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Shiftwork may adversely impact an individual’s sleep-wake patterns and result in sleep loss (<6 h. following night shift), due to the circadian misalignment and the design of rosters and shifts. Within a mining operation, this sleep loss may have significant consequences due to fatigue, including an increased risk of accidents and chronic health conditions. This study aims to (i) determine the efficacy of an intervention that comprises a sleep education program and biofeedback through a smartphone app on sleep quality, quantity, and alertness (ii) determine the prevalence of risk for a potential sleep disorder, and (iii) quantify and describe the sleep habits and behaviors of shift workers in a remote mining operation. This study consists of a randomized controlled trial whereby eighty-eight shift workers within a remote mining operation are randomized to a control group or one of three different treatment groups that are: (i) a sleep education program, (ii) biofeedback on sleep through a smartphone app, or (iii) a sleep education program and biofeedback on sleep through a smartphone app. This study utilizes wrist-activity monitors, biomathematical modeling, and a survey instrument to obtain data on sleep quantity, quality, and alertness. A variety of statistical methods will determine the prevalence of risk for a potential sleep disorder and associations with body mass index, alcohol, and caffeine consumption. A generalized linear mixed model will examine the dependent sleep variables assessed at baseline and post-intervention for the control group and intervention groups, as well as within and between groups to determine changes. The findings from this study will contribute to the current understanding of sleep and alertness behaviors, and sleep problems and disorders amongst shift workers. Importantly, the results may inform fatigue policy and practice on interventions to manage fatigue risk within the mining industry. This study protocol may have a broader application in other shiftwork industries, including oil and gas, aviation, rail, and healthcare.
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INTRODUCTION

In today’s industrial society many industries operate 24 h, 7 days a week, 365 days (24/7/365) a year to maximize their return on investment by utilizing assets and people to meet customer needs. One such sector is mining, which involves the extraction of minerals (e.g., iron ore, gold, coal) from the earth, that are then processed and sold for use in industries including construction and manufacturing (Healey, 2012).

To enable mining companies to operate 24/7/365, individuals are required to work outside of the standard daylight hours including, early mornings (e.g., 06:00–14:00) evenings (e.g., 14:00–23:00), or during the night (e.g., 23:00–06:00). These business requirements and shiftwork patterns may lead to what is commonly known as “fatigue.” While several definitions exist for fatigue, in the context of our study, fatigue is the result of sleep loss (<7 h) and/or being awake during an adverse circadian phase, thereby potentially affecting alertness (Lerman et al., 2012; Phillips, 2015).

Regulation of the human sleep-wake cycle is attributed to two mechanisms (i) the circadian system and (ii) the homeostatic drive. The circadian system refers to the body’s biological clock known as the suprachiasmatic nuclei, which regulates sleep-wake patterns with a 24 h daily cycle. The homeostatic drive refers to the pressure for sleep that increases over time due to the hours of wakefulness (Borbély et al., 2016). Shift workers who work nights, often experience a circadian misalignment as they are required to modify their sleep-wake patterns by sleeping during the day when their circadian drive for alertness peaks (Kazemi et al., 2016). Furthermore, the design of roster schedules and shifts may determine and potentially limit an individual’s opportunity to sleep. Design elements may include long shift durations of >12 h, early shift start times (before 06:00), and backward rotating rosters (night to day shifts) (Akerstedt and Wright, 2009). The roster schedule design may also interfere with sleep regularity in shift workers contributing to intra-individual variability in the timing of sleep onset and wake time when on workdays compared to days off (Murray et al., 2019).

The National Sleep Foundation recommends 7–9 h of sleep duration per night for a healthy adult, and less than this may be considered to be sleep loss (Hirshkowitz et al., 2015). Amongst the general population, approximately 1 in 3 adults experience sleep loss (Yong et al., 2016). It is estimated that half of these sleep problems are attributed to the presence of sleep disorders while the remainder may be due to individual behaviors that limit the opportunity for sleep (Hillman and Lack, 2013). Among the most common sleep disorders are obstructive sleep apnea (OSA), restless legs syndrome, and insomnia (Adams et al., 2017). Also, the prevalence of shiftwork disorder in shiftwork populations has been reported as 23–63% (Vanttola et al., 2019). The symptoms of shiftwork disorder are similar to insomnia, including difficulty falling asleep and staying asleep, however, they are associated with an individual’s roster cycle (Booker et al., 2018).

In remote mining companies, the prevalence of sleep loss may be higher than the general population due to irregularities of the sleep-wake cycle resulting from the roster design, long work hours, job demands, stress, the presence of sleep disorders, individual behaviors, and the requirement to reside in camp accommodation during work periods. This sleep loss may result in health and safety consequences for shift workers (Barnes and Watson, 2019). Sleep loss has been associated with a significant increase in the risk of developing chronic health conditions such as obesity, diabetes, cancer, cardiovascular disease, and mental health disorders (James et al., 2017). Furthermore, it may increase the risk of accidents by impairing human alertness, which is characterized by an increase in reaction time, inability to make decisions, and poor concentration (Halvani, 2009; Chellappa et al., 2019). An analysis of reported injury rates indicated that the risk of injury increases by 28% on night shifts compared to the morning shifts, increases over successive night shifts (36% higher risk on the fourth night), and increases with hours of duty with an estimated 27% increased risk for 12 h shifts compared to 8 h shifts (Folkard and Lombardi, 2006). In Australia, the reported injury rates for shift workers are over double that of non-shift workers (Safe Work Australia, 2016). Furthermore, a study into the prevalence and social impacts of sleep problems in Australia found that 29% of adults reported making errors at work due to sleepiness or sleep problems (Adams et al., 2017).

Given the potential consequences of fatigue in a shiftwork mining operation, an opportunity exists to develop and deploy evidence-based interventions. Such interventions, including a sleep education program and biofeedback on sleep through a smartphone application (app), may reduce fatigue risk through supporting individual behavior change to improve sleep quantity and quality. Currently, no studies exist evaluating the efficacy of these interventions in a mining operation.

Sleep education programs for shift workers commonly include information on circadian physiology; the link between shiftwork and inadequate sleep; lifestyle and behavior advice relating to exercise, diet, alcohol, and caffeine; environmental factors that influence sleep such as light, noise, and temperature; how to recognize and manage fatigue at work; and sleep disorders (Davy, 2014). Studies on the effect of such programs on the safety, performance, fatigue, and sleep quality of shift workers have found favorable outcomes (n = 13) in health care, aviation, emergency services, and other similar industries. Increases in awareness and knowledge of fatigue following participation in sleep education have been associated with improved sleep and performance, including reduced errors and enhanced reaction times (Barger et al., 2018). However, the quality of evidence for these studies was deemed low due to a lack of field-based randomized control trials (RCT) (Barger et al., 2018). Furthermore, a limitation common to these studies is the subjective assessment of sleep using questionnaires to assess self-reported measures. Self-reported sleep data may contain some degree of response bias whereby individuals either overestimate or underestimate their sleep, depending on the question (Croy et al., 2017).

The use of smartphone apps to deliver objective biofeedback may be an effective mechanism for individuals to identify and understand their sleep behaviors (Liang et al., 2016). Wrist-activity monitors have the capability of connecting to a smartphone app and can provide instant feedback on sleep. Regular monitoring of these behaviors allows individuals to make lifestyle choices pro-actively and potentially change behaviors that promote sleep (Shin et al., 2019). To date, a scarcity of research exists with only five studies that have evaluated wrist-activity monitor or smartphone apps that provide biofeedback on sleep as an intervention to improve sleep outcomes, all with variable results. Two of these studies were conducted in the general population, one within a workplace setting, one with college students, and one with insomnia patients (Baron et al., 2018). No studies have been conducted on shift workers or mining operations.

Therefore our study involves a partnership with a remote mining operation in regional Western Australia (WA) that operates on a 24/7/365 days a year business cycle requiring shift workers to work seven-day shifts, followed by seven-night shifts of a 12 h duration, with seven days off before repeating the rotation (7 days/7 nights/7 off). We hypothesize that the provision of sleep education, combined with biofeedback on sleep through a smartphone app, will result in improved sleep quality, quantity, and alertness outcomes for shift workers in mining operations. Our RCT aims to (i) determine the efficacy of an intervention that comprises a sleep education program and biofeedback through a smartphone app on sleep quality, quantity, and alertness; (ii) determine the prevalence of risk for a potential sleep disorder; and (iii) quantify and describe the sleep habits and behaviors of shift workers in a remote mining operation.



MATERIALS AND METHODS


Experimental Design Overview

Our RCT study design includes participants being randomly allocated to a control group or one of three different treatment groups that are: (1) sleep education, (2) biofeedback on sleep through a smartphone app, or (3) sleep education and biofeedback on sleep through a smartphone app. This study will examine sleep quantity, quality, and alertness outcome measures at baseline and post-intervention. All participants will wear a wrist-activity monitor to obtain objective sleep measures for the 42-day study period, during which they will work two roster cycles (7 days/7 nights/7 off; 7 days/7 nights/7 off). Participants randomized to the treatment groups will receive intervention at day 21. Control group participants will not receive any intervention allowing for comparison with the treatment groups. Figure 1 displays the RCT design and flow of participants through the study.
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FIGURE 1. RCT design and flow of participants through the study.




Setting

This study will take place within a remote mine site operation, located in the North West of WA. The core business of this mine site is the extraction of iron ore from the outermost layer of the earth, for the production of steel that is used in the construction and manufacturing industries. The mining process commences with exploration to identify commercially viable iron ore deposits. A drill and blast team then drill the portion of the ore body to be removed, load the drill holes with explosives and blast the rock breaking it for excavation. The fractured ore is loaded into haul trucks, and the product that does not meet quality grade is deposited at a waste dump and used for mine rehabilitation upon mine closure. The quality product known as the saleable ore product is delivered to a plant and passed through a crushing, screening, and blending process (Lu, 2015). The mine site mobile maintenance team is responsible for the maintenance of essential equipment (including drills, haul trucks, loaders, and dozers) required to meet production targets. This study will recruit participants from the mine site mobile maintenance and drill and blast teams working a 7 days/7 nights/7 off roster cycle. The remote location of the mine site requires participants to travel from the state capital on their first-day shift, returning at the end of their last night shift of the roster cycle. Participants resided in their room within the mine camp accommodation during the roster cycle, commuting 25 min by bus to and from their work location for day shift (start time 05:30; end time 17:30) and night shift (start time 17:30; end time 5:30).



Recruitment

The mine site Health and Safety Manager will initiate the recruitment process through a short presentation to the mobile maintenance and drill and blast teams (n = 200) and email an information sheet to interested participants (n = 100). Following this, the researcher will travel twice to the mine site over one week to enroll participants into the study. The enrolment process involves participants (i) attending an information session, (ii) completing a screening questionnaire to confirm their eligibility, and (iii) providing their informed consent to participate. Participants are eligible for inclusion if they work 7 days/7 nights/7 off roster cycle, day shift (start time 05:30; end time 17:30), night shift (start time 17:30; end time 5:30), and have no leave planned for the 42-day study duration that includes two roster cycles. No exclusion criteria are defined to achieve a representative sample of shift workers in a mining operation. Eighty-eight (n = 88) participants will be enrolled in the study.



Sample Size

A sample size calculation was conducted using G∗Power version 3.0.10. A minimum total sample of 68 participants is required to detect a medium Group x Time interaction effect (Cohen’s f2 = 0.25) at 80% power and 1% level of significance (α) based on a generalized linear mixed model design with four groups and two time-points. The specified α at 1%, instead of the usual 5%, was to account for the modeling of multiple outcomes, i.e., sleep onset latency, sleep duration, wake after sleep onset, fragmentation index, and sleep efficiency. An estimated attrition rate of 20% is assumed. Therefore, a total of 88 participants will be recruited, allowing for 22 participants in the control group and each of the three treatment groups.



Randomization

The randomization of participants to the groups will occur directly after enrolment into the study. Allocation to the control or treatment groups will be through the random selection of a wrist-activity monitor from a concealed box. Each monitor will be preassigned (by the researcher) to the control group or a treatment group using a color-coding system: gold (control group), white (treatment group 1), pink (treatment group 2), and green (treatment group 3). Only the researcher will know the color corresponding to each group, and the monitor selection process will be managed by an independent employee of the mine site to reduce any potential bias. Each participant will select a monitor, and their name recorded against the monitor’s serial number. The researchers, employees of the mine site, nor the participants will have the knowledge to which group a participant will be assigned at the time of randomization. Participants will be informed of their assigned group (control or treatment 1–3) after randomization. The researcher will not interact directly with participants from this point in time to the intervention date.



Conditions


Treatment Groups

Treatment group participants will wear a wrist-activity monitor for the 42-day study and will be assigned to one of three interventions received on day 21, as follows:


(1) Sleep education program: Participants completed a 2-h face-to-face education program, delivered on-site by the researcher, while participants are at work. The education program aims to empower participants with the knowledge and practical strategies to improve their sleep and includes information on sleep physiology, how shiftwork impacts sleep, common sleep problems and disorders, and sleep hygiene practices. Upon completion of the program, participants will complete a short 12 item quiz to assess their knowledge of good sleep hygiene practices (see Supplementary Document 1).

(2) Biofeedback on sleep through a smartphone app: Participants receive biofeedback through a smartphone app on sleep quality, quantity, and alertness. Participants will receive an email with details of the smartphone app to download and an invitation to attend a 15-min information session to assist with the smartphone app download and use. The app will provide participants with; their current, predicted alertness (24 h prediction) and trends, their most recent sleep, and their sleep over the last seven days. Sleep measures provided by the smartphone app include sleep duration, time at sleep onset, time at wake, sleep efficiency, and wake after sleep onset. Participants will be encouraged to sync their wrist-activity monitor daily with their smartphone app and use this information to make behavior changes to improve their sleep and alertness. On day 21 of the study, the researcher will confirm all participants assigned to treatment groups 2 and 3 have activated their smartphone app account.

(3) Sleep education program and biofeedback on sleep through a smartphone app: Participants complete the same 2 h face-to-face education program outline in intervention one combined with biofeedback on sleep from a smartphone app as outlined in intervention two.



Treatment group 1 will receive a sleep education program, treatment group 2 biofeedback on sleep through a smartphone app, and treatment group 3 a sleep education program and biofeedback on sleep through a smartphone app.



Control Group

The control group participants will wear a wrist-activity monitor for the 42-day study and not receive any intervention. The inclusion of a control group will allow control group outcomes to be compared with the treatment group outcomes, increasing the confidence that any changes observed post-intervention are attributable to the intervention.



Measures


Sleep Quantity and Quality

Participants will wear a ReadibandTM version 5 (ReadibandTM, Fatigue Science Inc., Canada), wrist-activity monitor, 24 h, 7 days a week for the 42-day duration of the study to obtain objective sleep measures at baseline (day 0–21) and post-intervention (day 22–42). The ReadibandTM contains a tri-axial accelerometer that records the frequency and intensity of limb movement that can be converted to sleep-wake periods using an automated proprietary scoring algorithm contained within the Readiband SyncTM software (Russell et al., 2000). The ReadibandTM has been validated against polysomnography (PSG), the gold standard for measuring sleep (Marino et al., 2013), and found to have an overall accuracy of detecting sleep-wake periods of 93% (Russell et al., 2000). This monitor has also produced comparable results (in-laboratory and in a home environment) to another validated wrist-activity monitor, the ActiGraphTM (Dunican et al., 2018), and is approved by the United States Food and Drug Administration as a device to measure sleep and activity (Food and Drug Administration, 2011). The ReadibandTM provides a practical alternative to PSG for this field study, as it is unobtrusive, cost-effective, and can be worn over multiple weeks (Smith et al., 2018). The devices will be fitted with a quick-release strap for safety purposes making the ReadibandTM suitable to wear during work. Data will be downloaded weekly from the ReadibandTM using the Readiband SyncTM software. In the context of this study, sleep quantity will be measured by sleep duration, which is derived from the number of minutes from time at sleep onset to time at wake, minus wake after sleep onset. Sleep duration of ≥7 h sleep per day/night will be considered optimal (Hirshkowitz et al., 2015). Sleep quality will be measured by sleep efficiency, which is derived from sleep duration divided by time in bed multiplied by 100. Sleep efficiency of ≥85% will be considered optimal (Ohayon et al., 2017). Individual alertness will be measured by the ReadibandTM app that utilizes the Sleep, Activity, Fatigue, and Task Effectiveness (SAFTETM) algorithm. This app uses prior measured sleep-wake periods to predict alertness continuously. An alertness score of ≥80% will be considered optimal (Hursh et al., 2004b). The SAFTETM model is explained in more detail in section “Biomathematical Modeling” of this paper. Table 1 provides a summary of derived and direct measures from the ReadibandTM used to determine sleep quantity, quality, and alertness.


TABLE 1. Summary of derived and direct sleep measures from the ReadibandTM (Fatigue Science, Canada) device.
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Biomathematical Modeling

The Sleep, Activity, Fatigue, and Task Effectiveness biomathematical model will be used to predict alertness across the roster schedule. The sleep-wake data inputs for the model will include sleep duration, time at sleep onset, wake after sleep onset, and time at wake as measured by the ReadibandTM.

High-risk industries, including aviation, rail, and maritime, have widely used biomathematical modeling as a roster scheduling tool to reduce the fatigue-related accident risk associated with work-rest and sleep-wake patterns (James et al., 2018). The SAFTETM algorithm is a three-process model that incorporates the function of the homeostatic drive, the circadian system, and sleep inertia (the delay after awakening from sleep, before expected levels of alertness resume). A validation study of this model in the rail transportation industry, involving an examination of 1400 accidents found a positive association between predicted alertness, as measured by the SAFTETM model, and the risk of accidents ascribed to human factors (Hursh et al., 2006). A further validation study in the aviation industry found significant correlations between predicted alertness by the SAFTETM model and actual alertness, reaction times, and lapses measured by psychomotor vigilance tests (Roma et al., 2012). Psychomotor vigilance tests have been widely used in laboratory and field studies to determine the effects of fatigue on reaction times during sustained vigilance performance (Arsintescu et al., 2019).

The Fatigue Avoidance Scheduling Tool (FASTTM), is the software interface for the SAFTETM model that provides the schedule inputs and predictions (Hursh et al., 2004a). The FASTTM software produces a visual graphic that predicts alertness on a scale of 0–100% across time and displays the time spent below an adjustable fatigue risk criterion line. Figure 2 provides an example of the graphical output from FASTTM.
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FIGURE 2. An example of the graphical output from the FASTTM software. This FAST output depicts a 7 days/7 nights/7 days off roster cycle with sleep-wake inputs based on industry research (6.5h sleep when working dayshift; 5.5 h sleep when working night shift; 7 h sleep on days off) (Kecklund and Axelsson, 2016). Alertness is depicted by the oscillating colored line running through the center from left to right. The y-axis displays the alertness value as a percentage (1–100%) by time across the x-axis (6-hour epoch). The thick black line represents periods at work (dayshift or nightshift) (points 1 and 2), the thin black line represents periods of wake with no work and no sleep (point 3) and the blue line represents periods of sleep (point 4). The light gray and white blocks across the x-axis represent periods of natural light (daytime) (point 5) and natural darkness (night time) (point 6). The oscillating alertness line shows two circadian nadirs within every 24-hour (point 7). The first nadir occurs at night time (03:00–06:00) and the second during daytime (13:00–15:00). In this example, working a roster cycle that includes 7-day shifts followed by seven-night shifts, can take a shift worker 3 days to recover to optimal alertness levels (>80%) (point 8).




Survey Instrument

An online survey instrument will be administered using QualtricsTM directly proceeding enrolment of all participants to obtain demographic and anthropometric information and determine the potential prevalence of risk for a sleep disorder. The survey instrument includes scientifically validated sleep and alcohol consumption questionnaires to assess and measure the following:


Anthropometry

These measures will be self-reported and included height (m) and weight (kg). Body mass index (BMI) will then be calculated (kg/m2) and scored as either underweight (<18.5), healthy weight (18.5–25), overweight (25–30), or obese (≥30).



Demographics

A series of questions related to age, gender, place of residence, and educational attainment.



Obstructive sleep apnea

The Berlin Questionnaire will assess an individual’s risk of OSA. This tool consists of 11 questions on risk factors for OSA, including snoring, fatigue, and obesity. The questions are grouped into three categories and assessed as either positive or negative. This resultant binary outcome establishes either a Low-risk (<2 positives) or High-risk (≥2 positives) of OSA (Enciso and Clark, 2011).



Sleep quality

The Pittsburgh Sleep Quality Index will assess an individual’s sleep quality. This tool consists of 19 questions that examine the subjective aspects of sleep quality over one month. The questions are grouped into seven component scores that are summed to give a final score between 0 and 21. Higher scores indicate poor sleep quality (Buysse et al., 1989).



Daytime sleepiness

The Epworth Scale of Sleepiness will assess an individual’s likelihood of dozing off or falling asleep during everyday situations through a series of eight questions. A final score between 0 and 24 is achieved and assigned an outcome of lower normal (0–5), higher normal (6–10), mild excessive (11–12), moderate excessive (13–15), or severe excessive daytime sleepiness (16–24) (Doneh, 2015).



Insomnia

The Insomnia Severity Index will assess an individual’s risk of insomnia. This tool consists of seven questions assessing the severity of sleep-onset and sleep maintenance (rated on a 0–4 scale). A final score between 0 and 28 is achieved and assigned an outcome of no clinically significant insomnia (0–7), subthreshold insomnia (8–14), clinical insomnia moderate severity (15–21), or clinical insomnia severe (22–28) (Bastien et al., 2001).



Shiftwork disorder

The Shiftwork Disorder Screening Questionnaire will assess an individual’s risk of shiftwork disorder. This tool consists of four questions relating to excessive daytime sleepiness and/or insomnia due to a shiftwork cycle. The scoring involves multiple calculations whereby each question is multiplied by a classification function coefficient and the constant added. The score in the high-risk column score is compared with the low-risk column score, with the highest score indicating the individuals’ risk (Barger et al., 2012).



Alcohol use

The Alcohol Use Disorders Identification Test (AUDIT) developed by the World Health Organization will screen for excessive alcohol consumption. The test consists of 10 questions with each response scored 0–4. The total summed score indicates either low risk (≤7), hazardous or harmful alcohol consumption (≥8), or alcohol dependence or at risk of alcohol dependence (≥20) (Thomas et al., 2001).



Dissemination of Participant Results

Participants will receive their sleep and alertness reports via an online account. Participants identified as obese, at risk of hazardous and/or harmful alcohol consumption or alcohol dependence, or risk for sleep disorders will be emailed their survey results and a recommendation to contact their General Practitioner for further review and advice. It must be noted that individual results will not be provided to the management of the mining operation.



Statistical Analysis

Statistical analysis will be performed using SPSS v26 (IBM Corp., 2019). The prevalence of sleep disorders amongst the sample will be reported using descriptive statistics including frequencies, percentages, means, and standard deviations (normally distributed data) and median and interquartile range (non-normally distributed data). Multiple regression will be used to determine the relationship between insomnia and daytime sleepiness with age, gender, BMI score, alcohol consumption, caffeine consumption, smoking, non-prescribed, and prescribed medication use. Logistic regression with a forward stepwise variable selection will explore the relationship between OSA with shiftwork disorder outcomes, age, gender, BMI score, alcohol consumption, caffeine consumption, smoking, non-prescribed, and prescribed medication use; odds ratios (OR) and their 95% confidence interval (CI) will be reported. The effect of sleep education and biofeedback through a smartphone app on sleep variables including, sleep onset latency, time at sleep onset, sleep duration, wake after sleep onset, fragmentation index, time in bed, sleep efficiency, and time at wake will be tested using a generalized linear mixed model to examine the time × group interaction for between- and within-group changes. Due to multiple outcomes, the Benjamini-Hochberg procedure will be used to correct the raw p-values to minimize type I errors (false positives). The effect sizes will be reported using Cohen’s d. All models will adjust for age, gender, and BMI. For all tests, p ≤ 0.05 will be considered statistically significant.



RESULTS (ANTICIPATED)

Research on the sleep habits and behaviors of shift workers and effective fatigue interventions in the mining industry is scarce. This methodology is unique as it is the first RCT study design involving 88 shift workers in a remote mining operation. It is designed and based on the results of the limited studies involving the sleep habits of shift workers and effective interventions (Legault et al., 2017; Barger et al., 2018; Choobineh et al., 2018), along with our industry knowledge of mining operations and the impact of sleep loss on shift workers. Although it is not possible to predict the exact outcomes of this study, there are several anticipated results.


Compliance With Protocol

Of the 88 shift workers who will be enrolled in this study, we estimate a non-compliance rate of 20% with the study protocol. Potential reasons for non-compliance may include the removal of the wrist-activity monitors during a contact sport, showering, due to loss, illness, or leaving the organization. Data will be collected for 42-days and nights across all stages of the roster cycle (7 days/7 nights/7 off roster cycle), providing an estimated 40,656 sleep and alertness variables for analysis (14 nights per participant providing 1,232 nights of data).



Sleep and Alertness

We anticipate that the duration of sleep achieved by participants will be less than the recommended 7–9 h (Hirshkowitz et al., 2015) for a healthy adult, and vary according to shift-type worked, that being, day shift or night shift as found in similar studies (Kecklund and Axelsson, 2016). Daytime sleep after the night shift is expected to be the shortest (6 h), whereas the longest sleep is expected following the day shift (6.5 h). The sleep duration of participants during their days off is expected to be highest (7 h) as they rest and recover from 14 days of continuous shiftwork (7 days/7 nights). Sleep loss resulting from the night shift is estimated to result in average alertness of <80%.



Bodyweight, Alcohol Consumption, Sleep Problems and Disorders


Bodyweight

The prevalence of overweight and obesity in the general population is 67%, with 36% being overweight and 31% obese (Australian Bureau of Statistics, 2019). Similar levels of overweight and obesity, 40% and 28%, respectively, have been reported in the Australian mining industry (Street and Thomas, 2017). Therefore, we anticipate similar levels of overweight and obesity in this study.



Alcohol Consumption

Shiftwork that involves working nights is associated with excessive drinking (Richter et al., 2020). The Australian Institute of Health and Welfare estimates that 17% of the population consumes alcohol at hazardous levels, and one in four males are likely to drink at hazardous levels compared to one in ten females (Health and Welfare, 2019). In the Australian coal mining industry, 45.7% of males and 17.0% of females reported consuming alcohol at a hazardous or harmful level as measured by an AUDIT score of ≥8 (Tynan et al., 2017). Given this, and the predominately male shiftwork population reported here, we anticipate that alcohol consumption will be higher than the general population and similar to males in the coal mining industry.



Obstructive Sleep Apnea

The prevalence of OSA in the general population ranges from 9 to 38%, is higher amongst males (Senaratna et al., 2017), and is associated with obesity (Dong et al., 2020). We anticipate a higher prevalence in our study compared to the general population given the predominately male sample and expected high rates of obesity.



Shiftwork Disorder

The prevalence of shiftwork disorder in shiftwork populations varies between studies ranging from 23 to 63% (Vanttola et al., 2019). The symptoms of shiftwork disorder are similar to insomnia, including difficulty falling asleep and staying asleep, and excessive daytime sleepiness (Booker et al., 2018). We anticipate a similar prevalence, due to the roster schedule.



Insomnia

The prevalence of insomnia in the general population ranges from 5 to 33% (Reynolds et al., 2019). A study into the prevalence of insomnia amongst shift workers reported the prevalence of insomnia as 18.5% for night shift and 8.4% for day shift workers (Yong, 2017). We anticipate that the prevalence of shiftwork disorder will be similar.



Daytime Sleepiness

The prevalence of excessive daytime sleepiness in the general population is estimated to be 19% (Deloitte Access Economics, 2017). We anticipate the prevalence will be higher in our study, due to the circadian misalignment experienced by shift workers and our anticipated high prevalence of sleep apnea, insomnia, and shiftwork disorder, that may contribute to excessive daytime sleepiness.



Advantages and Limitations

A strength of this study is the collection of longitudinal data over 42 nights from a representative sample (n = 88) of shift workers in a remote mining operation for the first time. This study also used objective measures including wrist-activity monitors and biomathematical modeling, and subjective measures including a survey instrument to capture sleep quality, quantity, alertness data, and assess the prevalence of risk for sleep disorders. It is important to note that a level of bias may have been introduced into this study as participants were self-selected, requiring a level of personal motivation.

A potential limitation of this study is the exclusion of PSG (in-laboratory assessment of measuring sleep) to determine the prevalence of sleep problems and disorders in a clinical setting. This is due to the logistical challenges of conducting PSG in a remote mining operation and the associated high costs that were estimated to be more than $50,000 for this study. Nevertheless, this study will provide valuable results on the prevalence of risk for sleep disorders in a mining operation. The high prevalence of risk for these sleep disorders and the potential adverse health and safety impact on shift workers may support a business case for mining operations to further investigate and invest in programs that incorporate PSG for the clinical diagnosis of sleep disorders.

A further limitation of this study was the ability of study participants to communicate between them and share knowledge of good sleep hygiene practices regardless of their assigned intervention. As participants reside in camp accommodation and spend 14 days and nights working, living, and socializing together, instructing participants not to communicate with each other and share knowledge was not feasible nor practical.



DISCUSSION

Peer-reviewed research is scarce on sleep and the efficacy of interventions to improve sleep quality, quantity, and alertness outcomes in shift workers in the mining industry. This protocol describes the design of an RCT that aims to (i) determine the efficacy of an intervention that comprised of a sleep education program and biofeedback through a smartphone app on sleep quality, quantity, and alertness, (ii) determine the prevalence of risk for a potential sleep disorder, and (iii) quantify and describe the sleep habits and behaviors of shift workers in a remote mining operation.

Shift workers frequently experience sleep loss due to the rotating design of a roster cycle. In remote mining operations, this typically requires shift workers to workdays, followed by nights, followed by a period of days off to rest. Such roster designs result in a circadian misalignment due to the requirement to sleep during the day following a night shift. This misalignment, along with long shift durations (>12 h), early morning start time, and the presence of undiagnosed and treated sleep disorders may result in sleep loss (Akerstedt and Wright, 2009).

Studies report night shift workers only achieve 5–6 h of sleep (following night shift) compared to day shift workers who achieve 6–7 h (Kecklund and Axelsson, 2016). This loss of sleep may result in fatigue and increase the risk of accidents within a mining operation (Halvani, 2009). Furthermore, chronic sleep loss over time (>10 years), can significantly increase the risk of health conditions including obesity, diabetes, cancer, cardiovascular disease, and mental health disorders (James et al., 2017). Therefore, high-quality studies are necessary to provide an evidence base for effective interventions to improve sleep outcomes of shift workers and reduce fatigue risk within mining operations.


Practical Considerations

This study will be conducted in a remote WA mining operation under a business as usual model. A collaborative partnership with the WA mining operation has been identified as a critical success factor in deploying this study protocol as it will assist in identifying solutions to overcome any barriers that arise. The following practical considerations for future research in mining operations have been identified:


(1) Mine sites are often subjected to unforeseen events including incidents, equipment breakdowns, or hazardous weather conditions, including tropical cyclones or electrical storms. The occurrence of these events can negatively impact productivity, making them a priority to manage for the mine site, and potentially interfering with research activities.

(2) Study data collection methods should be practical and appropriate to optimize the collection of valid data. The use of technology such as wrist-activity monitors requires participants to be well informed and correctly use the device for the study duration (e.g., the requirement to wear the device 24 h, 7 days a week for the 42-day study). Incorrect device use may result in data loss. Online platforms such as QualtricsTM should be considered for the administration of survey instruments. Such platforms allow participants to enter their responses through their mobile phone devices, providing a practical and time-efficient alternative to a computer or paper-based data collection method. The limited physical space in mine site operational areas is often not designed for computers or paper-based work.

(3) Societal and public health factors, such as the COVID-19 global pandemic have the potential to interfere with the study protocol due to changes to roster cycles, and restriction to site access potentially limiting face-to-face contact with participants. Although often outside the control of the researcher, such factors should be considered as part of the initial risk assessment to minimize the impact.





CONCLUSION

The findings from our study will contribute to the current understanding of sleep and alertness behaviors, the prevalence of risk for sleep disorders, and the efficacy of interventions to improve sleep quantity, quality, and alertness of shift workers in remote mining operations. The study findings have the potential to inform policy and business practice on how to manage fatigue risk effectively. If the use of a sleep education program and biofeedback through smartphone apps is found to be effective in improving sleep quantity, quality, and alertness, these interventions may be a critical component of an organization’s broader systematic approach to managing fatigue risk. The study protocol described in this paper may be applied to other industries including oil and gas, aviation, rail, and healthcare for the assessment of similar fatigue interventions and to determine the potential prevalence of sleep problems and disorders.



DATA AVAILABILITY STATEMENT

As this is a methodology paper there are currently no data sets available. Under agreement with the participating mining company data will be held by Edith Cowan University only. Requests to access the datasets should be directed to GM, g.maisey@ecu.edu.au.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Edith Cowan University Human Research Ethics (approval number: 2019-00813-MAISEY). The patients/participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



AUTHOR CONTRIBUTIONS

GM designed the study, collected the data, and drafted the manuscript. MC, AD, ID, and JL assisted in designing the study and editing the manuscript. JL provided the support with statistical analysis. All authors contributed to the article and approved the submitted version.



FUNDING

GM was supported by the Australian Government Research Training Program and the Edith Cowan University Melius Consulting Industry Engagement Scholarship to conduct this research.



ACKNOWLEDGMENTS

We would like to thank all the organizations who are contributing to this research. Firstly, Fatigue Science, Vancouver, British Columbia for the supply of ReadibandTM and FASTTM Software. Secondly, to the participating WA Mining Operation for their support and guidance on the deployment of the study protocol. Finally, to the funding programs the Australian Government Research Training Program and the Edith Cowan University Melius Consulting Industry Engagement Scholarship.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnins.2020.579668/full#supplementary-material



REFERENCES

Adams, R. J., Appleton, S. L., Taylor, A. W., Gill, T. K., Lang, C., McEvoy, R. D., et al. (2017). Sleep health of Australian adults in 2016: results of the 2016 Sleep Health Foundation national survey. Sleep Health 3, 35–42. doi: 10.1016/j.sleh.2016.11.005

Akerstedt, T., and Wright, K. P. Jr. (2009). Sleep loss and fatigue in shift work and shift work disorder. Sleep Med. Clin. 4, 257–271. doi: 10.1016/j.jsmc.2009.03.001

Arsintescu, L., Kato, K. H., Cravalho, P. F., Feick, N. H., Stone, L. S., and Flynn-Evans, E. E. (2019). Validation of a touchscreen psychomotor vigilance task. Accid. Anal. Prevent. 126, 173–176. doi: 10.1016/j.aap.2017.11.041

Australian Bureau of Statistics (2019). National Health Survey First Results 2017-2018. Canberra: Overweight and Obesity.

Barger, L., Ogeil, R., Drake, C. L., O’Brien, C., Ng, K. T., and Rajaratnam, S. (2012). Validation of a questionnaire to screen for shift work disorder. Sleep 35, 1693–1703. doi: 10.5665/sleep.2246

Barger, L., Runyon, M., Renn, M., Moore, C., Weiss, P., Condle, J., et al. (2018). Effect of fatigue training on safety, fatigue, and sleep in emergency medical services personnel and other shift workers: a systematic review and meta-analysis. Prehos. Emerg. Care 22, 58–68. doi: 10.1080/10903127.2017.1362087

Barnes, C. M., and Watson, N. F. (2019). Why healthy sleep is good for business. Sleep Med. Rev. 47, 112–118. doi: 10.1016/j.smrv.2019.07.005

Baron, K. G., Duffecy, J., Berendsen, M. A., Cheung Mason, I., Lattie, E. G., and Manalo, N. C. (2018). Feeling validated yet? A scoping review of the use of consumer-targeted wearable and mobile technology to measure and improve sleep. Sleep Med. Rev. 40, 151–159. doi: 10.1016/j.smrv.2017.12.002

Bastien, C., Vallières, A., and Morin, C. (2001). Validation of the Insomnia Severity Index as an outcome measure for insomnia research. Sleep Med. 2, 297–307. doi: 10.1016/s1389-9457(00)00065-4

Booker, L. A., Magee, M., Rajaratnam, S. M. W., Sletten, T. L., and Howard, M. E. (2018). Individual vulnerability to insomnia, excessive sleepiness and shift work disorder amongst healthcare shift workers. A systematic review. Sleep Med. Rev. 41, 220–233. doi: 10.1016/j.smrv.2018.03.005

Borbély, A. A., Daan, S., Wirz-Justice, A., and Deboer, T. (2016). The two-process model of sleep regulation: a reappraisal. J. Sleep Res. 25, 131–143. doi: 10.1111/jsr.12371

Buysse, D. J., Reynolds, C. F., Monk, T. H., Berman, S. R., and Kupfer, D. J. (1989). The Pittsburgh sleep quality index: a new instrument for psychiatric practice and research. Psychiatry Res. 28, 193–213. doi: 10.1016/0165-1781(89)90047-4

Chellappa, S. L., Morris, C. J., and Frank, S. L. A. J. (2019). Effects of circadian misalignment on cognition in chronic shift workers. Sci. Rep. 9:699. doi: 10.1038/s41598-018-36762-w

Choobineh, A., Javadpour, F., Azmoon, H., Keshavarzi, S., and Daneshmandi, H. (2018). The prevalence of fatigue, sleepiness, and sleep disorders among petrochemical employees in Iran. Biomed. Health Behav. 6, 153–162. doi: 10.1080/21641846.2018.1461252

Croy, I., Smith, M., Gidlöf-Gunnarsson, A., and Persson-Waye, K. (2017). Optimal questions for sleep in epidemiological studies: comparisons of subjective and objective measures in laboratory and field studies. Behav. Sleep Med. 15, 466–482. doi: 10.1080/15402002.2016.1163700

Davy, J. (2014). Good sleep, good health, good performance. It’s obvious, or is it? The importance of education programmes in general fatigue management. J. Ergon. Soc. South Afr. 26, 64–73.

Deloitte Access Economics (2017). Asleep on the job. Costs of inadequate sleep in Australia. Australia, NSW: Report for the Sleep Health Foundation.

Doneh, B. (2015). Epworth Sleepiness Scale. Occupat. Med. 65, 508–508. doi: 10.1093/occmed/kqv042

Dong, Z., Xu, X., Wang, C., Cartledge, S., Maddison, R., and Shariful Islam, S. M. (2020). Association of overweight and obesity with obstructive sleep apnoea: a systematic review and meta-analysis. Obesity Med. 17:100185. doi: 10.1016/j.obmed.2020.100185

Dunican, I., Murray, K., Slater, J., Maddison, K., Jones, M., Dawson, B., et al. (2018). Laboratory and home comparison of wrist-activity monitors and polysomnography in middle-aged adults. Sleep Biol. Rhythms 16, 85–97. doi: 10.1007/s41105-017-0130-x

Enciso, R., and Clark, G. T. (2011). Comparing the Berlin and the ARES questionnaire to identify patients with obstructive sleep apnea in a dental setting. Sleep Breath. 15, 83–89. doi: 10.1007/s11325-010-0328-5

Folkard, S., and Lombardi, D. A. (2006). Modeling the impact of the components of long work hours on injuries and “accidents”. Am. J. Industr. Med. 49, 953–963. doi: 10.1002/ajim.20307

Food and Drug Administration (2011). Approval for Readiband-K111514 -SBV2. Silver Spring, ML: Food and Drug Administration.

Halvani, G. H. G. H. (2009). The relation between shift work, sleepiness, fatigue and accidents in Iranian industrial mining group workers. Industr. Health 47, 134–138. doi: 10.2486/indhealth.47.134

Healey, J. (2012). Australia’s Mining Boom. Thirroul: The Spinney Press.

Health and Welfare (2019). Alcohol, Tobacco & Other Drugs in Australia. Canberra: AIHW.

Hillman, D. R., and Lack, L. C. (2013). Public health implications of sleep loss: the community burden. Med. J. Austr. 199, S7–S10. doi: 10.5694/mja13.10620

Hirshkowitz, M., Whiton, K., Albert, S., Alessi, C., Bruni, O., DonCarlos, L., et al. (2015). National Sleep Foundation’s updated sleep duration recommendations: final report. Sleep Health 1, 233–243. doi: 10.1016/j.sleh.2015.10.004

Hursh, S., Balkin, T., Miller, J., and Eddy, D. (2004a). The fatigue avoidance scheduling tool: modeling to minimize the effects of fatigue on cognitive performance. SAE Trans. 113, 111–119. doi: 10.4271/2004-01-2151

Hursh, S., Raslear, T., Kaye, S., and Falzone, J. (2006). Validation and Calibration of a Fatigue Assessment Tool for Railroad Work Schedules, Summary Report. Washington, DC: Federal Railroad Administration.

Hursh, S., Redmond, D., Johnson, M., Thorne, D., Belenky, G., Balkin, T., et al. (2004b). Fatigue models for applied research in warfighting. Aviat. Space Environ. Med. 75, A44–A53.

IBM Corp (2019). IBM SPSS Statistics for Windows, Version 26.0. Armonk, NY: IBM Corp.

James, F., Waggoner, L., Weiss, P., Patterson, D., Higgins, S., Lang, E., et al. (2018). Does implementation of biomathematical models mitigate fatigue and fatigue-related risks in emergency medical services operations? A systematic review. Prehos. Emerg. Care 22, 69–80. doi: 10.1080/10903127.2017.1384875

James, S., Honn, K., Gaddameedhi, S., and Van Dongen, H. (2017). Shift work: disrupted circadian rhythms and sleep—implications for health and well-being. Curr. Sleep Med. Rep. 3, 104–112. doi: 10.1007/s40675-017-0071-6

Kazemi, R., Haidarimoghadam, R., Motamedzadeh, M., Golmohamadi, R., Soltanian, A., and Zoghipaydar, M. R. (2016). Effects of shift work on cognitive performance, sleep quality, and sleepiness among petrochemical control room operators. J. Circ. Rhyth. 14:1. doi: 10.5334/jcr.134

Kecklund, G., and Axelsson, J. (2016). Health consequences of shift work and insufficient sleep. BMJ Clin. Res. Ed. 355, i5210–i5210. doi: 10.1136/bmj.i5210

Legault, G., Clement, A., Kenny, G. P., Hardcastle, S., and Keller, N. (2017). Cognitive consequences of sleep deprivation, shiftwork, and heat exposure for underground miners. Appl. Ergon. 58, 144–150. doi: 10.1016/j.apergo.2016.06.007

Lerman, S. E., Eskin, E., Flower, D., George, E., Gerson, B., Hartenbaum, N., et al. (2012). Fatigue risk management in the workplace. J. Occupat. Environ. Med. 54, 231–258. doi: 10.1097/JOM.0b013e318247a3b0

Liang, Z., Ploderer, B., Liu, W., Nagata, Y., Bailey, J., Kulik, L., et al. (2016). SleepExplorer: a visualization tool to make sense of correlations between personal sleep data and contextual factors. Pers. Ubiquitous Comp. 20, 985–1000. doi: 10.1007/s00779-016-0960-6

Lu, L. (2015). Iron ore : Mineralogy, Processing and Environmental Sustainability. Cambridge: Woodhead Publishing is an imprint of Elsevier.

Marino, M., Li, Y., Rueschman, M. N., Winkelman, J. W., Ellenbogen, J. M., Solet, J. M., et al. (2013). Measuring sleep: accuracy, sensitivity, and specificity of wrist actigraphy compared to polysomnography. Sleep 36, 1747–1755. doi: 10.5665/sleep.3142

Murray, J. M., Phillips, A. J. K., Magee, M., Sletten, T. L., Gordon, C., Lovato, N., et al. (2019). Sleep regularity is associated with sleep-wake and circadian timing, and mediates daytime function in Delayed Sleep-Wake Phase Disorder. Sleep Med. 58, 93–101. doi: 10.1016/j.sleep.2019.03.009

Ohayon, M., Wickwire, E., Hirshkowitz, M., Albert, S., Avidan, A., Daly, F., et al. (2017). National Sleep Foundation’s sleep quality recommendations: first report. Sleep Health 3, 6–19. doi: 10.1016/j.sleh.2016.11.006

Phillips, R. O. (2015). A review of definitions of fatigue – And a step towards a whole definition. Traffic Psychol. Behav. 29, 48–56. doi: 10.1016/j.trf.2015.01.003

Reynolds, A. C., Appleton, S. L., Gill, T. K., and Adams, R. J. (2019). Chronic Insomnia Disorder in Australia. Arlington, VA: Sleep Health Foundation.

Richter, K., Peter, L., Rodenbeck, A., Weess, H. G., Riedel-Heller, S. G., and Hillemacher, T. (2020). Shiftwork and alcohol consumption: a systematic review of the literature. Eur. Addict. Res. doi: 10.1159/000507573

Roma, P. G., Mead, A. M., and Nesthus, T. E. (2012). Flight Attendant Work/Rest Patterns, Alertness, and Performance Assessment: Field Validation of Biomathematical Fatigue Modeling. Washington, DC: Office of Aerospace Medicine.

Russell, C. A., Caldwell, J. A., Arand, D., Myers, L. J., Wubbels, P., and Downs, H. (2000). Validation of the Fatigue Science Readiband Actigraph and Associated Sleep/Wake Classification Algorithms. Honolulu: Archinoetics, LLC.

Safe Work Australia. (2016). A Comparison of Work-Related Injuries Among Shiftworkers and Non-Shiftworkers. Canberra: Stakeholder Engagement.

Senaratna, C. V., Perret, J. L., Lodge, C. J., Lowe, A. J., Campbell, B. E., Matheson, M. C., et al. (2017). Prevalence of obstructive sleep apnea in the general population: a systematic review. Sleep Med. Rev. 34, 70–81. doi: 10.1016/j.smrv.2016.07.002

Shin, G., Jarrahi, M. H., Fei, Y., Karami, A., Gafinowitz, N., Byun, A., et al. (2019). Wearable activity trackers, accuracy, adoption, acceptance and health impact: a systematic literature review. J. Biomed. Inform. 93:103153. doi: 10.1016/j.jbi.2019.103153

Smith, M. T., McCrae, C. S., Cheung, J., Martin, J. L., Harrod, C. G., Heald, J. L., et al. (2018). Use of actigraphy for the evaluation of sleep disorders and circadian rhythm sleep-wake disorders: an american academy of sleep medicine systematic review, meta-analysis, and grade assessment. J. Clin. Sleep Med. 14, 1209–1230. doi: 10.5664/jcsm.7228

Street, T. D., and Thomas, D. L. (2017). Beating obesity: factors associated with interest in workplace weight management assistance in the mining industry. Saf Health Work 8, 89–93. doi: 10.1016/j.shaw.2016.05.005

Thomas, F., Babor, J. C., and Higgins-Biddle, J. B. (2001). AUDIT: The Alcohol Use Disorders Identification Test. Geneva: World Health Organization.

Tynan, R. J., Considine, R., Wiggers, J., Lewin, T. J., James, C., Inder, K., et al. (2017). Alcohol consumption in the Australian coal mining industry. Occupat. Environ. Med. 74:259. doi: 10.1136/oemed-2016-103602

Vanttola, P., Härmä, M., Viitasalo, K., Hublin, C., Virkkala, J., Sallinen, M., et al. (2019). Sleep and alertness in shift work disorder: findings of a field study. Int. Arch. Occupat. Environ. Health 92, 523–533. doi: 10.1007/s00420-018-1386-4

Yong, L., Wheaton, A. G., Chapman, D. P., Cunningham, T. J., Hua, L., and Croft, J. B. (2016). Prevalence of Healthy Sleep Duration among Adults — United States, 2014. Morbidit. Mortal. Weekly Rep. 65, 137–141. doi: 10.15585/mmwr.mm6506a1

Yong, L. C. L. L. C. (2017). Sleep-related problems in the US working population: prevalence and association with shiftwork status. Occupat. Environ. Med. 74, 93–104. doi: 10.1136/oemed-2016-103638

Conflict of Interest: ID is the Chair of the Scientific Advisory Board for Fatigue Science, Canada, and received no financial or other incentives related to this research project. GM is employed on a casual basis by Melius Consulting Pty Ltd., for which ID is the Director and Chief Adviser.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Maisey, Cattani, Devine, Lo and Dunican. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/cross.jpg
3,

i





OPS/xhtml/Nav.xhtml




Contents





		Cover



		The Sleep of Shift Workers in a Remote Mining Operation: Methodology for a Randomized Control Trial to Determine Evidence-Based Interventions



		INTRODUCTION



		MATERIALS AND METHODS



		Experimental Design Overview



		Setting



		Recruitment



		Sample Size



		Randomization



		Conditions



		Treatment Groups



		Control Group







		Measures



		Sleep Quantity and Quality



		Biomathematical Modeling



		Survey Instrument



		Anthropometry



		Demographics



		Obstructive sleep apnea



		Sleep quality



		Daytime sleepiness



		Insomnia



		Shiftwork disorder



		Alcohol use











		Dissemination of Participant Results



		Statistical Analysis







		RESULTS (ANTICIPATED)



		Compliance With Protocol



		Sleep and Alertness



		Bodyweight, Alcohol Consumption, Sleep Problems and Disorders



		Bodyweight



		Alcohol Consumption



		Obstructive Sleep Apnea



		Shiftwork Disorder



		Insomnia



		Daytime Sleepiness







		Advantages and Limitations







		DISCUSSION



		Practical Considerations







		CONCLUSION



		DATA AVAILABILITY STATEMENT



		ETHICS STATEMENT



		AUTHOR CONTRIBUTIONS



		FUNDING



		ACKNOWLEDGMENTS



		SUPPLEMENTARY MATERIAL



		REFERENCES

















OPS/images/cover.jpg
, frontiers
In Neuroscience

The Sleep of Shift Workers in a
Remote Mining Operation:
Methodology for a Randomized
Control Trial to Determine
Evidence-Based Interventions








OPS/images/fnins-14-579668-t001.jpg
Sleep Measures

Sleep Onset Latency
Time at Sleep Onset

Time at Sleep Onset Variance

Sleep Duration

Wake After Sleep Onset
Fragmentation Index
Time at Wake

Time at Wake Variance

Time in Bed
Sleep Efficiency
Alertness

This table is based upon Dunican et al. Sleep and Biological Rhythms, 2018.

Units

Minu

Time

Minu

Minu

Minu

es
of day

es

es

es

Frequency

hh:m
Minu

Minu

m

es

es

Percentage

Percentage

Measurement

Derived

Directly measured

Derived

Derived

Directly measured
Directly measured
Directly measured
Derived

Derived

Derived
SAFTETM

Description

umber of minu

at Wake.

The degree to w
for an individual.

umber of minu

umber of minu

es from Time at Lights Out to Time at Sleep Onset.

Time of day when the first epoch of sleep occurs between Time at Lights Out and Time

hich daily time at sleep onset differs from the mean time at sleep onset

es from Time at Sleep Onset to Time at Wake, minus number of

minutes awake (WASO).

es awake after Time at Sleep Onset.

umber of awakenings between Time at Sleep Onset and Time at Wake.

Time that wake occurs with no further sleep duration.

The degree to w
individual.

hich daily time at wake differs from the mean time at wake for an

The total time spent in bed, from Time at Lights Out to Time at Wake.
Sleep Duration divided by Time in Bed multiplied by 100.

Measure of alertness calculated using the biomathematical model known as SAFTEM
(Sleep, Activity, Fatigue, and Task Effectiveness) algorithm.

Notes: This table provides a summary of the 11 derived and direct sleep measures from the Readiband™ for analysis. A measure is classified as derived if it is a calculation
of measures that are directly extracted from the Readiband.






OPS/images/fnins-14-579668-g002.jpg
Alertness (%)

0 Sun 1 Mon 4Thy

2Tue jed
30032020 410312020

10 Wed 1 Thy 12Fri 13 Sat 14 Sun

Fri 6 Sat 7 Sun lon 9Tue 15 Mon 16 Tue 17 Wed 18 Thu 19 Fri 20 Sat
1/03/2020 2/03/2020 §/03/2020 6/03/2020 710312020 8/03/2020 9/03/2020 10/0322020  11/03/2020  12/03/2020 13/03/2020 14/03/2020 15/03/2020 16/03/2020 17/03/2020 18/03/2020 19/03/2020 20/03/2020  21/03/2020
- Day and date
90
80
| | | | | | | I
| T B B ] EIE LI LY (A R EEE EIEETEE
1. Dayshift 4
¥ 7. Circadian nadirs
3. Wake
4. Sleep ¥
% \/ \/ \/
r 2. Night shift
30 = . .
7-dayshifts 7-nightshifts 7-days off
20
B 5. Natural light (day) 6. Natural darkness (night)

18

06 18 06 18 06 18 06 18 06 18

18 1 06 18 06 18 06 18

6-hours Epochs

0 18 06 18 06 18 06 18 06 18 06 18 06 18 06 18

06 18 06 18






OPS/images/logo.jpg
' frontiers

in Neuroscience





OPS/images/fnins-14-579668-g001.jpg
Promotion of RCT by mine site Health
and Safety Manager (n=200)

\ 4

researcher (n=100)

Formal recruitment into study by .| Participants excluded as not
interested (n=100)

v
Interested participants eligibility
confirmed and consent forms
signed (n=88)

v

Participants completed online
survey instrument (n=88)

\ 4

Randomisation of participants
into study groups (n=88)

|

! !

l

Control Group
(n=22): No intervention

Treatment Group 1 Treatment Group 2
Sleep education program Biofeedback from app
(n=22) (n=22)

Treatment Group 3
Sleep education program and
biofeedback from app
(n=22)

\ 4

Participants wear Readiband for

42 day study period

Study completed

h 4

Participants wear Readiband
for 21 days
(7 days/ 7 night/ 7 off)

v

Interventions delivered at
21-days

v

Participants wear Readiband
post-intervention for 21 days
(7 days/ 7 night/ 7 off)

Study completed






