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Shift work and health – how to proceed?

In Europe today, only a quarter of the employed workforce are engaged in regular day work. The rest of 
the employees and over 90% of self-employed workers have irregular or flexible working hours; they work 
in shifts (22% of men and 11% of women) or more or less odd hours (1, 2). The established morning-
to-afternoon regular office-time is, therefore, becoming more of a rarity.  

This special issue of the Scandinavian Journal of Work, Environment & Health includes a number of 
reviews and discussion papers on shift work and health, focusing on cardiovascular disease (3), cancer 
(4), eating habits (5); and gastrointestinal disorders (6). Two additional papers review the current knowl-
edge on countermeasures to the negative effects of shift work, covering both individual coping strategies 
for managing night work (7) and ergonomic shift scheduling to reduce sleep–wake disturbances (8). 
Adding here the two recently published systematic reviews on shift work and ischemic heart disease (9) 
and shift work and cancer (10), we could say that before you lies the core evidence on the effects of shift 
work on health.

But what is the extent of the evidence? Is the issue sufficiently covered in order to utilize the knowledge 
in practice? Which countermeasures should we select and how should we proceed?

Shift work has been a health issue in Europe since the end of the 18th century (11), which explains why 
a large amount of studies on shift work and health have been carried out during the years. The effects of 
shift work on sleep and alertness are well established, the strongest evidence stemming from field and 
intervention studies (eg, 8, 12–15) showing that changes in shifts influence sleep, alertness, and fatigue. 
Since sleep and performance are closely related, shift work and long working hours are also a safety risk 
(16). Two recent systematic reviews (9, 10) suggest that shift work probably increases the risk for ischemic 
heart disease and breast cancer. The “probably” means that, although the evidence for causal associations 
is still limited, the observed associations are unlikely to be explained by chance, bias, or confounding. In this 
issue, a population-based case–control study by Pesch et al (17) adds to the existing evidence, showing that 
long-term night work is associated with a modestly [odds ratio (OR) 2.48], but not significantly increased 
risk of breast cancer (17). Moreover, in a 14-year prospective study, Suwazono et al (18) confirmed that 
very long follow-up times are needed in order to detect the effects of shift work on health – the threshold 
number of years in shift work that caused a 5% increase in blood cholesterol was found to be ≥21 years 
among middle-aged Japanese workers. In this issue, Knutsson & Bøggild (6) show that shift work probably 
also increases the risk for peptic ulcer disease and gastrointestinal symptoms. Although a large amount of 
research has been carried out on the areas of sleep and sleepiness, cardiovascular health, cancer, and gas-
trointestinal diseases, even new avenues of research on shift work and health are emerging from the data, 
indicating that shift work may also increase the risk for type II diabetes and rheumatoid arthritis in addition 
to having a clear, although unspecific association with mental health (19–21). 

Taking all the evidence together, shift work is probably related to a wide range of public health 
problems ranging from cardiovascular disease and cancer to mental health and accidents. Although the 
risk estimates for the outcomes are low (OR about ≤2), the extensive exposure of workers (about 20%) 
combined with the high prevalence of the diseases means that shift work is definitely among one of the 
most serious occupational health problems of our time. 

Most of the published reviews on shift work and health underline the need to improve the quality of 
the published studies. Problems relating to exposure assessment, study design, and statistical analysis, 
as well as controlling for relevant confounders are still common, making the possibility for accurate 
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 interpretation of the studies’ findings difficult. In the area of the shift work and cardiovascular disease, 
it has perhaps been easiest to follow the development of the scientific quality of the research thanks to 
consecutive reviews that have been conducted every ten years (9, 22, 23). Although follow-up studies 
with large samples have become common, making the controlling of several confounders possible, the 
exposure assessment of many studies is still inferior. Costa et al (4) underline the need for better methods 
of proper exposure assessment in their discussion paper on the exposure assessment methodology of 
existing breast cancer studies. 

Long gone is the time when shift workers were employed in the same factories for years, in the same 
regular shift systems. Shift work research faces new challenges as the “world of work” evolves with ever-
increasing speed, resulting in continuous changes to working hours and work demands. Workers also 
face changes in employment and may shift from one occupation to another. Researchers should focus 
on individual monitoring of shift work exposure rather than only expanding the study samples without 
improving the exposure assessment simultaneously. In many cases, the larger the sample, the weaker 
the exposure assessment; several of the largest studies have only estimated the average proportion of 
“shift work-exposed” individuals (4). In order to have accurate data on long-term exposure, exposure 
assessment should be done continuously throughout the follow-up period and include also information 
on the specific shift characteristics of the shift systems employed (eg, fixed/permanent shifts, amount of 
night shifts, and starting times, speed, and direction of shift rotation). 

The next step may be the incorporation of “shift work biomarkers” into epidemiologic studies. As far 
back as the 1970s, biomarkers have been used in exposure monitoring and their application has since 
expanded from metals and organic solvents to many other risk factors of exposure (24). Melatonin is 
suppressed by light-at-night and could basically serve as a biomarker for exposure to night work. Light 
exposure, melatonin, and sleep deprivation are all also linked to the genetic regulation of human circadian 
rhythms and sleep (4, 25). It is possible that some genetic variants or changes among night shift work-
ers could be used as future biomarkers for shift work or indications of increased sensitivity to work that 
involves occasional sleep deprivation and circadian adaptation. 

Knowledge on the pathways and mechanisms mediating the effects of shift work to health is indeed 
necessary for new ideas in exposure assessment, analysis and interpretation of the epidemiological data. 
Moreover, the selection of the most appropriate prevention method is strongly influenced by whether the 
health effects of shift work are due to sleep deprivation, circadian disturbance, or psychosocial problems 
related to unsocial working hours. Shift work can probably disturb health by way of several psychosocial, 
behavioral, and physiological mechanisms. The multilevel endocrinological and immunological changes 
due to circadian disturbance, sleep loss, and melatonin suppression resulting from light-at-night may 
lead to the increased risk for endocrine tumors (4). For cardiovascular disease, the pathways probably 
include behavioral and psychosocial factors in addition to physiological mechanisms (3). With respect to 
gastrointestinal diseases, changing eating habits at work may be important (5) in addition to the circadian 
rhythm-related changes in gastrointestinal functions. 

While epidemiology can tell us whether or not shift work is a health risk, it cannot really explain 
how shifts should be organized. In their review, Sallinen & Kecklund (8) suggest that sleep and work-
related alertness are ameliorated by reducing the number of consecutive night shifts, avoiding long or 
early-morning shifts, and permitting sufficient time for sleep and rest between work shifts. However, the 
beneficial effects are rather modest and, even with a sleep-friendly shift system that minimizes circadian 
disruption, sleepiness is still relatively high during nighttime. This observation highlights the need for 
individual-based countermeasures in addition to the introduction of good shift systems. Pallesen et al 
(7) show that naps, bright-light exposure, and the use of stimulants such as coffee have proven to be 
effective alertness-enhancing countermeasures in laboratory-simulated night work. There are relatively 
few well-controlled trials in real shift work settings, but the results of the field studies are promising.
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Sallinen & Kecklund (8) discuss that the individual’s possibility to influence his or her work hours may 
mediate the relationship between the design of the shift system and its effects on sleep, alertness, and 
possibly also health. In Scandinavian countries, it is common in certain sectors (eg, healthcare) to have 
shift systems in which the individual can select his or her own work hours in line with the employer’s 
staffing needs on various days and shifts. However, very little is known about how such shift systems 
affect sleep, alertness, and health. On the one hand, several prospective studies show that high control of 
employee work time is associated with good health and low levels of sickness absence and early retire-
ment (26). On the other hand, there is also a risk that certain groups of shift workers may prioritize social 
needs and frequently select long work hours and short rest breaks between shifts, which in turn may 
increase the risk for adverse health consequences. Shift workers’ knowledge of how they should organize 
work hours in order to avoid poor sleep and high levels of fatigue is, therefore, probably a key factor for 
the health consequences of individual-based flexible shift systems. 

This special theme issue of the Scandinavian Journal of Work, Environment & Health confirms that 
we have sufficient knowledge to conclude that shift work may indeed have detrimental consequences for 
health, despite the lack of information on all the possible health outcomes and the knowledge gaps related 
to exposure assessment and specific disease mechanisms. There is also a fairly large body of evidence 
showing how the negative consequences of shift work can be prevented by countermeasures on both 
the individual and organizational level, although well-controlled intervention studies are rare. Considering 
the pervasiveness of shift work and its numerous and serious health effects, we cannot continue to delay 
taking preventive and curative public health actions in anticipation of further data. In the workplace, more 
systematic and precise risk assessment for shift work is needed, as well as the prevention, detection, 
and treatment of shift work-related problems. Although there is a need for more specific information on 
the numerous health effects and pathways, we simultaneously need solution- and intervention-oriented 
research to alleviate the health problems of shift work today.
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