
http://www.ncbi.nlm.nih.gov/pubmed/27115377?dopt=Abstract
http://dx.doi.org/10.1001/jama.2016.4454
http://www.ncbi.nlm.nih.gov/pubmed/27660715?dopt=Abstract
http://dx.doi.org/10.1186/s40557-016-0135-y
http://www.ncbi.nlm.nih.gov/pubmed/23136831?dopt=Abstract
http://dx.doi.org/10.1111/jsr.12003
http://www.ncbi.nlm.nih.gov/pubmed/27459922?dopt=Abstract
http://dx.doi.org/10.1016/j.neurobiolaging.2016.05.007
http://www.ncbi.nlm.nih.gov/pubmed/19270043?dopt=Abstract
http://dx.doi.org/10.1093/occmed/kqp015
http://www.ncbi.nlm.nih.gov/pubmed/20962033?dopt=Abstract
http://dx.doi.org/10.1136/oem.2009.053512
http://www.ncbi.nlm.nih.gov/pubmed/26059855?dopt=Abstract
http://dx.doi.org/10.1111/jsr.12307
http://www.ncbi.nlm.nih.gov/pubmed/23604485?dopt=Abstract
http://dx.doi.org/10.1007/978-3-642-25950-0_13
http://www.ncbi.nlm.nih.gov/pubmed/27218855?dopt=Abstract
http://dx.doi.org/10.1016/j.cub.2016.04.011
http://www.ncbi.nlm.nih.gov/pubmed/22877677?dopt=Abstract
http://dx.doi.org/10.1016/B978-0-444-59427-3.00022-8

