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Shift work tolerance is a term describing the ability to adapt to shift work without adverse consequences.
In this paper we systematically review literature published investigating the relation between individual
differences such as age, gender, personality, morningness/eveningness as well as biological variables and
different measures of shift work tolerance from 1998 till 2009. A total of 60 articles were included in this
review, of which ten studies were classified as longitudinal, while the rest were classified as cross-
sectional. Overall, the studies indicate that young age, male gender, low scores on morningness, high
scores on flexibility and low scores on languidity, low scores on neuroticism, high scores on extraversion
and internal locus of control and some genetic dispositions are related to higher shift work tolerance.
More longitudinal studies, especially concerning personality, are needed to make conclusions about the
predictive power of individual differences for shift work tolerance.

� 2010 Elsevier Ltd. All rights reserved.
Introduction

Shift work implies “any work organization of working hour that
differs from the traditional diurnalwork period”,1 accordingly, work
that happens between 7 pm and 6 am.2 Studies have consistently
shown that shift and nightworkmay cause several problems for the
employee. These problems canoccur in termsof physical andmental
health, safety, social life and work performance/effectiveness.
However, individuals perceive the world differently. They might
consequently react to the potential challenges that come from shift
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and night work in different manners. Some tolerate shift work well,
whereas others develop serious problems due to shift work expo-
sure. Identifying individual determinants of shift work tolerance is
therefore important not only for personnel selection purposes, but
also to make a base for new research exploring different shift work
systems and work conditions suitable for different individuals.

The first to introduce the term shift work tolerancewas Andlauer
andcolleagues in1979,3 defining it as theability to adapt to shiftwork
without adverse consequences. Andlauer and co-workers3 assume
that shiftwork tolerance is associatedwithbehavioural andbiological
dispositions. They operationalize shift work tolerance as the absence
of problems commonly associated with shift work, such as digestive
troubles, persisting fatigue and sleep alterations. In line with this
Reinberg and Ashkenazi4 sum up the following symptoms of shift
work intolerance: Persisting sleep alteration and fatigue, regular use
of sleep medication, changes in behaviour such as increased aggres-
sionand sensitivity, anddigestiveproblems. In this regard it shouldbe
noted that long-term shift work tolerance is not the same as adjust-
ment to shift work. Adjustment to shift work is mainly about the
biological response1 and short-term adaptation to shift work.5

Some individual variables have, more frequently than others,
been studied in relation to shift work tolerance. These are:
Gender, age, personality traits (especially neuroticism and locus of
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mailto:Ingvild.Saksvik@psysp.uib.no
mailto:Bjorn.Bjorvatn@isf.uib.no
mailto:Bjorn.Bjorvatn@isf.uib.no
mailto:Hilde.Hetland@psysp.uib.no
mailto:Gro.Sandal@psysp.uib.no
mailto:Gro.Sandal@psysp.uib.no
mailto:Staale.Pallesen@psysp.uib.no
www.sciencedirect.com/science/journal/10870792
www.elsevier.com/locate/smrv
http://dx.doi.org/10.1016/j.smrv.2010.07.002
http://dx.doi.org/10.1016/j.smrv.2010.07.002
http://dx.doi.org/10.1016/j.smrv.2010.07.002


I.B. Saksvik et al. / Sleep Medicine Reviews xxx (2010) 1e152
control) and circadian preference, in particular the morning-
nesseeveningness dimension. Researchers have applied different
strategies in order to measure shift work or night work tolerance.
These include subjective evaluations by the individual about their
own shift work tolerance,6e9 subjective measures of sleep such as
sleep quality,9e13 sleep problems,12,14 fatigue,11,14,15 sleepiness
during shifts,16 use of medication or stimulants in order to sleep or
to stay awake11,12 and self-reported alertness.14 Also, question-
naires measuring health and stress related variables14,17 have
been applied. Other researchers relate shift work tolerance to
outcomes on questionnaires measuring work related issues such
as work-family conflict,18 other family and social disturbances19

and work satisfaction.8,20 Some researchers also use objective
measures to draw conclusions about shift work tolerance such as
actigraphy, which can provide data on activity, sleep and circadian
rhythm,21 neurobehavioral or cognitive performance tasks
administered at different times during the shift,19,22e25 saliva and
urine samples collected at specific times during shifts as indica-
tors of circadian rhythms,26 blood samples to measure content of
specific neurotransmitters and hormones,27e30 and clinical
examinations of the workers.4,30e33 In addition some define shift
work tolerance in terms of risk of health problems and
diseases.34e38

In 1998, Nachreiner39 published a review concerning individual
and social determinants of shift work tolerance. Nachreiner
concludes that individual differences cannot predict shift work
tolerance and points to overall findings suggesting that individual
differences have low and inconsistent relations to shift work
tolerance. In a contemporary review by Härmä, similar conclusions
are made.40 Although Härmä sums up that several individual
difference variables might be important in terms of shift work
tolerance, he still concludes that individual differences have weak
predictive power and that as a consequence, individual differences
related to shift work tolerance are not large enough to make
guidelines about specific “good” or “bad” shift workers. However,
several empirical studies have been published after 1998, and no
review has been performed since Nachreiner’s.39 On this basis we
decided to conduct a systematic review of studies concerning shift
work tolerance published in the period 1998e2009, investigating
the following research questions: Which identifiable individual
differences are related to shift work tolerance? And, which iden-
tifiable individual differences can predict shift work tolerance?

Methods

To identify possible studies to be included in the review,
a computerized systematic search of published literature was
conducted. The search was conducted within the databases of ISI
Web of Science, PubMed, PsychArticles and Science Direct. The
search was performed using combinations of two sets of keywords.
“Shift work”, “night work”,” nightwork” and “shiftwork”, were
combined with the following keywords in separate searches:
“Personality”, “morningness”,” eveningness”,” age”, ”gender”, “five
factor model”, “neuroticism”, “locus of control”,” hardiness”, “indi-
vidual differences”, “gene”, “genetics”, “languidity” “flexibility”,”
melatonin”, ”body temperature”, “testosterone”, “desynchronization”,
“biomarkers”, “cholesterol”, “triglyceride”, ”BMI”, “blood pressure”,
“insulin”, “cardiac” and “heart”. Also a search using the term “Shift
work tolerance” was conducted in order to identify additional
relevant literature. Lastly, the reference lists of relevant articles and
other literature were inspected in the search.

Totally, the different searches resulted in 9943 hits. In order to
be included in the present review the following inclusion criteria
had to be fulfilled: 1) The publicationwas written in English, 2) The
study concerned data and data analyses of shift work tolerance in
Please cite this article in press as: Saksvik IB, et al., Individual differenc
Reviews (2010), doi:10.1016/j.smrv.2010.07.002
addition to personality traits, age, gender, genetic factors,
hormones or circadian preference (morningness/eveningness).
Studies exclusively reporting situational or social factors related to
shift work tolerance were excluded41. The study had to report
results fromdata concerning shift workers. Findings about relations
between measures of work tolerance and individual differences
among a sample of both shift and day workers were excluded, if it
was not possible to separate the results from the two groups of
workers. During a screening of the studies, a total of 58 studies
were included. The reference lists of all the included studies were
subsequently closely inspected in order to identify possible addi-
tional literature. This search resulted in the inclusion of two addi-
tional studies, leaving a total of 60 studies to be included.

As both Härmä40 and Nachreiner39 emphasize the lack of
longitudinal studies investigating the predictive value of different
personality traits for shift work tolerance, we differentiated
between cross-sectional and longitudinal studies in the present
review. We defined a study as cross-sectional if the time span
separating the measurements of potential predictor and outcome
variables was less than three months. Consequently, a study was
defined as longitudinal if the time of predictor and outcome
assessment was separated by at least three months. Biological
studies investigating genes and shift work tolerance were by their
very nature classified as longitudinal.

Results

The results from the studies included in the present review are
shown in Table 1. All studies investigated shift work tolerance, but
the measures of shift work tolerance differ largely across the
studies. The last column in Table 1 sums up variables related to shift
work tolerance. The studies represent research conducted across 23
countries covering Europe, Asia, Oceania and America. Although
the majority of the studies stem from Europe, and none are from
Africa, the studies seem to be quite well represented across nations
and cultures. Of the 60 studies reviewed, ten were classified as
longitudinal. The rest of the 50 studies were cross-sectional.

A total of 13 studies refer to results that support the notion that
young age is positive for shift work tolerance.6,9,14,16,19,21,23e25,42e45

Results from seven studies run counter with this finding and
indicate that older age may be positive for shift work toler-
ance,4,22,29,30,37,38,71 two of these apply a longitudinal design.30,38 In
addition, six studies fail to find any association between age and
indicators of shift work tolerance,12,27,46e49 and one study indicates
that both the youngest and the oldest age group might have lower
shift work tolerance than the middle age group.50 One study
reports that younger age is related to more favorable cholesterol
levels, while older age is related to less obesity among shift
workers.33

For gender, eight studies show that female shift workers have
more sleep problems12,51,52 and other problems related to low shift
work tolerance, like higher rates of disability,53 higher risk of
mortality,54 less use of activity in coping with shift work,55 higher
levels of fatigue and sleepiness,56 more often impaired glucose
tolerance, obesity and increased level of triglycerides30 than male
shift workers. Four of these studies are longitudinal.30,53,54,56

However, four studies report that female gender is positively
related to indicators of high shift work tolerance,34e36,57 and one of
them is longitudinal.35 One study reports that female gender is
associatedwith bettermental health in night shifts,while the same is
true for male gender in various shifts.58 The results from another
study indicate that female shift workers show less cognitive distur-
bances than male shift workers while males have less sleep distur-
bances than females.59 Four studies report no relationship between
gender and variables related to shift work tolerance.32,44,46,60
es in tolerance to shift work e A systematic review, Sleep Medicine



Table 1
Shift work tolerance articles: (The studies may also have included other variables than those relevant to individual differences; however, these are not included in this table or in this study).

Authors (date) Study method Sample Variables
studied

Measures of shift
work tolerance

Results Factors associated
with shift work
tolerance

Bara & Arber
(2009)58

Questionnaires
administered
annually from 1995 to
2005
Longitudinal

9765 day and shift
workers employed in
different occupations (UK)

Gender Self-reported mental
health

Men: Night work had significant negative
impact on mental health, but not working
varied shift patterns
Women: Working varied shift patterns
had significant negative impact on mental
health, but not working night shift

Female gender for
night work
Male gender for
varied shift patterns

Blanch et al.
(2009)50

Systematically recording
of lost working days due
to an occupational
accident within 1 year
Longitudinal

156 male shift
workers employed at an
industrial plant (Spain)

Age Lost working days
due to an occupational
accident

Highest frequency of lost work days
because of accidents was predicted
for the youngest (21e26 years old)
and oldest (56e61 years old) workers

Medium age
(27e55 years old;
among males)

Burch
(2009)22

Questionnaire
administered once
Cross-sectional

376 employees at
medical facility working
different
shift/day schedules
(mostly women) (USA)

M/E
(Morningness/
eveningness)

Work performance
measured by self-
reported sleep, fatigue,
attitudes to work,
health, lifestyle and
well-being
indicating schedule
adaptation

Older age associated with optimal work
performance
Low scores on morningness associated
with better work performance.

Older age
Low scores
on morningness

Chan (2008)42 Questionnaire
administered once
Cross-sectional

163 rotating shift
working nurses (Hong Kong)

Age Sleep quality Insufficient sleep positively associated
with older age

Young age

Fullick et al.
(2009)55

Questionnaire
administered once
Cross-sectional

24 female and 71 male
shift workers
(occupations unknown) (UK)

Gender Leisure-time physical
activity as a measure of
a disengagement
style of coping strategy
possibly associated with
shift work tolerance.

Male shift workers engage more in
leisure-time physical activity (LTPA)
than women. LTPA is positively
associated with a disengagement
style of coping strategy which is
positively associated with hardiness,
which the authors propose is related
to shift work tolerance.

Male gender

Korompeli
et al. (2009)27

Questionnaires and
blood samples collected
at the beginning
and end of each shift
Cross-sectional

32 irregular rotating
shift and morning shift
working nurses (Greece)

Extraversion
M/E
Age

Changes in levels of the
hormones triiodothyronine
(T3) and thyroxine
(T4) in the blood (large
changes seen in
sleep-debt conditions e
as a result small changes
might indicate better shift
work tolerance)
Job satisfaction
(measured with SSI)

High scores on extraversion positively
associated with lower T3 changes in
the morning shift and T4 in the morning
and evening shift.
Higher scores on morningness among
nurses working rotating shifts compared
to those working morning shifts e
scores on job satisfaction were higher
among nurses working morning shifts
compared to those working irregular
shifts.
No differences between age groups in
hormone levels for rotating shift
workers

High scores on extraversion
Low scores on morningness
No age differences

Puttonen
et al. (2009)34

Questionnaire
administered
once and biochemical
measure of lipid levels,
blood pressure measures
and cardio
ultrasonic measures
Cross-sectional

1543 young adults
working different
day/shift systems
(Finland)

Gender Risk of cardiovascular
disease

Men: Shift work positively associated
with higher mean and max carotid
artery intima-media (MT) and
presence of carotid plaque.
Women: No associations between
shift work and risk of carotid
arteriosclerosis indicators

Female gender

(continued on next page)
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Table 1 (continued)

Authors (date) Study method Sample Variables
studied

Measures of shift
work tolerance

Results Factors associated
with shift work
tolerance

Admi et al.
(2008)52

Questionnaire
administered once
Cross-sectional

589 female and 99
male rotating shift and day
working nurses (Israel)

Gender Self perceived health
and sleep

Female shift workers had lower BMI
and complained more about health
problems and sleep disorders than
male shift workers

Male gender

Ansiau et al.
(2008)46

Questionnaire
administered
once and cognitive
tests
Cross-sectional

2337 day and shift
workers employed in
different occupations
(France)

Age
Gender

Sleep duration and
sleep quality
at the night before
the measures
were conducted

No significant interaction effects
between age or gender and working
atypical hours on the previous day
on sleep

No age or gender differences

Conway et al.
(2008)47

Questionnaire
administered once
Cross-sectional

1842 day and shift
working hospital
workers (mainly
women Italy)

Age Health (measured
by work
ability and SSI)

No significant interaction effects
between age and shift work on
health were observed.

No age differences (mainly for
women)

Härmä et al.
(2008)48

Questionnaire and
sleep/work
diary (completed for
one week)
administered once
Cross-sectional

185 bridge officers
working different types
of watch schedules
(Finland)

M/E
Age

Sleepiness and
alertness at work

Morningness related with lower
scores on a scale measuring
excessive daytime sleepiness than
the intermediate M/E.
Age and M/E not independently related
to sleepiness rated with the Karolinska
Sleepiness Scale. Morning types more
alert than evening types on most
occasions.
Age did not explain the risk of
excessive sleepiness

High scores on morningness
No clear age differences

Kecklund et al.
(2008)43

Questionnaire
administered once
Cross-sectional

619 three-shift working
police officers (Sweden)

Age Attitude towards
different shift
systems

Young age associated with a positive
attitude to the rapidly rotating shift
system.

Young age in rapidly rotating shift
systems

Shen & Dicker
(2008)44

Qualitative case study
with structured
interviews
Cross-sectional

10 non-shift working
managers and 14 shift
workers employed in a
food company (Australia)

Gender
Age

Managers evaluation
of the shift
workers’ tolerance
Absenteeism
Fatigue
Motivation

No large differences in gender, but
some managers reported that men
handled shift work better. Older
workers experienced more fatigue,
needed more time to recover and
were less motivated. Younger workers
had higher asceticism.

No gender differences
Young age

McLaughlin
et al. (2008)9

Questionnaire,
completed
twice (summer and
winter). Cross-sectional

88 airport authorities
workers, mainly shift
workers (Canada)

Neuroticism
Extraversion
Age
M/E

Self-reported tolerance
to shift work measured
with seven
measures of well-being
(included sleep, distress,
depression, fatigue,
health, satisfaction
and social disturbance)

Negatively related to self perceived
measures of well-being (shift work
tolerance): Neuroticism, morning types
Positively: Extraversion, evening types.
Age found to predict quality of sleep,
but not the other SWT(Shift work
tolerance) parameters.

Low scores on
neuroticism/high scores on
extraversion
Young age
Low scores on morningness

Reinberg &
Ashkenazi
(2008)4

Longitudinal,
medical/health
records of workers.
Field study using sleep
log, oral temperature
circadian rhythm
measure, grip strength
circadian rhythm of each
hand.
Cross-sectional

48 male shift workers
(France)

Age
Internal
desynchronization of
circadian rhythm

Defined by personal
experience and clinical
examination of the
subjects. Persisting fatigue,
persisting sleep alterations,
regular use of sleep-inducing
medications,
changes in behaviour
and digestive problems.

Mean age of shift workers with good
tolerance was greater than that of
shift workers with poor tolerance.
Number of internal desynchronized
circadian rhythms was greater among
non-tolerant shift workers than
tolerant shift workers.

Older age
Low degree of internal
desynchronized
circadian rhythms

Saijo et al.
(2008)65

Questionnaire
administered once
Cross-sectional

1301 shift working
firefighters (Japan)

Self-esteem Depressive symptoms
Job dissatisfaction

Low self-esteem positively
associated with depressive symptoms
and job dissatisfaction.

High self-esteem
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Tüchsen et al.
(2008)53

Structured, quantitative
interviews conducted
three times in 1990,
1995 and 2000 and
national register of
social transfer payment
Longitudinal

3980 female and 4025
male shift and day
workers employed in
different occupations
(Denmark)

Gender Disability pension Shift work predicted disability
among women, but not
among men.

Male gender

Willis et al.
(2008)18

Different questionnaires
completed at two times
(2 months between).
Cross-sectional

112 shift working
police employees (UK)

M/E Work-family conflict
(WFC; (psychological
adjustment to
shift work)

Morningness was negatively
related to WFC and to emotional
exhaustion and depersonalization

High scores on
morningness

Nishitani &
Sakakibara
(2007)31

Questionnaire and health
examination including
blood samples.
Cross-sectional

208 male working
different shifts (day/night/
afternoon/
rotating morning)
(Japan)

Age White blood cell (WBC)
count (an inflammatory
marker associated with
sleep deprivation and
poor sleep and
possibly SWT)

Age negatively associated
with increase in WBC count.

Older age

Samaha et al.
(2007)66

Questionnaire
administered once.
Cross-sectional

111 shift working
nurses (Australia)

Internal locus of
control
Trait anxiety

Chronic fatigue External locus of control was positively
associated with chronic fatigue, belief in
control reduced the risk of fatigue

Internal locus
of control

Smith et al.
(2007)17

Questionnaire
administered once.
Cross-sectional

1640 health service
workers (mainly
female) working day work only
and shift work (Denmark)

Locus of control Shift work related
problems; health and
stress problems

Internal locus of control was linked to
better shift work tolerance, relatively
better health and lower levels of stress.

Internal locus
of control

Sookoian et al.
(2007)28

Blood samples.
Longitudinal.

683 male factory
workers (Argentina)

Serotonin
S-allele carriers of
the SLC6A4 gene

Genetic differences
between shift workers
and day workers

Differences in distribution of short and
long allele of the SLC6A4 gene between
day and shift workers only in those who
had worked for 5 years or longer. Among
those who had worked for 5 years or
longer: Shift workers had higher
distributions of short alleles
than the day workers.

Short allele
of the SLC6A gene

Tamagawa et al.
(2007)15

Questionnaire
completed at two
times (11 days apart).
Examines the same
workers
twice, in two different
shift types.
Cross-sectional.

54 shift working police
officers (New Zealand)

Personality traits:
Trait anxiety (TA)
Repressive
emotional style (RES)
Negative mood (NM)
Positive affect (PA)

Night shift tolerance
(somatic health, sleep,
sleep need and
flexibility). Rotating
shift work
tolerance: (somatic
health, flexibility and
fatigue)

TA, RES and TM were associated
with low tolerance to night shifts in
terms of somatic health and sleep.
TA and RES were related to
intolerance to rotating shifts
in terms of fatigue
and somatic health. PA was negatively
related to fatigue in rotating shift.

Low TA
Low RES
Low NM
High PA

Axelsson et al.
(2006)32

Questionnaire, wake
diary, actigraphy, health
examination
including blood samples
and blood pressure) and
performance tests,
administered once
Cross-sectional

19 shift working
women (Sweden)

Age
M/E

Satisfaction with
work schedule

Differences in age and M/E
non-significant

No differences
in gender and M/E

Härmä et al.
(2006)71

Controlled on-site
intervention
study (including
questionnaire,
field measures, activity
monitoring, sleep diary
and ratings
of sleepiness and
performance) conducted
in 2001 and 2003
Longitudinal

Male technicians of
aircraft technical
maintenance unit working
shift (427 joined the
questionnaire studies,
and 89
of these joined
the field studies

Age Health, well-being
and sleep

After changing to a very rapidly forward
rotating shift system the improvement of
general health was greater for younger
workers (under 45 years) than older
workers (over 45 years), but older
workers showed more improvements
of sleep and vigilance, general well-
being at work, social and family life
and hobbies.

Both young and old
age, especially older
age in very rapidly
forward rotating
shift systems

(continued on next page)
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Table 1 (continued)

Authors (date) Study method Sample Variables
studied

Measures of shift
work tolerance

Results Factors associated
with shift work
tolerance

Bonnefond
et al. (2006)23

Subjects measured by
actigraphy,
psychomotor vigilance
test, sleep diary and
subjective
recordings for 15 days.
Cross-sectional field study.

275 male technicians,
inspectors and foremen in
aircraft technical unit
working rotating
shift work.

Age Subjective sleepiness
Vigilance performance
at work
Sleep duration and
quality

Middle aged and older workers (35e58
years) showed lower subjective sleepiness
at night shifts than younger workers
(25e34 years). However, middle aged
and older workers had more performance
lapses during the night shift than the
younger workers. The latter finding was more
distinct than the sleepiness finding.

Young age
(among men)

Uetani et al.
(2006)35

Questionnaires and health
examinations
each year between 1992
and 1996
Longitudinal

12246 male and 3624
female shift and day
workers employed at
a telecommunications
company (Japan)

Gender Hyperuricemia (levels
of serum uric acid (UA))

Shift work was positively associated with
onset of hyperuricemia in males,
but not in females.

Female gender

Winwood et al.
(2006)70

Questionnaire
administered
once
Cross-sectional

846 shift working nurses
(Australia)

Age Fatigue
Recovery between shifts

Older workers (over 55 years) reported
least chronic fatigue, acute fatigue and
best recovery (but did not have as
demanding shifts)

Older age

Di Milia et al.
(2005)62

Questionnaire
administered
once.
Cross-sectional.

16 male and 4 female
rotating shift coal mine
workers þ 78 male and 49
female day coal mine
workers and university
workers.

Sleep rhythm
amplitude and
stability:
Vigourosity/
languidity
Sleep rhythm
stability: Flexibility/
rigidity

Alertness
Sleep need

Vigorous and flexible types were less
influenced by sleep inertia after waking
and showed better alertness across the
day than languid and rigid types.

Low scores on
languidity
High scores on
flexibility

Ha & Park
(2005)36

Questionnaire and
health
examination
including blood
samples.
Cross-sectional

266 female rotating shift
working hospital nurses,
134 male rotating shift
workers in manufacturing
firm (Korea)

Gender Metabolic risk factors
of cardiovascular
disease (e.g., higher
total cholesterol levels
and higher blood pressure)
BMI
Waist hip ratio

Men over 30 years: Blood pressure
and cholesterol levels increased
according with increasing shift work
duration.
Men had higher weight increase
and higher increase in systolic
and diastolic blood pressure
than women.
Women over 30 years: Waist hip
ratio increased, while level of blood
cholesterol decreased according with
increasing shift work duration.

Female gender

Petru et al.
(2005)24

Questionnaire and
performance test
administered before
and after shift.
Cross-sectional

44 male rotating shift
workers and permanent night
workers employed in
an automobile production
plant (Germany)

Age
M/E

Cognitive and psychomotor
performance
Subjective alertness
Well-being

M/E not related to performance,
alertness or well-being
Older workers had worse values
on the performance test than
younger workers

Younger age
No differences in
morningness

Rouch et al.
(2005)59

Questionnaire
administered once
and cognitive tests
Cross-sectional

3237 present and former
salaried subjects some
had been/was employed
in shift work and some in
day work (France)

Gender Self-reported sleep disturbance
Cognitive performance

Significant raise in sleep disturbance
score among female shift workers,
but this raise was not significant
among men.
Male shift workers showed lower
cognitive performance than non-shift
workers, and their memory
performance
decreased as shift work duration
increased.
This was not found for female
shift workers.

Women less cognitive
deficits than men, but
more sleep disturbance.
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Seo et al.
(2005)21

Field study. Subjects
measured by
actigraphy during 21
consecutive shifts.
Cross-sectional.

29 male shift workers
working in an electronic
assembly plant (Korea)

Age Adaptation of sleep
during night shifts
Activity during night
shifts

Adaptation of sleep during night shift
becomes poorer with increasing age.
Activity count during night shift
decreased for subjects over 36 years.

Young age

Smith et al.
(2005)11

Questionnaire
administered once.
Cross-sectional.

613 nuclear power
company shift workers
(Japan)

M/E
Internal locus
of control
Age

Sleep and fatigue
Exercise
Stimulant intake
Drowsiness at night shifts
Day sleep quality

Internal locus of control was
negatively associated with sleep
problems and fatigue.
Morningness was negatively associated
with exercise and positively associated
with stimulant intake and drowsiness
at night. Age was positively associated
with exercise, napping on night shifts
alcohol and caffeine consumption.

High internal locus
of control
Low scores on
morningness

Takahashi et al.
(2005)6

Questionnaire
administered once.
Cross-sectional.

608 male nuclear power
plant operators working
under a rapidly
rotating shift schedule
(Japan)

Age
M/E
Locus of control

Perceived adaptation
to shift work

Young age, evening types, internal
shift work locus of control were
associated with better perception
of adaptation to shift work.

Young age
Low scores on morningness
High internal shift
work locus of control

Axelsson et al.
(2004)60

Questionnaire,
diary/actigraphy
study and reaction
time test done at
different times.
Cross-sectional.

31 satisfied and 25
dissatisfied shift workers
working at a paper
and pulp factory (Sweden)

Gender Satisfaction with
shift schedule
Sleepiness
Disturbed sleep

Few gender differences
(“Virtual absence”).

No gender differences

Åkerstedt
et al. (2004)54

Cohort study
based on 11 annual
national samples
conducted from
1979 to 2000
and link with
the cause-of-death
register
Longitudinal

22411 shift and day
workers employed in
different occupations
(Sweden)

Gender Mortality Increased mortality in female shift
working white-collar workers, this
was not found among men.

Male gender

Axelsson
et al. (2003)20

Questionnaire and
blood samples analysed
for hormones.
Cross-sectional.

62 male shift workers
of different occupations
(Sweden?)

M/E
Hormones;
Testosterone,
cortisol and
prolactin.

Satisfaction
with shift work

M/E: Not related to satisfaction. Morningness not
related.

Bonnefond
et al. (2003)25

Experiment where
subjects performed
cognitive tasks
at different times
of shift and short
questionnaire
Cross-sectional

24 rotating shift working
nurses (France)

Age Task performance
on easy (visual
discrimination) and
hard (descending
subtraction)
cognitive tasks

Older workers had worse performance
on the hard task. No difference on the
easy task.

Young age

Karlsson et al.
(2003)33

Health examination
including blood samples.
Questionnaire
Cross-sectional

665 male day workers and
659 male shift workers in
two paper and pulp
manufacturing plants
(Sweden)

Age Level of high
density lipoprotein
(HDL) cholesterol
Obesity

Shift work predicted for abdominal obesity
only in young subjects (less than 50 years).
Shift working older subjects (over 50 years)
had relative higher risk of lower levels of
HDL-cholesterol than shift working
younger subjects.

Male older shift workers less
problems with obesity. Male
younger shift workers
better HDL-cholesterol
levels.

Nagaya et al.
(2002)29

Health examinations
including blood samples
and questionnaires
Cross-sectional

2824 day and 826 shift male
blue-collar workers (Japan)

Age Markers (metabolic
abnormalities) of
insulin resistance

Among shift workers, subjects older than
50 years had lower prevalence of all insulin
resistance markers and insulin resistance
syndrome than day workers, while the
prevalence of insulin resistance syndrome
increased with age in day workers.

Older age (over 50 years; among
males)

(continued on next page)
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Table 1 (continued)

Authors (date) Study method Sample Variables
studied

Measures of shift
work tolerance

Results Factors associated
with shift work
tolerance

Parkes (2002)13 Questionnaire
administered once.
Cross-sectional.

456 male offshore
personnel working day/night
rotating shifts and 330
onshore day/night shift
workers (UK)

Age
Negative affect

Sleep duration
Sleep quality

Sleep duration decreas ith age up to
about 45 years, but did decrease
any further after this
Negative affectivity wa gatively
related to sleep quality t not
sleep duration.

Young age
Low scores on negative affectivity

Bøggild et al.
(2001)57

Questionnaire
administered once
Cross-sectional

5940 shift and day workers
employed in different
occupations (Denmark)

Gender
Age

Exposure to physical
and psychosocial risk factors
(e.g., noise, demands, job
insecurity) related to
cardiovascular disease

All the risk factors (exc dust and
quantitative demands) re prevalent
among male shift work than non-shift
workers. Smaller differ s between
shift workers and non- t workers
among women. Differe isk factors
more prevalent among ale
compared to male shift rkers.

Female gender (?)

Karlsson et al.
(2001)30

Health examination
including
blood samples and
questionnaires
administered
to participants at the
age of 30, 40, 50 and 60
years in the
period from 1992-7.
Longitudinal

27485 day and shift
working subjects
(Sweden)

Gender
Age

HDL-cholesterol
concentrations
Total cholesterol
concentrations.
Glucose tolerance
Level of triglycerides
Obesity

Age: Younger workers lower
HDL-cholesterol concen tions. 40e60
year old women had h r total
cholesterol concentrati
Gender: Prevalence of ects with
impaired glucose tolera higher
among women than m Increased
triglycerides and obesi ore
common in shift worki
women than men.

Older age, especially
among men
Male gender

Kivimäki et al.
(2001)45

Questionnaire
administered once
Cross-sectional

506 shift and 183
day working nurses
(Finland)

Age Smoking
Overweight

Smoking and overweig ore
prevalent among shift day
workers, these differen
gradually increased wi ge.
The difference was evid
only in nurses over 45 rs of age.

Young age

Reid & Dawson
(2001)19

Laboratory experiment,
simulating 12:00 h
rotating shift
system þ neurobehavioral
performance task every
hour.
Slept at the lab for the 6
days of the study.
Cross-sectional.

32 subjects, divided
in two groups according
to age (young and old)
(Australia)

Age Neurobehavioral
performance at
different time
during the shifts

Young group: High per ance
at both day shifts and o he
second night shift. Rela ly
constant performance.
Older group: Performa increased
across the day shift and creased
across the night shifts.

Young age

Chandrawanschi
& Pati
(2000)64

Measures of skin
temperature,
heart rate, peak
exploratory
flow rate, subjective
drowsiness,
fatigue and attention
over one week. Repeated
measures in
1994 and 1996 after
change in work
conditions.
Longitudinal

Six shift workers
employed at a cement
factory (India)

Desynchronization
of the circadian
rhythm

Amplitude of body
temperature, heart rate,
peak expiratory flow rate,
drowsiness, fatigue,
attention

When the subjects had rked day
shifts for a longer time had normal
circadian rhythms (199 hey had better
shift work tolerance th hen their
circadian rhythm was d nchronized
(1994). Proneness to d chronize
is a genetic trait.

Proneness to
synchronize circadian
rhythms
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Folkard & Hunt
(2000)61

Questionnaire
administered once.
Cross-sectional.

42 permanent day shift
workers and 40 permanent
night shift workers
working at a light
engineering
company (UK)

M/E SSI health measures Eveningness was positively related
to psychological health problems
especially among night workers.

High scores on
morningness

Rotenberg et al.
(2000)51

Sleep diaries
completed for seven
consecutive weeks.
Cross-sectional.

30 women and 16 men night
workers working at a plastic
package plant (Brazil)

Gender Total sleep length,
length of the first
sleep episode on
a day, number of
sleep episodes per day

Women had significantly shorter first
sleep length. This was also the case for
total sleep length, but only in workers
who had worked nights for
at least one year.

Male gender

Seo et al.
(2000)16

Questionnaire
administered once.
Cross-sectional.

561 male shift workers
working in different
occupations (Korea)

Age
M/E

Overcoming sleepiness
Sleep time after
night shifts

Age was negatively associated with sleep
time after night shifts and positively
associated with sleepiness during
nights shift.
Morningness was positively associated
with sleepiness during
night shifts.

Young age
Low scores on
morningness

Steele et al.
(2000)7

Self administered
survey
administered once.
Cross-sectional.

957 emergency medicine
residents working different
shift systems (USA)

M/E
Age

Self-reported
assessments of
shift work tolerance

Eveningness was positively associated
with shift work tolerance.
Older age was negatively associated
with shift work tolerance.

Low scores on
morningness
Younger age

Åhsberg et al.
(2000)56

Questionnaires
administered
at different times
during work
shifts and leisure-time,
across
several days during the
course of one year
Longitudinal

48 men and 44 women
working rotating three-shift
in a paper mill (Sweden)

Gender Fatigue
Sleepiness

Women reported higher degree of
fatigue (lack of energy, physical
exertion, physical discomfort and
sleepiness) than men. Women’s
ratings on lack of energy increased
in the course of the shift cycle, while
men’s ratings did not change significantly.
Women reported increased ratings on
physical exertion after the night shift at
the end of the shift cycle compared to day
and afternoon shifts, men did not.
No gender differences in overall fatigue
or sleepiness.

Male gender

Furnham &
Hughes
(1999)8

Questionnaire.
Cross-sectional.

312 night and day
working journalists
and “creatives” (UK)

Locus of control
M/E

Adjustment to shift
work test (Folkard 197979)
Job satisfaction

Locus of control was unrelated to shift
work adjustment but positively related
to higher self-esteem, greater job
satisfaction, greater well-being and
general health.
Night journalists (lower on morningness)
reported a greater flexibility of sleeping
habits measured with the adjustment to
shift work test than night creatives
(higher on morningness).

High internal locus
of control
Low scores on
morningness

Knutsson
et al. (1999)37

Population based
case-referent design.
Questionnaires
and telephone interviews.
Cross-sectional.

2006 subjects with
myocardial infarction and
2642 controls without symptoms.
Both day and
shift workers from different
occupations (Sweden).

Age Risk of myocardial
infarction

Higher relative risks of myocardial
infarction in younger age groups
(45e55 years) than older age groups.

Older age

Marquiè &
Foret (1999)12

Questionnaire
administered once.
Cross-sectional.

3236 wage earners and
retired workers in specific
age groups (France)

Age
Gender
Years of shift
work experience

Sleep quality
Sleep problems
Difficulty falling asleep
Hypnotic medical use

No clear relationship between age
and sleep.
Female shift workers reported more
frequent difficulties falling asleep and
hypnotic use than men.

Male gender
No age differences

(continued on next page)
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Table 1 (continued)

Authors (date) Study method Sample Variables
studied

Measures of shift
work tolerance

Results Factors associated
with shift work
tolerance

Khaleque
(1999)10

Questionnaire identifying
M/E administered once.
Questionnaire recorded
daily
over a week.
Cross-sectional.

60 male rotating shift
workers employed in a
cigarette factory
(Bangladesh)

M/E Quality of sleep Eveningness was positively associated
with sleep quality.

Low scores on
morningness

Morikawa et al.
(1999)38

Questionnaires
administered
twice, in 1990
and 1995 and
information from
annual health
examinations,
and measures
of blood pressure
Longitudinal

1551 male day and
rotating three-shift workers
employed in a zipper and
aluminium sash factory
(Japan)

Age Risk of hypertension Younger workers (under 30 years
of age) had higher cumulative
incidence of hypertension if they
worked three-shift work at both
measure points than if they worked
day work. No higher risk of hypertension
in 30e49 year old continued shift workers.

Old age (among men)

Smith et al.
(1999)49

Questionnaire
administered once.
Cross-sectional.

1532 nurses and midwifes
and 370 industrial workers
night shift workers and
rotating shift workers (UK).

M/E
Vigourosity/
Languidity
Age

Sleep, family and
social disturbances

Languidity was positively associated
with social and domestic disturbances
in permanent night shift workers.
Morningness and age was not related
to social and domestic disturbances or
sleep difficulties.

Low scores on
languidity
No differences in
morningness
and age

Hennig et al.
(1998)26

Saliva samples
collected at
specific times
during day shift
and night shift þ
questionnaires
completed after
each night shift.
Cross-sectional.

24 nurse shift workers
(Germany)

Behavioural stability
Satisfaction with life
Neuroticism
Extraversion
Gender

Change in circadian
rhythm according to
the shift system

Behavioural stability was negatively
associated with circadian adaptation.
Neuroticism and gender was not related
to circadian adaptation.
Non-adapters lower scores on the trait
satisfaction with life.

Low scores on
behavioural stability
High scores on the
trait satisfaction
with life

Ognianova et al.
(1998)14

Questionnaires
about stress
and alertness
completed at
different times
during the day
and night shifts þ
questionnaire
measuring
individual difference
variables
administered once.
Cross-sectional.

22 male operators
from thermo electric
power station (Bulgaria)

M/E
Languidity
Flexibility
Age

Subjective ratings of
alertness at night shifts
Digestive and mental
health problems
Sleep disturbance
Chronic fatigue
Cardiovascular
problems

Morningness was negatively associated
with alertness at night shifts and positively
associated with digestive and mental
health problems. Languidity was positively
associated with psychosomatic problems
and negatively associated with alertness
during night shift. Flexibility was negatively
associated with sleep disturbance and
chronic fatigue and was positively associated
with alertness at night shifts. Age was
positively
associated with sleep disturbance and
cardiovascular problems.

Low scores on
morningness
Low scores on
languidity
High scores on
flexibility
Young age
(all among males)
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Nine studies support that low scores onmorningness are associated
with high shift work tolerance.6,8e10,14,16,21,22,27 The opposite asso-
ciation is reported in three studies.18,48,61 Four studies report no
significant relationship between morningness and shift work
tolerance.20,24,32,49 Furthermore, three studies concerning circadian
rhythm stability and amplitude (flexibility/rigidity and vigourosity/
languidity, respectively) included in this review, support that high
scores on flexibility14,62 and low scores on languidity14,49,62 are
positively related to high shift work tolerance. The flexibility/
rigidity-dimension reflects the stability of subject’s sleeping habits.
A person who is very flexible (hence who to a small degree is rigid)
will fairly easily be able to sleep and work well at odd times
compared to a person who is rigid in terms of sleep habits.62 Vig-
ourosity/languidity is related to the amplitude of the subject’s sleep
habits. Languid types are assumed to have lower amplitude of the
circadian rhythm than vigorous types. This will make the former
type experience more difficulties in overcoming drowsiness and be
more sensitive to sleep loss than vigorous types.

Concerning biological variables, one study reports that the
proportions of the short (S) and long (L) allele variants of the
serotonin transporter gene SLC6A4 in rotating shift workers are
related to how long they have worked rotating shifts.28 For workers
who have worked for less than five years there is no difference in
the allele distribution between day and shift workers. For workers
who have worked for five years or more the proportion of the S-
allele (Short allele) is higher and the proportion of the L-alleles
(Long alleles) is lower among shift workers compared to day
workers. This indicates that the S-allele is positive for shift work
tolerance. Also, two studies report that internal desynchronization
of the circadian rhythm, which is thought to have a genetic factor,63

is related to lower shift work tolerance.4,64

Concerning personality, three studies report that high scores on
neuroticism or related traits, such as trait anxiety, negative affect,
and repressive emotional style are related to lower shift work
tolerance.9,13,15 However, one study finds no significant association
between neuroticism and adaptation to shift work measured by
changes in circadian rhythm.26 Two studies find a relation between
high scores on extraversion and possible indicators of high shift
work tolerance.9,27 One study reports a positive association
between high scores on self-esteem and lower job satisfaction and
depressive symptoms.65 Four studies exploring the relationship
between locus of control and variables related to shift work toler-
ance reviewed here, show that internal locus of control is positive
for shift work tolerance.6,11,17,66

Discussion

In this review we have explored several individual factors and
their possible relationships with shift work tolerance. Although the
results are somewhat conflicting, it seems as though some indi-
vidual factors are quite consistently related to shift work tolerance.
The most evident individual differences related to shift work
tolerance seems to be young age, low scores on morningness, low
scores on languidity and neuroticism, high scores on extraversion,
internal locus of control and flexibility, and possibly male gender.
Furthermore, the following individual differences seem to be most
strongly related to the sleep part of shift work tolerance: younger
age, low scores on morningness and high scores on flexibility.

However, it is interesting to note that after 1998, only ten
studies that apply a true longitudinal design have been published.
For gender this is the case for five studies, for age four studies are
longitudinal, in addition, one longitudinal study about genes, and
one about desynchronization was included. None of the studies on
other individual differences were longitudinal. The lack of longi-
tudinal studies in this area of research has been criticized in earlier
Please cite this article in press as: Saksvik IB, et al., Individual differenc
Reviews (2010), doi:10.1016/j.smrv.2010.07.002
reviews.39,40 Although we now know a little more about the
predictive power of age and gender on shift work tolerance, it
seems that the conclusions made by Härmä40 and Nachreiner,39

about studies concerning shift work tolerance lacking predictive
power, still seem warranted.

Age

Most studies reviewed in this paper found that young age was
related to shift work tolerance, measured with both subjective
sleepiness, performance tests, recovery after work and sleep
time.16,19,23e25,42e45 Research indicates that the critical age for
reduced tolerance to shift work is between 40 and 50 years of
age.67,68 However, some research also indicates a performance peak
at an age as low as 36.21 Results from another study show that both
sleep duration and sleep quality among shift workers decreasewith
increasing age up to about 45 years, but does not decrease any
further after this.13 These findings might be explained by older
individuals’ sensitivity to circadian effects of performance or
differences in sensitivity to sleep loss between age groups.19

However, a number of studies also indicate that older age might
be positive for shift work tolerance. This discrepancy in results may
be related to the type of measure used for shift work tolerance. Four
of the studies favouring younger age measure the workers perfor-
mance on cognitive, motor or work related tasks. The other studies
favouring young age investigate sleep, attitudes and evaluations of
the work, activity pattern and life style. Most of the studies
favouring older age, on the other hand, report more positive health
outcomes for older than younger workers in terms of cholesterol
level, and risk of shift work related diseases (five studies). This
finding can be explained by the notion that older workers represent
a selection of workers who may be healthier, can cope well with
shift work and wish to stay in shift work.69 This is often called “the
healthy shift worker effect”. The fact that three of these studies
reporting relations between older age and better health outcomes
in shift work are longitudinal strengthens the findings. Neverthe-
less, although the “healthy shift worker effect” might be respon-
sible for the positive finding between older age and shift work
tolerance, older individuals with longer shift work experience
might have handled shift work even better when they were
younger. Another explanation can be found in the type of shift work
that older and younger workers engage in. One of the studies
favouring older age finds that older age is positively related to
better recovery after shift and less fatigue.70 The authors explain
the finding for older workers with that these workers often have
less demanding shift schedules than younger workers. This might
also be true for some of the other studies reviewed here that also
report results of better shift work tolerance among older shift
workers.

It can also be noted that seven studies did not find any relation
between measures of shift work tolerance and age. Of these, two
studies assessed shift work tolerance in terms of hormones, and
health whereas four use sleep/alertness measures as outcomes.
Taking all the studies together, it looks like younger shift workers
might have better work performance, older workers might have
better health, while there is less difference in sleep between older
and younger shift workers. Also, older workers seem to benefit
more than younger workers from a change to a very rapidly forward
rotating shift system.71

Gender

Four studies fail to find any relations between shift work toler-
ance and gender. These studies have investigated differences in
sleep,46 attitudes and satisfaction related to the work.32,44,60 Still,
es in tolerance to shift work e A systematic review, Sleep Medicine
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the majority of the studies reviewed seem to favour male gender
(eight studies). In all, four studies report that female shift workers
havemore sleep related problems thanmen.12,51,52,59 In one study it
is found that female shift workers report more frequent difficulties
falling asleep and more use of hypnotics to fall asleep than male
shift workers.12 Also, one study reports that night working women
have shorter sleep duration on the first sleep episode after the night
shift than night working men, and that women who have worked
night shifts for one year or more also have shorter total sleep
duration than their male counterparts.51 However, the authors
emphasize that these findings should only be considered as
tendencies due to the small sample size (only 30 women and 16
men participated in the study). Although the results for gender and
sleep related problems in shift work do not seem very strong, other
studies investigating other measures of shift work tolerance come
to the same conclusions. One study reports that men engage in
more activity-based coping than women in order to handle shift
work.55 In addition, four of the studies revealing a relation between
male gender and better indicators of shift work tolerance are
longitudinal. These study disability pension,53 risk of mortality,54

hormones and variables related to eating and obesity30 as well as
fatigue and sleepiness.56 As a result, the differences in sleep
between the genders might not be as evident as the differences in
risk of mortality, disability pension, obesity, fatigue and sleepiness.

Still, it can be noted that three studies found that female gender
was related to lower risks of health problems among shift workers.
This concerns specifically the risk of cardiovascular disorder34,36

and hyperuricemia.35 The latter study is a longitudinal study,
which adds strength to the finding. One study also reports that
female shift workers generally work in an environment more
similar to that of day workers (with less exposure to physical and
psychosocial risk factors e.g., noise and job insecurity), compared to
what male shift workers do.58Hence, it seems that females more
often work in environments with less exposure to risk factors,
which can explain the notion that females might have less risk of
health problems than males. However, male shift workers seem to
sleep better, work more consistently, have a healthier life style and
experience less fatigue and sleepiness whenworking shifts in spite
of working in possibly more risk exposed environments.

Circadian type

Most studies support that low scores on morningness are
related to shift work tolerance. Morning types seem to have more
adjustment difficulties related to shift work than evening types, as
they report higher levels of drowsiness11 and sleepiness on night
shifts.16 In addition they seem to have poorer flexibility of sleeping
habits,8 and poorer sleep quality.10 Evening types report better
perception of adaptation to shift work,6 and better perception of
their own shift work tolerance,7 in addition to better work
performance22 and higher job satisfaction.27 One study reports that
low scores on morningness predict job satisfaction six months later
in rotating shift workers. However, morningness does predict other
measures related to shift work tolerance.9 One study investigating
work-family conflict reports that low scores on morningness are
associated with higher scores on an instrument measuring work-
family conflict.18 The authors consider low scores on work-family
conflict to be a measure of adjustment to shift work. Another study
reports that high scores on morningness are related to long-term
shift work tolerance.61 These two latter studies question the
consistency of other findings concerning the relationship between
low scores on morningness and high shift work tolerance. One
possible explanation is that high scores on morningness might be
positively related to other aspects of shift work tolerance than the
sleep component, namely the part related tomood, satisfaction and
Please cite this article in press as: Saksvik IB, et al., Individual differenc
Reviews (2010), doi:10.1016/j.smrv.2010.07.002
arrangement of family/social life. We also found some studies
reporting no relationship between morningness and measures of
shift work tolerance. These studies investigate satisfaction with
work schedule,20,32 social and domestic disturbances and sleep49 as
well as work performance, alertness and well-being.24 The results
from this research support our assumption that eveningness might
not be more positive than morningness for the experience of work
satisfaction and social factors. However, evening types have been
shown to report more difficulties related to early morning shifts.72

Overall, it seems that morning types are able to handle the social
variables related to shift work tolerance better, although their sleep
and alertness might be more affected than evening types. Still, it
can be noted that the three studies finding positive relations
between high scores on morningness and shift work tolerance are
only small scale questionnaire studies, with rather low sample sizes
(n ¼ 82e185).18,48,61 Many of the studies reaching the opposite
conclusion might be described as higher quality studies, since they
apply different designs such as experiments, and include biological
measures as well as questionnaires. In spite of this none of the
studies are longitudinal so it seems as though we cannot make
a certain conclusion about the predictive power of morningness on
shift work tolerance.

Furthermore, it is questioned whether the morning and evening
typology indicate a degree of shift work adaptation, or whether the
morningnesseeveningness dimension is a true and stable person-
ality trait.72 It seems as though the studies reviewed in this paper,
still fail to provide a clear answer to this. Also, due to the fact that
about 60e70% of people can be classified as intermediary types the
practical implications of relationships between morningness and
shift work tolerance is uncertain.73

Genetics

We only found one study investigating genes and shift work
tolerance.28 This study reports that there are differences in distri-
butions of short and long allele of the SLC6A4 gene between day and
shift workers, only in those who have worked for five years or
longer. Taking into account the “healthy shift worker effect” and the
results regarding the relation between high shift work experience
and high shift work tolerance, this might indicate that individuals
with higher shift work tolerance have a higher distribution of the
short allele. However, although this study can be classified as
longitudinal because genes are stable throughout life, this impli-
cation needs further studies to be established. No study has
investigated shift work tolerance associated with genes and allele
distributions directly. One study has, however, investigated
proneness to desynchronize the circadian rhythm,64 which is said
to have a genetic component.63 This study concludes that internal
desynchronization is related to lower shift work tolerance.
However, this study investigates desynchronization in the same
subjects after a period of shift work, and then two years later after
a period of day work. This makes it difficult to decide if desynch-
ronization is a stable individual trait. Still, the same findings are
reported in a field study by Reinberg and Ashkenazi4 investigating
shift work tolerance in terms of fatigue, sleep alterations, medica-
tions, changes in behaviour and digestive problems. The authors
report that the number of internal desynchronized circadian
rhythms is greater in the group of non-tolerant shift workers, than
in the group of tolerant shift workers. However, also in this study,
internal desynchronization seems to be reduced in former shift
workers, indicating that the desynchronization can be synchro-
nized when the individual is no longer exposed to shift work.
Hence, it is difficult to state with certainty if desynchronization is
a stable, individual trait related to shift work tolerance. There is
currently not enough empirical evidence concerning the
es in tolerance to shift work e A systematic review, Sleep Medicine



I.B. Saksvik et al. / Sleep Medicine Reviews xxx (2010) 1e15 13
relationship between genetics and shift work tolerance to warrant
any conclusion. Although studies focusing directly on phenotypes
are important, it is also fruitful to conductmore research on the role
of genes in shift work tolerance.

Personality

Most studies investigating personality and shift work tolerance
find that internal locus of control, extraversion and self-esteem is
positively related to shift work tolerance6,9,17,21,27,65,67 and that high
scores on neuroticism and related traits such as trait anxiety,
repressive emotional style, negative mood, and low positive affect
are related to low tolerance to shift work.9,13,15 However, Hennig
et al.26 claim that it is important not to overestimate the relation
between neuroticism and shift work tolerance, because individuals
with high scores on neuroticism complain more in general, and not
just in the context of shift work. Both Härmä40 and Nachreiner39

emphasize that personality traits cannot predict shift work toler-
ance, and that it is difficult to determine the direction of effects.
Härmä40 states that: “Shift work can also induce personality
changes” (p. 104). Hence, more studies are needed to justify
conclusions about the predictive nature of personality traits. Still,
the three studies investigating neuroticism and related traits and
shift work tolerance seems to apply thorough and reasonable
measures of shift work tolerance, which add to the quality of the
studies. They measure a variety of different sides of shift work
tolerance by looking at sevenmeasures of well-being9 and different
measures of health, sleep and fatigue,15 as well as a combination of
both saliva samples measuring change in circadian rhythms and
questionnaires.26 However, none of them are longitudinal. In
addition, the study by Hennig et al.26 has a rather small sample size
(n ¼ 88) for a questionnaire study.

Operationalization of shift work tolerance

According to the definition of shift work tolerance applied in
this review3 shift work tolerance is about absence of problems like
digestive troubles, fatigue and sleep alterations. The studies we
have included in the present review measure these variables, but
also other variables related to shift work tolerance. Hence, the
studies report on different sides of shift work tolerance. For
example we have included both studies reporting on self-reported
sleep and health in a questionnaire53 as well as studies reporting on
risk of hypertension38 and on the cognitive performance of
workers.24 Taking only the definitions applied by Andlauer et al.3

into consideration, studies on specific health risk factors concern-
ing hypertension and cognitive performance would probably have
been omitted from the present review. However, such studies add
important knowledge to the relation between individual differ-
ences and the way shift workers handle their work.

Furthermore, some of the findings of relations between the
individual differences and shift work tolerance in the present review
might only exist in some occupations or vocational types. Our
conclusions do not distinguish between shift work tolerances in
different occupations. In addition, a difference between short and
long-term shift work tolerance probably exists. We have not been
able to identify many studies making this distinction between short
and long-term shift work tolerance. There is a need for more studies
on individual differences in long and short-term shift work tolerance.

Limitations

The result of the present review might be affected by publica-
tion bias since only published research was included in the present
review.74This could have affected our conclusions, because our
Please cite this article in press as: Saksvik IB, et al., Individual differenc
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access to research reporting non-significant findings may have
been limited.75 However, we have referred some research that did
not find relations between individual differences and shift work
tolerance. In addition, there is a problem that few studies18,49 seem
to have investigated social factors as indicators of shift work
tolerance such as, for example, work-family conflict. The lack of
studies on such factors might have been a result of the selection of
search words in the present review. However, it is more likely that
there is generally less research conducted concerning social factors
as indicators of shift work tolerance. Unfortunately, the present
review cannot provide more thorough explanations for this state of
affairs. Furthermore, many of the studies included do not control
for the amount of shift work exposure in analyses and relations
between subject variables and variables indicative of shift work
tolerance. In addition, we were not able to discriminate between
short-term and long-term shift work tolerance, which represents
a limitation within the present review. Also, we have not included
studies written in other languages than English.

Implications and suggestions for further research

Knowledgeabout individual factorsandshiftwork tolerancemight
be used in personnel selection and vocational counselling, but can be
especially important for the development of tools to improve the use
and effectiveness of interventions to help adaptation to shift work. In
a recent review we discussed several interventions to promote circa-
dian adaptation to night work, for example, exposure to bright light
and exogenous melatonin.75 However, it has been pointed out that
individual differences in, for example, morningness/eveningness and
age, may affect the effects of these interventions.76 Hence, more
research investigating whether different interventions aiming at
improving shift work adaptation interacting with different individual
variables should be conducted. In line with this, Ryan et al.77 reports
that younger shift workers prefer intermediate speed of forward
rotating shifts and faster backwards rotations, while older shift
workers prefer faster forward rotation and slower backwards rota-
tions. Also, Härmä,71 shows results indicating that older shift workers
have larger positive changes than younger shift workers in terms of
health, sleep and scores on well-being, after change to a very rapid
forward rotating shift schedule. Studieson factors related to shiftwork
tolerance should aim at differentiating between general and specific
factors.Neuroticism,asanexample, is relatedtopoorqualityofgeneral
sleep. Therefore, in terms of shift work tolerance the important
question is whether shift work accentuates health outcome differ-
ences between subjects scoring low or high on such a trait.

However, making conclusions about practical implications of
morningness, neuroticism and other personality traits might be
difficult because one individual most often scores high on several
traits. Nevertheless, it could still be possible to make general
guidelines and suggestions for individuals with tendencies towards
high morningness or neuroticism scores.

Some of the studies reviewed investigate health and tolerance
related to individual differences in shift workers compared to day
workers or former shift workers. This is scientifically questionable
due to the “healthy shift worker effect”.69 It is important for future
research to work towards establishing adequate control groups,
with healthy enough individuals for comparison with the shift
workers. Furthermore, it is important that future studies clearly
define and measure what type of shift system the subjects have
been exposed to.

More studies on genetics, in terms of shift work tolerance,
should also be conducted. Researchers have recently identified
differences inwaking performance during sleep loss among healthy
individuals with relation to differences in allele variants of the PER3
clock gene.78 Hence, people with specific allele variants may be
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more resistant to the negative effects of night work in terms of
performance and safety than subjects with different allele variants.
This is one example of how research on genetics may be important
to broaden the individual difference perspective. This kind of
research is less vulnerable to measuring errors than studies of only
phenotypes, as for example personality traits. However, both
research on genetics and phenotypes are of great importance. Most
importantly there is a need for more longitudinal studies investi-
gating individual differences and shift work tolerance.
Practice points

1) The majority of the studies discussed in the present

paper supports the notion that several individual factors

are positive for shift work tolerance.

2) Individual factors that are positive for shift work toler-

ance include: Young age, in terms of performance and

sleep, and older age in terms of less risk factors of

health problems. Low scores on morningness, espe-

cially in terms of sleep, adaptation, performance and

alertness, less in terms of satisfaction and social vari-

ables. Male gender in the topics of sleep, sleepiness,

activity, risk of mortality and disability pension, but

female gender in terms of risk of health problems. In

addition the following factors are positive for shift work

tolerance: High scores on flexibility, low scores on lan-

guidity, low scores on neuroticism and related traits,

and high scores on internal locus of control.

3) Most studies conducted on individual differences and

shift work tolerance are cross-sectional, hence it is

difficult to make conclusions about the predictive

power of individual differences.

4) For the studies published after 1998, only ten studies

could be classified as longitudinal, and these investi-

gated age, gender and genetics. No longitudinal studies

about personality traits were found.

Research agenda

1) More longitudinal studies investigating the role of

different individual differences, especially personality,

but also age and gender in shift work tolerance. The

studies should apply designs with well-defined

measures of exposure to shift work, with more biolog-

ical and clinical outcomes aswell as better control of the

selection of participants.

2) Study to what degree different interventions aiming at

improving shift work adaptation interact with different

individual variables.

3) More studies differentiating between general

(e.g., sleep) and specific (e.g., self-reported shift work

tolerance) factors as measures of shift work tolerance.

4) Study biological factors, especially genetic factors,

predicting shift work tolerance.
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