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Abstract: Societal demands mean that many companies operate throughout the day to provide
services. The impact of night work on long-term health is not clear, but there is sufficient evidence
for closer monitoring of this as a concern and industry is not sure what more they need to do about
this potential problem. There are many health conditions and potential interventions to reduce
risks from night working, but there is no clarity on how to design and implement intervention pro-
grammes for long-term health issues. This paper reports on a rapid review of 24 articles to examine
how interventions can minimise long-term health risk from night work. The analysis has identified
eight types of intervention that have been used in relation to seven types of long-term health condi-
tions but has highlighted weaknesses in evaluation, in relation to the current knowledge of the im-
plementation and effectiveness of the interventions for long-term health. Commentary is provided
on how researchers and industry practitioners need to think about risk in different ways, improve
implementation of interventions through a systemic approach to work design and organisation, and

employ more participatory approaches to embed cultural change in organisations.
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Introduction

Many industries operate within a 24/7 society", with
the need for shift work in various frontline and supervi-

sory roles. There has been extensive research on the short-

term impacts of shiftwork on satisfaction?, performance”,

43 physiological and psychological states® and

2,5, 7-11)

errors
fatigue in various occupational contexts. There
have also been indications for some time in the research
literature of health risks arising from shiftwork and espe-
cially night working. Health has been defined as “a state of

complete physical, mental and social well-being”lz). Long-
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term health risks include chronic disease or conditions'?,

which may develop over many years and arise from the
cumulative effects of work. Night working, defined as the
inclusion of the hour of midnight and a minimum shift du-
ration of 5h'¥, is an important component of shift work,
and can cause disturbances to sleep-wake cycles, diet and
social / family activities'> '®. Tamers ez al.!” have com-
mented on how “worker health issues cross the boundaries
of work and home”.

There are various systematic reviews that explore the
risk of long-term ill-health from night working. Three
recent publications provide an overview of the available
evidence'> 1% 19 These draw on evidence from a large
number of meta-analyses and systematic reviews, covering
several hundred studies in a ten-year period. The reviews
take different starting points, such as focusing explicitly
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on the health impacts of night work'>, or taking a broader
view of shiftwork and the associated physical and mental
health related impacts, though recognising the potential
impacts of night-time working as an influential component
of shiftworking'?). Table 1 presents an overview of the

109

Review of the publications highlights the gaps in
knowledge and weaknesses in existing studies, which are
important when considering whether and how to apply
health related interventions. These include the need to
collect better data to avoid misclassification of expo-

focus and content of these three review articles.

Table 1.
impacts of night working

18, 19)

sure and to show the causal link between shiftwork'®

Overview of evidence from existing meta-analyses, systematic and other narrative reviews on evidence on the health and other

Source and type of review

Focus of the review
(e.g. shiftwork / night work, sleep,
health, performance. other)

Content on the risk of ill-health and mechanisms for the development of ill-health

Moreno et al.'”)- Working
time society consensus state-
ments: Evidence based effects
of shiftwork on physical and
mental health

Meta-analysis of systematic
reviews, single occupation
studies and large population
studies, drawing on over 300
studies in a 10 yr period.

Uses Koch’s postulates (strength of
association, biologic credibility, con-
sistency with other investigations, time-
sequence, dose-response relationship) to
evaluate the evidence of how exposure

to shiftwork can impact on disease.

Long term health issues: Cardiovascular, gastro-intestinal and metabolic disorders,
cancer, mental health, reproduction related problems.

Strength of evidence and level of uncertainty: Strong evidence of links between
shift work and cardiovascular, gastro-intestinal and metabolic disorders. Weaker
evidence for cancer, mental health and reproduction related problems. Uncertainty
about the relative contribution of physiological factors and behaviours or lifestyle
changes arising from shiftwork to the development of disease.

Mechanisms of effect: The misalignment between light-dark cycles and activity—rest
cycles and the mediating effect of light exposure at night; physiological and inflam-
matory responses and metabolic dysfunction, demonstrated through simulated night
shift studies and disrupted sleep and eating studies.

Kecklund and Axelsson'®-

Health consequences of shift-
work and insufficient sleep

38 meta-analyses, 24 system-
atic reviews and additional
narrative reviews and articles
between 2006 and 2016

Investigation of consequences of shift-
work and insufficient sleep on health

Long term health issues: Poor sleep, which can in turn result in various health
conditions such as immunological changes, cognitive impairment and increased risk
of chronic disease.

Strength of evidence and level of uncertainty: Moderate, but not conclusive evi-
dence, of a link between shiftwork and poor health outcomes, such as cardiovascular
disease, type 2 diabetes and cancer. Some cited studies associate night shifts with
cardiovascular disease or breast cancer, though others are not conclusive or note a
dose-response relationship over a long period of exposure greater than 20 yr and
individual differences in how people might be affected.

Mechanisms of effect: Different elements of shiftwork are explained, such as night
work and rotating patterns. The effects of shiftwork on behaviour and circadian dis-
ruption are described, with detailed review and description of potential physiological
and psychological mechanisms for development of chronic disease.

Garde et al.' - How to
schedule night shiftwork in
order to reduce health risks
and safety risks

Review of literature recom-
mended by 15 researchers,
supplemented by additional
literature search and recent
systematic literature reviews,
with the intention of forming
a consensus on recommenda-
tions on night shift scheduling
to reduce health risks

How to schedule night shifts to reduce
short term physiological effects, includ-
ing circadian disruption, sleep depriva-
tion, sleep quality and resulting fatigue,
along with additional health risks such
as cancer, cardiovascular, metabolic,

injuries, and impacts on pregnancy

Long term health issues: Cardiovascular disease, type 2 diabetes, breast cancer,
prostate cancer, hypertension

Strength of evidence and level of uncertainty: Particular aspects of night shift sched-
uling associated with health risk, such as: type of shift - greater health disorders
from night shift work compared with other shifts; shift interval - a short interval (i.e.
quick returns to work) and short sleep duration has been linked with cardiovascular
disease and type 2 diabetes; intensity - numbers of nights per week and consecutive
night shifts can be associated with breast cancer, hypertension and diabetes; rotation
- permanent night shifts may not be a solution as complete adjustment is difficult to
achieve in practice; direction of rotation - there is quicker adjustment with forward
rotation, which also usually involves longer intervals between shifts; shift duration

- there is increased risk of breast cancer in pre-menopausal women and prostate can-
cer in longer night shifts; individual factors — melatonin is produced in the placenta
and there is a higher risk to pregnant women with two or more night shifts per week.
Mechanisms of effect: Theoretical mechanisms for the development of health risks,
principally around the desynchronisation of the different organs, tissues and biologi-
cal systems and cells, which can occur as a result of night work, exacerbated by the
melatonin suppression by light exposure at night. An example is provided of ac-
celerated growth in breast tissue tumours in animal studies with desynchronisation.
Reducing circadian disruption from night shift scheduling can reduce health risks.
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or night shift schedules'> and disease'®, such as cancer or
metabolic disorders® '?). It is also necessary to understand
the different individual responses by age or chronotype
(i.e. how the circadian system is embedded in the 24 h day
and affecting how people may be considered to be early
or late risers'). There is recognition of the need for more
registry-based studies of exposure'), prospective stud-

19 and better quality intervention studies to understand
18)

ies
potential outcomes from shift adaptations

To draw conclusions from this background literature,
night work, alone or as a part of shiftwork, has the poten-
tial to cause short term effects (e.g. fatigue) and longer-
term health issues, via theoretical mechanisms suggested
in the literature'* ' '®_ These mechanisms include direct,
physiological and psychological pathways'* 7 '® or the
kinds of behavioural adaptations that people make during
night and shift working (e.g. eating and sleeping habits)
that result indirectly in ill-health'®. However, the urgent
need for better understanding of these mechanisms has
been acknowledged®?). Inter-individual differences in
physiology and behavioural approaches will also influence
health outcomes. The supporting evidence in the literature
is inconclusive in several areas and the uncertainty in
mechanisms of development of ill-health has implications
for prevention and mitigation.

There are various options for organisations to consider
the use of pharmacological®" or non-pharmacological®?
interventions directed at individuals, activity-based

programmes>>) 29,

or various organisational interventions
Many interventions for prevention and mitigation of
shiftwork problems relate to appropriate shift scheduling

15), or focus on

strategies and other aspects of work design
resolving acute conditions (e.g. using napping, caffeine/
stimulant use guidance, fatigue modelling> ?®)). Neil-
Sztramko et al.*” reviewed the evidence of how four
types of intervention (shift scheduling, controlling light
exposure, behaviour and lifestyle changes, pharmacologi-
cal substances) can impact on sleep and shifts in circadian
rhythms, to support adaptation to night work, with the
intention of minimising chronic health effects. However,
there is limited evidence in the literature about how inter-
ventions are designed specifically to counter the potential
longer-term risks to those exposed. Consequently, there
is no clear guidance available currently and managers in
industry face difficulties in establishing intervention pro-
grammes. Interventions can be applied in a singular or un-
coordinated way in many work contexts, without sufficient
regard for various systemic constraints that are evident,
such as uncertainty, changing work contexts, emergence of
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new risks and individual differences and preferences. It is
therefore necessary to provide insights for industry on how
to manage long-term health risks and inform best practices
within these types of work settings.

The aim of this paper is to present the findings from a
rapid review of literature on the implementation and ef-
fectiveness of interventions to minimise the risk of long-
term health conditions from night working. This will
enable improved guidance on the future selection, design
and implementation of interventions, whilst recognis-
ing the complexity of work design in this context. The
contributions of this paper are in highlighting the current
uncertainty in the level of risk of night work to long-term
health and options for responding to this uncertainty. Gaps
are identified in the available evidence on the effectiveness
of different intervention types, and it is explained how
systemic and participatory approaches can help implemen-
tation of interventions in workplaces with many different
social and technical components.

Method for a Rapid Review of Literature
on Interventions to Reduce Risk from Night
Working

Approach
The railway industry is an example of where public
transport extends into the night-time hours to meet passen-

) increased train paths for freight’”, and the

ger demands
need to maintain the infrastructure at night when there are
fewer trains operating on the network. Consequently, there
is a need for night shift work within a range of front-line

railway roles’”

, as in many industries. Network Rail man-
ages the rail infrastructure in Great Britain and is aware of
evidence reported in the international medical and occupa-
tional health literature about the potential long-term health
risks associated with night working. Having also identified
some concerning trends in health conditions (e.g. obesity/
BMI measures and diabetes) affecting people working in
offices and in external track-based roles in similar ways,
despite different working environments, the organisation
was concerned about night time working and what more to
do about it.

The study was motivated by a desire from management
in industry to understand the types of organisational inter-
ventions that can be considered to mitigate any long-term
health risks from night working. Network Rail commis-
sioned the University of Nottingham to carry out a rapid

31)

review” ’ of the literature to determine best practice in

this area. Rapid review is designed to give policy makers

Industrial Health 2025, 63, 108—128
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sufficient information on what is known about a particular
topic or issue, to support decision-making in a timely man-
ner’?. The rapid review process retains rigour and follows
a systematic process but limits the depth and breadth of
review by focusing on specific research questions, using
broader search strategies where the focus is on higher level
rather than more specific concepts, restricting databases
and performing simple quality appraisals®?. Features of
the Cochrane rapid review process were followed for
the purpose of this study®®. This included: 1) setting the
research question, 2) establishing eligibility criteria, 3)
searching, 4) study selection 5) data extraction, 5) risk of
bias assessment and 6) synthesis. The review focused on
identifying and collating evidence from relevant scholarly
articles in the academic literature.

Steps in the rapid review
Setting the research questions

To narrow the focus for this rapid review the following
research questions were established:

- What interventions are effective to reduce risk of long-
term health issues from night working?

- How are interventions to reduce risk of long-term
health issues from night working implemented in practical
contexts?

Setting eligibility criteria, searching, study selection, data
extraction

The scope of the review was discussed with the Net-
work Rail clients. Articles were identified by several
means, as summarised in Fig. 1. Firstly, relevant existing
review publications that were known to the authors were
collated (n=11). Search for additional primary and review
articles was carried out in two stages. In the initial stage in
December 2021, eligibility criteria were agreed as primary
sources and review publications in English within the last
ten years. Two academic search tools were selected for the
search. NUSearch is the University of Nottingham online
library discovery tool, drawing upon extensive databases
available in physical and online collections. SCOPUS is
Elsevier’s abstract and citation database, drawing from
four broad subject areas: physical, health, social and life
sciences.

As the motivation for the research came out of the

Revised search Night shift work OR Night work AND
Health AND Intervention, years 2022-2024, in English, in

after database search

Records excluded n=580 where no clear
indication of focus on interventions for long-
term health issues arising from night work,

Full-text articles excluded n=22
* Not sufficiently relevant to impacts of night
work (n=3) or long-term health issues

* Not explicitly focusing on interventions
* Insufficientinformation on the

implementation or effectiveness of the
intervention (n=1)

c Initial search Night work AND Health AND

o Railway, years 2012-2021, in English, in
"g peer-reviewed publications peer reviewed publications
O
E Records identified Records identified Records identified
= after database search from other sources
% NUSearch n=380 n=11 NUSearch n=61
- Scopus n=121 Scopus n=53

o0 Y

£ Records screened by

% title and abstract after

El_.) removal of duplicates

[®) n=625 based on

2} . title n=472

* abstract n=107

B\ y

= Full-text articles

Q assessed for eligibility

oo n=46

w (n=12)

(n=6)

©

() Studies included n=24

©

>

T‘) * Primary sources n=12

= * Review articles n=12

Fig. 1.

Full text articles were included in cases
where there was sufficient content on health-
related issues on the pathway from night shift
work to longer term health issues.

Diagram showing the process and results for search, screening, eligibility and inclusion in the review.
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concerns raised in the railway sector, the search strategy
focused initially on the health effects of shift work and
the evidence of effectiveness of interventions in rail.
Keywords for the initial search were night work, health
and railway, searching for Articles, in English, published
between 2012 and 2021. Whilst Railway was included as
one of the search terms, publications were not excluded
where articles referred to findings relating to different
contexts. The focus on railways in this stage of the search
produced a limited data set and necessitated a broader
search to identify publications from a variety of research
disciplines.

Searches were carried out using NUSearch and Scopus
in February 2023 and March 2024 (also described in Fig.
1) to identify up-to-date publications covering a wider
range of industrial contexts. After removal of duplications,
the initial sample of 625 articles was screened, firstly by
reviewing the titles and abstracts of publications for rel-
evance to the study context of interventions for long-term
health risks from night work. Publications were included
at this stage where there was a focus on night work and
reference to possible long-term health implications and
related interventions. Publications were excluded at this
stage where there was no clear focus on health-related
aspects associated with night work.

The screening process identified 46 articles and the
full-text versions of the articles were reviewed for their
eligibility. Twenty-two of these articles were excluded
by applying the criteria in Fig. 1, with 24 publications in-
cluded in the final sample for analysis of content on the ef-
fectiveness and implementation of interventions. Some of
the papers that were excluded from the main analysis (e.g.
they may not have focused sufficiently on long term health
issues), have been used in discussing implications of find-
ings from the review, where they have suitable content to
inform the design of mitigations for the risk of night work.

Risk of bias assessment

Criteria from Baril-Gingras ef al.*¥ were used in assess-
ing the quality of the studies reported in the publications
containing primary evidence. These criteria related to
the conceptual basis of the study and descriptions of the
context, participants, intervention, implementation of the
intervention and any variations in the implementation, and
choice of indicators of outcomes. Half of the publications
were review articles or meta-analyses, often covering mul-
tiple interventions or contexts. Criteria adapted from Baril-
Gingras et al.>® and supplemented with additional criteria
from Baethge et al.® enabled quality appraisals of these

B RYAN et al.

review and meta-analysis articles. Summary findings from
these quality appraisals are reported later. Whilst some
limitations were recognised, all publications were retained
in the review.

Synthesis, coding and analysis

The 24 publications were read in detail and coded by a
single analyst using NVIVO to apply content analysis, to
identify extracts referring to the implementation and ef-
fectiveness of the various interventions. Relevant content
was extracted and summarised in tabular format, using the

34, 35)

quality criteria as a means to structure the synthesis

and analysis of the findings.

Findings on Best Practices for Interventions
from Review of the Sample of Publications

Of the 24 publications identified by title and abstract
review, 12 were based on primary evidence, all published
since 2020. 12 were review publications between 2012
and 2021. Outcomes from the risk of bias assessments are
provided in Tables 2 and 3. Summary of the analyses from
the primary evidence sources is provided in Table 4 and
from the review publications in Table 5.

Description of the sources, studies and health issues
targeted by the health interventions

The primary evidence included 9 prospective or inter-
vention studies and 3 quasi-experimental studies. Interven-
tions in the primary evidence (Table 4) were implemented
in efforts to impact cardiovascular disorders, fatigue/stress/
circadian adaptation issues, musculoskeletal disorders and
obesity/weight management. These interventions involved
changes in shift schedules, dietary advice, bright/blue
lighting and napping. A range of self-report and objective
anatomical and physiological measures were used, typi-
cally for shorter and intermediate outcomes. The review
papers (Table 5) were meta-analyses or systematic reviews
(4), or narrative reviews (8). Interventions mentioned in
the reviews commonly targeted multiple health disorders,
with one review relating only to cardiovascular disorders
and another relating to fatigue and stress. In the review pa-
pers (Table 5), several different types of intervention were
commonly introduced, including: shift scheduling, light-
ing, stimulants/supplements, napping, risk management,
health monitoring and eating/dictary advice. Summaries of
the different types of interventions that have been applied
in relation to the main long-term health issues are provided
in Tables 6 and 7.

Industrial Health 2025, 63, 108—128
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Table 2.
Not possible to determine)
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Quality assessment of primary studies in the sample (based on Baril-Gingras ez al. 2006) (with ratings of Acceptable, Not acceptable,

Conceptual basis

. Was the conceptu-
Article . .
al basis explained

Context / health
issue
Was there a descrip-
tion of the context

Participants
Was there a
description of

Intervention
Was the interven- relevant indicators
tion explicitly

Indicators .

K Implementation
Is the choice of .
Is there descrip-

. . tion of the imple-
sufficient, includ- . p.
mentation and its

explicitly? . participants? described? ing intermediate .
and health issue? . variations?
indicators?
Jensen et al.3®) Acceptable Acceptable Acceptable — Acceptable Acceptable Acceptable
though small
sample
Kim et al.*? Acceptable Acceptable — though Acceptable Acceptable Acceptable Acceptable
only theoretical link
to long term health
Kubo et al.?® Acceptable — Acceptable Acceptable — Acceptable — Acceptable Acceptable
non-randomised, though relatively though short
but the reasoning small sample intervention
is explained period
Lee and Kawachi? Acceptable Acceptable Acceptable Acceptable Acceptable Acceptable
Lee et al.*0 Acceptable Acceptable Acceptable Acceptable Acceptable Acceptable
Binder-Mendl et al.*) Acceptable Acceptable Acceptable Acceptable Acceptable Acceptable
Leung et al.*? Acceptable Acceptable Acceptable — Acceptable Acceptable Acceptable
though relatively
small sample

Qian et al.® Acceptable Acceptable Acceptable Acceptable Acceptable Acceptable
Helmhout et al.*¥ Acceptable Acceptable Acceptable Acceptable Acceptable Acceptable
Lammers-van der Holst et al.*) Acceptable Acceptable Acceptable Acceptable Acceptable Acceptable
Mamen et al.*® Acceptable Acceptable Acceptable Acceptable Acceptable Acceptable
Patterson et al.*”) Acceptable Acceptable Acceptable Acceptable Acceptable Acceptable

Table 3.

of Acceptable, Limited, Not acceptable, Not possible to determine)

Quality assessment for the review articles— Adapted from criteria in Baril-Gingras et al. 2006 and Baethge et al. 2019 (with ratings

Conceptual basis

. Was the conceptual
Article . .
basis of the review

Context / health issue
Was there a descrip-
tion of the context and

Approach to review
Was there sufficient
literature search, syn-

. Relevant findings
Intervention . .
. Was there sufficient infor-
Was there sufficient . K .
o mation on interventions
description of the .
on long term health issues

explained explicitly? health issue(s)? thesis and analysis? intervention(s)? .
(or their precursors)?
Itani and Keneita*®) Acceptable Acceptable Acceptable Limited Limited
Ferguson and Dawson*" Acceptable Acceptable Acceptable Acceptable Acceptable
Honn et al.’" Acceptable Acceptable Acceptable Acceptable Acceptable
Moreno et al.') Acceptable Acceptable Acceptable Limited Limited
Brum et al.’V Acceptable Acceptable Acceptable Limited Limited
Garde et al.'® Acceptable Acceptable Acceptable Acceptable Acceptable
Kecklund and Axelsson'®) Acceptable Acceptable Acceptable Limited Acceptable
Cherrie et al.>? Acceptable Acceptable Limited Limited Limited
Crowther et al.>® Acceptable Acceptable Acceptable Acceptable Acceptable
Hirose® Acceptable Acceptable Limited Acceptable Acceptable
Touitou et al.’ Acceptable Acceptable Acceptable Acceptable Acceptable
Gupta et al.'® Acceptable Acceptable Acceptable Limited Limited
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Table 4. Analysis of content from the primary evidence sources
. . . . . . Reported effectiveness
Reference Title Description of type of study and implementation of intervention . .
of the intervention
Jensen Heart rate vari- 1. Conceptual basis: Cross-over intervention study investigating recovery after variations of night shift and Differences in HRV in
et al 3% ability during recovery sequences sleep between night
sleep after two, 2. Context / health issue: Heart rate variability to measure function of the autonomic nervous system, linked to  shifts and recovery days.
four and seven cardiovascular disorders, in police officers Recovery of cardiac
consecutive night 3. Participants: Male police officers in call centres, selected from a wider sample of police officers in other rhythm was better on
shifts and recov- roles (n=17). 2+2 compared with the
ery days: across 4. Intervention: Three different shift patterns 4+4 and 7+7 patterns.
over intervention 5. Indicators: Heart rate variability (HRV) to measure function and recovery of the autonomic nervous system,
study measured on the last day with a night shift and the last recovery day. Participants wore an actiheart monitor
and completed a sleep questionnaire on all days in the study.
6. Implementation: Participants exposed to three variations of shifts and recovery periods (2+2), (4+4) and
(7+7), over a period of 26 d. Order determined by the planning personnel and not fixed nor random, with
instructions to mix the interventions. Participants received detailed instructions re HRV measurement equip-
ment. Described as a small study, with some data lost to technical problems, also losing data in recovery
days. Limited small sample of only male and non-smoking and not involved in physically active jobs.
Kim Impact of reduced 1. Conceptual basis: Quasi-experimental study of improvements in sleep with removal of night shifts Sleep time per day
et al’? night work on 2. Context / health issue: Quality and duration of sleep in workers in a car engine pump manufacturing plant, increased (+0.5 h),
shift workers’ though the authors cite literature on the impact of sleep disturbance on mortality and increases in cardiovas-  awakening during sleep
sleep using differ- cular disease, diabetes, hypertension and metabolic syndrome, also commenting on mechanisms from sleep ~ (—13.9%), reduced
ence-in-difference to long term ill health reports of poor quality
estimation 3. Participants: Experimental group (n=116 in 2007 and n=118 in 2013), control group of day workers (n=256  sleep (~35.9%), with no
in 2007 and n=185 in 2013) significant changes for
4. Intervention: Weekly rotating two shift system introduced in 2010, with new working hours 8.00 am to 4.00  the day shift experimen-
pm and evening shift 4.00 pm to 12.00 am, with no work between 12.00 am and 8.00 am (previously 8.30 tal group
am—7.30 pm and 7.30 pm—6.20 am shifts). Daily working hours were therefore reduced.
5. Indicators: Difference in difference analysis using a regression model, using cross-section survey data from
a labour union survey in 2007 and a risk assessment survey in 2013, including self reported sleep duration,
mid-sleep awakenings and sleep quality in a questionnaire
6. Implementation: Exclusions for missing data (missing outcomes, irregular shift workers) in the surveys are
explained. The different start times and reduction in numbers of hours may have contributed to the differ-
ences, in addition to the removal of night work. Follow up time of several years is thought to be sufficient for
adaptation to shift changes. Detailed consideration of limitations, including how this did not use validated
sleep questionnaires, intervention was not designed specifically for the research, circadian indicators were
not measured, potentially different numbers leaving the company in the experimental and control group, not
possible to do repeated measures as no identifiers in initial data
Kubo Shift work sched- 1. Conceptual basis: Non-randomised cross-over study investigating effects of extending breaks after consecu- ~ Benefits of the interven-
etal’® ule intervention tive night shifts on fatigue and sleep tion not observed in
for extending 2. Context / health issue: Fatigue and stress in nurses in cardiac surgery wards objective measures, po-
restart breaks 3. Participants: Nurses (n=30) tentially insufficient time
after consecutive 4. Intervention: Shift scheduling — inc. breaks. 5 month intervention study, with repeated measures of indica- for changes. Moderate
night shifts: a tors to examine the effect of extended breaks from 31 h to 55 h before restarting. decrease in occupa-
non-randomised 5. Indicators: Subjective and objective variables — sleep log, self-reported questionnaire - vital exhaustion, tional fatigue and stress,
controlled cross- detachment from work, distress, vigour, shift schedule evaluation, stress biomarkers - hair cortisol, salivary especially exhaustion,
over study C-reactive protein, working hours data, sleep mattress sensors, vigilance tests psychological distress.
6. Implementation: Not a randomised controlled design because of difficulties assigning to intervention and Shows beneficial subjec-
control groups. Participatory approach with employees to identify and design interventions that are work- tive effects of a shift
able locally, continued implementation after the study. Acknowledged small sample and short observation schedule with additional
period and may have limited positive outcomes, plus limitations in some sensors to monitor sleep. Covid also  day off between two
reported as a source of stress. Difficult to include a washout period between intervention and control. Better ~ consecutive night shifts
fatigue scales could have been used
Lee and Impact of reduced /. Conceptual basis: Quasi-experimental study of reduction of working hours and night work hours on meta- Decreased prevalence
Kawachi*  working hours bolic syndrome. of metabolic syndrome

and night work
hours on meta-
bolic syndrome: a
quasi-experimen-
tal study

]

Context / health issue: Reducing night shifts and working hours and the impact on indicators of metabolic
syndrome, which is believed to be on a pathway from long work hours to cardiovascular disease
Participants: Manual manufacturing workers in South Korea, N=371, male.

Intervention: Reduction of working hours by approximately 2 h, including change from rotating day
(8.30-7.30) and night (7.30-6.20) shift to day (8.00-4.00) and evening (4.00-midnight) shift, in a historical
intervention in 2010, not specifically developed for the purpose of research.

Indicators: Data from pre-existing periodic health examinations, aligned with periods before intervention and
after 6-9 months and 1.5-2 yr, including measures of abdominal obesity, hypertriglyceridemia, cholesterol,
blood pressure and hyperglycemia, and self report on educational level, years working, working hours in the
week and shift work.

Implementation: Natural experiment, quasi-experimental, with a single group before and after intervention
study at a single manufacturing plant. No control group was used as the employer considered this unethical
to only provide an intervention for some workers. Confounders such as change over time because of a finan-
cial downturn and the impact on stress was not accounted for in data collection. Changes in health behaviours
(smoking, drinking alcohol, diet, sleep, activity) could explain the relationship between hours of work and
metabolic symptoms, but could not be examined in the study. Health examination data were used to measure
metabolic syndrome though measures were not designed specifically for the study and the reliability of the
data can not be considered. More recent data are not available.

AN

“

IS

after 6-9 months, but

no benefitat 1.5 to 2

yr. Reduced working
hours were therefore
associated with short
term improvements on
metabolic syndrome in
this group of workers,
suggested by the authors
through improved health
behaviours or better
sleep.
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Table 4. (continued)
. . . . . . Reported effectiveness
Reference Title Description of type of study and implementation of intervention . K
of the intervention
Lee Impact of 1. Conceptual basis: Quasi-experimental study evaluating the effect of reduced night work on musculoskeletal A positive impact
et al.*” decreased night pain. of decreased night
work on workers’ 2. Context / health issue: Musculoskeletal disorders in a manufacturing company work on MSD (shoul-
musculoskel- 3. Participants: Shift workers (n=122) and non shift workers (n=170) der-10.3%, arm-12.9%,
etal symptoms: a 4. Intervention: Shift scheduling change in 2010, to introduce two consecutive day and evening shifts (8.00 upper extremity
quasi-experimen- am to 4.00 pm and 4.00 pm to midnight), also reducing the daily working hours from 9.5 to 7. All workers combined-14.8%, all
tal intervention experienced reduced working hours but only shift workers eliminated night work. parts combined-9.2%).
study 5. Indicators:  Difference-in-difference estimation. Reported musculoskeletal pain was measured by a ques- Decreased night work
tionnaire, using the NIOSH symptom survey and Quick Exposure Checklist for exposure to musculoskeletal — reduced musculoskeletal
risk factors. pain in shift workers
6. Implementation: New shift system was introduced, eliminating overnight work: 2 consecutive shifts used
(day and evening) per day instead of rotating 2 groups with 2 shifts (day and night), plus data from a control
group (n=170). Salary was modified to prevent drop in wages. Parallel trends were checked to explore any
temporal changes in groups. The three year follow up is described as sufficient to observe differences before
and after the intervention. Outcomes were self reported. It wasn’t possible to collect data on some time
varying factors e.g. leisure time activity
Binder- Slim larks and 1. Conceptual basis: Cross-over study of the impact of dietary counselling on health status in shift workers, and  Showed that lifestyle
Mendl, overweight owls? whether this can change eating habits and improve physical activity. and nutrition advice can
et al*V A two years di- 2. Context / health issue: Timing and composition of food intake on body chemicals / hormones influencing influence shift work-
etary intervention sleep-wake rhythm, general health, obesity / weight management, in shift workers in an energy generation ers to make changes in
in shift workers company nutrition. Not eating at
3. Participants: 19 male shift workers night was difficult. Posi-
4. Intervention: Dietary counselling every second month in a 12 month period. tive impact including
5. Indicators: Self reported diet related information, blood tests before and after the intervention, bioelectrical ~ reduced body weight
impedance analysis was used to measure body fat and muscle mass and waist circumference,
6. Implementation: Initially two groups of 11 and participants kept a diet diary using a paper template or app energy intake, mean
and had bioelectrical impedance tests and blood tests. The intervention group had nutritional advice for one  portion size, table salt,
year (details of the advice are described), after which food diaries and other tests were repeated. Nutritional — sugar and saturated fat
counselling started for the second group for a year, followed by final re-testing. It is recognized that reported ~ consumption. Other re-
food intake may be different to actual intake. Also, there were some selection effects - those who could have  duction in physiological
benefited may not have participated in the voluntary study. There was some loss of participants from restruc-  measures—C-reactive
turing of the company. The food log is reported as a burden for participants. Further studies reccommended ~ protein (CRP), mean
on whether this intervention can reduce disease and whether diet affects melatonin production. corpuscular volume
(MCV), liver enzymes,
triglycerides, and uric
acid. Increased mela-
tonin level indicating
reduced problems with
sleep deficit.
Leung Rearranging 1. Conceptual basis: Randomised cross-over trial of eating / dietary changes, timing meals to create a fasting Energy intake was not
et al.*? meal times dur- period at night, to improve cardiovascular risk factors in shift workers different but body weight
ing night shift 2. Context / health issue: Reducing the body’s need to process nutrients at a typical fasting period overnight, to  significantly lower and
work promotes improve cardiovascular risk factors BMI lower at the end of
weight change: 3. Participants: Permanent or rotating night shift workers who usually ate between 1 am and 6am (n=19) the intervention, in com-
a randomized 4. Intervention: Participants were advised to change meal and snack times to allow five hours of fasting parison with the control
crossover inter- between 1 am and 6 am. period. A positive impact
vention in shift 5. Indicators: Daily energy intake, body weight, BMI of fasting during 1 am
workers 6. Implementation: Four week control period, four-week intervention period, with separation by at least two- and 6 am for a four week
weeks. During each period of study participants asked at up to four random times to recall food intake in the  period on body weight
last 24-h, checking compliance and assessing energy intake. and BML
Qian Daytime eating 1. Conceptual basis: Parallel-design randomised clinical trial on daytime eating to prevent impact on mood in ~ Depression-like mood
et al.® prevents mood night work, reporting an increased risk of depression and anxiety with misalignment of the central circadian  levels were assessed

vulnerability in
night work

SR N

S

clock and environmental and behavioural cycles. Day time eating can maintain circadian alignment and
prevent, risk factors for mood control during night work

. Context / health issue: Mood and risk of depression and anxiety from circadian alignment problems, linked

with daytime eating, glucose intolerance and impaired glycemic control, examined in simulated shift work.

. Participants: 12 male, 7 female, age 26.5 + 4.1 yr.

Intervention: Meal timing study, with simulated night work with daytime and night time eating

Indicators: Visual analogue scales to assess depression-like and anxiety-like mood, assessed every hour, plus
a variety of laboratory measures of sleep and blood glucose tests after test meals

Implementation: Parallel-design randomised clinical trial, with participants randomly allocated to one of two
times for meals over a 14 d period. Participants were exposed to a forced desynchrony protocol, with differ-
ences in timing of meals in light / dark conditions. A detailed study protocol is available. Findings described
as proof of concept of a meal timing intervention, with need for further studies to determine if meal timing
can prevent mood vulnerability for night workers.

as moderate to large,
increased by 26.2%
and anxiety-like mood
increased by 16.1%
with daytime and night
time eating, but not by
daytime only eating.
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Table 4. (continued)
. . . . . . Reported effectiveness
Reference Title Description of type of study and implementation of intervention . X
of the intervention
Helmhout  The effectiveness 1. Conceptual basis: Randomised controlled cross-over study for blue-light-emitting glasses to influence mela-  No reduction in need for
et al*d of blue-light- tonin production, align circadian rhythms and reduce the need for recovery and fatigue and stress recovery, or scores for
emitting glasses 2. Context / health issue: Recovery, fatigue and stress in night shifts in security guards, with potential for general fatigue during
in security guards chronic conditions (respiratory infections, type 2 diabetes mellitus, cardiovascular disease, and cancer) with  the intervention period,
exposed to night long term exposure or no changes in stress
shiftwork on 3. Participants: 86 security guards, 94% male, between 21 and 60 yr of age. levels, therefore no
work-related and 4. Intervention: Use of commercially available light-emitting glasses for 30 min during night shifts measurable effects of the
general fatigue: 5. Indicators: Self report scale for Need for recovery, fatigue over the previous 14 d, Checklist on Individual blue light exposure using
a randomised Strength, Stress level using a fitness tracker, with measures at a baseline, 5 and 11 wk, plus chronotype as- the glasses.
controlled cross- sessed at baseline.
over study 6. Implementation: Randomised controlled cross-over study, studying use of light-emitting glasses in a five
week period vs. a control period of five weeks without glasses. Includes description of adherence to the
study protocol for wearing of glasses and participants’ experiences. Recognises that light emitting glasses
have lower light intensity than light boxes or environmental light and there was relatively low compliance
with the protocol, and acknowledges some methodological aspects, such as longer term fatigue, may be less
sensitive to change than more acute effects on sleepiness. Age effects could not be fully explored. Poten-
tially low levels of fatigue in the study group at the outset. Other factors such as gender could have been
considered. It was not possible to measure other light exposures outside the lab
Lammers- Efficacy of inter- /. Conceptual basis: Randomised intervention study of light intervention for circadian adaptation, as well as Greater overlap in
van der mittent exposure impacting attention secretion of melatonin
Holst to bright light for 2. Context / health issue: Circadian adaptation in a simulated work environment with non-shift working adults  and sleep time on the
et al.® treating malad- 3. Participants: 29 adults, age 20-40, 15 women, randomised to a treatment group (n=14) and control group final night shift in the
aptation to night (n=15). treatment group, in com-
work on a coun- 4. Intervention: Bright light (8,000, 2,500, 1,250 lux) according to a schedule to enhance circadian adaptation parison with the control
terclockwise shift on counterclockwise rotation from day to night to evening in 4 wk laboratory simulation. group. Intermittent
work rotation 5. Indicators: Measures of circadian melatonin secretion curve at the end of the simulated working week, with  bright light improved
adaptation measured by how much melatonin secretion overlapped with the scheduled sleep times. Also adaptation for night
included psychomotor vigilance tests work and re-adaption to
6. Implementation: Lab study with simulated week of 8 h work episodes, with participants instructed to take 8  day and evening work
h sleep period after leaving the lab, where compliance was verified with an activity diary and wrist activ-
ity monitor. Authors indicate that there was no control over light exposure after leaving the lab and these
findings needs testing with actual shift workers, considering sex as there may be more variability in phase
shifting in women and wider variations likely in shift workers taking various medications and not necessarily
refraining from caffeine and alcohol, as in the current study
Mamen High intensity 1. Conceptual basis: Prospective study of the effect of high intensity training on cardiovascular disease risk High intensity physical
et al.*® training reduces 2. Context / health issue: Cardiovascular disorders in shift workers in insulation producing plants in Norway activity improved sys-
cardiovascular 3. Participants: 65 shift workers, 42 from one plant and 23 from another. tolic and diastolic blood
disease (CVD) 4. Intervention: 17 min of high-intensity training, three times a week, for eight weeks pressure and measures of
risk factors 5. Indicators: Physical activity questionnaire before and after intervention, measures of blood pressure, heart glycated haemoglobin.
among rotating rate, lipids, glycated haemoglobin, C-reactive protein, arterial stiffness, maximal oxygen uptake Short 4, minute training
shift workers: 6. Implementation: Initially recruited 94 participants from 2 plants (13 of these female). 56 re-tested after the sessions reduced some
an eight-week intervention. 19 from one plant participating in 10+ sessions in the intervention group, 37 who didn’t partici- cardiovascular risk
intervention in pate across both plants in the control group (activity as usual). Detail provided of measurement methodol- factors
Industry ogy. Physical activity programme by Tjenna et al. for 17 min supervised by an occupational physiotherapist
and self reported data seems to support adherence to the programme. Misclassification is recognised as a
limitation and could affect health status (healthy worker effect), influence compliance with the programme
and selection into the intervention and control groups.
Patterson  Effect of short 1. Conceptual basis: Randomised cross-over laboratory-based study to examine the effect of different durations Mean reduction in
et al.*) versus long of napping on sleep related dip in BP during night work. Normal circadian patterns of blood pressure (BP) systolic and diastolic

duration naps on
blood pressure
during simulated
night shift work:
a randomized
crossover trial

]

“

YR

)

show increases during the day, with a reduction by 10-20% during sleep at night.
Context / health issue: Potential impact of reduced dip in BP on outcomes such as myocardial infarction,
cardiovascular disease and stroke, examined in simulated night shifts with emergency medical clinicians.

. Participants: 28 consented out of 58 initially screened, with 26 completing the three 72 h conditions. 53.6%

female, mean age of 24.4 yr (SD7.2), 85.7% medical technicians or paramedics

Intervention: Naps of 30 min and 2 h compared with no nap. Naps were taken at 2.00am.

Indicators: BP assessed every hour and every 10-30 min during in-lab naps, plus various survey scales re
demographics, sleep and burnout.

Implementation: In three 72 h conditions including 36 h at home with fixed wake and sleep periods, a 12 h
in-lab simulated night shift, 12 h recovery period and 12 h at home recovery period. One week wash out
period between conditions. Abstention from caffeine, alcohol and heavy physical exercise during the 72 h
period. Participants carried out various self-directed activities and four mock patient related scenarios. Meals
were provided at intervals. Napping times selected based on typical quieter time for clinicians in this study,
with durations based on evidence from literature. These lab study findings may not generalise to real world
conditions. Deviations from the protocol by three participants are described, with efforts to interpret this
using sensitivity analysis.

blood pressure (BP)

was similar between

30 min and 2 h nap,
though more participants
experienced 10-20% dip
in systolic and diastolic
BPin 2 h vs. 30 min
nap, with approximately
6% advancement to
normal / healthy BP per
extra minute of nap. A
short nap of 30 min is
sufficient for healthy /
normal dip in BP.
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Table 5. Analysis of content from the systematic and narrative reviews
Reference Title Description ofsltudy T'ype of interv'ention'and deta? Is of Reported effectiveness of the intervention
[Type of study] [Type of health issue] implementation of interventions
Itaniand  The association be- Systematic review of 30 studies Redesigning shift work schedules in efforts to Switching from slow to fast rotation, and self-
Keneita®®  tween shift work and  on association between shift minimise effects on health (speed of rotation, scheduling shifts were reported to be beneficial
health: a review work and health direction of rotation, removal of shift work to long term health of shift workers. Examples
[Systematic review] [Various health issues] rotation, changes to night work, later start and of long term health issues considered include
finish times, changes to weekend working, cancer, heart disease or metabolic syndrome.
decreased shift length and self- scheduling).
Whilst shiftwork scheduling can be considered
as an intervention, the article does not describe
the implementation of the interventions.
[Shift scheduling]
Ferguson 12 h or 8 h shifts Shift scheduling is explored, Considering wide ranging factors that impact on Concludes that focusing on just working hours
and [Narrative review] focusing specifically on the the implementation and outcomes from 8 and or a single dimension of working time arrange-
Dawson*” question of whether 12 h or 8 12 h shifts. Commentary on how considering ments is insufficient and fails to account for
h shifts are better, considering  system risk may enable options of optimising the combinations of work patterns, work tasks,
various outcomes. These in- shift systems on the basis of being beneficial worker characteristics and different types of
clude physical and psychologi-  to as many as possible, or to protect at risks outcomes on which this could be assessed.
cal health, but predominantly groups, or combine aspects of both. They recommend an approach that focuses on
other outcomes such as sleep, [Shift scheduling] system risk, which has greater regard for the
satisfaction, productivity or interacting effects of different jobs, risk factors
alertness. and circumstances of people involved.
[Various physical or mental
conditions and general health]
Honn Working time society ~ Review to identify consensus Two different approaches to management of Prescriptive working time arrangements may
et al > consensus statements:  statements on prescriptive or fatigue related risks in working time arrange- not be sensitive enough to account for biologi-
Prescriptive rule sets risk management based ap- ments; prescriptive rule sets (which have been  cal factors that contribute to circadian disrup-
and risk management  proaches. Whilst a larger focus used traditionally), and risk management based  tion in work at different times of the day. Risk
based approaches for  on fatigue, there is recognition  approaches (which can include predictive math- management-based approaches are better for
management of fatigue of impact on circadian align- ematical modelling of fatigue). night work, non-standard schedules and al-
related risks in work- ~ ment and how the fatigue risk [Shift scheduling, risk management approaches] lowing operational flexibility and tailoring for
ing time arrangements. management links with wider specific jobs.
[Narrative review] safety management systems in
organisations and takes account
of the organisational culture
[Fatigue and circadian disrup-
tion]
Moreno Working time society ~ Meta-analysis of systematic Focuses primarily on the relationship between It is suggested that there is limited ability to
etal' consensus statements:  reviews, single occupation stud- shiftwork and circadian disruption and the respond to the effects of physiological factors
Evidence based effects ies and large population studies, potential impacts on disease and health. The without eliminating shiftwork, whilst in con-
of shiftwork on physi-  drawing on over 300 studies in ~ review of the evidence includes some com- trast, training and education could be considered
cal and mental health  a 10 yr period mentary on recommendations for intervention,  to improve behaviours and change lifestyles.
[Narrative review of [Various physical and mental but there is limited detail on the interventions
previous Meta analysis health issues] and their implementation. Comments on how
and systematic review the physiological and behavioural or lifestyle
studies] aspects have implications for prevention.
Emphasises how countermeasures need to be
tailored to workplaces and how it is important
to consider how countermeasures are applied
in real life.
[Shift scheduling, health literacy]
Brum Shift work and its Detailed review of link between Exposure to bright lights, melatonin use, shift Some data on effectiveness are reported regard-
et al>) association with meta-  shiftwork and various health regularity and clockwise rotation and adapta- ing various interventions that are reviewed,

bolic disorders
[Narrative review]

issues (metabolic, cardiovascu-
lar, diabetes, obesity, circadian
rhythm and others), the mecha-
nisms and pathways for these
relationships and a short review
of the therapeutic implications
[Various health issues]

tion of diet to fit the metabolic needs of night
workers. Various interventions are mentioned,
but there is limited information in the article

to describe the implementation of the interven-
tions.

[Shift scheduling, lighting, stimulants, napping]

for example exposure to bright light and shift
regularity. Use of melatonin, having at least 7 h
of sleep in a 24 h period, having 30 minto 2 h
naps before night shifts, 20-30 min of napping
during the shift, regular shift and clockwise
rotation may contribute to circadian synchro-
nisation
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Table 5. (continued)
Reference Title Description of §mdy Type of interv_ention.and deta_ils of Reported effectiveness of the intervention
[Type of study] [Type of health issue] implementation of interventions
Garde How to schedule night Review of literature recom- Evidence based recommendations on scheduling Scheduling is the dominant focus of the review,
etal > shiftwork in order to mended by 15 researchers, are presented, including reducing consecutive though the authors comment that there is
reduce health risks and  supplemented by additional night shifts, having shorter night shifts and suffi- thought to be limited evidence that methods to
safety risks literature search and recent cient shift intervals. The authors also comment improve adaptation prevent long term issues.
[Meta analysis] systematic literature reviews, on the need to consider start and finish times
with the intention of forming a  and the degree of control that people have over
consensus on recommendations  night shifts. They also explain how these char-
on night shift scheduling to acteristics of shifts are interlinked, for example,
reduce health risks working longer duration shifts usually means
[Various health issues] working fewer shifts in the working week.
They also point out additional countermeasures,
such as fatigue risk management, lighting, self
rostering, and stimulants to improve adaptation
[Shift scheduling, risk management, lighting,
stimulants]
Kecklund ~ Health consequences 38 meta-analyses, 24 systematic Short overview of intervention studies, describ- ~ The strongest recommendation relates to the
and of shiftwork and insuf- reviews and additional narrative ing organisational and individual countermea- design of shifts, which should include forward

Axelsson'®

ficient sleep
[Meta analysis]

reviews and articles between
2006 and 2016, focusing on
impacts of shiftwork on sleep,
chronic disease and mecha-
nisms linking shiftwork and
health outcomes

[Various chronic diseases, sleep
and circadian disruption]

sures, though with limited details of implemen-
tation including: shift scheduling to minimise
sleep and circadian disruption; offering indi-
vidual control over working hours; screening
and support for sleep disorders; education on
strategies for sleep and recovery, caffeine and
light exposure, and diet, alcohol and nicotine
use, to mitigate sleep problems.

[Shift scheduling, health literacy, lighting,
supplements and stimulants]

rotation and a minimum of 11 h of break to en-
able sufficient sleep and recovery.

Cherrie A review of the Review of existing epidemio- Evidence on possible interventions is reviewed.  Summary of the effectiveness of a range of
et al.?? impact of shift work logical and health and safety Recommendations include developing a interventions are presented, such as ways to im-
on cancer: summary practice research literature to workplace policy to inform night workers about  prove daytime sleep. Strategic napping is noted
of the evidence for provide advice for practitioners, the potential risk of cancer, designing better as beneficial to reduce circadian disruption and
practitioners noting how circadian disrup- shift patterns, instigating health promotion, but  to improve alertness. The effect is less clear on
[Review] tion is classified as probably there are limited details about implementation reducing cancer risks. There is some evidence
carcinogenic. Introduces several of these regarding light exposure and breast cancer, but
policy and guidance documents. [Shift scheduling, napping, health literacy train-  the evidence is not strong. The use of bright
Initiatives, improving sleep ing and health monitoring] white light at night can have a positive influence
quality and encouraging the on alertness. Across different literature, the use
workforce to conduct cancer of melatonin does not produce consistent posi-
screening tive outcomes.
[Cancer]
Crowther  Non-pharmacological ~ Reviews non-pharmacological ~ Description of the intervention and duration Outcome measures used and results for each
et al. > interventions to im- interventions, reviewing 65 across all studies in the sample. Reference to study reported.
prove chronic disease  publications with eight health four types of non-pharmacological interven- Findings include increases in objective mea-
risk factors and sleep ~ outcomes, noting the evidence  tions, including fast forward rotating shifts, sures of sleep duration and sleep efficiency,
in shift workers: a on associations between times of use of bright light, targeting health small increases in subjective measures of sleep
systematic review and  biomedical (e.g. high blood behaviours, complementary therapies duration and sleep quality, improved perception
meta analysis pressure) or behavioural risk [Shift scheduling, lighting, health literacy] of health, decreased blood pressure (systolic and
[Systematic review factors (tobacco smoking) and diastolic) and reduced body mass index.
and meta-analysis] common chronic diseases (e.g.
cardiovascular disease).
[Various health issues]
Hirose®®  An occupational health Impact of napping on cardio- Interventions covered in one study were shift Rises in blood pressure in male bakery workers

physician’s report on
the improvement in the
sleeping conditions of
night shift workers
[Review]

vascular issues in Shift workers
at Bakery (n=10, male)

Review paper with overview

of the author’s earlier work
and is discursive but based on
observations of small numbers
and rather anecdotal in parts.
[Cardiovascular disorders]

scheduling and napping, with two groups, with
one changing from fixed night shift to rotating
shifts and the other applying naps (two hours
nap recommended between 1:00 and 3:00).
Monitoring the health of workers in medical
examination twice a year and physiological
measurements were obtained (systolic and
diastolic blood pressure and ECG).

In a second study 29 female night workers
were divided into two groups, with 13 starting
a shift from 3.00 and 16 before 3.00, collecting
measures of sleep quality, fatigue and blood
pressure

[Shift scheduling, napping, health monitoring
of workers]

on fixed night shift. No further increases with
change to rotating shift. A two hour nap from
1-2 h during night shifts led to significant de-
crease of their diastolic blood pressure (BP).
In the second study there were no significant
differences in sleep quality or sleep duration,
but daytime sleepiness and aspects of fatigue
were higher in those starting the shift earlier.
Interviews with participants collected informa-
tion on how people made changes to sleeping
arrangements to try to get deeper sleep in
shortened sleeping hours after shift start time
changes.
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Title

Reference [Type of study]

Description of study
[Type of health issue]

Type of intervention and details of
implementation of interventions

Reported effectiveness of the intervention

Association between
light at night, mela-
tonin secretion, sleep
deprivation, and the
internal clock: health
impacts and mecha-
nisms of circadian
disruption

[Review]

Touitou
et al.>

Presents a review and counter-
measures to the effects of Artifi-
cial Light at Night (ALAN).
Detailed review of potential
mechanisms for various long
term health conditions arising
from circadian disruption (e.g.
inhibition of night time melato-
nin secretion, sleep deprivation)
[Various health issues associ-
ated with circadian disruption]

Review of five intervention types to counter
circadian misalignment — bright light, melato-
nin, napping, psychostimulants and psychotro-
pic medications. This includes timely use of
bright light (approx 10,000 lux, before an early
morning shift or night shift). Melatonin supple-
ments were proposed in the USA, though not
recommended in France for shift or night work.
Napping considered as a strategy to prevent
drowsiness for workers. Caffeine as a stimulant
at the start of a shift. Hypnotics (triazolam and
temazepam) to mitigate sleep disturbances.
[Lighting, stimulants / supplements, napping]

Summary of effectiveness of a range of inter-
ventions as countermeasures to the effects of
ALAN, including bright light and melatonin.
Exposure to bright light (e.g. 30 min in the
morning) was found beneficial, although it did
not improve shift work adaptation. Following a
night shift, it was advised to avoid bright lights
although this could be difficult to implement.
Melatonin was advised in some literature as
beneficial to adjust circadian rhythms in the
USA but not in France. 30-50 min napping was
found to be associated with reduction in acci-
dents and improved alertness and performance.
Drinking one cup of coffee at the start of shift
is advised. Psychotropic medication, despite an
impact on alertness, should be avoided due to
side effects and potential for abuse.

Gupta
etal'®

The factors influencing
the eating behaviours
of shiftworkers: what,
when and why
[Narrative review]

Narrative review of 62 articles,
examining the individual and
environmental factors that
influence eating behaviours of
shiftworkers. Various long term
health issues in shiftwork are
explained and the role of diet
and timing eating to health and
circadian rhythms.

[Various health issues and
performance]

The findings are described by when people
eat, what they eat, where they get this and why
they eat on shifts. The review is descriptive of
current eating practices and there is not direct
study of interventions, but provides important
contextual information that can be used in
designing interventions

[Eating and dietary advice]

The review has recognised the importance of
understanding as much as possible about the
contextual factors that affect eating during
shiftwork, including impacts of family life and
culture on eating habits, social aspects of eating
on shifts, and availability of food and time to
prepare food, which may affect choice.
Outcomes from eating on nightshifts on perfor-
mance and health are recognised, such as effects
on glucose metabolism at night, acknowledging
how there are no easy solutions. Whilst it is
possible to recommend that people do not eat at
night, not doing so may affect the morale of the
worker in a social work setting.

Table 6.

positive impact on long term health conditions (+ve, partial)

Summary of primary sources with interventions for different health issues, including identification of studies with indications of

Health Issue

Intervention type

Shift scheduling

Napping Lighting

Eating / dietary Activity / exercise

Musculoskeletal disorders

Cardiovascular

Metabolic disorders

Sleep issues, generalised fatigue,
circadian adaptation

Mental health

Multiple physical or mental
conditions or general health

Obesity / weight management

Lee et al.*?) (+ve)
Jensen et al.’®
(+ve)

Lee and Kawachi®®
(tve)

Kubo et al.’®
(partial)

Kim et al. 3
(partial)

Patterson et al.*”)

(partial)

Helmhout et al.*»
Lammers-van der Holst
et al.® (+ve)

Leung et al.*? (+ve)

Mamen et al.*®)
(+ve)

Qian et al.®)

Binder-Mendl et al.*)

(t+ve)
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Table 7.
positive impact on long term health conditions (+ve, partial)

Summary of review publications with interventions for different health issues, including identification of studies with indications of

Intervention type

Health Issue

Sleep hygiene
and health
literacy training

Health
monitoring

Stimulants and . .
Eating / dietary
supplements

Shift scheduling Napping Lighting
Cancer Cherrie et al.®®  Cherrie et al’®  Cherrie et al.>
(partial)
Cardiovascular Hirose® (+ve)
Metabolic Brum et al>V) Brum et al.>V Brum et al.>V
disorders (partial) (partial) (partial)
Sleep issues, Honn et al.>” Cherrie et al.*®  Kecklund and
generalised Kecklund and (partial) Axelsson'®)
fatigue, Axelsson'®)
circadian (partial)
adaptation
Multiple physical ~ Ferguson and Touitou et al.>  Touitou et al.>>
or mental Dawson*? (partial) (partial)

Itani and Keneita*® Garde et al.'»
(+ve)
Moreno et al.'”
Garde et al.'>

Crowther et al.>®

conditions or
general health
(partial)

(partial)

Cherrie et al. 5% Cherrie et al.5®  Cherrie et al.’?

Hirose®
(partial)
Brum et al.>V
(partial)
Kecklund and Kecklund and
Axelsson'®) Axelsson'®)

Moreno et al.')
Crowther et al.*?
(partial)

Gupta et al.'®)
(+ve)

Touitou et al.>>
(partial)
Garde et al.'»

Crowther et al.’®

Details of the interventions and how these have been
implemented in studies

The interventions most commonly involved adaptations
in aspects of shift scheduling (e.g. 5 primary sources and
9 review sources in Tables 6 and 7). Scheduling has been
applied to reduce night work*®, allow more recovery
time®® *®, and reduce sleep disruption, which has been
considered as a mediator of ill-health'®. These scheduling
interventions sometimes recognised differences in indi-
%) and enable choice or self-rostering with

respect to night work'>. Traditional scheduling guidelines

vidual tolerance

are not straightforward because of the interlinked nature
of aspects of shifts (e.g. lengths and numbers of shifts per
week!'), the biological factors that cause circadian disrup-
tion at different times of the day’” and the need to have
regard to different jobs, risk factors and circumstances of
people*”. As an alternative, risk-based fatigue manage-
ment practices can be less rigid and allow adaptation
to changing organisational circumstances®”, take better
account of impacts of night work®” and optimise for par-
ticular groups at risk*”.

Lighting interventions have been considered in two
primary sources and six review publications. Suggestions
have been made to use light to promote circadian adapta-

tion'®, though clear evidence of positive effects on long
term health is not available. Cherrie e al.’® commented
on whether light exposure can increase risk of cancer but
concluded that the evidence is not sufficiently strong.
Whilst the use of light as an intervention is mentioned in
several review articles, there is limited detail about the
implementation of the lighting interventions>" .

Several interventions were within the area of advice or
support programmes for workers, such as sleep hygiene
and health literacy training (four review papers), dietary
counselling or advice on eating times (three primary
sources and one review). These have potential benefits for
more immediate outcomes such as reduced sleepiness and
improved performance. Some of these may seem to place
responsibility on the worker to adapt their behaviour or
lifestyle, though this may be difficult for various cultural
and social reasons (e.g. changing eating behaviours'®).

Napping is considered explicitly in one primary source
and five review sources. These included examination of
the impact of nap lengths on blood pressure*”), the effects
of strategic napping and circadian disruption®” and nap
lengths and circadian disruption®". Additional guidance is
needed on the timings of naps, recovery from sleep inertia,
and how to integrate napping with appropriate consid-
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eration for different jobs, individual workers and work
environment characteristics'® >?.

Use of stimulants or supplements have been covered in
five review papers. As with interventions such as lighting
and napping, these are commonly suggested as interven-
tions to promote circadian adaptation and there is limited
consideration of longer-term impacts on health.

Other intervention types mentioned include health
monitoring (2 review publications), observing changes in
blood pressure™®. A high intensity exercise programme (one
primary source) was designed to test the benefits from

short training sessions*®).

Determining the effects of interventions on long term
health

Various methods and outcome measures have been
reported for the collection of data, in particular on the
pathway from workplace exposure to longer term health
conditions. These include findings from physiological
measures (e.g. heart rate variability>®, blood pressure>® ),
or body weight*?, comparing between non-intervention
and intervention periods*); measures of changes in activ-
ity in response to exercise programmes*® or different shift
arrangements®®); and assessments of changes in mood,
stress or musculoskeletal health from rating scales, ques-
tionnaires or diary studies*).

The review of the 24 publications reveals positive and
partial evidence of the effectiveness of the interventions in
relation to a variety of long-term health conditions (Tables
6 and 7). The strongest evidence in the primary sources
relates to the effects of shift scheduling on musculoskeletal

40) 36 and metabolic

disorders™”’, cardiovascular disorders
disorders®?. Other positive effects on cardiovascular
disorders are reported for physical activity*® and dietary
changes*?. Dietary counselling has reported positive

impacts on weight management*"

and there are reported
positive effects of lighting on melatonin secretion*”.

Clear evidence on the implementation and effectiveness
of interventions for prevention of long-term health issues
is limited in the review papers, many of which attempt
to cover multiple physical health conditions and multiple
interventions. There are reports of positive impacts of nap-
ping on cardiovascular disorders>®, and shift scheduling or
meal time advice on a variety of health outcomes'®*®. The
reviews contain useful commentaries on circumstances
which need to be considered for effective outcomes from
implementation. These include the need to take account of
the changing needs and circumstances in organisations "

arising from combinations of work patterns, work tasks,

worker characteristics and different outcomes*”, and the
importance of considering wider aspects of behaviour be-
yond work'? and people’s knowledge of what they should
do and their ability to adapt their behaviour for various

cultural or social reasons'®.

Discussion

The content and quality of the evidence on potential
workplace interventions to minimise long-term health
impacts of night working

There is evidence on the health risks from night working
within existing systematic reviews and meta-analyses, cov-
ering several hundred publications in the literature'> 1319,
though there is some uncertainty in the physiological, psy-
chological and behavioural mechanisms by which night
work, alone or as a part of shiftwork, can have longer-
term health impacts. People may be affected differently
and there are challenges for those involved in prevention.

Moreno et al.'”

commented previously on how it is dif-
ficult to minimise risks from the physiological responses
without eliminating shiftwork, whereas interventions
aimed at ill-health arising from lifestyle changes associ-
ated with shiftwork present more options.

This current rapid review explores the evidence from 24
publications on the effectiveness of interventions to reduce
risk and best practice on how to implement these inter-
ventions. The findings, described in Tables 4 and 5 and
summarised by types of intervention and health issue in
Tables 6 and 7, focused on eight types of interventions to
minimise risks of seven types of health disorders, alone or
in combination. There are some positive and partial find-
ings, though overall, interventions for a relatively limited
number of long-term health conditions are considered with
sufficient depth in these recent publications.

Prevention and mitigation in the existing literature
typically focuses on shift scheduling, whether prescriptive
and rule-based or risk-based®> > and usually considers
aspects such as the length, direction of rotation, number of
consecutive shifts and gaps between shifts. Other potential
supporting interventions involve sleep hygiene practices,
health literacy practices, exercise programmes, napping,
stimulants and lighting to assist adaptation and changes
to diet and eating habits. The evidence from the rapid
review draws from recent studies, but there is still limited
knowledge to understand how interventions might reduce
risk of longer-term health issues and also limited avail-
able evidence on best practices for implementation. It has
been recognised that the selection and implementation of
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interventions needs to take greater account of the nature of
the work and individual circumstances®”, though there is
limited available guidance on how this can be achieved.

Supporting research and organisational programmes for
the prevention and mitigation of long-term health risks
from night working

People do various types of work (such as rail signal-
ling), in an environment (e.g. control room), within the
constraints of a work schedule (such as forward rotating
shifts, including regular night shifts) over a period of time
(taking account of the number of days on shift before a
period of break from work). In many practical situations,
safety and health interventions are aimed at modifying
the schedule (direction of rotation or number of days on
shifts), the environment (e.g. lighting) or attempting to
enable people to adapt to non-optimal work conditions.
Interventions are often applied in a singular or uncoor-
dinated way, without consideration for wider impacts of
their influence on other parts of the system. These types
of weakness in work design have already received some
recognition in the literature, such as the difficulties for
both shift scheduling®” and integrating napping into work
cycles®” because of the variability arising within jobs with
different demands and risk factors, circumstances of the
workers and work environment characteristics.

The current literature offers options for “what” can be
implemented, with some indication of potential effects of
such interventions. The weaknesses in knowledge of the
long-term health risks from existing evaluation studies are
partially understandable, given the period from exposure
to potential health impact, where traditional experimental
evaluation studies are difficult®®. Such difficulties in
studying effectiveness of interventions have influenced
researchers in other contexts to focus more on realist
evaluation studies of “why” an intervention works or not,
examining the process of an intervention as well as the ef-
fects, to determine “what works for whom, why, how and
under which circumstances™?. These studies have greater
focus on theory behind the interventions, descriptions of
how they are applied in the context (process evaluation)
and the specification of a wider set of potential outcome
60*62), such as the shorter-term, intermediate
and longer-term indicators of health impacts of night

indicators

working. Good examples of monitoring the workforce
and collecting data on early indicators of increasing risk
include measures for blood pressure, heart rate, and blood
components>® %, but the need for better exposure data in
longitudinal studies is recognised'™ '),

B RYAN et al.

There is also currently limited evidence of “when” and
“how” the available interventions should be implemented,
both alone and in combination. This is particularly impor-
tant to consider in more complex work settings with differ-
ing work demands and people with different backgrounds,
family situations, preferences and psychological, physical
and physiological needs. Understanding of the nature of
work and how this is actually carried out in practice (es-
pecially “work as done”®”) can contribute to the studies to
understand work exposure and support effective engage-
ment with the workforce.

It is important to recognise the unique context of each
workplace and the effects that multiple interacting system
components (the people, their equipment, the environment
in which they work and the processes they follow) can
have on both the individual worker and overall system
performance®. Health, safety and behaviours are emer-
gent states and outcomes from the continually changing
components of the working context.

Researchers and industry practitioners need to consider
new approaches to support organisations to respond to
existing constraints and to plan and implement interven-
tions, as indicated in Fig. 2. This figure adapts an existing
exposure-response model®® to reflect the external and
internal exposure from night work and the resulting acute
and longer-term health impacts, which are influenced by
worker capacity or tolerance to night work. Different types
of interventions can be considered to disrupt the progres-
sion from exposure to long-term health effects, though
there is limited knowledge of those that can be effective
for more chronic conditions. Interventions are often ap-
plied in a singular or uncoordinated way and various en-
abling factors can be considered to improve approaches to
implementation. These will include work in several areas:
firstly, helping to resolve questions around when to inter-
vene: by supporting decision-making and the management
of risk in changing work situations, potentially requiring
new ways of thinking about risk; and secondly, supporting
“how” interventions and health management programmes
are implemented and evaluated, applying systems thinking
principles® to achieve best practice in work organisation
and design and enhancing participation of the workforce
to embed organisational cultural change to recognise and
respond appropriately to emerging risks.

Re-thinking risk—decision-making and the management
of risk in changing work situations

The rapid review has identified uncertainty in the level
of risk of various long-term health conditions associated
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interventions Stimulants and
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approaches to engage
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Fig. 2.

with night work and a lack of detail in guidance around
interventions. Whilst the evidence is inconclusive, there
are on-going concerns about various health conditions
in industry (e.g. cardiovascular disorders, metabolic
disorders/diabetes, and obesity) and there is need to avoid
complacency and be open to new threats (see literature
on High Reliability Organisations®® 7
“chronic unease”®). Quantification of risk of night work-

and the value of

ing is difficult. This is partly because night work is only
one of many factors that are likely to be involved in the
development of illness.

Risk based frameworks for fatigue are available®

and
consider the relative merits of prescriptive rules and risk
management-based approaches’”, but these do not assess
the psychosocial consequences of fatigue and longer-term
health consequences®”. From an organisational perspec-
tive, making decisions around risk control and the manage-
ment of health and well-being is not straightforward. Risk
is a complex concept that can be assessed objectively in
some contexts, but in others may need qualitative assess-

49)

ments to understand the effects of shifts™’, with decisions

based around a precautionary approach®, “mere possibil-
ity arguments”, and how the decisions will be reviewed in

70)

retrospect”™”’, or in accordance with established improve-

ment principles (e.g. as low as reasonably achievable, best

=
=

interventions o methods

Lighting 1
Awareness of changing Activity / exercise <
contexts, demands and programmes T e

—) |

External exposure

Variable working and
non-working situations <
Actual work patterns and

e.g. on physiological and
metabolic systems
(Garde et al 2020 "9,
Moreno et al 2019 '9)

Work capacity /
Tolerance

Acute response

Fatigue >
Sleep disruption

v

Chronic effect / long
term health

Various health issues
(tables 6 and 7)

Improving implementation of interventions to minimise the risks from exposure to night working.

available technology, continuous improvement’"). There
can be different impacts on different groups of people’”
and it can be important to consult effectively with all who
may be affected by a source of risk as part of decision-
making processes >, engaging with workers in interviews,
focus groups and staff surveys.

For the organisational decision-makers there are chal-
lenges in determining where to spend money to greatest
effect to improve health and cost-benefit analysis is
difficult where there is uncertainty about risk’>. Manag-
ing risk associated with long-term health conditions
is especially difficult, where it is not understood how
monitoring of people’s health, today, will indicate future
wellbeing. Railway organisations, like many others, are
currently operating in a sensitive industrial climate, at
a time of many national and global political concerns.
Corporate governance and stakeholders often have a short-
term focus, which may not align easily with strategy for
health and well-being. The railway operates on five-year

investment cycles’®

, which in many respects are reason-
able timeframes, but even these are not conducive with
planning that may be necessary to prevent and manage
health conditions with longer latency periods”. Industry
investment requires a financial return and faces economic

(e.g. insurance) and other barriers (structural, workplace
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and cultural) to implementation of interventions’®. While
absence rates and some costs are quantifiable’”, long term
projections have greater propensity for error, which could
limit how businesses prioritise long term health. Inevita-
bly, businesses and individuals working within them are
likely to focus on the acute issues and more immediate
™ such as giving priority to the operational and
personal performance actions that make life easier today,

solutions

than mitigating the longer-term impacts that might not be
realised for many years. People will view this differently.
Not everyone will “buy into” a focus on promoting long-
term health. Siegel et al.” provides an example from Ger-
many where company executives were skeptical, showing
how it can be difficult to identify who will sponsor longer
term investments that are needed.

Systems thinking in work organisation and design

The rapid review identified many different types of
interventions (e.g. related to the design of shift schedules,
breaks, eating times and work environments, such as light-
ing interventions). There is limited explanation of why
these were selected and implemented, whether alone or in
a suite of interventions in each context, and whether these
considered a potential impact on long-term health. It is
also not clear whether decisions around implementation
have been sensitive to wide-ranging influencing factors,
at various systemic levels, on the likely success of the
intervention (e.g. personal, work and non-work related
factors that can affect sleep, recovery and healthy lifestyle
choices), though there are some limited examples where
the nature of work might impact on implementation of re-
designed work schedules!'® ).

Selection of interventions might have regard to prin-
ciples of prevention through design, which are applied in
other aspects of ergonomics and safety®”. This can employ
a hierarchy of control measures, where some prevention
could be considered as secondary coping mechanisms
(stimulants or light interventions), but only employed
where a primary system design solution (e.g. appropriate
shift scheduling) is not possible or not likely to be effec-
tive, and with awareness of some unintended consequenc-
es (e.g. stimulants such as caffeine keeping people awake
and inhibiting sleep).

In considering the nature of an intervention, it is pos-
sible to classify these at different systemic levels (e.g.
those that can be implemented at an individual, workplace,
work organisation level), such as described by the Onion
Model®V and similar to the nested conceptual model from
Sorensen et al.%?), which expands on detail on employment

B RYAN et al.

patterns and social, political, economic and environmental
influences. However, the implementation and responsibil-
ity for interventions is not straightforward. For example,
an individual level intervention (such as use of a supple-
ment) may require organisational promotion and support,
or a workplace-based mitigation (lighting) may need
compliance from the individuals in the workforce. An
organisational level intervention (such as redesign of shift-
work schedules) may need to enable individual choice and
control, such as having involvement in setting appropriate
shift schedules* *». Accounts of social exchange theory®
help to explain how responsibility is likely to be shared in
a reciprocal relationship between employers and their em-
ployees, with employees motivated to engage in healthier
behaviours if organisations provide the strategies, leader-
ship and climate to promote health®®. Therefore, an indi-
vidual based intervention requires an informed workforce,
which needs information flowing from the organisation
to the workforce and the organisational support to help
people make the right choices and allow them to do so in
the natural course of their work. Anger et al® highlights
the responsibility of organisations to train employees and
introduce interventions to stimulate improvement in the
worker’s health and well-being. However, people have to
work with various constraints (e.g. limited time for prepa-
ration of healthy meals and reduced availability of healthy
options at night) and it is understandable why less healthy
behaviours can be observed!®.

Engaging the workforce to embed organisational cultural
change

The rapid review found that the longevity of effects
of interventions is given limited consideration in stud-
ies. Ergonomics principles and practice can contribute
to sustained improvements through the development and
implementation of organisational strategy for the health
and well-being of workers®® and help to implement health
and safety improvement programmes successfully within
companies, emphasising the need for high level com-
mitment and recognition across the organisation of the
potential for a problem and monitoring and response to
this accordingly®”. For this to succeed, it is important to
build, embed or maintain a culture®® that remains open to
consider emerging evidence from research or the on-going
health surveillance of the workforce™. The organisational
culture should encourage participation, user engage-
ment®”, open dialogue about risk factors that contribute
to long term health issues, and authentic involvement of
staff in consultation and decision making (e.g. individual
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choice in shift schedules*® ). Interventions in this area
can impinge on the personal lives of workers (e.g. their
ability to consent to a new initiative®”), so it is important

91), rather

to consider how organisations engage employees
than lecture and alienate their staff. The goal is to provide
an environment where the normal organisational practices
enable healthier behaviours that can contribute to the
longer-term health of the workforce (in addition to shorter

term indicators of fatigue or performance).

Limitations of the review

This study is based on a rapid review and whilst this ap-
plies a systematic approach this is not an exhaustive search
for content in the literature. This employed pragmatic
choices, starting the search with a focus on the railway,
though publications covering multiple sectors were not
excluded at this stage. This restricted access to some non-
rail related sources and a further stage of searching looked
for more recent papers across a shorter time frame, but not
restricted in this case to the railway context. Carrying out
a different search at a single point in time would have been
more efficient, but the iterative approach has produced
suitable coverage of the literature for the purpose of this
review. Content in the titles and abstracts of the original
articles may have excluded some publications from the
selection for the sample in this study.

Conclusions

Long-term health issues associated with night working
have been recognised for some time in academic literature.
The magnitude of the risk is less clear and night work is
one of many factors that contribute to long-term health
impacts on a worker. Currently, evidence in the literature
commonly focuses on organisational redesign of shifts
and some associated workplace (e.g. lighting) or individu-
ally focused (e.g. stimulants, exercise, health literacy)
interventions, but there are few detailed evaluation studies
providing clear evidence on the longer-term effectiveness
of interventions and limited guidance on how to imple-
ment such interventions. There are things that organisa-
tions can do in efforts to support workers, and these are
often part of wider programmes for occupational health,
welfare and well-being and have potential to contribute
to reduced fatigue and work productivity or performance
outcomes. It is not clear though about what, if anything,
should be done, in relation to specific long-term health
risks from night working. The current review identifies
eight types of intervention that have been applied in rela-

tion to seven types of long-term health condition, though
weaknesses have been highlighted in the current knowl-
edge of effectiveness of the interventions. A systemic
perspective is needed to understand the many interacting
factors that affect the performance and outcomes from
work, and to support the implementation and evaluation
of interventions to mitigate risks of night shift working.
This will involve thinking about risk in different ways
and applying systems-thinking principles to achieve best
practice in work organisation and design and engage with
the workforce to embed organisational cultural change.
When work design interventions are implemented within
the structure of an appropriate organisational programme
that recognises the potential for health issues in the day-
to-day business activities, and where there is appropriate
monitoring and response to emerging risk, positive contri-
butions to the overall health, well-being and performance
of the workforce and the organisation as a whole can be
achieved.
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