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Study Objectives: While insomnia and sleepiness symptoms are common in shift workers, 20%–30% experience more severe symptoms and meet the
criteria for shift work disorder (SWD). SWD can lead to impairments in cognitive function, physical and mental health, and reduced productivity and increased risk
of workplace injury. The aim of this study was to deliver and evaluate a shift work individual management coaching program, focusing on sleep education,
promoting good sleep hygiene, and providing individualized behavioral strategies to cope with shift schedules.
Methods: A clustered randomized controlled trial of sleep education and sleep disorders screening was undertaken, based on hospital wards at a tertiary hospital
in Melbourne, Australia. Participants identified as high risk for SWD underwent one of two 8-week programs, a shift work individualized management program, or
an active control. The primary outcome was ward-based sick leave. Secondary outcomes were SWD risk, sleep hygiene, insomnia, depression, and anxiety.
A total of 149 nurses, across 16 wards (96% female, 34.66 ± 11.99 years) completed both baseline and follow-up questionnaires (23.9% were high risk SWD).
Results: There was no significant reduction in sick leave between intervention and control wards (mean difference = 1.2 days, P = .063). Improvements were
seen in insomnia (P < .0001) and depression (intervention, P ≤ .0001, control, P = .023) in both groups, but were not significantly different between programs.
Anxiety (P = .001. control P = .079) and Functional Outcomes of Sleep Questionnaire 10 (P = .001 control P = .056) improved only for the intervention.
Conclusions: This SWD intervention trial did not reduce sick leave compared to the active control but there was an improvement. Improvements in sleep
hygiene, insomnia, depression, and anxiety severity were seen for both groups. Future intervention trials should consider including both sleep and mental health
interventions, strategies to avoid between group contamination and the duration of programs for optimal behavioral modification.
Clinical Trial Registration: Registry: Australian New Zealand Clinical Trials Registry; Name: Sleep Health Management for Healthcare Workers; URL: https://
anzctr.org.au/Trial/Registration/TrialReview.aspx?ACTRN=12616000369426; Identifier: ACTRN12616000369426.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Treatment options to improve alertness and sleep for shift work disorder include sleep hygiene, light exposure, light
avoidance, napping, melatonin, exercise, and caffeine consumption. These strategies, however, are usually applied generically in isolation. Combating the
effects of shift work needs to be personalized and multifaceted.
Study Impact: This study implemented an individualized intervention program encompassing a range of different sleep and shift work strategies to treat
nurses at high risk for shift work disorder. This approach was successful at reducing insomnia, depression, and anxiety but was not better than an active
control. Future research needs to consider both sleep and mental health strategies as well as the duration of the intervention to see optimal behavioral
modification effects.

INTRODUCTION

With the increased global demand for 24/7 operations, approxi-
mately 25% of the global workforce engage in nonstandard
work hours.1,2 Shift work disrupts sleep by requiring people to
be awake at night and try and sleep in the day, against the

natural circadian cycle. This conflict causes episodes of pro-
longed wake, insomnia, shorter sleep duration, and/or sleepi-
ness.2 While most people experience insomnia or sleepiness
during shift work, some experience prolonged symptoms, with
approximately 20%–30% of the shift worker population meet-
ing the criteria for shift work disorder (SWD), a circadian
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rhythm sleep-wake disorder that is defined as persistent sleep
disruption (excessive sleepiness and/or insomnia) due to a
conflict between an individual’s internal sleep-wake system
and work schedules for at least 1 month.3–5 Those with SWD
are at high risk of poor mental health, with depression and
anxiety being more severe in shift workers who are at high
risk of SWD compared to those at low risk.6–8 Furthermore,
compared to other shift workers, those with SWD have a
greater reduction in productivity, an increased risk of motor
vehicle accidents, and a higher chance of occupational inci-
dents and medical errors.9,10

The underlying basis of individual adaptability to shift work
is not well understood, and there is considerable interindividual
variability. Work-related factors such as work demand and shift
work schedules can have a negative effect on the ability to
achieve sufficient sleep duration and quality.11,12 Biological,
social, and lifestyle factors, including older age, morning-type
chronotype, being married, having children, and caffeine
intake, also influence the risk of SWD.13 Consequently, indi-
vidualized, multifaceted approaches in the treatment of SWD
are needed.2,14

Current treatment options designed to increase alertness and
improve sleep quality and duration for SWD include good sleep
hygiene, bright light exposure, light avoidance, scheduled nap-
ping, melatonin, exercise, and caffeine consumption, which
have all been shown to be valuable in combating and improving
individual responses to shift work.2,8,15,16 These strategies,
however, are usually applied as single strategies and generically
across the same work shifts/worker and are not individualized
to specific circumstances and behavior.14,15,17 These generic
approaches might not be effective with varying shift schedules,
work environments, and individual circumstances; therefore, it
has been suggested that combating the effects of shift work may
need to be personalized and multifaceted.14,17 The concept of
an individualized sleep modification program has been recom-
mended in the past,2,15,17 although to our knowledge none has
encompassed all the strategies simultaneously, tailored it to the
individual and current roster schedule, and used a validated
SWD screening tool. The aim of this project was to deliver and
evaluate a shift work individual management coaching program
(SWIM), focusing on sleep education, promoting good sleep
hygiene, and providing individualized behavioral strategies to
cope with shift schedules. It was hypothesized that, compared
to a control program, shift workers who received the interven-
tion program would have a greater reduction in sick leave,
SWD risk, depression, anxiety, insomnia, and poor sleep
hygiene behavior.

METHODS

Design and participants
The trial was a clustered randomized controlled trial based at
Austin Health in Melbourne, Australia (ACTRN 126160003
69426). Wards were randomized into either the intervention or
active-control program. Participants from these wards were
then recruited. Data were collected between January 2015 and
December 2017. Participation was voluntary, and individuals

provided written informed consent prior to participation. Eligi-
ble participants recruited from the wards were aged over 18
years, employed on either regular rotating or permanent night
shifts, worked a minimum of 15 hours a week, and had not pre-
viously received treatment for a sleep disorder. Where possible,
all eligible staff were approached to participate. The trial proto-
col was approved by the Austin Health and Monash University
Human Research Ethics Committees (HREC Ref No: HREC/
15/Austin/162). The protocol followed the NHMRC National
Statement on ethical Conduct in Human Research (2007) and
the Note for Guidance on Good Clinical Practice (CPMP/ICH-
135/95) and conformed to the standards set by the latest revi-
sion of the Declaration of Helsinki.

Procedure
Sixteen wards were recruited, matched 1:1 by ward type (medi-
cal or surgical) with approximate number of staff. One from
each pair of wards was then randomly allocated into either the
intervention or control program using a computerized program.
Delivery of the program could not be blinded as the researchers
were also delivering the education and programs. Ward man-
agement was told that they would receive 1 of 2 intervention
programs but blinded as to which program was the control
program. Each program presented ward-based education ses-
sions to all staff on multiple occasions. Education sessions
were based on which program their ward was randomized to
(control or intervention). The intervention wards were edu-
cated on sleep and the consequences of shift work, while the
control wards were given information on the benefits of a low
glycemic index (GI) diet. Recruitment was undertaken at
these education sessions as well as approaching staff face-to-
face on the wards and distributing flyers. Out of the 475 par-
ticipants approached, 224 consented to the trial (47.2%
response rate); 202 completed the required protocol question-
naire at baseline, and 149 participants (control n = 70, inter-
vention n = 79) completed the full protocol at the follow-up
questionnaire (Figure 1). The programs were delivered during
participants’ work hours.

All participants who provided consent completed the online
baseline Australasian Sleep Trials Network Questionnaire
(ASTNQ) independently without researchers present. Results
from the ASTNQ were discussed with the participant afterward
in confidence and any questions answered about the outcomes.
Those at high risk for SWD were invited to participate in 1 of
the 2 coaching programs, depending on what their ward was
randomized to receive. The programs comprised 4 fortnightly
one-on-one coaching sessions with a researcher during work
hours over 8 weeks, followed by completion of a sleep/work/
driving diaries for 2 additional weeks (10 weeks in all). All par-
ticipants completed the follow-up ASTNQ (Figure 1). Both the
education and one-on-one coaching sessions were delivered by
the same research team, who had backgrounds in psychology
and undertook training in SWD management via psychology
clinics. Participants were blinded as to whether their ward was
allocated to the intervention or control program but both pro-
grams were active programs. Compliance to recommendations
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was monitored by completion of home-based activities in the
fortnightly coaching sessions

Intervention coaching program
The program was composed of the following:

- Information was presented at each fortnightly meeting on
the biology of sleep, stages of sleep, myths of sleep, and
the importance of good sleep hygiene. The researcher
focused on educating the participant on how to reduce the
harmful effects of shift work by improving sleep and
alertness.

- Home-based activities were developed every meeting
(based on participants forthcoming roster provided by
the employee). This was undertaken between the
researcher and employee, so they gained education to
implement strategies themselves going forward. This
information was presented in the form of a scheduling
document that listed each day and a 24-hour time
range. Recommendation strategies were individualized
dependent on personal circumstances and work sched-
ules. Strategies included good sleep hygiene principles,
light exposure and avoidance, scheduled sleep and
napping, melatonin, exercise, and strategic caffeine
consumption. Each strategy had a symbol and was
marked on the scheduling document for the participant
to follow. The participant then filled out underneath
each day what they were able to implement and what
they did not. To measure compliance, comparisons
were made between what was recommended and what
the participants actually did.

These strategies were dependent on the individual circum-
stances and included the following.

Napping and scheduled sleep

Prior to the first night shift, nurses were recommended to nap in
the afternoon, approximately 8 to 9 hours after wake time, as a
countermeasure to reduce the duration of wakefulness prior to
shift and improve alertness and performance.18,19 The nap dura-
tion was recommended to be approximately 2 hours (or as long
as possible) or longer if the morning awakening was earlier. For
subsequent night shifts, naps were encouraged in the late after-
noon to early evening for between 20 and 90 minutes.20,21 In
addition, scheduled sleep episodes of between 7 and 9 hours
between shifts were recommended.

High-intensity light exposure during work hours

The intervention wards were provided with desk lamps that
were placed above a couple of computer monitors to help facili-
tate individuals with bright light exposure during their shift.
These lamps were Prism Broadwing Adjustable LED (LTI Pty
Ltd, Victoria, Australia) had 3 different settings (Cool: 2,700 K,
1,290 lux; Warm: 4,000 K, 1,100 lux; Bright: 6,500 K, 1,650
lux) and emitted a light at around 1,200–1,950 lux (based on
manufacturer’s reports on lux meter readings from sitting under
the lamp while working at a desk computer). Lamps were stra-
tegically placed in high-use staff areas above the computer
monitors shinning downward, such as at reception or com-
puters, avoiding areas that would affect patients. Bright light
exposure was recommended for 20 minutes at a time while writ-
ing notes, while on breaks, or before driving home, as

Figure 1—The SWIM project process CONSORT flow chart.

ASTNQ = Australasian Sleep Trials Network Questionnaire, SWD = shift work disorder.
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intermittent exposure to artificial bright light can increase alert-
ness during shift work.22,23 Depending on individual conditions
and chronotype, it was recommended to use light exposure and
light avoidance during other times to increase alertness and
assist with adjusting circadian phase. For example, individuals
with excessive sleepiness early in the morning and features of
delayed circadian phase, were prescribed bright light before
they started morning shifts.

Caffeine consumption (excluding those who did not consume
caffeine already)

It was recommended that 60 mg of caffeine (approximately 1
250-ml cup of instant coffee or 1 55-ml latte/cappuccino) was
consumed every 2 hours until 6 hours before planned sleep time
when working night shifts and 9 hours before planned sleep on
day shifts.24,25

Good sleep hygiene

Sleep hygiene advice included reducing light exposure and
screen time 1 hour before bedtime, improving the sleep envi-
ronment, including reducing noise and disturbances as well as
having a comfortable bed and cool room. Ear plugs and eye
masks were provided to participants to aid them in optimizing
sleep.26,27 This information was delivered via brochures handed
to participants during the coaching sessions as well as verbally
via the researcher.

Melatonin

Halfway through the program, after the 3rd coaching session, if
participants’ insomnia, sleep duration and sleepiness were not
improving there was an option of sending a letter to their local
General Practitioner for a prescription of melatonin (1–3 mg
short acting melatonin, which was recommended to be taken 30
minutes prior to bedtime).28

Fortnightly control program
The active control program was composed of the following:

- Education focused on the benefits of a low GI diet.
- Home-based activities involved 1) the completion of a

food diary for a fortnight; 2) then, based on the habits of
the participant, information was provided on low GI
foods; 3) goal setting was undertaken between the partici-
pant and researcher each fortnight to try and introduce/
substitute high GI for low GI alternative foods.

The active-control group mirrored all aspects of the interven-
tion program including the amount of contact time with the
researcher and the amount of coaching, education, and home
activities; however, it did not include sleep and shift work man-
agement education. A low GI diet was chosen as it would still
engage participants but not have any side effects or have an
impact on sleep. It was important that the control group be an
active control to achieve face validity and avoid participants
believing it was a placebo/control program. Information on
what is a low GI diet and a list of food were sourced from
Queensland Health29 and Glycemic Index Foundation.30

Measurements

Primary outcome

Monthly archival ward-based sick leave data were obtained
from Human Resource Department records at Austin Health.
Total sick leave utilization was calculated by obtaining the total
amount of sick leave hours taken each month by each ward and
dividing this by the total contracted hours for all staff on the
ward. Each ward was involved for a 6-month period (January–
June or July–December), with sick leave data calculated for
6 months preprogram and postprogram delivery to ensure that
sick leave data were compared at the same time of year for that
ward. Therefore, any differences seen were not due to seasonal
variation. The project also planned to include medical error
data as a primary outcome but could not obtain the required
data, and thus the protocol was revised to have only 1 primary
outcome.

Secondary outcomes

The ASTNQ comprised of a collection of general and validated
surveys was used to collect secondary outcome measures at
baseline and follow-up time points. The online questionnaire
was developed by members of the Cooperative Research Centre
for Alertness, Safety and Productivity, with the support of the
ASTN. The ASTNQ includes general demographic, social and
lifestyle questions including age, sex, body mass index, number
of children, smoking status, caffeinate and alcoholic intake, as
well as work- related questions including the number and type
(day/evening/night) of shifts worked in the prior month, total
hours worked over a typical week and month, and years of shift
work experience.

Furthermore, the ASTNQ included the following validated
surveys; The Shift Work Disorder Questionnaire,31 4 items that
are used to assess an individual’s risk of SWD. Each item is
scored on a scale between 0 and 4. The questionnaire has 89%
positive predictive value and 62% negative predictive value
(sensitivity = .74; specificity = .82)31 and has good internal con-
sistency and test–retest stability.32 The Sleep Hygiene Index
was used to measure sleep hygiene behavior among partici-
pants.26 Total scores range on a continuous scale from 13 to 65,
with higher scores indicative of poorer sleep hygiene. The
Horne–€Ostberg Morningness-Eveningness Questionnaire was
used to measure diurnal preference.33 The Morningness-
Eveningness Questionnaire ranges on a continuous scale from
16 to 86, with lower scores indicating greater eveningness chro-
notype. The Insomnia Severity Index (ISI) was used to examine
the severity of insomnia symptoms.34 Scores range from 0 to
28, higher scores represent more severe insomnia symptoms.
The ISI has been validated in a range of populations, including
shift workers.34,35 The Functional Outcomes of Sleep Question-
naire 10 (FOSQ-10) was used to measure the impact of sleepi-
ness on daily living and activities.36 Scores range from 5 to 20,
with higher scores for better quality of life. Mental health was
assessed with the Patient Health Questionnaire-9 (PHQ-9)37

and the General Anxiety Disorder-7 (GAD-7).38 The PHQ-9 is
a 9-item, 4-point Likert scale, with an overall score range from
0 to 27. The PHQ-9 has been validated to assess mental health
in hospital-employed nurses and other health care workers.39,40
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The GAD-7 is a 7-item, 4-point Likert scale, with an overall
score range from 0 to 24. The GAD-7 has been validated in pri-
mary care patients41 and the general public.42 Higher scores
suggest more severe symptoms of mental health problems.

Statistical analysis
SPSS Statistics 25 for Microsoft Windows (SPSS Inc., Chicago,
IL) was used for the statistical analysis. An alpha of < 0.05
(2-tailed) was considered significant for all analyses. Mixed
model analysis, controlling for wards (clusters), was performed
on the average amount of sick leave hours taken for each ward
over the 6 months preprogram and post when the program was
delivered on the ward. Paired t-tests were used to compare
within-group differences between baseline and follow-up ques-
tionnaires for Sleep Hygiene Index, ISI, FOSQ-10, PHQ-9 and
GAD-7. Mixed model analysis was then completed to see if
there was an effect on program 3 time point interaction, con-
trolling for clusters. Analysis was undertaken for all staff
recruited on each ward as the primary outcome and then sepa-
rately just for those who undertook the intervention program.

RESULTS

Sick leave utilization changes
Approximately 35 permanent staff were employed on each
ward, working an average was 29 ± 8.82 hours per week. The
average staff tenure was 10.28 ± 8.44 years. The intervention
wards had a reduction in average sick leave taken during the
6 months pre-post program (mean [M] = 4.46 days, confidence
interval [CI] = 3.62–5.29 vs M = 5.26 days, CI = 4.35–6.17),
while the active-control wards had an increase in sick leave
(M=5.38 days, CI = 4.58–6.17 vsM = 5.74 days, CI = 5.01–6.47);
however, mixed model analysis showed that there was no signifi-
cant program3 time point interaction when controlling for cluster
(P = .063) (Figure 2).

Questionnaire outcomes Between control vs
intervention groups
A total of 149 participants completed both the baseline and
follow-up ASTNQ (control, n = 70 vs intervention, n = 79).
Overall, 96% were women, aged 34.66 ± 11.99 years, with an
average of 10 years of shift work experience (Table 1). At base-
line, there were no significant differences between the control
and intervention groups in demographic and work-related varia-
bles, except for the number of evening shifts worked in the
past month, which was slightly higher in the control group
(Table 1). In addition, both groups had similar scores for the
Sleep Hygiene Index, Morningness-Eveningness Question-
naire, ISI, FOSQ-10, and PHQ-9 questionnaires at baseline,
except the GAD-7, which was significantly higher for the inter-
vention group (Table 1). Results from paired t-tests showed
significant within group improvements from baseline to follow-
up for the ISI and PHQ-9. The intervention group also
improved significantly in the GAD-7 and FOSQ-10 (Figure 3);
however, mixed model analysis showed no between-group

differences in programs between program3 time point interac-
tion for any outcome measure (Table 2).

Control vs intervention program comparison in high
SWD risk group only
A total of 34 nurses scored at high-risk for SWD and undertook
1 of the 2 coaching programs (control n = 15 vs intervention n =
19). There were no significant differences between groups at
baseline. Mixed model analysis showed no significant differ-
ences in outcomes between time point, programs, and program
3 time point interaction (Table 3). A greater proportion of par-
ticipants in the intervention program improved compared to the
control program, with 10 participants (52.6%) from the inter-
vention group improving from high risk at baseline to low
risk at follow-up, compared to 5 (33%) from the control
group; however, this was not significantly different (P = .64)
(Table 4).

DISCUSSION

This study evaluated the effectiveness of an educational and
individualized intervention program to manage SWD among
health care shift workers. An SWD and sleep education and
screening program, including an individualized coaching pro-
gram for those at high risk of SWD, did not significantly
improve sick leave, sleep, or mental health outcomes in com-
parison to an active control group. There was, however, a non-
significant trend in sick leave reduction, with a between-group
difference in the change in average sick leave utilization of
more than 1 day per participant over 6 months.

The estimated total cost associated with sick leave due to
sleep impairment and/or depression, is around $96.4AUD

Figure 2—Mixed model analysis comparing sick leave
(6 months pre- and post-program) for the control vs
intervention groups (P = .063).

*P < .05 effect of time in intervention group (2-tailed).
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million per year in Australia,10,43,44 hence a reduction in sick
leave can realize a large cost benefit from an organizational per-
spective. Sick leave utilization decreased by 15% for the
6 months after the program in the intervention group, whereas
the control group increased by 6%, a mean difference in change
of sick leave of 1.2 days over 6 months, which is clinically sig-
nificant. In Australia shift workers take, on average, 11.5 days
of sick leave a year compared to 8–9 days for nonshift work-
ers10,45,46 and, compared to other industries, the health care
industry utilizes even more sick leave, with an average 13.6
days per year of sick leave.9,45–47 In this study, however, sick
leave was already lower than the average rate for health care
workers at baseline, with an average of 10.6 days of sick leave
over a 12-month period (M = 5.3 days 3 6 months), therefore
there was less opportunity for further reduction. From an orga-
nizational perspective, reducing sick leave is important, first to
reduce burnout, improve retention rates, decrease workplace
accidents and medical errors, and improve staff retention and
productivity9,10 and, second, for the financial benefits for the
organization from reduced costs from staff taking sick leave.
Further exploration into successful interventions to reduce the
impact of shift work on sick leave is needed in the health care
sector. As sick leave analysis in this study was ward based,
analysis could not be undertaken to compare individual differ-
ences in shift work schedules of individuals and whether this
contributed to sick leave utilized. Although this project did not
find a significant difference, it was clinically important and
provides helpful data that can be used to help underpin a
larger trial.

Comparisons between the control and intervention groups
showed a substantial improvement, with a large effect size
observed for insomnia (Cohen’s d = 21.05 and 21.20) and
depression (Cohen’s d = 20.63 and 20.75), while anxiety

severity decreased only in the intervention group (Cohen’s d =
20.57). The decrease in ISI scores for both groups was compa-
rable to other intervention studies that implemented cognitive
behavioral therapy for insomnia for 9 weeks and saw a large
change (Cohen’s d = 21.21).48 While improvements in the
PHQ-9 were seen in both groups and for anxiety in the interven-
tion group, which had a significantly higher severity of anxiety
at baseline, there was no group effect. Improvements by both
groups could have been due to the Hawthorne effect or a genu-
ine impact on these outcomes in both groups, raising the possi-
bility that education, screening shift workers for sleep
disorders, providing feedback on results and support for their
health (sleep or low GI diet) may improve their insomnia symp-
toms and mental health. In addition, some individuals shifted
from high to low risk for SWD at the end of the program, dem-
onstrating the potential to impact SWD through individual
behavioral interventions shift workers.

SWD was common in this study (23.9%). Those at high risk
of SWD did not significantly improve in any of the outcome
measures, leaving room for further investigation into appropri-
ate strategies to help this subgroup of shift workers.

The intervention program in this study was designed to target
SWD symptoms (insomnia and sleepiness) as well as improve
sleep hygiene behavior, but not mental health. Poor sleep
hygiene behavior has been shown to substantially increases
SWD risk in shift workers49,50 and hence was considered a
potential intervention target for SWD. Sleep hygiene knowl-
edge (good sleep environment, reducing television/screen time,
reducing worry/anger before bedtime) alone, however, may not
be effective in combating the scheduling demands of shift
workers.51 Given the high severity of depression and anxiety
found among nurses with SWD,6 targeted mental health treat-
ment along with sleep and shift work management should be

Table 1—Baseline descriptive statistics comparing participant and shift schedule data between groups.

Total (n = 149) Control (n = 70) Intervention (n = 79) P

SWD risk (% high) 34 (23.9%) 15 (21.4%) 19 (24.1%) .428a

Sex (% female) 142 (96%) 67 (95.7%) 75 (94.9%) .567a

Age 34.66 ± 11.99 36.06 ± 12.99 33.42 ± 10.96 .181b

BMI 25.75 ± 5.46 26.20 ± 5.46 25.36 ± 5.48 .352b

No. of day shifts (past month) 9.04 ± 6.79 9.49 ± 8.68 8.65 ± 4.53 .461b

No. of evening shifts (past month) 7.56 ± 4.91 8.43 ± 5.93 6.77 ± 3.62 .044*,b

No. of night shifts (past month) 5.47 ± 3.35 6.04 ± 2.32 5.00 ± 3.98 .228b

Years of shift work experience 10.28 ± 8.44 10.39 ± 9.35 10.19 ± 7.61 .888b

SHI 32.59 ± 6.97 32.19 ± 7.83 32.95 ± 6.13 .506a

ISI 8.28 ± 5.50 7.97 ± 5.65 8.56 ± 5.39 .519a

MEQ 37.13 ± 6.22 37.27 ± 6.88 37.00 ± 5.62 .791a

FOSQ-10 16.62 ± 2.36 16.63 ± 2.59 16.59 ± 2.15 .923a

PHQ-9 4.57 ± 3.62 4.33 ± 3.69 4.78 ± 3.57 .445a

GAD-7 3.52 ± 3.58 2.86 ± 3.26 4.10 ± 3.76 .034*,a

Values represent mean (standard deviation) or %. aChi-square, bt-test. *Significance P < .05 level (2-tailed). BMI = body mass index, FOSQ-10 = Functional
Outcomes of Sleep Questionnaire 10, GAD-7 = General Anxiety Disorder Questionnaire, ISI = Insomnia Severity Scale, MEQ = Morningness-Eveningness
Questionnaire, PHQ-9 = Patient Health Questionnaire, SHI = Sleep Hygiene Index, SWD = shift work disorder.
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considered for future trials. There were significantly higher lev-
els of depression and anxiety among those at high risk of SWD
in this study. Past research shows that insomnia, sleepiness, and
SWD are strongly related to depression and anxiety2,6,7,40 and
that treating poor sleep can help to improvement mental
health.52 The direction of this relationship, however, is not
clear: does mental health contribute to the development of
SWD or develop from the effects of longer term shift work (or
both)? Future SWD management intervention programs would
benefit from directly addressing mental health as well as sleep.
Strategies such as incorporating standard cognitive behavioral
therapy or cognitive behavioral therapy for insomnia to treat
both, coping skills to reduce anxiety, or, in severe cases, refer-
ring to a psychologist to address the underlying mental health
issues would be valuable.

There was a high prevalence of SWD risk among nurses in
this current trial (23.9% at high risk of SWD), which is compara-
ble to other shift work populations. Factors that related to SWD
risk at follow-up included insomnia, depression, anxiety, and
SWD risk at baseline. This is similar to other studies that have
shown strong associations between insomnia, mental health,7,53

and a longitudinal study that found SWD at baseline to be the
biggest predictor of SWD risk in nurses after 2 years.8 Although
proportionally more of those in the SWIM program improved
across a range of domains including sleep hygiene, insomnia,
and mental health (Table 4), the change was not significant. This
might be because there was inadequate power given the small
sample size. Also, these findings suggest that screening and
ward-based education alone might be effective at decreasing
SWD symptoms by improving sleep hygiene, mental health, and

Figure 3—Analysis of the change from baseline and follow-up using paired sample t-tests to measure within group differences
(mean ± standard deviation).

*Significance pre/post change P < .05 level (2-tailed). FOSQ-10 = Functional Outcomes of Sleep Questionnaire 10, GAD-7 = General Anxiety Disorder Question-
naire, ISI = Insomnia Severity Scale, PHQ-9 = Patient Health Questionnaire.
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insomnia. The compliance rate for both groups were low, how-
ever, with participants missing meetings or not undertaking the
home-based activities before the meetings. It is recommended
that future projects look at techniques to improve the level of
compliance of intervention recommendations.

Several limitations should be acknowledged in this current
trial. First, while the trial carefully recruited comparable wards,
rotation of some casual staff meant that cross-contamination of
programs could have occurred. To reduce this risk, wards on
the same level of the hospital who shared facilities such as
kitchens and bathrooms were recruited together into the same
program. Disclosure of questionnaire scores at baseline may
have generated awareness and insight into SWD risk, insomnia,
sleep hygiene behavior, and mental health, resulting in a modi-
fication (consciously or not) to behavior in the control group.
Also, due to the Morningness-Eveningness Questionnaire mea-
suring a biological trait, this was unlikely to change in the given
time period. Mechanisms to objectively measure and achieve
higher compliance is recommended for future research. The
trial measured ward-based sick leave utilization rather than
individual data, hence it was not possible to ascertain changes
in sick leave in the high-risk SWD staff participating in the
coaching program and match shift types, with the control group
having undertaken a significantly higher number of evening

shifts. There was inadequate power to identify an effect on anxi-
ety or sick leave specifically in the high-risk SWD group, and
there was a dropout rate of approximately 25%. A larger, multi-
centered project would be required to address these 2 limita-
tions. Furthermore, disclosure of baseline results from the
questionnaire and the dietary program may have had an impact
on the improvement of the outcomes, such as sleep or mood.
Future trials should look at implementing an inactive control
group and not disclose questionnaire scores bias to avoid this
information influencing outcomes. Finally, it is unknown
whether the duration of the intervention program was optimal
to achieve behavior modification of participants.

This is a unique, randomized control trial to implement and
evaluate a multifaceted shift work individualized management
program using a validated SWD screening tool. Although this trial
did not demonstrate a benefit compared to an active control, the
information and lessons learned from this trial provide an impor-
tant foundation for future study design, both within the health care
sector and other shift work industries. Future trial designs should
consider cluster randomization by hospital sites to avoid cross-
contamination between programs and intervention programs,
including both sleep and mental health strategies in treatment pro-
grams, consideration as to the duration of the program for optimal
behavioral modification, and consideration of an inactive control.

Table 2—Mixed model analysis impact of time, program, and program 3 time interaction on insomnia, sleep hygiene, morning-
eveningness, depression, anxiety, and SWD risk (n = 149).

SHI ISI MEQ FOSQ-10 PHQ-9 GAD-7 SWD risk %

Time Point

Baseline 32.58
(31.10–34.06)

8.13
(27.01–9.25)

37.50
(35.97–39.03)

16.65
(16.14–17.15)

4.56
(3.83–5.30)

3.44
(2.75–4.13)

.25
(0.12–0.38)

Follow-up 31.87
(30.40–33.36)

6.27
(5.15–7.40)

38.55
(37.02–40.08)

17.15
(16.64–17.65)

3.45
(2.71–4.18)

2.51
(1.82–3.20)

.24
(0.11–0.36)

P .356 .001* .143 .055 .006* .013* .784

Program

Control 31.75
(29.93–33.57)

6.90
(25.53–8.28)

38.51
(36.61–40.42)

16.85
(16.22–17.47)

3.72
(2.84–4.61)

2.56
(1.73–3.40)

0.26
(0.10–0.43)

Intervention 32.71
(30.75–34.67)

7.50
(6.03–8.97)

37.54
(35.48–39.60)

16.95
(16.28–17.61)

4.28
(3.34–5.22)

3.39
(2.50–4.28)

0.23
(0.04–0.41)

P .441 .531 .462 .809 .359 .163 .722

Program 3 Timepoint Interaction

Control- pre 32.09
(30.03–34.16)

8.03
(6.47–9.59)

37.84
(35.72–39.95)

16.64
(15.93–17.35)

4.41
(3.38–5.44)

2.88
(1.91–3.85)

0.26
(0.03–0.44)

Control- post 31.41
(29.35–33.47)

5.77
(4.22–7.34)

39.19
(37.08–41.31)

17.05
(16.34–17.76

3.04
(2.01–4.07)

2.25
(1.28–3.22)

0.26
(0.09–0.44).

Intervention- pre 33.07
(29.35–33.47)

8.23
(6.62–9.84)

37.20
(34.95–39.38)

16.65
(15.92–17.38)

4.71
(3.67–5.76)

4.01
(3.02–4.99)

0.24
(0.05–0.43)

Intervention-
post

32.35
(30.22–34.48)

6.77
(5.16–8.38)

37.91
(35.70–40.12)

17.24
(16.51–17.97)

3.85
(2.81–4.90)

2.77
(1.78–3.76)

0.21
(0.03–0.40)

P .981 .477 .670 .728 .530 .416 .784

Values are presented as marginal mean (95% CI). *Significance P < .05 level (2-tailed). FOSQ-10 = Functional Outcomes of Sleep Questionnaire 10, GAD-7 =
General Anxiety Disorder Questionnaire, ISI = Insomnia Severity Index, MEQ = Morningness-Eveningness Questionnaire, PHQ-9 = Patient Health
Questionnaire, SHI = Sleep Hygiene Index.
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Understanding the prevalence and impact SWD will assist with
workforce planning and staff health and safety by assisting with
the awareness of SWD symptoms, implementing screening tools
to monitor the development of SWD, and directing appropriate
education and training into shift work management for shift work-
ers as part of induction programs or university courses to help mit-
igate the effects of SWD before it develops.

ABBREVIATIONS

ASTNQ, Australasian Sleep Trials Network Questionnaire
CI, confidence interval
GAD-7, General Anxiety Disorder- 7
GI, glycemic index
ISI, Insomnia Severity Scale
FOSQ-10, Functional Outcomes of Sleep Questionnaire 10
M, mean
PHQ-9, Patient Health Questionnaire
RCT, randomized controlled trial
SWD, shift work disorder
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