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Study Objectives: The purpose of this review is to synthesize the published literature that addresses employer-initiated interventions to improve the sleep of
workers and in turn improve health, productivity, absenteeism, and other outcomes that have been associated with sleep disorders or sleep deficiency.
Methods: We conducted a systematic search and a selective narrative review of publications in PubMed from 1966 to December 2017. We extracted study
characteristics, including the workers’ professions, workplace settings and shift work, and workplace interventions focused on worker sleep. Because of the
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high degree of heterogeneity in design and outcomes, we conducted a narrative review.

Results: We identified 219 publications. After restriction to publications with studies of workplace interventions that evaluated the outcomes of sleep
duration or quality, we focused on 47 articles. An additional 13 articles were accepted in the pearling process. Most studies employed non-randomized

or controlled pretest and posttest designs and self-reported measures of sleep. The most common workplace interventions were educational programs
stressing sleep hygiene or fatigue management. Other interventions included timed napping before or after work, urging increased daytime activity levels,
modifying workplace environmental characteristics such as lighting, and screening, and referral for sleep disorders treatment. Overall, most reports indicated
that employer efforts to encourage improved sleep hygiene and healthier habits result in improvements in sleep duration, sleep quality, and self-reported

sleepiness complaints.

Conclusions: These studies suggest employer-sponsored efforts can improve sleep and sleep-related outcomes. The existing evidence, although weak,
suggests efforts by employers to encourage better sleep habits and general fitness result in self-reported improvements in sleep-related outcomes, and may
be associated with reduced absenteeism and better overall quality of life. Candidate workplace strategies to promote sleep health are provided.
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INTRODUCTION

Sleep deficiency resulting from short sleep duration, poorly
timed sleep, and/or poor sleep quality is common. The In-
stitute of Medicine estimates that 50 to 70 million Ameri-
can adults have a chronic sleep disorder that hinders daily
function and contributes to poor health.! Recent data from
the Centers for Disease Control and Prevention indicate that
many American adults get inadequate sleep: only 65.2% of
adults indicate they sleep > 7 hours.?? Sleep duration of less
than 7 hours is associated with increased risks for cardio-
vascular disease, obesity, diabetes, hypertension, depression,
and all-cause mortality.*”’

The consequences of sleep deficiency also manifest in de-
clines in cognitive function, including attention, reaction time,
working and long-term memory, visuomotor performance,
decision making skills, verbal function, response inhibition,
and motivation.® These cognitive and functional effects have
a negative impact on quality of life and also lead to deteriora-
tion in performance at work. These outcomes have been most
convincingly studied in health care workers,™!’ professional
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drivers," aircraft operators'®'? and night shift workers."”> The

effects of sleep deprivation can also have public health conse-
quences. Approximately 20% of all serious motor vehicle ac-
cidents are thought to be associated with sleep deprivation.'
Up to 43% of commuter train accidents are thought to be due
to fatigue.

The financial impacts of sleep deprivation and sleep disor-
ders may be categorized as direct (ie, costs of medical resource
utilization, including the consumption of inpatient, outpatient,
and pharmaceutical services within the health care delivery
system) or indirect (ie, expenses incurred from absenteeism,
reduced work productivity, and increased workplace errors and
accidents). In a recent study of four companies, sleep-related re-
ductions in productivity were estimated to cost $54 million per
year exclusive of the costs of absenteeism.'® In that study, those
with insomnia complaints missed an extra five days of work
annually compared to good sleepers.”” Data from a large state
worker registry revealed that workers reporting more sleep dis-
turbances were significantly more likely to be absent from work,
have lower work performance ratings, and higher health care
costs.!® Sleep-related occupational accidents have also led to
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Table 1—Overview of included studies.

Workplace Contexts

Occupations

Types of Interventions

Sleep Outcomes in Literature

+ Shift work

> Rotating

o Extended

> Prolonged
+ Irregular work hours
+ Non-shift work office
+ Non-shift field work

+ Law enforcement

+ Security

+ Emergency response systems,
including fire-fighters

+ Health care

* Hospitality industry

+ Customer service call centers,

+ Sleep hygiene education

+ Fatigue countermeasure programs

+ Self-management techniques

+ SAFER program

+ Strategic naps

+ Workplace weight loss and
reduction of cardiovascular risk

+ Sleep quality

+ Error prevention

* Reduction in daytime
sleepiness

+ Behavioral changes

+ Drowsy driving prevention

+ Change in average sleep
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including IT support centers
+ Manufacturing sector
+ Public transport
+ Truck drivers

factors program
Relaxation techniques
Workplace flexibility and
professional consults

hours in a 24-hour period

SAFER = Sleep, Alertness, and Fatigue Education in Residency.

ecological costs. The fatigue and performance effects of sleep
loss and circadian misalignment associated with shift work re-
portedly contributed to the explosion at the Union Carbide plant
in Bhopal, the Three Mile Island and Chernobyl nuclear melt-
downs, and the grounding of the Exxon Valdez supertanker.'
The National Academy of Medicine, formerly the Institute of
Medicine, concluded that “hundreds of billions of dollars are
spent and/or lost annually because of poor or limited sleep.”!
Improving sleep and reducing the impact of sleep disorders and
sleep deprivation could greatly enhance quality of life, work
productivity, and national and global economic performance.'s

Despite compelling evidence of the negative impact of sleep
deficiency and specific sleep disorders on worker health and
safety, there have been few systematic efforts to address this
problem in workplace settings. Although there is a broad liter-
ature on worker productivity, absenteeism, and other non-sleep
outcomes, there are very few, if any, systematic reviews that
focus on workplace interventions that specifically addressed
sleep health. This paper reviews the literature on employer-
initiated sleep interventions in workplace settings, identifies
gaps in the literature, and provides strategic workplace policy
considerations to reduce sleep deprivation and improve the
safety and productivity of workers.

METHODOLOGY

Literature Retrieval

We conducted a comprehensive search of the PubMed data-
base to identify publications that addressed interventions in
the workplace that influence or improve sleep. Results were
limited to studies involving humans and published in English.
Reviews, newsletters, comments, editorials, and case reports
were excluded. The search terms were: sleep AND workplace
AND (education OR fatigue management OR naps OR alert-
ness strategies). We retrieved literature published from 1966
to December 2017, which yielded 219 papers. We reviewed all
titles and abstracts to identify those that met the following cri-
teria for review in full text: (1) addressed a population consist-
ing of any group of employees, (2) tested an intervention that
focused on specific employee behavior, changes in workplace
policies or procedures, or manipulation of the environment to
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improve sleep quality, duration, or to reduce sleepiness, and
(3) compared these outcomes against either an historic or con-
temporary comparator group. We identified 47 relevant papers.
In addition, during review of the bibliography and including
papers added by experts on the task force, we identified 13 ad-
ditional papers, for a total of 60 accepted papers.

Extraction and Analysis of the Literature

Although we had hoped to perform a meta-analysis, the het-
erogeneity of study designs, populations, and outcomes did not
lend the literature to this kind of analysis. Therefore, a narrative
review was conducted. We recorded the types of workplaces,
occupations of the workers, types of interventions, and sleep-
related outcomes from the retrieved articles, all of which may be
seen in the supplemental material. The types of workplace con-
texts, occupations, interventions, and outcomes included in our
retrieved literature are summarized in Table 1. Based on these
characteristics, we identified three major categories of sleep in-
terventions: educational interventions (ie, education about sleep,
sleep behaviors and/or sleep-related cognitions or relaxation);
interventions focused on health promotion behaviors that might
improve sleep (eg, activity/exercise); and interventions focused
on workplace environmental modifications to promote sleep.

Educational Interventions

Educational interventions for sleep aim to disseminate infor-
mation about personal behaviors (eg, use of caffeine, exercise),
environmental factors (eg, bedroom characteristics, bedtime
schedule), or sleep disorders that may promote or interfere
with sleep. We identified 17 publications that tested the influ-
ence of educational interventions on workers’ sleep or sleep-
related outcomes.”3* The types of workers varied widely
and included flight crews, health care professionals, police,
firefighters, teachers, and white-collar workers. Studies were
conducted in several countries, in different kinds of industries
and work settings. The interventions varied widely in content,
delivery method, and level of interactivity with participants.
Sample sizes also varied widely but were generally small and
underpowered to determine statistically significant effects.

April 15, 2019



Downloaded from jcsm.aasm.org by 65.21.193.86 on March 2, 2022. For personal use only. No other uses without permission.

Copyright 2022 American Academy of Sleep Medicine. All rights reserved.

NS Redeker, CC Caruso, SD Hashmi, et al.

Studies used both experimental and quasi-experimental de-
signs with generally short periods of follow-up. The majority
employed self-reported measures of sleep and sleep-related
outcomes. Seven publications reported studies of day work-
ers??7313539 and ten included shift workers,?0-2325.26.28.30.36-38:40
We summarize the approaches to educational interventions
separately in select studies on day and shift workers below.

Day Workers

Two studies examined the use of a sleep-hygiene educational
session in Japanese information system workers. The first
study, in predominantly male Japanese information system en-
gineers, employed a 1-hour sleep hygiene lecture that included
personal strategies for controlling behavioral and environmen-
tal factors, compared to a control group with no intervention.*
The workers receiving the sleep hygiene lecture reported im-
proved afternoon sleepiness and a non-statistically significant
trend in improvement in self-reported sleep quality, compared
to a control group,* but there was no difference in sleep dura-
tion. The second study, a randomized controlled trial (RCT),
tested the effects of two types of delivery of sleep hygiene in-
formation.>* All participants received a 30-minute lecture on
the importance of sleep and healthy sleep habits, followed by
opportunity for questions and answers; one group also received
an individualized 30-minute training session with relaxation
techniques, stimulus control, or sleep restriction selected by
the participant.** Both groups reported improved sleep quality,
but the improvements were greater in the participants receiv-
ing the individualized treatment.

Suzuki et al. conducted a RCT using a 2-week interactive
internet-based program with Japanese day workers who were
interested in improving their sleep.*> The program provided
general information about sleep and behaviors that improve or
interfere with sleep, and included daily monitoring of sleep,
performing three sleep-related behaviors that the participant
selected, feedback by email, weekly advice, and a report on the
participant’s sleep quality. At a 3-week follow-up, participants
reported improvements in sleep quality and sleep behaviors.
There was also a non-statistically significant trend suggesting
that the intervention improved sleep onset latency.*

Two studies specifically addressed insomnia symptoms in
workers. A randomized control trial to test the effects of in-
dividualized sleep hygiene, relaxation, stimulus control, and
sleep restriction (standard components of cognitive behavioral
therapy for insomnia) was conducted among Japanese work-
ers at an electrical manufacturing company. Participants had
consistent daytime work schedules, but 37% worked more than
45 hours a week. The intervention significantly improved self-
reported sleep quality and reduced the number of participants
who had poor sleep quality by 20% in the intervention, com-
pared to the control group.*® In a second study, mindfulness
training improved sleep duration, insomnia symptoms, and
daytime sleepiness in predominantly women elementary and
secondary school teachers in Canada and the United States.?!

Shift Workers
Shift work is any work schedule outside of the period of 7:00 AM
to 6:00pm.* Shift work schedules vary widely and can include
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fixed work times, rotating shifts, split shifts, or irregular work
times. Shift workers often experience significant sleep defi-
ciency due to short sleep as well as a mismatch of the time
available for sleep and the worker’s circadian rhythms. There-
fore, workers may need sleep interventions that address these
circadian rhythm challenges and the sometimes-limited time
available for sleep. Lerman et al. discusses a comprehensive
set of practice guidelines for managers to reduce risks from
shift work, long work hours, and other causes of worker fa-
tigue. They discuss specific content for education programs for
shift workers.

Two studies were identified which examined the effects of
sleep hygiene training in shift workers. Holbrook et al. tested
the efficacy of a 1-hour sleep hygiene program in a group of
predominantly male United States law enforcement officers
who worked irregular rotating work hours.? Immediately after
the training, officers’ knowledge about sleep hygiene improved.
However, at one-month follow-up the officers remained dissat-
isfied with their sleep and reported that the work hours and lack
of control over their sleep times made it difficult to apply the
healthy sleep practices provided in the program.? In a second
study, 37 Taiwanese female workers, among whom 12 were
shift workers, participated in a 5-week sleep hygiene training
program. The training included suggestions for shift work-
ers: adjusting sleep schedules, timed exposure to light, using
naps before night shift, and reducing noise.* After the 5-week
program participants reported significant improvements in
sleep quality.*

Several studies were identified which examined the ef-
fects of “fatigue management” programs with heterogeneous
components in a variety of worker populations. Rosekind et
al. tested a 3.5-hour fatigue training program in United States
male flight crew members who made frequent transcontinental
flights. The program included alertness strategies, shift sched-
uling, and information about healthy sleep and various sleep
disorders. The intervention significantly improved actigraphy-
recorded sleep duration by one hour, knowledge about sleep,
and reaction time.*

Scott et al.’”*® tested a 1-hour fatigue management program
in nurses. It provided information about fatigue, sleep circa-
dian rhythms, effects of poor sleep and strategies for improving
sleep quality and duration, minimizing fatigue and promoting
alertness, and the use of naps and caffeine.’”** At 4-week and
3-month follow-up, there were significant improvements in
sleep duration, sleep quality, alertness, and error prevention.
However, the nurses continued to experience poor sleep qual-
ity, sleepiness and guilt about leaving the hospital unit to take
anap or a rest break.

A single study reports the effects of the Sleep, Alertness,
and Fatigue Education in Residency (SAFER) program, a 60
to 90-minute lunchtime lecture about sleep loss and recovery
sleep with the goal of increasing residents’ sleep and reduc-
ing sleep deprivation.”® The investigators provided SAFER
to 58 United States first year medical residents during their
I-month general medicine inpatient rotation between 2003 and
2005. The residents worked 80 hours a week and were only off
from work every fourth night. The program did not improve
actigraphy-recorded sleep duration that remained well below
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recommended sleep durations. The authors concluded that the
demanding nature of the residents” work and work hours were
significant barriers to obtaining adequate sleep.

We identified two studies of the effects of a training and
sleep disorders screening intervention for United States fire-
fighters who worked 24-hour shifts followed by 48 hours
off.24% The 30-minute training program included screening
questionnaires and follow-up for sleep disorders, and educa-
tion about sleep, sleep hygiene, and sleep-related health haz-
ards. In the first study, firefighters working in stations that
received the intervention had on average 46% fewer disabil-
ity days and were 24% less likely to file an injury report.?6-4°
In the second study, investigators compared three methods
of delivering the training program in a sample of over 6,000
firefighters from eight fire departments. The methodolo-
gies were either expert-led, train-the-trainer or online.*’ All
methods of delivery led to positive behavior changes, with
the class that was led by an expert showing the largest gains
in knowledge scores, participation rates, and obtaining sleep
disorder evaluations.

Taken together, studies of educational interventions con-
ducted in day workers suggest that they lead to at least modest
improvements in self-reported sleep quality and quantity, and
less sleepiness during the work period. However, there was
considerable variability in the criteria for study participation,
intervention components and delivery methods. Interventions
that used interactive methods to assist workers to problem-
solve their sleep concerns seem to be more effective than those
focused solely on providing education. The interventions fo-
cused on shift workers seemed to be somewhat less effective
due to the difficult work hours.

Naps

Naps, both specifically timed or taken ad lib, have been studied
as a way to combat effects of sleep deprivation. Twelve stud-
ies looked at the effectiveness of napping as a countermeasure
to sleepiness and fatigue in safety-sensitive industries.**=> In
controlled laboratory settings, the benefits of napping have
been shown to depend on several factors, including duration,
timing and amount of deep sleep contained in the nap.”'*

Two studies examined the napping intervention in employ-
ees working night shifts.**#® The first was a 2-week study of
aircraft maintenance engineers working in a forward rotating
12-hour shift pattern, taking a single 20-minute nap during the
first night shift. After two weeks, the engineers significantly
improved speed of response on a vigilance task measured at
the end of the shift compared with the control condition.” In
the second study, napping was offered to six nursing units in
two hospitals. Nurses found naps to be helpful and reported
being less drowsy while driving home after their shift.*®

Health Promotion Interventions

Health-promoting behaviors are activities undertaken for the
purposes of reducing or preventing disease and improving
health and wellbeing. Behaviors such as exercise or increased
physical activity can improve sleep health as a secondary out-
come and may be an effective tool for workers. We identified
ten studies that examined the benefits of health promotion
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interventions on sleep.?>?*2273439 Two studies evaluated the
effects of encouraging increased physical activity on sleep.
Bouchard et al. converted seated workstations into treadmill
workstations in the office of nurses and dieticians who ordi-
narily sat at desks for much of the day. Twenty-two partici-
pants were encouraged to use the treadmill workstations for a
minimum of 2 hours each day to reduce sedentary time, with
a secondary goal of improving sleep quality. After 3 months,
time spent in low-intensity activities decreased by 20% and
most participants (58%) reported improvements in sleep qual-
ity.” In a larger study of 490 healthy workers, Hori et al. found
that a 4-week walking intervention, accompanied by weekly
email reminders, improved sleep quality, sleep onset latency,
and sleep duration.*

Workplace programs that target body weight and diet re-
port improved sleep. One wellness program focused on body
weight, diet, nutrition, physical activity, stress management,
and sleep habits.?> After 1 year, participants reported a slight
increase in the number of restful nights of sleep per week from
3.7 to 4 nights. A 12-week workplace weight-loss program re-
ported less sleepless nights 26 days after the program.?” Sleep
information was not included in this program.

Another study evaluated the effect of alternative medicine
including ear acupressure, acupuncture, and a proprietary
form of massage based upon Chinese medicine principles.®
The self-selected sample included mostly health care work-
ers at a military hospital. After allowing ad libitum use of the
different modalities for one year, participants reported strong
agreement on a 5-point Likert scale questionnaire with expe-
riencing improved mood and sleep, as well as job satisfaction.
These effects increased with the number of clinic visits.?

These studies suggest that health-promoting behaviors
provided during the workday, such as physical activity and
relaxation approaches may improve sleep and sleep-related
outcomes. However, there is a need to examine additional
sleep-related outcomes such as worker performance and to ad-
dress limitations such as sleep not being objectively measured.

Workplace Environment Modifications
Three studies highlighted the effectiveness of environmental
modifications on sleep.®* % In a study of light supplementa-
tion/modification in a group of shift-working nurses, circadian
rhythms, as assessed by core body temperature and salivary
melatonin, improved.®® The study employed supplemental
bright light during the first 6 hours of their shift, then partici-
pants wore darkening goggles at the end of their shift to limit
light exposure prior to daytime sleep after work.®® A subse-
quent study, conducted by Baek and Min, demonstrated that
that bright short-spectrum light applied immediately after noon
reduced self-reported drowsiness, EEG alpha activity, and in-
creased task performance during the early to mid-afternoon
period.®! The effects on nocturnal sleep were not examined.*'
There have been few other studies that directly examined the
impact of modifying physical environmental factors on sleep
parameters, although the existing literature suggests possible
directions. For example, access to windows and daylight expo-
sure is correlated with improved sleep and daytime function.®®
Some studies have shown that the physical environment affects
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the value of naps taken in the workplace® and that proper ven-
tilation may influence performance and sleep.®

DISCUSSION

We reviewed the literature concerning interventions that might
be initiated by employers to improve the sleep of their work-
ers. The interventions we identified included educational pro-
grams for day and shift workers, health promotion programs
such as those promoting physical activity, strategic naps, and
environmental modifications in the workplace—all of which
demonstrated some promising findings. However, our review
confirms that there is a pressing need for additional research on
the effectiveness of workplace interventions to improve sleep.

Challenges and gaps in the literature are related to two over-
arching limitations that must be addressed prior to more wide-
spread implementation of sleep interventions in the workplace.
These limitations are (1) the heterogeneity in populations, set-
tings, intervention components, and outcomes; and (2) the sci-
entific rigor of the studies. These limitations make it difficult
to compare and synthesize study results and limit the general-
izability of the findings. We discuss both of these limitations
below and make recommendations for intervention and public
health and policy approaches.

Addressing the Heterogeneity in Populations, Settings,
and Interventions

The wide variability noted in the reviewed studies suggests that
sleep interventions in the workplace will not be effective using a
single approach. There was wide variability in the characteris-
tics of the worker population (eg, age, sex, geographic location,
societal and cultural factors) that may influence the efficacy
of specific sleep interventions, as well as the targeted sleep
characteristics (eg, duration, timing, quality). For example,
several studies reported use of sleep hygiene, which is one part
of multi-component cognitive behavioral therapy for insom-
nia. Sleep hygiene is minimally efficacious as a solo therapy
for insomnia® and may not be efficacious for shift workers or
those who work prolonged shifts. These workers may instead
benefit from naps before the work shift or judicious use of light
or other circadian stimuli to regularize circadian rhythms. Few
studies considered the influence of worker characteristics or
differential characteristics of sleep on the efficacy of interven-
tions. Most used only bivariate or simple regression analyses
without attention to potentially confounding variables, media-
tors, or moderators of treatment effects.

Characteristics of the work and the workplace may also
influence the feasibility and effectiveness of sleep interven-
tions. For example, work-related stress associated with heavy
workloads or emotionally demanding activities may contrib-
ute to both short sleep duration and insomnia. Time available
for sleep and health-promoting activities are also important
considerations for future research. Taking naps during work
breaks may improve worker performance, but they may also
affect staffing levels and the availability of important services.
These are especially concerning in settings where the work re-
quires rapid response to emergency situations, such as acute
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care hospitals or law enforcement. Future studies should ad-
dress these concerns within and across workplace settings.

Taken together the wide heterogeneity in populations,
settings, and interventions, suggests the need to identify
the most efficacious intervention for specific workers in
specific workplaces.

Addressing the Scientific Rigor of Study Designs

The studies reviewed employed a variety of research designs,
including RCTs and quasi-experimental designs, with inconsis-
tent control conditions. Sample sizes were generally small and
therefore underpowered to detect significant effects. Few stud-
ies used objective sleep measurement methods, and many re-
lied on global measures of sleep quality, such as the Pittsburgh
Sleep Quality Index. Objective measures, such as actigraphy
or biomarkers would improve reliability of results. Study de-
sign was also an issue. While conducting RCTs is challenging
in complex workplace settings, this area of science may benefit
from the use of pragmatic clinical trials, adaptive designs, or
other methods that may be more feasible than standard RCTs
in these settings.”” There is also a pressing need for implemen-
tation science that better addresses practical concerns related
to the reach, adoption, implementation, and maintenance of
these interventions in workplace settings.

Recommendations Regarding Intervention Approaches
The reviewed literature indicates use of a variety of interven-
tions that have usually included didactic/educational compo-
nents delivered by face-to-face methods. Some studies also
included interactive components and coaching that promote
problem-solving. Given that education alone is not likely to
create sustained change, more interactive approaches are
needed that are based on behavioral change theories. These
approaches may include addressing social cognitive processes
(eg, self-efficacy), and facilitating social support, as well as
providing resources such as time, personnel, and educational
materials to support these behaviors.

Although our review supports the use of education that
emphasizes the importance of sleep behavior, encouraging
health-promoting behaviors and relaxation strategies may also
be useful. The benefits of these interventions may also include
improvements in broader health outcomes. Incorporating sleep
content in broader health promotion efforts for day workers,
such as those focusing on diet and physical activity may be
practical and cost effective.

Workplace napping has been recommended but not exten-
sively studied in the workplace, and there are several consider-
ations that require further clarification. Nap duration appears
to be an important factor in self-reported alertness or task
completion, with shorter naps of 10-20 minutes often pro-
viding improvement. A short 15-minute post-lunch nap pro-
moted subsequent alertness, performance and nocturnal sleep
in factory workers.* In contrast, naps of 50 minutes are more
likely to result in entry into slow wave sleep; arousals from
slow wave sleep result in greater sleep inertia and impair per-
formance immediately upon awakening.®* Although naps of
30 minutes or less have been recommended to minimize sleep
inertia, a recent systematic review concluded that 15 minutes
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Table 2—Suggested strategies to promote healthy sleep in the workplace.

Strategies for 1.
Accredited
Sleep Centers | 2

provide programs on request.

Develop expertise about the health and safety risks that are associated with shift work and long work hours and the strategies that
reduce those risks. Be a resource for the evaluation and treatment for the workers and consultation for employers.

. Develop and disseminate sleep education programs that can be provided onsite at workplaces. Publicize to local workplaces and

Workplace On hours worked:
Strategies for 1.
Employers when overtime can be worked.

sleep.
3. Implement flexible scheduling options.

Environmental support:

2. Promote the use of short naps during work breaks.
3. Establish fatigue risk management systems."
4

and near misses.

@

functions during time off.

drivers on the dangers of drowsy driving.

Set limits on the number of hours worked per 24 hours and per 7-day period. This should include restrictions on how much and

2. Establish a minimum of 10 to 11 consecutive hours off from work per 24-hour period for workers to obtain at least 7 hours of

1. Provide a sleep education program for all employees.

. Incorporate fatigue-related factors into incident investigations. Establish an anonymous, no-blame reporting system for incidents

Establish a system to facilitate workers with sleep problems seeing a health care provider or an accredited sleep disorders center.
6. Protect the time for sleep for evening and night shift employees by not requiring attendance at meetings or attention to work

7. Modify environmental factors, such as lighting, to promote worker well-being and alertness.
8. Incentivize the use of public transportation, especially after long or late shifts and for workers with longer commutes. Educate

9. Where possible, encourage teleworking to facilitate more time for sleep.

may be optimal.®® However, the investigators concluded that
there is insufficient evidence to recommend napping during
the night shift, expressing concerns that sleep inertia may also
be influenced by other sleep and circadian rhythm processes,
including sleep debt.® The research identifying the best dura-
tion and timing for naps requires more clarification.

The concerns over sleep inertia highlight one level of com-
plex trade-offs. While a nap might combat effects of sleep debt,
sleep inertia may inadvertently jeopardize safety, particularly
if those who nap must be immediately alert and functional
upon awakening to safely and effectively perform their work
roles. The nature of work may influence feasibility of napping
while on the job. For example, emergency medical personnel
may be unable to sleep on a busy shift.

Additionally, studies of worker age’™ and of long-term ef-
fects of replacement napping are lacking.” Finally, in the work
setting, developing specific recommendations about naps is
challenging’” due to the enormous variation in the possible
timing, duration and frequency of naps and the potential for
sleep inertia after napping.*® Napping in the context of teams
creates another level of complexity, as the impact on team
function of one or more team members napping at different
times has not been addressed. Nonetheless, strategic napping
may be appropriate for certain workers in specific situations.

Strategic Public Health Policy Considerations

A large body of epidemiological evidence demonstrates the
critical importance of sleep to health. Extant findings also
suggest the potential of workplace interventions to improve
sleep and sleep-related outcomes including public safety and
worker productivity, although the strength of the evidence is
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less robust. However, it is unlikely that individually-focused
interventions will be effective without significant support from
policy at the workplace and governmental levels. Therefore,
there is a pressing need for the development, evaluation, and
implementation of policies to improve sleep worker health.

The duration and scheduling of work hours and time off from
work are an important focus, since these can be key obstacles
to workers having enough time to get the 7 or more hours of
sleep recommended for adults.”* Information on policies and
workplace strategies to promote sleep health are available in
Module 5 of NIOSH et al.” and Caruso.”® In Table 2, we sug-
gest potential strategies to promote sleep in the occupational
health setting.

Limitations and Conclusions

This review has several limitations. Specific search terms
were used to identify relevant reports, however, it is possible
that relevant papers were missed. We only included English
language publications, so there is risk of language bias. We
did not apply a formal evidence quality assessment once we
determined that we would not be performing a meta-analysis.
Although fairly broad search terms were used, there are many
outcomes of sleep interventions, which our search may have
failed to identify.

This review did not include the effect of shift work and long
work hours on sleep, which are other workplace factors that
strongly impact sleep. Work hours can restrict the time avail-
able for sleep and can prevent the worker from sleeping at times
that are appropriately aligned with their circadian rhythms. As
a result, shift work and long work hours are often associated
with short sleep duration and sleep disturbances.”””” This topic

April 15, 2019



Downloaded from jcsm.aasm.org by 65.21.193.86 on March 2, 2022. For personal use only. No other uses without permission.

Copyright 2022 American Academy of Sleep Medicine. All rights reserved.

NS Redeker, CC Caruso, SD Hashmi, et al.

has been examined in many studies and can be a focus for a
future review of the literature.

Short and irregularly timed sleep, as well as insomnia
symptoms adversely impact worker health, quality of life,
productivity, and safety. Workplace efforts to improve sleep
have high potential to address this important public health
problem. Critical for addressing this problem are systematic
ways to integrate sleep health into workplace settings and de-
velop policies at the level of the workplace and society includ-
ing state and federal governments that take into consideration
the costs and benefits to workers, their families, communi-
ties, and employers.

REFERENCES

1. Colten HR, Altevogt BM, eds. Sleep Disorders and Sleep Deprivation: An
Unmet Public Health Problem. Washington, DC: National Academies Press
(US); 2006.

2. Liu'Y, Wheaton AG, Chapman DP, Cunningham TJ, Lu H, Croft JB.
Prevalence of healthy sleep duration among adults--United States, 2014.
MMWR Morb Mortal Wkly Rep. 2016;65(6):137-141.

3. Luyster FS, Strollo PJ Jr, Zee PC, Walsh JK; Boards of Directors of the
American Academy of Sleep Medicine and the Sleep Research Society. Sleep:
a health imperative. Sleep. 2012;35(6):727-734.

4. Gallicchio L, Kalesan B. Sleep duration and mortality: a systematic review and
meta-analysis. J Sleep Res. 2009;18(2):148-158.

5. Grandner M, Mullington JM, Hashmi SD, Redeker NS, Watson NF,
Morgenthaler TI. Sleep duration and hypertension: analysis of > 700,000
adults by age and sex. J Clin Sleep Med. 2018;14(6):1031-1039.

6. Grandner MA, Chakravorty S, Perlis ML, Oliver L, Gurubhagavatula |. Habitual
sleep duration associated with self-reported and objectively determined
cardiometabolic risk factors. Sleep Med. 2014;15(1):42-50.

7. Liu'Y, Wheaton AG, Chapman DP, Croft JB. Sleep duration and chronic
diseases among U.S. adults age 45 years and older: evidence from the 2010
Behavioral Risk Factor Surveillance System. Sleep. 2013;36(10):1421-1427.

8. Alhola P, Polo-Kantola P. Sleep deprivation: impact on cognitive performance.
Neuropsychiatr Dis Treat. 2007;3(5):553-567.

9. Baldwin DC Jr, Daugherty SR. Sleep deprivation and fatigue in residency
training: results of a national survey of first- and second-year residents. Sleep.
2004;27(2):217-223.

10. Petrilli RM, Roach GD, Dawson D, Lamond N. The sleep, subjective fatigue,
and sustained attention of commercial airline pilots during an international
pattern. Chronobiol Int. 2006;23(6):1357-1362.

11. Otmani S, Pebayle T, Roge J, Muzet A. Effect of driving duration and partial
sleep deprivation on subsequent alertness and performance of car drivers.
Physiol Behav. 2005;84(5):715-724.

12. Russo MB, Kendall AP, Johnson DE, et al. Visual perception,
psychomotor performance, and complex motor performance during
an overnight air refueling simulated flight. Aviat Space Environ Med.
2005;76(7 Suppl):C92-C103.

13. Akerstedt T, Wright KP Jr. Sleep loss and fatigue in shift work and shift work
disorder. Sleep Med Clin. 2009;4(2):257-271.

14. Connor J, Norton R, Ameratunga S, et al. Driver sleepiness and risk of
serious injury to car occupants: population based case control study. BMJ.
2002;324(7346):1125.

15. Kecklund G, Akerstedt T, Ingre M, Séderstrém M. Train drivers’ working
conditions and their impact on safety, stress and sleepiness: a literature
review, analyses of accidents and schedules. Stress Research Report no 288.
Stockholm, Sweden: National Institute for Psychological Factors and Health
(IPM); 1999.

16. Hafner M, Stepanek M, Taylor J, Troxel WM, van Stolk C. Why sleep matters-
the economic costs of insufficient sleep: a cross-country comparative analysis.
Rand Health Q. 2017,6(4):11.

Journal of Clinical Sleep Medicine, Vol. 15, No. 4

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Review: Workplace Interventions to Promote Sleep Health

Skerrett PJ. Sleep deprivation’s true workplace costs. Harvard Business
Review website. https://hbr.org/2011/01/sleep-deprivations-true-workpl.html.
Published January 12, 2011. Accessed March 28, 2019.

Hui SK, Grandner MA. Trouble sleeping associated with lower work
performance and greater health care costs: longitudinal data from
Kansas state employee wellness program. J Occup Environ Med.
2015;57(10):1031-1038.

Lerman SE, Eskin E, Flower DJ, et al. Fatigue risk management in the
workplace. J Occup Environ Med. 2012;54(2):231-258.

Holbrook MI, White MH, Hutt MJ. Increasing awareness of sleep hygiene
in rotating shift workers: arming law-enforcement officers against impaired
performance. Percept Mot Skills. 1994;79(1 Pt 2):520-522.

Grzywacz JG, Casey PR, Jones FA. The effects of workplace flexibility
on health behaviors: a cross-sectional and longitudinal analysis.
J Occup Environ Med. 2007;49(12):1302-1309.

Merrill RM, Anderson A, Thygerson SM. Effectiveness of a worksite wellness
program on health behaviors and personal health. J Occup Environ Med.
2011;53(9):1008-1012.

Papp KK, Stoller EP, Sage P, et al. The effects of sleep loss and fatigue on
resident-physicians: a multi-institutional, mixed-method study. Acad Med.
2004;79(5):394-406.

Silberman J, Schwartz S, Giuseffi DL, Wang C, Nevedal D,

Bedrosian R. Reductions in employee productivity impairment observed
after implementation of web-based worksite health promotion programs.

J Occup Environ Med. 2011;53(12):1404-1412.

Talvi Al, Jarvisalo JO, Knuts LR. A health promotion programme for oil refinery
employees: changes of health promotion needs observed at three years.
Occup Med (Lond). 1999;49(2):93-101.

Sullivan JP, O'Brien CS, Barger LK, Rajaratnam SM, Czeisler CA, Lockley SW.
Randomized, prospective study of the impact of a sleep health program on
firefighter injury and disability. Sleep. 2017;40(1).

Bruno M, Touger-Decker R, Byham-Gray L, Denmark R. Workplace

weight loss program: impact on quality of life. J Occup Environ Med.
2011;53(12):1396-1403.

Arora VM, Georgitis E, Woodruff JN, Humphrey HJ, Meltzer D.
Improving sleep hygiene of medical interns: can the sleep, alertness,
and fatigue education in residency program help? Arch Intern Med.
2007;167(16):1738-1744.

Barger LK, Rajaratnam SMW, Cannon CP, et al. Short sleep duration,
obstructive sleep apnea, shiftwork, and the risk of adverse cardiovascular
events in patients after an acute coronary syndrome. J Am Heart Assoc.
2017;6(10).

Chen PH, Kuo HY, Chueh KH. Sleep hygiene education: efficacy on sleep
quality in working women. J Nurs Res. 2010;18(4):283-289.

Crain TL, Schonert-Reichl KA, Roeser RW. Cultivating teacher mindfulness:
Effects of a randomized controlled trial on work, home, and sleep outcomes.
J Occup Health Psychol. 2017;22(2):138-152.

Kakinuma M, Takahashi M, Kato N, et al. Effect of brief sleep hygiene
education for workers of an information technology company. Ind Health.
2010;48(6):758-765.

Kaku A, Nishinoue N, Takano T, et al. Randomized controlled trial on

the effects of a combined sleep hygiene education and behavioral

approach program on sleep quality in workers with insomnia. Ind Health.
2012;50(1):52-59.

Nishinoue N, Takano T, Kaku A, et al. Effects of sleep hygiene education and
behavioral therapy on sleep quality of white-collar workers: a randomized
controlled trial. Ind Health. 2012;50(2):123-131.

Suzuki E, Tsuchiya M, Hirokawa K, Taniguchi T, Mitsuhashi T, Kawakami N.
Evaluation of an internet-based self-help program for better quality of sleep
among Japanese workers: a randomized controlled trial. J Occup Health.
2008;50(5):387-399.

Rosekind MR, Gregory KB, Mallis MM. Alertness management in aviation
operations: enhancing performance and sleep. Aviat Space Environ Med.
2006;77(12):1256-1265.

Scott LD, Hofmeister N, Rogness N, Rogers AE. Implementing a fatigue
countermeasures program for nurses: a focus group analysis. J Nurs Adm.
2010;40(5):233-240.

April 15, 2019



Downloaded from jcsm.aasm.org by 65.21.193.86 on March 2, 2022. For personal use only. No other uses without permission.

Copyright 2022 American Academy of Sleep Medicine. All rights reserved.

NS Redeker, CC Caruso, SD Hashmi, et al.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Scott LD, Hofmeister N, Rogness N, Rogers AE. An interventional approach
for patient and nurse safety: a fatigue countermeasures feasibility study.
Nurs Res. 2010;59(4):250-258.

Engelen L, Chau J, Bohn-Goldbaum E, Young S, Hespe D, Bauman A. Is
active design changing the workplace? - A natural pre-post experiment looking
at health behaviour and workplace perceptions. Work. 2017;56(2):229-237.

Barger LK, O'Brien CS, Rajaratnam SM, et al. Implementing a sleep health
education and sleep disorders screening program in fire departments: a
comparison of methodology. J Occup Environ Med. 2016;58(6):601-609.

Caruso C, Rosa R. Shift work and long work hours. In: Rom WN, ed.
Environmental and Occupational Medicine. 4th ed. Philadelphia, PA: Lippincott
Williams & Wilkins, 2007.

Hayashi M, Chikazawa Y, Hori T. Short nap versus short rest: recuperative
effects during VDT work. Ergonomics. 2004;47(14):1549-1560.

Daurat A, Foret J. Sleep strategies of 12-hour shift nurses with emphasis on
night sleep episodes. Scand J Work Environ Health. 2004;30(4):299-305.

Takahashi M, Nakata A, Haratani T, Ogawa Y, Arito H. Post-lunch nap

as a worksite intervention to promote alertness on the job. Ergonomics.
2004;47(9):1003-1013.

Purnell MT, Feyer AM, Herbison GP. The impact of a nap opportunity during
the night shift on the performance and alertness of 12-h shift workers.

J Sleep Res. 2002;11(3):219-227.

Sveinsdéttir H. Self-assessed quality of sleep, occupational health, working
environment, iliness experience and job satisfaction of female nurses working
different combination of shifts. Scand J Caring Sci. 2006;20(2):229-237.

Macchi MM, Boulos Z, Ranney T, Simmons L, Campbell SS. Effects of an
afternoon nap on nighttime alertness and performance in long-haul drivers.
Accid Anal Prev. 2002;34(6):825-834.

Geiger-Brown J, Sagherian K, Zhu S, et al. CE: original research: napping
on the night shift: a two-hospital implementation project. Am J Nurs.
2016;116(5):26-33.

Sallinen M, Harma M, Akerstedt T, Rosa R, Lillgvist O. Promoting alertness
with a short nap during a night shift. J Sleep Res. 1998;7(4):240-247.

Takahashi M, Fukuda H, Arito H. Brief naps during post-lunch
rest: effects on alertness, performance, and autonomic balance.
Eur J Appl Physiol Occup Physiol. 1998;78(2):93-98.

Broughton RJ, Ogilvie RD. Sleep, Arousal and Performance. 1st ed. Basel,
Switzerland: Birkhauser; 1992.

Broughton RJ, Dinges DF. Sleep and alertness: chronobiological, behavioral,
and medical aspects of napping. New York, NY: Raven Press; 1989.

Hilditch CJ, Centofanti SA, Dorrian J, Banks S. A 30-minute, but not
a 10-minute nighttime nap is associated with sleep inertia. Sleep.
2016;39(3):675-685.

Bouchard DR, Strachan S, Johnson L, et al. Using shared treadmill
workstations to promote less time spent in daily low intensity physical
activities: a pilot study. J Phys Act Health. 2016;13(1):111-118.

Duncan AD, Liechty JM, Miller C, Chinoy G, Ricciardi R. Employee use

and perceived benefit of a complementary and alternative medicine

wellness clinic at a major military hospital: evaluation of a pilot program.

J Altern Complement Med. 2011;17(9):809-815.

Hori H, Ikenouchi-Sugita A, Yoshimura R, Nakamura J. Does subjective sleep
quality improve by a walking intervention? A real-world study in a Japanese
workplace. BMJ Open. 2016;6(10):e011055.

Stucky ER, Dresselhaus TR, Dollarhide A, et al. Intern to attending: assessing
stress among physicians. Acad Med. 2009;84(2):251-257.

Novak RD, Auvil-Novak SE. Focus group evaluation of night nurse shiftwork
difficulties and coping strategies. Chronobiol Int. 1996;13(6):457-463.
Robbins WA, Berman BA, Stone DS. Health effects of vanpooling to work.
Workplace Health Saf. 2015;63(12):554-563; quiz 564.

Boivin DB, James FO. Circadian adaptation to night-shift work by judicious
light and darkness exposure. J Biol Rhythms. 2002;17(6):556-567.

Baek H, Min BK. Blue light aids in coping with the post-lunch dip: an EEG
study. Ergonomics. 2015;58(5):803—810.

Journal of Clinical Sleep Medicine, Vol. 15, No. 4

62.

64.

65.

66.

67.

68.

69.

70.

7.

72.

73.

74.

75.

76.

7.

78.
79.

Review: Workplace Interventions to Promote Sleep Health

Sasseville A, Benhaberou-Brun D, Fontaine C, Charon MC, Hebert M.
Wearing blue-blockers in the morning could improve sleep of workers on a
permanent night schedule: a pilot study. Chronobiol Int. 2009;26(5):913-925.

. Boubekri M, Cheung IN, Reid KJ, Wang CH, Zee PC. Impact of windows and

daylight exposure on overall health and sleep quality of office workers: a case-
control pilot study. J Clin Sleep Med. 2014;10(6):603-611.

Jay SM, Aisbett B, Sprajcer M, Ferguson SA. Sleeping at work: not all about
location, location, location. Sleep Med Rev. 2015;19:59-66.

Vehvildinen T, Lindholm H, Rintamaki H, et al. High indoor CO2 concentrations
in an office environment increases the transcutaneous CO2 level and
sleepiness during cognitive work. J Occup Environ Hyg. 2016;13(1):19-29.

Morgenthaler T, Kramer M, Alessi C, et al. Practice parameters for the
psychological and behavioral treatment of insomnia: an update. an American
Academy of Sleep Medicine report. Sleep. 2006;29(11):1415-1419.

Rychetnik L, Frommer M, Hawe P, Shiell A. Criteria for evaluating

evidence on public health interventions. J Epidemiol Community Health.
2002;56(2):119-127.

Stampi C, Broughton R, Mullington J, Rivers M, Campos J. Ultrashort

sleep strategies during sustained operations: the recuperative value of
multiple 80-, 50- and 20-min naps. In: Costa G, Cesana G, Kogi K, eds.
Shiftwork: Health, Sleep and Performance. Frankfurt, Germany: Peter Lang;
1990:623-638.

Stampi C, Broughton RJ, Mullington J, Rivers M, Campos J. Ultrashort sleep
schedules: sleep architecture and recuperative value of 80-, 50-, and 20-min
naps. In: Horne JA, ed. Sleep '90. Bochum, Germany: Pontenagel Press; 1990.

Faraut B, Andrillon T, Vecchierini MF, Leger D. Napping: a public health issue.
From epidemiological to laboratory studies. Sleep Med Rev. 2017;35:85-100.

Martin-Gill C, Higgins JS, Van Dongen HPA, et al. Proposed performance
measures and strategies for implementation of the fatigue risk management
guidelines for emergency medical services. Prehosp Emerg Care.
2018;22(sup1):102-109.

Richter K, Acker J, Adam S, Niklewski G. Prevention of fatigue and insomnia in
shift workers-a review of non-pharmacological measures. EPMA J. 2016;7:16.

Ruggiero JS, Redeker NS. Effects of napping on sleepiness and sleep-related
performance deficits in night-shift workers: a systematic review. Biol Res Nurs.
2014;16(2):134-142.

Watson NF, Badr MS, Belenky G, et al. Joint consensus statement of the
American Academy of Sleep Medicine and Sleep Research Society on

the recommended amount of sleep for a healthy adult: methodology and
discussion. J Clin Sleep Med. 2015;11(8):931-952.

NIOSH, Caruso CC, Geiger-Brown J, Takahashi M, Trinkoff A, Nakata

A. NIOSH training for nurses on shift work and long work hours. DHHS
(NIOSH) Publication No. 2015-115. Cincinnati, OH: US Department of
Health and Human Services, Centers for Disease Control and Prevention,
National Institute for Occupational Safety and Health; 2015. Available from
www.cdc.gov/niosh/docs/2015-115/.

Caruso CC. Workplace Strategies to Reduce Risks from Shift Work, Long
Work Hours, and Related Fatigue Issues. In: Hudson HL, Nigam JAS,
Sauter SL, Chosewood LC, Schill AL, Howard J, eds. Total Worker Health.
Washington, DC: American Psychological Association; 2019.

Bannai A, Tamakoshi A. The association between long working

hours and health: a systematic review of epidemiological evidence.
Scand J Work Environ Health. 2014;40(1):5-18.

Knauth P. Extended work periods. Ind Health. 2007;45(1):125-136.
Pilcher JJ, Lambert BJ, Huffcutt Al. Differential effects of permanent and

rotating shifts on self-report sleep length: a meta-analytic review. Sleep.
2000;23(2):155-163.

ACKNOWLEDGMENTS

The authors gratefully acknowledge Janet Croft, PhD for her contributions in the
review of the literature.

April 15, 2019



Downloaded from jcsm.aasm.org by 65.21.193.86 on March 2, 2022. For personal use only. No other uses without permission.

Copyright 2022 American Academy of Sleep Medicine. All rights reserved.

NS Redeker, CC Caruso, SD Hashmi, et al.

Review: Workplace Interventions to Promote Sleep Health

SUBMISSION & CORRESPONDENCE INFORMATION DISCLOSURE STATEMENT

Submitted for publication February 27, 2019

Submitted in final revised form February 27, 2019

Accepted for publication March 7, 2019

Address correspondence to: Nancy S. Redeker, PhD, RN, Beatrice Renfield Term
Professor of Nursing, Director, Biobehavioral Laboratory, Yale School of Nursing,
400 West Campus Drive West Haven, CT 06516; Email: research@aasm.org

Journal of Clinical Sleep Medicine, Vol. 15, No. 4

657

Funding for this project was provided by the American Academy of Sleep Medicine
and Sleep Research Society, and by cooperative agreement 1U50DP004930-05
from the Centers for Disease Control and Prevention. The findings and conclusions
in this report are those of the authors and do not necessarily represent the official
views of the National Institute for Occupational Safety and Health or the Centers
for Disease Control and Prevention. The authors report no conflicts of interest.

Ms. Hashmi is employed by the American Academy of Sleep Medicine.

April 15, 2019



