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Abstract

Background: Fatigue negatively impacts mineworker health and safety. In this paper,
we identify fatigue interventions tested on industrial shiftworkers and explore their
effects and the factors that may influence application in an industrial setting such as
a mine site.

Methods: This review adhered to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) checklist. A structured, systematic search of
the literature was conducted to identify relevant studies published between 1980
and 2020. Researchers independently conducted article screening and study quality
appraisals against pre-established criteria, and then extracted data and conducted a
narrative synthesis of the included studies.

Results: Seven intervention studies, out of 1651 articles initially screened, were
retained for narrative synthesis. Four studies tested the alerting effects of bright-
light treatment, one evaluated the effectiveness of blue-light blocking glasses at
improving daytime sleep quality and nighttime vigilance, and two examined whether
sleep hygiene and alertness management trainings improved sleep quality or alert-
ness. There was substantial evidence for the use of bright-light treatments to im-
prove night shiftworker alertness, but insufficient evidence to draw conclusions
about the effectiveness of blue-light blocking glasses and sleep hygiene and alert-
ness management trainings due to the small number of studies included. Shiftwor-
kers were mostly male and employed in industrial subsectors such as production and
manufacturing, oil and gas, and transportation. No mining-specific intervention
studies were identified.

Conclusions: Future research is needed to identify effective fatigue risk manage-
ment interventions for the mining industry as well as best practices for implementing

these interventions with mineworkers.
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1 | INTRODUCTION

Work-related fatigue and sleep deficiency remain key occupational
health and safety concerns in many industries and industry sub-
sectors. According to the National Sleep Foundation, healthy adults
should sleep 7-9 h per day, but in the United States, 30% of workers
on standard day schedules (e.g., 9 a.m. to 5 p.m.) and 44% of night
shiftworkers (e.g., 10 p.m. to 6 a.m.) report insufficient sleep (<6 h per
day).? Short sleep duration has become more prevalent among
US workers over the past several decades but varies substantially by
industry and occupation.® Night shiftworkers in industrial sectors like
transportation and warehousing are more likely (70%) to report short
sleep duration than night shiftworkers in industries such as recrea-
tion, arts, and entertainment (10%).> When workers are tired and
fatigued, workplaces may see more absenteeism and presenteeism”
and safety critical events such as near-misses, injuries, and fatalities.”
In mining operations, fatigue is thought to be a significant con-
tributor to safety critical events® due to the nature of the mining
environment and the job tasks that mineworkers perform. Mining
workplace factors that are associated with increased risk for fatigue-
related safety critical events include nonstandard shift-work sche-
dules,® physically and mentally demanding or monotonous work
tasks,” and environments that can sometimes be hot,” poorly lit,® and
loud.” Since many of these factors occur simultaneously in mining, it
can be challenging to mitigate the sources of worker fatigue, resulting
in workers having elevated or exacerbated fatigue risk and the po-
tential for cognitive impairment and serious injury or death.”
Interventions such as short naps,” bright light,’® and strategic caf-
feine use’’ have been associated with improved sleep and reduced

TABLE 1
Inclusion

Publication type

Population

Original research published in peer-reviewed journals

Shiftworkers in industries or occupations identified by the authors
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fatigue in workers, but most have been tested in nonindustrial settings,
such as in healthcare,’° aviation,*? and policing.’® Few fatigue interven-
tion studies have been conducted in settings where workers have similar
job tasks and levels of education to mineworkers, such as in ground
transportation and oil and gas extraction.’* ' To date, the scientific lit-
erature related to fatigue intervention has not been comprehensively
synthesized to demonstrate what interventions have been tested with
and are most effective for industrial shiftworkers.

This review aims to identify fatigue interventions that have been
tested in mining and other comparable trade industries. This paper
also narratively explores the effectiveness of the interventions and
factors influencing their use in the field. Results from this review can
be used to inform future directions in fatigue risk management in the

mining sector.

2 | METHODS

This review followed a protocol developed in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) checklist.'” The review protocol was not regis-

tered with any groups such as Cochrane or Prospero.

2.1 | Atrticle eligibility criteria

Criteria for inclusion and exclusion of studies can be found in Table 1.
We defined an intervention as a discreet strategy or set of actions
intended to change the outcomes of interest.’®'? We included

Criteria for the inclusion and exclusion of articles during screening

Exclusion

Magazine articles

Book chapters

Conference proceedings
Dissertations
Non-peer-reviewed publications

Non-shiftworkers

as comparable to mining, based on O*Net data (e.g., oil and gas,
ground transportation, construction, manufacturing, production)

Intervention
improve sleep or alertness

Setting The intervention was primarily implemented in an applied,
workplace setting
Outcomes Sleep or fatigue were the primary outcome(s)

Specific measures of sleep or fatigue were included

A discreet intervention was tested and aimed to reduce fatigue or

No changes measured pre- and post-intervention
Naturalistic studies
Nonintervention studies that described best
practices and/or made recommendations
Studies where a shift change was considered
the intervention
Studies where the methodology was described
in another paper

Laboratory studies

Studies where sleep or fatigue were not explicitly
measured and described as the primary
outcome(s)
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interventions designed to (1) promote or improve sleep or mitigate
fatigue that were (2) implemented in a workplace setting, and (3) used
an experimental or quasi-experimental design with either a between-
or within-group comparison. To maintain comparability with the
mining workforce, workplace populations were restricted to adult
workers (over 18 years old) in industrial-type jobs where formal
education ended at the high school level or less and little to no re-
lated work experience is required, and where workers receive any-
where from a few days to a year of job training and job tasks involve
considerable psychomotor ability (e.g., reaction time, response or-
ientation, and rate control). These objective population parameters
were informed by Occupational Information Network (O*NET)
data.?® O*Net is an occupational data repository sponsored by the US
Department of Labor/Employment and Training Administration and
includes occupation-specific information for nearly 1000 jobs en-
compassing the entire US economy. The research team used the
O*Net database to create a list of occupations that had certain job-
level requirements in common with workers in the mining industry.
These included required level of education, work-related experience,
job training, and psychomotor ability. This list of occupations was
referenced by researchers during the study screening process. Arti-
cles were limited to the English language and published between
1980 and 2020. No limit was set for country.

2.2 | Information sources and search strategy

Relevant studies were identified by conducting structured searches in
electronic journal databases, consulting two subject matter experts,
and manually reviewing the reference lists of a sample of fatigue
intervention studies and reviews. The following thirteen databases
were selected based on their content and scope: MEDLINE, EMBASE,
Psychinfo, CAB Abstracts, CINAHL, NTIS, Scopus, NIOSHTIC-2,
ProQuest Central, GoogleScholar, MedNar, Web of Science, and
Open Access Theses and Dissertations (to identify references to in-
clude). The search strategy was designed to retrieve references
across four key elements: (1) work schedule (e.g., shiftwork); (2) oc-
cupation/industry (e.g., miner/mining); (3) outcomes (e.g., sleep or
fatigue); and (4) interventions (e.g., planned naps). Our final search
terms are presented in Table 2. Search strategies were adapted
minimally to meet the input and syntax requirements of each data-
base. Complete search profiles for each database, along with our
O*Net population parameter methodology, are available upon

request.

2.3 | Study selection

Covidence, a web-based systematic review platform, was used for
the article screening process. Random pairs of researchers (Z. D., B.
M. E,, C. C. M,, T. B.) independently screened the titles and abstracts
following pre-established inclusion and exclusion criteria (Table 1).
Full text screening was completed by the entire study team.

TABLE 2 The identified terms included in the search strings

Interventions

Outcomes

Occupation/industry

Work schedule

Work schedule tolerance/OR AND Intervention* OR prevention OR

AND

Mining OR miner* OR mineworker* OR mine-

AND

Shiftwork schedule/OR (shift* ADJ2

countermeasure® OR policy

sleep* OR fatigue* OR

worker® OR truck* OR (commercial ADJ2

work*) OR shiftwork* OR (shift*

OR policies OR start time* OR
end time* OR (restricted

wakeful* OR exhaustion OR

circadian rhythm OR

driving) OR (commercial ADJ2 driver*) OR

ADJ2 schedule*) OR (night* ADJ2

farm* OR agriculture* OR manual labor* OR

physical labor* OR industrial work* OR

work*) OR nightwork* OR nightshift*

OR night shift* OR (irregular ADJ2
schedule*) OR (overnight ADJ2

ADJ5 activities) OR schedule

alertness OR attention OR
attentiveness OR burnout

OR burnout

change* OR light* OR nap OR
naps OR napping OR rest*

industrial labor* OR factory worker* OR fish*

OR (gas ADJ5 industry*) OR (oil ADJ5

work*) OR (shift* ADJ2 length*) OR

(work* ADJ2 hour*)

OR breaks OR caffeine OR
caffeinated OR coffee OR

OR

industry*) OR (extraction ADJ5 industry*)

(processing ADJ5 industry*) OR manufacturing

OR construction OR blue collar

stimulant* OR change* OR

(before ADJ5 after) OR shift

scheduling OR roster

scheduling OR rotation OR

secondary task* OR shorten*

OR duration
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Disagreements during both phases of screening were resolved
through structured group discussions. After screening concluded, to
confirm no relevant studies were missed, two subject matter experts
reviewed the list of included studies, and the lead author (Z. D.) hand-
searched the reference sections.

2.4 | Quality appraisal

We developed and pilot-tested a study quality appraisal tool (Table 3)
to categorize the level of confidence that could be assigned to con-
clusions about study interventions described in the included litera-
ture. This tool was adapted from the NIH Quality Assessment Tool
for Before-After (Pre-Post) tudies®® and from tools published in the
workplace intervention literature.??>?® Criteria were selected to ad-
dress study objectives and ethics, study design, appropriateness of
the referent group, study population attrition, and statistical analyses.
Two researchers (Z. D. and B. M. E.) used the quality appraisal tool to
independently conduct critical appraisals of each eligible study. Stu-
dies were categorized as very high (100% of criteria met), high
(80%-99% of criteria met), medium (50%-79% of criteria met), or low
(0%-49% of criteria met).?” We retained studies rated medium or
higher for data extraction and narrative synthesis.

2.5 | Data extraction and synthesis

We used a modified version of the Cochrane Data Collection Form
for Intervention Reviews.”* Two researchers (Z. D. and B. M. E.)
worked independently to extract the following data from the in-
cluded studies: study details (author([s], year, country, objective, re-
search design, length) and descriptions of the workplace setting and
worker occupation/industry, the intervention being tested, the out-
come measures used, and study conclusions and limitations. The data
extraction forms were then compared for consistency, and any dis-
putes were resolved through structured discussions between the two
researchers. Meta-analysis and comparing effect sizes were unten-
able due to the heterogeneity of interventions, study designs, re-
ferent groups, outcome measures, and the documentation of findings
between studies. Due to these variations, a narrative synthesis ap-
proach modeled after Popay et al.>”> was taken to describe study
characteristics, identify explanations for the size and direction of
effects, and outline potential considerations related to intervention

implementation.

3 | RESULTS

Figure 1 depicts the number of records identified and then included
and excluded through the various phases of our systematic review. A
total of 2104 articles published between 1980 and 2020 were
identified through database searching, and an additional 4 articles
were identified by subject matter experts and from hand-searching

the reference sections of relevant literature. After removing 457
duplicate articles, 1651 articles remained for screening, of which
1540 were excluded during the title/abstract screening. Among the
111 articles screened during the full text review, 103 were removed
and reasons for exclusion were documented (this information is
available upon request). One additional article was removed during
the study quality appraisal.?® During the screening and quality ap-
praisal of studies, inter-rater reliability ranged from moderate to high
(see Table 3 for study fulfillment of quality criteria). Seven studies
were ultimately retained for data extraction and narrative

synthesis. #2770

3.1 | General study characteristics

Table 4 details general characteristics of the seven retained
studies. All but one study'* reported participant sex. In the six
remaining studies, workers were on average mostly male (85%).
Across all studies, workers were employed in the production and

27-30 1516 or transportation'® in-

15,16

manufacturing, oil and gas,

dustries. Both studies led by Bjorvatn involved night shift-
workers (though different working populations) on an oil platform

|27

in the North Sea. The populations in Itani et a and Lowden

et al.,”®

respectively, were workers on rotating shifts in a vehicle
manufacturing plant in Japan and operators at a truck production
plant in Sweden. Long-haul truck drivers from four Finnish mid-
sized logistic companies were sampled in Pylkkdnen et al.,’* and

Sadeghniiat-Haghighi et al.??

recruited operators at a ceramic
production plant in Iran. Sasseville et al.>° followed mail sorters
working the night shift at Quebec City's Canada Post warehouse
distribution center. None of the included studies were conducted

in the mining industry.

3.2 | Interventions

Five studies tested a lighting or light-related intervention,*>¢-26-3C
and two evaluated the effectiveness of workplace sleep hygiene and
alertness management trainings, respectively.'*?” Sleep or fatigue
outcomes were measured in each study using subjective or objective
measures, or a combination of both. The predominant objective

14,16,28,30

measure was actigraphy, while the predominant subjective

measures were the Karolinska Sleepiness Scale and different versions

of a sleep diary.*# 128

3.2.1 | Lighting interventions
Four of the lighting studies assessed the effects of bright-light
treatments on sleep, alertness, and adaptation/readaptation to

work and home life,**16:28:27

and one study tested whether blue-
light blocking glasses improved sleep duration and efficiency and

subjective nighttime vigilance in night shiftworkers.*°



DUGDALE €T AL

252

'SISOUYIUAS SAljeLIEU pUE

UOIIDEIIX® EJep 10) PAULe}a. 1M JaYSIY 0 WNIPSW Pajel SIIPNIS 1o BLIBID JO %61-%0 = MO| ‘19U BLISILID JO %6/ -%0S = WNIPSW JaU BLISID JO %66-%08 = YSIY 19U BLISYD 4O %00T = Y81y AI9A 230N

100C “Ie 32
MO 14 A N A Jeapun Jespun N A N Jespun A puojauuog

|psipaddp A3jpnb ay3 Bulinp papnjoxa saipnis

8T0C “le 12

wnipaN S A N N N Jeapun N A A A A luey
600T “[e 32

ysiH 6 A A A A Jeapun A A A A A 3||inasses
¥00C “Ie 3

usiH 6 A A A A N A A A A A usapMmoT
£00T “|e 3

ysiH 6 A A A A N A A A A A ujensolg
110Z “[e 12
1ysiyseH

ysiy Asap ot A A A A A A A A A A -lenuysspes
810 “e 1

CEIVRSEN (0)# A A A A A A A A A A usuUIAd
6661 “[E13

ysiy Aap o1 A A A A A A A A A A ujensolg

SIS2YIUAS 2AIIDAIDU 3Y} 03 BUIINQLIAUOD SAIPNIS

(s) ¢(s)uonsanb cuonuaAIjul
uonssnb yoJeasal ¢Apms ayy ayr
yoJeasal sy} ssaJppe JO 95In0d 3y} J3)e 01 210J9q
ayy Apauip Asyp JANO U3y} pue wio.y 3salajul ;559 1o ;pauyap
passaippe pip pue eyep uoluaAIRIUL JO saunseaw %0C Apeap pue
Apoaap Aq pajenuelsgns a3 a10)9q swo23no suleseq paudadsaud ;pajers
ey Apesp 90UO 3Jse9) 18 3y} ul sadueyd Jye 152493u1 cdnou3 ¢;uonedniped Apesp
suoneywi| 1S9J93ul JO uaxe} 3salajul aulwexa (uonLie) JO saunseawl ;paquosap pIVEYETET] 0} pajeal B!
ssnosip (s)awio23n0 3y} JO (s)ainsesaw spoyjowl dn-mojjoy awodjno Apeap 9|qesedwod suoljeJapisuod -2alqo Jeak
sioyine JOJ suoISn|PUod Swo2Ino |eonsnels 0] $s0| pajejas-das|s uonusAI UL Jo 3|qens [e2IL3 Ssauppe Apnis ‘Joyine
- - Sy pId ‘0T SAPNIS 33 319 "6 3yl seM\ '8 syl pla -z oy} seMm 9 9y} 3I/M g U} SEM 7 B9 SBM CE sloyine sy pid ‘¢ Syl SseM T 8414
euajd Jo  Suney el Ayend

uswjying

|esieadde Ayjenb Apnis Suunp euaud Ajjenb jo juswyyiny Apnis € 31494Vv1L



DUGDALE et AL

253

AMERICAN JOURNAL
OF

INDUSTRIAL MEDICINE]

Records identified through Additional records identified by subject matter
database searching experts (n = 3) and by hand-searching fatigue
c (n=2104) review reference sections (n=1)
0
)
@
J
s
e \4 \ 4
[
.g Total number of records identified Number of duplicates removed
- (n=2108) > (n=457)
Records excluded for irrelevancy
A 4 (n=1540)
Titles/abstracts screened i
(n=1651)
0 Full texts excluded, with reasons
£ (n=103)
c 44 no intervention
3 21 not an empirical, scientific, primary
- A\ 4 source
(8] .
[, 10 primary outcomes are not sleep or
Full texts screened | fatigue
(n=111) "] 10text unavailable
9 not mining or related industry/occupation
8 not shift-working population
1 not written in English
v
3' Studies assessed for fulfillment
= of study quality criteria
2 (n=8) Articles excluded for not sufficiently
éﬂ > fulfilling study quality criteria
w (n=1)
\ 4
g Studies included in the narrative
‘3 synthesis
E (n=7)
(8]
£

FIGURE 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram of the study identification and

selection process

Two of the bright light treatments were delivered on an oil

platform during both a scheduled work shift and also at home while

1516 and two were delivered only while

the worker was off duty,
workers were on shift.”®?’ Bright light treatment was individually
scheduled based on subjective sleep diary and interview re-

1516 or was provided during regularly scheduled work

sponses
breaks.?®?? Bright light treatments were either delivered to workers
as they sat in front of specially designed light boxes (10,000 lux)*>*¢
or were administered in retrofitted breakrooms via fluorescent ceiling
tubes that provided indirect white light (2500 lux) by an up-light

015,16 H

armature®®?? for a period of 20°®?” or 3 min.

Studies that delivered bright light interventions via fluorescent ceiling

tubes and up-light armatures in retrofitted breakrooms?®?’

reported
greater improvements in sleep among workers than studies where
workers sat in front of specially designed light boxes.’>"¢ In Sadeghniiat-

Haghighi et al,?’ during normal lighting conditions, self-reported

sleepiness was elevated at the 24:00 and 04:00-h timepoints and
peaked at 02:00 h. After bright light treatment, subjective sleepiness
ratings decreased at the same timepoints, and there was no late-night
(02:00 h) sleepiness peak. Similarly, in Lowden et al.?® bright light treat-
ment significantly suppressed melatonin levels during the night shift,
particularly at 02:00h, compared to the normal light condition. In
Bjorvatn et al,’® bright light exposure significantly reduced workers’
sleepiness at home but resulted in no real effect during the night shift.
Nevertheless, bright light did reduce sleepiness during the late-night
hours compared to the no treatment condition, as indicated by subjective
ratings collected at individual timepoints during both conditions.’® In
addition, compared to the no treatment condition, workers reported
improved “quality of day” the day following bright light treatment.*>*¢
One study tested more than one intervention.’® In this crossover
study, three conditions were tested throughout the year (placebo, mel-
atonin, and bright light). A melatonin (3 mg) or placebo capsule—both
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SSS, Stanford Sleepiness Scale.

identical in size and color—was administered to each oil rig worker with
instructions to take 1 h before bedtime during the two 4-day periods of
the study. Compared to bright light, which only provided limited objective
improvements in sleep during the night shift, and the placebo, melatonin
substantially reduced subjective sleepiness levels and improved “quality
of day” ratings during the following day shift (but not the night shift), with
workers reporting 15-20 min of additional sleep per day.® The authors
note that while melatonin has “acute soporific (sleep-inducing) effects,” it
is unlikely this influenced the results since objective measurements in-
dicate melatonin increased sleep onset latency (p. 212).

A worker's ability to adapt to night work and readapt to day life
following their return home was also examined in some of the lighting
studies. While bright light was found to facilitate workers’ subjective
adaptation to night work to some degree (from 3.1 to 2.6 days),
workers' readaptation back to day life after receiving bright light was
more substantial, with workers readapting in roughly 3 days rather
than 5.2° Similarly, when compared to bright light, melatonin re-
portedly reduced the number of days it took workers to readapt to
day work (from 5.0 to 3.7 days) but did not reduce the number of
days it took workers to adapt to night work (from 2.5 to 2.7 days).*®

Blue-light blocking glasses were tested with mail sorters in a rela-
tively bright (500 lux) mail distribution center to see whether the glasses
would induce a circadian phase delay during the day, improving workers’
daytime sleep duration and efficiency and potentially influencing their
subsequent adaptation to and subjective vigilance during the night shift
schedule.*® Two groups of workers participated, and two types of glasses
were tested—blue-blocking security glasses with the summer group and a
custom pair for the fall-winter group. Both glasses were designed to block
short wavelengths of light, but the custom pair permitted a small amount
(£25%) of 540-nm light to filter through the lenses to the eyes to prevent
interference with workers’ ability to perceive color. The glasses were
donned immediately upon (summer group) or up to 2 h before (fall-winter
group) the end of shift and worn until workers returned home. While the
time to don was determined based on time of year due to seasonal
differences in environmental light, workers in both groups were in-
structed to wear the glasses whenever they were outside of the work
facility before 16:00 h to avoid circadian resynchronization to a diurnal
schedule. After wearing the blue-light blocking glasses, actigraphy para-
meters indicated workers in both groups had significantly longer sleep
durations (summer group = 32 additional minutes, fall-winter group = 34
additional minutes), and their sleep efficiency improved by 1.95% and
4.56%, respectively. For the fall-winter group, there was no significant
overarching time effect in workers’ visual analog scores of their subjective
vigilance from the last 150 min of any night shift; however, subjective
alertness did significantly improve on the last day of the experimental

night-working weeks.

3.2.2 | Training interventions
Both training interventions were delivered to workers while on-shift
via an in-person, predominantly lecture-style format, for a duration of

1 h?” and 3.5 h,** respectively. Using an experimental design with a
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.27 examined the effec-

“no treatment” comparison group, Itani et a
tiveness of a sleep hygiene education training on sleep status among
manufacturing workers engaged in rotational shiftwork. The training
was provided to a large group of workers (N = 287) and was based on
a document developed by a working group within the Japanese
Ministry of Health, Labour and Welfare entitled, “Sleep Guidelines
2014 for Health Promotion.” Workers in attendance were provided a
corresponding leaflet with a series of easy-to-follow sleep guidelines.
The Japanese version of the Pittsburgh Sleep Quality Index (an as-
sessment of sleep quality and disturbances) and the Epworth Slee-
piness Scale (a measure of self-rated daytime sleepiness) were the
indices used to assess changes in overall sleep status. No significant
improvements in subjective sleep propensity and quality were found
between workers who received the sleep hygiene training and those

who did not.?’

In a two-armed randomized controlled trial, Pylkkénen et al.™*
examined whether an alertness management training would reduce
long-haul truck drivers’ on-duty sleepiness and improve their sleep
between work shifts. Four companies participated and each hosted
two trainers who delivered the training session to 4-9 drivers per
session. The training began as a lecture and then transitioned into an
interactive workshop with written exercises and group discussions.
Trainers provided workers with minimally tailored sleep-related re-
commendations, such as how to develop better sleep habits and
manage sleepiness while on-duty. Drivers were provided a 2-month
consultation period with the trainer and were asked to complete a
series of self-evaluation assignments at different periods over the
following months. Most workers returned their self-evaluation ac-
tivities (93.1%), but none of them took advantage of the 2-month
consultation period with the trainers. Alertness management training
did not result in any significant improvements in sleepiness or prior
sleep during night and early morning shifts compared to the day and

evening reference shifts.™*

4 | DISCUSSION

This review aimed to identify and then report the effectiveness of
fatigue-related interventions that have been tested with workers on
nonstandard shiftwork schedules in mining and comparable in-
dustries. We identified lighting or light-related strategies and work-
place sleep hygiene and alertness management trainings in nonmining
industries. To use these interventions in mining, we introduce a series

of practical considerations below.

4.1 | Practical considerations

41.1 | For lighting interventions

Lighting is critically important in mining operations, as miners rely
heavily on visual cues to detect hazards and safely perform their jobs.
Due to the lack of natural light in underground mines, mineworkers

must rely on artificial light sources, such as hard hat cap lamps or area
lights, to visually inspect their work environment.>* These artificial
light sources emit lower levels of ambient light than natural daylight
and even other workplaces (e.g., hospitals) with artificial lighting.>”
These low light levels can lead to circadian disruption and an in-
creased likelihood of fatigue in mineworkers.*® Fatigue risk is further
exacerbated for miners working nonstandard hours due to the cir-
cadian desynchronization that occurs when workers are awake at
night. Since lighting is known to influence circadian rhythmicity,
scheduled bright light treatments have been recommended as a po-
tential tool for reducing fatigue in a range of occupations where night
work is common.'?** There are several factors to consider, however,
when implementing a lighting intervention in an industrial workplace
setting such as a mining operation.

To begin, knowing when to deliver a lighting intervention is im-
portant but sometimes difficult in a nonlaboratory, workplace setting.
In the laboratory, bright light has been shown to facilitate the
adaptation of the circadian rhythm when the exposure is properly
timed.>* Core body temperature, melatonin levels, actigraphy, and
polysomnography are examples of objective measurements used to
assess circadian rhythmicity and to determine the best time for bright
light exposure. But collecting these measures is often impractical in a
workplace setting, such as a mine site, because it can conflict with
work tasks, be counteracted by environmental light, be too long or
intensive, or too burdensome for workers and management.l(’ As
such, it can be easier for worksites to use subjective data (e.g., sleep
diary responses) to time the bright light exposure. Notably, this is
how bright light exposures were scheduled in both intervention
studies led by Bjorvatn'®*¢ that were included in our systematic
review. Had objective measures been used to inform exposure tim-
ing, worker circadian rhythms may have adapted more quickly and
produced more robust effects, similar to those observed in controlled
laboratory experiments.®*>> However, notable improvements in
sleep and alertness were still reported in both studies that used
subjective measures, and it should be noted that sometimes practical
decisions must be made when implementing an intervention, such as
bright light, in a real-life industrial workplace setting, such as a
mine site.

The provision of an adequately long bright light treatment to
workers is an additional consideration. In some previous laboratory
studies, duration of bright light treatment has ranged from 3h
(5200-7500 lux)*® to 7.5 h (7000-12,000 lux).>** While none of the
studies included in our review had an exposure duration within that

1.2? and Lowden et al.?®

range, Sadeghniiat-Haghighi et a still reported
significant reductions in shiftworkers’ subjective sleepiness after
short exposures (20 min) to bright light during rest breaks. However,

Lowden et al.?®

suggested that short exposure times in their study
may have reduced the reported effects, such that increased exposure
times likely could have translated into even lower self-reported
sleepiness levels among workers. Similarly, Bjorvatn et al.'® used a
shorter, but high intensity (10,000 lux), treatment and noted that the
improvements they observed in sleepiness levels were reduced

compared to studies where longer exposure durations were used.*®
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While there could be beneficial alerting effects to longer light
treatments, the findings of this review suggest that short, bright light
treatments are still an effective means for improving alertness among
shiftworkers during night shifts. Further, extending the duration of a
treatment may impede job tasks and productivity demands, particu-
larly in industrial settings like a mine.

The location of bright light treatment is another logistical con-
sideration. In our review, bright light treatments led to significant
improvements in sleep when they were administered in retrofitted
breakrooms via fluorescent ceiling tubes and up-light armatures.?®??
For application in an industrial environment, considering practicality
and cost, worksites may favor designating select spaces for the
provision of bright light to workers.?®?° For mines, this could mean
utilizing a breakroom and/or a pre-shift meeting space to deliver
short, unobtrusive bright light treatments to mineworkers during shift

breaks.

41.2 | For training interventions
Occupational health and safety training is one approach commonly
used to change worker behavior.>” In mining, annual training is fed-
erally mandated for mine workers and operators under the regulation
Training and Retraining of Miners from the US Department of Labor's
Code of Federal Regulations (30 CFR Parts 46 and Part 48).%¢
Training is also institutionalized in other industries and sectors (e.g.,
transportation, oil and gas), and is a common component of more
general workplace health and safety programs. The two training
studies in our review did not show that their specific sleep hygiene
and alertness management trainings improved worker sleep and
alertness. There are several factors to consider when designing
training for a worksite that may improve training effectiveness. To
begin, it is important to identify the purpose and intent of the
training, as well as the best method for delivery. Training can be
designed to be information-based with the intent to communicate
“news, knowledge, and facts” to workers; alternatively, training can
be designed to be education-based and deliver information to
workers in ways where it is “developed, learned, and used”*’ (p. 200).
Because education programs require more in-depth design, engage-
ment, and application, they are better positioned to result in long-
term changes in shiftworkers’ behavior than trainings focused on
disseminating information.®” In Itani et al.,?” a large group of workers
(N = 104) passively listened to a lecturer present sleep guidelines and
sleep-related lifestyle habits; workers were also given a corre-
sponding four-page leaflet to review during the lecture but otherwise
did not actively participate during the training. Since there was no
interactive component, this sleep hygiene education training was
more informational in nature, which is one possible explanation for
the reported lack of improvement in worker sleep post-training.

To be effective, training must also be practical for workers,
meaning the materials provided should be relevant and acceptable to
the specific group of workers receiving the training.>’ Workers are

likely to dismiss or rebuff recommendations that feel irrelevant or

unhelpful, given the contexts of their job tasks or organizational
structure.>? In Pylkkénen et al.,** most of the training materials were
identical for the different groups of long-haul truck drivers, despite
conceivably varied levels of “readiness for change,” as indicated by
the fact that none of the drivers took advantage of the consultation
period offered by the trainer and some did not return their completed
self-evaluation assignments. Furthermore, since all were relatively
experienced drivers, the more basic-level material provided to them
lacked relevancy and may have been more impactful for novice dri-
vers. Participant selection queries related to intervention effective-
ness were also noted in Itani et al.,’” where researchers used a
“population approach” to assign the intervention group, meaning all
interested and available workers on the day of the training were
permitted to attend, not necessarily the workers who most needed
the sleep hygiene recommendations. More focused training for
workers at higher risk for fatigue may result in greater intervention-
related improvements but should be considered with caution and
care so as not to harm or stigmatize workers.

Finally, it is critical to consider factors related to time when de-
signing training—specifically, the frequency and duration of the

training. Wong et al.*°

suggest that short, one-time lectures are not
likely to result in sustained behavior change, while more consistent,
long-term efforts to provide sleep hygiene and alertness manage-
ment trainings at worksites may yield more improvements in sleep
and alertness among workers over time. This provides a possible
explanation for why no substantial improvements in sleep and
alertness were reported in the two training studies as they were

designed to be short and nonrecurrent, likely for feasibility reasons.

4.2 | Strengths and limitations
A strength of this systematic review is that it is the first to examine
sleep- and fatigue-related interventions that can be applied to mining.
Several research gaps were also highlighted, giving our synthesis
product the potential to guide future research about fatigue risk
management in the mining industry and with other similarly struc-
tured industrial occupations. In terms of limitations, our literature
search strategy erred on the side of specificity over sensitivity, and
while it is possible that the restriction of some search terms to only
“title” or “abstract” in some of the database searches limited the
search and therefore resulted in some missing studies, efforts were
made to amend this by securing subject matter expert review of the
final reference list and by hand-searching reference sections. Ad-
ditionally, the population parameters we adhered to were intended to
maintain relevance with the mining industry, but this meant that
studies with nondescript shift working populations with no industry
or occupation identified were excluded. Nevertheless, the final list of
included studies that met the a priori inclusion criteria is considered
comprehensive and exhaustive.

As for study limitations, besides those discussed previously re-
lating to intervention design and implementation, the applied nature

of these intervention studies meant that certain more rigorous
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approaches characteristically used in clinical settings were often or

14,15,28,29 and r.andom27

altogether untenable, including the blinding
and balanced®° allocation of workers. Small sample sizes were also
documented in two of the included studies.”*>° Real-life constraints
are imminent when conducting applied research, particularly in the
workplace. Rather than being limited by those constraints, this review
is instead strengthened by highlighting the factors that should be
considered when intervening on fatigue in a real-life, industrial

workplace setting.

4.3 | Concluding remarks

The goal of this systematic review was to identify sleep and fatigue
interventions for potential use in the mining industry. While no stu-
dies conducted in mining were found, relevant studies carried out in
related industries were identified. Notably, studies of only two in-
tervention types—Ilighting and training—were identified out of several
frequently documented in other industries and sectors (e.g., planned
naps, rest breaks, strategic caffeine use). Our synthesis suggests that
bright light exposure may be a promising intervention for reducing
self-reported sleepiness and increasing alertness in industrial shift-
workers. The one identified study on blue-light blocking glasses re-
ported that the glasses may be useful for improving the sleep
duration and efficiency of night shiftworkers in industrial sectors, but
more focused research on this is needed and regarding their effect on
workers' on-duty subjective vigilance. Future research related to
sleep hygiene and alertness management training is also needed, as
only two training intervention studies were identified in this review
and both studies reported that their respective sleep hygiene and
alertness management trainings did not substantially improve the
sleep and alertness of shiftworkers. Since training remains a critical
occupational health and safety tool for many industries, including
mining, future sleep hygiene and alertness management trainings
should be designed to be purposeful, participatory, and sustained
over time to deliver the greatest benefits to mine workers. Further,
both lighting and training interventions should be customized as
much as possible for specific workers and with consideration for
contextual factors within the workplace environment.

Critically, no studies identified in our review were conducted in
mining. More robust quality research needs to be conducted to assess
whether interventions like bright light and sleep hygiene and alertness
management trainings can be effective fatigue risk management strate-
gies in mining-specific environments. Other fatigue interventions and risk
management strategies should also be explored further in mining con-
texts, including those commonly used in nonindustrial environments, such
as planned naps, rest breaks, caffeine administration, physical activity,
melatonin, and meditation. Moreover, to further encourage a multilayered
approach to fatigue risk management in mining, the testing of other
fatigue-related interventions across similar industrial settings would be of
great benefit to the mining industry, as strategies used in other industrial
work environments may be more easily adapted and implemented for

mining contexts. Accompanying this intervention work should also be

studies that evaluate the implementation of these varied interventions in
industrial settings, since ease of use and acceptability play a large role in

the adoption and long-term use of an intervention in the workplace.
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