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Abstract

Introduction: Agriculture, forestry, and fishing industry (AgFF) workers often work
extremely long hours during peak production seasons, resulting in sleep deprivation
and fatigue. The National Occupational Research Agenda has classified fatigue as a
“significant safety issue” and area of concern for many industry sectors, including
AgFF. This review explores current research and practice in AgFF and proposes next
steps.

Methods: We conducted a scoping literature review to examine the extent and
nature of research in this area. Article inclusion criteria included peer-reviewed
journal articles written in English; published after 1989; covering AgFF workers in
high-income countries; with data on working hours/schedules and sleep related to
safety and health.

Results: Limited research has addressed long hours and sleep deprivation among
AgFF workers. We identified 8350 articles for title and abstract review. Among
those, 407 underwent full-text review and 96 met all inclusion criteria (67%
agriculture, 25% fishing/seafood processing, 8% forestry). The literature provided
some evidence fatigue contributes to fatalities, injuries, and illnesses in AgFF. Older,
new, young, foreign-born, and female workers, as well as those who work in small
organizations or longer hours (40+) may be at higher risk for fatigue-related injury
and illness. Few studies have developed or evaluated interventions to control risks.
Discussion: Given that fatigue is a factor in injury and illness for this sector, future
AgFF surveillance and research should increase efforts to capture fatigue and sleep
data, directly investigate the role of long hours and nonstandard work schedules in

the sector, and most importantly, create practical interventions to manage fatigue.
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1 | INTRODUCTION

The agriculture, forestry, and fishing (AgFF) industry sector has
approximately 2.4 million workers.? Agriculture includes both crop
and animal production, as well as animal products such as milk and
eggs. Forestry includes logging operations and businesses that grow
trees and gather forest products. Fishing includes a variety of
commercial fishing operations offshore and onshore. AgFF workers
face serious safety and health challenges potentially compounded by
long hours, limited sleep, and fatigue. AgFF has the highest fatal
injury rate among all industry sectors, at 23.4 per 100,000 full-time
equivalent workers (FTEs), over six times higher than the all-worker
rate of 3.5 per 100,000 FTEs.? Likewise, AgFF workers are at high
risk for nonfatal injury and illness, with a rate of 5.3 per 100 FTEs,
compared to the all-worker rate of 2.8 per 100 FTEs.® Furthermore,
the nonfatal injury and illness rate likely severely underestimates the
true injury and illness burden in this sector, due to limitations in
reporting and methodology of surveying employers (e.g., exclusion of
self-employed workers, which constitute a significant portion of this
workforce).* At the same time, most AgFF workers are specifically
exempted from policies regulating maximum hours per shift, overtime
pay, minimum wage, child labor restrictions, as well as health and
safety enforcement.®”

Across the AgFF sector, long work hours and fatigue-related
injury and illness have been identified as topics of concern. In 2008,
the National Occupational Research Agenda (NORA) for AgFF stated
fatigue was a “significant safety issue” and is a “cultural norm.”® The
current NORA for AgFF also described it as an area of concern and
includes a priority to explore risk factors for fatigue and to develop
interventions.” US agriculture workers do work longer hours on
average, but hours can vary by the type of commodity produced and
by season. The National Agricultural Workers Survey reported that in
2015-2016, agricultural crop production workers on average worked
38-54 h/week®; whereas, the national average for all US workers
was 34.5 h/week.'? In 2019, agriculture and related industry full-time
workers on average worked 47.6 h/week compared to 42.5 h/week
for nonagricultural workers, and 19.3% of agriculture workers
reported 60 h or over per week compared to 6.4% of nonagricultural
workers.12

Studies have shown overtime, extended work shifts, and lack of
sufficient sleep are known risk factors for injury and illness.*® For
example, workers who lack sufficient sleep are at higher risk of
vehicle crashes, obesity, psychological disorders, musculoskeletal
disorders, reproductive problems, diminished immune response, and
chronic disease.'*1” Fatigue, as a result of long hours and sleep
deprivation, leads to decreases in cognitive performance which may
affect attention, executive function, reaction time, short-term
memory, and other factors.'®-28

The National Institute for Occupational Safety and Health
(NIOSH) is dedicated to reducing the health and safety risks
associated with shift work, long work hours, and other sources of
fatigue. NIOSH has facilitated a variety of teams to identify research
gaps/needs related to working hours, sleep, and fatigue in industries

across the US. This manuscript is part of series of papers developed
following the NIOSH Working Hours, Sleep and Fatigue Forum on
September 13-14, 2019.2° The objective of this scoping review was
to identify available occupational safety and health research related
to extended working hours, sleep deprivation, and fatigue-related
injury and illness in the AgFF industry through a scoping literature
review. Moreover, this paper identifies key cross-industry issues and
knowledge gaps and suggests future research directions to identify
effective fatigue-mitigation interventions tailored to the AgFF

industry.

2 | METHODS

As our goal for this review was to gather, describe, and categorize
available research on work hours, sleep, and fatigue specifically
within the AgFF sector, we conducted a scoping review informed by
methodology described in Arksey and O'Malley, Peters et al., and
Munn et al.2°32 Scoping reviews, while often still rigorous and
replicable, focus on a broader topic rather than an individual research
question (or questions).>? Likewise, scoping reviews seek to
characterize the available types of research data, describe/contextu-
alize key concepts and factors, and propose future research areas
related to the topic; however, they do not generally go on to assess
strengths or weaknesses in the methodology of individual articles as
in a systematic review.332 Our scoping review process included the
following steps: (1) developing case definition and inclusion/exclusion
criteria; (2) conducting an initial pilot search to identify keywords and
representative papers; (3) identifying relevant studies through a title
and abstract search; (4) selecting studies for a full-text review; (5)
recording relevant attributes of the papers; (6) collating, summarizing,
and reporting results. The research team was comprised of
individuals familiar with the various aspects of the agriculture,
forestry, and fishing sector, epidemiology, and literature synthesis.
The team worked with Centers for Disease Control and Prevention
librarians to finalize search terms and selection of databases to

search.

2.1 | Case definition

We first defined fatigue as a decrease in mental or physical ability as
a result of irregular schedules, extended work hours (8 or more hours
worked in a shift), and/or sleep deprivation (sleeping less than

d33

recommende sleep duration). Self-reported feelings of “fatigue,”

n o«

“tiredness,” “sleepiness,” and other related terms were included, as
were studies in which participants' fatigue/sleepiness was quantifi-
ably measured (e.g., Epworth Sleepiness Scale). Studies that did not
specify the source of fatigue (physical labor, sleep deprivation, work
schedule) were included in the review. Articles with discussions of
fatigue in relation to factors which did not result in longer hours or
irregular schedules (vibration, noise, pesticide, or chemical exposure,

etc.) were excluded. While these factors are important areas of study,
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our focus was specifically to look at the effects of work hours
(extended, irregular, early/late start) on fatigue and adverse
outcomes. The search terms included: Sleep* OR (“work” within five
words of “shift*”) OR fatigue* OR exhaustion OR tired OR work
schedule OR (work* ADJ5 hour*) OR wakefulness OR rotating shift*
OR (long* ADJ5 hour*). The AgFF industry included any industry
subsector listed under North American Industry Classification System
(NAICS) code 11, as well as seafood processing (NAICS 3117) due to
it occurring on fishing vessels. Our search terms included Fishery OR
Fisheries OR Fish processing OR fish processor* OR seafood
processing OR seafood processor* OR agriculture OR agricultural
OR poultry production OR egg production OR commercial fishing OR
fishermen OR (fishers NOT (fishers ADJ2 test*) OR forestry
OR logging OR aquaculture OR mariculture OR crop production OR
farming OR farmer* OR farm-hand* OR farmhand* OR farm work*
OR ranch*).

Concurrently, seven databases were searched for publications
during the years 1990-2019: Medline, Embase, Psychinfo, CAB
Abstracts (OVID), Scopus, Agricultural and Environmental Science
Collection (ProQuest), and Web of Science. All records were then
placed into EndNote X9 bibliographic management software®* and
uploaded into Covidence,®® an online systematic review management

software. Duplicates were automatically removed.

2.2 | Inclusion/exclusion criteria

Peer-reviewed papers, regardless of study design, were included.
We did not include gray literature such as presentations,
unpublished reports, trade journal articles, or government docu-
ments. Articles were written in English; published 1990-2019;
covering AgFF workers (NAICS 11) or Seafood Processors (NAICS
3117), from high-income countries as defined by the World
Bank®® which generally more closely resemble US industry
practices; and included data on working hours, schedules, sleep,
and reported feelings of fatigue-related terms, for example,

“fatigue,” “tiredness,” “sleepiness,” or other related terms as they

relate to worker safety and health.

2.3 | Analysis

Articles were reviewed by three study team members. After two
recorded the same decision, the article was put through to the next
step or removed. If, however, the decision was not the same, the
third reviewer resolved the conflict. If the third reviewer could not
resolve the conflict, it was decided by consensus among the three
reviewers. Full-text review of articles was completed in the same
fashion. Relevant data were then extracted and subsequently
categorized by industry subsector, year, country, study design, key
findings, common themes, possible interventions, identified research

gaps, and recommendations for future research.

3 | RESULTS

The initial search returned 9217 articles to which we added 66
articles from the pilot review, plus one article from a search of the
reference sections in our pilot review. This yielded a total of 9284
articles. Using the Covidence application, 934 duplicates were
automatically removed, leaving 8350 articles for title and abstract
review. Among those, 407 were determined to be relevant and
underwent full-text review. After the full-text review, only 96 met all
inclusion criteria. The other 311 were rejected in accordance with the
exclusion criteria: 208 not pertaining to relevant exposure and
outcomes, 70 incorrect worker population, 17 not a peer-reviewed
article, 9 duplicate, 3 unable to obtain copy of full text, 2 not in
English, and 2 before 1990 (Figure 1).

By industry, 64 articles referenced agriculture and none in
aquaculture (67%), 22 referenced fishing and 2 seafood processing
(25%), and 8 in forestry (8%). By study design, there were 58 cross-
sectional, 10 cohort, 10 qualitative, 6 literature reviews, 3 case
control, 3 mixed methods, 3 interventional, 2 editorials, and 1
theoretical (model). By country, 45 papers featured workers in the
United States, 45 were outside of the United States, and 6 were
multi-country or global in scope. Overall, the review confirms
there has been little research specifically on work hours, sleep, and
fatigue in the AgFF sector compared to other sectors. Most articles
did not focus on sleep deprivation, work hours, or work schedules
among AgFF workers, but instead discussed fatigue in the context of
a broader investigation of occupational injury and illness. Twenty-two
studies included quantitative data on work hours and sleep in relation
to injury and are included in Table 1; however, these studies relied on
self-report surveys and interviews and mainly focused on farm
owners and farm households. There were no studies in industries
other than crop and livestock production agriculture. While a few

37-39

studies focused on younger farm workers and older owners/

40,41

workers, only two of the studies focused on migrant/immigrant

populations.3?42

3.1 | Evidence of injury and illness

The review did provide some quantitative evidence of long work
hours, insufficient sleep, and sleep disorders contributing to
increased injury and illness in the AgFF sector specifically, but not

in all studies*® (see Table 1). For work hours, studies generally

indicated that with an increase in hours, injuries increased**4?:

however, some studies showed a decreased rate at higher hours.”%>1

Four studies captured reports of insufficient sleep (less than 8 h of

37,39,51,52

sleep per night), and all found increased risk of injury or back

pain.*? Of the three studies which measured sleepiness using the

Epworth Sleepiness Scale, two studies did not find a statistically

53,54

significant risk of injury, and one study found a score of >10 to

be protective.*® For sleep disorder, studies found increased risk of

injury for those who reported symptoms of sleep apnea40'41’51'52'55
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Additional records identified
through other sources

Records imported for screening
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A

Records screened

(n=8350)

934 duplicates removed

Full-text records assessed for
eligibility

(n=407)

7943 records irrelevant

A4
Records included

(n=96)

311 full-text records excluded:

208 Not pertaining to
relevant exposures and
outcomes

70 Wrong worker
population

17 Not a peer reviewed
article

9 Duplicate

3 Unable to obtain copy of
full text

2 Not in English

2 Prior to 1990

FIGURE 1 Scoping literature review
process

or used sleep medication®?, but one study found decreased risk for
those who reported diagnosed sleep apnea.>®

In agriculture, long hours and fatigue were thought to be risk
factors for injury and illness.37:#445:47-5053.56-62 glaan disorders®®

and increased work hours, %>

were associated with depression. A
survey of farmers in the United Kingdom found they believed fatigue
was the main factor in quad-bike (four-wheeler) loss-of-control

incidents,®

and a survey of farmers in the United States found
“hurry, fatigue, and stress” to be the top reasons for a work-related
injury.®® Other effects of sleep loss/poor sleep in the agriculture
industry included decreased balance,®” weakened hand grip,® and a
weak relationship between self-reported ill health and daytime
sleepiness.®’ Among loggers, self-reported near-miss injury reports
were more common among those also reporting a “high level” of
fatigue.”® In a series of interviews with loggers in Idaho, respondents
reported “production pressure, fatigue, and inexperience as the most
common factors contributing to logging injuries” with “working long
hours, long commutes, and few days off” as the most frequently
stated reasons for participants feeling fatigue.”* Reviews of fishing
industry literature identified only a few articles and proposed fatigue
as a major factor in fishing vessel disasters,”%”® but much more
research is needed to thoroughly understand the impact of fatigue on
vessel disasters and what can be done to mitigate it.”* Fishing

75,76

industry studies also reported a high prevalence of obesity which

may be related to fatigue.

3.2 | Cross-cutting issues

We identified several issues across AgFF industries which may
contribute to fatigue: extended work hours and irregular schedules,
economic and organizational factors, housing and psychosocial
factors, and co-occurring health disparities (older workers, new
workers, young workers, foreign-born workers, female workers, and
workers in small operations). Across all sectors, few studies
developed or evaluated interventions to control risks, but recom-
mendations for possible interventions and future research were
identified.

3.3 | Work hours/schedule

The review confirmed workers in the AgFF sector often work long
hours (sometimes up to 16+h per day) and experience fatigue,
especially during peak harvest and production seasons.*87577-85
Operations frequently run 24-h per day, and shift work is prevalent,

8 and seafood processing.”””® The seasonal

especially in forestry
nature of AgFF work can contribute to fatigue in various ways. Light
and darkness can negatively affect workers because they primarily
work outside.8® Exposure to heat®” and cold stress may also increase
fatigue due to physiological energy expenditures, or start shifts

earlier or later to avoid extreme conditions. Harvests are frequently
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dependent on weather, which often results in working longer hours
when the weather is good or when there is impending bad weather.
Bell and Helmkamp found logging worker compensation claims in
West Virginia (1995-2001) steadily increased from January to
September and then decreased for the rest of the year, which the
authors attribute to working longer hours in late summer to ensure
sawmills would be supplied through winter.8? However, Lilley
et al. found while decreased sleep during peak production times did
not increase risk for injury, those who slept less than 5h during
nonpeak production times were at increased risk of injury (OR: 2.42,
95% Cl: 1.04-5.59).52 Authors found working irregular schedules
may contribute to injuries®” and mental health disorders®> among
fishermen.

3.4 | Organizational and economic factors

Economic and time pressures related to seasonal peaks (e.g., planting,
harvesting) may result in shortcuts and working despite high levels of
fatigue. Some articles noted that workers in the AgFF sector are
often paid by how quickly they work (piece-rate) and/or the size of
the harvest, leading to fast-paced work, long hours, and less sleep.”®
Lizer and Petrea found while increased hours among older farmers
did not increase injury risk, financial stress did.?* Increased hours
working with animals also was a risk factor,*>4¢ but studies did not
specifically compare extended schedules (40+h/week) to handling
livestock. Fishermen often work irregular and extremely long shifts
during harvests.®? When stocks are depleted, fishermen must travel
further and log longer hours for harvests.”??® Farmers facing
economic difficulty may understaff, diversify their business,”* and
work at night,95 leading to increased hours, burnout, and depression.
Farm workers may start at earlier times to avoid the hottest part of
the day, but this may lead interfere with natural circadian rhythms

leading to less sleep.”®

3.5 | Housing, family, and psychosocial factors

AgFF workers often live where they work, or commute long distances
to and from remote worksites.”* Living and working in the same place
means it is often hard to truly be “off the clock” and disengage from
work, especially for crewmembers at sea who cannot “walk-off” the
vessel to escape worksite stressors.””?3 At the same time, many
workers in the sector work weeks, even months away from family,
which several studies reported as a stressor.8>29%97 On family
farms, owner/operators,>! their spouses, or their older children may
work an additional job off the farm, which was shown to increase risk
of injury.”®?? Children who work on farms may be more sleep-
deprived than their nonfarm peers.1°® Women who live on farms may
work especially long hours as they may work an additional job off the
farm, and help out on the farm, in addition to household/child-rearing
duties.’®* Farm owner-operators' and their spouses who worked

longer hours were more likely to say their children were involved in

activities/tasks which are known causes of farm injury.8° Fishermen
and offshore seafood processors sleep aboard vessels and may be
bothered by vibration, noises, and constant moving of the working
platform.”® Likewise, agricultural workers and onshore seafood
processors often live onsite, and congregate housing conditions can
contribute to poor sleep and fatigue, especially with poor or cramped
housing conditions.”>~77:79:102.103 However, one study found fisher-
men working 6-h shifts for up to 3 months did not show signs of
increased physiological stress via cortisol, blood pressure, and blood
lipids, but attributed the findings to “regular working hours, regular
healthy meals, predictable tasks, and social well-being on board, as
well as healthy worker affect.”*%*

3.6 | Co-occurring health disparities

Among AgFF workers, there are disparities related to work hours,

sleep, and fatigue among older workers,”>10>-108

37,39,98,100 71,86
’

younger work-

ers new workers, and foreign-born  work-

ers96,102,108,109

putting these populations at higher risk for fatigue
related injury and illness. Lizer and Petrea found older farmers
worked longer hours than expected compared to those age 55+ in
other occupations, especially during the spring and fall seasons,
averaging 10-12h days,’®®> but longer work hours were not
associated with increased injury in the same sample.”* However, in
other studies, decreased sleep duration!!! and “restless” sleep*! in
older farmers was associated with increased risk of injury. For
adolescent agricultural workers, lack of sleep® and holding multiple
jobs98 had increased rates of injury. Psychosocial problems such as

stress, anxiety, depression,3¢>112 84,96 for

and family separation
extended periods also play a part in sleep deprivation and fatigue,
with these potentially being more prevalent among foreign-born
workers.?”*%? One study of migrant workers found 45% experienced
elevated depressive symptoms and 20% excessive sleepiness.'®’
Migrant farm workers with extended shifts had significantly more
hand problems,®* and those who slept less than 8 h were at increased
risk of chronic back pain.*?> Female workers reported more daytime

sleepiness than men in one study.®?

3.7 | Interventions

For the logging industry, multiple studies showed a reduction in
productivity for both extended shifts and second/third shifts,8¢113
which resulted in some companies eliminating extended shifts as an
economic measure, but not for safety reasons.®® However, during
night shifts, logging companies increased lighting and purchased two-
way radios in an effort to increase visibility and communication after
dark.8® Another logging industry study evaluating caffeine intake and
comparing shift work found caffeine consumption can reduce risks
but had “little benefit for a night of no sleep after a buildup of severe
sleep debt”.*** Another study found access to air-conditioning was a
key factor in better sleep quality when looking at housing quality of
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Latino farmworkers.2°® A study of attitudes and beliefs among
Vietnamese shrimp fishermen in the Gulf of Mexico demonstrated
fatigue was a perceived risk factor and risk perceptions could be
altered by knowledge and awareness of interventions influencing
intent to change behavior.*®

The two studies in this review that evaluated the effectiveness of
fatigue interventions showed mixed results. Bowen et al. hoped to
use real-time monitoring technology to measure fatigue in the
logging industry, but found, “it may not be possible to identify
correlations between workloads and fatigue measures using in-situ
measurements as results are highly personalized to individual
workers and can be misleading if the wider context is not also taken
into consideration.”*® On the other hand, Levin et al. found “[slimple,
yet culturally appropriate training and awareness measures in the
form of visual and written safety messages favorably influence
attitudes, beliefs, and behavioral intent related to priority risk
factors.”*?> These safety messages included a fatigue awareness

message as fatigue was a primary concern of one study subgroup.'*®

3.8 | Research gaps and possible interventions

In all industries, the lack of both data and existing interventions for
fatigue were mentioned, with a consensus that workers were aware
of the hazards and realize the risks, but both the nature of the work
and the organizational culture of AgFF industries are barriers to
fatigue mitigation.**”*18 Studies also mentioned a need for quality
surveillance data to better understand the potential adverse

outcomes of extended hours,”%?

119

irregular schedules, sleep dis-
order/deprivation on injury and illness specifically in AgFF.
Screening for sleep disorders to improve sleep quality was
mentioned.®®”> Further exploration of the relationship between
sleep and injury and illness specifically for this sector was a suggested
topic of future research.®®120-123 Suggestions for future research
also focused on targeting interventions,*”*?* the effect of mood

disorders on fatigue and injury,?°

exploring the relationship of
policies and regulations,'?® and testing a causal link between vessel
disasters and fatigue.”*

Studies stressed interventions must address the effects of long
hours and fatigue, not necessarily create prescriptive rules in an
effort to prevent it.”%117:127:128 gyggested interventions included
focusing training on near misses,'?? scheduling targeted fatigue and
safety training,®® especially before or outside of busy times of the
year,”® promoting awareness of problematic social norms which
encourage longer hours and fatigue,”* adopting best practices from

other industries,! and using a community-based approach.*®

4 | DISCUSSION

Although long work hours, irregular schedules, and fatigue contribute
to fatalities, injuries, and ilinesses in the AgFF sector, little research
has (1) quantified the extent to which they are contributing factors,

especially on workers' health over their life course, (2) developed
interventions for hazard mitigation, or (3) evaluated existing
interventions and programs. Most studies published on the AgFF
sector focus on describing or measuring factors which may lead to
fatigue, rather than developing and evaluating interventions. How-
ever, there is at least one research project on the effects of sleep
deprivation in US fishermen currently underway (J. Sorensen,
personal communication, August 13, 2020). Also, some government
agencies have created educational materials for industry and workers
addressing this, 23130 byt there are no evaluations of their
effectiveness. As fatigue is a major factor in injury and illness for
this sector, future AgFF surveillance and research efforts should
expand efforts to capture fatigue and sleep data, better understand
fatigue in unique AgFF workspaces, and most importantly, create
practical interventions to manage fatigue.

At the same time, there are significant challenges to collecting
data on fatigue in the AgFF sector, such as logistical problems
involving the rural and often remote nature of AgFF work, difficulty in
how fatigue is conceptualized, measured, and recorded,*®! as well as
partnering with small businesses and part-time/seasonal employees.
Due to regulatory and organizational barriers, reliable employment
numbers, hours worked, and even injury and iliness data in this sector
are more difficult to obtain.*? One possible solution could be adding
questions on sleep habits and work schedules to existing and future
surveys of worker demographics and employment, such as the
USDA's National Agricultural Statistics Service (NASS) surveys and
the DOL National Agricultural Workers' Survey (NAWS). Incident,
injury, and near-miss reports should clearly and specifically ask
questions about hours worked, time of day, feelings of fatigue, hours
of sleep, and related information to better document the role of
fatigue as a risk factor for injury in this sector. Likewise, commute
times to and from workplaces should be documented and factored
into hours worked, even though they are often unpaid.

Future research must also address the unique nature of work in
AgFF, workers' economic and psychosocial stressors (e.g., sub-
standard housing, extended family separation), as well as the
pervasive attitude that working long hours or with fatigue is to be
expected, even valued or rewarded. Regulatory and employer policies
which incentivize working extended shifts should also be examined
specifically in the unique regulatory context of the AgFF sector, but
could draw on existing research® and best practices'®® from other
occupations such as commercial truck drivers and nurses. Much of
the manual labor and high-risk tasks in AgFF are performed by

4 who have known health

immigrant and foreign-born workers,*®
disparities and risk factors'®> which put them at higher risk of injury
and illness due to fatigue; and therefore, this underserved population
is in particular need of study. Likewise, the average age of the AgFF
workforce is increasing, and research on the impact fatigue may have
on older workers is needed—especially interventions which specifi-
cally and appropriately focus on this population.©®
Community-based participatory research may also help to better
understand and overcome the many systemic barriers such as

regulatory, organizational, and work culture to addressing risks.
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Increased access to medical care and sleep disorder testing may also
mitigate risk of fatigue.®® Anecdotal evidence from researchers and
safety practitioners suggests AgFF workers use caffeine, energy
drinks, and so on, or even prescription or illegal drugs to manage
fatigue, but has not been studied. Many offshore fishing vessel
profits are generally based on the value of the catch minus vessel
expenses and then divided into “crew shares” and distributed. This
often leads to smaller crews and longer work hours for the crew who
remain.” In both agriculture and seafood processing, some workers
are paid by piece rate, and more research is needed on the effects of
this administrative policy. Finally, there are no federal regulations
mandating rest times, watchkeeping standards on vessels, or minimal
levels of staffing for this sector, except for some of the largest of
commercial fishing vessels.'®® The effect of regulatory policy/
agricultural exemptions, on work hours, sleep, and fatigue is another
area of needed research. Finally, more research is needed to develop
practical, relevant fatigue recognition indices and management
strategies, and evaluate existing interventions.

Future interventions to address fatigue must move past generalized
training on healthy sleep habits and the dangers of fatigue. Stakeholders
have noted AgFF workers typically expect and are resigned to long work
hours, sleep deprivation, and fatigue as an inevitable and ubiquitous
hazard. To address this expectation, peer-to-peer and culturally
competent education should be implemented to more effectively
address AgFF's unique culture and work environments. To develop
and evaluate practical fatigue risk management strategies, however,
researchers and practitioners cannot focus solely on educational/
awareness efforts. They must also address the economic and structural
influences on workplace organization, established culture and beliefs,
and psychosocial factors that increase fatigue-related risks. Interven-
tions which use the principles of harm reduction and social marketing to
address long hours and fatigue may prove beneficial. Research assisting
AgFF stakeholders in addressing this culture of resignation and reward,
and providing practical solutions to manage fatigue, particularly during
peak seasons, could lead to a change in work organization and
processes, policies, and regulations, which ultimately may prevent

fatalities, injuries, and illnesses among these high-risk workers.

AUTHOR CONTRIBUTIONS

K. C. Elliott and Jennifer Lincoln created the review criteria along with
feedback from Laura Syron (in acknowledgments). Screening and
selection of texts were finalized by K. C. Elliott and Jennifer Lincoln,
as well as an initial draft with feedback from Laura Syron (in
acknowledgments). Michael Flynn, Jeffrey Lavin, Mathew Smidt, Jerry
Dugan, and Athena Ramos reviewed search results and revised critically
for important intellectual content. Subsequent revisions were completed
by K. C. Elliott and Jennifer Lincoln and then reviewed again by Michael
Flynn, Jeffrey Lavin, Mathew Smidt, Jerry Dugan, and Athena Ramos.

ACKNOWLEDGMENTS
The authors would like to thank Laura Syron for her work on this
review as well as insight as the review criteria were developed and

screening process progressed. We also would like to thank the

participants of the 2019 NIOSH Working Hours, Sleep, and Fatigue
AgFF breakout session for their comments and experiences which
helped to shape the scope of the review as well as the final
recommendations. Finally, we'd like to thank Imelda Wong, Mary
O'Connor, and Kyla Retzer for offering feedback on the manuscript.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

DISCLOSURE BY AJIM EDITOR OF RECORD
John Meyer declares that he has no conflict of interest in the review
and publication decision regarding this article.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from the

corresponding author upon reasonable request.

ETHICS APPROVAL AND INFORMED CONSENT
There was no ethics review and approval/or consent as this is a

review of the literature.

DISCLAIMER
The findings and conclusions in this review are those of the author(s)
and do not necessarily represent the views of the National Institute

for Occupational Safety and Health.

ORCID
K. C. Elliott "= http://orcid.org/0000-0002-4054-573X
Mathew Smidt http://orcid.org/0000-0003-3436-792X

Athena K. Ramos ' http://orcid.org/0000-0002-5194-8243

REFERENCES

1. Bureau of Labor Statistics. Labor force statistics from the current
population survey, household data, annual averages 18. Employed
persons by detailed industry, sex, race, and Hispanic or Latino
ethnicity. 2020. https://www.bls.gov/cps/cpsaat18.pdf

2. Bureau of Labor Statistics. Number and rate of fatal work injuries
by industry sector, 2018. 2019. https://www.bls.gov/charts/
census-of-fatal-occupational-injuries/number-and-rate-of-fatal-
work-injuries-by-industry.htm

3. Bureau of Labor Statistics. Incidence rates of nonfatal occupational
injuries and illnesses by selected industry and case types, private
industry, 2017-18. 2019. www.bls.gov/web/osh/summ1_00.htm
and www.bls.gov/web/osh/summ2_00.htm

4. Leigh JP, Du J, McCurdy SA. An estimate of the U.S. government's
undercount of nonfatal occupational injuries and illnesses in
agriculture. Ann of Epidemiol. 2014;24(4):254-259.

5. Liebman AK, Wiggins MF, Fraser C, Levin J, Sidebottom J, Arcury TA.
Occupational health policy and immigrant workers in the agriculture,
forestry, and fishing sector. Am J Ind Med. 2013;56(8):975-984.

6. Quandt SA, Arnold TJ, Mora DC, Sandberg JC, Daniel SS,
Arcury TA. Hired Latinx child farm labor in North Carolina: the
demand-support-control model applied to a vulnerable worker
population. Am J Ind Med. 2019;62(12):1079-1090.

7. U.S. Department of Labor. Fact sheet #12: agricultural employers
under the Fair Labor Standards Act (FLSA). 2020. https://www.dol.
gov/agencies/whd/fact-sheets/12-flsa-agriculture


http://orcid.org/0000-0002-4054-573X
http://orcid.org/0000-0003-3436-792X
http://orcid.org/0000-0002-5194-8243
https://www.bls.gov/cps/cpsaat18.pdf
https://www.bls.gov/charts/census-of-fatal-occupational-injuries/number-and-rate-of-fatal-work-injuries-by-industry.htm
https://www.bls.gov/charts/census-of-fatal-occupational-injuries/number-and-rate-of-fatal-work-injuries-by-industry.htm
https://www.bls.gov/charts/census-of-fatal-occupational-injuries/number-and-rate-of-fatal-work-injuries-by-industry.htm
http://www.bls.gov/web/osh/summ1_00.htm
http://www.bls.gov/web/osh/summ2_00.htm
https://www.dol.gov/agencies/whd/fact-sheets/12-flsa-agriculture
https://www.dol.gov/agencies/whd/fact-sheets/12-flsa-agriculture

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

ELLIOTT ET AL

NORA Agriculture Forestry and Fishing Sector Council. National
Agriculture, Forestry and Fishing Agenda. 2016. https://www.cdc.
gov/nora/pdfs/NORA-AgFF-Revised-Agenda-Sept2016.pdf
NORA Agriculture Forestry and Fishing Sector Council. National
Occupational Research Agenda for Agriculture, Forestry, and
Fishing. 2018.

U.S. Department of Labor. Findings from the National Agricultural
Workers Survey (NAWS) 2015-2016. 2018. https://wdr.doleta.
gov/research/FullText_Documents/ETAOP_2019-01_NAWS_
Research_Report_13.pdf

Bureau of Labor Statistics. Employment, hours, and earnings from
the current employment statistics survey (national) and average
weekly hours of all employees, quarterly averages, seasonally
adjusted, total private, seasonally adjusted, 2015-2016. 2020.
https://www.bls.gov/ces/data/

Bureau of Labor Statistics. Current population survey, household
data, annual averages, table 19. Persons at work in agriculture and
nonagricultural industries by hours of work. 2020. https://www.
bls.gov/cps/aa2019/cpsaat19.htm

Caruso CC. Overtime and extended work shifts; recent findings on
ilinesses, injuries, and health behaviors. 2004. https://stacks.cdc.
gov/view/cdc/11308

Rosekind MR, Gregory KB, Mallis MM, Brandt SL, Seal B, Lerner DJ.
The cost of poor sleep: workplace productivity loss and associated
costs. J Occup Environ Med. 2010;52(1):91-98.

Rajaratnam SM, Barger LK, Lockley SW, et al. Sleep disorders,
health, and safety in police officers. JAMA. 2011;306(23):
2567-2578.

Caruso CC. Negative impacts of shiftwork and long work hours.
Rehabil Nurs. 2014;39(1):16-25.

Perkins LA. Is the night shift worth the risk? RN. 2001;64(8):65.
Drummond SP, Brown GG. The effects of total sleep
deprivation on cerebral responses to cognitive performance.
J Neuropsychopharmacology. 2001;25(5):568-5S73.

Balkin T, Thome D, Sing H, et al. Effects of Sleep Schedules on
Commercial Motor Vehicle Driver Performance. Department of
Transportation, Federal Motor Carrier Safety; 2000.

Balkin TJ, Bliese PD, Belenky G, et al. Comparative utility of
instruments for monitoring sleepiness-related performance decrements
in the operational environment. J Sleep. 2004;13(3):219-227.

Belenky G, Wesensten NJ, Thorne DR, et al. Patterns of
performance degradation and restoration during sleep restriction
and subsequent recovery: a sleep dose-response study. J Sleep.
2003;12(1):1-12.

Dall'Ora C, Ball J, Recio-Saucedo A, Griffiths P. Characteristics of
shift work and their impact on employee performance and
wellbeing: a literature review. Int J Nurs Stud. 2016;57:12-27.
Dorrian J, Rogers NL, Dinges DF. Psychomotor Vigilance
Performance: Neurocognitive Assay Sensitive to Sleep Loss. Marcel
Dekker; 2005.

Niu S-F, Chung M-H, Chen C-H, Hegney D, O'Brien A, Chou K-R.
The effect of shift rotation on employee cortisol profile, sleep
quality, fatigue, and attention level: a systematic review. J Nurs Res.
2011;19(1):68-81.

Philip P, Sagaspe P, Taillard J, et al. Fatigue, sleep restriction, and
performance in automobile drivers: a controlled study in a natural
environment. Sleep. 2003;26(3):277-280.

Roehrs T, Burduvali E, Bonahoom A, Drake C, Roth T. Ethanol and
sleep loss: a “dose” comparison of impairing effects. Sleep.
2003;26(8):981-985.

Stenuit P, Kerkhofs M. Effects of sleep restriction on cognition in
women. Biol Psychol. 2008;77(1):81-88.

Dinges DF, Pack F, Williams K, et al. Cumulative sleepiness, mood
disturbance, and psychomotor vigilance performance decrements

29.

30.

31

32.

33.

34.
35.
36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

during a week of sleep restricted to 4-5 hours per night. Sleep.
1997;20(4):267-277.

Wong IS, Swanson N. Approaches to managing work-related
fatigue to meet the needs of American workers and employers.
Am J Ind Med. 2022. https://doi.org/10.1002/ajim.23402

Arksey H, O'Malley L. Scoping studies: towards a methodological
framework. Int J Soc Res Methodol. 2005;8(1):19-32.

Peters MD, Godfrey CM, Khalil H, Mclnerney P, Parker D,
Soares CB. Guidance for conducting systematic scoping reviews.
Int J Evid Based Healthc. 2015;13(3):141-146.

Munn Z, Peters MD, Stern C, Tufanaru C, McArthur A,
Aromataris E. Systematic review or scoping review? Guidance for
authors when choosing between a systematic or scoping review
approach. BMC Med Res Methodol. 2018;18(1):1-7.

Hirshkowitz M, Whiton K, Albert SM, et al. National Sleep
Foundation's sleep time duration recommendations: methodology
and results summary. Sleep Health. 2015;1(1):40-43.

Endnote [computer program]. Version X9. Clarivate Analytics; 2019.
Covidence. Covidence. 2020. https://www.covidence.org/

The World Bank. World bank country and lending groups. 2019.
https://datahelpdesk.worldbank.org/knowledgebase/articles/
906519-world-bank-country-and-lending-groups

DeWit Y, Pickett W, Lawson J, Dosman J, Saskatchewan Farm Injury
Cohort Team. Farm activities and agricultural injuries in youth and
young adult workers. J Agromedicine. 2015;20(3):318-326.

McCurdy SA, Kwan JA. Agricultural injury risk among rural
California public high school students: prospective results. Am
J Ind Med. 2012;55(7):631-642.

Shipp EM, Cooper SP, del Junco DJ, Cooper CJ, Whitworth RE.
Acute occupational injury among adolescent farmworkers from
South Texas. Inj Prev. 2013;19(4):264-270.

Heaton K, Azuero A, Reed D. Obstructive sleep apnea indicators
and injury in older farmers. J Agromedicine. 2010;15(2):148-156.
Marcum JL, Browning SR, Reed DB, Charnigo RJ. Farmwork-related
injury among farmers 50 years of age and older in Kentucky and
South Carolina: a cohort study, 2002-2005. J Agric Saf Health.
2011;17(3):259-273.

Shipp EM, Cooper SP, del Junco DJ, et al. Chronic back pain and
associated work and non-work variables among farmworkers from
Starr County, Texas. J Agromedicine. 2009;14(1):22-32.

Day L, Voaklander D, Sim M, et al. Risk factors for work related injury
among male farmers. Occup Environ Med. 2009;66(5):312-318.
Browning SR, Westneat SC, Sanderson WT, Reed DB. Cattle-
related injuries and farm management practices on Kentucky beef
cattle farms. J Agric Saf Health. 2013;19(1):37-49.

Erkal S, Gerberich SG, Ryan AD, Renier CM, Alexander BH. Animal-
related injuries: a population-based study of a five-state region in
the upper Midwest: regional Rural Injury Study Il. J Saf Res.
2008;39(4):351-363.

McCurdy SA, Farrar JA, Beaumont JJ, et al. Nonfatal occupational
injury among California farm operators. J Agric Saf Health.
2004;10(2):103-119.

Paulson EH, Gerberich SG, Alexander BH, et al. Fall-related injuries
among agricultural household members: regional Rural Injury Study
Il (RRIS-I1). J Occup Environ Med. 2006;48(9):959-968.

Pratt DS, Marvel LH, Darrow D, Stallones L, May JJ, Jenkins P. The
dangers of dairy farming: the injury experience of 600 workers
followed for two years. Am J Ind Med. 1992;21(5):637-650.
Reiner AM, Gerberich SG, Ryan AD, Mandel J. Large machinery-
related agricultural injuries across a five-state region in the
Midwest. J Occup Environ Med. 2016;58(2):154-161.

Gerberich SG, Gibson RW, French LR, et al. Machinery-related
injuries: Regional Rural Injury Study--1 (RRIS--I). Accid Anal Prev.
1998;30(6):793-804.


https://www.cdc.gov/nora/pdfs/NORA-AgFF-Revised-Agenda-Sept2016.pdf
https://www.cdc.gov/nora/pdfs/NORA-AgFF-Revised-Agenda-Sept2016.pdf
https://wdr.doleta.gov/research/FullText_Documents/ETAOP_2019-01_NAWS_Research_Report_13.pdf
https://wdr.doleta.gov/research/FullText_Documents/ETAOP_2019-01_NAWS_Research_Report_13.pdf
https://wdr.doleta.gov/research/FullText_Documents/ETAOP_2019-01_NAWS_Research_Report_13.pdf
https://www.bls.gov/ces/data/
https://www.bls.gov/cps/aa2019/cpsaat19.htm
https://www.bls.gov/cps/aa2019/cpsaat19.htm
https://stacks.cdc.gov/view/cdc/11308
https://stacks.cdc.gov/view/cdc/11308
https://doi.org/10.1002/ajim.23402
https://www.covidence.org/
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups

ELLIOTT ET AL

51.

52.

58.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Spengler SE, Browning SR, Reed DB. Sleep deprivation and injuries
in part-time Kentucky farmers: impact of self reported sleep habits
and sleep problems on injury risk. AAOHN J. 2004;52(9):373-382.
Lilley R, Day L, Koehncke N, et al. The relationship between
fatigue-related factors and work-related injuries in the Saskatche-
wan Farm Injury Cohort Study. Am J Ind Med. 2012;55(4):367-375.
King N, Pickett W, Hagel L, Lawson J, Trask C, Dosman JA. Impact
of excessive daytime sleepiness on the safety and health of farmers
in Saskatchewan. Can Respir J. 2014;21(6):363-369.

Belzer MH, Sedo SA. Why do long distance truck drivers work
extremely long hours? Econ Labour Relat Rev. 2018;29(1):59-79.
Dosman JA, Hagel L, Skomro R, Sun X, Day A, Pickett W.
Saskatchewan farm injury study team: loud snoring is a risk factor
for occupational injury in farmers. Can Respir J. 2013;20(1):42-6.
doi:10.1155/2013/469391

Clay L, Hay-Smith EJ, Treharne GJ, Milosavljevic S. Unrealistic
optimism, fatalism, and risk-taking in New Zealand farmers'
descriptions of quad-bike incidents: a directed qualitative content
analysis. J Agromedicine. 2015;20(1):11-20.

Caffaro F, Micheletti Cremasco M, Roccato M, Cavallo E. It does
not occur by chance: a mediation model of the influence of
workers' characteristics, work environment factors, and near
misses on agricultural machinery-related accidents. Int J Occup
Environ Health. 2017;23(1):52-59.

Hwang SA, Gomez M, Stark AD, St John TL, May JJ, Hallman EM.
Severe farm injuries among New York farmers. Am J Ind Med.
2001;40(1):32-41.

Ichihara G, Matsukawa T, Kitamura F, Yokoyama K. Risk factors for
occupational accidents in agricultural enterprises in Japan. Ind
Health. 2019;57:627-636.

Sprince NL, Zwerling C, Lynch CF, et al. Risk factors for agricultural
injury: a case-control analysis of lowa farmers in the Agricultural
Health Study. J Agric Saf Health. 2003;9:1-18.

Svendsen K, Aas O, Hilt B. Nonfatal occupational injuries in
norwegian farmers. Saf Health Work. 2014;5(3):147-151.

Zhou C, Roseman JM. Agriculture-related residual injuries: preva-
lence, type, and associated factors among Alabama farm operators
—1990. J Rural Health. 1995;11(4):251-258.

Hawes NJ, Wiggins AT, Reed DB, Hardin-Fanning F. Poor sleep
quality is associated with obesity and depression in farmers. Public
Health Nurs. 2019;36(3):270-275.

Sanne B, Mykletun A, Moen BE, Dahl AA, Tell GS. Farmers are at
risk for anxiety and depression: the Hordaland Health Study. Occup
Med (Lond). 2004;54(2):92-100.

G J,CF,JT,D B, Degruy lll F, Riordan C. Stress and distress among
Gulf of Mexico shrimp fishermen. Hum Organ. 1998;57(4):404-413.
Rautiainen RH, Lange JL, Hodne CJ, Schneiders S, Donham KJ.
Injuries in the lowa Certified Safe Farm Study. J Agric Saf Health.
2004;10(1):51-63.

Siu KC, Huang CK, Beacom M, Bista S, Rautiainen R. The
association of sleep loss and balance stability in farmers.
J Agromedicine. 2015;20(3):327-331.

Lee G, Baek S, Park HW, Kang EK. Sleep quality and attention may
correlate with hand grip strength: FARM study. Ann Rehabil Med.
2018;42(6):822-832.

Pickett W, King N, Trask C, et al. Factors related to self-perceived
health in rural men and women. J Agromedicine. 2015;20(2):
178-187.

Lilley R, Feyer AM, Kirk P, Gander P. A survey of forest workers in
New Zealand. Do hours of work, rest, and recovery play a role in
accidents and injury? J Saf Res. 2002;33(1):53-71.

Newman SM, Keefe RF, Brooks RH, Ahonen EQ, Wempe AM.
Human factors affecting logging injury incidents in Idaho and the
potential for real-time location-sharing technology to improve
safety. Safety. 2018;4(4):43.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

Roberts SE. Occupational mortality in British commercial fishing,
1976-95. Occup Environ Med. 2004;61(1):16-23.

Tirilly G. The impact of fragmented schedules at sea on sleep,
alertness and safety of seafarers. Medicina Maritima. 2004;4(2):
96-105.

Jensen OC, Petursdottir G, Holmen IM, Abrahamsen A, Lincoln J. A
review of fatal accident incidence rate trends in fishing. Int Marit
Health. 2014;65(2):47-52.

Eckert C, Baker T, Cherry D. Chronic health risks in commercial
fishermen: a cross-sectional analysis from a small rural fishing
village in Alaska. J Agromedicine. 2018;23(2):176-185.

Olafsdottir L. The relationship between fishermen's health and
sleeping habits. Work. 2004;22(1):57-61.

Garcia GM, de Castro B. Working conditions, occupational injuries,
and health among Filipino fish processing workers in Dutch Harbor,
Alaska. Workplace Health Saf. 2017;65(5):219-226.

Syron LN, Bovbjerg VE, Mendez-Luck CA, Kincl LD. Safety and
health programs in Alaska's seafood processing industry: interviews
with safety and health managers. J Agromedicine. 2019;24(4):
449-461.

Gregory JM, Barbosa RN. Seasonal sleep effects on Louisiana aerial
applicators' safety. J Agric Saf Health. 2010;16(1):53-64.

Marlenga B, Pahwa P, Hagel L, et al. Impact of long farm working
hours on child safety practices in agricultural settings. J Rural
Health. 2010;26(4):366-372.

Irwin A, Poots J. The human factor in agriculture: an interview study to
identify farmers' non-technical skills. Saf Sci. 2015;74:114-121.

Butler J, Warren MF. Farmers at work and play. Farm Manag.
1990;7(5):251-260.

Lyman S, McGwin G Jr., Enochs R, Roseman JM. History of
agricultural injury among farmers in Alabama and Mississippi:
prevalence, characteristics, and associated factors. Am J Ind Med.
1999;35(5):499-510.

Nowacka WL. Selected workload elements of the machine
operators working in timber harvesting. Ergonomic point of view.
Acta Sci Pol Silv Colendar Rat Ind Lignar. 2012;11(3):29-36.

Walter AW, Morocho C, King L, et al. Preventing opioid use
disorders among fishing industry workers. Int J Environ Res Public
Health. 2018;15(4):648.

Mitchell DL, Gallagher TV, Thomas RE. The human factors of
implementing shift work in logging operations. J Agric Saf Health.
2008;14(4):391-404.

Callejon-Ferre AJ, Perez-Alonso J, Carreno-Ortega A, Velazquez-
Marti B. Indices of ergonomic-psycholsociological workplace
quality in the greenhouses of Almeria (Spain): crops of cucum-
bers, peppers, aubergines and melons. Saf Sci. 2011;49(5):
746-750.

Bell JL, Helmkamp JC. Non-fatal injuries in the West Virginia
logging industry: using workers' compensation claims to assess risk
from 1995 through 2001. Am J Ind Med. 2003;44(5):502-509.
McGuinness E, Aasjord HL, Utne IB, Holmen IM. Injuries in the
commercial fishing fleet of Norway 2000-2011. Saf Sci. 2013;57:82-99.
Gander P, van den Berg M, Signal L. Sleep and sleepiness of
fishermen on rotating schedules. Chronobiology Int. 2008;25(2):
389-398.

Lizer SK, Petrea RE. Health and safety needs of older farmers: part
1. Agricultural injuries. AAOHN J. 2008;56(1):9-14.

Binkley M. Nova Scotian fishing families coping with the fishersies
crisis. Anthropologica. 1996;38(2):197-219.

Binkley M. Work organization among Nova Scotian offshore
fishermen. Hum Organ. 1990;49(4):395-405.

Darnhofer |, Strauss A. Resilience of family farms: understanding
the trade-offs linked to diversification. 11th European IFSA
Symposium, Farming Systems Facing Global Challenges: Capacities
and Strategies, Proceedings, Berlin, Germany; 2014.


https://doi.org/10.1155/2013/469391

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

ELLIOTT ET AL

Irwin A, Caruso L, Tone I|. Thinking ahead of the tractor: driver
safety and situation awareness. J Agromedicine. 2019;24(3):
288-297.

Spector JT, Krenz J, Calkins M, et al. Associations between heat
exposure, vigilance, and balance performance in summer tree fruit
harvesters. Appl Ergon. 2018;67:1-8.

Burke Winkelman S, Chaney EH, Bethel JW. Stress, depression and
coping among latino migrant and seasonal farmworkers. Int
J Environ Res Public Health. 2013;10(5):1815-1830.

Munshi K, Parker DL, Bannerman-Thompson H, Merchant D.
Causes, nature, and outcomes of work-related injuries to adoles-
cents working at farm and non-farm jobs in rural Minnesota. Am
J Ind Med. 2002;42(2):142-149.

Weller NF, Cooper SP, Tortolero SR, Kelder SH, Hassan S.
Work-related injury among south Texas middle school
students: prevalence and patterns. South Med J. 2003;96(12):
1213-1220.

Janssen |, Berg RL, Marlenga B, Pickett W. Sleep in farm
adolescents. J Rural Health. 2018;28:436-441.

Elliot V, Hagel L, Dosman JA, et al. Resilience of farm women
working the third shift. J Agromedicine. 2018;23(1):70-77.

Arcury TA, Gabbard S, Bell B, et al. Collecting comparative data on
farmworker housing and health: recommendations for collecting
housing and health data across places and time. New Solut.
2015;25(3):287-312.

Sandberg JC, Talton JW, Quandt SA, et al. Association between
housing quality and individual health characteristics on sleep
quality among Latino farmworkers. J Immigr Minor Health.
2014;16(2):265-272.

Netterstrom B, Hansen AM, Isaacson D, Simonsen AM, Weihe P.
Physiological reactions to long-term fishing in the Barents Sea.
Occup Med (Lond). 2018;68(2):109-115.

Lizer SK, Petrea RE. Health and safety needs of older farmers:
part I. Work habits and health status. AAOHN J. 2007;55(12):
485-491.

Shirono S, Iwamoto M, Harada N. Fatigue and its underlying factors
among elderly citrus farmers in a rural area of Japan—effect of
social support on fatigue and gender difference. Ind Health.
2004;42(1):57-64.

Voaklander DC, Dosman JA, Hagel LM, Warsh J, Pickett W,
Saskatchewan Farm Injury Cohort Study Team. Farm work
exposure of older male farmers in Saskatchewan. Am J Ind Med.
2010;53(7):706-715.

Voaklander D, Day L, Dosman J, Hagel L, Pickett W. Older farmers
and machinery exposure-cause for concern? Am J Ind Med.
2012;55(11):1044-1050.

Grzywacz JG, Chatterjee AB, Quandt SA, et al. Depressive
symptoms and sleepiness among Latino farmworkers in eastern
North Carolina. J Agromedicine. 2011;16(4):251-260.

Sandberg JC, Nguyen HT, Quandt SA, et al. Sleep quality among
Latino farmworkers in North Carolina: examination of the job
control-demand-support model. J Immigr Minor Health. 2016;18(3):
532-541.

Low JM, Griffith GR, Alston CL. Australian farm work injuries:
incidence, diversity and personal risk factors. Aust J Rural Health.
1996;4(3):179-189.

Kallioniemi MK, Simola AJ, Kymalainen HR, Vesala HT,
Louhelainen JK. Mental symptoms among Finnish farm entrepre-
neurs. Ann Agric Environ Med. 2009;16(1):159-168.

Nicholls A, Bren L, Humphreys N. Harvester productivity and
operator fatigue: working extended hours. Int J Forest Eng.
2004;15(2):57-65.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

Gregory JM. Sleep: a good investment in health and safety.
J Agromedicine. 2008;13(2):119-131.

Levin JL, Gilmore K, Wickman A, et al. Workplace safety
interventions for commercial fishermen of the Gulf.
J Agromedicine. 2016;21(2):178-189.

Bowen J, Hinze A, Griffiths C. Investigating real-time monitoring of
fatigue indicators of New Zealand forestry workers. Accid Anal
Prev. 2019;126:122-141.

Baker A, Ferguson S, Mode N, Wopat P, Conway GA, Health
NIfOSa. Fatigue and the commercial fishing industry: an interna-
tional perspective. The Second International Fishing Industry
Safety and Health Conference; 2003:139-142.

Kincl L, Nery M, Syron LN, Bovbjerg V, Jacobson K. Dungeness
crab commercial fishermen's perceptions of injuries inform survey
development. Am J Ind Med. 2019;62(3):265-271.

Voaklander DC, Umbarger-Mackey ML, Wilson ML. Health,
medication use, and agricultural injury: a review. Am J Ind Med.
2009;52(11):876-889.

Shah DJ, Shipp EM, Cooper SP, et al. Hand problems in migrant
farmworkers. J Agric Saf Health. 2009;15(2):157-169.

Cannizzaro E, Cannizzaro C, Martorana D, Moscadini S, Coco DL.
Effects of shift work on cardiovascular activity, serum cortisol and
white blood cell count in a group of Italian fishermen.
EuroMediterranean Biomed J. 2012;2012:109-113.

Myers ML, Durborow RM, Kane AS. Gulf of Mexico seafood
harvesters: part 1. Occupational injury and fatigue risk factors.
Safety. 2018;4(3):17.

AS AH, Jensen OC, Petursdottir G, Holmen IM. A review of fatigue
in fishermen: a complicated and underprioritised area of research.
Int Marit Health. 2014;65(3):166-172.

Myers ML, Durborow RM, Kane AS. Gulf of Mexico seafood
harvesters: part 3. Potential occupational risk reduction measures.
Safety. 2018;4(3):22.

Beseler CL, Stallones L. An item response theory analysis of safety
knowledge in Colorado farm residents. J Occup Environ Med.
2011;53(4):388-395.

Remmen LN, Herttua K, Riss-Jepsen J, Berg-Beckhoff G. Fatigue
and workload among Danish fishermen. Int Marit Health.
2017;68(4):252-259.

Hall C. Agricultural pilot safety in Australia: a survey. Aviat Space
Environ Med. 1991;62(3):258-260.

Allen P, Wadsworth E, Smith A. Seafarers' fatigue: a review of the
recent literature. Int Marit Health. 2008;59:81-92.

Caffaro F, Roccato M, Micheletti Cremasco M, Cavallo E. Falls from
agricultural machinery: risk factors related to work experience,
worked hours, and operators' behavior. Hum Factors. 2018;60(1):
20-30.

United States Coast Guard. Fishing, fatigue, and CEMS:2. 2020.
Accessed July 31, 2020. http://www.fishsafewest.info/PDFs/
Fatiguel.pdf

Allen P, Wellens B, Smith A. Fatigue in British fishermen. Int Marit
Health. 2010;62(3):154-158.

RAND Corporation. Injury and lliness Surveillance of U.S. Agricultural
Workers: Assessment of Recommendations and Actions. RAND
Corporation; 2017.

Geiger-Brown J, Trinkoff AM. Is it time to pull the plug on 12-hour
shifts? Part 3. Harm reduction strategies if keeping 12-hour shifts.
J Nurs Admin. 2010;40(9):357-359.

Arcury TA, Grzywacz JG, Sidebottom J, Wiggins MF. Overview of
immigrant worker occupational health and safety for the agricul-
ture, forestry, and fishing (AgFF) sector in the southeastern United
States. Am J Ind Med. 2013;56(8):911-924.


http://www.fishsafewest.info/PDFs/Fatigue1.pdf
http://www.fishsafewest.info/PDFs/Fatigue1.pdf

ELLIOTT ET AL

135. Moyce SC, Schenker M. Migrant workers and their occupational
health and safety. Annu Rev Public Health. 2018;39(1):351-365.

136. Backus A. Are you sleeping enough? A discussion about fatigue and
fishing. Fishermen's Voice. 2016;21(10):1.

How to cite this article: Elliott KC, Lincoln JM, Flynn MA,
et al. Working hours, sleep, and fatigue in the agriculture,
forestry, and fishing sector: a scoping review. Am J Ind Med.
2022;1-15. doi:10.1002/ajim.23418
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