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Objectives This study investigates whether different shift work schedules, compared to day work, are associ-

ated with need for recovery (NFR), future disability, and retirement intentions for employees employed within
different economic sectors over the course of their careers. Shift work exposure duration and the healthy worker
effect are also examined.

Methods Data from the prospective Maastricht Cohort Study was used. Subsamples of industry (N=1877, all

men) and healthcare (N=818, 624 women and 194 men) workers were separately investigated. GEE and Cox
regression analyses were performed to investigate NFR longitudinally. Future disability was investigated using
Cox regression, and retirement intentions were investigated using logistic regression analysis.

Results Compared to industry day workers, 3-shift industry workers were at risk of becoming a case of elevated

NFR during follow-up; 3- and 5-shift industry workers were at risk for future disability. In healthcare, irregular
shift work was a risk factor for disability among older shift workers. No significant results were found regarding
retirement intentions. Findings were probably an underestimation as exposure duration to shift work and the
healthy worker effect affected the results.

Conclusions Shift work was associated with higher levels of NFR and a higher risk of disability. However, shift
work is a multifaceted concept as different types of shift work schedules are differently associated with these outcomes. Different shift work types exist and shift work schedules allow for optimization, indicating that measures to
prevent adverse outcomes should be tailored for different types of shift work and over the course of the work career.

Key terms healthy worker effect; longitudinal study; prospective study; shift work; work schedule.

In industrialized countries, a substantial proportion
of the labor force consists of shift workers who work
irregular or unusual hours compared to employees
involved in normal day work schedules (1). In 2010,
17% of the workers in the European Union performed
shift work, a number which has been increasing due to
economic and technical reasons and the demand for a
24-hour society (2). Another ongoing trend is that older
workers have to be maintained in the labor force (eg,
mandatory retirement age postponement) due to ageing
of the (work) population and the high relevance of sustainable employment for society, which is necessary to

maintain current pension systems (3). Overall, this will
result in an increase of older shift workers (4).
The performance of shift work however, can have
adverse effects on employees’ health and social life (5).
Some common effects include sleep complaints, fatigue
(6, 7), diseases and somatic health problems, e.g. cardiovascular diseases (8). Some studies suggest associations
between shift work and depressive symptoms (9, 10).
Moreover, social marginalization and psychosomatic
disorders are common among shift workers (5). These
effects can be explained by two major mechanisms: first,
disruption of the circadian rhythm, which controls the
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daily physiology and behavior of humans, is related to
many of these health effects. This rhythm aims to time
functions such as sleep and performance so that they
are optimal during the most suitable phase of the day.
If this rhythm is frequently desynchronized due to shift
work, this can result in health problems (11). Second,
shift work might cause social disruption: many social
activities are arranged according to the day-oriented
rhythms of the general population (5), causing an imbalance between working times and social activities among
shift workers.
To date, mixed findings (12) exist on whether these
mechanisms result in more biological and social problems as shift workers age. For example, a study (13)
concluded that shift workers become more prone to the
chronobiological and social mechanisms at the age of
45–50, possibly resulting in the inability to continue
performing shift work from this age on. However, few
longitudinal studies have investigated the role of age
on shift work tolerance (14). Therefore, to investigate
whether the performance of shift work is associated with
adverse outcomes that possibly vary across the lifespan,
this study will focus on the concept of need for recovery
(NFR) among shift workers. NFR reflects the short-term
effects of a working day (15) and high levels of NFR
are characterized by feelings of overload, irritability, and
reduced performance (16). As NFR involves both the
intensity of work-induced fatigue and the time-period
required to return to a normal or pre-stressor level of
functioning (17), it will be a valuable concept to investigate among shift workers. An earlier cross-sectional
study (18) demonstrated that shift workers reported
higher levels of NFR as compared to day workers; however this association has not yet been investigated over
time. Furthermore, over time elevated levels of NFR
can result in poor health and sickness absence (19). As
a review (20) pointed out that the association between
shift work and sick leave is schedule-specific, this study
will also investigate the risk of shift workers to become
unfit for work due to sickness or disability among different shift work types.
Also, retirement intentions will be a relevant outcome to investigate among shift workers, as a disruption
of the social life could be associated with the decision to
retire early, eg, work-to-family conflict can encourage
workers to choose early retirement (21).
When investigating these outcomes among shift
workers, several selection effects might have taken
place and should therefore be investigated. The “healthy
worker effect” is an expected selection effect. This effect
is a type of bias in which less-healthy workers accumulate less occupational exposure because they, eg, retire
earlier compared to healthier workers or switch to a job
with lower exposure levels (22). Different manifestations of the healthy worker effect in terms of shift work

are possible (23): a primary effect, in which employees
simply never choose to engage in shift work, a secondary effect in which shift workers change their daily
job routine after the occurrence of an event, or after
experiencing that their current job does not match with
their personal health or feelings and a tertiary selection
effect, in which shift workers selectively drop-out from
the study population. A review (12) concluded however,
that the majority of longitudinal studies included in the
review did not incorporate such effects.
Therefore, the present study aims to illustrate the
possible manifestation of a secondary healthy worker
effect. This is investigated by comparing shift workers who maintained a shift work job at an older age to
those who moved from shift to day work, eg, in terms
of NFR. Moreover, the shift worker’s age will inevitably
be related to the total exposure duration to shift work
as older shift workers are more likely to have a longer
total shift work exposure duration compared to younger
workers (24) because shift work is often performed from
a young age on.
Furthermore, the definition of shift work is ambiguous and shift work types may vary considerably, eg, in
terms of shift duration and shift rotation direction. These
different characteristics may involve different (health)
effects for employees. For example, the number of working hours per week is often related to the type of shift:
3-shift workers generally work 36–40 hours per week
whereas 5-shift workers work on average 33 hours per
week. A higher number of working hours per week was
associated with a higher NFR (11). The present study
therefore investigates whether different types of shift
work schedules are differently associated with outcomes. Moreover, a sector-specific approach is valuable
when investigating shift work, as different economic
sectors imply differences in both the type of working time arrangements and the working conditions of
employees. Therefore, different shift work types should
be compared with day workers who are employed in the
same sector. In this study, outcomes are investigated for
two economic sectors separately. In conclusion, shift
work is a broad concept and might be related to several
adverse outcomes with a possibly varying impact across
the work career.
This study aims to investigate the following
research questions: (i) To what extent is shift work
related to NFR and disability for employees in different
age categories and involved in different work schedules, while taking into account possible confounders,
investigated in two economic sectors separately? (ii) To
what extent is shift work related to retirement intentions among older shift workers? (iii) Can a secondary healthy worker effect be illustrated in this study
population? (iv) Is the exposure duration to shift work
associated with differences in NFR?
Scand J Work Environ Health 2015, vol 41, no 4
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Methods
Study population
The study is based on data from the prospective Maastricht Cohort Study, which was set up in May 1998 and
included 12 140 participants from 45 different companies, employed in different jobs, sectors and trades.
The study was conducted in accordance with the ethical
standards laid down in the 1964 Declaration of Helsinki
and its later amendments. Measurement T0 (May 1998)
is the study baseline. The present study focused on
shift workers from two economic sectors: industry and
the healthcare sector. All analyses will be performed
separately for the two economic sectors as different shift
work schedules were investigated and different populations were selected.
To construct the study populations, first overall inclusion and exclusion criteria were formulated which were
applied to both economic sectors. Before application of
these criteria, the industry population comprised N=5862
and the healthcare population comprised N=1825 employees. Within each sector, two age categories were investigated: 35–44- and 45–60-year-olds (excluded: N=1742
from industry, N=599 from healthcare). Employees aged
≥45 years were considered to be older employees, in
accordance with the definition of the World Health Organization (WHO) (25). Employees involved in multiple
jobs were excluded because only information on one job
was available (excluded: N=142 from industry, N=98
from healthcare). Also, at T0 it was assessed whether
employees had been on sick leave during the last four
months. Employees who had been on sick leave during
that period and had not (yet) resumed working, were
excluded. Furthermore, employees who had been on sick
leave during this four-month period and who, in the meantime, had resumed working, but were currently working
under modified conditions related to former sick leave
(which implies working for a limited number of hours per
week and/or a restriction in work tasks) were excluded
(excluded: N=366 from industry, N=115 from healthcare).
In addition, different sector-specific inclusion- and exclusion criteria were applied within each economic sector to
assemble the final populations.
Additional sector-specific criteria to construct the
industry population were that all 3- and 5-shift workers
who performed night work were included. Industry day
workers were included as a reference group (industry
employees not involved in 3-shift, 5-shift work or day
work were excluded: N=365). Women were excluded
as only a small number of women were employed in
this sector (N=213 excluded). Also, employees working
<26 hours per week were excluded as this was rather
uncommon in this sector (N=33 excluded). Employees
with a high educational level were excluded (N=1154
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excluded) as educational level was unevenly distributed
among industry day and shift workers: the proportion of
higher educated employees is larger among day workers
and including them might result in a comparison between
white-collar day workers and blue-collar shift workers,
whereas the aim was to construct a homogenous study
population. This resulted in a population of N=1877
industry workers, comprising 1009 day workers, 354
3-shift and 514 5-shift workers (of which N=1208 and
N=893 were followed-up at T8 and T9 respectively).
Additional sector-specific criteria to construct the
healthcare population were that all irregular healthcare
shift workers, irrespective of night work performance,
were included. Performing night work was less common
within healthcare (44.8% of the irregular shift workers
performed night work), resulting in a too small population if only night workers would be included. Healthcare day workers were included as a reference group
(healthcare employees not involved in irregular shift
work or day work were excluded: N=83). Furthermore,
employees working <16 hours per week were excluded
(N=101 excluded) as this was uncommon in this sector. Pregnant women were excluded as they might
have adjusted their work situation (N=11 excluded).
The population of healthcare employees was N=818,
comprising of 577 day workers and 241 irregular shift
workers (of which N=548 and N=425 were followed-up
at T8 and T9 respectively).
Measures
Work schedules. To gain insight into the work schedules of employees at T0, a dichotomous question asked
whether employees were currently engaged in day or
shift work. Employees performing shift work were asked
to indicate the specific type of shift in which they were
engaged. In this study, 3-shift work implied a semicontinuous work schedule involving a 24-hour production from Monday through Friday carried out by three
teams of employees, generally working 8-hour shifts.
The majority of 3-shift workers worked ≥36 hours per
week, while 5-shift work implied a full-continuous work
schedule, spread over seven days including five altering
teams, generally working 8-hour shifts. The majority of
the 5-shift workers worked 26–35 hours per week. Irregular shift work implied working in frequently deviating
work hours which can vary substantially every week.
Next, the duration of being employed in that particular
shift type was asked. Response options were <1, 1–5,
6–10, 11–20, and >20 years and were recoded into three
categories: short (≤10 years), medium (11–20 years),
and long (>20 years) exposure duration to shift work.
Need for recovery. NFR was measured at T0 and at eight
follow-up waves: T1 (September 1998), T2 (January
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1999), T3 (May 1999), T4 (September 1999), T5 (January 2000), T6 (May 2000), T7 (September 2000) and
T8 (January 2001). A subscale from the Dutch Questionnaire on the Experience and Evaluation of Work
(VBBA) (26) was used to assess NFR. This subscale
contains 11 dichotomous items representing short-term
effects of a working day and is recoded as such that a
higher score indicates higher NFR. The recoded scores
range from 0–100. An earlier defined cut-off point of
6 on the 11-item scale was used to define cases with a
low–medium (scoring below the cut-off point) and high
(scoring above the cut-off point) NFR (27).
Future disability. As mentioned earlier, employees on
sick leave at T0 were excluded from the analyses. To
investigate disability during follow-up, employees first
indicated whether they were currently employed or not.
Those who were currently unemployed could indicate
that they were retired (early), received sickness benefits,
received disablement insurance, or were unemployed
due to other reasons. Only those employees who indicated that they were currently unemployed and receiving
sickness benefits or disablement insurance were classified as being disabled. The outcome was measured in
nine follow-up waves: the first eight waves equal those
of NFR (T1–T8) and were further extended with wave
T9 (May 2002).
Retirement intentions. Retirement intentions were crosssectionally investigated at Maastricht Cohort Study
wave October 2008 as this outcome was not measured
in earlier waves of the cohort. As this outcome measure is mainly relevant for older employees, retirement
intentions were only investigated among the 45–60 age
category. One item (28) inventoried retirement intentions: “Have you considered retiring before the normal
retirement age?” Response options were “no” “yes,
sometimes” and “yes, often” and were recoded into two
categories: “no” and “yes, sometimes” were recoded
as having weak retirement intentions, “yes, often” was
recoded as having strong retirement intentions.
Confounding factors. Potential confounders were measured at T0 and included several work, health, and
personal determinants. To measure the psychological
job demands of employees, a scale from the validated
Dutch version (29) of the Job Content Questionnaire
(JCQ) (30) was used. Two JCQ subscales were combined to measure decision latitude. All JCQ items had
four response options, ranging from “strongly disagree”
to “strongly agree”. One dichotomous VBBA item measured emotional demands and one dichotomous item
from the Dutch questionnaire on Work and Health (31)
inventoried whether employees considered their job to
be strenuous (yes/no). One dichotomous item deter-

mined whether employees suffered from a long-term
illness (yes/no). Two self-formulated items on the personal situation were included: whether employees took
care of children living at home (yes/no) and whether
employees took care of a chronically ill person at home
(yes, partner/yes, child(ren)/yes, family/no). To dichotomize this item, response scores “yes, partner”, “yes,
child(ren)”, and “yes, family” were grouped into “yes”.
Educational level was classified as low (primary school,
lower vocational education), medium (lower secondary,
intermediate vocational and upper secondary school), or
high (upper vocational school, university). Gender and
educational level were potential confounders corrected
for only in the healthcare population, since the industry
sector comprised only men and employees with a lowmedium educational level.
Statistical analysis
In all analyses, two economic sectors were separately
investigated. Within each sector, results were stratified by type of shift work, and day workers from the
same sector were included as a reference group. To
describe the study population at baseline, χ²-tests
tested for differences between shift and day workers
in the prevalence of potential confounders and NFR
caseness. Poisson regression analysis was conducted to
investigate differences in mean NFR scores.
To investigate the continuous NFR scores longitudinally, generalized estimating equations (GEE, AR1 correlation structure) analyses were performed to account
for correlated data arising from repeated measurements.
An equal model (model 1) was applied for both economic sectors, partially adjusting for having a long-term
illness, taking care of children living at home and taking
care of a chronically ill person at home. Among those
employed in the healthcare sector, also gender and educational level were included as potential confounders in
this model. In the fully adjusted model (model 2), additionally adjustments for work environment determinants
were included: psychological job demands, decision latitude, emotionally demanding and physically demanding
work. Regression coefficients (β) for the risk of a higher
mean NFR score and standard errors (SE) were reported.
To investigate the influence of different shift work
types on the dichotomous outcome measures NFR caseness and future disability, Cox regression analyses were
performed. Time to first “NFR caseness” was modelled
at T1, T2, T3, T4, T5, T6, T7, or T8 and time to first
disability was additionally modelled at T9. For NFR
caseness, models 1 and 2 were tested, including equal
correction steps to the GEE models. The outcome future
disability was not corrected for possible confounders,
as it was hypothesized that overcorrection was likely
to occur when disability was adjusted for potential
Scand J Work Environ Health 2015, vol 41, no 4
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confounders (eg, correction for having a long-term illness), as these confounders could constitute the cause
of disability, which would possibly disturb the pathway
linking work schedules and disability during follow-up.
Hazard ratios (HR) and 95% confidence intervals (95%
CI) were reported. Proportional hazard assumptions
were met in all models. Logistic regression analysis tested for cross-sectional differences in retirement
intentions between different types of shift work and
day work.
The effect of the duration of exposure to shift work
was investigated in the industry sector only (healthcare subsamples were too small for such analyses).
Poisson regression analysis investigated the effect of
duration of exposure to shift work, by comparing the
mean NFR scores of industry shift workers with short,
medium and long exposure duration at wave T8. Three
age categories were investigated: 35–39, 40–44, and
45–50 years old. Here, more narrow age categories
were selected to disentangle the relationship between
exposure duration and age. By selecting narrower age
categories, we aimed to ascribe differences in NFR to
duration of exposure while aiming to rule out any possible age effects.
To investigate a possible healthy worker effect,
time-lag GEE analyses (NFR at T-1 was investigated
as a predictor of a transition from shift to day work at
T) were performed, again only in the industry sector.
A comparison of mean NFR scores was made between
industry employees who continuously performed shift
work throughout the follow-up period of 32 months and
employees who altered from shift to day work at one
point during the follow-up. As the number of transitions was relatively low, here all industry shift workers
were included; irrespective of the type of shift work
schedule (eg, also two-shift workers were included).
Analyses were performed among shift workers aged
35–60 years and shift workers aged ≥45 years at T0 to
investigate whether the healthy worker effect was also
present when only older workers were investigated. In
all analyses, a P-value of <0.05 was considered statistically significant. SPSS 20.0 (IBM, Armonk, NY, USA)
was used to analyze the data.

Results
Descriptives
In table 1, baseline characteristics of the study population are shown. Differences between shift and day workers employed in the same sector were observed in the
prevalence of work, health, and personal characteristics.
For NFR caseness, the highest percentage of cases was
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found among 3-shift as compared to 5-shift and industry
day workers. When stratifying for age, similar results
were observed. Within healthcare, a higher percentage
of NFR cases was found among irregular shift workers
aged 45–60 years as compared to healthcare day workers, whereas among overall and 35–44 age categories no
significant differences we revealed.
Need for recovery
In tables 2a and 2b, the continuous outcome scores of
NFR are presented. In model 1 of the industry sector,
NFR scores were significantly higher among 3- and
5-shift workers as compared to industry day workers.
Similar findings were observed in model 2. After age
stratification, similar findings to the overall results were
observed, except for 5-shift workers aged 45–60: NFR
scores of these shift workers were not significantly
higher as compared to day workers. In the healthcare
sector, significant differences were found when comparing the overall NFR scores of irregular shift workers to day workers in model 1, whereas in model 2 no
significant differences were observed. When stratifying
for age, significantly higher NFR scores were observed
among 45–60-year-old irregular workers as compared to
day workers, in both models. As shown in table 3, among
the industry sector, only 3-shift work was found to be a
risk factor for elevated NFR in model 1 as compared to
industry day work. In model 2, this was no longer a risk
factor. When stratifying for age, no significant results
were demonstrated. Among healthcare employees, no
statistically significant results were found.
Future disability
Both 3- and 5-shift work were found to be risk factors
for future disability in the industry sector (table 4), also
after age stratification. In healthcare, irregular shift work
was only found to be a risk factor for future disability
among 45–60 year olds.
Retirement intentions
To investigate the cross-sectional association between
shift work and retirement intentions, data from Maastricht Cohort Study wave October 2008 was used. All
3-shift, 5-shift, and day workers aged 45–60 years
employed in the industry sector were included, as applying other inclusion- and exclusion criteria would result
in a too small population. The odd ratios (OR) regarding strong retirement intentions were generally in the
expected direction, but failed to reach statistical significance: OR 1.45 (95% CI 0.59–3.55) for 3-shift workers
as compared to day workers and OR 1.34 (95% CI 0.82–
2.16) for 5-shift workers as compared to day workers.
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Table 1. Description of the work environment, health determinants, personal characteristics, and need for recovery (NFR) of the study
population at baseline measurement (T0) (May 1998) according to work schedule in industry and the healthcare sector.
Industry (N=1877, all men)
Day work
(N=1009)
%

3-shift
(N=354)
%

5-shift
(N=514)
%

32.4
32.3
35.4

30.3
29.8
39.9

39.4
32.3
28.3

25.8
38.5
35.8

53.2
28.4
18.4

49.8
28.9
21.3

20.4
79.6

33.3
66.7

26.6
73.4

16.3
83.7

40.6
59.4

34.9
65.1

25.6
74.4

27.6
72.4

19.9
80.1

24.8
75.2
*

63.0
37.0
*

49.4
50.6
*

Work environment
Psychological job demands
Low
Medium
High
Decision latitude
Low
Medium
High
Emotional demanding work
Yes
No
Physically demanding work
Yes
No
Health and lifestyle
Presence of a long-term illness
Yes
No
Personal characteristics
Educational level
Low
Medium
High
Taking care of children living at
home
Yes
No
Taking care of a chronically ill
person at home
Yes
No
Need for recovery
Cases of high NFR
Yes
No
Cases of high NFR in age category
35–44 years
Yes
No
Cases of high NFR in age category
45–60 years
Yes
No

Healthcare (N=818, of which 624 were women)
P -value

Day work
(N=577)
%

Irregular shift
(N=241)
%

33.3
33.3
33.3

32.2
36.0
31.8

37.7
32.0
30.2

36.0
42.7
21.3

51.0
49.0

66.8
33.2

29.4
70.6

59.7
40.3

25.4
74.6

26.6
73.4

15.1
43.4
41.5

14.2
71.6
14.2

0.004

<0.0001

<0.0001

P-value

0.765

0.006

<0.0001

<0.0001

<0.0001

0.018

0.719

<0.0001

<0.0001

<0.0001
56.7
43.3

66.8
33.5

66.5
33.5

0.001
59.4
40.6

71.7
28.3

0.969
15.4
84.6

15.1
84.9

15.7
84.3

20.1
79.9

34.9
65.1

26.3
73.7

16.2
83.8

32.9
67.1

25.5
74.5

22.0
78.0

39.4
60.6

27.4
72.6

0.550
19.1
80.9

20.9
79.1

19.2
80.8

22.1
77.9

17.3
82.7

16.6
83.4

21.8
78.2

36.9
63.1

<0.0001

<0.0001

<0.0001

0.354

0.840

0.012

*Employees with a high educational level were excluded from the analyses.

Exposure duration to shift work
The duration of exposure to shift work was investigated
in three age categories: 35–39, 40–44 and 45–50 year
old industry workers (table 5). In the youngest age
category, a longer exposure duration was associated
with lower NFR scores. In the 40–44 category, a longer
duration was associated with higher NFR scores. Among
45–50 year olds, the highest NFR scores were found

among those with medium exposure duration and the
lowest scores among those with a long exposure duration to shift work.
Healthy worker effect
To illustrate a possible secondary healthy worker
effect among both the total industry shift work population and among older industry shift workers, assoScand J Work Environ Health 2015, vol 41, no 4
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Table 2a. Overall and age-stratified regression coefficients and standard errors for continuous need for recovery scores according to
work schedule among the industry and healthcare sector (T0-T8) [SE=standard error.]
Industry

Model 1 a
Overall
(N=1791, all men)
ß
SE P-value

Day work
3-shift
5-shift

Model 2 b

35–44 years
(N=840)
ß
SE
P-value

45–60 years
(N=951)
ß
SE P-value

Overall
ß

35–44 years

SE P-value

ß

SE

45–60 years

P-value

0
.
.
0
.
.
0
.
.
0
.
.
0
.
0.337 0.048 <0.0001 0.361 0.068 <0.0001 0.367 0.075 <0.0001 0.157 0.052 0.002 0.190 0.072
0.163 0.046 <0.0001 0.229 0.068
0.001 0.123 0.067
0.067 0.121 0.050 0.015 0.212 0.069

ß

SE

P-value

.
0
.
.
0.009 0.182 0.081 0.024
0.002 0.033 0.078 0.678

Partially adjusted model: ß corrected for long-term illness, taking care of children living at home and taking care of a chronic ill person living at home. In
the healthcare results, this model is also corrected for educational level and gender.
b
Fully adjusted model: ß additionally corrected for psychological job demands, decision latitude, emotionally and physically demanding work.
a

Table 2b. Overall and age-stratified regression coefficients and standard errors for continuous need for recovery scores according to work
schedule among the industry and healthcare sector (T0-T8) [SE=standard error.]
Healthcare

Model 1 a
N=780
(595 women)
ß

Day work

SE
0

35–44 years
(N=483)

P-value
.

Model 2 b

ß

.

SE
0

45–60 years
(N=297)

P-value
.

.

ß

SE
0

Overall

P-value
.

.

ß

SE
0

35–44 years
P-value

.

ß

.

SE
0

45–60 years

P-value
.

ß

.

SE
0

P-value
.

.

Irregular
0.140 0.063 0.027 0.013 0.077 0.863 0.418 0.108 <0.0001 0.058 0.072 0.419 -0.052 0.086 0.539 0.311 0.125 0.013
shift
a Partially adjusted model: ß corrected for long-term illness, taking care of children living at home and taking care of a chronic ill person living at home. In
the healthcare results, this model is also corrected for educational level and gender.
b Fully adjusted model: ß additionally corrected for psychological job demands, decision latitude, emotionally and physically demanding work.

Table 3. Overall and age-stratified hazard ratios (HR) and 95% confidence intervals (95% CI) for need for recovery caseness according
to work schedule among the industry and healthcare sector (T0-T9)
Model 1 a
Overall
N
Industry
Day work
3-shift
5-shift
Healthcare
Men
Women
Day work
Irregular
shift

HR

Model 2 b

35–44 years
95%CI

1408

N

HR

95%CI

659
1
1.37
1.03

HR

95%CI

Overall
HR

95%CI

35–44 years
HR

95%CI

45–60 years
HR

95%CI

749
1
1.28
1.08

1.04–1.80
0.80–1.32

45–60 years
N

0.88–1.87
0.74–1.56

414

1
1.44 0.93–2.25
0.97 0.67–1.40

1
1
1
1.13 0.84–1.51 1.05 0.70–1.58 1.27 0.80–2.00
0.94 0.72–1.22 1.02 0.69–1.49 0.84 0.57–1.23

1
.
1.44 0.73–2.87

1
1
1
0.88 0.61–1.27 0.78 0.51–1.21 1.18 0.55–2.54

235

156
493
1
1.03

.
0.73–1.45

1
0.89

.
0.59–1.33

Partially adjusted model: HR corrected for long-term illness, taking care of children living at home and taking care of a chronic ill person living at home.
In the healthcare results, this model is also corrected for educational level and gender
b Fully adjusted model: HR additionally corrected for psychological job demands, decision latitude, emotionally and physically demanding work
a

ciations of work schedule with the continuous mean
score and caseness of NFR were investigated. As the
number of transitions from shift to day work was
relatively low, all industry employees involved in
any shift type at T0 were included (N=2048). The
continuous score resulted in an OR 1.008 (95% CI
1.004–1.011) indicating that employees with higher
NFR scores on the 0–100 scale were more likely
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to undergo a transition from shift to day work. For
NFR caseness, an OR 1.61 (95% CI 1.26–2.06) was
found, indicating that employees with elevated NFR
had higher odds of changing from shift to day work
as compared to employees without elevated NFR.
Among shift workers aged 45 years or older, these
ORs were 1.007 (95% CI 1.001–1.013) and 1.50 (95%
CI 0.94–2.40) respectively.
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Table 4. Overall and age-stratified hazard ratios (HR) and 95% confidence intervals (95% CI) for disability during follow-up according to
work schedule among the industry and healthcare sector (T0-T9)
Overall
N
Industry
Men
Day work
3-shift
5-shift
Healthcare
Men
Women
Day work
Irregular work

35–44 years

HR

95%CI

N

HR

872

1877

194
624

1
2.03
1.74

.
1.46–2.83
1.28–2.36

1
1.35

.
0.93–1.95

501

Table 5. Age-stratified need for recovery mean score for different
durations of exposure to shift work.
Duration
of exposure

Industry
35–39 years
(N=148)
Mean

All
Short
(≤10 years)
Medium
(11–20 years )
Long
(>20 years)
a
b

44.61
25.19
22.75

45–60 years
95%CI

40–44 years
(N=110)

P-value

Mean

<0.0001a

32.40
ᵃ

P-value
<0.0001

45–50 years
(N=111)
Mean
42.24

37.65

46.85

43.90

37.40

P-value
<0.0001b

ᵇ

Except medium versus long duration: P=0.033.
Except short versus long duration: P=0.015.

Discussion
Key findings
This study aimed to investigate whether shift workers differ in terms of their NFR, future disability and
retirement intentions compared to day workers over the
span of the work career. Additionally, we investigated
whether exposure duration to shift work was associated
with NFR and whether we could illustrate a possible
healthy worker effect.
The cross-sectional results demonstrated that in general, NFR levels at baseline were higher among shift
workers as compared to day workers who are employed
in the same sector (data for continuous NFR scores not
shown). Few studies have investigated the association
between shift work and NFR: however, in a different
subsample of the Maastricht Cohort Study (18), a similar
pattern was observed. Furthermore, all workers aged
45–60 years reported higher levels of NFR when compared to younger workers employed in the same shift
type, implying that older employees might be less tolerant
to the adverse effects of shift work, which is in line with
an earlier study (13). This study demonstrated that also

N

HR

95%CI

1
2.49
1.80

.
1.56–3.97
1.20–2.70

1
2.04

.
1.18–3.54

1005
1
1.92
1.77

.
1.15–3.22
1.07–2.93

1
1.09

.
0.66–1.79

317

longitudinally both three- and five-shift industry workers
reported higher NFR scores, as compared to industry day
workers. After age stratification, this finding was no longer observed among the oldest age category of five-shift
workers: it is likely that the healthy worker effect has
contributed to this finding. The age-stratified results demonstrated that among the older irregular healthcare shift
workers, significant higher NFR scores were observed
as compared to older healthcare day workers, indicating
that these shift workers might become more prone to the
biological and social mechanisms related to shift work at
an older age, and that the healthy worker effect has not
(yet) taken place among these employees.
When investigating the risk of becoming a NFR
case during the follow-up, only 3-shift workers had a
higher risk of becoming a NFR case as compared to
industry day workers, a risk no longer present after age
stratification. This study adds that NFR scores among
many industry shift workers are higher over time as
compared to day workers in that sector, but that the
risk of becoming a NFR case is less present among
industry shift workers. An explanation could be that
shift workers have higher levels of NFR compared to
day workers, but possibly do not have a high enough
NFR level to become a case of elevated NFR, or that
those shift workers who reach a NFR level high enough
to become a case will, eg, change to day work jobs.
To investigate whether long-term adverse effects of shift
work were present, future disability was investigated.
In line with earlier studies (2, 24), results showed that
industry shift workers had a higher risk to become disabled during the follow-up as compared to industry day
workers. Among healthcare workers, shift work was
found to be a risk factor for future disability among the
45–60 age category. Several pathways could possibly
explain this association between shift work and future
disability, as shift work is negatively associated with
both physical and mental health (19) and shift workers
have a higher risk of occupational injury and illness as
compared to day workers (32).
Scand J Work Environ Health 2015, vol 41, no 4
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Based on these adverse outcomes, it was also expected
that shift workers would have stronger intentions to retire
early as compared to day workers. However, this was not
observed in this study. The healthy worker effect, practical limitations (retirement intentions were assessed at a
later follow-up wave and among a smaller population)
and the cross-sectional nature of this analysis could be
possible explanations for the lack of this finding.
The actual direction and size of healthy worker
effects have rarely been studied, therefore the present
study aimed to investigate this effect explicitly among
industry employees. Shift workers who quit shift work,
reported higher NFR scores prior to the transition to day
work, as compared to those who continuously performed
shift work. Also, employees who were unable to perform
shift work at an older age might already have left the
labor force. Many studies presume the presence of this
effect, whereas this study explicitly demonstrated that
secondary selection processes took place in a sample of
industry shift workers.
Furthermore, by investigating narrow age categories,
the effect of exposure duration to shift work on NFR
could be disentangled from the concept of age and results
demonstrated that different lengths of exposure duration
were associated with different NFR levels among industry shift workers. In the 35-39 age category, the highest
NFR levels were found among employees with a short
exposure duration to shift work and the lowest NFR
levels among those with a long exposure duration. This
might imply that it takes time for employees to adapt to
the performance of shift work or that employees unable
to adapt to shift work will make a transition, eg, to a day
work job, supporting our conclusions on secondary selection processes which have taken place. Among employees
aged 45–50 years, those with the longest exposure duration reported a lower NFR level, compared to those with
a short or medium duration, possibly implying a healthy
work effect within this age category.
All in all, the findings in this study might be an
underestimation of the true results since secondary
selection processes seem to have taken place. This
might also partially explain why differences in NFR
were observed among different age categories. Different
shift work types and populations were investigated in
two economic sectors with different working conditions.
Consequently, the results of the industry and healthcare
sector are not directly comparable. It can be concluded
that despite these differences, in both economic sectors
shift work was associated with higher levels of NFR
and a higher risk of disability, when compared to day
workers employed in the same sector.
Within the industry sector, in which two different shift
work schedules were investigated, results also demonstrated that these two shift work schedules were differently associated with outcomes. Here, adverse outcomes
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were more often observed among 3-shift workers as
compared to 5-shift workers. Possibly, these differences
can be explained by the differences in number of working
hours per week, which in general are higher among 2-shift
schedules compared to 5-shift schedules. Other explanations could be found in the difference in speed of rotation
of the shifts, as in this cohort, 3-shift workers change
shifts weekly, which is often considered to be most disadvantageous (33). Also, 3-shift workers in this cohort were
frequently involved in backward rotating shift schedules,
which are considered to be more disadvantageous as compared to forward rotating shift schedules (34).
Strengths and limitations
Several strengths and limitations should be considered.
A strength of this study was that the extensive cohort
allowed for the investigation of both short- and longterm outcomes expected to be related to shift work. Also,
the analyses investigating the association of exposure
duration and NFR and the explicitly investigated healthy
worker effect should be considered strengths, as most
studies on shift work do not explicitly examine these
effects. Nevertheless, as the large scope of outcomes
required several techniques of data analysis, different
inclusion- and exclusion criteria, age categories, and
follow-up waves, this might hinder direct comparisons
between the various findings. Although a large variety
of possible confounders were taken into account in this
study, residual confounding cannot be completely ruled
out. Shift work is a broad, ambiguous concept and many
studies have compared shift to day workers. However, in
this study, it was possible to differentiate multiple types
of shift work. This distinction is valuable, as results differ among the specific type of shifts, implying that shift
workers should be considered a heterogeneous population. Descriptive analyses revealed that the proportion of
shift workers who transited to day work jobs was small.
Nevertheless, it should be noted that the allocation to a
shift or day work job was based on the employees work
schedule at T0, which possibly might have resulted
in misclassification. Eg, employees who had already
made a transition from shift to day work before T0 were
considered to be day workers, which might imply that
selection processes already had taken place and results
therefore may have revealed a somewhat diminished
contrast between shift and day workers. As mixed findings exist regarding the effects of shift work across the
work career, this study stratified the results for multiple
age categories, allowing for a comparison between
younger and older shift workers employed in the same
economic sector, which was possible due to a large sample size. Although the widespread definition of the WHO
was used to define older workers, different cut-off points
exist in the literature, and chronological age might not
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always be sufficient to operationalize the factor “age” in
the work setting (35). Therefore, a suggestion for future
studies could be to also consider other approaches of
the concept of age, eg, perceived relative age (36). As
the Maastricht Cohort Study included employees from
45 different companies, a sector-specific approach was
feasible in this study. The value of this approach is that
shift workers could be compared to day workers within
the same sector, implying rather similar work contexts,
and therefore a more homogenous population within a
sector could be investigated. Within each sector, this
study aimed to construct a homogenous study population
for the comparison of shift and day workers by applying
relevant inclusion- and exclusion criteria. Nevertheless,
the descriptive results revealed that both industry and
healthcare shift workers had a higher prevalence of
emotionally and physically demanding work compared
to day workers employed in the same sector. Also,
industry shift workers reported low levels of decision
latitude compared to industry day workers, which is all
in line with earlier studies (37, 38). Even after excluding employees with a high educational level from the
industry population, the distribution of educational level
differed among shift and day workers. Therefore, it can
be concluded that shift work not only involves a different timing of working hours as compared to day workers, but also implies differences in job tasks and content,
even when being employed in the same economic sector.
Consequently, overcorrection has possibly taken place
in the partially and fully adjusted models. Overall, it is
difficult to construct a homogenous population of shift
and day workers. By comparing shift and day workers
within the same economic sector, this study attempted to
establish a homogenous population. However, a suggestion for future research would be to compare shift to day
workers with the same job title, which could contribute
to further homogeneity of study populations.
Concluding remarks
Different associations between shift work and adverse
outcomes were observed over the course of the work
career. Shift work was generally associated with higher
levels of NFR and a higher risk of disability over time,
in both economic sectors. However, shift work is a
multifaceted concept and although we were able to distinguish between different types of shift work, the influence of specific characteristics of shift types should be
investigated in further detail in upcoming studies, eg,
by taking into account the direction of rotation of shift
schedules: among 3-shift workers a forward direction
of shift rotation was prospectively related to less psychological health-related problems, in terms of NFR
and general health, compared to a backwards-rotating
schedule (34).

As this study illustrated that shift work exposure
duration was associated with NFR and the healthy
worker effect was present, the findings might be an
underestimation of the true results and might partially
explain why different associations across the age categories are observed. As these effects have not often
been studied, a suggestion for further research could
be to investigate how these effects are related to different outcome measures. For example, whereas this
study demonstrated the healthy worker effect in terms
of secondary selection processes, also primary and tertiary selection processes might take place and should
therefore be studied. This study adds that shift work
is generally associated with higher levels of NFR and
a higher risk of disability, but that among shift workers different subgroups exist as different types of shift
work schedules are differently associated with outcomes
within a specific economic sector. As shift work schedules allow for optimization, this indicates that preventive
measures should be tailored for different types of shift
work over the course of the work career. Implications
of this study are that implementation of (the type of)
shift work within companies should be carefully considered, and companies in which shift work is currently
performed should monitor and evaluate the health and
performance of all shift workers as high NFR and disability among shift workers might result in higher costs
for both employers and society.
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