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Purpose: We aimed to estimate the prevalence of probable shift work disorder (pSWD) in a
representative sample of Australian workers and identify sleep, health and safety correlates.
Patients and Methods: In 2019, data were collected from working respondents as part of a
cross-sectional national sleep health survey conducted online (n=964 total; n=448 individuals
on non-standard work schedules). We established the prevalence of pSWD according to
International Classification of Sleep Disorders criteria (ICSD-R, ICSD-2 and ICSD-3).
Poisson regression was used to determine crude and adjusted prevalence association (pre-
valence ratio, PR) of pSWD with sleep, health and safety outcomes.

Results: Overall prevalence of pSWD in workers on non-standard work schedules was
10.5%, ranging from 9.6% in early morning workers to 12.7% in rotating shift workers. In
adjusted models, workers who met the criteria for pPSWD were 1.8 times more likely to
report both depression/bipolar disorder, and anxiety/panic disorder, and 1.7 times more likely
to report work errors due to a sleep problem.

Conclusion: The prevalence of pSWD in employees engaged in non-standard work sche-
dules is influenced by selection of factors used to quantify pSWD, including sleep/wake
patterns. Higher likelihoods of mental health problems and workplace errors in those with
pSWD highlight the importance of intervention and management of this under-recognised
sleep disorder.
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Introduction
Non-standard work schedules comprise inconsistent work arrangements which fall
outside “standard” predictable, daytime work schedules (typically between 0900
and 1800)." Around 16% of the Australian workforce habitually work shift work,?
similar to prevalence rates reported globally. In addition, recent estimates indicate
37% of workers in Australia report work hours which vary from week to week, or
require them to be on call or on standby for work.? Over half a million Australian
workers hold multiple jobs; 38% of whom work 6 or 7 days a week.” Non-standard
work schedules are prevalent in Australia, and globally.

Non-standard work schedules are associated with poor health behaviours' and
adverse health outcomes, including increased susceptibility to chronic diseases.'"*
Shift work, the most commonly studied non-standard work schedule, has been
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linked with cardiovascular disease® (eg coronary heart
disease) and stroke,’ some cancers (particularly when
night shift is involved),” metabolic dysfunction (e.g.
obesity)® and type II diabetes,” as well as increased all-
cause mortality.'®

Shift work, particularly involving night and rotating
schedules, is associated with disturbed sleep and wake
patterns, with insufficient sleep being one of the key con-
tributors to the associations with chronic disease.!' Other
aspects of non-standard work schedules including precar-
ious or unpredictable employment, flexible work, on call
or standby conditions, long work hours and overtime are
and reduced

also associated with poorer

12,13

sleep
wellbeing.

Shift work disorder (SWD) is a clinical sleep disorder
associated with non-standard work schedules that overlap
with the usual time for sleep, the “biological night”.14
Most SWD research has focused on workers engaged in
rotating and/or night shifts, meaning other non-standard
work schedules (e.g. early mornings, and afternoon shifts),
which also overlap the usual time for sleep, have not been
routinely captured in SWD research.

Prevalence and correlates of SWD are poorly understood
at a population level, as prevalence has typically been
reported in specific worker subgroups (e.g. nurses,'> '’
police officers,'® oil rig workers," airline personnel).*’
Studies to date in these specific groups have suggested pre-
valence of SWD of almost 40%

populations.'®

in some worker

Two existing population samples reporting SWD use
varying questions to determine prevalence. The questions
used to establish SWD in prior studies do not fully capture
the extent of “insomnia and/or excessive sleepiness” and
daytime dysfunction, all of which are central to the ICSD-
3 SWD diagnostic criteria. Further, challenging our under-
standing of prevalence rates over time are the variations in
chronicity for sleepiness and daytime dysfunction mea-
sures (from 2 weeks to >3 months). This limits utility
and interpretation of prevalence rates, as well as our ability
to identify and manage workers at risk for SWD. ICSD-3
criteria have recently been used in a specific worker sam-
ple by Voinescu;*' however, the methods for identifying
those with SWD did not seem to account for variability in
sleep-wake patterns.

Additionally, in estimating prevalence of SWD, the
type of shift work is often overlooked or restricted to a
specific worker group (e.g. rotating or night shift workers).
Given workers who do not identify as shift workers also

exhibit a relationship between sleepiness and errors,*
considering the prevalence of SWD in other non-standard
work schedules is timely. Further, quantifying the “dis-
turbed sleep/wake pattern” using the current ICSD-3 cri-
teria can be challenging in population datasets where
actigraphy or sleep diary is less common. We propose a
proxy measure of disturbed sleep/wake patterns such as
social jetlag be used when cross-sectional designs do not
allow for activity-based estimations.

The aim of our study was to establish the prevalence of
SWD using current ICSD-3 diagnostic criteria, with sec-
ondary aims of determining associations of SWD with
sociodemographic factors, additional non-standard work
schedule factors and health and safety outcomes in
Australian workers.

Patients and Methods

We conducted an online, cross-sectional survey of Australian
sleep health in March and April 2019. Complete details and a
Checklist for Reporting Results of Internet E-Surveys
(CHERRIES) have been reported previously.?® Participants
of the complete sample (n=2044) were required to be >18
years of age and were drawn from an existing online panel of
participants maintained by Dynata (previously Research
Now and Survey Sampling International, Melbourne,
Australia). Three-stage randomization was used to reduce
the risk of bias and ensured that participants were blinded
to the topic of the survey until their suitability for participa-
tion had been determined. The survey recruitment process
has previously been reported.”* Participants were provided
with a study overview and the opportunity to participate.
Commencing the study inferred informed consent to partici-
pate. The final sample was matched to the Australian Bureau
of Statistics (ABS) estimates for a variety of sociodemo-
graphic factors including age, sex, location and education.”
The Human Research Ethics Secretariat at the University of
Adelaide Office of Research Ethics, Compliance and
Integrity provided ethical approval to conduct the study (H-
2018-214), which was conducted in accordance with the
Declaration of Helsinki.

Operationalizing Shift Work Disorder

Prevalence of probable SWD (pSWD) was established
using three approaches consistent with ICSD-R, ICSD-2
and ICSD-3 criteria in order to a) facilitate comparison
with existing estimates, and b) transparently establish the
differences in prevalence when using different diagnostic
criteria, particularly relating to inclusion of changes in
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total sleep time between work and non-work days, and of
disturbed sleep/wake patterns (social jetlag) in the SWD
definition. Briefly, the minimum diagnostic criteria for
Shift Work Disorder according to ICSD-3 include: sleep/
wake disturbance reflected by insomnia and/or excessive
daytime sleepiness, plus reduced sleep time, in workers on
a work schedule which interferes with usual sleep oppor-
tunities PLUS symptoms persisting for a minimum of 3
months PLUS disturbed sleep/wake pattern for at least 14
days (usually established with sleep log and/or actigraphy)
PLUS absence of a better explanation for the sleep/wake
disturbance (e.g. presence of another disorder, use of med-
ications, poor sleep hygiene).'*

Recurring work schedule that overlaps with the usual
time for sleep was established by self-report response to
the question “Thinking about the past 3 months, which
of the following best describes your work schedule?

ER)

Would you say that you worked ... ” with response
items of standard office hours, early morning shifts
(start before 0800), afternoons (from 3pm), evenings
(after 7pm), nights, rotating shifts, other, refused/do
not know. Responses for other, refused/do not know
were checked for open text details to see if they could
be categorised according to existing criteria. Where this
was not possible, data were excluded from analyses.
Work schedules included in the analyses were early
morning shifts, afternoons, evenings/nights (combined
due to small sample size), and rotating shifts. The addi-
tional components from ICSD-3 diagnostic criteria are
outlined below.

Difficulties initiating or maintaining Sleep (DIMS) —
DIMS was assessed using a series of questions designed to
quantify insomnia and excessive sleepiness based on
ICSD-3 criteria for insomnia disorder. Criteria A specifies
that workers should report insomnia and/or excessive slee-
piness, with symptoms present for at least 3 months. We
used the ICSD-3 requirements of DIMS/DD to meet cri-
teria for insomnia. This meant workers needed to report at
least one DIMS and one DD for >3 months. The questions
used directly aligned with ICSD-3 DIMS and DD require-
ments for insomnia disorder.*®

DIMS questions included the following

In the past month, how often have you experienced the
following? Difficulty falling asleep; Waking a lot during
the night; and Waking up too early and not able to get back

to sleep.

Participants were coded as experiencing chronic DIMS if
they reported at least one DIMS a few nights a week or
more, and for >3 months.

Daytime dysfunction (DD) — DD was quantified using
a series of questions about daytime impairment. Nine
separate questions were asked for a variety of indicators
of distress or impairment, specifically ‘In the past month
how often have you experienced these daytime feelings?
Experienced sleepiness that interfered with your daily
activities; Felt sleepy when sitting quietly during the day
or early evening; Felt fatigue or exhaustion; Felt irritable
or moody; Reduced motivation or energy; Reduced con-
centration, attention or memory; Been hyperactive, impul-
sive or aggressive; Had little interest or pleasure in doing
things; Felt down, depressed or hopeless. Participants were
coded as experiencing DD if they reported at least one DD
a few nights a week or more, and for >3 months.

Total sleep time (TST) — Reduction of TST was quan-
tified using participant reported habitual total sleep time on
work days and non-work days. The essential features of
SWD described in the ICSD-3 criteria indicate that sleep
duration is typically shortened by 1—4 hours, so any work-
ers who reported >1 hour of shorter sleep on work days in
addition to DIMS and DD were considered to meet criteria
A (reduction in total sleep time).

Social jetlag (SJL) — While 14 days of monitoring via
diary, or using dim light melatonin onset’® is ideal to
identify a disturbed sleep and wake pattern per ICSD-3
diagnostic criteria D for SWD, this was not practical or
financially feasible in a population sample, so a social
jetlag variable (SJL >30 min) was used. Specifically, a
disturbed sleep/wake pattern was determined by calculat-
ing SIL as reported previously,”’ using the Jankowski*®
sleep correction. This allowed us to compare social jetlag
as a function of change in sleep midpoint between work
and non-work sleep schedules irrespective of time of sleep
opportunities in the 24-hour day.

SWD1 (DIMS, DD): The first operational definition of
pSWD was established in line with ICSD-R criteria for
SWD to facilitate comparison with existing studies. This
comprised a work schedule which overlaps with usual time
for sleep, plus self-report of at least one difficulty initiating
or maintaining sleep (DIMS) or one report of daytime
dysfunction (DD) as operationalised above.

SWD2 (DIMS, DD, TST): The second operational
definition of pSWD extended the first, with the additional
requirement that participants had to report >60 minute
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decrease in habitual total sleep time (TST) on non-work
days compared with work days.

SWD3 (DIMS, DD, TST, SJL): The final operational
definition of pSWD most closely approximates the current
minimum diagnostic criteria for SWD according to ICSD-
3, extending SWD2 by adding an indicator of disturbance
to sleep and wake patterns (SJL). To ensure participant
characteristics were similar between the total non-standard
working sample and the final sample, sociodemographic
and occupational characteristics were compared by work
schedule type (see Supplementary Table 1). Proportions

were similar between the samples.

Occupational Variables

In addition to our work schedule question, work character-
istics including degree of physical exertion/strain, whether
respondents were required to be on call for work or not
(categorised as no, or > once/month), habitual work hours
per week and number of jobs worked were self-reported.
Having a higher non-standard work burden was deter-
mined if participants indicated they worked either >40
hours per week, or more than one job, in addition to
their non-standard work schedule. Participants self-
reported their current occupation, which was subsequently
coded according to Australia and New Zealand Standard

Classification of Occupations (ANZSCO).

Sleep and Chronotype Variables

Participants self-reported habitual bed and rise times on
work and non-work days using 24-hour format, which
provided time in bed (TIB) values for work and non-
work days. Additionally, self-reported total sleep time
(TST) was provided for work and non-work days.
Participants were asked to self-report whether they felt
they had a sleep problem or not; noting that this question
was asked after other sleep variables to avoid introducing
order effects bias. Chronotype was established using the
reduced
(tMEQ).*

Morningness-Eveningness Questionnaire

Health and Safety Variables

For doctor-diagnosed physical and mental health condi-
tions, participants were asked “Have you ever been told by
a doctor that you have” arthritis, diabetes, high blood
pressure, heartburn or reflux, depression or bipolar disor-
der, anxiety or panic disorder, post-traumatic stress, and
asthma. Obesity was determined as a BMI >30, from
participants’ self-reported height and weight. Pain which
disturbs sleep was established from a response of “most

nights (4—6 nights/week)” or “every night” to either of the
following questions: “How often does pain stop you from
going to sleep at night?” or “How often does pain wake
you up at night?”

Work errors due to a sleep problem were determined
from the question “Thinking about the past three months,
how many days did you make errors at work because you
were too sleepy or you had a sleep problem?”, and pre-
senteeism with “Over the past 12 months how often have
you gone to work despite feeling that you really should
have taken sick leave because of your state of health?”

Data Analysis

Data were analysed with IBM SPSS Statistics version 26.0
(IBM Corporation, Armonk, NY). For unadjusted demo-
graphic characteristics Pearson y° analyses were con-
ducted. Comparison between groups for continuous,
normally distributed sleep data were analysed with
Independent Samples ¢-tests. Missing data related to
DIMS, DD, TST or SJL meant n=56 working participants
were not included in final analyses.

Poisson regression analyses were conducted to deter-
mine the prevalence ratio (PR) for health and safety out-
comes associated with pSWD. Unadjusted (uPR) and
adjusted (aPR) models are reported, with the multivariable
model adjusting for age and sex. Given the relatively small
sample size of workers meeting pSWD criteria, 95% pro-
file likelihood confidence intervals are reported over Wald

confidence intervals for the exponentiated coefficient.

Results

Of the 2,044 participants aged 18-90 years in the original
survey, 1,057 respondents (51.7%) indicated they were
working in the 3 months preceding the survey. The
Australian participation rate in employment (15-64
years) is 66.1%, and 14.3% for >65 years.’® In compar-
ison, 60.1% of our sample’s 18—64 years and 14.6% of
>65 years were employed. Of these 1,057 respondents,
n=964 (91.2%) provided details about their current work
schedules. Fifty-three percent of current workers (n=516)
reported standard office hours, 20.6% (n=199) reported
early morning schedules (pre-0800 start), 7.9% (n=76)
reported an afternoon schedule (shift starting from 3pm
onwards), 5.9% (n=57) reported evening (shift starting
from 7pm) or night shift schedules, and 12.0% (n=116)
reported rotating shifts.
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Prevalence of Probable Shift Work
Disorder (pSVVD)

Prevalence overall by definition, and by work schedule,
are provided in Table 1. A relationship between work
schedule and pSWD was only observed when pSWD
was estimated based only on at least one symptom of
insomnia and/or excessive sleepiness for at least 3 months
(1*5=9.49, p=0.023; see Table 1). This definition also
resulted in the highest overall prevalence rate of pSWD
(39.5%, n=177). When the additional criteria of >60 min-
utes less sleep on work days was included, the prevalence
rate of pSWD lowered (15.0%, n=59). When social jetlag
was added as a criterion for SWD to account for disturbed
sleep/wake patterns, the overall prevalence of pSWD was
10.5% (n=41).

All remaining analyses were conducted with SWD3
definition including SJL, to align with current ICSD-3 mini-
mum criteria for diagnosis. As mental health outcomes were
used as endpoints, we determined whether participants who
reported mental health symptoms from the chronic daytime
dysfunction responses (Been hyperactive, impulsive or
aggressive; Had little interest or pleasure in doing things;
Felt down, depressed or hopeless) needed to be removed
from the analyses. However, only 11 (2.5%) of our working
sample reported chronic symptoms related only to these
symptoms with no other chronic DIMS or DD; of these,
only two met criteria for pSWD. Sensitivity analyses
revealed that removing these participants from the analyses
did not change mental health endpoints (data not shown).

Characteristics of Workers with pSWD
Participant characteristics are provided by SWD3 in
Table 2. Sociodemographic and occupational characteris-
tics were not associated with a higher prevalence of SWD
(all p>0.05, see Table 2).

Table | Prevalence of Shift Work Disorder by Work Schedule

Sleep

Sleep variables are presented in Figure 1. Average time in
bed (TIB; £SD) did not differ significantly between workers
with and without pSWD on either work days (SWD: 454.5
+96.6, non-SWD: 468.6+104.8, #374=0.8, p=0.426) or non-
work days (SWD: 543.2+96.0, non-SWD: 512.9+106.2,
t374~1.7, p=0.090). Total sleep time (TST) on work days
was shorter in workers with pSWD (379.2493.6) compared
to those who did not (430.6£82.9; #374=3.6, p<0.001). A
significant difference in TST on non-work days was also
observed (SWD: 502.3£96.8, non-SWD: 462.5£95.8, t374=
—2.5, p=0.015). Of those with pSWD, 20.0% did not think
they had a sleep problem, 45.0% said they did think they had
a sleep problem, and 35.0% felt they may have a sleep
problem.

Chronotype

Of those with pSWD, 59.5% were neither morning or
evening chronotype, 27.0% were morning type, and
13.5% were evening type. Likelihood of pSWD was not
associated with chronotype (y%>=4.4, p=0.112).

Health and Work Safety Outcomes

Prevalence of individual health and safety outcomes in
workers with pSWD are provided in Table 3, as unad-
justed PR (Model 1) and aPR (Model 2). Participants
with pSWD were more likely to report depression or
bipolar disorder, and anxiety or panic disorder, com-
pared to participants without pSWD. Workers with
pSWD were 1.7 times more likely to report work errors
in the preceding three months which they attributed to a
sleep problem. No differences between workers were
observed for chronic physical health conditions. Self-
reported general health on the SF-1 did not differ
between workers with and without pSWD (aPR=14,
95% CI: 0.8, 2.2), with both groups reporting high

Schedule Type SWD I * sSwbD?2?* swbpD3®
n % n % n %
Early mornings (pre 0800 start) 63 31.7 23 12.9 18 10.1
Afternoons (1500 onwards) 34 447 9 14.3 8 12.7
Evenings (1900 onwards) and nights 25 439 17.0 5 10.6
Rotating 55 47.4 19 18.1 10 9.6
Prevalence by SWD criteria 177 39.5 59 15.0 41 10.5
Notes: *Missing cases n=55; ®Missing cases n=56; *p<0.05.
Abbreviation: SWD, shift work disorder.
Nature and Science of Sleep 2021:13 https: 687
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Table 2 Prevalence of Shift Work Disorder According to
Demographic and Occupational Characteristics

Shift Work Disorder
Yes (n=41)
n % p?
Demographics
Sex 0.100
Female 26 12.9
Male 15 79
Age (years) 0.194
18-24 5 79
25-34 I 12.4
35-44 Il 12.6
45-54 I 14.5
55+ 3 3.9
Current domestic status 0.570
Never/Divorced/Separated/Widow 18 1.5
Married/Partnered 23 9.7
Gross Family Income 0.500
<$30,000 2 5.7
$30,001 - $50,000 7 12.7
$50,001 - $100,000 18 12.5
$100,001+ 10 83
Financial strain 0.286
Spend more than earn/get by 21 9.3
Save a bit/save a lot 20 12.7
Language spoken at home 0.795
English 37 10.3
Other 4 11.8
Work characteristics
Work requires physical exertion/strain 0.477
None/almost none I 12.2
Some/almost all/all the time 29 9.6
Required to be on call for work 0.247
No 16 8.6
At least once/month 25 12.2
Work hours (per week) 0.241
<35 15 8.7
3540 18 14.4
>4| 5 8.5
Work more than one job 0.061
No 29 9.3
Yes I 17.2
(Continued)

Table 2 (Continued).

Shift Work Disorder
Yes (n=41)
n % p*
Non-standard work burden 0.500
Work schedule 27 9.8
Work schedule and 2 | other® 14 12.1
ANZSCO* Occupation 0.350
Managers/Professionals 10 24.4
Clerical 3 73
Technicians/Trades/Labour 7 17.1
Other 21 51.2

Notes: Data are presented as number, percentage of available data; “significance
values calculated from univariate > analyses; "other work burdens included working
>40 hours/week, or reporting working more than one job; “ANZSCO, Australia
and New Zealand Standard Classification of Occupations.

prevalence of fair or poor general health (pSWD=41.5%,
no pSWD=30.9%).

Discussion

Our study provides prevalence of probable SWD
(pSWD), based on current (ICSD-3) diagnostic criteria,
in an online sample of Australian adults matched to
census estimates for a variety of demographic character-
istics. When including social jetlag as an indicator of
disturbed sleep/wake patterns, a lower prevalence of
workers with pSWD is found (10.5%) than when using
DIMS and daytime dysfunction alone (39.5%) or with
DIMS, daytime dysfunction and >1 hour less sleep on
work compared with non-work days (15.0%). The pre-
valence of pSWD is provided across a variety of non-
standard work schedules, highlighting that pSWD is a
and 12.7%
depending on their habitual work schedule. There was

concern for between 9.6% of workers
a higher prevalence of adverse mental health outcomes
including depression or bipolar disorder, and anxiety or
panic disorder in workers with pSWD in our sample.
Our findings point to a need to identify and manage
SWD
work schedules in order to support mental health out-

in workers across all forms of non-standard

comes and reduce risk of work errors, which are more

prevalent in workers on these schedules.
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Figure | Time in bed and total sleep time on work and non-work days. Grey boxes reflect values for participants with probable shift work disorder (SWD). Patterned

boxes reflect total sleep time for both SWD and no SWD.
Notes: *p<0.05; ***5<0.001; bars=SD.

Comparison with Prevalence Rates from
Previous ICSD Criteria for Shift Work

Disorder

We presented prevalence rates aligned with the different
criteria in order to facilitate comparison with previous
studies. Drake et al.>' most closely aligned with our
SWDI1 criteria in workers on a night or rotating shift
schedule for at least the previous two weeks. The
authors reported prevalence rates of 31.1% and 26.1%,
respectively. In contrast, our sample showed a higher
prevalence of pSWD in both evening/night workers
(43.9%) and rotating workers (47.4%) using the SWDI1
criteria. Of note, evening workers were excluded from
the Drake et al.>' analysis, while both evening and night
workers were combined in the present study.

The prevalence of pSWD among night workers
(17.0%), when accounting for changes to total sleep time
between work and non-work days, was lower than
reported from previous Australian samples using ICSD-2
criteria (32.1%),>? but higher than those working evening
shift in an Eastern European country, where no SWD was
detected.”’ This may be a function of different questions,
with previous work specifically asking participants if they
felt their sleep or sleepiness problem was related to their
work schedule.** Categorisation of work schedules could
also explain differences. Evening, night and rotating shift

workers were grouped to form a broader “night worker”

category in the work of di Milia et al.,**> while afternoon
workers were grouped with workers of daytime hours to
form a “day worker” category.

Our findings highlight that collapsing work schedules
into groups may mask prevalence of pSWD in early morn-
ing and afternoon workers. While “early morning” work-
ers have the lowest prevalence across all definitions of
pSWD, afternoon workers have highest prevalence rates.
Rotating shift workers were examined separately in a

2! and showed a higher

survey of workers by Voinescu,
prevalence of SWD than our sample. This is likely because
of our adjustment for social jetlag in line with ICSD-3
criteria, as the rate of SWD in rotating workers from
Voinescu®' (17.5%) closely aligned with our prevalence
(18.1%) using a definition (SWD2) which did not include
adjustment for sleep/wake patterns. Family or social
responsibilities may differentially impact sleep and recov-
ery time for workers on afternoon shift but this needs to be
investigated further.

Previous studies have mostly estimated pSWD in spe-
cific worker populations, which limits insight into preva-
lence in the broader population. The difference between
ICSD-2 and ICSD-3 in our crude prevalence ratios is
consistent with findings from Vanttola et al in hospital
workers,>® noting that within our population sample, the
prevalence of pSWD was higher in every shift schedule
(9.6% - 12.7%) compared to hospital workers alone (2.5—
9.5%). Sample size limited our ability to investigate
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Table 3 Prevalence of Doctor Diagnosed Health Conditions and Self-Reported Safety Outcomes by Probable Shift Work Disorder

(PSWD)
Health/Safety Outcome Model | Model 2°
No Yes
n % n % uPR%95% CI p° aPR195% CI P

Health

Obesity (BMI >30) SWD 28 71.8 I 28.2 1.2 (0.6, 2.1) 0.648 1.3 (0.6, 2.3) 0.492
No SWD 227 75.7 73 243

Arthritis SWD 33 86.8 5 132 0.9 (0.3, 2.1) 0.851 1.0 (0.4, 2.3) 0.982
No SWD 292 85.6 49 14.4

Diabetes SWD 36 94.7 2 5.3 0.6 (0.1, 1.9) 0.451 0.6 (0.1, 2.1) 0.511
No SWD 309 90.9 31 9.1

High BP SWD 33 86.8 5 132 0.9 (0.5, 1.8) 0917 1.2 (0.6, 2.2) 0.564
No SWD 276 80.9 65 19.1

Heartburn/Reflux SWD 32 84.2 6 15.8 1.0 (0.4, 2.1) 0.995 1.1 (0.4, 2.3) 0.855
No SWD 287 84.2 54 15.8

Depression or Bipolar Disorder SWD 21 56.8 16 43.2 1.9 (1.1, 3.2) 0.016 1.8 (1.1, 2.8) 0.003
No SWD 265 771.7 76 223

Anxiety or Panic Disorder SWD 21 55.3 17 44.7 1.7 (1.0, 2.9) | 0.036 1.8 (1.0,2.9) | 0.029
No SWD | 252 743 87 25.7

Post Traumatic Stress SWD 32 84.2 6 15.8 2.4 (0.9, 5.6) 0.054 2.4 (09,5.7) 0.053
No SWD 316 93.5 22 6.5

Asthma SWD 29 76.3 9 23.7 1.2 (0.6, 2.3) 0.599 1.2 (0.6, 2.3) 0.603
No SWD | 274 80.4 67 19.6

Pain which disturbs sleep SWD 34 829 7 17.1 1.2 (0.5, 2.6) 0.583 1.3 (0.5, 2.6) 0.576
No SWD 303 86.3 48 13.7

Work and safety

Work errors due to sleep problem SWD 15 40.5 22 59.5 1.7 (1.1, 2.7) | 0.020 1.7 (1.1, 2.6) | 0.023
No SWD 218 65.5 115 345

Presenteeism SWD 24 58.5 17 41.5 1.5 (0.9, 2.5) 0.097 1.6 (0.9, 2.5) 0.096
No SWD 257 732 94 26.8

Note: *Model 2 adjusted for age (inclusion of sex did not change prevalence ratios and confidence intervals, and is not reported).
Abbreviations: uPR, unadjusted prevalence ratio; aPR, adjusted prevalence ratio; BMI, body mass index (kg/m?).

occupation as a predictor of pSWD, although it is worth
noting that the highest percentage of shift work cases was
observed in community and personal service workers,
which includes aged care, hospitality workers, and some
emergency service workers (police, fire). Future popula-
tion-level studies of pSWD in larger samples should con-
sider the relationship between schedule type, occupation
and SWD in more detail.

Taken with existing findings, our study suggests there
is a need to better characterise SWD across a range of

occupational and cultural contexts, and in large samples.
Our findings also suggest there may be benefit in screening
for SWD broadly across non-standard work schedules, as
pSWD was not limited to workers of specific age, income,
or domestic partnership arrangements as in previous
studies.'® Screening tools in occupations with non-stan-
dard work schedules may be an appropriate and relatively
easy way to identify pSWD in diverse worker groups.>* In
contrast to previous findings,*> pSWD in the present study

was also not associated with longer work hours. However,
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pSWD was associated with work factors beyond the cri-
teria for SWD such as reporting more than one job, and/or
long work hours in combination with a non-standard work
schedule. Workload factors beyond work hours were not
explored in previous prevalence studies, and may be useful
in identifying workers at risk of pSWD.

Workers, on average, achieved less than recommended
sleep on work nights, noting that those who did not meet
criteria for pPSWD were closer to the recommended mini-
mum of seven hours. Self-reported time in bed for both
groups does not appear to facilitate an adequate opportu-
nity to achieve a minimum of seven hours of sleep per
night on work nights. These data should be interpreted
with caution given they are self-reported, and future stu-
dies should look to include objective assessments of sleep
at the population level to confirm duration, quality, and
timing.

While we observed no associations with physical
health problems, pSWD was associated with a higher
prevalence of self-reported, doctor diagnosed mental
health problems. This is supportive of previous findings
that depression is more common in individuals meeting
pSWD criteria.'®>'*> However, depression and other men-
tal health conditions are also associated with insomnia
symptoms and poor sleep.”® It is not possible to establish
the causal relationship between mental health conditions
and pSWD in the present study. Our findings do highlight
the need for prospective, longitudinal assessment of
pSWD and mental health outcomes to best understand
the trajectories of mental health conditions with exposure
to non-standard work schedules.

Individuals with pSWD were more likely to report
making an error at work due to a sleep problem. These
findings are consistent with previous community-based
studies of Australian workers, where 29% of workers
recall making an error at work due to sleepiness or sleep
problem, irrespective of their work schedules.”* This is
particularly pertinent to safety-critical occupational con-
texts. These findings demonstrate a clear need to identify
and address pSWD in order to improve mental health and
productivity outcomes for employees on non-standard
work schedules.

The present study provides prevalence estimates for
pSWD according to ICSD-3 criteria in an online sample
of Australian workers. We used a comprehensive collec-
tion of sleep, work schedule and timing variables to oper-
ationalise pSWD. The use of multiple DIMS and daytime
dysfunction estimates over a three-month period allows for

a robust calculation of DIMS which does not rely on the
worker personally attributing their sleepiness or symptoms
specifically to fatigue. We also included changes in total
sleep time (TST) between work and non-work days, along
with a measure of social jetlag, to accommodate the dis-
turbed sleep/wake pattern component of current SWD
diagnostic criteria. When pSWD is estimated with these
additional selection criteria, prevalence rates are lower
than previous studies. This more closely approximates
current diagnostic criteria. Importantly, we were also able
to demonstrate associations with sleep, health and safety
outcomes in current workers, which illustrates the impor-
tance of identifying and managing SWD for individual and
employer outcomes.

Limitations

The ICSD-3 definition of shift work disorder specifies that
workers should have ‘a report of insomnia and/or exces-
sive sleepiness’. By using the ICSD-3 insomnia criteria to
quantify DIMS and DD for this study, it is plausible that
there is some unavoidable overlap between insomnia dis-
order and SWD in the present analyses. This overlap in
definition reflects the broader challenge of establishing
that a sleep disorder is not a consequence of other medical
conditions, particularly in cross-sectional data. Thus, pro-
spective studies with relatively new workers are crucial if
we are to understand the aetiology of SWD independent of
other medical conditions.

The temporal association between DIMS and DD on
work versus non-work days was not assessed in this study.
Future investigations of SWD should consider adopting
questionnaire approaches which establish whether the
experience of sleepiness symptoms varies by work and
non-work days, as seen in previous occupation-specific
investigations of SWD, including police officers®> and
firefighters®’.

The ICSD-3 criteria call for objective assessment of
sleep/wake patterns which was not possible in this repre-
sentative dataset. In future, it would be useful to establish
the validity of a standard set of questions which are usable
in larger-scale epidemiologic studies against sleep logs,
actigraphy and if required, polysomnography. We did not
have sufficient cases to explore the relationships between
occupation and pSWD. Given that prevalence estimates in
studies of specific occupations vary from 3% to >60%",
there is a clear need to better establish the prevalence of
SWD in large, representative population datasets, and also
by occupation.
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The early morning (pre-0800 start) schedule could be
perceived as being one which does not interfere with the
usual time for sleep, particularly if individuals are early
chronotypes. However, by including TST differences on
work and non-work days and social jetlag, we are able to
obtain a prevalence of SWD which likely considers these
factors and identifies workers at risk of pPSWD. Our cross-
sectional prevalence estimates are almost certainly influ-
enced by the healthy worker effect, and do not provide
insight into workers who may have experienced pSWD
and modified their working arrangements accordingly.
Finally, affective disorders were grouped (depression and
bipolar disorder; anxiety and panic disorder) in the original
questionnaire, and did not allow for analyses indepen-
dently — these distinctions could be addressed in future
studies.

Conclusion

According to ICSD-3 criteria, pPSWD impacts one in ten
current Australian workers engaged in various non-stan-
dard work schedules. The higher prevalence of mental
health conditions and workplace errors in those with
pSWD illustrates a need to identify and manage vulnerable
workers to improve individual wellbeing, as well as work-
place productivity and safety. Similar sleep profiles in
those with and without pSWD suggest that sleep education
and sleep hygiene strategies are unlikely to be the only
pathway to improve. Identifying workers with pSWD pro-
vides important opportunities for referral to specialised
sleep services, where tailored management plans including
known interventions for pSWD such as sleep scheduling,
melatonin, and use of modafinil, can be considered. This
has implications for improving mental health in workers
on non-standard work schedules, and is likely also impor-
tant for managing workplace errors given the higher like-
lihood seen in participants with pSWD.
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