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Abstract

Background: Shift work is commonly associated with health problems resulting from circadian misalignment and
sleep restriction. About one in three shift workers is affected by insomnia and up to 90% report regular fatigue and/
or sleepiness at the workplace. Epidemiological data shows that shift workers are at increased risk of cardiovascular
disease, diabetes, obesity, breast cancer, mental-health problems, and shift-work disorder, which conditions typically
lead to reduced work performance, processing errors, accidents at work, absenteeism, and reduced quality of life.
Given these widespread and debilitating consequences, there is an urgent need for treatments that help improve the
sleep, health, and functional performance of the shift-working population. The most common non-pharmacological
recommendations are improved scheduling, bright-light exposure, napping, psychoeducation promoting sleep
hygiene, and cognitive-behavioral techniques. The objectives of the present study are to investigate the effects of a
multimodal shift-work intervention on perceived fatigue, sleepiness, physical and mental health, sleep parameters,
and absenteeism.

Methods: A randomized controlled interventional study comparing the two groups each comprising at least 80 driv-
ers of a public transport company, using self-report questionnaires and health checks completed at intake and after

3 and 6 months following the start of the intervention or waiting-list period. The intervention consists of (a) healthy
scheduling taking into account shift-rotation direction and speed, chronotype, resting time, and napping; (b) an edu-
cation program specifically developed for shift workers; and (c) a dedicated information campaign for shift planners.
The primary outcome is symptomatic burden in terms of sleepiness, and the key secondary outcome is symptomatic
burden in terms of fatigue. Supplementary secondary outcomes are sleep parameters, absenteeism, general and clini-
cal health, changes in mood, and anxiety.

Discussion: Expected outcomes are significant improvements on all primary and secondary outcome parameters in
the intervention group. To our knowledge, ours is the first randomized controlled study to systematically investigate
the effects of a multimodal program on multiple health, sleep, and performance parameters in shift workers. Our
research also aims at providing evidence-based practice guidelines for healthy scheduling in general and thus con-
tribute to diminishing the serious health and economic burdens associated with shift work overall.
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Introduction
Background and rationale {6a}
It is generally accepted that shift work is typically associ-
ated with disturbed life rhythms resulting from chronic
exposure to circadian misalignment and sleep restric-
tion, with long-term participation in most shift sched-
ules causing serious health problems. Excessive fatigue
and insomnia, for instance, are far more common among
shift workers than they are in day workers and can lead to
adverse effects such as reduced work performance, pro-
cessing errors, accidents at work, absenteeism, reduced
quality of life, anxiety, and depression [1, 2]. About one
in three shift workers is affected by insomnia and up to
90% report regular fatigue and/or sleepiness at the work-
place [3]. Moreover, epidemiological data shows that shift
workers are at increased risk of cardiovascular disease,
breast cancer, and shift work disorder. Prevalence esti-
mates of shift-work disorder vary between 5 and 26.5%
[3, 4]. The results of several epidemiological studies con-
trolling for important potential confounders additionally
suggest that exposure to shift work is an independent
predictor of increased body weight [5] and body mass
index (BMI) [6] and a higher prevalence of obesity [7].
For a comprehensive account of the short- and long-term
health consequences of sleep disruption and circadian
misalignment due to shift work, we refer to the excel-
lent reviews of James and colleagues published in 2017
[8] and of Moreno and colleagues published in 2019 [9].
Given these widespread and serious health and func-
tional consequences of shift work, there is a necessity for
treatments that improve shift workers’ sleep quality and
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daily life and work performance. Most non-pharmaco-
logical recommendations to reduce insomnia and fatigue
and enhance sleep quality mention improved scheduling,
bright-light exposure, napping, psychoeducation foster-
ing sleep hygiene, and cognitive-behavioral interventions
(10, 11].

We performed computerized literature searches in Pub-
Med using the following key terms: shift work disorder,
fatigue, insomnia, shift work, drivers, measures, chrono-
type, circadian, treatment, intervention, strategies, and
coping. The search was limited to non-pharmacological,
human studies conducted and published as English lan-
guage articles in peer-reviewed journals since 1999.

The search showed that the effects of shift work on
the health, fatigue, and sleepiness of drivers have been
robustly investigated in observational studies [12], as
well as the effects of single measures such as scheduling
or resting times [13], but that studies on the effective-
ness of countermeasures against the adverse impact of
shift work are sparse, especially for high-risk popula-
tions such as professional drivers. One study evaluating
the effect of a stand-alone alertness management training
program on sleepiness in long-haul truck drivers failed
to provide evidence of its effectiveness [14]. Moreover, in
their literature review, Sallinen et al. revealed that for all
categories of shift systems, there was a lack of controlled
intervention studies, hampering the development of
solution-focused recommendations for shift scheduling
[15]. Wong et al. [16] recently saw their Working Time
Society consensus statements published, in which they
expounded the need for a multi-level approach to man-
aging occupational sleep-related fatigue, while in their
also recent review of workplace interventions to promote
sleep and health, Redeker et al. convincingly concluded
that interventions using a single approach are unlikely to
be effective. Highlighting the high public health burden
associated with lack of recuperative sleep, the authors
pointed out the pressing need to develop policies and
implement programs aimed at improving workers’ sleep
health [17, 18].

With SHIFTPLAN, we aim to fill this gap with compre-
hensive approaches. To our knowledge, we are the first
to systematically gauge the effect of this dedicated, newly
developed multimodal program that includes ergonomic
shift scheduling and an educational program on well-
defined health, sleep, and performance outcomes in pro-
fessional drivers.

Objectives {7}

Primary objective

To evaluate whether a 6-month implementation of a
multimodal shift-work management program will help
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ameliorate the symptomatic burden (i.e., improve sleepi-
ness indices) in professional public transport drivers
working shifts.

We have opted for sleepiness as the primary outcome
for the following reasons. Firstly, the criteria for Shift
work disorder as defined by the International Classifi-
cation of Sleep Disorders (ICDS-3) [19, 20] require the
presence of sleepiness and/or insomnia. Secondly, sleepi-
ness has been shown to be highly responsible for work-
related and driving accidents [19, 21].

Key secondary objective
To examine whether the intervention has an effect on
fatigue indices of the drivers.

It is to be noted that fatigue and sleepiness are two dis-
tinct states of being that may be present or absent inde-
pendently from each other, where it is common to be
fatigued without being sleepy and vice versa.

Supplementary secondary objectives
To examine whether the intervention has an effect on the
following additional parameters:

+ Health-related quality of life (HRQoL)
+ Absenteeism

+ Sleep outcomes

+ Clinical health outcomes

+ Mood and anxiety

At the conclusion of the study, we will conduct a quali-
tative assessment in terms of a subjective evaluation of
the study among the study participants.

Exploratory objectives
The collected data will also be used to evaluate the out-
comes as a function of the participants’ chronotype.

Trial design {8}

Study design: This study is a randomized controlled inter-
ventional trial. It can be situated in occupational health
and field research. The drivers will be 1:1 randomized to
either the intervention or the control group according to
a parallel group design. The study shall cover a period of
6 months.

The intervention is multi-modal and consists of three
components: (a) healthy scheduling taking into account
shift-rotation direction and speed, chronotype, resting
time, and napping; (b) an education program specifically
developed for shift workers; and (c) a dedicated informa-
tion campaign for shift planners.
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For a detailed description of the intervention, we refer
to the “Intervention description {11a}” section and to the
“Schematic overview of study progress” in supplemen-
tary material.

Methods: participants, interventions,

and outcomes

Study setting {9}

Research population: Drivers of a public transport com-
pany, who work in multiple irregular shifts, often switch-
ing irregularly between late and early shifts with short
recovery times.

The public transport company supplies public bus and
tram services throughout multiple Belgian regions, employ-
ing at least 5500 drivers at the time of writing. Of this
workforce, at least one-third is obese and about the same
proportion has high blood pressure. Based on reports of
the drivers themselves, 4% suffer from mental-health issues,
alone leading to 49 sick leave days per year per employee.

Study setting: Data will be collected in two urban, geo-
graphically different regions that are similar with regard
to work and stress load (intensity of traffic, mean number
of passengers, variable and backward-rotating schedules
with intermittent, restricted resting times).

Eligibility criteria {10}
Inclusion criteria:

— Professional drivers having worked in shifts with the
transport company in full-time or > 80% part-time
employment in the company’s regular backward-
rotating schedule for at least 2 years.

Exclusion criteria:

— Regular medication for high blood pressure and
uncontrolled high blood pressure (defined as exceed-
ing 140/90 mmHg) at screening, regular medication
for diabetes, sleeping pills, or sedative medication
for depression (defined as trazodone, mirtazapine,
and amitriptyline). Because our secondary outcomes
imply the evolution of blood pressure and blood
sugar parameters, drivers with such pre-existing con-
trolled or non-controlled comorbidity will not be eli-
gible for participation.

— High risk of moderate-to-severe obstructive sleep apnea
syndrome (OSAS) as assessed with the STOP-Bang
questionnaire, a simple, easy to remember, and self-
reportable screening tool. We will use a cutoff score of 6
or higher to indicate the presence of OSAS [22].

— Drivers combining their job as a professional driver
with another job elsewhere.
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— Excessive sleepiness as defined as a score in excess of
12 on the Epworth Sleepiness Scale (ESS). Although
the habitual cutoff is > 9, we opted for this higher
threshold because we will be examining the effect of
the intervention on daytime sleepiness. All applicants
with an ESS > 12 will be excluded and referred to a
general practitioner for further evaluation.

— A BMI higher than 35 kg/m? We chose this cut-
off value based on the data provided by the exter-
nal occupational health service, which showed
that in 2018, 42.6% of their drivers had a mean
BMI of 25-30 and 27.5% had a BMI between 30
and 40.

— The presence of major depression as defined by a
score exceeding the threshold of 1.75 on the Hopkins
Symptom Checklist (HSCL-25), where higher scores
were demonstrated to be highly indicative of depres-
sive disorder according to the DSM-5 [23] and char-
acterized as “a case requiring treatment”

Quality assurance: The principal investigator (PI) and
co-investigators are all certified medical specialists who
will adhere to ICH-GCP guidelines to guarantee the
quality of the research.

Statistics will be provided by qualified statisticians.

The PI is a neurologist and sleep expert who has a par-
ticular interest in and expert knowledge on circadian
biology and shift-work management.

The co-investigators have extensive experience in the
research of fatigue and/or sleep-wake disorders.

Who will take informed consent? {26a}

Eligible applicants will be screened by occupational
health physicians (OHPs) of the participating service
regions who will explain all aspects of the study and
check the in- and exclusion criteria during a pre-inclu-
sion evaluation. When they consider the candidate eligi-
ble for inclusion and upon his/her agreement, the driver
will be provided with written information and the con-
sent form, which (s)he is asked to sign and return within
a week of the assessment.

Additional consent provisions for collection and use
of participant data and biological specimens {26b}
Not applicable.

Interventions
Explanation for the choice of comparators {6b}
The study will include an intervention and a control

group.
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The intervention provided to the intervention group
(see also the “Intervention description {11a}” section) is
based on an evidence-based good standard of care and
includes:

— Healthy scheduling (fast forward-rotating shift
schedules adapted to chronotype, adequate resting
times, napping, bright-light therapy)

— Education program for drivers (psychoeducation
promoting sleep hygiene, cognitive-behavioral strate-
gies, stress-management techniques, information on
chronotherapy such as bright-light therapy and nap-

ping)

The control group or “waiting-list group” will include
drivers who will:

— Continue working according to the default shift
schedules while being assigned to a waiting list in
anticipation of the education program.

Intervention description {11a}

The duration of the intervention will be 6 months. This
is a relatively liberal timeframe given that several inter-
vention studies have shown that positive outcomes can
be achieved between two weeks to 3 months, while edu-
cational programs as short as 1 to 3.5 h have been found
to already exert a positive effect on sleep duration, alert-
ness, and fatigue [24, 25]. However, given the complex-
ity of factors involved in and affected by shift work, it is
unlikely that in a real-life setting meaningful and con-
sistent health benefits can be obtained by implement-
ing a single or a limited number of interventions. As has
been suggested by various experts in the field, this takes
a holistic approach. We have explicitly chosen to test
a multimodal intervention that addresses core issues,
in line with Wong et al’s [16] 2019 Working Time Soci-
ety consensus statements on the need for a multi-level
approach to managing occupational sleep-related fatigue.
In their excellent review of workplace interventions to
promote sleep and health also published in 2019, Rede-
ker et al. stated that interventions using a single approach
will not be effective and point to the pressing need to
develop and implement policies to improve worker sleep
health and the important public health problem associ-
ated with lack of recuperative sleep [17]. Several studies
have addressed sleep training programs and their effec-
tiveness on sleep parameters [24—26]. For a shift-work
population, circadian challenges, limited time available
for sleep, stress load, the effect of physical activity, and
appropriate exposure to light on sleep-wake patterns,
all need to be addressed. Psychoeducational programs
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should moreover include components based on cogni-
tive-behavioral therapies for insomnia. The educational
part of our intervention is in line with these expert rec-
ommendations. Ergonomic or healthy shift scheduling
itself implies multiple measures: adapting the direction
and cycle times of rotations to chronotypes, allowing for
adequate resting times between shifts, and providing the
possibility to take short naps in case of daytime/worktime
sleepiness. The explicit choice for a multimodal interven-
tion to be tested as a whole is thus in line with the asser-
tion of other experts that workplace interventions using a
single approach will not be effective.

Nevertheless, an embedded process evaluation of what
did and did not work would be helpful in interpreting the
final results. Therefore, we will also add a qualitative eval-
uation by means of a small questionnaire provided to the
intervention group at the final assessment, in which they
can provide their subjective evaluation of what measure
provided the most benefit and why, and what part of the
intervention did not work according to them and why.

Multimodal intervention: description of the three
components

1. Implementing healthy scheduling. This will imply:

(a) The introduction of forward-rotating shift
schedules [13, 27, 28] with

(b) Schedules being adapted to chronotype [29-
31],

(c) Allowing for adequate resting times between
shifts, in particular after a late/night shift [13,
32]

(d) Allowing for adequate resting times (i.e., a min-
imum of 48 h) between series of shifts

(e) Allowing for napping, in particular during the
first two days of an early shift [33, 34]

The optimization of shift schedules has been found a
promising method to reduce the overall negative health
impact associated with shift work [27]. Healthy, or ergo-
nomic, shift scheduling comprises multiple measures: the
modification of shift rotations (forward and fast) adapted
to the individual worker’s chronotype and providing suit-
able between-shift resting times as well as napping facili-
ties in case of daytime sleepiness.

For the sake of clarity and to avoid interference from
ongoing schedules, the intervention group will, as a
whole, be separated from all fellow drivers.

— A backward rotation schedule was prospectively
related to an increased need for recovery as com-
pared to a forward rotation schedule [13, 27]. Fast
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forward-rotating schedules have generally shown to
be most beneficial [28].

Allowing for chronotype finds its relevance in the
need to reduce circadian misalignment and social
jetlag [29, 35]. It is evident that late(r) chronotypes
will adapt more easily to afternoon and late shifts,
while the inverse applies for early chronotypes
[31]. For example, Juda et al. [29] concluded that
when working morning shifts, later chronotypes
experienced the highest sleep constraints resulting
in more pronounced signs of social jetlag, shorter
sleep durations, and reduced sleep quality.
Furthermore, van de Ven et al. [30] showed that
workers whose chronotype did not align with the
shift being worked had shorter sleep durations,
lower quality of sleep, and longer recovery times.
To add to the evidence, we will be comparing
chronotype “pairs,” with drivers having nocturnal
(evening and late-night) chronotypes working the
opposite schedule from those of peers with diurnal
(early and extremely early) chronotypes. A healthy
schedule would then be a fast forward-rotating pat-
tern with early chronotypes working more early
shifts (3—4) than late chronotypes, with the inverse
being applied for late(r) chronotypes.

Several studies have highlighted the relevance of
the length of the recovery period in-between two
successive shift series and the absence of quick
returns [32]. We will hence adopt resting times of
at least 48 h between the last shift of a series and
the first of a new series of shifts.

Sleep deprivation and the resulting daytime sleep-
iness affect shift workers most at the start of early
shifts. The rationale to offer drivers in our study
early-morning bright-light chronotherapy (using
Luminette®) prior to each early shift is twofold.
We first expect the therapy to make drivers more
alert and energetic and less sleepy during their
working day. In a study by Bragard et al, the
self-reported incidence of daytime slumbering
had significantly decreased and the participants’
general health perception and physical func-
tioning significantly improved after one month
of Luminette® [36]. Secondly, we anticipate the
therapy will counteract sleep deprivation by fos-
tering the drivers’ biological sleep-wake cycle,
potentially aiding them to go to sleep earlier in
the evening following an early shift [37]. Light is
known to be the most powerful synchronizer of
endogenous circadian rhythms, where exposure
to bright light in the early morning and avoid-
ance of (bright) light in the evening should pro-
duce a phase advance. Drivers in the intervention
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group on early shifts will have the opportunity to
use Luminette® and will be educated on the use
of the device as well as on the impact of light on
the sleep-wake cycle and on, among other topi-
cal issues, the importance of avoiding light in the
evenings when working early shifts.

— Taking a short nap (15-30 min) has been shown to
be an efficient method to prevent daytime sleepiness
and boost alertness after a bad, sleep-deprived night
[33, 34, 38]. Hence, drivers will be given the oppor-
tunity to take one 15-min morning nap during day 1
and/or day 2 of their early shift.

— The public transport company has an intelligent
planning tool. It offers a modular solution for plan-
ning and analysis, scheduling, operations, and cus-
tomer information, where each organization can
select modules according to their own needs.

2. Education program for drivers

Our newly developed program targeting shift-working
drivers involves:

— DPsychoeducation on the sleep-wake cycle, bio-
rhythms, and chronotypes and chronotherapy

— Cognitive and behavioral strategies and information
based on the principles of the cognitive-behavioral
treatment of insomnia (CBT-i)

— Information on the impact of light on wakefulness
and sleep (including the use of bright-light therapy)

— Information on napping and creating awareness of
and how to recognize daytime sleepiness

— Introducing tools for stress reduction

— Information on the advantages of physical exercise
on the quality of the sleep-wake cycle

— Information on healthy eating in the context of shift-
work

If we want to promote the health of people working
shifts and reduce fatigue or sleepiness, it is crucial to edu-
cate them about the importance and essence of healthy
sleep-wake habits and to provide them with practical
tools to help them handle the effects of changing shifts
on their biorhythms in a more effective, conducive way.
Studies evaluating education and sleep training programs
for various shift-working populations and their effective-
ness in improving sleep parameters and wakefulness [24—
26] conclude that the various circadian challenges, ways
to make the most of the limited time available for sleep,
reduction of the work-related stress load, and the bene-
fits of physical activity and sufficient exposure to light all
need to be addressed.
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CBT-i has been validated and is widely recommended
as the most efficient and effective first-line treatment of
insomnia and insomnia symptoms. The treatment com-
prises education on sleep-wake hygiene, stimulus control,
and relaxation techniques, which components will all be
included in our education program.

Furthermore, participants will be informed about
and instructed in the practical use of bright-light ther-
apy, nutrition, exercise, and napping. As to nutrition,
since the results of dietary surveys show that the tim-
ing of meals is negatively affected by shift work [39]
and a meta-analysis found that the prevalence of high-
energy snacking is increased among shift workers [40],
our program will address both proper meal timing and
healthy nutrition.

The proposed education program has been developed
by the PI and is founded on evidence-based principles
described in the literature. Besides being a neurolo-
gist and sleep expert, she has also taken post-academic
courses in education and coaching, has a university
degree in CBT-i, and has ample experience in the deliv-
ery of training programs and CBT-i. However, to avoid
bias, the PI will not be directly involved in the education
of the drivers. Instead, she will be providing an extensive
train-the-trainer program for certified trainers employed
by the transport company who will be delivering the
program.

The education program will consist of a one-day, 8-h
session. The drivers randomized to the intervention
group will complete the program within the first month
after the conclusion of the randomization process (6
group sessions with a maximum of 15 participants per
group). The drivers randomized to the control group will
be informed that they have been placed on a waiting list
and will be offered information on the program at a later
date.

3. Information campaign for planners and team coaches
The campaign will cover:

— Epidemiological data and information on shift-work
syndrome

— Explanation of the rationale and characteristics of
healthy scheduling

— Information on chronotypes and available chrono-
type questionnaires to determine the drivers’ indi-
vidual chronotypes and optimal chronotype-specific
scheduling

— Provision of written informed consent stating that
the data collected will remain strictly confidential
and will only be used to create personalized sched-
ules.
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Criteria for discontinuing or modifying allocated
interventions {11b}
Allocated interventions will not be modified.

When asked for their informed consent, all participants
will be informed orally and in writing about their right to
discontinue their participation to the study at any time.

Safety considerations:

— Applicants who are excluded according to the STOP-
Bang Score criterion (scores > 6), will be informed at
intake about the risk of existing OSAS by the OHP
and referred to a general practitioner to evaluate the
necessity of referral to a sleep-wake clinic.

— Applicants with an ESS score > 12 will be excluded
from participation and referred to their general prac-
titioner.

— At any time, participants will have the opportunity
to obtain more information on their questionnaire
results.

— In case his/her intermediate score on the Checklist
Individual Strength (CIS-20), a validated self-admin-
istered questionnaire evaluating fatigue that partici-
pants will be completing at several timepoints during
the study, shows a marked increase, the participant
will be interviewed again and re-examined.

— In case at intake depression (score of > 1.75 on the
HSCL-25) is suspected, the driver will not be allowed
to enter the study and referred to his/her general
practitioner.

Strategies to improve adherence to interventions {11c}
Randomization will anticipate motivational bias, with
candidate participants completing a short qualita-
tive questionnaire to assess relevant motivational
determinants.

Whether applicants eventually do or do not take part
in the study will have no consequence whatsoever for
any treatment they may need from the UZA or for their
employment status.

Applicants and participants will be given a week to
complete the various questionnaires.

The informed consent form will include a paragraph
urging participants to follow all instructions as strictly
as possible throughout the study period. To promote
adherence to the daily sleep-wake diary, they will
receive an email with a link to the sleep-wake diary
every morning at 4 am to enable participants working
an early shift to complete the diary before starting work.
The public transport company will provide us with the
drivers’ professional email addresses for this and other
purposes.
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By opting for a waiting list in the control condi-
tion we also aim to anticipate compensatory rivalry
(where the control group could improve more than the
intervention group). The control group will hence be
informed that if the intervention proves effective, they
will also be invited to complete the program in a sec-
ond timeframe.

The intervention group will be separated from all
other drivers for purposes of clarity and to avoid exist-
ing schedules from interfering with the experimental
schedules.

If participants (still) have questions after completing
the questionnaires, they will be given the opportunity
to contact their occupational health physician by email
and will be referred for appropriate professional help if
indicated.

Minimizing contamination

Contamination will be very difficult, if not impos-
sible, to avoid completely. Nevertheless, we reckon
that contamination will remain restricted and at best
provide better awareness of health habits in the con-
trol group. Since we, like other experts in the field,
hold that workplace interventions aimed at optimiz-
ing shift schedules will not be effective using a single
approach, our intervention will include healthy sched-
ules and psychoeducation to address multiple factors
such as individual variability, circadian challenges,
time available for sleep, sleep hygiene, and stress load.
The drivers in the control group will have no personal
experience with or gain in-depth knowledge about
any of these themes. For this reason, we do not expect
that improvements in some health habits in the con-
trols will lead to significant confounding changes.
Moreover, the ergonomic schedules will be new to the
company and specific for the drivers in the interven-
tion group, which will be treated as a distinct group
throughout the study period.

However, to control for contamination, we will add
a question to each of the assessments to probe for any
modifications in health habits during the study period.
The investigators responsible for these assessments will
be informed about the possibility of contamination as to
raise their awareness on this issue.

Relevant concomitant care permitted or prohibited

during the trial {11d}

The company has a stringent preventive and repressive
policy on substance use (illicit drugs, alcohol, sedative
medication) before and during working hours as part of
the company’s legal obligation to prevent harm and pro-
tect the safety of its employees, passengers, and other
road users.
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None of the drivers randomized to the control group is
allowed to join the educational program provided to the
intervention group for the duration of the trial.

Provisions for post-trial care {30}
Not applicable.

Outcomes {12}
Patient characteristics and baseline comparisons
Demographic and other baseline characteristics will be
summarized per study group. For categorical variables,
frequencies and percentages will be reported. Continu-
ous variables will be summarized as means with stand-
ard deviations or medians with interquartile ranges as
appropriate.

The following screening and baseline data will be
collected:

— Age

— Gender

— Education

— Years of shift work

— BMI

— Smoking status (Y/N)

— Alcohol consumption

— Caffeine consumption

— Living and family status

— Physical activity

— Chronotype

— History of diabetes (on screening)
— History of depression (on screening)

Primary and key secondary endpoints: symptomatic burden
(sleepiness, fatigue)

— Change in sleepiness from baseline to 6 months:
sleepiness as assessed with the Epworth Sleepiness
Scale (ESS).

— Change in fatigue from baseline to 6 months as
assessed with the CIS (Checklist Individual Strength).

Outcome measurements regarding primary and key
secondary endpoints (symptomatic burden)

— Daytime sleepiness: evolution of ESS scores as
assessed at baseline and monthly up to and includ-
ing the final 6-month evaluation and the statistical
relevance of improvement (first to last score).

— Fatigue: evolution of CIS scores from baseline to
3 and 6 months and the statistical relevance of
improvement (first to last score).
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Analysis of the primary and key secondary endpoints (see
also SPIRIT guidance 20a)

Analysis of the secondary endpoints (see also SPIRIT
guidance 20a)

— The primary and key secondary endpoints (baseline — To evaluate the sensitivity of the results of the

to 6-month change in sleepiness and fatigue) will be
analyzed using an independent samples t-test in the
intention-to-treat population comparing the inter-
vention to the control group.

Supplementary secondary endpoints: significant
improvement on

General health-related quality of life (HR-QoL as
assessed with the SF-36).

Absenteeism: sick leave in terms of the number of
days off work due to illness will be derived from offi-
cial records of and provided by the company.

Sleep outcomes: Total sleep time (TST) and sleep
efficiency (SE) as derived from self-recorded sleep-
wake patterns and scores on the Pittsburgh Sleep
Quality Index (PSQI).

Clinical health outcomes: blood pressure, BMI,
fasting blood glucose, glycosylated hemoglobin
(HbAlc), high-sensitive  C-reactive  protein
(hsCRP).

Mood and anxiety as gauged with the Hopkins Symp-
tom Checklist (HSCL-25).

Outcome measurements regarding secondary endpoints

HR-Qol (SF-36): evolution of total SF-36 scores from
baseline to 3 and 6 months and the statistical rel-
evance of first-to-last score improvement
Absenteeism: formal data collected and provided by
public transport companies

Sleep outcomes: scores on the PSQI at baseline, 3
and 6 months and the statistical relevance of the
baseline to 6-month change. Evolution of mean
total sleep time (TST) and sleep efficiency as
derived from self-recorded/self-reported sleep-
wake patterns

primary and key secondary outcome analysis, lin-
ear regression will be used to model the change
in fatigue and the change in sleepiness, both from
baseline to 6 months, with group as a predictor
and taking into account potential confounders (i.e.,
gender, age, years of shift work, diabetes, BMI and
smoking status).

We will also conduct a per-protocol analysis in which
only the data of the drivers who have fully adhered to
the protocol will be compared.

To handle missing data, we will use a mixed model
with multiple imputation by chained equations. The
imputation procedure will include intervention, gen-
der, age, years of shift work, diabetes, BMI and smok-
ing status, and the available CIS and ESS measure-
ments, respectively. This will generate 20 completed
datasets that will be analyzed separately. The results
will be pooled.

As fatigue and sleepiness will be assessed at three
time points (baseline, 3 and 6 months), we will also
test a linear mixed model with participant as a ran-
dom effect to model the parameters’ evolution over
time. This model allows for the correction of con-
founders and a between-group difference estimation
at the different time points.

To compare the continuous 6-month outcomes (SE-
36, PSQI, HSCL-25, absenteeism, clinical health
outcomes) for the two groups, we will use an inde-
pendent samples ¢-test or Mann-Whitney U test
(whichever is appropriate). Additionally, to correct
for confounders, we may fit a linear regression model.
A linear mixed model will be used to test the contin-
uous outcomes (sleep times, CIS) over time.

The qualitative sleep-wake data will be collected and
analyzed by a co-investigator at the Antwerp Univer-
sity Hospital.

Clinical health outcomes: blood pressure, BMI, fast-  Qualitative assessment of implementation and proximal
ing blood glucose, hemoglobin Alc, hsCRP: evolu-  effect of the intervention (change process) by short interview
tion of each measure from baseline, to 3 and up to 6  provided to both groups at the end of the study

months and the statistical relevance of the improve-  Questions posed at the end of the study:

ment (first-to-last change). Analysis of the most rel-
evant improvement

— Mood parameters as assessed with the HSCL-25 at
baseline and at 6 months

1. To what extent are you satisfied with your well-
being? (To be rated on a 7-point Likert scale ranging
from extremely satisfied to extremely dissatisfied)
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2. If your experience was positive, can you explain why
this is? Which part of the intervention seemed most
useful to you and why?

3. If your experience was negative, can you explain why
this is? Which part of the intervention seemed most
useless to you and why?

4. Intervention group: Would you like to continue
working your new schedule? Control group: Would
you like to change to a new personalized schedule?

Exploratory analysis (see also SPIRIT guidance 20b)

— Since we are interested to see whether the interven-
tion effects will differ depending on chronotype, we
will be looking for interactions between the interven-
tion and the various chronotypes.

— We will also be exploring associations between
chronotype and the other variables tested (i.e., BMI,
mental-health status (HSCL-25), fatigue, and sleepi-
ness indices).

Participant timeline {13}
See also “Schematic overview of study progress” (Supple-
mentary material).

Besides keeping a daily online sleep-wake diary (with
a link to the diary being provided daily by email), par-
ticipants will be asked to participate in the following
evaluations:

1. Screening session to test in- and exclusion criteria
and obtain informed consent

2. Baseline—intake visit including all assessments/

examinations and randomization

Full assessment 3 months after start of the program

4. Full assessment 6 months after the start of the pro-
gram

w

Fatigue will be monitored on a more regular basis.
Participants will be asked to fill out the CIS at baseline
and once a month for the duration of the intervention
(Table 1).

Sample size {14}
For the primary and key secondary research question,
we will be looking at two outcome measures, namely
change in sleepiness (ESS) and in fatigue (CIS), both from
baseline to the 6-month endpoint. We expect the out-
comes for the intervention group to be superior to those
obtained in the control group.

With regard to ESS, Patel et al. [41] mentioned 2
or 3 units as being indicative of a clinically minimally
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important difference in obstructive sleep apnea. Vii-
tasalo et al. [13] found the largest SD for the ESS to be
5.3 units. Assuming a standard deviation of 5.3 and a
significance level of 0.05, an achieved sample size of 72
per group is required to detect an effect of 2.5 with 80%
power using a two-sample t-test. Taking into account at
least 20% drop-out, 88 drivers will be recruited into each
group. Hence, a total of 176 drivers will be recruited for
the study.

As to the CIS, we will consider a drop of 10 units
to reflect a clinically minimally important differ-
ence (CMID). This number is in part based on Ver-
coulen et al. [42, 43] who considered scores of 27 or
higher to indicate abnormal fatigue and scores > 35
severe fatigue, where a drop of 8 or more units signi-
fies a change in severity classification. Additionally,
we refer to Worm-Smeitink et al. [44] who, compar-
ing CIS scores for breast cancer survivors and healthy
controls in 2017, observed a 10-unit difference between
the study population and the controls, with the former
reporting higher levels of fatigue. We are thus confident
that a difference of 10 units denotes a clinically relevant
change.

For the standard deviation, we rely on Beurskens
et al. [45] who reported an SD of 18.9 units for a blue-
collar population. Assuming a standard deviation of 19
and a significance level of 0.05 an achieved sample size
of 58 per group would be required to detect an effect of
10 with 80% power using a two-sample ¢-test. Taking
into account at least 20% drop-out, 70 drivers should be
recruited into each group.

Based on these findings, we will adopt a minimum of
70 for each group in our study. Taking into account a
drop-out of 20%, we will be recruiting 88 drivers per
group (i.e., 176 drivers overall) to achieve this. Hence,
with a total recruitment of 176 drivers, the study is suffi-
ciently powered for both primary and key secondary out-
comes. A power of 80% was a compromise as we needed
the recruitment to be feasible and still be able to achieve
sufficient power.

Recruitment {15}

In each of the two service regions of the company tak-
ing part in the study, recruitment will be via posters
and information screens in the respective terminals
and online via their intranet, inviting drivers working
in the relevant regions to apply for participation in the
study either by mail, email or telephone. All the driv-
ers in the relevant service regions will also receive an
individual invitation by email via their professional
email account provided by the company for internal
communications.
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Table 1 Schematic study overview
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Visit to occupational Clinical Blood sample drawn Self-report Sleep-wake
health physician (atleast examination (aftera minimumof10h  questionnaire(s) (time diary (time
10 h prior to fasting!) fasting) needed) needed)

Appointment 1 (intake) v v v v/ (20 min)

1x each month v/ Fatigue scale (5-10 min)

Appointment 2 (after 3 v v v V(20 min)

months)

Appointment 3 (after 6 v v v V(25 min)

months)

Daily from trial start to end v (2-5 min)

This overview (translated from Dutch) will be included in the informed consent documentation

Assignment of interventions: allocation

Sequence generation {16a}

Stratified randomization will be used to allocate the
drivers 1:1 to the intervention or control group. Stratifi-
cation will be by service region (n = 2), age (younger or
older than 40 years), gender and BMI (BMI < 25; BMI
26-30; BMI 31-35). We will employ Qminim, a web-
based randomization system that uses minimization to
ensure a similar distribution of the stratifying factors
between the study conditions.

Concealment mechanism {16b}

After the intake visit with the occupational health phy-
sician (OHP) of the relevant service region, all data of
the drivers that have agreed to participate and have
given their informed consent will be coded, and there-
fore, encrypted data will be sent to the PI for further
evaluation.

The stratified randomization will be done by Qminim
a web-based randomization system which uses minimi-
zation to ensure a similar distribution of the stratifying
factors between the study conditions.

The administrator of the coded database will be
one of the OHPs. The coded data will be stored and
accessible for at least 20 years, with the encryption
key remaining with the occupational health service.
All investigators will only have access to the coded
data.

Implementation {16c}
See also above: 16b

The OHPs will be responsible for the enrolment of
the drivers and the coding of service regions (n = 2),
age (< than 40 years vs. > 40 years), gender, and BMI (<
25; 26-30; 31-35). Since the participants randomized
to the intervention group will be assigned to a rotation
schedule adapted to their chronotype (three types),
codes for the chronotypes will be created. The Qminim

system will assure anonymized and random assignment
of the participants to the two conditions.

Assignment of interventions: blinding

Who will be blinded {17a}

The statistical analyst and the PI will be blinded to the
participants’ identity and only have access to coded data.

Procedure for unblinding if needed {17b}
Not applicable.

Data collection and management
Plans for assessment and collection of outcomes {18a}
All (eligible) participants will be examined by an occupa-
tional health physician prior to the study (screening visit),
at intake (baseline) and at two scheduled time points (3
and 6 months).

See also “Schematic overview of study progress” (Sup-
plementary material, Timeline), which also describes
which data will be collected when.

— The occupational health physicians (OHP) will be
collecting the following socio-demographic data
at intake (baseline): date of birth, gender, living and
family status, education, years of shift work, smoking
status, alcohol and caffeine consumption, and physi-
cal activity.

— An OHP and trained nurse (blood draw) will be
collecting the following clinical health data: blood
pressure, BMI, fasting plasma glucose, glycosylated
hemoglobin (HbA1lc), hsCRP. Fasting plasma glucose
and HbAlc will be taken after a fasting period of 10
h. All clinical visits will be scheduled on day shifts
between 8 and 10 am.

— The following online self-report questionnaires will
be used (in validated translation): the Morningness-
Eveningness Questionnaire (MEQ), the Pittsburgh
Sleep Quality Index (PSQI), the Epworth sleepiness
scale (ESS), the Checklist Individual Strength (CIS),
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the Medical Outcomes Short Form 36 Health Status
Survey (SF-36), the STOP-Bang questionnaire, and
the Hopkins Symptom Checklist (HSCL-25)

— Online sleep-wake diaries will be used to collect
qualitative self-reported data on sleep-wake hab-
its and sleep-wake patterns, mean total sleep time
(TST), and sleep efficiency (SE) on a daily basis.

Evaluations:

1. Screening for in- and exclusion criteria and informed
consent

2. Baseline—intake visit and randomization

3. Outcomes 3 months after the start of the program

4. Outcomes 6 months after the start of the program

Fatigue will be monitored on a more regular basis. Par-
ticipants will be asked to fill out the CIS at baseline and
subsequently once a month throughout the intervention.

Explication and rationale of proposed question-
naires and clinical health measurements

STOP-Bang questionnaire (Chung et al., 2008) [46]:

The STOP-Bang questionnaire is a simple, user-friendly
self-report screening tool that evaluates four subjec-
tive items (STOP: Snoring, Tiredness, Observed apnea
and high blood Pressure) and four demographics items
(Bang: BMI, age, neck circumference, gender) and has
been validated for assessing OSAS. In their meta-anal-
ysis, Nagappa et al. [22] demonstrated its sensitivity to
be 90%, 94%, and 96% in detecting any OSAS (AHI > 5),
moderate-to-severe OSAS (AHI > 15), and severe OSAS
(AHI > 30), respectively. In the sleep clinic population,
the probability of severe OSAS with a score of 3 was 25%.
With a stepwise increase of the score to 4, 5, 6, and 7/8,
the probability rose proportionally to 35%, 45%, 55%, and
75%, respectively. Given that with scores of 6 or higher
the risk probability for moderate-to-severe OSAS was
55% [22] and moderate-to-severe OSAS could bias the
reasons for being sleepy in our study, we will use a cut-off
score of > 6 to exclude drivers from participating.

Morningness-Eveningness Questionnaire (Horne and
Ostberg) [47]:

This self-assessment scale is used to determine morn-
ingness-eveningness in human circadian rhythms and
has 19 items subdivided into subscales. MEQ scores are
to be added and can vary from 16 to 86. Scores lower
or equal to 41 typify respondents as an “evening type,
scores exceeding 59 as a “morning type,’ and scores
between 42 and 58 as a “neutral type,” which categories
we will be using to determine the chronotype of our driv-
ers to enable us to adapt shift schedules to their types as
much as possible to thus try and reduce any circadian
misalignment and social jet lag.
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Checklist Individual Strength (CIS-20): [42, 43]:

The CIS is a validated, self-administered questionnaire
assessing fatigue. It consists of 20 statements for which
the respondent has to indicate on a 7-point Likert scale
to what extent the particular statement applies to him or
her and takes 5—10 min to complete. The statements refer
to aspects of fatigue experienced during the previous 2
weeks. Four dimensions are gauged: the subjective expe-
rience of fatigue and potential reductions in motivation,
activity, and concentration. The final score is obtained by
adding the scores to all questions (range 20-140), where
scores of 27 or higher are taken to indicate abnormal
fatigue and scores > 35 severe fatigue. Scores in excess
of 76 have been associated with a high risk of chronic
absenteeism in a working population [48].

The internal consistency of the CIS was shown to be
good: Cronbach’s alpha for the total CIS was 0.90 and
for the subscales the alphas ranged from 0.83 to 0.92.
The CIS was found to discriminate between individuals
with chronic fatigue syndrome, with multiple sclerosis
and healthy controls and the convergent validity was also
satisfying. The CIS has been shown to be an appropriate
instrument for assessing fatigue in working populations
[45].

Epworth Sleepiness Scale (ESS) [49]:

This validated self-report scale gauges daytime sleepi-
ness. Many studies have shown daytime sleepiness and
drowsy driving to be major risk factors for road accidents
and reduced performance and a serious issue in shift
workers [12]. The eight items of the ESS ask the respond-
ent how likely (s)he is to doze off or fall asleep in differ-
ent situations of everyday life including (1) sitting and
reading, (2) watching TV, (3) sitting (inactive) in a public
place (theater, meeting), (4) as a passenger in a car for 1
h or longer, (5) when lying down to rest in the afternoon
when circumstances permit, (6) when sitting and talking
to someone, (7) when sitting quietly after lunch without
alcohol, and (8) in a car while stopping in traffic for a few
minutes. The respondents can rate the chance of doz-
ing for each item as never (score = 0), slight (score = 1),
moderate (score = 2), or high (score = 3). Total scores
can range from O to 24 and ESS scores exceeding 9 are
considered indicative of daytime sleepiness. The ESS
takes 5 min to be completed.

The Medical Outcomes Short Form 36 Health Status
Survey (SF-36) (Aaronson et al. 1998) [50]:

The SF-36 [50] is one of the most widely used generic
self-report measures of health-related quality of life and
consists of 36 items that are structured into nine sub-
scales: physical functioning (10 items), social function-
ing (2 items), role functioning-physical (4 items), role
functioning-emotional (3 items), mental health (5 items),
vitality (4 items), body pain (2 items), general health (5
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items), and reported health transition (1 item). The ques-
tionnaire generates two summary scores: the physical
component summary and the mental component sum-
mary. The scales are scored from 0-100 (transformed
scale = (actual raw score — lowest possible raw score)/
possible raw score range) x 100), with higher scores indi-
cating better health. The measure has been demonstrated
to have strong internal consistency (a ~ 0.80), validity,
and reliability [51].

Pittsburgh sleep quality index (PSQI) (Buysse et al.,
1989) [52]:

The PSQI is a self-rated questionnaire that assesses
sleep quality and disturbances over a 1-month inter-
val. Nineteen individual items generate seven “com-
ponent” scores: subjective sleep quality, sleep latency,
sleep duration, habitual sleep efficiency, sleep dis-
turbances, use of sleeping medication, and daytime
dysfunction. The sum of scores for these seven com-
ponents yields one global score. For sleep health to be
more objectively measured, we would have to use pol-
ysomnography. This is, however, not feasible within
the framework of our field study. In order to suffi-
ciently power the trial, we will be following two large
groups and cannot expect all our participants to travel
to and from the sleep center on multiple occasions
since this would have to be done on off-duty days.
Moreover, polysomnography also has its limitations
as a sleep-health measure due to first-night effects.
We have thus opted for the Pittsburgh Sleep Quality
Index. Although self-rated, the PSQI is widely used to
assess sleep in sleep and shift-work research, where a
global PSQI score > 5 was shown to yield a diagnostic
sensitivity of 89.6% and specificity of 86.5% (kappa =
0.75, p <0.001) in distinguishing good and poor sleep-
ers. Acceptable measures of internal homogeneity,
consistency (test-retest reliability), and validity were
obtained. The clinimetric and clinical properties of
the PSQI thus suggest its utility both in clinical prac-
tice and (field) research.

The Hopkins Symptom Checklist - 25 (HSCL-25) (Par-
loff et al., 1954) [53-56]:

This self-administrated questionnaire helps to assess
and measure anxiety and depression in multiple set-
tings. Anxiety and depression show considerable over-
lap in primary-care populations, and its brevity and
self-report format make the scale well-suited for use
in the busy primary-care setting. The original US ver-
sion has been shown valid, reliable, and ergonomic. We
will be using the Dutch version, translated and vali-
dated by Kleijn et al [57]. Translations have been shown
to be adequate and applicable for multiple cultures.
Similar to clinical interviews, its specificity is robust,
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being between 0.78 to 0.88, with its reliability (Cron-
bach’s alpha) ranging from 0.87 to 0.97. The scale’s 25
questions are divided into two subsections relating
to the presence and intensity of symptoms of depres-
sion and anxiety as experienced during the previous
week. Respondents rate the items on a 4-point Likert
scale, ranging from 1 (strongly disagree) to 4 (com-
pletely agree), which takes between five to 10 min. The
final score ranges from 1.00 to 4.00 and is calculated by
dividing the sum of the scores of all items by 25. Gen-
erally, scores over 1.75 are taken to be indicative of a
major depression and defined as “a case requiring treat-
ment”” This cutoff of 1.75 showed a sensitivity of 73%, a
specificity of 76%, a positive predictive value (PPV) of
58%, and a negative predictive value (NPV) of 86%.

Use and choice of clinical health parameters

The clinical health parameters that we will be collect-
ing (i.e., blood pressure in mmHg, BMI in kg/m?, fast-
ing plasma glucose in mmol/], glycosylated hemoglobin
in mmol/mol (HbA1lc), hsCRP ) have been shown to be
related to cardiovascular health. Shiftwork is associated
with a higher risk of cardiovascular disease [58, 59] and
has also been shown to be an independent risk factor for
the development of hypertension. Moreover, high blood
pressure is positively related to mortality from cerebro-
vascular disease, with the prevalence of ischemic stroke
being higher in shift workers than in the general popula-
tion [13]. Puttonen et al [60] have shown that hsCRP lev-
els were higher among shift workers in models adjusted
for age and recent infectious diseases. Also, raised fasting
blood glucose and glycosylated hemoglobin, as well as a
high BMI, are known risk factors for diabetes and car-
diovascular disease. Given that shift work is associated
with each of these three risk factors, it seems plausible
to suggest that these health threats are at least partially
attributable to the circadian misalignment many shift
workers experience, which situation we are attempting to
ameliorate by the introduction of healthy scheduling and
psychoeducation.

Normal fasting blood glucose concentration accord-
ing to the WHO is a value between 3.9 and 5.6 mmol/L
On average, normal HbAlc for non-diabetics is < 36
mmol/mol. Normal BMI is defined as a value lower than
25 kg/m? Normal blood pressure is defined as a value
lower than 140/90 mmHg. General guidelines for hsCRP
scores: low risk of cardiovascular disease, less than 1.0
mg/L; average risk, 1.0 to 3.0 mg/L; and high risk, above
3.0 mg/L.

Absenteeism, defined as the number of sick leave days,
will be derived from data recorded and provided by pub-
lic transport company.
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Plans to promote participant retention and complete
follow-up {18b}

Considering that completion of the questionnaires can
take up to 40 min, participants will be allowed a week to
return the completed scales.

The informed consent form will include a paragraph
urging participants to follow all instructions as strictly as
possible throughout the study period. To promote adher-
ence to the daily sleep-wake diary, they will receive an
email with a link to the sleep-wake diary every morning
at 4 am to enable participants working an early shift to
complete the diary before starting work. The company
will provide the data manager with the drivers’ profes-
sional email addresses for this and other purposes.

By opting for a waiting list in the control condition we
also aim to anticipate compensatory rivalry (where the
control group could improve more than the intervention
group). The control group will hence be informed that if
the intervention proves effective, they will also be invited
to complete the program in a second timeframe.

The intervention group will be separated from all other
drivers for purposes of clarity and to avoid existing sched-
ules from interfering with the experimental schedules.

If participants (still) have questions after completing the
questionnaires, they will be given the opportunity to con-
tact their occupational health physician by email and will
be referred for appropriate professional help if indicated.

Data management {19}

All the driver-participants will receive the links to the
online questionnaires and daily sleep-wake diary by email
addressed to their professional accounts provided by
the public transport company to all their employees in
2019. We will be employing electronic case report forms
(eCRF) using Research Electronic Data Capture (RED-
Cap) platform software, a secure data collection tool that
meets HIPAA compliance standards (https://www.proje
ct-redcap.org/).

Only coded data encrypted by the occupational health
physicians will be used for analysis. All data will be
stored and remain accessible for at least 20 years, with
the encryption key being known to participating occupa-
tional health physicians only.

Kim Claes will be responsible for the development of
the eCRF. Kim Claes is an IT expert experienced in eCRF
who is affiliated with both the UZA and University of
Antwerp’s Clinical Trial Center (Edegem campus). Email:
datamanagement@uza.be

Confidentiality {27}

All procedures will be GDPR (General Data Protection
Regulation) in accordance with procedures stipulated by
UZA’s Clinical Trial Center (CTC).
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Privacy and confidentiality are further safeguarded by
a non-disclosure agreement and the use of anonymized,
coded data that will remain encrypted for the compa-
nies” human resource department and other management
levels to ensure that participation in the study will have
no effect whatsoever on the participants’ employment
status.

Plans for collection, laboratory evaluation, and storage

of biological specimens for genetic or molecular analysis

in this trial/future use {33}

A total of three blood samples will be drawn from all
study participants: the first at intake, the second after
3 months of starting the program, and the third at the
6-month endpoint. Serum samples will be analyzed for
hsCRP, glycosylated hemoglobin, and fasting plasma glu-
cose. If a participant has not respected the 10-h fasting
period preceding a draw, another visit with the trained
nurse will be scheduled within a week to collect a correct
sample. The samples will be stored for 20 years.

Statistical methods

Statistical methods for primary and secondary outcomes
{20a}

See also Statistical Analysis Plan (SAP) in the supplemen-
tary file

Analysis of the primary and key secondary endpoints

The primary endpoint and key secondary outcomes
(changes in sleepiness and in fatigue) will be analyzed
using an independent samples ¢-test in the intention-to-
treat population comparing the intervention to the con-
trol group. Besides this, a linear regression model will
be used to model the change in fatigue and the change
in sleepiness from baseline to 6 months, with group as a
predictor and taking into account possible confounders
gender, age, years of shift work, diabetes, BMI, and smok-
ing status [61].

Analysis of the supplementary secondary endpoints

+ To evaluate the sensitivity of the results of the pri-
mary outcome analysis, linear regression will be
used to model the changes in fatigue and sleepiness
from baseline to 6 months, with group as a predictor
and taking into account potential confounders, i.e.,
gender, age, years of shift work, diabetes, BMI, and
smoking.

+ We will also be running a per-protocol analysis in
which only the data of drivers who have completed
the full protocol will be compared.


https://www.project-redcap.org/
https://www.project-redcap.org/
datamanagement@uza.be
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+ Asthe fatigue and sleepiness are measured at baseline,
3 and 6 months we will also consider a linear mixed
model with subject as a random effect to model their
evolution over time. This model allows for the correc-
tion of confounders and the difference between the
groups can be estimated at different time points.

+ To handle missing data, we will use a mixed model with
multiple imputation by chained equations. The imputa-
tion procedure will include intervention, gender, age,
years of shift work, diabetes, BMI and smoking status,
and the available CIS and ESS measurements, respec-
tively. This will generate 20 completed datasets that will
be analyzed separately. The results will be pooled.

+ To compare the continuous outcomes (SF-36, PSQ],
HSCL-25, absenteeism, clinical health outcomes)
at 6 months between the two groups, we will use
an independent samples ¢-test or Mann-Whitney U
test (whatever is appropriate). We can also fit a linear
regression model for these outcomes which makes it
possible to correct for confounders.

+ A linear mixed model will be studied for the continu-
ous outcomes (sleep times, CIS) measured over time.

Interim analyses {21b}
Not applicable.

Methods for additional analyses (e.g., subgroup analyses)
{20b}
Exploratory analysis

+ We are interested to see if the intervention effect is
different depending on the chronotype; hence, an
interaction between intervention and chronotype
will be considered.

+ We are interested in the association between chrono-
type and other variables like BMI, mental health (as
tested by the HSCL-25), fatigue scores, and sleepi-
ness scores; hence, this will also be explored.

Methods in analysis to handle protocol non-adherence

and any statistical methods to handle missing data {20c}
Handling of protocol adherence: primary analyses will be
according to intention-to-treat principles; the controls
randomized to the waiting-list condition will be analyzed
the same way as those randomized to the intervention
group, with the per-protocol population being the study
participants who attended the education program and
worked the new, chronotype-based shift for the full 6
months.
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Handling of missing data: The proposed linear mixed
model allows for missing values at certain time points
as the method uses all available data points per partici-
pant and the missing at random assumption, implying
that missing values are assumed to be dependent on the
observed responses, which seems a reasonable premise
in our case. In case of large proportions of missing val-
ues, we will employ multiple imputation techniques. The
imputation procedure will include intervention, gender,
age, years of shift work, diabetes, BMI and smoking, and
the available CIS and ESS measurements respectively.
Twenty completed datasets will be generated in this way
and analyzed separately. The results will be pooled.

Plans to give access to the full protocol, participant-level
data, and statistical code {31c}
Not applicable.

Oversight and monitoring

Composition of the coordinating center and trial steering
committee {5d}

Data monitoring committee: Monitoring will be per-
formed at the Clinical Trial Center (CTC) Antwerp and
consist of:

— One on-site initiation visit (SIV) per location

— One close-out visit (COV) per location

— Two on-site monitoring visits per location during the
6-month study period

The CTC is also the coordinating center and will pro-
vide the PI with a written report of each visit.
A steering committee will be composed.

Composition of the data monitoring committee, its role,
and reporting structure {21a}
See 5d.

Adverse event reporting and harms {22}

Not applicable to this trial. As no unknown or new medi-
cation, substances or procedures are involved in this trial,
it is highly unlikely that the intervention will have any
adverse side effects.

Frequency and plans for auditing trial conduct {23}
See 5d.

Plans for communicating important protocol amendments

to relevant parties (e.g. trial participants, ethical committees)
{25}

Any pertinent modification of the protocol will first be
discussed within the Steering Committee and, if agreed
to, communicated to the Ethics Committee for approval.
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Dissemination plans {31a}
As PI, Inge Declercq will take the lead in all publications.
No publication restrictions apply.

This research and the resulting findings will also be
included in her doctoral dissertation.

Discussion

Expecting favorable outcomes, we will be contributing to
the amelioration and the (partial) prevention of the wide-
spread and debilitating health and social consequences
resulting from working shifts. Besides publications in
peer-reviewed journals to disseminate the results of our
trial, we also aim to provide evidence-based guidelines on
the healthy management of shift work overall. Together,
our findings and recommendations are to help reduce
the high public-health and economic burdens associated
with shift work.

Trial status
Last version of protocol: V14- July 18, 2022.

Recruitment was originally planned to start in June
2020 but due to the COVID-19 pandemic, the trial has
been put and still is on hold. Recruitment is now planned
to start in Autumn 2022.
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