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Abstract: The objective of the present study was to investigate if satisfaction of the basic needs of 
autonomy, competence, and relatedness is related to shift work tolerance, specifically physical and 
mental fatigue, insomnia, and digestive troubles in a sample of shift workers. This is a cross-sec-
tional pilot questionnaire study, including 252 shift workers employed in a municipality in Norway. 
Autonomy was negatively related to physical fatigue and digestive troubles, while competence was 
negatively related to mental fatigue. Relatedness showed significant correlations with insomnia and 
mental fatigue, but did not reach significance in the regression model controlling for the two other 
basic needs as well as work scheduling, night work exposure, and sleep medication. Sleep medica-
tion was significant in the final regression model for insomnia, but unrelated to fatigue and diges-
tive troubles. The demographic variables, work hours per week, work schedule, and night work 
exposure were unrelated to all four measures of shift work tolerance. Autonomy and competence 
may be more important for fatigue and digestive troubles among shift workers than work arrange-
ment variables, night work exposure, and sleep medication use.

Key words: Shift work tolerance, Autonomy, Competence, Relatedness, Fatigue, Insomnia, Digestive 
troubles

Introduction

Sleep is necessary for human life. Furthermore, having 
a regular and synchronized sleep/wake pattern is crucial 
for obtaining good sleep and preserving good health. Still 
today’s society requires that someone is always awake and 
maintaining public services. A line of empirical research 
in motivational psychology postulates that basic satisfac-
tion of three central psychological needs is related to 
health and well-being at work. The focus of this article is 
whether satisfaction of these basic needs can ameliorate 

shift work’s negative effects.
The extent and use of shift work is increasing all over 

the world1). Shift work is often defined as work that 
takes place between 7 pm and 6 am2) or any time during 
weekends3). Night work is a specific type of shift work 
where the majority of the work time falls between 10 pm 
and 6 am4). This type of work pattern conflicts with the 
need for a regular sleep pattern. Research has documented 
several serious health risks caused by shift work in general 
and night work in particular, including increased rates 
of cardiovascular disease5–7) and breast cancer8). Night 
work also seem to have a negative effect on safety and 
productivity9). Problems with fatigue, insomnia, digestive 
troubles, mental sensitivity, and aggression are especially 
prevalent in individuals with low tolerance for working 
shifts10–12). The term “shift work tolerance” has been es-
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tablished in research to describe the ability to adapt to shift 
work without experiencing its adverse consequences10).

Several measures to counteract night work’s negative 
effects have been identified13). The review by Pallesen and 
colleagues13) concludes that measures such as bright light 
and melatonin treatment, correctly timed naps during the 
work shift, use of stimulants, and proper work scheduling 
including forward rotation are recommended to ameliorate 
night work’s negative effects. The benefit of shorter shifts 
and fewer work hours is also mentioned. However, Pal-
lesen et al. question these measures’ long-term effects. The 
authors highlight the relevance of the “healthy shift worker 
effect”, referring to the tendency of healthy shift workers 
to stay in such work, while those that are insufficiently 
healthy leave shift work14). Thus, shift work exposure is 
probably a further variable that can affect the health of the 
shift worker.

Additionally, previous research has neglected some 
potential psychological factors. This especially pertains to 
motivation’s effect on the ability to stay awake at night. 
In order to function well, humans need an optimal level 
of stimulation guided by intrinsic motivation15). A basic 
assumption of self-determination theory is that human 
beings are motivated by three inherent psychological 
needs: the needs for autonomy, competence, and related-
ness, respectively16). The need for Autonomy describes 
people’s universal urge to be causal agents and experience 
volition17). The need for Competence concerns people’s 
inherent desire to be effective in dealing with their envi-
ronments18), and the need for Relatedness or belonging 
reflects the universal propensity to interact with, be con-
nected to, and care for other people19).

Work is clearly an arena that can both meet and thwart 
employees’ needs in terms of autonomy, competence, and 
feelings of relatedness. Shift work can be of particular 
interest in this regard, as it is known to be physically and 
psychologically demanding in general and is potentially 
harmful for mental and physical health20). Within the 
context of motivational psychology, needs are regarded as 
universal necessities that constitute nutriments required 
for proactivity, optimal development, and learning21). 
Moreover, these needs are understood as crucial for psy-
chological health22).

Competence is linked to any type of motivation, where-
as autonomy is especially related to intrinsic motivation16). 
This could suggest that competence is in some manner 
different from the other two needs. One relevant question 
to ask in this respect is whether relatedness and autonomy 
are even more socially founded and perhaps even more 

basic than competence. Future studies specifically address-
ing competence will help clarify this issue. A considerable 
amount of data indicates that basic needs and autonomy 
in particular are key predictors of workplace satisfaction 
across different work settings and occupations23, 24). How-
ever, no studies have yet investigated the role basic needs’ 
satisfaction plays in shift work tolerance.

Although no previous studies have investigated the three 
basic needs among shift workers, related concepts have 
been examined. The importance of social interaction can be 
seen as relevant and important to all the needs, especially 
relatedness. Research suggests that talking to others may 
mitigate the risk of fatigue and increase alertness during 
night shifts or sleep-deprivation scenarios25, 26), and that 
social support may positively affect shift work tolerance27).

Social exposure’s effect on vulnerability to sleep 
deprivation has been confirmed by sleep deprivation 
experiments28). Still, to the best of our knowledge, the 
relationship between the satisfaction of social needs and 
other motivational factors on one side and shift work 
tolerance on the other have not been examined sufficiently 
in sleep deprivation scenarios and not at all in naturalistic 
settings. It would be fruitful to investigate if autonomy, 
competence, and relatedness are as important to shift 
work tolerance as sleep medication, work scheduling, and 
shift work exposure, which are identified as important 
countermeasures to the negative effects of night work in 
the review by Pallesen et al13). If the needs for autonomy, 
competence, and relatedness are met, self-motivation and 
mental health will improve29).

In the present study, we will investigate if satisfaction 
of the basic needs of autonomy, competence, and related-
ness is related to shift work tolerance, specifically physical 
and mental fatigue, insomnia, and digestive troubles in a 
sample of shift workers. These four dependent variables 
are chosen because they are important aspects of shift 
work tolerance, as established by previous research10–12). 
We will also examine how the importance of these factors 
compares to the importance of sleep medication, work 
scheduling, and prior night work experience. These vari-
ables are chosen because previous research has identified 
them as the most important countermeasures to ameliorate 
night work’s problems13). Thus, we would like to challenge 
the established knowledge about measures to counteract 
night work’s negative effects by examining the alternative, 
and unexplored, measures of satisfaction of basic needs. 
The aim of the study is therefore to examine shift workers 
in particular and not all workers. The study is to be consid-
ered a pilot study, with a rather small sample of almost 300 



SHIFT WORK TOLERANCE AND SATISFACTION OF BASIC NEEDS 125

participants, but it answers a research question that has 
not been investigated by previous research. A pilot study 
like the present one is needed to guide future research in 
this area. If the importance of motivational variables can 
be supported by the present study, and further evidence 
can later be found, this could provide extensive help to 
improve work conditions for workers who have to stay 
awake at night, through focusing on promotion of their 
intrinsic motivation.

Subjects and Methods

Participants
A total of 353 out of 1,041 invited shift working 

municipal workers participated in this electronic question-
naire study. The response rate was 33.9%. All employees 
who worked night shifts or previously had experience with 
night shift in one municipality in Norway were invited to 
participate, totalling 1,106 altogether. Of these, 65 emails 
were returned due to incorrect email addresses. Of the 353 
respondents who replied, all except 8 had some experience 
working nights, and 26 had worked nights for less than 
one year. These 34 participants and any participants who 
did not answer how many years they had worked nights 
were excluded from further analyses. The final sample 
comprised 252 participants. In the final sample 45 (17.9%) 
worked day and evening shifts, 122 (48.4%) worked night 
shifts only, and 85 (33.7%) were employed in rotating shift 
work with day, evening, and night shifts. There were 190 
(75.4%) women and 59 (23.4%) men in the final sample. 
The mean age was 39.5 (SD=11.37) yr. Eighty-six (34.1%) 
had the full responsibility for children living at home, 32 
(12.7%) had shared responsibility for children, and 127 
(50.4%) did not have children. The respondents had expe-
rienced working night shifts for durations ranging from 1 
to 32 yr with a mean of 7.0 yr (SD=6.12). The participants 
worked an average of 30.2 (SD=7.92) hours per week.

Procedure
Prior to initiating data collection, the study was ap-

proved by the Norwegian Data Protection Official for 
Research (NSD). Information about the project was also 
sent to the Regional Committee for Medical and Health 
Research Ethics in Central Norway, who responded that 
their approval was not required. All potential respondents 
received an email with a link to an online questionnaire 
during January, 2013. The email informed participants that 
their participation was voluntary and anonymous. Two 
email reminders were sent to individuals who had not par-

ticipated after the first invitation. The questionnaire was 
open for replies for 3 wk.

Instruments
The questionnaire included demographic questions 

concerning age, gender, and if they were responsible for 
children at home (full responsibility, shared responsibility, 
or no). The respondents answered how many hours they 
worked per week by inserting the number of hours into 
a box. The respondents were also asked to describe their 
work schedule arrangement from a choice of four different 
answers; day work; day and evening work; night work 
only; or rotating shift work with day, evening, and night 
work. The day workers were excluded, and the variable 
was then treated like a categorical variable with three 
different options. Exposure to night work was measured 
by a single question asking the respondents to provide the 
number of years they had worked night shifts,and to write 
zero if they had worked night shifts less than one year. 
Sleep medication use was measured by questions that 
asked respondents if they had used any of the following 
the previous 12 months: sleep medication with prescrip-
tion, light treatment, melatonin, or sleep medication 
without prescription. The answers were then collapsed 
into one variable measuring sleep medication use, where a 
score of zero indicated no use of sleep medication, a score 
of one indicated use of one of the aids to sleep, and a score 
of two indicated use of two aids to sleep. No respondents 
reported use of more than two of the listed sleep aids.

The three basic needs of competency, autonomy, and 
relatedness were measured with a short form of the Basic 
need satisfaction at work questionnaire30). This version, 
written in the Norwegian language, has previously been 
validated and applied in a Norwegian study31). The transla-
tion is based on a standardized translation-back-translation 
process. This instrument included nine statements: for ex-
ample, “I really like the people I work with”, and “When I 
work I do not feel very competent”. The respondents were 
asked to indicate how well these statements were true for 
them on a 7-point scale ranging from “do not fit at all” to 
“fit very well”. There were three questions for each of the 
three basic needs.

The four shift work tolerance variables were measured 
with the Bergen Insomnia Scale, the Fatigue Question-
naire, and two questions concerning digestive troubles. 
The Bergen Insomnia Scale (BIS)32) consists of six items 
measuring insomnia in line with the descriptions of in-
somnia in the DSM-IV. The items ask respondents, “how 
many times per week during the last month have you 
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experienced” any of six different insomnia symptoms, 
for example, “it has taken more than 30 min to fall asleep 
after the light was switched off”. The respondents an-
swer how many days per week over the past month each 
symptom has occurred, from zero (zero days per week) to 
seven (daily). The validity of the BIS has been previously 
demonstrated32).

To assess physical and mental fatigue, we applied the 
Fatigue Questionnaire (FQ)33), which measures fatigue 
with 11 questions answered on a four-point scale. The 
respondents indicated how often during the past month 
they had experienced different signs of fatigue, using a 
four-point response scale ranging from “less than usual” to 
“much more than usual” or “better than usual” to “much 
worse than usual”. Seven items measure physical fatigue 
and four items measure mental fatigue. The Fatigue Ques-
tionnaire has been validated in Norway34).

Lastly, to measure digestive troubles, four of the eight 
digestive trouble questions in the Standard Shift Work In-
dex (SSI)35) were adopted and collapsed into two questions 
for the present study. These questions were: “How often 
is your appetite disturbed?” and “How often do you suffer 
from stomach ache, nauseous, or digestive troubles?” The 
respondents provided their responses on a four-point scale 
ranging from “almost never” to “almost always”.

Statistical analyses
All analyses were performed with IBM SPSSP Sta-

tistics. Correlation analyses between all study variables 
were conducted. The main analyses consisted of four 
multiple regression analyses with two steps. There was 
one analysis for each of the shift work tolerance variables: 
insomnia, mental fatigue, physical fatigue, and digestive 
troubles, where these variables represented the dependent 
variables for each analysis. The demographic variables, as 
well as work hours per week, work schedule, night work 
exposure, and sleep medication use, were entered in Step 1 
of the regression analyses. Autonomy, competence, and 
relatedness were entered in Step 2.

Results

Means and standard deviations for all continuous vari-
ables as well as frequencies for all categorical variables 
can be seen in Table 1. This table also shows correlations 
between all study variables. Autonomy and competence 
had significant, negative correlations with all the shift 
work tolerance variables: insomnia, physical fatigue, 
mental fatigue, and digestive troubles. Relatedness was Ta
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significantly and negatively correlated with insomnia. Use 
of sleep medication had a significant, positive correlation 
with insomnia, but not with the other shift work tolerance 
variables. Work schedule was also significantly related to 
insomnia, but not to fatigue or digestive troubles. None of 
the other work scheduling variables (work hours per week 
or work schedule), night work exposure, or the background 
variables of gender, age and children at home had any sig-
nificant correlation with the shift work tolerance variables.

Prior to conducting the analyses, the assumptions for 
multiple regression analysis were examined. All the as-
sumptions (multicollinearity, outliers, normality, linearity, 
homoscedasticity, and independence of residuals) were 
met. None of the demographic variables (age, gender and 
children at home) had significant correlations with the shift 
work tolerance variables. Because of this, and to reduce the 
number of predictors in the regression analysis due to the 
low sample size (n=212–252), these demographic variables 
were excluded from further regression analysis. The inter-
correlation between the three basic need variables ranged 
from 0.32–0.47, confirming that they are suitable for sepa-
rate investigation and do not measure the same concept. 
Four separate multiple regression analyses were conducted, 
one for each of the shift work tolerance variables.

For insomnia, Step 1, including background variables, 
work arrangement, night work exposure and sleep medica-
tion use, explained 11% of the variance. Adding the basic 
need variables in Step 2 led to a significant, 4% increase 
in the explained variance (F=(7,198)=5.46, p=0.00). In the 
first step, work schedule and sleep medication use were 
significantly related to insomnia. In the final model, only 
sleep medication had a significant relation to insomnia, 
which was positive. None of the basic need variables were 
significantly related to insomnia in the final model, con-
trolling for all the other variables. However, the significant 
increase in explained variance when adding these three 
variables indicate that together they may have some rela-
tion to insomnia.

Regarding physical fatigue, in Step 1 the background 
variables, work arrangement, night work exposure, and 
sleep medication did not contribute to the explained vari-
ance in physical fatigue. For Step 2, including the basic 
need variables led to a 4% increase in explained variance 
(F=(7,198)=2.34, p=0.02). Autonomy had a significant, 
negative relation to physical fatigue in the final model.

With respect to mental fatigue, Step 1 revealed no signif-
icances, but Step 2 led to a significant increase in explained 
variance to 7% (F=(7,198)=2.71, p=0.01). Competence was 
in this model the only variable that reached significance. 

Competence was negatively related to mental fatigue.
Lastly, Step 1 was not significant with regard to diges-

tive troubles, but adding the basic need variables in Step 2 
made the explained variance significantly increase to 8% 
(F=(7,198)=2.88, p=0.01). Here, autonomy was the only 
significant variable, demonstrating a negative relation to 
digestive troubles (Table 2).

Discussion

The present pilot study indicates that satisfaction of the 
basic needs of autonomy, competence, and relatedness is 
important for the health, sleep, and fatigue levels of shift 
workers. In particular, in some cases autonomy and com-
petence appear to be more important for shift work toler-
ance than the variables of work arrangement, night work 
exposure, and sleep medication use. This highlights the 
importance of investigating motivation variables in later 
research that aims to ameliorate the negative effects of 
night and shift work. Along these lines, one study revealed 
that basic psychological need satisfaction in work settings 
is in fact positively related to enjoyment of work36). A 
recent study also revealed that exposure to transforma-
tional leadership, an inspirational and motivational form 
of leadership, demonstrated substantial relationships with 
fulfillment of the basic psychological needs of relatedness, 
autonomy, and competence at work37).

Autonomy, competence, and to a somewhat lesser 
degree, relatedness were each independently related to 
all of the shift work tolerance variables in the correlation 
analysis in the study reported in this paper. However, con-
trolling for work schedule, night work exposure, and sleep 
medication, as well as for the other basic needs, autonomy 
was related only to physical fatigue and digestive troubles, 
while competence was related only to mental fatigue. All 
relationships were negative, indicating that autonomy and 
competence were related to experiencing fewer fatigue and 
digestive troubles. These findings are in line with Ryan 
and Deci’s reports concerning the relationship between the 
satisfaction of these needs and better mental health29).

In particular, the connection between competence and 
mental fatigue are consistent with Ryan and Deci29) and 
Deci and Vansteenkiste’s22) findings. It is also interesting 
to note that autonomy and competence were related to dif-
ferent shift work tolerance variables. As mentioned in the 
introduction, competence is linked to any type of motiva-
tion, whereas autonomy is related to intrinsic motivation 
in particular23). Thus, general motivation may be more 
important for mental fatigue, while intrinsic motivation 
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is essential specifically for physical fatigue and digestive 
troubles. Another explanation as to why general motivation 
was related to some aspects of better health among shift 
workers may be financial reasons. Some individuals choose 
to work extended work hours and shift work for financial 
benefits38–40). Financial benefits may increase motivation 
and thereby lead to better health as well. However, recent 
research seem to indicate that pay levels are not related to 
intrinsic motivation and basic need satisfaction41). Con-
sequently, this may not be a likely reason for the relation 
between autonomy and fatigue and digestive troubles.

In the full regression model, the basic needs were not 
related to insomnia. This is probably due to the control for 
sleep medication, as the variance in insomnia in the regres-
sion model was largely explained by sleep medication use. 
The significant correlations between all three basic need 
variables and insomnia indicates that the needs also may 
be important for insomnia, but that use of sleep medication 
has a stronger relationship to insomnia. In this regard, it is 
important to discuss causality, as the results in the present 
study cannot define any causal relationships. For insomnia, 
sleep medication use is perhaps a more likely cause of 
insomnia than a factor that leads to further insomnia. For 
basic needs, the causal relationship is not as clear, as ex-
perience of less satisfaction with needs can lead to greater 
experience of insomnia symptoms, but also vice versa.

Relatedness was only significant in the correlation 
analysis and only to insomnia, but not when controlling for 
other variables in the regression analysis. This indicates 

that relatedness may not be as important for shift work 
tolerance as the other basic needs. This is in line with Deci 
and Ryan’s16) assumption that relatedness may not be as 
important as competence and autonomy for some activities. 
However, Deci and Ryan also emphasize that relatedness 
and autonomy are more basic than competence16), which 
runs counter to our findings. In addition, previous studies 
have reported that social support may be important in shift 
work tolerance27). Also, social interaction may alleviate ex-
periences of fatigue25). Thus, an explanation of the seeming 
discrepancies in results may be due to the fact that related-
ness is different from social support. More research on 
relatedness and shift work tolerance with a larger sample of 
shift workers is needed to make stronger conclusions.

Our results support the idea that autonomy and compe-
tence are related to some aspects of shift work tolerance. 
However, it would also be interesting to know how the 
basic needs relate to physical health consequences of shift 
work, for example metabolic syndrome or cancer. To the 
best of our knowledge, no research has yet been performed 
to investigate this question, and this is an important av-
enue for future research.

Strengths and limitations
This study is a cross-sectional one, and thus cannot 

state anything about causal relations. The n and response 
rate were relatively low. Nevertheless, the response rate 
is close to the acceptable response rate stated in previ-
ous organizational psychology research42). Also, the n is 

Table 2.   Work hours per week, work schedule, night work exposure, sleep medication use and the three basic needs predicting insomnia, 
physical fatigue, mental fatigue and digestive troubles (n=211–252)

Variables
Insomnia Physical fatigue Mental fatigue Digestive troubles

B SE B β B SE B β B SE B β B SE B β

Step 1
Work hours per week 0.15 0.08 0.12 0.04 0.04 0.07 0.01 0.02 0.06 0.01 0.01 0.05
Work schedule (1–3) 1.75 0.84 0.14* 0.75 0.38 0.14* 0.14 0.18 0.06 0.13 0.15 0.07
Night work exposure (yr) –0.11 0.10 –0.07 –0.06 0.05 –0.09 –0.03 0.02 –0.08 –0.01 0.02 –0.03
Sleep medication use 6.16 1.34 0.31** 0.80 0.61 0.09 0.27 0.29 0.06 0.30 0.24 0.09

Step 2
Work hours per week 0.14 0.08 0.12 0.04 0.04 0.07 0.01 0.02 0.05 0.01 0.01 0.05
Work schedule (1–3) 1.61 0.84 0.13 0.63 0.38 0.12 0.06 0.18 0.02 0.07 0.14 0.04
Night work exposure (yr) –0.04 0.11 –0.03 –0.02 0.05 –0.03 0.00 0.02 0.00 0.01 0.02 0.04
Sleep medication use 5.68 1.33 0.28** 0.60 0.60 0.07 0.14 0.29 0.03 0.20 0.23 0.06
Autonomy –0.74 0.63 –0.09 –0.58 0.29 –0.16* –0.18 0.14 –0.11 –0.34 0.11 –0.25**
Competence –0.74 0.67 –0.08 –0.46 0.31 –0.12 –0.44 0.14 –0.23** –0.21 0.12 –0.14
Relatedness –0.81 0.70 –0.09 0.15 0.32 0.04 0.00 0.15 0.00 0.11 0.12 0.07

Insomnia: R2 Step 1=0.11**; ∆ R2 Step 2=0.04**; Physical fatigue: R2 Step 1=0.02; ∆ R2 Step 2=0.04* Mental fatigue: R2 Step 1=0.01; ∆ R2 Step 
2=0.07**; Digestive troubles: R2 Step 1=0.02; ∆ R2 Step 2=0.08* ; *p<0.05, **p<0.01 
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acceptable for performing the analyses. The respondents 
were employed in service-oriented and social positions in 
a municipality, and the generalizability to other groups of 
shift workers can be discussed.

The way in which we assessed the work schedule vari-
able in our study can be critiqued. Preferably we would 
have included further measures of the work schedule to 
assess this dimension more thoroughly, including factors 
such as speed and direction of rotation. Additionally, our 
method of assessing sleep medication may not be illustra-
tive of sleep medication’s importance for shift work toler-
ance. Some argue that use of sleep medication is in fact a 
part of shift work tolerance11), and it should therefore be 
among the dependent variables in our analyses. However, 
one of present study’s goals was to examine the importance 
of some countermeasures for mitigating night work’s ef-
fects as mentioned in Pallesen et al.13), among them sleep 
medication, relative to the importance of basic needs’ satis-
faction. Sleep medication was measured the same way as in 
previous shift work studies43). Furthermore, the instruments 
we used to assess insomnia and fatigue are well validated 
and frequently used in previous research, although using 
only two questions to measure digestive troubles, as we did 
in the present study, is not ideal. Our version of the instru-
ment assessing basic needs was a truncated one, and using 
the scale in its entirety is encouraged for later research. 
In all, the use of many validated instruments is one of the 
study’s strengths. However, the validity of such a mixed 
set of questionnaires could be critiqued. Still, the use of 
different instruments to measure shift work tolerance has 
recently been supported by research12). In particular, this 
study applies the same instruments as the current one to 
measure fatigue, insomnia, and sleep medication.

Despite these limitations, the present study includes 
an acceptable number of participants, has similar gender 
distributions as seen in other shift work research on social 
dominating occupations, and uses many validated instru-
ments. Thus, the findings can be used as an important 
basis for future research.

Conclusion and suggestions for future research
A feeling of competence and autonomy may ameliorate 

specific problems often seen among shift workers, espe-
cially fatigue and digestive troubles. Although more re-
search is needed to make definite conclusions, the fact that 
these relations were found in this pilot study support the 
importance of basic needs to shift workers. Organizations 
employing shift workers should work towards improving 
their employees’ competence and autonomy to lessen the 

negative effects of shift work.
Within specific domains, especially those central to peo-

ple’s lives such as work settings, satisfaction of the needs is 
also suggested to be related to general well-being16). A fo-
cus on and further development of autonomy, competence, 
and preferably also relatedness among employees is some-
thing that can be accomplished by more information and 
support from management, but also by furnishing courses 
and education related to the job. More research on the 
relationship between basic needs and shift work tolerance 
is needed. In particular, longitudinal studies across several 
types of shift workers in natural settings would likely be 
fruitful to better measure and control for “the healthy shift 
worker effect” and to establish causal relations.

References

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

 2) Monk TH, Folkard S (1992) Making shift work tolerable, 
Taylor & Francis, London.

 3) Grosswald B (2004) The effect of shift work on family 
satisfaction. Fam Soc 85, 413–23.  [CrossRef]

 4) Åkerstedt T (1998) Shift work and disturbed sleep/
wakefulness. Sleep Med Rev 2 , 117–28. [Medline]  
[CrossRef]

 5) Ha M, Park J (2005) Shiftwork and metabolic risk factors 
of cardiovascular disease. J Occup Health 47, 89–95. 
[Medline]  [CrossRef]

 6) Karlsson BH, Knutsson AK, Lindahl BO, Alfredsson 
LS (2003) Metabolic disturbances in male workers with 
rotating three-shift work. Results of the WOLF study. 
Int Arch Occup Environ Health 76, 424–30. [Medline]  
[CrossRef]

 7) Nishitani N, Sakakibara H (2007) Subjective poor sleep 
and white blood cell count in male Japanese workers. Ind 
Health 45, 296–300. [Medline]  [CrossRef]

 8) M e g d a l S P, K r o e n k e C H , L a d e n F, P u k k a l a E , 
Schernhammer ES (2005) Night work and breast cancer 
risk: a systematic review and meta-analysis. Eur J Cancer 
41, 2023–32. [Medline]  [CrossRef]

 9) Folkard S, Tucker P (2003) Shift work, safety and 
productivity. Occup Med (Lond) 53, 95–101. [Medline]  
[CrossRef]

 10) 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]

 11) Reinberg A, Ashkenazi I (2008) Internal desynchronization 
of circadian rhythms and tolerance to shift work. 
Chronobiol Int 25, 625–43. [Medline]  [CrossRef]

 12) Saksvik-Lehouillier I, Pallesen S, Bjorvatn B, Magerøy N, 
Folkard S (2015) Towards a more comprehensive definition 

http://www.ncbi.nlm.nih.gov/pubmed/12637591?dopt=Abstract
http://dx.doi.org/10.1093/occmed/kqg045
http://dx.doi.org/10.1606/1044-3894.1503
http://www.ncbi.nlm.nih.gov/pubmed/15310506?dopt=Abstract
http://dx.doi.org/10.1016/S1087-0792(98)90004-1
http://www.ncbi.nlm.nih.gov/pubmed/15824472?dopt=Abstract
http://dx.doi.org/10.1539/joh.47.89
http://www.ncbi.nlm.nih.gov/pubmed/12783235?dopt=Abstract
http://dx.doi.org/10.1007/s00420-003-0440-y
http://www.ncbi.nlm.nih.gov/pubmed/17485874?dopt=Abstract
http://dx.doi.org/10.2486/indhealth.45.296
http://www.ncbi.nlm.nih.gov/pubmed/16084719?dopt=Abstract
http://dx.doi.org/10.1016/j.ejca.2005.05.010
http://www.ncbi.nlm.nih.gov/pubmed/12637593?dopt=Abstract
http://dx.doi.org/10.1093/occmed/kqg047
http://www.ncbi.nlm.nih.gov/pubmed/533866?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18622820?dopt=Abstract
http://dx.doi.org/10.1080/07420520802256101


I SAKSVIK-LEHOUILLIER et al.130

Industrial Health 2016, 54, 123–130

of shift work tolerance. Ind Health 53, 69–77. [Medline]  
[CrossRef]

 13) Pallesen S, Bjorvatn B, Magerøy N, Saksvik IB, Waage 
S, Moen BE (2010) Measures to counteract the negative 
effects of night work. Scand J Work Environ Health 36, 
109–20. [Medline]  [CrossRef]

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

 15) Deci EL, Ryan M (1985) Intrinsic motivation and self-
determination in human behavior, Plenum Press, New York.

 16) Deci EL, Ryan RM (2000) The “what” and “why” of 
goal pursuits: human needs and the self-determination of 
behavior. Psychol Inq 11, 227–68.  [CrossRef]

 17) deCharms R (1968) Personal causation, Academic Press, 
New York.

 18) White RW (1959) Motivation reconsidered: the concept 
of competence. Psychol Rev 66, 297–333. [Medline]  
[CrossRef]

 19) Baumeister RF, Leary MR (1995) The need to belong: 
desire for interpersonal attachments as a fundamental 
human motivation. Psychol Bull 117, 497–529. [Medline]  
[CrossRef]

 20) Pati AK, Chandrawanshi A, Reinberg A (2001) Shift work: 
consequences and management. Curr Sci 81, 32–52.

 21) Deci EL, Ryan RM, Williams GC (1996) Need satisfaction 
and the self-regulation of learning. Learn Individ Differ 8, 
165–83.  [CrossRef]

 22) Deci EL, Vansteenkiste M (2004) Self-determination 
theory and basic need satisfaction: understanding human 
development in positive psychology. Ric Psicol 27, 17–34.

 23) Van den Broeck A, Vansteenkiste M, De Witte H, Lens W 
(2008) Explaining the relationships between job characteristics, 
burnout, and engagement: the role of basic psychological need 
satisfaction. Work Stress 22, 277–94.  [CrossRef]

 24) Chang Y, Leach N, Anderman E (2015) The role of 
perceived autonomy support in principals’ affective 
organizational commitment and job satisfaction. Soc 
Psychol Educ 18, 315–36.  [CrossRef]

 25) Caruso CC, Hitchcock EM (2010) Strategies for nurses to 
prevent sleep-related injuries and errors. Rehabil Nurs 35, 
192–7. [Medline]  [CrossRef]

 26) Pilcher JJ, Vander Wood MA, O’Connell KL (2011) The 
effects of extended work under sleep deprivation conditions 
on team-based performance. Ergonomics 54, 587–96. 
[Medline]  [CrossRef]

 27) 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]

 28) Rupp TL, Killgore WDS, Balkin TJ (2010) Socializing by 
day may affect performance by night: vulnerability to sleep 
deprivation is differentially mediated by social exposure in 
extraverts vs introverts. Sleep 33, 1475–85. [Medline]

 29) Ryan RM, Deci EL (2000) Self-determination theory and the 
facilitation of intrinsic motivation, social development, and 
well-being. Am Psychol 55, 68–78. [Medline]  [CrossRef]

 30) Deci EL, Ryan RM, Gagné M, Leone DR, Usunov J, 
Kornazheva BP (2001) Need satisfaction, motivation, and 
well-being in the work organizations of a former Eastern 
Bloc country. Pers Soc Psychol Bull 27, 930–42.  [CrossRef]

 31) Hetland J, Hetland H, Bakker AB, Demerouti E, Andreassen 
CS, Pallesen S (2015) Psychological need fulfillment as 
a mediator of the relationship between transformational 
leadership and positive job attitudes. Career Dev Int 20, 
464–81.

 32) Pallesen S, Bjorvatn B, Nordhus IH, Sivertsen B, Hjørnevik 
M, Morin CM (2008) A new scale for measuring insomnia: 
the Bergen Insomnia Scale. Percept Mot Skills 107, 
691–706. [Medline]

 33) Chalder T, Berelowitz G, Pawlikowska T, Watts L, Wessely 
S, Wright D, Wallace EP (1993) Development of a fatigue 
scale. J Psychosom Res 37, 147–53. [Medline]  [CrossRef]

 34) Loge JH, Ekeberg O, Kaasa S (1998) Fatigue in the general 
Norwegian population: normative data and associations. J 
Psychosom Res 45, 53–65. [Medline]  [CrossRef]

 35) Barton J, Spelten E, Totterdell P, Smith L, Folkard S, 
Costa G (1995) The Standard Shiftwork Index: a battery 
of questionnaires for assessing shiftwork-related problems. 
Work Stress 9, 4–30.  [CrossRef]

 36) Andreassen CS, Hetland J, Pallesen S (2010) The 
relationship between ‘workaholism’, basic needs satisfaction 
at work and personality. Eur J Pers 24, 3–17.  [CrossRef]

 37) Hetland H, Hetland J, Andreassen CS, Pallesen S, Notelaers 
G (2011) Leadership and fulfillment of the three basic 
psychological needs at work. Career Dev Int 16, 507–23.  
[CrossRef]

 38) Waage S, Odeen M, Bjorvatn B, Eriksen HR, Ursin H, 
Hollund BE, Moen BE (2010) Still healthy after extended 
work hours? Ten hours shift, twenty-one days working 
period for tunnel workers. Ind Health 48, 804–10. [Medline]  
[CrossRef]

 39) Waage S, Pallesen S, Moen BE, Bjorvatn B (2010) Shift 
work and age in petroleum offshore industry. Int Marit 
Health 62, 251–7. [Medline]

 40) Shen J, Dicker B (2008) The impacts of shiftwork on 
employees. Int J Hum Resour Manage 19, 392–405.  
[CrossRef]

 41) Olafsen AH, Halvari H, Forest J, Deci EL (2015) Show 
them the money? The role of pay, managerial need support, 
and justice in a self-determination theory model of intrinsic 
work motivation. Scand J Psychol 56, 447–57. [Medline]  
[CrossRef]

 42) Baruch Y, Holtom BC (2008) Survey response rate levels 
and trends in organizational research. Hum Relat 61, 
1139–60.  [CrossRef]

 43) 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]

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/20011984?dopt=Abstract
http://dx.doi.org/10.5271/sjweh.2886
http://www.ncbi.nlm.nih.gov/pubmed/15646248?dopt=Abstract
http://dx.doi.org/10.1081/CBI-200038525
http://dx.doi.org/10.1207/S15327965PLI1104_01
http://www.ncbi.nlm.nih.gov/pubmed/13844397?dopt=Abstract
http://dx.doi.org/10.1037/h0040934
http://www.ncbi.nlm.nih.gov/pubmed/7777651?dopt=Abstract
http://dx.doi.org/10.1037/0033-2909.117.3.497
http://dx.doi.org/10.1016/S1041-6080(96)90013-8
http://dx.doi.org/10.1080/02678370802393672
http://dx.doi.org/10.1007/s11218-014-9289-z
http://www.ncbi.nlm.nih.gov/pubmed/20836484?dopt=Abstract
http://dx.doi.org/10.1002/j.2048-7940.2010.tb00047.x
http://www.ncbi.nlm.nih.gov/pubmed/21770747?dopt=Abstract
http://dx.doi.org/10.1080/00140139.2011.592599
http://www.ncbi.nlm.nih.gov/pubmed/17190719?dopt=Abstract
http://dx.doi.org/10.1080/07420520601055316
http://www.ncbi.nlm.nih.gov/pubmed/21102989?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11392867?dopt=Abstract
http://dx.doi.org/10.1037/0003-066X.55.1.68
http://dx.doi.org/10.1177/0146167201278002
http://www.ncbi.nlm.nih.gov/pubmed/19235401?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8463991?dopt=Abstract
http://dx.doi.org/10.1016/0022-3999(93)90081-P
http://www.ncbi.nlm.nih.gov/pubmed/9720855?dopt=Abstract
http://dx.doi.org/10.1016/S0022-3999(97)00291-2
http://dx.doi.org/10.1080/02678379508251582
http://dx.doi.org/10.1002/per.737
http://dx.doi.org/10.1108/13620431111168903
http://www.ncbi.nlm.nih.gov/pubmed/20616467?dopt=Abstract
http://dx.doi.org/10.2486/indhealth.MS1149
http://www.ncbi.nlm.nih.gov/pubmed/21348020?dopt=Abstract
http://dx.doi.org/10.1080/09585190701799978
http://www.ncbi.nlm.nih.gov/pubmed/25810152?dopt=Abstract
http://dx.doi.org/10.1111/sjop.12211
http://dx.doi.org/10.1177/0018726708094863
http://www.ncbi.nlm.nih.gov/pubmed/22853193?dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2648.2012.06105.x

