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Summary

SUMMARY

In the healthcare sector, many workers rotate between day, evening, and night shifts. 

As shift work is also common in other sectors (e.g. industry and transport), 21% of all 

European workers work in shifts, and 19% work during the night. However, engaging 

in shift work, and particularly in night-shift work, may lead to adverse health effects. 

In 2017, the Dutch Health Council concluded that night-shift work increases the risk 

for diabetes mellitus type 2 and cardiovascular diseases. In addition, an ongoing 

area of interest is the potential link between shift work and two other major public 

health problems for today’s society: overweight and infectious diseases. Therefore, 

the first aim of this thesis was to examine the relation between shift work and body 

weight gain, and the relation between shift work and infection susceptibility.

Different mechanistic pathways have been proposed to understand the link 

between shift work and health. These pathways can be divided into psychosocial 

factors such as disturbances in work-life balance, behavioral factors such as sleep 

problems, and physiological factors such as altered immune responses. Research 

into the mechanisms linking shift work and health is needed, because it may offer 

opportunities for prevention of the adverse health effects of shift work. Therefore, 

the second aim of this thesis was to examine the mechanistic role of sleep, physical 

activity, diet, and immunological factors in the relation between shift work and 

body weight gain/infection susceptibility. A focus on lifestyle behaviors as possible 

mechanistic factors was chosen, because these factors have the potential to 

intervene on. A detailed description of the background and aims of this thesis is 

presented in Chapter 1.

To address the aims of this thesis, the Klokwerk+ study was designed. In Chapter 

2, the study protocol of the Klokwerk+ study was described. In 2016-2017, this 

prospective cohort study among 611 healthcare workers aged 18-65 years from 

six different hospitals in the Netherlands was conducted. All shift workers worked 

rotating shifts (i.e. rotating between day, evening, sleep and/or night shifts), which 

for the majority (93%) of shift workers included night shifts. During the study, there 

were two moments of contact with participants. As one of the main outcomes of 

this study was infection susceptibility, one contact moment took place before the 

start of the flu season in September-December, and the other contact moment 

took place after the end of the flu season in April-June (after approximately six 

months). Between the two contact moments, participants used a diary smartphone 

application to daily report their influenza-like illness (ILI) and acute respiratory 

infection (ARI) symptoms. At the first contact moment, participants received the 

smartphone application, two actigraphy devices to measure sleep and physical 
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activity for seven consecutive days (24 hours a day), and a food diary to keep for 

three days. Furthermore, they completed a questionnaire with questions about shift 

work status, lifestyle, and health. Body weight, body height, and waist circumference 

were also measured. After six months, another questionnaire was completed and 

anthropometric measurements were repeated. In addition, blood samples were 

drawn for metabolic and immunological analyses.

Shift work and health

In Chapter 3 and 4, the relation between shift work and the health outcomes was 

studied. The relation with BMI and waist circumference, as measures of overweight, 

was examined in Chapter 3. As cholesterol (total, HDL, LDL), triglycerides, and high-

sensitivity C-reactive protein (HS-CRP) are other important risk factors for cardio-

metabolic diseases, these metabolic risk factors were also compared between shift 

and non-shift workers in this chapter. Compared to non-shift workers, shift workers’ 

total cholesterol level was on average 0.38 mmol/L lower, and shift workers’ LDL 

cholesterol was on average 0.34 mmol/L lower. For all other metabolic risk factors, 

no differences between shift and non-shift workers were found. The association 

between shift work and total/LDL cholesterol was found among shift workers 

working night shifts for ≥20 years, but not among shift workers working night shifts 

for <20 years, which may relate to a healthy worker selection effect. These results 

do not provide evidence for a higher metabolic disease risk in shift workers in this 

population of healthcare workers.

In Chapter 4, it was studied whether shift workers were more susceptible to 

respiratory infections than non-shift workers. To this end, the incidence, duration, and 

severity of ILI/ARI episodes was compared between the shift and non-shift workers 

of the Klokwerk+ study. From September 2016 to June 2017, 501 shift workers and 

88 non-shift workers used a smartphone application to complete 110,347 diaries, 

in which the occurrence of ILI/ARI symptoms was registered. Onset of an ILI/ARI 

episode was defined as having ≥2 symptoms such as cough, runny/blocked nose or 

fever on the same day, or ≥1 symptom on two consecutive days. After onset of an ILI/

ARI episode, participants were also asked to report on a 4-point scale the severity 

(no burden, mild burden, moderate burden, or severe burden) of their symptoms. 

Shift workers’ incidence rate of ILI/ARI was 1.20 times higher than that of non-shift 

workers, and for severe ILI/ARI episodes, shift workers’ incidence rate was 1.22 times 

higher. The mean duration of an ILI/ARI episode did not differ. It was concluded that 

shift work among healthcare workers was found to be associated with increased 

susceptibility to respiratory infections, defined as an increase in ILI/ARI episodes.

Volledig BNW_Bette Loef_DEF.indd   257Volledig BNW_Bette Loef_DEF.indd   257 22-01-20   10:0722-01-20   10:07



258

Summary

Mechanisms linking shift work to health: lifestyle and immunological effects

In Chapter 5-10, the relation between shift work and potential mechanistic factors 

linking shift work to health was examined. In Chapter 5, objectively measured sleep 

disturbances in shift workers were studied. Participants of the Klokwerk+ study 

wore Actigraph GT3X accelerometers for 24 hours/day during seven days. From 

these data, sleep duration was predicted. Average total sleep duration on work-free 

days and on workdays was similar between shift and non-shift workers. However, 

on their workdays, shift workers had a 3.5 times higher odds of having a short 

sleep duration (<7 hours/day) and a 4.1 times higher odds of having a long sleep 

duration (≥9 hours/day) compared to non-shift workers. These sleep disturbances 

were generally caused by short sleep between night shifts and by compensating 

for such sleep loss before and after a period of night shifts. Furthermore, sleep 

disturbances were in particular present in shift workers aged 50 years and older 

and in shift workers with morning chronotypes. The findings of this study imply that 

shift workers experienced more sleep disturbances than non-shift workers, which 

could play a role in the adverse health effects of shift work.

To examine whether shift work was associated with physical activity, in Chapter 

6, non-occupational physical activity types (walking, cycling, exercise, and chores), 

physical activity intensity (moderate and vigorous), and sports activities were 

compared between 532 shift workers and 5,980 non-shift workers using subjective 

data from a large population-based cohort (the European Prospective Investigation 

into Cancer and Nutrition-Netherlands (EPIC-NL)). The results showed that shift 

workers reported spending more time walking than non-shift workers (2.3 hours/

week), but shift work was not associated with other physical activity types and any 

of the sports activities. In addition, the association between shift work and physical 

activity differed by occupational group (i.e. white-collar workers, white-collar 

workers inside healthcare, and blue-collar workers), suggesting that differences in 

physical activity levels of shift workers may vary depending on occupational group.

In Chapter 7, differences in physical activity between shift and non-shift workers 

were studied using objectively measured physical activity. Actigraph data from the 

participants of the Klokwerk+ study was used to estimate time spent sedentary, 

standing, walking, running, stairclimbing, and cycling during leisure time and at 

work. No differences between shift and non-shift workers were found in leisure-time 

physical activity. At work, shift workers were less sedentary (-10.6%) and spent larger 

proportions of time standing (9.5%) and walking (1.2%) than non-shift workers. 

These findings, together with those of Chapter 6, indicate that it is unlikely that 

leisure-time physical activity plays an important role in the negative health effects 

of shift work. The differences in occupational physical activity between shift and 
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non-shift workers in healthcare stress the importance of conducting more research 

into potentially associated health effects for shift workers.

With respect to diet, in Chapter 8, meal and snack frequency and quality of 

meals and snacks were compared between shift and non-shift workers in the 

Klokwerk+ study. Dietary intake was assessed using 3-day food diaries. Based on 

the combination of types of food eaten at one point in time, meals and snacks were 

categorized using the food-based classification of eating episodes (FBCE) method. 

Overall, no differences in the intake of number of meals and snacks of different 

quality were found between shift and non-shift workers. However, snacking patterns 

differed across day, evening, and night shifts. On evening shifts, shift workers ate 

more high-quality snacks (0.29 snacks/day) and less low-quality snacks (-0.29 

snacks/day) than on work-free days. Furthermore, compared to work-free days, 

younger shift workers (≤40 years) ate more snacks on night shifts (0.53 snacks/day). 

These findings indicate that shift work might affect timing and pattern of eating.

As part of the physiological pathway, the immunological effects of shift work 

were studied in Chapter 9. In this chapter, numbers and functionality of immune 

cells were compared between shift and non-shift workers. Absolute numbers of 

monocytes, granulocytes, lymphocytes, and T cell subsets were assessed. As read 

out of immune function, monocyte cytokine production and proliferative capacity 

of CD4 and CD8 T cells in response to various stimuli were analysed. Results showed 

that the mean number of monocytes was 1.15 times higher in shift workers than in 

non-shift workers. Furthermore, shift workers who worked night shifts in the past 

three days had a higher mean number of lymphocytes (1.12 times), T cells (1.16 times), 

and CD8 T cells (1.23 times) compared to non-shift workers. No differences were 

found in numbers of other immune cells and in functional parameters of monocytes 

and lymphocytes. It was concluded that the observed differences suggest that 

chronic exposure to shift work as well as recent night-shift work may influence the 

immune status of healthcare workers.

To examine if and to what extent lifestyle behaviors can explain the elevated 

incidence of ILI/ARI episodes in shift workers, a multiple mediation model was 

constructed in Chapter 10. In this chapter, mediation analysis of sleep, physical 

activity, and diet as potential mediators of the effect of shift work on ILI/ARI 

incidence rate was performed using structural equation modeling. The results 

showed that poor perceived sleep quality was an important mediator, with shift 

workers having 30% more ILI/ARI episodes via the pathway of poorer sleep quality. 

Although shift work was also found to be associated with unhealthy sleep duration 

on workdays and more physical activity at work, these factors were not mediators 

in the association with ILI/ARI incidence. To prevent respiratory infections in shift 
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workers, it may be relevant for future intervention research to focus on strategies 

to improve perceived sleep quality.

Conclusion

In Chapter 11, the main findings of this thesis, its methodological considerations, 

broader perspectives, and implications for research, policy, and practice were 

discussed. Regarding the first aim of this thesis on the relation between shift work 

and body weight gain and infection susceptibility, based on the results from the 

Klokwerk+ study in healthcare workers, we found no evidence for a higher metabolic 

disease risk in shift workers, but shift workers were found to be more susceptible 

to respiratory infections than non-shift workers. The second aim of this thesis was 

to examine the mechanistic role of sleep, physical activity, diet, and immunological 

factors in the relation between shift work and body weight gain/infection 

susceptibility. The findings regarding lifestyle behaviors of shift workers suggest 

that shift workers have generally similar sleep duration, leisure-time physical activity 

levels, and meal and snack frequency and quality as non-shift workers. However, 

disturbances in lifestyle behaviors and immunological factors may arise during 

specific shift work patterns, such as sleep disturbances, altered snacking behaviors, 

and elevated levels of lymphocytes (i.e. T cells) during periods with night shifts. In 

addition, the higher incidence rate of ILI/ARI among shift workers was mediated 

by a poorer sleep quality, which indicates that improving perceived sleep quality 

may be a useful target for future intervention research. As eliminating shift work is 

the most efficient way to prevent its negative health effects, it is recommended to 

reduce shift work where possible. However, as this will not always be possible, future 

research should focus on further identifying underlying mechanisms linking shift 

work to health and developing and evaluating corresponding preventive (lifestyle) 

interventions for shift workers.
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