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Abstract

Traditionally only a small proportion of the workforce was engaged in shift work. Changing economic pressures have resulted in increased
engagement in shift work, with approximately 17 % of the workforce in Europe engaged in this work pattern. The present narrative review aimed
to summarise the data on the effects of shift work on the diet, lifestyle and health of employees, while addressing the barriers to, and opportunities
for, improving health among shift workers. Shift work can result in low-quality diet and irregular eating patterns. Adverse health behaviours are
also reported; particularly increased smoking and poor sleep patterns. These altered lifestyle habits, in conjunction with disruption to circadian
rhythms, can create an unfavourable metabolic phenotype which facilitates the development and progression of chronic disease. Although the
data are inconclusive due to issues such as poor study design and inadequate control for confounding factors; shift workers appear to be at
increased mental and physical health risk, particularly with regard to non-communicable diseases. Information is lacking on the obstacles to
leading a healthier lifestyle while working shifts, and where opportunities lie for intervention and health promotion among this group. In order to
provide an informed evidence base to assist shift workers in overcoming associated occupational hazards, this gap must be addressed. This review
highlights the unique nutritional issues faced by shift workers, and the subsequent effect on health. In societies already burdened with increased
incidence of non-communicable chronic diseases, there is a clear need for education and behaviour change interventions among this group.
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Introduction

Traditionally only a small proportion of the work force was
engaged in shift work. In recent times, working patterns have
adapted in response to changes in economic pressures and
greater consumer demand for services that operate on a
24 hour a day’ basis, resulting in an increase in shift work.
The term ‘shift work’ often covers a wide variety of working
arrangements. The Council Directive 93/104/EC of 23 November
1993 defines shift work as ‘any method of organising work in
shifts whereby workers succeed each other at the same work
stations according to a certain pattern, including a rotating
pattern, and which may be continuous or discontinuous,
entailing the need for workers to work at different times over a
given period of days or weeks?. However, there is no con-
sensus definition of the term among the published scientific
literature. In simple terms, shift work is often referred to as
working primarily outside of normal daytime working hours or
on a schedule other than the standard working week. Shift
patterns vary depending on the timing of the shift (early
morning, afternoon, evening, night), the rotation cycle (number
of days between two identical sequences), the direction of

rotation (forward or backward rotating) and the stability of the
time slots planned (permanent shifts v. rotating shifts)®. In
Europe approximately 17 % of the workforce is engaged in this
type of work schedule®.

There are many economic advantages to an increase in shift
work, namely the creation of employment, increased provision
of services to customers and improved trade opportunities.
Unfortunately, shift work has been reported to have a negative
impact on the health of workers and is accompanied by greater
incidence of non-communicable diseases such as cancer™,
cvD®, metabolic”, gastrointestinal® and sleep disorders®.
Many of the risk factors for non-communicable diseases,
including poor diet, lack of physical activity, deleterious lifestyle
behaviours such as excess alcohol and smoking, insufficient
sleep and being overweight, are frequently reported among
shift workers. The aim of the present review is to evaluate the
current status of the evidence on the diet and lifestyle habits of
shift workers, and the subsequent health risk compared with
non-shift workers. In addition, the evidence for barriers and
opportunities for improving the health and lifestyle of this
group will also be explored, which extends the scope of
previous reviews in this area.

Abbreviations: IDF, International Diabetes Federation; MetS, metabolic syndrome; NCEP ATP-III, National Cholesterol Education Program Adult Treatment

Panel III; T2DM, type 2 diabetes mellitus.
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Methodology

This is a narrative review which aimed to summarise the effects
of shift work on workers’ lifestyle and health risk, and to
address the barriers to and opportunities for shift workers to
lead a healthier lifestyle. An extensive literature search for
relevant peer-reviewed scientific articles and reports was
conducted, using targeted Internet searches, for example,
Medline and Web of Knowledge. Key words searches were
conducted using the terms ‘shiftwork’ or ‘shift work’. Articles
were considered if they were available in full text, were in
English and were conducted among human subjects. The
relevance and strength of each article are dealt with throughout
the text, with critical comments on the factors which made for
higher- and lower-quality publications.

Shift work and lifestyle habits
Dietary intakes

Table 1 summarises the results of studies investigating dietary
intakes among shift workers. Earlier studies in the area showed
that, overall, total energy intake of shift workers is similar to that
of day workers'*™ with this being confirmed by more recent
findings"">™'”’. However, methodological issues existed in many
of these studies, with small sample sizes %12 reliance on
self-reported food diaries"'¥2% and failure to compare dietary
intakes with non-shift worker controls*!® apparent. Due to
these limitations in study design and to variability in defining
shift work and assessing dietary intake, results between studies
are difficult to compare.

While total energy intake does not appear to be affected, shift
work may make an impact on diet quality. Alterations in
macronutrient intakes have been observed, such as increased
419 and decreased intake of poly-
and dietary fibre after commencing shift
work®, In addition, decreased intake of a number of essential
micronutrients, such as vitamins A, D and E, and Zn is
documented among shift workers, relative to day workers®".
Furthermore, one study reported that the diets of shift workers,
and in particular rotating shift workers, were significantly more
pro-inflammatory than day workers®”, but the biological
significance of this in terms of dietary inflammatory load
remains unclear. Along with alterations in dietary quality, much
of the recent evidence has collectively shown that shift workers
differ from day workers with respect to the distribution of their
energy intake over 24 Q015161819 - i meal patterns,
increased consumption of energy later in the day and increased
snacking were common, with multiple snacks being consumed
during the night shift in place of a full meal. The significance of
these altered dietary habits must be considered. There is
convincing evidence that night time eating can cause disrup-
tions to endogenous circadian rhythms, compared with day
time eating"®*~” which can result in significantly elevated
postprandial TAG levels and plasma glucose levels on the night
shift, as compared with the day shift. This may have negative
implications for health, particularly in relation to risk of insulin
resistance, type 2 diabetes mellitus (T2DM) and the metabolic
syndrome (MetS). It has therefore been suggested that

intake of saturated fat

unsaturated fat®V

restricting fat intake at night time in workers who are not
adapted to night shift work may be beneficial®®.

Physical activity

The evidence of the impact of shift work on physical activity
presents a mixed picture (Table 2). Studies have reported
negative®®?” | positive’*3*3" or no effects*3%
physical activity in shift workers compared with day workers.
However, the definitions of physical activity used may, at least
in part, contribute to these equivocal results. Different measures
used include leisure-time activity, habitual activity, total activity
and/or occupational activity. Even when studies have analysed
both occupational and leisure-related activity, differences in
results have been observed. Some have reported that shift
workers had significantly higher occupational activity com-
pared with day workers, resulting in significantly higher overall
total activity'”** while others have reported that shift workers
had lower occupational activity but higher leisure-related
activity®. One factor potentially contributing to these incon-
clusive results is the occupational heterogeneity of subjects in
these studies. Broadly speaking, subjects were recruited from
manufacturing(19‘29‘50‘52), transport(so"%l'%), sectlrity(30’36)
healthcare®>3? sectors, with roles potentially varying widely in
terms of occupational activity. Another limitation is that much of
the evidence is cross-sectional in nature and relied on self-
reported data, with just one study® using actigraphy to
compare activity levels between day workers and shift workers.
Objective measures such as this would provide more reliable
data. Unfortunately, despite the number of studies in this area,
the discrepancies in study design mean that no definitive
conclusions can be currently drawn on the effects of shift work
on physical activity.

on levels of

or

Despite the lack of conclusive evidence, barriers to engage-
ment in regular physical activity among this group have been
explored. Shift workers may have difficulty in implementing
and maintaining an active lifestyle®”, with reasons such as
fatigue due to a demanding schedule, difficulty engaging in
social forms of exercise or team sports, possible increased
perceived exertion and fatigue during exercise performed at
night or in the early morning®® all cited. A lack of facilities
available at times convenient to shift workers may also be an
issue. The health implications of an inactive lifestyle are large,
with indisputable evidence for the effectiveness of regular
exercise in the prevention of chronic non-communicable
diseases and premature death®”. Where it occurs, physical
inactivity therefore may exacerbate the risk of chronic disease
among shift workers.

Smoking

The results of cross-sectional data and cohort studies exploring
smoking habits among shift workers are presented in Table 3.
Engaging in shift work“>%" and, in particular, night shift
work@?® was shown to be associated with a higher pre-
valence of smoking®'™® or increased number of cigarettes
smoked per person®”’. Longer working hours appear to affect
rates of smoking also, with working shifts >8 h in length®? or
working 49-60 h per week™" associated with higher rates of
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Table 1. Summary of studies on dietary intake in shift workers (SWs)*

Study Sex Sample Study duration Type of SW Assessment method Outcomes Comment
Cohort studies
Reinberg et al. (1979)(10) Male 7 (including 5 shift 8 weeks Mixed Food diary TE, macroN, MF, No difference in TE, increased
workers) meal timing snacking on
night shift
Attia et al. (1985)‘”) Male 49 (including 39 15-21d Mixed Food diary, 24 h recall TE, macroN, MF, Reduced appetite on night shift
shift workers) meal timing
Knutson et al. (1990)®  Male 25 (including 12 4d Mixed Food diary TE, macroN, Decreased dietary fibre on
shift workers) vitamins, minerals night shift
Linseisen & Wolfram Male 49 (including24 7d Night Weighed intake TE, macroN, meal Decreased intake of vitamins A
(1994)@" shift workers) timing, vitamins, and D, Zn, fibre
minerals
Lennernas et al. (1995)"® Male 96 (including 59  Length of a work Mixed Interviewer assisted TE, macroN, Decreased El on night shift
shift workers) cycle, including all 24 h recall vitamins, minerals,
types of work-days meal timing
and days off
Pasqua & Moreno Male 28 shift workers 3 d Mixed Food diary TE, macroN, MF, Increased El in winter
(2004)"® meal timing
Study Sex Controls Cases Type of SW Assessment method Outcomes Comment
Case—control studies
Cervinka et al. (1984)'?  Male 28 14 Mixed Food diary (7 d) TE, MF, meal timing  Increased El on night shift
Romon-Rousseaux et al. Male 74 20 Mixed Food diary (4 d) TE, macroN, MF, No difference in TE on night
(1987) meal timing SwW
Nikolova et al. (1990)"  Male 98 17 Night Questionnaire (3 d) TE, macroN Increased intake of animal fat
on night shift
Waterhouse et al. 12 % male and 43 50 Night Self-designed MF, meal timing Decreased appetite and MF on
(2003)("" 88 % female questionnaire, night shift
completed every 3 h
for 7 d
Study Sex Sample size Population Type of SW Assessment method Outcomes Comment
Cross-sectional studies
de Assis et al. (2003)'®  Male 66 Garbage collectors Morning, afternoon, 24 hrecall x 1,24 h TE, macroN, MF, Impact of SW was relatively
(Brazil) night food record x 2 meal timing less decisive than well-
established determinants of
human food intake behavior,
for example, time of day, time
elapsed since last meal, age
and BMI
Morikawa et al. (2008)(*® Male 2054 Japan Rotating Self-administered diet ~ TE, macroN, Older age and night SW
history vitamins, minerals associated with increased El
questionnaire!™44
Esquirol et al. (2009)"®  Male 198 France Rotating Food diary (4 d) TE, MF Increased MF on night SW
Wirth et al. (2014)?2 53 % male and 7643 USA Mixed 24 h recall, 7 d recall MacroN, microN, Significantly more pro-
47 % female dietary inflammatory diet in

inflammatory index

SWs, especially rotating SW

SW, shift work; TE, total energy; macroN, macronutrients; MF, meal frequency; El, energy intake; microN, micronutrients.

* Table adapted from Lowden et al.‘
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Table 2. Summary of studies on physical activity (PA) in shift workers (SWs)
Study Sex SWs (n) Controls (n) Population Type of SW Assessment method Outcomes Comment
Cross-sectional studies
Nagaya et al. Male 826 2824 Japan (transport/security/ Mixed Self-administered IR markers, PA, BMI, SWs have more habitual PA than
(2002)©9 manufacturing) lifestyle questionnaire, smoking, alcohol day workers
medical examination
Karlsson et al. Male 659 665 Sweden (manufacturing Rotating Health and lifestyle Anthropometry, PA, No difference in PA between
(2003)©? plant workers) questionnaire, medical BP, fasting blood SWs and day workers
examination glucose, fasting
lipid profile
Esquirol et al. Male 100 98 France (chemical plant Mixed Validated Anthropometry, PA, SWs have more occupational PA
(2009)"® workers) questionnaire('4%) dietary habits than day workers and
significantly higher overall
total PA
Bushnell et al. 69 % male and 12725 13717 Mixed (chemical Mixed Online survey Health behaviours, Significantly higher prevalence
(2010)@ 31 % female manufacturing workers) physical health, of no PA for rotating workers
work environment and shifts of 12 h el
Diaz-Sampedro N/A 311 0 Spain (healthcare workers)  Mixed Self-designed Food consumption, SW did not have a negative =z
et al. (2010)®% questionnaire BMI, PA impact on PA !
Ma et al. (2011)®® 71 % male and 350 0 USA (police officers) Day, afternoon, 7 d physical activitg recall Work details, PA, SW associated with prevalence %
29 % female night (fixed questionnaire!'4® alcohol intake, of hard-intensity occupational o
schedules) smoking, BMI, WC and sport PA among male g
officers, and very hard- S
intensity sport PA among '
female officers. Afternoon
SWs reporting highest
prevalence of PA
Barbadoro et al. Male 110 229 ltaly (railway service Rotating Self-administered Food consumption, Rotating SWs less active in
(2013)©® employees) questionnaire PA, alcohol intake, workplace (P < 0-001) but
BMI, personal and significantly more active
family history of during leisure time (P < 0-05),
obesity compared with day workers
Marqueze et al. Male 31 26 Brazil (truck drivers) Night IPAQ‘"*"), actigraphy PA, BMI, appetite- SWs significantly more active in
(2014)@" related hormones leisure time v. day workers.
PA < recommended 150 min/
week in both groups
Peplonska et al. Female 354 371 Poland (nurses and Rotating IPAQU"7, Analysis PA, BMI Total and occupational PA

(2014)G%

midwives)

adjusted for age,
season of the year,
number of full-term
births, marital status
and BMI

significantly higher among for
rotating SW v. day work.
Leisure-time PA significantly
affected by rotating SW with
increased OR for recreational
inactivity (OR 1-57; 95 % CI
1-11, 2.20)

SW, shift work; IR, insulin resistance; BP, blood pressure; N/A, not available; WC, waist circumference; IPAQ, International Physical Activity Questionnaire.
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Table 3. Summary of studies on smoking in shift workers (SWs)

Number of follow-up

Study Sex Sample Study duration  events Type of SW Exposure Outcomes Comment
Cohort studies
van Amelsvoort 49 % male and 377 (of which 1 year Validated Rotating Work schedule, CVD risk factors, current  Significantly more SWs were
et al. 51 % female 227 SWs) questionnaires!'45:148) (detailed smoking history smoking current/former smokers at
(2004)4O Netherlands at beginning of new coding) baseline (P=0-006). At follow-up
work schedule and 1 the number of cigarettes smoked
year after per d by smokers increased more
in SWs compared with day
workers (P=0-03)
van Amelsvoort 73 % male and 7819 (of which 2 years Follow-up every Rotating Work schedule, Smoking — prevalence SWs were more often smokers (OR
et al. 27 % female 2039 SWs) 4 months, smoking history, and cessation/ 1-44; 95 % CI 1-27, 1-64) and
(2006)“4 Netherlands questionnaire work-related factors, commencement more likely to start smoking
for example, compared with day workers (OR
psychological job 1-46; 95 % CI 1.05, 2.03)
demands, decision
latitudes
Nabe-Nielsen 5 % male and 2870 (social 1 year Questionnaire at baseline Night/rotating Usual work schedule, Presence of CVD risk Smoking status at baseline
et al. 95 % female and health when commencing smoking history, factors at baseline associated with shift work at
(2008)“® care work, and 1-year presence of CVD (including smoking) follow-up for fixed evening work
assistants, of follow-up risk factors and reported work (OR 1-56; 95 % CI 1-23, 1-98),
which 1387 pattern at 1-year fixed night work (OR 1-72; 95 %
SWs) follow-up Cl 1-12, 2.63), and two- or three-
Denmark shift work (OR 1-36; 95 % CI
1.01, 1-82). Suggests
considering smoking as a
confounder between SW and
CVD, as well as a mediator
Nabe-Neilsen ~ Female 2062 (social 2 years Baseline, 1-year and 2-  Evening/night/ Work patterns at each Smoking prevalence at  Fixed night work was associated
et al. and health year follow-up rotating time point, smoking each time point with higher odds of smoking
(2011)4® care history relapse (OR 5-28; 95 % Cl 1.47,
assistants) 18:9; P=0-057) and lower odds
Denmark of smoking cessation (OR 0-11;
95 % CI 0-02, 0-79; P=0-007)
Study Sex Sample size Population Type of SW  Assessment method Outcomes Comment
Cross-sectional
studies
Trinkoff & Storr 5 % male and 3917 Registered nurses (USA) Mixed Self-designed Past-year drug/alcohol/  As compared with day workers,
(1998)“? 95 % female questionnaire x 3 cigarette use, work greatest risk of smoking
schedule associated with night SW (OR
1-59; 95 % Cl 1.23, 2.07;
P<0-01) and evening SW (OR
1.27; 95 % Cl 0-94, 1.73; NS).
Rotating SW NS risk (OR 1-02;
95 % CI 077, 1-35)
Janzon et al. Female 17 319 Malmo Diet and Cancer Study (Sweden) Any Self-designed Lifestyle habits, medical SWs less likely to quit smoking than
(2005)“® questionnaire history day workers, SW identified as a
social factor likely to hinder
smoking cessation
Cho et al. 53 % male and 4685 Fifth Korean National Health and Nutrition Night Health surveys, Work schedule and type, Work conditions associated with
(2013)“D 47 % female Examination Survey (South Korea) examinations, smoking (classification smoking behaviour for women
nutrition surveys — of night SWs could only. Adjusted OR for night SW
administered by have been more exposure and smoking: men (OR
trained interviewers robust) 1-11; 95 % CI 0-82, 1-49); women
(OR 1-38; 95 % CI 0-83, 2:29)
SW, shift work.
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smoking. Shift workers have also been shown to be more
likely to take up smoking once engaged in shift work®®.
Furthermore, it has been reported that shift workers are less
likely to quit smoking“>*® and have higher odds of smoking
relapse(%) compared with day workers.

Alcohol

The results of observational studies of alcohol consumption
among shift workers are presented in Table 4, with mixed
reports observed. Shift workers may use alcohol in an attempt
to overcome difficulties sleeping™”
associated with their work pattern®”. In the included studies,

‘heavy drinking’ was typically defined as >40-60 g of alcohol
“42)

, or to ease the stresses

or increased
GD A

per d(/'gfsm, >5 drinks on one occasion
consumption on previous measurements of consumption
modestly increased risk of heavy drinking was associated with
shift work by some, and this was typically related to younger
age®?, night shift“>% or rotating shift®*? of greater than 8 h
in length. However, in some cases, this relationship was
mediated by shift work-related sleep issues™™. In contrast,
other studies have found no association® or an inverse asso-
ciation®>® between shift work and alcohol consumption. As
shift work often interferes with family time and social activities,
there may be reduced opportunities for social alcohol con-
sumption among this group. In summary, while shift work may
increase the likelihood of increased alcohol consumption,
available data are merely observational in nature and various
factors such as age, sex and shift type or length may potentially
influence this.

Sleep patterns

Shift workers report more sleep problems compared with the
general public, and it has been estimated that 10-30 % of shift
workers suffer from shift work disorder®®, a circadian rhythm
sleep disorder characterised by insomnia and excessive
sleepiness®®. Some of the most problematic symptoms repor-
ted are difficulty falling asleep, shortened sleep duration and
somnolence during working hours that persists during days
off > Levels of sleep disturbance have been compared with
clinical insomnia®®.

Shift patterns, shift lengths, direction of rotation, and length of
recovery time between shifts have been examined, with respect
to their impact on sleep patterns. Those working night shifts,
rotating night shifts and early morning shifts have been reported
to have the shortest average sleep duration or the most dis-
turbances in sleep-wake patterns®>~®. Forward rotating shift
schedules are considered to be more beneficial to workers in
terms of health and sleep disturbances, along with moving from
slow- to fast-rotating shifts®*°Y. Elsewhere, others have
suggested that a slowly rotating shift pattern had the least
negative impact on sleep length for schedules that include a
night shift®®. The effect of shift duration has also been inves-
tigated, with little difference noted in the effect of 8 h v. 12 h
shifts on sleep patterns© %2,

A lack of controlled intervention studies in the area makes it

difficult to determine the true impact of different shift schedules

on sleep patterns. In addition, there is evidence to suggest that
there is high inter-individual variability in the ability of workers
to tolerate disruption to circadian rhythm caused by shift work,
adding further difficulty to the interpretation of the studies
published(63’64). Despite this, the evidence indicates that both
good physical fitness and sleep hygiene (i.e. habits and prac-
tices that are conducive to sleeping well on a regular basis) can
be effective in improving tolerance to shift work, by increasing
overall efficiency and reducing fatigue. In terms of health risk,
disrupted sleep patterns may have metabolic effects that pre-
dispose to weight gain. Short sleep duration is generally defined
as <5-6 h sleep per 24 h, and has been associated with
increased BMI“*™*. While addressing the area of sleep
duration and BMI is beyond the scope of this review, short
sleep duration may potentially mediate a relationship between
shift work and obesity.

Summary on the effects of shift work on lifestyle habits

Although not inevitable, shift work can result in altered lifestyle
habits. Dietary habits appear to be affected, with more frequent
eating occasions, poorer-quality diets and irregular distribution
of energy intake over the course of 24 h. It is unclear whether
shift work has an impact on physical activity patterns, with
mixed results reported. Mixed reports are also observed for
alcohol consumption with various factors such as age, sex and
shift type affecting study conclusions. In addition increased
rates of smoking are reported, with shift workers also less likely
to quit smoking compared with day workers, while poor quality
and quantity of sleep are also described in the literature.
Socio-economic status is known to have a negative impact on
dietary and lifestyle habits and on health risk”’”. However, the
current review found no evidence to indicate that a social class
gradient exists among shift worker groups which might influ-
ence health behaviours or health risk, or account in part for
some of the differences observed in dietary and lifestyle
behaviours. What is clear, however, is that the lifestyle habits
described, in conjunction with disruption to circadian rhythms,
may create a metabolic environment which can facilitate the
development and progression of chronic disease.

Shift work and health risks

As the body has a roughly 24 h circadian rhythm, we are pro-
grammed to eat during the day and to sleep at night. The
circadian system also regulates the timing of daily variations in
numerous behavioural, endocrine and neurophysiological
processes'’?, for example, sleep-wake cycles, body tempera-
ture, blood pressure and the release of hormones. This 24 h
rhythm is generated by the suprachiasmatic nucleus, which is
located in the anterior hypothalamus of the brain”?. Almost all
body functions, from those at cellular level to large physio-
logical systems, have a circadian rhythm, and thus disruptions
to these rhythms have systemic implications throughout the
body. The physiological effects of both circadian rhythm dis-
ruption, and the behavioural and psychological effects of shift
work exposure may interact, with potential consequences for
disease risk as summarised in Fig. 1.
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Table 4. Summary of studies on alcohol consumption in shift workers (SWs)

Study Sex Sample Study duration Follow-up events Type of SW Exposure Outcomes Comment
Cohort studies
Shields 57 % male and 7203 (1356 SWs) 2 years Baseline and 2 Mixed Working hours Health behaviours Male SWs had significantly lower odds of
(1999)®V 43 % female years follow-up reporting increased alcohol intake over
the 2-year period (OR 0-7; 95 % CI 0-5,
1-0; P<0-05)
Study Sex Sample size Population Type of SW Assessment method Qutcomes Comment
Cross-sectional
studies
Romon et al. N/A 146 (73 SWs) Chemical and nuclear plant Mixed 3 d food record Dietary and alcohol SWs had significantly lower alcohol intake
(1992)2 workers (France) intake, smoking, BMI, than day workers (9-3 v. 15-64 g/d;
lipid profile P=0-03)
Trinkoff & Storr 5 % male and 3917 (no controls) Registered nurses (USA) Mixed Self-designed Past-year drug/alcohol/  Those working night SW >8 h or rotating
(1998)? 95 % female questionnaire x3 cigarette use, work SW >8 h had highest risk of alcohol
schedule use (OR 1-40; 95 % CI 1-00, 1-98;
P=0-05) and (OR 1-52; 95 % CI 1-04,
2.22; P<0-05) respectively
Hiro et al. Male 17 501 (3691 Factory workers (Japan) Unspecified Self-developed Job stressors, recent No association between SW and heavy
(2007)4® SWs) questionnaire drinking history alcohol consumption, increased
drinking more likely to be associated
with on-the-job stressors
Bushnell et al. 69 % male and 26 442 (12 725 Workers from various industries  Mixed Online survey Health behaviours, Higher alcohol consumption among 12 h
(2010)@® 31 % female  SWs) physical health, work rotating shift (RR 1-22; 95 % CI 1-11,
environment 1.33)
Morikawa et al. Male 909 (362 SWs) Factory workers (Japan) Rotating Validated Daily alcohol intake, Night SWs who suffered poor sleep
(2013)49 questionnaire('44 sleep problems, quality exhibited highest frequency of
lifestyle habits heavy drinking (OR 2:17; 95 % CI 1-20,
3-93) compared with day workers with
good sleep
Morikawa et al. Male 3398 (844 SWs)  Factory workers (Japan) Mixed Two validated Work-related factors, job SW associated with increased risk of

(2014)®0

questionnaires'44),

1 year apart

stressors, health-
related behaviours,
alcohol intake

heavy drinking in group aged 20-29
years (OR 4-79; 95 % CI 1-49, 15-44;
P<0-01)

SW, shift work; N/A, not available; RR, relative risk.
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Circadian rhythm disruption

Physiological

e Insulin resistance
o T TAG
e T Blood pressure
e 7T Inflammation
e | Night time
melatonin levels
e T Cortisol
e Hormonal disruption

/ N\

Psychological

o Work-related stress — Behavioural

e | Quality of life e Poor diet

e Poor work-life e | Physical activity
balance e T Smoking

e Family conflict e T Alcohol

e Social isolation e | Quality and

e LUV light quantity of sleep
exposure

\ /

Shift work exposure

Nea et al.

Cognitive performance
Depressive disorders

CVD
Metabolic syndrome

Type 2 diabetes
Cancers

Gastrointestinal disorders
Overweight/obesity

Fig. 1. Circadian disruption and shift work exposure — the potential pathways to disease.

Cancer

A 2007 report by the International Agency for Research on
Cancer classified shift work that involves disruption of the
circadian rhythm as a probable human carcinogen. The
hypothesis for a potential causal link is based on experimental
evidence that melatonin, which is highest at night time, is
protective against cancer development, and that exposure to
night shift work reduces melatonin levels via increased expo-
sure to light at night. Although extensive observational and
cross-sectional data have been published on the relationship
between shift work and cancer, inclusion of these studies is
beyond the scope of the present review. However, a number of
systematic reviews and meta-analyses based on observational
data have been conducted, and are summarised in Table 5.

A large proportion of the research into shift work and cancer
risk has specifically addressed breast cancer, mainly owing to
early interest in breast cancer risk among nurses and flight
attendants. Many of these early observational studies showed
weak to moderate evidence for an association between breast
cancer and shift work; however, these studies had their
limitations. Several of the systematic reviews and meta-analyses
have since reported moderately increased breast cancer risk
due to shift work”>7* and a positive dose—response relation-
ship between shift work exposure and incidence of breast
cancer”. Others have, however, reported limited evidence to
support the association between the two® and have

highlighted study limitations such as immeasurable confound-
ing and substantial between study heterogeneity as issues in
their analyses. Nonetheless, only one of the systematic reviews/
meta-analyses reported insufficient evidence for a causal
link””| citing the low quality of the exposure data as proble-
matic in providing conclusive evidence. Currently we can only
state that while there appears to be some associated increased
risk of breast cancer for those engaging in shift work, further
work is required to reach a consensus.

Evidence for an association between other forms of cancer and
shift work is not particularly strong, with weak or conflicting data
reported. This may be, at least in part, owing to a lack of high-
quality research in this area. Both the risk of individual cancer
types and overall cancer risk have been assessed among shift
workers. Those studies addressing all-site cancer risk found
insufficient evidence for increased risk among shift workers77®
The association between shift work and colon cancer and
colorectal cancer has been explored. With regard to the risk of
colorectal cancer among shift workers, reports from the Nurses’
Health Study showed an increased risk of colorectal cancer
among those with long-term exposure (>15 years) to shift
work”?; however, elsewhere a critical review found there was
insufficient evidence to support an association between shift work
and risk of colon cancer, due to the low number of studies in the
area”®. Prostate cancer risk has also been investigated among this
group. Again, as with studies on other cancer types, conflicting
results are reported, with insufficient evidence to support an
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Table 5. Summary of studies on cancer risk in shift workers

Study
Study type Sex Type of SW Cancer site Exposure Qutcomes Confounders controlled for* Comment
Systematic reviews
and meta-analyses
Megdal et al. SR/MA Female Night Breast Any overnight work  Histologically Age, social class, age at menarche, Increased risk; aggregate risk
(2005)7 confirmed breast parity, age at first birth, BMI, estimate for all studies 1-48 (95 %
cancer family history of breast cancer, Cl 1-36, 1-61) compared with no
benign breast disease, OC use, exposure
age at menopause, alcohol
consumption, HRT use,
menopausal status, height,
employment duration
Kolstad (2008)"® SR Male and Rotating, night Breast, Years of night SW Cancer diagnosis Age, SES, age at menarche, parity, Limited evidence for association with
female prostate, (eleven studies), confirmed by: age at first birth and last birth, breast cancer, insufficient
colon rotating shift (two national/regional BMI, family history, benign breast  evidence for prostate, colon and
studies) cancer register, disease, OC use, alcohol, overall cancers
medical records, smoking, PA, diet, aspirin use,
death certificates stress, calendar year, age at
menopause, HRT use,
menopausal status, height,
duration of employment, current
job title
Sigurdardottir et al. SR Male Rotating, night Prostate Proxies of circadian ~ Prostate cancer Age, ethnicity, SES, marital status, Suggestive evidence, to be
(2012)®0 disruption (light at incidence/mortality education, job status, income interpreted with caution as some
night, sleep level, urbanisation, region, studies used occupation as a
duration, history of disease, family history proxy measure of SW
occupations likely of cancer, BMI, smoking, alcohol
to include night consumption, calendar periods
SW)
Wang et al. MA Female Night Breast Night SW exposure  Breast cancer Age, education, age at menarche, Positive dose—response relationship,
(2013)"® (measured by incidence menstrual regularity, parity, age pooled RR 1-03 (95 % CI 1-01,
employment years, at first birth, weight change 1.05; P<0-001)
cumulative between age 18 years and
exposure and menopause, BMI, height, family
frequency of history of breast cancer, benign
exposure) breast disease, number of
mammograms, OC use, current
alcohol consumption, smoking,
PA, menopausal status, age at
menopause, HRT use,
employment duration
Kamdar et al. SR/MA Female Night Breast Night SW exposure  Breast cancer Age, SES, education, age at first Weak evidence, pooled RR for ever
(2013)7 (ever, short-term, incidence childbirth, menarche, parity, live having night shift exposure 1-21
long-term) births, menopausal status, OC (95 % CI 1-00, 1-47; P=0-056)
use, HRT use, height, BMI, age compared with never exposed
18 years to menopause weight
difference, family history breast
cancer, benign breast disease,
breast-feeding, mammograms,
alcohol, smoking, PA, year of
diagnosis, occupational position,
employment duration
liaz et al. (2013)7" SR/MA Female Night Breast Night SW exposure  Breast cancer Age, BMI, ethnicity, parity, SES Insufficient evidence, low quality of

(shift system, years incidence

duration of (confirmed by
exposure, histopathology in
frequency of >90 % of cases)
exposure)

exposure data and difference in
effect by study design

SIONIOM YIYS JO S[AISOJI] pUE 1910

161



Nutrition Research Reviews

o

152 F. M. Nea et al.

association in one study”®, and another reporting suggestive
evidence for an association®. Overall, evidence for an effect of
shift work on cancer risk appears inconclusive, with much
variability in study methodologies, including the methods to
define shift work and shift work exposure, and the control for
confounding factors frequently unclear.

Obesity

Women: SIR 1-00 (95 % CI 0-89,
1-13). No evidence for association
between SW and all cancer sites

RR of 1-35 (95 % CI 1-03, 1-77)
combined

compared with no exposure

Comment

Obesity has been identified as another health risk associated
with shift work. Studies in the area are presented in Table 6.
Epidemiological data suggest that shift workers appear to be
heavier, or gain weight more often than day workers® >, It
has also been demonstrated that obesity risk increases accord-
ing to the duration of shift work expostlre(85‘86’87). Studies
which reported on the longitudinal trends in BMI and shift
worker status found that maintaining or changing shift work
status can make an impact on BMI®**?_ Those who maintained
shift work patterns, or who changed from regular daytime hours
to shift work, had a significant increase in BMI. These asso-
ciations remained after adjusting for confounding variables.
While BMI is a useful tool in estimating body fat, waist cir-
cumference and waist:hip ratio are useful for estimating central
adiposity which is associated with increased health risk. Studies
assessing central adiposity revealed a significant association
between shift work and increased waist:hip ratio ™%, yet these
studies revealed no significant associations between BMI and
shift work. This suggests that while shift work may not neces-
sarily increase overall body weight it may detrimentally influ-
ence body fat distribution with a tendency towards central
adiposity, which may have potential implications for the
metabolic and cardiovascular health of shift workers.

As with other studies in this area, the methodological problems
noted previously apply in many of these studies. One systematic
review found strong evidence for a crude relationship between
shift work exposure and weight gain; however, this evidence was
considered insufficient once adjustments for confounding factors
were made®™. Another review article on obesity and shift work
showed that while there was considerable epidemiological evi-
dence that shift work was associated with an increased risk of
metabolic disturbances, such as obesity, many articles included in
the review were potentially biased due to lack of protocols to
control for confounding factors when anthropometric measures
such as height and weight were self-reported®”. While the
majority of these studies showed a tendency towards a positive
association between shift work and being overweight or obese,
the methodological issues recognised highlight that future studies
need to address these in order to identify the true impact of shift
work on body weight.

Swedish Cancer Register

national death index)
Swedish Cause of Death Register, Men: SIR 1-02 (95 % CI 1-00, 1-05).

QOutcomes

rotating night shifts

per month

SW exposure
census data at two

as number of years
spent working >3
time points (1960,
1970)

SW exposure defined Cancer incidence (medical records, Rotating night shift for >15 years has
obtained from

Exposure

Cancer site

Rotating, night Colorectal
Rotating, night All sites

Type of SW

Sample size

78 586

3 250 787 (of
which 72
816 shift
workers)

Population
USA
Sweden

Sex

Female

65 %
male,
35 %
female

Metabolic syndrome

Circadian rhythm disruption can create metabolic disturbances
such as lipid and glucose intolerances, with levels shown to be
significantly elevated throughout the night shift compared with
the day shift®®. This may potentially contribute towards the risk
of the MetS among shift workers. The results of studies
addressing shift work and the MetS are presented in Table 7.

Schernhammer
et al. (2003)("®)

Schwartzbaum
et al. (2007)1"®

SW, shift work; SR, systematic review; MA, meta-analysis; OC, oral contraceptive; HRT, hormone replacement therapy; SES, socio-economic status; PA, physical activity; RR, relative risk; SIR, standardised incidence ratio.

* For systematic reviews/meta-analyses all confounders controlled for are included. All may not be included in each individual original study.

Table 5 Continued
Cohort studies

Study
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Table 6. Summary of studies on obesity risk in shift workers

Study Study type Sex Articles included Type of SW Exposure Outcomes Confounders controlled for* Comment
Systematic
reviews
van Drongelen SR Male and 8 Night SW Large differences  Body weight, BMI, Age, sex, BMI at baseline, Strong evidence for crude
etal. female between studies WHR (two alcohol consumption, relationship between SW which
(2011)®® for SW studies relied on smoking, PA, births includes night work, and body-
exposure, self-reported during study period, weight gain. Evidence for a
population, measures) duration of SW, decision confounders-adjusted
sample size, authority, psychological relationship between SW
duration of demands, exposure and body weight was
follow-up. Hence communication with considered insufficient
no overall MA colleagues, conflicts at
performed work, job insecurity
Follow-up
Study Sex Sample Study duration events Type of SW Exposure Outcomes Confounders controlled for Comment
Cohort studies
Morikawa et al. Male 1529 (blue 10 years Baseline and  Rotating Work schedule BMI, BP, HbAT1c, Age, smoking, alcohol Suggestive evidence that SW
(2007)®2 collar factory (1993-2003) 10 year (categorised serum consumption, PA related to weight gain. Over
workers) follow-up according to cholesterol, 10-year period, transferring from
changes and dietary intake fixed daytime to SW (P=0-04) or
non-changes maintaining SW (P=0-019), is
over 10 years) significantly associated with
increased BMI. Association
remains after adjusting for
confounding factors (for
example, age, smoking, alcohol,
PA)
Zhao et al. Female 2078 (nurses 2 years Baseline and 2- Mixed Work schedule BMI Diet quality, smoking, Significant increase in BMI over 2
(2012)®9 and year follow- (categorised alcohol consumption, years for those who moved from
midwives) up according to PA, mental health status, day work to SW (+0-13 BMI

changes and
non-changes
over 2 years)

menopausal status

units; P=0-04) or maintained
SW (+0-56 BMI units; P=0-01).
Those who moved from SW to
day work had a significant
reduction in BMI (-3:02 BMI
units; P<0-001). Significance
remained after adjusting for
confounding factors
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Table 6 Continued
Study Controls Cases Type of SW Exposure Outcomes Confounders controlled for Comment
Case—control
studies
van Amelsvoort 152 (daytime 225 (nurses, waste incinerator ~ Mixed Duration of SW Weight, height, Age, smoking, PA, Suggestive evidence of
etal workers) plant workers) calculated via WC, hip education level, last SW relationship between years in
(1999)®) assessment of circumference exposure >1 year ago SW with BMI and WHR. Linear
current and past regression coefficients were
job titles, SW 0-12 kg/m? per year in SW for
schedules, and BMI (P<0-05), and 0-0016 per
start and end year in SW for WHR (P < 0-05)
dates of each
Parkes 787 (offshore 787 (offshore personnel, day— Rotating, night SW exposure Anthropometry Age, education level, NS difference in BMI between
(2002)®" personnel, night shift workers) recorded in smoking, job type cases and controls when
day shift years. Day—night adjusted for age. For cases BMI
workers) workers and predicted by years of SW
permanent night exposure (r 0-19; P<0-025)
workers 2!
classified as =z
cases ;
Di Lorenzo et al. 134 (chemical 185 (chemical industry workers, Rotating Working age BMI, WC, WHR BP, TAG, HDL-cholesterol, Obesity significantly higher among Z
(2003)®" industry three shift rotating) (minimum 5 insulin, fasting blood rotating SW v. day workers Y
workers, day years), shift type glucose (P<0-05), body fat distribution Q
shift 07.00— NS different between groups. Q
16.00 hours) Association independent of age =
and work duration
Study Sex Sample size Population Type of SW Exposure Outcomes Confounders controlled for Comment
Cross-sectional
studies
Nakamura et al. Male 299 Japan (industrial blue collar Rotating two-shift, Work schedule Weight, height, Age, PA, alcohol, smoking, Suggestive evidence. WHR were
(1997)® workers) rotating three- WHR, skinfold snacking habits 0-905 (sp 0-060) for three-shift
shift thickness, lipid workers and 0-877 (sp 0-054) for
profile, BP day workers (P < 0-05)
Ha & Park 37 % male and 360 Korea (female nurses, male blue Rotating Lifetime BMI, WHR, BP, Job stress, alcohol BMI not significantly associated
(2005)®®) 63 % female collar workers) occupational blood glucose, consumption, smoking, with SW. WHR significantly
history focusing cholesterol PA associated with SW duration in
on SW females >30 years. No
experience and comparison with controls
duration

SW, shift work; SR, systematic review; MA, meta-analysis; WHR, waist:hip ratio; PA, physical activity; BP, blood pressure; HbA1c, glycosylated Hb; WC, waist circumference.
* For systematic reviews/meta-analyses all confounders controlled for are included. All may not be included in each individual original study.
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Table 7. Summary of studies on metabolic syndrome (MetS) risk in shift workers (SWs)

Study Study type Sex Articles included Type of SW Exposure Outcomes Confounders controlled for* Comment
Meta-analyses
and systematic
reviews
Wang et al. MA Male and 13 Night Variety of Criteria to diagnose Age, sex, education, SES, MetS risk for ever exposed to
(2014)® female definitions of MetS: NCEP work organisation, night shift was 1-57 (95 % CI
night work ATP-111®) (eight duration of employment,  1.24, 1.98; P=0-001)
exposure. All studies), IDF 7 BMI, WC, PA, job strain
included studies (three studies), index, stress, sleep
had time ranges Japan Society difficulties, smoking,
of night work for Study of alcohol consumption,
covering the Obesity criteria carbohydrate intake,
period from (one study), total energy intake,
00.00 to insulin-resistant vegetable intake,
06.00 hours, components snacking habits,
with exception of (one study) diastolic BP, HDL-
one study cholesterol, family
history of MetS
Canuto et al. SR Male and 10 Night, rotating Some studies did  MetS (as Sex, age, education, Insufficient evidence for
(2013)©® female not explain how diagnosed by marital status, SES, association between SW and
exposure data NCEP®® or smoking, PA, alcohol MetS when confounders taken
collected IDF®? criteria), consumption, sleep, into account
two studies used eating habits, diet
no definition
Number of
follow-up
Study Sex Sample Study duration events Type of SW Exposure Outcomes Confounders controlled for Comment
Cohort studies
De Bacquer Male 1529 (of which Median of 6-6 Baseline, plus  Rotating (two shift Work schedule, MetS diagnosis Age, smoking, high PA, Increased incidence in SWs
et al. (2009)") 309 SWs) years follow- follow-up and three shift) work conditions based on education level, job compared with day workers,
Belgium up after a medical strain, lifestyle with OR of 1.77 (95 % CI 1-34,
median of examination, 2.32). Dose—response
6-6 years according to relationship evident
IDF®? criteria
Study Controls Cases Type of SW Exposure Outcomes Confounders controlled for Comment
Case—control
studies
Mohebbi et al. 3039 (non-SW drivers) 3039 (long-distance SW drivers)  Rotating, night Cases had Anthropometry, BP, Unspecified With exception of BP, all
(2012)©®¥ minimum 2 fasting blood components of MetS were

years exposure
to rotating/night
SW. Controls
matched for age,
smoking history,
current period of
employment,
average h/week
in a year

glucose, fasting
blood lipid
profile. (IDF®”
criteria)

significantly more prevalent
among SWs v. day workers
(P<0-001). MetS more
common among SWs (OR
1.495; 95 % CI 1-35, 1.66)
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Table 7 Continued

Study Sex Sample size Population Type of SW Exposure Outcomes Confounders controlled for Comment

Cross-sectional

studies
Karlsson et al. 47 % male and 27 485 Mixed population (Sweden) Unspecified Experience of SW  Anthropometry, BP, Age, socio-economic RR for SW v. day work: women
(2001)©© 53 % female or working oral glucose group, PA, smoking, low with one, two and three
weekends, tolerance test, social support, job strain metabolic variables were 1-06,
health lipid profile 1.20 and 1-71. Corresponding
behaviours RR for men were 0-99, 1-30
and 1-63. Prevalence of two or
three metabolic variables
significantly higher among
SWs v. day workers
(P<0-0001)
Nagaya et al. Male 3650 Blue collar workers in transport/  Night Usual work IR markers Age, BMI, alcohol SW may be associated with IR
(2002)(30) manual/security industries schedule, health consumption, smoking, syndrome in workers <50
(Japan) behaviours PA years of age
Sookoian et al. Male 1351 Factory workers (all of European Rotating Current work Anthropometry, BP, Age, socio-economic Modestly increased risk of MetS o)
(2007)®" ancestry) schedule and fasting blood status, smoking, PA, in rotating SW (OR 1-51; 95 % =z
work history, glucose, fasting alcohol, leucocyte count Cl 1.01, 2:25) :
health blood I|P|d profile Z,
behaviours (NCEP® 8
Esquirol et al. Male 198 Chemical plant employees Rotating Work schedule, job Anthropometry, BP, Age, PA, job strain, Modestly increased risk of MetS ]
(2009)19) (France) strain, health fasting blood smoking, alcohol in SW group (OR 2:4; 95 % Cl o
and dietary glucose, fasting consumption, dietary 1-13, 4.98) =~
behaviours blood "PId profile habits
(NCEP™® and
IDF@”
Puttonen etal. 56 % male and 1811 Airline workers (Finland) Rotating, night. Current work Anthropometry, BP, Age, education, PA, alcohol MetS diagnosed by standard

(2012)©®2

Ye et al.
(2013)©®

44 % female

Female

254 (including
183 SWs)

Fabric industry workers (South
Korea)

Also included
former SWs

Rotating (two shift
and three shift)

schedule and
work history,
lifestyle
behaviours

Work pattern,
lifestyle habits

fasting blood
glucose, fasting
blood "PId profile
(NCEP™® and
IDFB”)

MetS as diagnosed
by medical
records
(NCEP'®®
adjusted for
Korean
population)

consumption, smoking,
insomnia

criteria is more prevalent
among male former SWs
compared with male current
day workers (OR 2:13, 95 % CI
1.35, 3-37). No significant
difference for women
Age, alcohol consumption, Prevalence of MetS was 15-3 v.
PA 2.8 % for SWs v. day workers.
Increased risk of MetS in the
SW group (OR 6-30; 95 % CI
1.24, 32.15)

SW, shift work; MA, meta-analysis; NCEP ATP-IlI, National Cholesterol Education Program Adult Treatment Panel llI; IDF, International Diabetes Foundation; SES, socio-economic status; WC, waist circumference; PA, physical activity; BP,
blood pressure; SR, systematic review; RR, relative risk; IR, insulin resistance.
* For systematic reviews/meta-analyses all confounders controlled for are included. All may not be included in each individual original study.
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The earliest of these studies noted that obesity, elevated
blood TAG and low concentrations of HDL-cholesterol
appeared to cluster together more often in shift workers than
in day workers, indicating a potential association between shift
work and components of the MetS$®”. Since then, further
studies have assessed the risk of the MetS among shift workers,
with cross-sectional data indicating a modestly increased risk of
the MetS among this group™****™*_ In addition to this, case—
control data have shown that all components of the MetS, with
the exception of hypertension, are significantly more prevalent
among shift workers®®. As with obesity, a dose—response
relationship has been observed, with increasing risk of the MetS
with increased exposure to shift work”*>. Furthermore, the
impact of previous shift work on health may persist even after
disengaging from shift work, with data suggesting that the MetS
may be more prevalent among former shift workers compared
with current day workers®?.

However, difficulties have been identified when attempting
to determine the association between the MetS and shift work
among higher-quality studies. The results of one meta-analysis
suggest a positive association between the MetS and having
ever been exposed to night shift work, with higher risk indi-
cated with longer exposure to night shift work®>. However, in
contrast, a recent systematic review, while finding that the
majority of studies reported a positive association between the
MetS and shift work, concluded that the evidence was insuffi-
cient to support an association once confounders were
accounted for®?. As well as a lack of control for confounders,
issues with variability in defining both shift work and the MetS
across studies were apparent. Among the included studies,
different criteria have been used to define the MetS, with some
studies using the International Diabetes Federation (IDF)
criteria®” and others using the updated National Cholesterol
Education Program Adult Treatment Panel III (NCEP ATP-III)
criteria®. While the IDF includes the same general criteria as
the NCEP ATP-III, the presence of central obesity is required to
fulfil the definition of the MetS, with ethnic-specific values for
waist circumference thresholds. Use of different criteria can
make it difficult to compare studies, and it has been previously
shown that use of NCEP ATP-III and IDF criteria for determining
the MetS among shift workers can yield different results, with
the IDF criteria finding a greater prevalence of the MetS com-
pared with the NCEP ATP-TII criteria®”.

Type 2 diabetes mellitus

The results of studies addressing shift work and risk of T2DM
are presented in Table 8. Findings on disturbed postprandial
glucose and lipid profiles among shift workers24726:100) suggest
that shift work may induce insulin resistance, increasing the risk
of T2DM. The regulation of glucose homeostasis is under cir-
cadian control, thus highlighting a potential link between
chronic circadian misalignment and incidence of T2DM. Clinical
studies have demonstrated that acute circadian misalignment
(as little as 1-3 weeks) either alone or in conjunction with sleep
restriction can cause the dysregulation of glucose homeostasis
and postprandial impaired glucose tolerance*" 1%V Therefore,

it could be assumed that continued or long-term disruption to
circadian rhythms may increase the risk of T2DM.

Based on evidence from cohort studies, shift work appears to
be a suggestive risk factor for T2DM, with slightly increased risk
with  shift work exposure after adjusting for con-
(1057109 " particularly for rotating shift work™®>1%7 In
some cases, the association was mediated by body weight, with
association between T2DM and shift work lost once adjusted for
body weight?. Duration of exposure to shift work appears to
be particularly important with regard to increasing risk?71.
Looking at higher-quality evidence, a systematic review of
cohort studies reported moderate evidence for a positive
association between shift work and T2DM; however, the low
methodological quality of original studies was highlighted as a
limitation'”. Meanwhile, a meta-analysis of observational
studies in the area found a modest increase in risk of T2DM for
those ever exposed to shift work, and subgroup analyses found
higher risk among men and those engaged in rotating shift
work™'? . As before, methodological issues were highlighted,
with heterogeneity across many of the original studies due to
poor definitions of shift work and wvariability in shift work
exposure. In addition there were inconsistent methods for
defining diagnosis of T2DM as the outcome with varying
diagnostic criteria used, or with some studies relying on
self-reported T2DM diagnosis.

founders

CcvD

Occupational factors such as sleep duration and shift work have
been suspected to be related to risk of CVD. The results from
studies in the area are presented in Table 9. The hypothesis for
a potential causal link proposes that metabolic changes,
psychosocial stress and adverse health behaviours among shift
workers may lead to increased CVD risk™'®. Although studies
published over the past two decades suggest an impact of shift
work on CVD risk factors, the data are not conclusive.

Observational evidence shows mixed results for an associa-
tion between shift work and CVD. Modestly increased risk or
suggestive evidence has been observed by some™%11»  with
onset at younger ages among shift workers™'®, or cumulative
risk with extended periods of exposure™™. In contrast, other
studies indicate no evidence of an association between shift
work and CVDM® or increased risk compared with day
17 “and the higher-quality studies have been unable to
conclusively confirm an association. Two systematic reviews
have indicated that data in the area suggest a modestly
increased risk of CVD™%? or limited evidence for an associa-
tion™®. Both studies highlighted methodological issues in most
of the included studies, such as selection bias, exposure and
outcome classifications, controlling for confounders and inap-
propriate comparison groups. Overall, there appears to be
suggestive but not conclusive evidence for a relationship
between shift work and adverse CVD outcomes.

workers

Gastrointestinal disorders

As early as the 1950s peptic ulcer disease was acknowledged as
‘the occupational disease of shift workers® . There is
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Table 8. Summary of studies on type 2 diabetes mellitus (T2DM) risk in shift workers (SWs)

Study Study type  Sex Articles included (n) Type of SW Exposure Outcomes Confounders controlled for* Comment
Meta-analyses
and systematic
reviews
Gan et al. MA Male and 12 Mixed Any SW Diabetes mellitus Age, sex, race, education, SW is associated with an increased
(2015)112) female BMI, WC, smoking, risk of T2DM. The increase was
alcohol, PA, diet, BP, significantly higher among men
total serum cholesterol, and the rotating shift group
y-GTP, uric acid, family
history, menopausal
status, hormone use,
psychological distress,
job strain, employment
duration, social support
Knutsson & SR Male and 5 Rotating, night Any SW T2DM Age, BMI, smoking, PA, Moderate evidence of an association
Kempe female family history of T2DM between SW and T2DM
(2014)™
Study Number of follow-
Study Sex Sample duration up events Type of SW Exposure Outcomes Confounders controlled for Comment
Cohort studies
Morikawa et al. Male 2860 factory 8 years  Baseline and Rotating Work schedule, Incidence of T2DM Age, BMI, family history, Significantly increased risk of T2DM
(2005)(109) workers annual follow- health (by HbA1c/ smoking, alcohol found for two-SWs (RR 2.01, 95 %
(Japan) up behaviours, medical consumption, PA Cl 1-00, 4-34) but not for three-
family history of diagnosis) SWs compared with white collar
T2DM workers. Suggestive risk factor
Suwazono etal. Male 5629 steel 10 years  Baseline and Rotating Work schedule as  HbA1c, BMI, Age, BMI, BP, alcohol, Slightly increased risk of T2DM in SW
(2006)(109) company annual follow- verified by lifestyle factors, smoking, PA, total serum group compared with day group
workers up at health annual payment BP, serum cholesterol, creatinine, (OR 1-35; 95 % CI 1-05, 1.75)
(Japan) examination records cholesterol uric acid, y-GTP
Kroenke et al. Female 62 574 nurses 6 years Baseline and 2-  Rotating Work schedule Incidence of self-  Age, BMI, family history, job Positive association between rotating
(2007)110) (USA) yearly follow- history with a reported T2DM strain, PA, smoking, SW and T2DM lost when adjusted
up focus on rotating of which 98 % alcohol, fat intake, for body weight
SW, job strain verified by caffeine intake
medical records menopausal status,
vitamin supplementation,
aspirin use
Pan et al. Female 177 184 18-20 Baseline and 2-  Rotating Years of exposure to Incidence of self-  Age, family history, BMI, After adjustment for multiple
(2011)“07) nurses, two years yearly follow- rotating SW reported T2DM alcohol, PA, smoking, covariates, slight increase in risk
cohorts up (defined as at of which 98 % menopausal status, of T2DM for every 5 years
(USA) least 3 nights/ verified by hormone use, oral exposure to rotating SW (HR 1.-05;
month plus days/ medical records contraceptive use, aspirin 95 % CI 1-04, 1-06). Suggestive
evenings in that use, total energy intake evidence
month), T2DM
risk factors
Poulsen etal. 3% male 7305 health 7 years  Baseline to end  Evening/night Self-reported work  Incidence of T2DM Age, sex, ethnicity, physical ~ Slight increase in risk of T2DM for
(2014)(108) and 97 %  workers point hours gathered from and psychosocial work- evening/night SW v. day work (OR
female (Denmark) Danish National related factors, BMI, PA, 1-27; 95 % CI 0-95, 1-70), risk
Diabetes smoking, self-reported mediated by obesity
Register health and well-being
score
Vimalananda Female 28 041 African- 8 years  Baseline and 2-  Night Self-reported Self-reported Age, family history, After adjusting for covariates, ever
et al. American yearly follow- history of night diagnosis of education, SES, BMI, exposed to night SW carried slight
(2015)(109) women up SW, lifestyle T2DM of which PA, smoking, alcohol, increase in risk of T2DM (HR 1-12;
(USA) behaviours, 96 % verified by energy intake, coffee 95 % Cl 1-01, 1-23; P=0-022). Risk

family history of
T2DM

a physician

and soda consumption

increases with increased exposure,
for example, >10 years night SW
(HR 1-23; 95 % Cl 1-03, 1-47)

SW, shift work; MA, meta-analysis; WC, waist circumference; PA, physical activity; BP, blood pressure; y-GTP, y-glutamyl transpeptidase; SR, systematic review; HbA1c, glycosylated Hb; RR, relative risk; HR, hazard ratio;
SES, socio-economic status.
* For systematic reviews/meta-analyses all confounders controlled for are included. All may not be included in each individual original study.
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Table 9. Summary of studies on CVD risk in shift workers (SWs)

Study Sex Articles included (n) Type of SW Investigated QOutcomes Confounders controlled for* Comment
Systematic reviews
Boggild & Male and female 17 Mixed CVD Work pattern, Age, race, education, Methodological problems present in
Knutsson morbidity and region, family status, most included studies. 40 %
(1999)(1°0) mortality from smoking, alcohol, PA, increased risk associated with
CVD, CVD sleep, weight, height, SW
biomarkers BP, diabetes mellitus,
hypercholesterolaemia,
work conditions, job
strain
Frost et al. Male and female 14 Mixed IHD Fatal/non-fatal Age, race, sex, social Limited evidence. RR ranged from
(2009)(13 coronary disease class, smoking, alcohol 0-6 to 1-4 in twelve papers, two
intake PA, BMI, family papers reported RR about 2-0
history of early-onset
coronary disease, BP,
blood cholesterol,
diabetes mellitus
Study
Study Sex Sample duration Follow-up events Type of SW Exposure Outcomes Confounders controlled for Comment
Cohort studies
Brown et al. Female 80 108 16 years Every 2 years Rotating Rotating SW history Fatal/non-fatal Age, HTN, CHD, diabetes, Every 5-year increment of rotating
(2009)1'"9) (total number of ischaemic stroke cholesterol, aspirin use, SW increased risk by 4 % (HR
years exposure) BMI, smoking, alcohol, 1.04; 95 % CI 1.-01, 1-07;
PA, fruit and vegetable P=0-01). Modestly increased
intake, menopausal risk after extended periods of
status, hormone therapy rotating SW
use
Hublin et al. 49 % male 20 142 (Finnish 22 years Questionnaire x  Any shift Working time CHD mortality, Age, marital status, social No significant association between
(2010)11®) and 51 %  Twin Cohort) 2 (1975, (categorised as day/  disability class, education, SW and CVD mortality. Criteria to
female 1981), follow- night/shift) assessed retirement due to smoking, alcohol, HTN, define SW not very specific and
up for in 1975 and 1981, CVD, incident BMI, PA, sleep did not assess historical
mortality to lifestyle covariates HTN exposure to SW
endpoint of relevant to CHD
2003
Study Controls Cases Type of SW Exposure Outcomes Confounders controlled for Comment
Case—control studies
Hermansson 469 day workers (5:1 controls: 138 SWs Any type Experience of SW, Ischaemic stroke as Job strain, smoking, Crude OR for SWs’ risk of
et al. cases, age and sex weekend work or measured by education level, serum ischaemic stroke 1-0 (95 % CI
(2007)117) matched) variable working hospital/doctor TAG, total cholesterol, 0-6, 1-8) compared with day
hours reports, hospital blood pressure workers. Criteria to define SW
discharge register, not very specific and did not
death certificates assess historical exposure to SW
Study Sex Sample size Population Type of SW Exposure Outcomes Confounders controlled for Comment
Cross-sectional
studies
Haupt et al. (50 % male 2510 Representative German Night SW exposure Carotid intima-media Age, socio-economic Multivariable Cox regression
(2008)114 and 50 % population including 698 measured as thickness, self- status, sex, smoking, analysis identified SW as risk
female former SWs dichotomous reported LDL-/HDL-cholesterol, factor for MI to manifest at
variable, length of physician’s HTN, diabetes mellitus younger ages (adjusted HR 1-53,

exposure recorded, diagnosis of Ml
risk factors for CVD

95 % CI 1.06, 2-22)

SW, shift work; PA, physical activity; BP, blood pressure; RR, relative risk; HTN, hypertension; HR, hazard ratio; MI, myocardial infarction.
* For systematic reviews/meta-analyses all confounders controlled for are included. All may not be included in each individual original study.
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evidence that circadian disruption affects the brain—-gut axis,
contributing to the pathogenesis of diseases and disorders of
the gastrointestinal tract™™'”. Important core functions of the
gastrointestinal tract such as motility, maintenance and
replacement of the protective barrier, and production of
digestive enzymes may be disrupted, and such disruptions have
been associated with gastrointestinal symptoms such as
abdominal pain, constipation and diarrhoea™?”. Higher-quality
data are lacking in this area. The only existing systematic review
observed an increased risk of gastrointestinal symptoms, peptic
ulcer disease and functional gastrointestinal disease among
those engaged in shift work®; however, issues were noted with
the original studies, with many being of poor quality or
inadequately adjusting for confounders such as age, social class
and exposure to known gastrointestinal irritants such as
non-steroidal anti-inflammatory drugs. In addition only a small
number of studies have addressed gastro-oesophageal reflux
disease, inflammatory bowel disease and gastrointestinal
cancers, all with inconclusive results.

Mental health and cognitive function

While the effect of shift work on physical health has been
explored extensively, much less is published on its relationship
with mental health. Shift workers may be more susceptible to
depressive symptoms for a number of reasons, including
disruption to the sleep—-wake cycle, poor work-life balance,
social desynchronisation, a demanding work environment with
low control, and low levels of support at work. Social support
from family and friends is also integral to preventing or redu-
cing the impact of depressive disorders, and the social impli-
cations of shift work may weaken this crucial support network.
In addition, the effect of light at night on mood has been a
suggested hypothesis linking circadian disruption to major
depression and other mood disorders"?".

Results of studies on depressive disorders and shift work are
presented in Table 10. An association has been reported;
however, the evidence is not particularly convincing?*'%>,
Male shift workers over 45 years of age were identified as
having the highest risk of developing depressed mood??,
while shift work was a predictor of suicidal ideation among
12D Duration of exposure to shift work is
reported to increase risk for depressive disorders!?*!%;
however, elsewhere mental disorders reportedly decreased
with increasing shift work experience(lzm. Exploration of
mental health among shift workers is very much in the pre-
liminary stages, and many of the available studies lack the use
of a robust screening tool or fail to control for possible
confounders.

The effect of shift work on cognitive performance has also
been explored, with a theory of bidirectional interactions
between circadian processes and cognitive performance sug-
gested’?” . Investigations into the long-term consequences of
chronic sleep deprivation showed male shift workers had lower
cognitive performance than workers never exposed to shift
work, with memory performance decreasing with increasing
shift work duration?®. A possible reversal of these effects was
observed more than 4 years after cessation of shift work.

female workers

However, more recent data from this ongoing longitudinal
cohort study showed that shift work chronically impairs
cognition, with a strong association for exposure duration
exceeding 10 years. Again, it was shown that recovery of
cognitive performance can occur 5 years after cessation of shift
work?” The evidence is not conclusive, however, as another
longitudinal study demonstrated no association between midlife
shift work and long-term cognitive effects in older adults™®,
Reasons for the discrepancies in study results may relate to
difficulties in assessing the true impact of shift work on brain
function and cognition, due to problems distinguishing this
impact from the influence of other related factors such as ageing
and altered lifestyle behaviours. Unfortunately, clinical studies
in this area are sparse.

Summary of the impact of shift work on health

Overall, it appears that shift work may have a negative impact
on health, and the studies included in the present review more
often than not showed a tendency towards increased health
risk. Common also among many studies was the linear
association between the duration of exposure to shift work and
increased health risk. However, methodological issues were
present in many of the studies, including the use of different
measures of risk which increases the difficulty in interpreting
and comparing results. To assess the true risk of these condi-
tions for those engaging in shift work, it is necessary to
standardise the definition of shift work, shift schedules and
study outcome measures in order to provide high-quality
evidence for associations between shift work and health risk.

Improving the lifestyle habits and health of shift workers

While other reviews have addressed lifestyle habits and health
risks among shift workers"'>'?113% the present review goes
beyond the range of those previously published, by exploring
the barriers to improving lifestyle behaviours and the oppor-
tunities to promote health and reduce health risk among
this group.

Barriers to a healthy lifestyle

The identification of existing barriers to change is necessary if
the lifestyle habits of shift workers are to be improved. Data on
this topic are sparse, with occupational sectors outside health-
care poorly represented. A number of studies have addressed
barriers to healthy eating among occupations that typically
involve shift work, such as medical and nursing staff 1337139,
The most commonly cited perceived barriers across studies
were a lack of breaks, shift patterns, poor food selection,
inadequate canteen opening times, lack of time and tiredness
due to long working hours. Many shift workers are not provided
with suitable meal options, sufficient time or appropriately
spaced breaks in which to eat their meals in a relaxed
environment. It has previously been shown that meal timing
and content are constrained by task demands in the work
place™?” and there is also evidence to show that eating on the
night shift is driven more by scheduling constraints than by
actual hunger"”. Few workers felt that their employer was
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Table 10. Summary of studies on mental health risk in shift workers (SWs)

Number of
Study follow-up Confounders controlled
Study Sex Sample duration events Type of SW Exposure Outcomes for Comment
Cohort studies
Driesen et al. 84% male 8890 10years 1,2and 10 Night Work schedule Symptoms of Age, education, living Male SW >45 years higher risk
(2011)1123) and 16 % (Netherlands) years follow- depressed alone, psychosocial of developing depressed mood
female up mood/disorder work-related factors (HR 1-37; 95 % CI 1-01, 1-86).
Weak evidence
Confounders controlled
Study Sex Sample size  Population Type of SW Exposure Outcomes for Comment
Cross-sectional
studies
Scott et al. 68 % male 98 Current and former SWs Mixed Work history Psychiatric N/A Increasing exposure to SW (up to
(1997)(122) and 32 % (USA) assessment 20 years) associated with
female instruments to increased lifetime risk of major
detect lifetime depressive disorder.
incidence and Suggestive evidence
current
depressive
. . . symptoms .
Bazazan et al. Male 290 Petrochemical plant workers Rotating SW experience Mental disorder N/A Weak effect of occupational
(2014)(120) (Iran) (minimum 1 year) status, characteristics on mental
psychological disorders. Mental disorders
disorders, mental decreased with increasing SW
fatigue experience (P=0-048). All
data collected were self-
reported
Khajehnasiri  Male 189 Oil refinery workers (Iran)  Rotating Work history, SW Depression Age, BMI, marital status, Linear relationship between
et al. experience education level, depression score and SW
(2014)129) oxidative stress history (P=0-011). Other
markers work-related stressors not
considered
Yoon et al. 65% male 67 471 Nationally representative Night/any shift Working hours, Suicidal ideation Age, occupation, marital SW a significant predictor of
(2015)(124 and 35 % sample (Korea) working conditions status, education level,  suicidal ideation only among
female (day work v. night/ income, smoking, females (OR 1-45; 95 % Cl
shift work) alcohol, PA, co- 1-23, 1-70). Suicidal ideation
morbidities, self-rated increased significantly with
health increasing working hours.
Limited evidence as just one
question asked on suicidal
ideation — lacking robust
validated screening tool for
mental health
Berthelsen 93 % male 1256 Petroleum industry workers Day/night/rotating Shift schedule, Anxiety and Sex, age, education level, NS difference in mental stress
etal. and 7 % (Norway) duration of SW depression, neuroticism between different shift
(2015)(149) female exposure, work- psychological schedule groups. Significantly

related factors

and social work
factors, and
neuroticism

higher levels of neuroticism
among rotating SW compared
with day SW (Fy 291 = 7-821;
P=0-06). All data collected
were self-reported

SW, shift work; HR, hazard ratio; N/A, not available; PA, physical activity.
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supportive of healthy eating"**'*> which again identifies the
workplace as a key area for change in order to facilitate heal-
thier lifestyle behaviours. The studies in this area highlight the
need for workplace interventions that encourage well-designed
work schedules and regular meal breaks, improved availability
of healthy dining options and access to canteens at evenings
and weekends. In addition, for some shift workers lack of
nutritional knowledge may be a further barrier to healthy
eating"?*13” presenting an opportunity for the provision of
nutrition education tailored to shift work.

Meals outside the workplace should also be considered. Shift
workers often experience a mismatch between their own rou-
tine and that of family and friends"®”. This may result in a
variety of scenarios — dining with family in the evening and
eating again later in work resulting in over eating, or choosing
not to dine with family resulting in meals that are self-prepared
and eaten alone, which can result in poorer-quality meals™?®.
Disruption between work and home life routines may be
particularly significant for women with children, who have a
high off-job workload due to domestic duties, and often find
themselves preparing family meals at times that are at odds with
their own sleep pattern and appetite™® .

Opportunities for a healthier lifestyle

Workplace initiatives and careful management of shift work by
employers can help minimise the deleterious effects of shift
work on health and promote workers’ wellbeing. Employers
stand to gain from investing in the health of their employees,
with costs minimised by reduced sickness and absence,
reduced staff turnover, lower numbers of errors and accidents
and their associated costs, and increased productivity™®”. As
most adults spend approximately 60 % of their waking hours at
work, worksites provide many opportunities to promote dietary
and physical activity programmes and also have the opportu-
nity to reach large populations®”. Systematic reviews of
studies involving workplace initiatives for promoting health
among employees generally report short-term consistent mod-
est reduction in weight, as a result of such interventions**'4",
However, they also identify a lack of data on long-term health
and economic outcomes and the dearth of good-quality
research in this area, with many of the published studies
limited by weak methodologies and difficulties with subject
recruitment and retention.

Specifically in shift workers, Morgan et al 13 conducted a
prospective randomised controlled trial for a workplace-based
weight loss programme targeting overweight and obese male
shift workers. The intervention group had significant reductions
in weight, waist circumference, BMI, systolic blood pressure
and resting heart rate, and a significant increase in physical
activity. This programme was successful despite a low level of
face-to-face contact. Online support meant that participants
could access support and information at their convenience, a
feature which may be particularly appealing to shift workers.
Further opportunities to improve health, such as health
screening, may also be beneficial to the shift work population.
viitasalo et al.'*® showed that screening for T2DM and CVD
among airline employees effectively identified employees with

an increased risk who would benefit from lifestyle intervention.
However, the benefits of regular health screening of shift
workers for markers of chronic diseases requires further
exploration before recommendations can be made.

Conclusion

A recurrent theme in the literature is the lack of a standardised
definition for shift work and the variability in shift patterns. This,
along with inter-study variability in methods to define shift work
exposures and outcomes, and poor control for confounding
factors, impairs the ability to clearly demonstrate associations
between shift work and lifestyle or health risks. Nonetheless, a
trend towards shift work being associated with negative out-
comes for lifestyle behaviours and health risks is apparent. It is
evident that there is a lack of information on the barriers to
health and the opportunities for effective health improvement
and promotion among this group. This warrants investigation,
in order to help those engaging in shift work to overcome
associated occupational hazards and lead a healthier lifestyle.
The current prevalence of non-communicable diseases and
mental health disorders in society, coupled with a workforce
where shift work is increasingly prevalent, means that addres-
sing the associated health risks is important in terms of both
public and occupational health, and economic and personal
cost. Identifying the barriers and opportunities for improving
health will help to direct health promotion to this group,
enabling the implementation of effective interventions such as
nutrition and lifestyle education and workplace health-
promotion programmes, which will serve towards making the
healthier choice more accessible to all employees.

Acknowledgements

The present study was supported by safefood, the Food Safety
Promotion Board, under grant no. 10-2013.

F. N. conducted the majority of the literature review, drafted
the original manuscript and compiled the tables. J. K., B. L,
K. P. and C. C. critically reviewed and revised the manuscript,
and F. N. prepared the manuscript for submission in its final
form. All authors read and approved the final version of the
manuscript before submission.

There are no conflicts of interest.

References

1. European Parliament and Council of The European Union
(1993) Council Directive 93/104/EC of 23 November 1993
concerning certain aspects of the organization of working
time. Official Journal of the European Communities No. L
307/18. Luxembourg: European Union.

2. European Parliament and Council of The European Union
(2000) Directive 2000/34/ EC of the European Parliament
and of the Council of 22 June 2000 amending Council
Directive 93/104/ EC concerning certain aspects of the
organization of working time to cover sectors and activities
excluded from that Directive. Official Journal of the
European Communities No. L 195/41. Luxembourg:
European Union.



Nutrition Research Reviews

o

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Diet and lifestyle of shift workers 163

Esquirol Y, Perret B, Ruidavets JB, et al. (2011) Shift work
and cardiovascular risk factors: new knowledge from the
past decade. Arch Cardiovasc Dis 104, 636-608.
Eurofound (2012) Fifib European Working Conditions Survey.
Luxembourg: Publications Office of the European Union.
International Agency for Research on Cancer (2010) Paint-
ing, firefighting, and shiftwork. IJARC Monogr Eval Carcinog
Risks Hum 98, 9-764.

Tuchsen F, Hannerz H & Burr H (2006) A 12 year
prospective study of circulatory disease among Danish shift
workers. Occup Environ Med 63, 451-455.

De Bacquer D, Van Risseghem M, Clays E, et al. (2009)
Rotating shift work and the metabolic syndrome: a
prospective study. Int J Epidemiol 38, 848-854.

Knutsson A & Boggild H (2010) Gastrointestinal disorders
among shift workers. Scand ] Work Environ Health 36,
85-95.

Rajaratnam SM, Howard ME & Grunstein RR (2013) Sleep
loss and circadian disruption in shift work: health burden
and management. Med J Aust 199, S11-S15.

Reinberg A, Migraine C, Apfelbaum M, et al. (1979) Circa-
dian and ultradian rhythms in the feeding behaviour and
nutrient intakes of oil refinery operators with shift-work
every 3—4 days. Diabete Metab 5, 33-41.

Attia M, Mustafa MK, Khogali M, et al. (1985) Optimization of
night and shiftwork plans among policemen in Kuwait: a
field experiment. Int Arch Occup Environ Health 56, 81-90.
Cervinka R, Kundi M, Koller M, et al. (1984) Shift related
nutritional problems. In Psychological Approaches to Night
and Shift Work [A Wedderburn and P Smith, editors].
Edinburgh: Heriot-Watt University.

Romon-Rousseaux M, Lancry A, Poulet I, et al. (1987) Effect
of protein and carbohydrate snacks on alertness during the
night. In Contemporary Advances in Shiftwork Research,
pp. 133-141 [A Oginski, J Pokorski and J Rutenfranz,
editors]. Krakow: Medical Academy.

Nikolova N, Handjiev S & Angelova K (1990) Nutrition of night
and shift workers in transports. In Shiftwork: Health, Sleep and
Performance, pp. 583-587 [G Costa, K Cesana, K Kogi and A
Wedderburn, editors]. Frankfurt am Main: Peter Lang.
Lennernas M, Hambraeus L & Akerstedt T (1995) Shift
related dietary intake in day and shift workers. Appetite 25,
253-265.

de Assis MA, Kupek E, Nahas MV, et al. (2003) Food intake
and circadian rhythms in shift workers with a high workload.
Appetite 40, 175-183.

Waterhouse J, Buckley P, Edwards B, et al. (2003)
Measurement of, and some reasons for, differences in eating
habits between night and day workers. Chronobiol Int 20,
1075-1092.

Pasqua IC & Moreno CR (2004) The nutritional status and
eating habits of shift workers: a chronobiological approach.
Chronobiol Int 21, 949-960.

Esquirol Y, Bongard V, Mabile L, et al. (2009) Shift work and
metabolic syndrome: respective impacts of job strain,
physical activity, and dietary rhythms. Chronobiol Int 26,
544-559.

Knutson A, Andersson H & Berglund U (1990) Serum
lipoproteins in day and shift workers: a prospective study.
BrJ Ind Med 47, 132-134.

Linseisen J & Wolfram G (1994) Nutrient intake in permanent
night shift workers [article in German]. Z Ernabrungswiss 33,
299-309.

Wirth MD, Burch J, Shivappa N, et al. (2014) Dietary
inflammatory index scores differ by shift work status:
NHANES 2005 to 2010. J Occup Environ Med 56, 145-148.

23.

24.

25.

20.

27.

28.

29.

30.

31.

32.

33.

34.

35.

306.

37.

38.
39.

40.

41.

42.

43.

Morgan L, Hampton S, Gibbs M, et al. (2003) Circadian
aspects of postprandial metabolism. Chronobiol Int 20,
795-808.

Ribeiro DC, Hampton SM, Morgan L, et al. (1998) Altered
postprandial hormone and metabolic responses in a simu-
lated shift work environment. / Endocrinol 158, 305-310.
Lund J, Arendt J, Hampton SM, et al. (2001) Postprandial
hormone and metabolic responses amongst shift workers in
Antarctica. J Endocrinol 171, 557-564.

Al-Naimi S, Hampton SM & Richard P (2004) Postprandial
metabolic profiles following meals and snacks eaten during
simulated night and day shift work. Chronobiol Int 21,
937-947.

Simon C, Weibel L & Brandenberger G (2000) Twenty-four-
hour rhythms of plasma glucose and insulin secretion rate in
regular night workers. Am J Physiol Endocrinol Metab 278,
E413-E420.

Siedlecka J (2006) Selected work-related health problems in
drivers of public transport vehicles [article in Polish]. Med Pr
57, 47-52.

Bushnell PT, Colombi A, Caruso CC, et al. (2010) Work
schedules and health behavior outcomes at a large manu-
facturer. Ind Health 48, 395-405.

Nagaya T, Yoshida H, Takahashi H, et al. (2002) Markers of
insulin resistance in day and shift workers aged 30-59 years.
Int Arch Occup Environ Health 75, 562-568.

Marqueze EC, Ulhoa MA & Castro Moreno CR (2014)
Leisure-time physical activity does not fully explain the
higher body mass index in irregular-shift workers. Int Arch
Occup Environ Health 87, 229-239.

Karlsson BH, Knutsson AK, Lindahl BO, et al. (2003)
Metabolic disturbances in male workers with rotating three-
shift work. Results of the WOLF study. Int Arch Occup
Environ Health 76, 424-430.

Diaz-Sampedro E, Lopez-Maza R & Gonzalez-Puente M
(2010) Eating habits and physical activity in hospital shift
workers [article in Spanish]. Enferm Clin 20, 229-235.
Peplonska B, Bukowska A & Sobala W (2014) Rotating night
shift work and physical activity of nurses and midwives in
the cross-sectional study in Lodz, Poland. Chronobiol Int 31,
1152-1159.

Barbadoro P, Santarelli L, Croce N, et al. (2013) Rotating
shift-work as an independent risk factor for overweight Ita-
lian workers: a cross-sectional study. PLOS ONE 8, €63289.
Ma CC, Burchfiel CM, Fekedulegn D, et al (2011
Association of shift work with physical activity among police
officers: the Buffalo cardio-metabolic occupational police
stress study. J Occup Environ Med 53, 1030-1036.
Kaliterna LL, Prizmic LZ & Zganec N (2004) Quality of life,
life satisfaction and happiness in shift- and non-shiftworkers.
Rev Saude Publica 38, Suppl., 3-10.

Atkinson G, Fullick S, Grindey C, et al. (2008) Exercise,
energy balance and the shift worker. Sports Med 38, 671-685.
Warburton DE, Nicol CW & Bredin SS (2006) Health benefits
of physical activity: the evidence. CMAJ 174, 801-809.

van Amelsvoort LG, Schouten EG & Kok FJ (2004) Impact of
one year of shift work on cardiovascular disease risk factors.

J Occup Environ Med 46, 699-706.

Cho YS, Kim HR, Myong JP, et al. (2013) Association
between work conditions and smoking in South Korea. Saf
Health Work 4, 197-200.

Trinkoff AM & Storr CL (1998) Work schedule characteristics
and substance use in nurses. Am J Ind Med 34, 266-271.
Nabe-Nielsen K, Garde AH, Tuchsen F, et al. (2008) Cardi-
ovascular risk factors and primary selection into shift work.
Scand ] Work Environ Health 34, 206-212.



Nutrition Research Reviews

o

164

44.

45.

46.

47.

48.

49.

S3.

54.
55.
56.
57.

58.

59.

60.

61.

62.

63.

64.

65.

60.

F. M. Nea et al.

van Amelsvoort LG, Jansen NW & Kant I (2006) Smoking
among shift workers: more than a confounding factor.
Chronobiol Int 23, 1105-1113.

Janzon E, Engstrom G, Lindstrom M, et al. (2005) Who are
the “quitters” A cross-sectional study of circumstances
associated with women giving up smoking. Scand ] Work
Environ Health 33, 175-182.

Nabe-Nielsen K, Quist HG, Garde AH, et al. (2011) Shiftwork
and changes in health behaviors. J Occup Environ Med 53,
1413-1417.

Health and Safety Authority (2012) Guidance for Employers
and Employees on Night and Shift Work. Dublin: HSA.
Hiro H, Kawakami N, Tanaka K, et al. (2007) Association
between job stressors and heavy drinking: age differences in
male Japanese workers. Ind Health 45, 415-425.

Morikawa Y, Sakurai M, Nakamura K, et al. (2013)
Correlation between shift-work-related sleep problems and
heavy drinking in Japanese male factory workers. Alcobol
Alcobol 48, 202-2006.

Morikawa Y, Nakamura K, Sakurai M, et al. (2014) The effect
of age on the relationships between work-related factors and
heavy drinking. J Occup Health 56, 141-149.

Shields M (1999) Long working hours and health. Health Rep
11, 33-48.

Romon M, Nuttens MC, Fievet C, et al (1992)
Increased triglyceride levels in shift workers. Am J Med 93,
259-2062.

Gumenyuk V, Roth T & Drake CL (2012) Circadian phase,
sleepiness, and light exposure assessment in night workers
with and without shift work disorder. Chronobiol Int 29,
928-936.

Dagan Y (2002) Circadian rhythm sleep disorders. Sleep Med
Rev 6, 45-54.

Akerstedt T (2003) Shift work and disturbed sleep/wake-
fulness. Occup Med (Lond) 53, 89-94.

Akerstedt T (1998) Shift work and disturbed sleep/wake-
fulness. Sleep Med Rev 2, 117-128.

Akerstedt T (1988) Sleepiness as a consequence of
shift work. Sleep 11, 17-34.

Pilcher JJ, Lambert BJ & Huffcutt AT (2000) Differential
effects of permanent and rotating shifts on self-report sleep
length: a meta-analytic review. Sleep 23, 155-163.

Driscoll TR, Grunstein RR & Rogers NL (2007) A systematic
review of the neurobehavioural and physiological effects of
shiftwork systems. Sleep Med Rev 11, 179-194.

Bambra CL, Whitehead MM, Sowden A], et al. (2008) Shifting
schedules: the health effects of reorganizing shift work. Am J
Prev Med 34, 427-434.

Sallinen M & Kecklund G (2010) Shift work, sleep, and
sleepiness — differences between shift schedules and
systems. Scand | Work Environ Health 36, 121-133.

Smith L, Folkard S, Tucker P, et al. (1998) Work shift
duration: a review comparing eight hour and 12 hour shift
systems. Occup Environ Med 55, 217-229.

Costa G (2003) Shift work and occupational medicine: an
overview. Occup Med (Lond) 53, 83-88.

Nachreiner F (1998) Individual and social determinants of
shiftwork tolerance. Scand ] Work Environ Health 24,
Suppl. 3, 35-42.

Moreno CRC, Louzada FM, Teixeira LR, et al. (2006) Short
sleep is associated with obesity among truck drivers.
Chronobiol Int 23, 1295-1303.

Watanabe M, Kikuchi H, Tanaka K, et al. (2010) Association
of short sleep duration with weight gain and obesity at
1-year follow-up: a large-scale prospective study. Sleep 33,
161-167.

67.

68.

9.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

80.

87.

Itani O, Kaneita Y, Murata A, et al. (2011) Association of
onset of obesity with sleep duration and shift work among
Japanese adults. Sleep Med 12, 341-345.

Patel SR & Hu FB (2008) Short sleep duration and weight
gain: a systematic review. Obesity (Silver Spring) 16,
643-653.

Cappuccio FP, Taggart FM, Kandala NB, et al. (2008)
Meta-analysis of short sleep duration and obesity in children
and adults. Sleep 31, 619-626.

Pampel FC, Krueger PM & Denney JT (2010) Socioeconomic
disparities in health behaviors. Annu Rev Sociol 36,
349-370.

Zhang X, Dube TJ & Esser KA (2009) Working around the
clock: circadian rhythms and skeletal muscle. J Appl Physiol
(1985) 107, 1647-1654.

Schibler U & Sassone-Corsi P (2002) A web of circadian
pacemakers. Cell 111, 919-922.

Megdal SP, Kroenke CH, Laden F, et al. (2005) Night work
and breast cancer risk: a systematic review and meta-
analysis. Eur J Cancer 41, 2023-2032.

Kamdar BB, Tergas Al, Mateen FJ, et al. (2013) Night-shift
work and risk of breast cancer: a systematic review and
meta-analysis. Breast Cancer Res Treat 138, 291-301.
Wang F, Yeung KL, Chan WC, et al. (2013) A meta-analysis
on dose-response relationship between night shift work and
the risk of breast cancer. Ann Oncol 24, 2724-2732.
Kolstad HA (2008) Nightshift work and risk of breast cancer
and other cancers — a critical review of the epidemiologic
evidence. Scand | Work Environ Health 34, 5-22.

Tjaz S, Verbeek J, Seidler A, et al. (2013) Night-shift work and
breast cancer — a systematic review and meta-analysis.
Scand ] Work Environ Health 39, 431-447.

Schwartzbaum J, Ahlbom A & Feychting M (2007) Cohort
study of cancer risk among male and female shift workers.
Scand ] Work Environ Health 33, 336-343.

Schernhammer ES, Laden F, Speizer FE, et al. (2003)
Night-shift work and risk of colorectal cancer in the Nurses’
Health Study. J Natl Cancer Inst 95, 825-828.
Sigurdardottir LG, Valdimarsdottir UA, Fall K, et al. (2012)
Circadian disruption, sleep loss, and prostate cancer risk: a
systematic review of epidemiologic studies. Cancer Epide-
miol Biomarkers Prev 21, 1002-1011.

Di Lorenzo L, De Pergola G, Zocchetti C, et al. (2003) Effect
of shift work on body mass index: results of a study
performed in 319 glucose-tolerant men working in a
Southern Italian industry. Int J Obes Relat Metab Disord 27,
1353-1358.

Morikawa Y, Nakagawa H, Miura K, et al. (2007) Effect of
shift work on body mass index and metabolic parameters.
Scand ] Work Environ Health 33, 45-50.

van Amelsvoort LG, Schouten EG & Kok FJ (1999)
Duration of shiftwork related to body mass index and
waist to hip ratio. Int J Obes Relat Metab Disord 23,
973-978.

Zhao I, Bogossian F & Turner C (2012) Does maintaining or
changing shift types affect BMI? A longitudinal study.
J Occup Environ Med 54, 525-531.

Nakamura K, Shimai S, Kikuchi S, et al. (1997) Shift work
and risk factors for coronary heart disease in Japanese blue-
collar workers: serum lipids and anthropometric character-
istics. Occup Med (London) 47, 142-146.

Ha M & Park J (2005) Shiftwork and metabolic risk factors of
cardiovascular disease. J Occup Health 47, 89-95.

Parkes KR (2002) Shift work and age as interactive predictors
of body mass index among offshore workers. Scand J Work
Environ Health 28, 64-71.



o

Nutrition Research Reviews

88.

89.

90.

91.

92.

93.

9%4.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

Diet and lifestyle of shift workers 165

van Drongelen A, Boot CR, Merkus SL, et al. (2011) The
effects of shift work on body weight change — a systematic
review of longitudinal studies. Scand ] Work Environ Health
37, 263-275.

Antunes LC, Levandovski R, Dantas G, et al. (2010) Obesity
and shift work: chronobiological aspects. Nutr Res Rev 23,
155-168.

Karlsson B, Knutsson A & Lindahl B (2001) Is there an
association between shift work and having a metabolic
syndrome? Results from a population based study of
27,485 people. Occup Environ Med 58, 747-752.

Sookoian S, Gemma C, Fernandez Gianotti T, et al. (2007)
Effects of rotating shift work on biomarkers of metabolic
syndrome and inflammation. J Intern Med 261, 285-292.
Puttonen S, Viitasalo K & Harma M (2012) The relationship
between current and former shift work and the metabolic
syndrome. Scand J Work Environ Health 38, 343-348.

Ye HH, Jeong JU, Jeon MJ, et al. (2013) The association
between shift work and the metabolic syndrome in female
workers. Ann Occup Environ Med 25, 33.

Mohebbi I, Shateri K, Seyedmohammadzad M, et al. (2012)
The relationship between working schedule patterns and the
markers of the metabolic syndrome: comparison of shift
workers with day workers. Int ] Occup Med Environ Health
25, 383-391.

Wang F, Zhang L, Zhang Y, et al. (2014) Meta-analysis on
night shift work and risk of metabolic syndrome. Obes Rev
15, 709-720.

Canuto R, Garcez AS & Olinto MT (2013) Metabolic syn-
drome and shift work: a systematic review. Sleep Med Rev
17, 425-431.

Alberti KG, Eckel RH, Grundy SM, et al. (2009) Harmonizing
the metabolic syndrome: a joint interim statement of the
International Diabetes Federation Task Force on Epidemiology
and Prevention; National Heart, Lung, and Blood Institute;
American Heart Association; World Heart Federation;
International Atherosclerosis Society; and International Asso-
ciation for the Study of Obesity. Circulation 120, 1640-10645.
Grundy SM, Cleeman JI, Daniels SR, et al. (2005) Diagnosis
and management of the metabolic syndrome: an American
Heart Association/National Heart, Lung, and Blood Institute
Scientific Statement. Circulation 112, 2735-2752.
Copertaro A, Bracci M, Barbaresi M & Santarelli L (2008)
Assessment of cardiovascular risk in shift healthcare
workers. Eur ] Cardiovasc Prev Rebabil 15, 224-229.
Boggild H & Knutsson A (1999) Shift work, risk factors and
cardiovascular disease. Scand | Work Environ Health 25,
85-99.

Spiegel K, Leproult R & Van Cauter E (1999) Impact of sleep
debt on metabolic and endocrine function. Lancet 354,
1435-1439.

Scheer FA, Hilton MF, Mantzoros CS, et al. (2009) Adverse
metabolic and cardiovascular consequences of circadian
misalignment. Proc Natl Acad Sci U S A 106, 4453-4458.
Buxton OM, Cain SW, O’Connor SP, et al. (2012) Adverse
metabolic consequences in humans of prolonged sleep
restriction combined with circadian disruption. Sci Trans!
Med 4, 129-143.

Buxton OM, Pavlova M, Reid EW, et al. (2010) Sleep
restriction for 1 week reduces insulin sensitivity in
healthy men. Diabetes 59, 2126-2133.

Morikawa Y, Nakagawa H, Miura K, et al. (2005) Shift work
and the risk of diabetes mellitus among Japanese male
factory workers. Scand J Work Environ Health 31, 179-183.
Suwazono Y, Sakata K, Okubo Y, ef al. (2006) Long-term
longitudinal study on the relationship between alternating

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

shift work and the onset of diabetes mellitus in male
Japanese workers. J Occup Environ Med 48, 455-461.

Pan A, Schernhammer ES, Sun Q, et al. (2011) Rotating night
shift work and risk of type 2 diabetes: two prospective cohort
studies in women. PLoS Med 8, e1001141.

Poulsen K, Cleal B, Clausen T, et al. (2014) Work, diabetes
and obesity: a seven year follow-up study among Danish
health care workers. PLOS ONE 9, €103425.

Vimalananda VG, Palmer JR, Gerlovin H, et al. (2015) Night-
shift work and incident diabetes among African-
American women. Diabetologia 58, 699-700.

Kroenke CH, Spiegelman D, Manson J, et al. (2007) Work
characteristics and incidence of type 2 diabetes in women.
Am ] Bpidemiol 165, 175-183.

Knutsson A & Kempe A (2014) Shift work and diabetes — a
systematic review. Chronobiol Int 31, 1146-1151.

GanY, Yang C, Tong X, et al. (2015) Shift work and diabetes
mellitus: a meta-analysis of observational studies. Occup
Environ Med 72, 72-78.

Frost P, Kolstad HA & Bonde JP (2009) Shift work and the
risk of ischemic heart disease — a systematic review of the
epidemiologic evidence. Scand | Work Environ Health 35,
163-179.

Haupt CM, Alte D, Dorr M, et al. (2008) The relation of
exposure to shift work with atherosclerosis and myocardial
infarction in a general population. Atherosclerosis 201,
205-211.

Brown DL, Feskanich D, Sanchez BN, et al. (2009) Rotating
night shift work and the risk of ischemic stroke. Am J Epi-
demiol 169, 1370-1377.

Hublin C, Partinen M, Koskenvuo K, et al. (2010) Shift-work
and cardiovascular disease: a population-based 22-year
follow-up study. Eur J Epidemiol 25, 315-323.

Hermansson J, Gillander Gadin K, Karlsson B, et al. (2007)
Ischemic stroke and shift work. Scand ] Work Environ
Health 33, 435-439.

Thiis-Evensen E (1958) Shift work and health. Ind Med Surg
27, 493-497.

Hoogerwerf WA (2009) Role of biological rhythms in
gastrointestinal health and disease. Rev Endocr Metab Disord
10, 293-300.

Konturek PC, Brzozowski T, Konturek SJ, et al. (2011) Gut
clock: implication of circadian rhythms in the
gastrointestinal tract. J Physiol Pharmacol 62, 139-150.
Bedrosian TA & Nelson RJ (2013) Influence of the modern
light environment on mood. Mol Psychiatry 18, 751-757.
Scott AJ, Monk TH & Brink LL (1997) Shiftwork as a risk
factor for depression: a pilot study. Int J Occup Environ
Health 3, Suppl. 2, S2-S9.

Driesen K, Jansen NW, van Amelsvoort LG, et al. (2011) The
mutual relationship between shift work and depressive
complaints — a prospective cohort study. Scand ] Work
Environ Health 37, 402-410.

Yoon CG, Bae KJ, Kang MY, et al. (2015) Is suicidal ideation
linked to working hours and shift work in Korea? J Occup
Health 57, 222-229.

Khajehnasiri F, Akhondzadeh S, Mortazavi SB, et al. (2014)
Oxidative stress and depression among male shift workers in
Shahid Tondgouyan Refinery. Iran J Psychiatry 9, 76-82.
Bazazan A, Rasoulzadeh Y, Dianat 1, et al (2014)
Demographic factors and their relation to fatigue and mental
disorders in 12-hour petrochemical shift workers. Health
Promot Perspect 4, 165-172.

Gritton HJ, Kantorowski A, Sarter M, et al. (2012) Bidirec-
tional interactions between circadian entrainment and cog-
nitive performance. Learn Mem 19, 126-141.



o

Nutrition Research Reviews

166

128.

129.

130.

131.

132.

133.

134.

130.

137.

138.

139.

F. M. Nea et al.

Rouch I, Wild P, Ansiau D, et al. (2005) Shiftwork
experience, age and cognitive performance. Ergonomics 48,
1282-1293.

Marquie JC, Tucker P, Folkard S, et al. (2015) Chronic effects
of shift work on cognition: findings from the VISAT
longitudinal study. Occup Environ Med 72, 258-264.
Devore EE, Grodstein F & Schernhammer ES (2013) Shift
work and cognition in the Nurses’ Health Study. Am J
Epidemiol 178, 1296-1300.

Puttonen S, Harma M & Hublin C (2010) Shift work and
cardiovascular disease — pathways from circadian stress to
morbidity. Scand ] Work Environ Health 36, 96-108.

Wang XS, Armstrong ME, Cairns BJ, et al. (2011) Shift work
and chronic disease: the epidemiological evidence. Occup
Med (Lond) 61, 78-89.

Winston J, Johnson C & Wilson S (2008) Barriers to healthy
eating by National Health Service (NHS) hospital doctors in
the hospital setting: results of a cross-sectional survey. BMC
Res Notes 1, 69.

Faugier J, Lancaster ], Pickles D, et al. (2001) Barriers to
healthy eating in the nursing profession: part 1. Nurs Stand
15, 33-30.

Faugier J, Lancaster J, Pickles D, et al. (2001) Barriers to
healthy eating in the nursing profession: part 2. Nurs Stand
15, 33-35.

Phiri LP, Draper CE, Lambert EV, et al. (2014) Nurses’ lifestyle
behaviours, health priorities and barriers to living a healthy
lifestyle: a qualitative descriptive study. BMC Nurs 13, 38.
Lowden A, Moreno C, Holmbick U, et al. (2010) Eating and
shift work — effects on habits, metabolism and performance.
Scand ] Work Environ Health 36, 150-162.

Waterhouse J, Bailey L, Tomlinson F, et al. (2005) Food
intake in healthy young adults: effects of time pressure and
social factors. Chronobiol Int 22, 1069-1092.

Morgan PJ, Collins CE, Plotnikoff RC, et al. (2011) Efficacy of
a workplace-based weight loss program for overweight male
shift workers: the Workplace POWER (Preventing Obesity

140.

141.

142.

143.

144.

146.

147.

148.

149.

Without Eating like a Rabbit) randomized controlled trial.
Prev Med 52, 317-325.

Anderson LM, Quinn TA, Glanz K, et al. (2009) The
effectiveness of worksite nutrition and physical activity
interventions for controlling employee overweight and
obesity: a systematic review. Am J Prev Med 37, 340-357.
Benedict MA & Arterburn D (2008) Worksite-based weight
loss programs: a systematic review of recent literature. Am J
Health Promot 22, 408-416.

Viitasalo K, Lindstrom J, Hemio K, et al. (2012) Occupational
health care identifies risk for type 2 diabetes and cardio-
vascular disease. Prim Care Diabetes 6, 95-102.

Morikawa Y, Miura K, Sasaki S, et al. (2008) Evaluation of the
effects of shift work on nutrient intake: a cross-
sectional study. J Occup Health 50, 270-278.

Sasaki S, Yanagibori R & Amano K (1998) Self-administered
diet history questionnaire developed for health education: a
relative validation of the test-version by comparison with
3-day diet record in women. J Epidemiol 8, 203-215.
Baecke JA, Burema J & Frijters JE (1982) A short
questionnaire for the measurement of habitual physical
activity in epidemiological studies. Am J Clin Nutr 36, 936—
942.

Sallis JF, Haskell WL, Wood PD, et al. (1985) Physical activity
assessment methodology in the Five-City Project. Am J
Epidemiol 121, 91-106.

Craig CL, Marshall AL, Sjostrtom M, et al. (2003) International
physical activity questionnaire: 12-country reliability and
validity. Med Sci Sports Exerc 35, 1381-1395.

Feunekes IJ, Van Staveren WA, Graveland F, et al. (1995)
Reproducibility of a semiquantitative food frequency
questionnaire to assess the intake of fats and cholesterol in
The Netherlands. Int J Food Sci Nutr 46, 117-123.
Berthelsen M, Pallesen S, Bjorvatn B, et al. (2015) Shift
schedules, work factors, and mental health among onshore
and offshore workers in the Norwegian petroleum industry.
Ind Health 53, 280-292.



Reproduced with permission of the copyright owner. Further reproduction prohibited without
permission.



	c.S095442241500013Xa_15805.pdf
	Dietary and lifestyle habits and the associated health risks in shift workers
	Introduction
	Methodology
	Shift work and lifestyle habits
	Dietary intakes
	Physical activity
	Smoking

	Table 1Summary of studies on dietary intake in shift workers (SWs)&#x002A;
	Table 2Summary of studies on physical activity (PA) in shift workers�(SWs)
	Table 3Summary of studies on smoking in shift workers�(SWs)
	Alcohol
	Sleep patterns
	Summary on the effects of shift work on lifestyle habits

	Shift work and health risks
	Cancer

	Table 4Summary of studies on alcohol consumption in shift workers�(SWs)
	Fig. 1Circadian disruption and shift work exposure &#x2013; the potential pathways to disease
	Table 5Summary of studies on cancer risk in shift workers
	Obesity
	Metabolic syndrome

	Table 6Summary of studies on obesity risk in shift workers
	Table 7Summary of studies on metabolic syndrome (MetS) risk in shift workers�(SWs)
	Type 2 diabetes mellitus
	CVD
	Gastrointestinal disorders

	Table 8Summary of studies on type 2 diabetes mellitus (T2DM) risk in shift workers�(SWs)
	Table 9Summary of studies on CVD risk in shift workers�(SWs)
	Mental health and cognitive function
	Summary of the impact of shift work on health

	Improving the lifestyle habits and health of shift workers
	Barriers to a healthy lifestyle

	Table 10Summary of studies on mental health risk in shift workers�(SWs)
	Opportunities for a healthier lifestyle

	Conclusion
	Acknowledgements
	ACKNOWLEDGEMENTS
	References



