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ABBREVIATIONS
Table 1. Abbreviations use in this document

Abbreviation

Details

HCW

Healthcare Worker

SWD

Shift Work Disorder

ISCRR

Institute for Safety, Compensation and Recovery Research

PVT

Psychomotor Vigilance Testing—measure of sustained attention

KSS

Karolina Sleepiness Score—subjective sleepiness scale

USA

United States of America

ACGME

Accreditation Council for Graduate Medical Education

AMA

Australian Medical Association

CRC

Cooperative Research Consortium
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1. INTRODUCTION
Shift work is broadly defined as any work conducted outside of “normal” working hours. “Normal
hours” are defined as those between 7 am and 7 pm, Monday-Friday, therefore shift work usually
requires an individual to work outside the standard sleep-wake cycle.1
Shift workers are at a greater risk of physical and mental health conditions including type 2 diabetes,
obesity, cardiovascular disease, high blood pressure, digestive problems, depression and anxiety.2
Shift work is associated with a higher risk of workplace injuries, motor vehicle accidents, sick leave
and absenteeism compared to daytime work.2 There is an adverse effect on the shift workers'
cognitive function; delayed reaction time, impaired information processing, and lapses in attention
occur because of inadequate sleep and circadian (biological clock) misalignment.3
Most healthcare workers (HCW) who are responsible for the care of those with suspected or
confirmed COVID-19 will be shift workers, i.e., employees working in acute and aged care health and
residential settings where 24/7 staffing is required to care for patients/residents. A proportion of
non-clinical staff in healthcare settings and those working in hotel quarantine will also be shift
workers.
WorkSafe Victoria (WorkSafe) in collaboration with the Victorian COVID-19 HCW Taskforce have
requested a review of the literature produced from the Alertness, Safety and Productivity
Cooperative Research Consortium (CRC).
The Alertness, Safety and Productivity CRC was an Australian Government funded industry focused
research and development consortium, which ran over a 7-year term. Twenty documents were
provided to conduct a rapid research summary by the Institute for Safety, Compensation and
Recovery Research (ISCRR) for WorkSafe. The documents included a combination of direct research
output and an evidence report, both from the Alertness CRC, and several other background
documents that informed the work of the Alertness CRC. The documents are outlined in the tables
below.
Following a review of all the documents, the contents of this report focusses on the key articles that
provide the most recent and applicable information, in order to avoid replicating existing knowledge,
including the contents of recent ISCRR Evidence Review #271, Fatigue and burnout in healthcare,
December 2020, and the current WorkSafe Guides regarding managing fatigue in the workplace.

Documents Provided for Review 4 December 2020
Table 2. Non-peer review literature summary and recommendations

Author, Year

Title

Description

Stone, 2016 1

Report of the Expert Reference Group
on Work Hours in Healthcare,
Alertness, Safety and Productivity CRC.

Evidence Review &
Recommendations

Table 3. Peer reviewed research publications from the Alertness CRC

Author, Year

Title

Description

Ganesan, 2019 4

The Impact of Shift Work on Sleep,
Alertness and Performance in
Healthcare Workers

Prospective observational
study.
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Author, Year

Title

Description

Mulhall, 2019 5

Sleepiness and driving events in shift
workers: the impact of circadian and
homeostatic factors

Prospective observational
study,

Booker, 20192

Individual vulnerability to insomnia,
excessive sleepiness, and shift work
disorder amongst healthcare shift
workers. A Systematic Review

Systematic Review

Booker, 20196

Exploring the associations between
shift work disorder (SWD), depression,
anxiety and sick leave take amongst
nurses

Cross-sectional

Booker, 20197

The role of sleep hygiene in the risk of
Shift Work Disorder in nurses

Cross- Sectional

Stone, 20198

Generalizability of a Neural Network
Validation Study
Model for Circadian Phase Prediction in
Real-World Conditions

Stone, 20199

Application of a Limit-Cycle Oscillator
Model for Prediction of Circadian
Phase in Rotating Night Shift Workers

Validation Study

Stone, 201810

Temporal dynamics of circadian phase
shifting response to consecutive night
shifts in healthcare workers: role of
light-dark exposure

Observational, repeated
measures

Table 4. Peer review publications–Background Literature

Author, Year

Title

Description

Czeisler, 198211

Rotating Shift Work Schedules that
Intervention, before-after
Disrupt Sleep are Improved by Applying
Circadian Principles

Cappuccio, 2009 12

Implementing a 48 h EWTD-compliant
rota for junior doctors in the UK does
not compromise patients’ safety:
assessor-blind pilot comparison

Intervention, before-after

Landrigan, 200413

Effect of Reducing Interns’ Work Hours
on Serious Medical Errors in Intensive
Care Units

Intervention, before-after

Lockley, 2004 14

Effect of Reducing Interns Weekly
Work Hours on Sleep and Attentional
Failures

Intervention, before-after

Folkard, 2006 15

Modelling the Impact of the
Components of Long Work Hours on
Injuries and ‘‘Accidents’’

Meta-analysis
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Table 5. Non-peer review reports from surveys conducted by the Australian Medical Association (AMA)

Author, Year

Title

Description

AMA, 201116

Safe Hours Audit, 2011

Survey
Report

AMA, 201617

Safe Hours Audit 2016

Survey
Report

(Included as supersedes 2011 Audit)
AMA, 200818

Doctors Health and Wellbeing Report, 2008

Survey
Report

Table 6. Documents pertaining to the Duty Hour Restriction from the Accreditation Council for Graduate
Medical Education, USA

Author, Year

Title

Description

Sleep Research
Society, 201519

Sleep Research Society (SRS) Initiatives Statement of
- Resident Working Hours
recommendations

ACGME, 201520

ACGME Common Program
Requirements

Medical Training Program
Requirements

ACGME, 201421

Frequently Asked Questions: ACGME
Common Duty Hour Requirements

Explanatory document
referring to ACGME Common
Program Requirements

Institute of
Medicine, 200322

Resident Duty Hours: Enhancing Sleep,
Supervision and Safety (Table 1)

Summary table of comparison
of IOM adjustments to ACGME
2003 Duty Hour Limits
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Summary
Table 7. Key Messages Summary Table

The Expert Reference Group on Work Hours in Healthcare made seven key recommendations
in 20163, that remain relevant and are yet to be completely implemented in the sector. Those
recommendations were:
1. Maximum consecutive hours of duty limited to 13 hours*
2. Extended duty shifts capped at 16 hours for doctors under extraordinary circumstances.
3. Minimum of 11 hours' rest between rostered shifts#.
4. No evening shift to morning shift (“quick return”) or day shift to night shift direct
transitions
5. A maximum of three consecutive night shifts
6. A maximum of six consecutive shifts of any type (1 guaranteed day off per week)
7. Shift rotation should be in a forward direction (i.e., day to evening to night shifts)
HCW are chronically sleep restricted, getting on average less than 6 hours sleep per night.
• This places HCW at increased risk of the adverse health and performance consequences of
accumulative sleep debt.
There are two particular shifts that are associated with increased risk for HCW:
1. Working an evening shift (finish 9:30 pm) followed by a day shift with an early start (7
am), the “quick return or late-early” is associated with:
• HCW getting the least amount of sleep between consecutive shifts
• Higher levels of sleepiness in the morning
• Increased levels of impairment whilst driving to work.
2. The first night shift is associated with:
• The longest period of wakefulness before starting the shift, resulting in continuous
wakefulness exceeding 16 hours by the end of the shift.
• Higher levels of sleepiness and a greater level of alertness and performance
impairment across the shift.
• HCW feeling sleepier and reporting more sleep-related and hazardous driving events
on the commute home.
Driving home after a period of wakefulness greater than 16 hours is associated with an
increased risk of sleep-related driving events.
• This is more likely to occur following the first night shift.
• This effect is worse when the drive home coincides with HCW circadian acrophase (a time
of the biological clock where the drive to be asleep is the highest and the level of
alertness is low)
There is poor and variable physiological adjustment to shift work.
• After consecutive night shifts, the majority of HCWs are at their circadian acrophase either at
work, or on the commute home.
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Approximately 30% of HCW are at risk for Shift Work Disorder (SWD), a disorder associated
with sleep impairment and excessive sleepiness.
• HCW who are at a high risk of SWD are at greater risk of depression and anxiety.
• Those at high risk for SWD have poorer Sleep Hygiene habits.
WorkSafe Victoria23 current recommendations:
*
Limit shift to 12 hours, including overtime.
#
Try to ensure at least 12 hours between shifts.
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Background–The Human Sleep-wake Cycle
Scientific Concepts–Plain Language Summary
How alert one is (wakefulness), and how easy or hard one finds it to fall asleep depends on both
behavioural and biological processes:
• Duration of wakefulness: The longer you stay awake, the stronger the drive to fall asleep
becomes, i.e. sleep drive. To a large extent, this is under behavioural control in that you can
force yourself to stay awake or choose to take naps during the day.
• Circadian Rhythm (Biological Clock): Every individual has their own sleep-wake cycle or
“habitual sleep pattern”. This is largely determined by their “internal body clock” known as the
Circadian Rhythm. The sleep-wake cycle averages 25 hours in duration, slightly longer than the
24 hours “clock time” and is influenced by:
• Melatonin: A hormone released from the brain that promotes sleep. Melatonin is released in
response to decreased light exposure, e.g., as the sun sets. This time point is referred to as
DLMO (Dim-Light Melatonin onset).
• Exposure to light: Different light intensities can suppress or turn off the release of Melatonin
from the brain. For example, when one wakes up in the morning or after exposure to light,
Melatonin secretion reduces.
Both increased time awake and the timing within the circadian rhythm impact cognitive
performance. There are two particular time points worth noting:
1. Circadian Acrophase: Represents a period when sleep drive is at its maximum and alertness is
substantially impaired.
• This occurs approximately 2-3 hours before one’s habitual wake time (not necessarily the
same as the time the alarm clock goes off).
2. Wake Maintenance Zone: This represents a time where the circadian rhythm promotes
maximal wakefulness.
• A 2-3 hour window that occurs prior to the onset of melatonin (DLMO).
Shifting the Sleep-Wake Cycle
The sleep-wake cycle can be entrained, e.g. set to a different time zone by environmental time cues,
such as that which occurs when travelling across time zones, or working night shifts. The direction of
the change is relevant in that phase delays, e.g. staying up later, are easier to adjust to than phase
advancements, e.g. needing to go to sleep earlier and get up earlier. However, the evidence
continues to demonstrate that there is a high degree of variability between individuals regarding
each individual’s circadian rhythm and the direction and magnitude one’s circadian rhythm will
move in response to a stimulus.

This has implications in how certain individuals “adapt” to shift work, which leads to variability in
shift workers in their wakefulness, cognitive performance and ability to attain adequate sleep,
particularly in relation to night shift and the commute home.
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2. REPORT OF THE EXPERT REFERENCE GROUP ON WORK
HOURS IN HEALTHCARE
Cooperative Research Centre for Alertness, Safety and Productivity, Stone, J. et al., Dec 2016 3
The Work Hours Expert Reference Group was a multi-sector reference group, with representatives
from regulatory, consumer, research, employer and employee organisations under the direction of
the CRC for Alertness, Safety and Productivity. This 37-page report reviewed the scientific evidence
surrounding the impact of current work scheduling practices on alertness, safety and performance
and the current regulatory and legislative context. The purpose was to develop an evidence-based
framework for shift scheduling to improve the alertness, health and safety of healthcare workers.
The seven recommendations made by the Expert Reference Group are shown in Table 8 below. In
addition, the following are key points of note:
• Approximately 16% of Australians engage in shift work, and 45% of shift workers work in
rotating shift schedules where shifts will change either in a forward direction (e.g. day > evening
> night) or a backward direction (e.g. night > evening >day) over a series of days or weeks.
• The healthcare industry is the second largest body of shift workers in Australia.
• Shift workers in health care professions are at risk of alertness impairments because of the
combined effects of inadequate sleep and circadian misalignment induced by the need to
maintain 24 hours acute healthcare services.
• Circadian misalignment has a negative impact on daytime sleep episodes, which are typically
shorter and less restorative than night-time sleep periods.
• There is substantial evidence that shift schedules have a profound impact on HCW sleep and
performance, as well as safety outcomes for shift workers.
• Shift work is associated with impaired cognitive function demonstrated by delayed reaction
time, delayed information processing, and lapses in attention.
• There is an increased risk of medical errors, patient harm and injuries to staff and/or others.
• Self-assessments of fatigue and performance become increasingly unreliable with cumulative
sleep restriction, as can occur after consecutive nights
The Expert Reference Group made seven recommendations for managing working time
arrangements in healthcare services to mitigate risk, based on available scientific evidence, existing
national and international regulatory frameworks from healthcare and related industries, and
operational demands of maintaining 24-hour acute healthcare services. The recommendations are
outlined in the table below, along with the key rationale for the recommendation. Further evidence
to support these recommendations is described in the additional studies included in this report.
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Table 8. Recommendations on Work Hours in Healthcare from the Expert Reference Group, Dec 2016

Expert Reference Group on Work Hours in Healthcare Recommendations
Maximum Consecutive Work Hours
1. Maximum consecutive hours of duty limited to 13 hours,
2. With extended duty shifts capped at 16 hours for doctors under extraordinary
circumstances.
• Why: Negative effect of prolonged periods of wakefulness on performance is well
documented; including increased risk of need stick injuries, higher rates of medical errors,
and increased risk of motor vehicle accidents. After 16-18 hours of wakefulness, an
individual’s performance is impaired to a level equivalent to having blood alcohol
concentration (BAC) above the legal driving limit (0.05%) and after 24 hours of
wakefulness, is equivalent above twice the legal driving limit (0.1% BAC) 24
Provision of adequate rest period between rostered shifts
3. Minimum of 11 hours rest between rostered shifts.
4. No evening shift to morning shift (“quick return”) or day shift to night shift direct transitions
• Why: “Quick returns” are associated with short duration and more disrupted sleep. Studies
have demonstrated that restricting sleep to 3 to 7 hours per night for one week has a
negative effect on alertness, with a greater frequency of lapses in attention, and feelings of
stress and fatigue equivalent to that found after 48 hours of total sleep deprivation.
Limitation on the number of consecutive shifts worked
5. A maximum of three consecutive night shifts
6. A maximum of six consecutive shifts of any type (1 guaranteed day off per week)
• Why: The risk of adverse events both to the shift worker and medical errors increases with
consecutive shifts, which leads to increased total work hours. There is also cumulative
sleep loss which occurs over consecutive night shifts due to repetitive reductions in sleep
quality and duration.
Direction of shift scheduling facilitates optimal physiological adaptation.
7. Shift rotation should be in a forward direction (i.e., day to evening to night shifts)
• Why: This aligns more favourably with the circadian rhythm optimising physiological
adaption. Changing schedules to forward direction from backwards direction is better
tolerated by employees and improves productivity.
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3. PEER-REVIEWED PUBLICATIONS FROM THE ALERTNESS
CRC
Following the report from the Expert Reference group the CRC undertook a sequence of projects in
Victorian hospitals evaluating the impact of shift work on HCWs and patient safety, and intervention
trials to reduce the impact. The subsequent papers by Booker, Mulhall, Stone and Ganesan add the
following value:
• “Real world” or “field” research conducted on health care workers under current rostering
practices in Victorian healthcare services. This has facilitated the ability to study:
• Repeated assessments over consecutive night shifts and transitions between shift compared
to assessments after single shifts only.
• Real-life circumstances, which are largely uncontrollable, such as the life, domestic and family
duties.
• Combined subjective and objective validated assessment tools increasing the accuracy of their
measurements. Measurements included:
• Sleep Diary with 24 activity monitoring (actigraphy).
• Psychomotor vigilance task (PVT), a well validated method of testing sustained attention
through measuring reaction time to a visual stimulus presented at varying intervals,
approximately 10 times per minute.
• Validated measures of eyelid movements associated with drowsiness using Optalert system
glasses. These are integrated into driver safety monitoring systems, widely used in transport,
mining and aviation sectors for detecting and proving warning of critical levels of
drowsiness.25
• Adds contemporary “real world” evidence from Victorian Healthcare workers making the
results highly applicable.
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Temporal dynamics of circadian phase shifting response to consecutive night
shifts in healthcare workers: role of light-dark exposure.
Stone et al., Journal of Physiology, 2018. 10
Key points
• None of the HCW in this study “adapted” to night shift, resulting in a large proportion being
at work or commuting home from work during their circadian acrophase.
• There is variability between individuals’ circadian phase and the direction and magnitude
that it shifts in response to night shift.
• Each HCW diurnal preference and the timing of light exposure at key times can explain 70%
of this variability.
Stone et al. conducted a study on forty-one HCWs from an intensive care unit at a Victorian tertiary
hospital to examine the temporal dynamics of the shift in HCW circadian phase and the influence of
light exposure as they worked consecutive nights. Due to the challenges of collecting repeated urine
samples when conducting real world research in HCWs, data from twenty-five participants was
analysed, which included sixteen nurses and four doctors.
The average circadian acrophase occurred at 4:20 am, ranging between 2 am and 6:45 am. Following
three to four consecutive night shifts, the acrophase occurred on average at 5:10 am, ranging
between 1:50 am and 8:20 am. Nineteen participants demonstrated a phase delay (acrophase
moved later, e.g. from 4 am to 6 am) and a phase advance occurred in 6 participants (e.g. 4 am to 2
am). The doctors worked seven consecutive night shifts, and the average acrophase after six- or
seven-night shifts was 9:15 am, ranging from 5 am to 2 pm. There was substantial variability not only
in each HCW circadian rhythm, but the direction and magnitude in which it changed after
consecutive night shifts. The majority of these HCWs were at work or commuting home during their
circadian acrophase. The acrophase is a time of high sleep propensity and impaired alertness.
Conversely, for those HCWs who advanced their phase, they may be commuting to a night shift or at
work in their circadian acrophase.
There was a significant association between the phase shift and the timing of the light exposure
relative to each individual HCW circadian phase. Those who had light in the “advancing zone” (e.g.
pre-sunrise) were more likely to advance their phase (e.g. 4 am to 2 am) and those who had more
light during the “delaying phase” (e.g. evening, sunset), where more likely to delay their acrophase
(e.g. 4 am to 6 am). The averaged timing of this light exposure across all night shifts accounted for
47% of the variance in the phase shift between individuals, and when the diurnal preference was
added, this accounted for 71% of the variability.
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The Impact of Shift Work on Sleep, Alertness and Performance in Healthcare
Workers.
S. Ganesan et al., 2019, Nature scientific reports4
Key Points
• HCWs attained less than the recommended seven hours of sleep during periods of work
regardless of shift type.
• The least amount of sleep was attained between the evening to day shift transition. This is
consistent with the reason for recommendation 4 (Table 6).
• Alertness & performance is most impaired on night shift, particularly towards the end of the
night shift which correlates with the acrophase of the circadian rhythm.
• The first night shift shows the worst alertness, performance, sleepiness and also the longest
time of extended wake prior to the shift, increasing the risk of a continual wake period of
greater than 16 hours.
Ganesan et al.4, conducted a study in fifty-two intensive care nurses and doctors working in a
Victorian tertiary hospital in order to characterise their sleep-wake behaviours, circadian timing and
alertness under real-world shift work schedules. They examined subjective and objective sleep and
wake duration between shift transitions, the pattern of alertness and performance on the first and
final night shift during a series of night shifts, and the relationship between alertness and
performance with each HCW’s individual circadian phase (acrophase) during their shift work
schedules.
Duration of Sleep and Wake
HCWs averaged 5.8 hours of sleep between consecutive day shifts and 5.7 hours of sleep between
consecutive night shifts. This is less than the recommended 7 hours of sleep for optimal functioning,
signalling chronic sleep restriction/deprivation in this group. The least amount of sleep (average
5.6 hours) occurred between evening (13:00–21:30) and day (07:00–15:30) shifts. Sleep duration
was greater than seven hours for the remaining shift transitions, evening to night, consecutive
evenings, days off, day off to evening and day off to night shift.

The longest period of wakefulness from the main sleep period to the start of a shift occurred
between a day or evening shift, followed by the first night shift where HCW were on average awake
for 12.1 hours. Napping use was variable prior to night shift, with more napping occurring before the
first and final night shifts. On average, HCW were still awake for an average of 9.7 hours before the
first night shift. Night shift durations were 13 hours for doctors and 10.5 hours for nurses. This
represents an extended period of wakefulness of greater than 16 hours during their shift,
increasing the risk of fatigue, sleepiness related events–both to patients and themselves. There
was minimal napping that occurred during the night shift in this study.
Alertness and Performance between Night shifts
At the end of the first and final night shifts, participants felt sleepier and reported having more
difficulty, poorer concentration and reduced motivation when completing the PVT compared to the
start of the night shift. This effect was not seen over the course of a day shift, with the exception
that participants felt the sleepiest at the start of a day shift and this improved by the end of the day
shift. As per the KSS, this translates to participants feeling “alert” at the start of the night shift, to
“neither alert nor sleepy”, or “sleepy–but able to stay awake”.

Reaction times increased, as did the number of attentional lapses over the course of the night shift,
most notably on the first and final night shifts, and were significantly longer than reaction times
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measures at the end of a day shift. No change occurred in reaction times or attentional lapses over
the course of a day shift.
Influence of Circadian Phase
Participants reported feeling sleepier and performed worse on the PVT when it was administered
closer to their acrophase, consistent with the physiological consequence of this time, being one of
increased sleep propensity and impaired alertness. There was minimal circadian rhythm adaptation
to night shift observed.
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Sleepiness and driving events in shift workers: the impact of circadian and
homeostatic factors.
Mulhall et al., Sleep 2019 5
Key points
• The duration of wakefulness prior to driving was the longest after the first night shift (18.3
hours) compared to after a day, evening, or consecutive night shifts.
• Driving after more than 16 hours of wakefulness was associated with feeling sleepy and
reporting more sleep related and hazardous driving events
• Higher pre-drive Karolinska Sleepiness Scores were associated with sleep related, hazardous
and inattention driving events.
• The nurses were more likely to fall asleep or struggle to keep their eyes open after their first
night shift, and more likely to have inattention and distraction driving events following
consecutive night shifts
Mulhall et al. conducted a study on thirty-three nurses over two weeks working their usual shift
schedules in an intensive care unit at a Victorian tertiary hospital and measured subjective
sleepiness and objective drowsiness (Optalert glasses) and self-reported driving events. They
evaluated the relationship between circadian phase and duration of wakefulness on self-reported
driving events and subjective sleepiness. Participants completed driving logs noting traffic, road and
weather conditions. Driving events which were categorised as sleep related, inattention or
hazardous.
Duration of Sleep and Wake
As seen in Ganesan et al., total sleep time was less than the recommended hours between
consecutive day and night shifts, averaging 5.6 hours of sleep. This was significantly different to the
average sleep attained before an evening shift, first night shift and on days off (all greater than 7
hours). The duration of wakefulness prior to driving was the longest at the end of the first night shift
(18.3 hours).
Sleepiness and self-reported driving events
Those who drove following more than 16 hours of being awake felt significantly sleepier and
reported increased sleep related and hazardous driving events regardless of the type of shift
worked.

Driving close to the time of the circadian acrophase was associated with feeling sleepier and with
higher rates of sleep related driving events compared to those who drove outside of their acrophase
time. This association with acrophase was not seen in relation to inattention and hazardous driving
events. Subjective sleepiness and the rate of sleep-related driving events were the highest when
participants drove at a time close to their acrophase and after being awake for greater than 16
hours. Sleep related driving events occurred more frequently after the first night shift, whilst
inattention events occurred more frequently following consecutive night shifts. Ocular measures of
drowsiness were also significantly higher on post-shift drives compared to pre-shift drives for day
and night shifts, with the percentage of long eye closures highest after evening shifts. After the first
night shift, 50% of driving logs (17/34) had more than one sleep related driving event, compared to
35% (25/71) after consecutive nights. 70% (24/34) of the driving logs after the first night shift were
in those with a cumulative wakefulness of greater than 16 hours. The subjective sleepiness score
before driving was positively associated with sleep related, hazardous and inattention driving event
rates.
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Individual vulnerability to insomnia, excessive sleepiness and shift work disorder
amongst healthcare shift workers. A Systematic Review.
Booker et al., Sleep Medicine Reviews 20192
Key Points
• Several factors are associated with increased sleep related impairment in healthcare workers
when working shifts (Figure 1).
• There is limited research using validated tools for SWD reflecting its more recent
classification as a disorder.
• Older age and morning preference are associated with an increased risk of SWD.

Definition: Shift work disorder
SWD, described in the International Classification of Sleep Disorders (ICSD-3), is a circadian rhythm
disorder caused by the intentional misalignment of the sleep-wake cycle. It is characterised by
insomnia or excessive sleepiness associated with recurring shift work. There is a reduction in total
sleep time and the perception of unsatisfactory sleep quality, which occur despite attempts to
optimise environmental conditions for sleep. The symptoms occur for at least three months and may
persist beyond the duration of the shift work.

Booker et al. conducted a systematic review of the literature (up to & including 2016) investigating
the following question: In the healthcare sector, what individual characteristics are associated with
sleep-related impairment (insomnia, reduced sleep quality, duration or excessive sleepiness) related
to shift work? Fifty-eight studies were reviewed, with only five assessing associations over a period
of time (longitudinal), which limits the ability to infer causality with the variables.
Booker et al. noted that SWD effects approximately 10-30% of shift workers, depending on the
definition. Shift workers are at a greater risk of physical and mental health conditions. These include
type 2 diabetes, obesity, cardiovascular disease, high blood pressure, digestive problems, depression
and anxiety. There is accumulating evidence about circadian disruption and increased risk of breast
cancer.26 Shift work is associated with a high risk of workplace injuries, motor vehicle accidents, sick
leave and absenteeism compared to daytime workers. Those identified as having SWD or sleeprelated impairment associated with shift work were at a greater risk of these problems.

Better physical
fitness
Higher income

Worse Sleep

Better Sleep

Fig 1. Individual Characteristics associated with Sleep related impairment in healthcare shift workers.

Older age

Increased caffeine

Poor sleep hygiene
Menstrual distress
Neurotic personality

Morning type
Marital status
Longer commute
Having children
Lower “hardiness”

Unclear Risk
Gender (female
predominant sector)
BMI
Education level
Years of shift work
Extrovert v introvert

Older Age
Morning preference
(early bird vs night owl)

Reduce Risk

Increase Risk

Fig 2. Individual Characteristics associated with Shift Work Disorder in Health Care workers.

Hardiness (personality)
Flexibility in circadian
rhythm changes

No Difference in SWD
Caffeine intake, alcohol intake, years of
shift work experience, marital status of
having kids
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Exploring the associations between shift work disorder, depression, anxiety and
sick leave taken amongst nurses
Booker L. et al., Journal of Sleep Research, 20196
Key points
• Nurses who are at high risk for SWD have more symptoms of depression and anxiety.
• Depression and years of shift work are associated with increased sick leave.

Booker et al. conducted a study in 202 hospital-based nursing staff evaluating the relationship
between SWD, mental health, and sick leave using validated tools for SWD, anxiety (GAD-7) and
depression (PHQ-9).
Risk of SWD and Mental health
Those who screened as high risk for SWD (29%, n=59) had higher scores for depression and anxiety
than those at low risk for SWD. For those at high risk for SWD, the average depression score was
7.54 (SD ±4.28) which placed them in the mild to moderately severe depression category, compared
to those at low risk of SWD who were in the no or minimal symptom category. A similar increase in
risk category was seen with anxiety scores.

Twenty-three percent of those at high risk of SWD had either moderate-severe or severe symptoms
of depression, compared to 3.5% of those who were at low risk for SWD. Thirteen percent of those
at high risk of SWD had moderate-severe anxiety scores, compared with 2.8% of those at low risk of
SWD. SWD alone explained 18.8% of the variance in depression, with SWD, number of night shifts
and number of alcoholic drinks consumed on non-workdays accounting for 49.7% of variance in
anxiety.
Shift Work Disorder and Sick Leave
Those at high risk of SWD took an average 17 days' sick leave compared to those at low risk who
took 13 days, however this was not statistically significant. Depression, age and years of shift work
with increased sick leave. Depression and increased years of shift work accounted for 18% of the
variance in sick leave taken.
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The role of sleep hygiene in the risk of Shift Work Disorder in nurses
Booker et al., Journal of Sleep, 20197
Key points
• Prevalence of SWD was 29%, similar to that in other industries.
• Poor Sleep Hygiene was the most significant risk for SWD.
• Unclear whether SWD is a consequence of poor sleep hygiene or if SWD results in poor sleep
related behaviours.
Booker et al. conducted a cross-sectional study of 224 nursing staff working on several wards at a
tertiary hospital to identify demographic and lifestyle factors that contribute to the risk of SWD using a
validated screening tool. Twenty-nine percent (n=59) were at high risk for SWD. There was no difference
in the risk of SWD with age, sex, body mass index (BMI), number of children, current status of pregnancy
or menopause, amount of caffeine or alcohol intake, number day/evening/night shifts, number of hours
of work per week/month or years of shift work.
Sleep Hygiene refers to several environmental and behavioural factors that promote improved sleep
quality. Sleep hygiene was the predominant risk factor associated with SWD in this study. The majority
of participants who were at high risk for SWD indicated that they “always” or “frequently” had variable
time for going to bed and getting out of bed, going to bed stressed/angry, worried or stressing in bed
and doing important work before bed.

Generalizability of a Neural Network Model for Circadian Phase Prediction in RealWorld Conditions
Stone et al., Nature Scientific Reports 20198
Key points
• They tested a wrist worn device, which contained one skin sensor (compared to eleven used
previously), a temperature sensor and a light sensor.
• The model was reasonable at predicting circadian rhythm under real-world conditions in
those on stable sleep schedules and those working day and evening shifts.
• Model was not suitable to predict circadian timing accurately in those working night shifts.
Measuring the timing of an individual’s circadian rhythm is valuable for predicting when workers may be
at increased risk of performance failures and pinpointing the correct timing of interventions such as light
therapy in the management of circadian rhythm disorders. The gold standard is testing for melatonin in
the blood or saliva or a metabolite of melatonin in urine. These methods become less practical in realworld settings.
Stone et al. undertook a study to test a method of predicating melatonin rhythms via blue light and skin
temperatures, which had previously been done in participants with fixed sleep schedules but not on
participants working shifts. They found the model was reasonable at predicting the circadian timing
under day and evening shift conditions, however, was not suitable when participants were working
night shifts.
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Application of a Limit-Cycle Oscillator Model for Prediction of Circadian Phase in
Rotating Night Shift Workers
Stone et al., Nature Scientific Reports, 20199
Key point
• Using a model with both light and movement measurement from a device worn on the wrist
was suitable for predicting the circadian timing (within one hour) on night schedules, albeit
with slightly less accuracy than when participants worked day and evening schedules.
Stone et al. compared two methods of predicting circadian timing in HCWs working shift work. They
used a device worn on the wrist which measured both light (photic) and movement (actigraphy).
Predicting the circadian timing and the direction of a shift in circadian timing using light combined with
movement information was more accurate than using light information alone. The model was more
accurate in participants on day and evening schedules than night shifts, whilst still acceptable for night
shifts. The model was suitable for predicting the time of the acrophase within one hour, which is an
acceptable range in practice.
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4. PEER-REVIEWED PUBLICATIONS–BACKGROUND LITERATURE
The following papers are referred to in the Report from the Expert Reference Group on Work Hours in
Healthcare.3 The main findings are incorporated in the seven recommendations from the expert
reference group. Three studies are based in the USA, one of which is on shift workers in non-healthcare
and two around the risks to patients associated with extended working hours (>24 hours) in medical
interns. Cappuccio et al. is a study from the UK showing the reduction in patient adverse events when
the average weekly working hours for doctor is reduced. Folkard et al. is a meta-analysis (albeit not
formally referred to as one) of the literature on shift work safety across all industries, including but not
specific to healthcare.

Direction of shift scheduling on consecutive shifts
Rotating Shift Work Schedules that Disrupt Sleep are Improved by Applying Circadian
Principles, Czeisler et al. Science, 1982 11
Key point
• Shift schedules that rotate by phase delay (day to evening to night) with extended interval
between each rotation are more compatible with the properties of the human circadian
rhythm resulting in improved health, staff satisfaction and productivity and reduction in staff
turnover.
This field study compared employee satisfaction and productivity between workers on rotating shifts
and non-rotating shifts before and after a shift scheduling intervention. Participants were males working
at a mineral and chemical Plant in the USA. The traditional schedule was seven days of eight-hour shifts
advancing from night (midnight to 8 am), swing (4 pm to midnight) and day (8 am to 4 pm).
Those on the rotating schedule reported more insomnia, and 30% had fallen asleep at work at least once
in the previous three months. They also felt the shift changes occurred too frequently, with 81%
reporting it took two to four or more days to adjust their sleep cycle after each shift change and 26%
stating they could never adjust before being rotated again. The intervention considered circadian timing,
the direction of the shift rotation, and the time interval between shifts. They divided the shift workers
into two groups, both with phase delay schedules. One group changed every week, the other changed
every 21 days. Workers clearly preferred phase delay rather than phase advance schedules. Complaints
about rotating between schedules too quickly reduced in both weekly and 21-day cycle groups, with a
greater reduction in those on the 21-day cycle (from 90% to 20%). Schedule satisfaction and health
index increased and staff turnover decreased. Productivity also increased after the intervention.
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Elimination of extended continuous duty hours and total weekly hours for Junior
Doctors in the USA and UK.
These three publications investigated scheduling changes in junior doctors in the UK and USA prior to
the Alertness CRC Expert Reference Group Report, the results of which are incorporated in the
recommendations outlined in Table 6. The studies demonstrate the increased rate of medical errors,
sleep deprivation and attentional failures associated with working extended continuous duty hours of
over 24 hours and average weekly hours greater than 58.12-14 The studies compared a scheduling
intervention to eliminate shift longer than 24 hours13, 14 and reduce the total weekly duty hours12 which
demonstrated a reduction in medical errors, increased sleep duration and reduced rate of attentional
failures. The key findings are summarised below.
Effect of Reducing Interns’ Weekly Work Hours on Sleep and Attentional Failures.
Lockley et al., New England Journal of Medicine, 2004 14
• Eliminating traditional shifts of 29 hours of continuous duty and limiting the maximum shift length
to 16 hours overnight (intervention):
• Significantly reduced the average work hours/week for the intern by an average of 19.5
hours/week (traditional: average 85 hours/week, intervention: average 65 hours/week).
• Interns on the intervention schedule had an average of 5.8 hours/week of additional sleep, and
more sleep each day compared to the interns on the traditional schedule (traditional: average 6.6
hours/day, intervention: average of 7.4 hours/day)
• Reduced the rate of attentional failures during the night by more than 50%.
• Despite being rostered to work on extended shifts of 29 hours, interns only slept on average for 1.7
hours/night whilst at work.
Effect of Reducing Interns’ Work Hours on Serious Medical Errors in Intensive Care Units
Landrigan et al., New England Journal of Medicine, 2004 13
• Eliminating continuous duty hours of greater than 24 hours reduces serious medical errors by over
30%.
• There were 20.8% more medication errors and 5.6 times as many serious diagnostic errors made
when interns regularly worked continuous duty hours of greater than 24 hours compared to when
the maximum shift length was reduced to 16 hours.
Implementing a 48-hour EWTD-compliant rota for junior doctors in the UK does not
compromise patients’ safety: assessor-blind pilot comparison,
Cappuccio et al., Q J Med, 2008 12
• To reduce the weekly working hours of medical staff to less than 48 hours, an evening shift was
introduced, shift length was limited to 11 hours, and there was a forward progression from day to
evening to night shift. This intervention:
• Successfully reduced the average weekly work hours by approximately 10 hours/week.
• Reduced the proportion of work weeks where the total work hours were over 58 hours from 25%
to 2%.
• Reduced medical errors by 32% and intercepted potential adverse events by 82%.
• The intervention group also received information on sleep hygiene.
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• There were subjective reports from the participants that they had reduced feedback on their
performance and fewer education opportunities.

Modelling the risk of combined work hours and shift scheduling practices
The following study by Folkard and Lombardi shows the increased risk of combining multiple work hours
and shift scheduling practices in multiple industries, including healthcare. They reviewed the published
literature on shift work safety in order to calculate the risk of accidents or injuries associated with
specific features of shift systems. They considered multiple factors which may alter the risk, including
changes in staffing ratios between different shifts. The study pre-dates the Report from the Expert
Reference group and is incorporated in their recommendations (Table 6) and suggests that a
multifactorial approach is required.
Modelling the Impact of the Components of Long Work Hours on Injuries and ‘‘Accidents’’,
Folkard et al., American Journal of Industrial Medicine, 2006. 15
• Different risk profiles were seen between total weekly hours of 48 and 60, when different
combinations of the number of consecutive shifts, duration of shifts and breaks were included
indicating that modifying only one variable is insufficient.
• Time of Day: Increased risk of incidents between shifts across day, evening, and night shift.
Compared to morning shift, 15% increased risk of accidents or injuries on afternoon shifts and
increased risk of 28% on the night shift.
• Consecutive shifts: Increased risk of incidents across successive night shifts, inconsistent trend
across consecutive day shifts. Compared to the first night, 6% increased risk on second night, 17%
on third and 36% on fourth.
• Shift Duration & Break Times: Increased risk of incidents with longer shifts. Compared to 8 hours,
13% increased risk for 10 hours, 27.5% increased risk for 12 hours shifts. Risk reduced after a break
following 2 hours of work and had doubled in the 30 minutes prior to the next break (at the end of
the 2-hour work period).
• Regulations need to set out limits on weekly & monthly hours, maximum shift length, maximum
successive nights and minimum interval between breaks.

5. NON-PEER REVIEW REPORTS FROM SURVEYS CONDUCTED
BY THE AUSTRALIAN MEDICAL ASSOCIATION (AMA)
The following two documents are reports from surveys conducted by the Australian Medical Association
(AMA) in 2008 and 2011. Both reports have been referenced elsewhere and are superseded by recent
surveys, namely the Beyond Blue Report of the Mental Health of Australian Doctors in 201327, the AMA
Safe Hours Audit in 201617, the AMA National Code of Practice Hours of Work 2016, the APHRA report
on Australian doctors in training28 and the annual AMA Hospital Health Check Reports for Doctors in
training. These reports include survey results on the mental health, stress, burnout, fatigue, work hours
and workload in doctors. Several of these documents are also included in ISCRR Project 271. The author
has added a summary of the AMA Safe Hours Audit 2016.
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AMA Survey Report on Junior Doctor Health and Wellbeing 2008 18 .
This report summarises a survey completed by 914 junior doctors, excluding interns, from Australia and
New Zealand. The survey included a validated measure, The Professional Quality of Life Compassion
Satisfaction, Burnout and Compassion Fatigue/Secondary Trauma Scales. The report indicates that 71%
of respondents were concerned about their own health and 63% were concerned about the health of a
colleague. Of the respondents, 66% had their own GP and 45% were not up to date with their own
health screening tests. Only 5% had reported using a doctors’ health advisory service or similar in the
previous year. In the year prior, 77% had taken less than one week of personal leave and 16% had not
not taken sick leave. 54% were at risk of secondary trauma or compassion fatigue (59% females and 48%
males), 69% were at risk of burnout (73% females and 65% males) and 71% had lower than average
levels of job satisfaction (75% females and 65% males).
The majority (77%) enjoyed working as a doctor, however 54% reported excessive workload and 53%
believed that an adverse event could occur because of their high workload, with 41% believing that their
workload compromised patient safety. 70% reported experiencing high levels of stress at work and 56%
were concerned about welfare of a colleague because of working conditions. 45% reported they had
slept fewer than 6 hours/night.
Work
•
•
•
•

Hours
31% believed they regularly worked unsafe hours
61% could not attend education sessions because of their workload
76% worked between 41-60 hours per week,
>50% worked an average of 50 or more hours per week during the previous year

AMA Safe Hours Audit 2011 16
This was the third nationwide survey of doctors working hours, conducted to assess the fatigue risk of
their current working arrangement. The 2011 report included General Practice Registrars working in
community settings. An online survey tool was completed asking doctors about their hours of work, oncall hours, non-work hours, and the sleep time during the audit week of 8–14 August 2011. Both AMA
members and non-members were invited by email to take part. The results were analysed against the
established risk assessment model developed by the AMA, categorising into three different risk levels,
lower, significant and higher risk. This considers total weekly hours, the amount of night work, shift
length, extent of on-call commitments, access to breaks and long-term work patterns. The risk category
showed the extent to which the work hours placed the doctor at risk of impaired performance and
affect their own health and the safety of patients.
A total of 1486 doctors took part in the survey. 53% hospital-based doctors fell into significant and highrisk groups representing an improvement since 2006 (62%) and 2001 (78%). Unfortunately, there was no
change in this number in the updated 2016 Safe Hours Audit.17
AMA Safe Hours Audit 2016 17
The rate of improvement in doctors' work hours and rosters had plateaued in 2016, with 53% still
working rosters that place them at significant and high risk of fatigue. 75% intensivists and 73% surgeons
worked rosters placing them at higher risk. They reported extreme rostering practices with shift lengths
up to 76 hours and working weeks of 118 hours. Compared to previous audits, the number of interns
resident medical officer who were working rosters in the higher risk category had increased. In addition,
procedural specialists were still working long hours with fewer breaks.
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6. DOCUMENTS ON USA DUTY HOURS REGULATIONS
The remaining documents provided for review relate to the Accreditation Council for Graduate Medical
Education (ACGME) in the United State of America. These documents are summarised in the Report
from the Expert Reference group. The current Enterprise Bargaining Agreement for Victorian Doctors
2018 would provide a more accurate local context to the duty hour regulations applicable to Victorian
Doctors. Brief explanatory statements have been provided below, as these documents have been
referenced in previous reports and do not provide additional information.
ACGME Common Program Requirements 2015 20
A 22-page document which outlines the training program requirements for resident medical officers in
the USA. It makes general statements requiring facilities to have processes around alertness
management and fatigue mitigations strategies, without mention of specific measures. Specific duty
hours are outlined in previous reports. This document is akin to the State and Territory Enterprise
Bargaining Agreements and Training requirements in Australia.
ACGME Common Duty Hour Requirements Frequently Asked Questions 2014 21
This 11-page document serves as a supplementary explanatory document to previous ACGME duty hour
restrictions in the USA.
Institute of Medicine, Resident Duty Hours: Enhancing Sleep Supervision and Safety (Table
1) 22
This 2-page document outlines a comparison between the Institute of Medicine in the USA
recommendations and the 2003 ACGME Duty Hour limits.
Sleep Research Society–Initiative, Resident Working hours 2015 19
This 3-page document briefly summarises literature previously outlined in this report and the report of
the Expert Reference Group in relation to the risks associated with extended duty hours of more than 24
hours. The document describes the assembly of the Sleep Research Society Presidential Task Force on
Sleep and Public Policy which in 2004 aimed toto develop a model legislation regarding physician-intraining work hours. It also outlines a number of recommendations that are proposed to be considered
in the Safe Work Hours Legislation for which the recommendation of the Expert Reference Group
supersedes.
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7. CONCLUSION
This report summarises publications to date from the Alertness, Safety and Productivity Cooperative
Research Consortium on shift work in healthcare workers. This report is not a complete review of the
complete output from this group. These publications provide additional evidence regarding the adverse
mental health, alertness, and performance impairments that healthcare workers experience because of
shift work. These studies re-enforce the recommendations from the Expert Reference group in 2016 and
align with the current WorkSafe Victoria Recommendations.
Key Findings:
•

Years of shift work and depression were associated with absenteeism in nursing staff.6

•

29% of nurses were at high risk for Shift Work Disorder (SWD), and poor sleep hygiene (sleep
related behaviours) was the largest risk factor for SWD.

•

HCW are chronically sleep deprived. 4, 5, 10

•

HCW had impaired alertness and performance after an extended period of wakefulness, which
occurred most commonly prior to the first night shift. This effect was amplified when it
coincided with the individual healthcare workers’ circadian nadir 4, 5

•

A poor physiological adaptation to night shift was again demonstrated, which places the
healthcare worker at risk of alertness and performance impairments at work and/or on the
commute home.4, 5, 10

•

Whilst adaption to night shift is highly variable, it can be manipulated with strategies, such as
timed light exposure.10

Recommendations:
•

Scheduling should minimise short breaks between shifts, such that occurs with morning-evening shift
transitions that are still very common. 12 hours' break between shifts is recommended.

•

Long sequences of night shifts should be minimised to only three consecutive shifts as per the Expert
reference group recommendations.

•

Options to improve scheduling could include the engagement and training of staff in the risks
associated with these scenarios and/or the use of smart scheduling software to assist with checking
and optimising schedules to minimise risk.

•

A process to screen and assist those with SWD and related mental health consequences may reduce
the adverse consequences of shift work, including a reduction in absenteeism.

•

Coaching of individuals to manage their shift work and/or the use of applications to assist with
individual adaptation to shift work (currently under development ACTRN12616000369426 29) may
also reduce the adverse consequences associated with shift work.

Shift work is an essential element in the provision of 24-hour healthcare. Despite the well documented
adverse risks of extended duty hours, the AMA Safe Hours Audit in 2016 suggests that medical staff are
still working excessive hours. The publications in this report demonstrate at present, there are rostering
schedules for medical and nursing staff which are placing them and their patients at risk. The real-world
application of the evidence and adherence to the safest rostering and scheduling practices is proving
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challenging for the healthcare sector. The Expert Reference Groups Report outlines the regulatory,
operational and financial aspects that contribute to this problem. These barriers need to be addressed in
order to achieve consistent safe work hours to HCW.
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