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16.1 INTRODUCTION 
In today's society, services around the clock are needed from many types ofwn:rlCf>nI 
at times long work hours are not avoidable. As a result, shift work and long work, 
are common in many workplaces. Research evidence is building that these types 
schedules are associated with several health and safety risks for workers. The risks 
extend to their families, employers, and SOciety when they make fatigue-related 
or show declines in performance. This chapter will discuss the wide range of risks 
are li~ked to these schedules, theories about why these risks occur, and strategies .' 
reduce risks. 

16.1.1 Characteristics of Shift Work and Long Work Hour Schedules 

Shift work involves work outside the daytime hours of approximately 7:00 AM to 6:00 
According to the U.S. Bureau of Labor Statistics, almost 15% of full-time worken 
15 million Americans) work on evening, night, rotating, split or employer-arranged 
ular shifts [1]. Both societal needs and economic factors drive the use of shift work. 
needs critical services around-the-clock for police and fire protection, health care, 
portation, communications, public utilities, and military service. Other industries , 
workers around-the-clock because their production processes and operations need " 
continuous to optimize capital investment in machinery, or the manufacturing 
cannot be interrupted for production reasons. As a result, certain types of work 

to always require shift workers. 
Shift work schedules can be characterized by whether they are fixed or rotating 

ules, the time of the shift, and if rotating shifts, the direction and speed of rot:iluon.;li 
shifts have consistent work times. Rotating shifts change schedule, for CAilUIlJJlC,:·'1! 

day shift to evening shift. Evening shifts are shifts with most of the work hours 
2:00 PM and midnight, and night shifts have most of the hours worked between 9:00 
8:00 AM [1]. Some industries use split shifts, with two work periods separated by 8; 
break of a few hours to accommodate predicted peaks in activity. For example, a 
worker may work for the lunchtime hours, have a few hours off, and then return 
the dinnertime hours. Rotating shifts can change every few days (a fast rotation). 
or every 2 weeks or more (a slow rotation). The direction of the rotation can be 
backward. Forward rotations change from day shift to evening shift to night shift. 
tern is recommended over a backward rotation because the shift change allows lunIHC!;1I 

off between shifts and has progressively later start times which allow the workers 
later [2J. Backward rotations move from night shift to evening shift to day shift. 
more difficult schedule because at the shift change the time off between shifts is 
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times progressively become earlier which require the workers to waken earlier. 
"1~nll1mlberofhours off between shifts (e.g., rotating from evening shift to day shift) is 

"quick change" and is difficult because of the reduced time available to commute. 
for sleep. sleep. prepare for work. and commute back to work. Quick changes do 

for 7 or more hours of sleep that are recommended for adults [3]. 
work hours include extended work shifts and schedules with more than 40 h per 

·.tiX1tenc:1ed work shifts may involve compressed work weeks. with fewer days of work 
IllIl~moJre days off and the weekly work hours remaining about 40 per week (e.g., 12 h day 

~th 3-4 work days per week). The point at which the number of hours becomes too 
(intiJlUlynot be a fixed number. but rather may be influenced by the demands of the job. 

1I •• w~environment. characteristics of the worker, and other work schedule characteris-
as the time of the shift and within-shift rest breaks [4,5]. 

Theory for Health and Safety Risks 

~lfC1:lers theorize that shift work and long work hours increase health and safety risks 
i",dildn1'hil1IU sleep and circadian rhythms and increasing strains on family and social 
~U<~~~ [4,6]. In addition, long work hours increase exposures to hazards at work and 
uce:re(:ov~ery times. The immediate effects of demanding work hours can include stress. 

negative mood, discomfort, and physiological dysfunction. Fatigue and stress 
Vi'illtcrease poor health behaviors such as smoking. low physical activity, and obeSity. 

turn could lead to illnesses and injuries for the worker. The risks can also extend 
for example, through conflicting work-family demands. Risks can extend to 

IiDII:weJrs through reduced productivity and increases in worker errors which negatively 
,_w ... , __ '_ and services. Mistakes by fatigued workers can have broad-reaching negative 

to the community such as medical errors. motor vehicle crashes. and industrial 
. Research indicates that the influence of shift work and long work hours on health 

safety may involve a complex interaction of work schedule characteristics. as well as 
demands. worker characteristics. compensation, commute time, occupational expo­
and the nature of worker control over their work schedule and work tasks. 

METHODOLOGICAL CONSIDERATIONS 
... FOR STUDIES OF WORK HOURS 

.. studies examining the influence of work schedules on health and safety have sev-
~"UjUl~UK~~ in controlling for many factors that may influence outcomes. Knutsson [7] 

~ut the methodological issues for studies of shift work. which are also applicable 
work hours: adequate comparison groups; need for complete descriptions of the 

the job, and the work schedule; outcomes measures; and accounting for other 
factors. 

first challenge in studying work schedules is reliably measuring their various fea-
to determine which patterns most impact health. Caruso et al. [4] list several char­

~aemucs of work schedules to consider when assessing studies. The time of the shift is a 
factor: for example. risks for accidents and incidents tend to be the lowest for day 

,hift. intermediate for evening shift. and highest for night shift [5]. Start times of 6:00 AM, 
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or earlier, truncate sleep and are associated with more fatigue and sleepiness [8]. Back'Nafld'­
rotations show higher risk than forward rotations (9-11). Another important feature is 
number of consecutive work days to rest days. Long series of work days without a 
increase risk. Work shifts having rest breaks only every 4 or 6 h are also associated 
higher risks than those with breaks every 2 h (5). Other factors to consider are the len,gtQ,l" 
the shifts, total hours per week (or total hours over longer periods), distribution of 
schedule predictability, and degree of worker control over their schedule. Research 
that schedules which combine difficult work scheduling factors (e.g., 12 h night shifts) 
to show increased risks-{5,12]. All of these detaHs-are-criticalto account for when 
work schedules to better identify the key work schedule characteristics influencing. 
and requiring modification. 

Another research challenge is the control group. A desirable control group would 
sist of day-shift workers in jobs with similar occupational exposures and demands as .' 
shift work or long work hour group. This is often difficult to achieve because the work 
needs to be done sometimes differs at different times of the day. Also, the best cornpalrtt 
son group would have no previous history of shift work or long work hours, be<:ause1tbtii: 
history may be associated with continued adverse effects on health even after mClvirl1l 
a regular daytime schedule [13,14]. In addition, other work-related factors can vary 
function of time of day such as supervisor-to-employee ratio, pressures to perform, 
ber of coworkers and other people at the worksite, activities at the worksite, types of 
available, and work environment (lighting, noise, environmental temperature and 
ity, and chemical exposure). These other factors may influence health and safety outco~ 

The "survivor effect" is another challenge for studies of work schedules: workers 
to self-select their work schedule and job, which influences findings. People who feel 
could not tolerate a nonstandard work schedule would tend to avoid jobs 
work or long work hours, leaving workers who are more likely to tolerate these SCJleCIWJI 
demands. As a result, any significant finding is particularly noteworthy. 

A wide range of health outcomes have been examined in studies. Outcomes 
included simple symptom surveys, laboratory tests for evidence of beginning pa1thcllOi!~ 
processes, whether or not the individual had sought medical care, diagnoses, abl,en.teeiSl 
workers' compensation claims, disability, and death. Outcomes can have limitation&~ 
example, absenteeism may be influenced by not taking time off from work when sick 
variety of reasons, as well as taking sick time for reasons other than sickness. Some 
have used standardized health indicators, which improves the ability to examine the 
plex interactions between work scheduling patterns and risk factors across studies. 

Clear and complete description of the job demands helps enlighten the intJlUeJl~' 
work scheduling patterns on outcomes. Jobs vary in phYSical, cognitive, 
social demands as well as the ability of the worker to control the timing, speed, 
of work performed. For example, physical factors such as heavy lifting, pushing and . 
ing, awkward postures, or repeated forceful exertions playa major role in de'",eJc)pnlet\1 
work-related musculoskeletal disorders and are critical to account for in studies 
hours and these outcomes. Similarly, other types of job demands may be critical 
developing other types of health and safety problems. 
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, ... "" ........ 11 age impact shift and job assignment. With seniority, workers tend to move 
so day shift is associated with increased years of employment and increased 
a result, effect estimates will be reduced when comparing health in younger 

(who tend to be healthier), with older day workers (who tend to have more 
lltttblE!DU~). This will lessen the likelihood of finding differences in health across 

factors that appear to influence the relationship between work schedules 
outcomes include gender, compensation (as pay increased, negative outcome 
macro-economic conditions (recession or depression), commute time, and 

l'OWIVUiiU exposures (chemicals, temperature extremes, noise, and job demands) [4.12). 
)~1IllU1naly, field studies examining the influence of shift work and long work hours 

and safety have many challenges regarding controlling for a variety of other fac· 
fltillinfluelnce risk. However, other related research topics contribute evidence, such as 

and field studies examining sleep deprivation, circadian rhythms, jet lag. and 
~sor(lers The evidence from all these areas suggests shift work and long work hours 
lSSOIciat~~ with several health and safety risks. 

TH AND SAFETY RISKS ASSOCIATED 
SHIFT WORK AND LONG WORK HOURS 

and long work hours can lead to difficulties with sleep because of the need to 
.u&'''K~IIGI times and at times out of phase with normal circadian rhythms. In addi­

available for sleep may be reduced because of short periods between work 
tirlliemlanl:ls from work and family . 
,1IiUI~uu,.,. sleep in shift workers. Drake et al. [16] surveyed a representative sample 

the working population in the Midwest. They found 32% of night-shift workers 
of rotating-shift workers reported long-term insomnia and excessive sleepiness. 

Akerstedt [17J studied 169 monozygotic twin pairs who were discordant on 
to night shift work. History of night shift significantly increased risk for sleep dis­
into retirement years. A meta-analysis by Pilcher et al. [IS] of 36 studies found 

1llA1l1J1U1,,.,U day-shift workers slept an average of7.0h per day, permanent and rotating 
u.sntltworkers slept 7.6-S.1 h, permanent night-shift workers slept 6.6h, and rotat­

workers slept the least, 5.S5 h. As mentioned earlier, Healthy People 2020 
~gl~l~ adults sleep 7h or more each day [3]. 
;' .... PV1 .. "" of studies examining extended work shifts, Knauth (19] reported 13 studies 

longer than S h had negative effects on sleep, 8 studies showed mixed results. 
l'4'lh(1ies showed positive effects. Long weekly work hours and overtime have been 

with shorter sleep duration or sleep disturbances in several studies [20-24). 
a1. [25J conducted a study of a national representative sample of Americans and 
1 additional hour of work a day was associated with 1.5 h less sleep. 

Declines in Performance 

is a biological need for life and health, similar to the need for food and water [26). 
adults need 7-9h of good-quality sleep each day [27]. Good-quality sleep means the 
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major sleep episode does not have frequent arousals and is long enough for the lnc:liVltdfJl~lJ 
Laboratory studies provide evidence for a wide range of cognitive declines assOClated!'\\1~ 
sleep deprivation, which are discussed as follows [28]. 

Without adequate sleep. people feel sleepy, are less alert. and can experience 
(short episodes of sleep lasting a few seconds). During microsleeps. the person 
to be awake (eyes open). but his or her brain will not process information and 
attention occur. A sleep-deprived person cannot control the onset of milc:rosl~_ 
often not aware that they are occurring. Microsleeps can be identified on eJe4c:tr(,.~ 
lograms and can be dangerous if they occur at critical times [29]. 

Sleep deprivation impairs performance on tasks that require intense or prolonged 
tion [30]. Performance is unstable with increased errors of omission (failing to . 
stimulus) and commission (responding when a stimulus is not present). These errors 
more frequently over time. When the sleep-deprived person can pace activities 
time pressure. cognitive slowing will be evident and response time slows. but ac;:,;w'Klr,·-o; 

be preserved. Under time pressure. however. cognitive slowing will produce errors. 
performance may begin well. but deteriorates as time-on-task increases and the . 
remain behaviorally effective increases. . 

Sleep deprivation negatively affects information processing and learning [28],· 
short-term recall and working memory performance decline. Tasks that require 
tion to be accurately held in memory for brief periods will be impaired. 

Communication skills decrease as sleep deprivation increases [30.31]. A ,.,n'plN .. ·.~ 

fumble trying to find the right word. say the wrong word when meaning to use ClUUu,l~ 
may misinterpret what another person said or wrote. 

Sleep deprivation leads to impaired cognitive flexibility. negatively affects .... &UY'ia 

and decreases inSight [28]. In situations during which "thinking outside of the 
needed. sleep-deprived workers will tend to use routine solutions. They may fixate. 
ineffective solution and may not be able to recognize better alternatives. even if 
clearly available. 

Sleep deprivation reduces a person's ability to assess risks. and risk-taking 
increase [32]. A sleep-deprived person is less able to learn from the negative ,",u"_"",," 
of risky decisions. Activities judged to be nonessential are increasingly neglected .' 
situational awareness is lost. For example. a worker may misjudge how much , 
passed. 

Sleep deprivation can result in impaired mood including irritability. anldetw 
depression. The sleep-deprived worker may behave in a rude or hostile manner 
he or she views the situation in a more negative light. Sleep deprivation may lead 
propriate behavior such as giggling or laughing in serious situations. 

Several studies show evidence of similarities between fatigue-related Iffi'parmJj~ 
mental and physiological functioning and impairments because of alcohol u ... ~"" 

[33-35]. In these studies. participants' performances were tested and compared 
ing awake for extended periods of time and after drinking alcohol to a certain blood.'~l 
hoI concentration (BAC). Participants staying awake for 17 h showed performance " 
similar to a BAC of 0.05%. and after 24h awake. the deficits were similar to 
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III'U'.J.Ul'll.The United States defines legal intoxication for purposes of driving as having a 
0.08% or greater. However, driving impairments are seen at lower levels, and some 

~!\\Jllltriles use a 0.05% or lower cutoff [36]. 
;-,iA.COlnJIIOn misconception is that a person can overcome the effects of sleep deprivation 

~tf\I~Uj!:b motivation, professionalism, training, or experience. Recent research provides 
ii¢Yjlilelllce to the contrary [33,37]. A study of medical residents did not provide evidence 

th~y adapted to sleep deprivation better as their training years progressed. In fact, 
r.~W'~:helrs found that sleep-deprived participants did not reliably recognize the extent of 

declines in performance. 
U.,":.IPerJforlnallce declines vary for individuals when they are sleep deprived [28]. Testing 
t"~~!b:Im .. person over time showed consistent patterns in his or her response to sleep loss. 
il'Jo~ver. some people showed a greater decline in performance than others, which may 

an individual trait or sensitivity. 

Increased Risk for Worker Injury and Errors 

~lIles in neurocognitive performance could lead to higher rates of fatigue-related injury 
1UnlrYpr errors. There is evidence that certain work scheduling patterns are associated 
,higher risks. When compared with the day shift, risks for accidents and errors were 

i'Jll'lhlll.her for evening shifts, and 28% higher for night shifts [5]. When compared with 8 h 
lOb shifts increased the risk by 13%, and 12 h shifts increased this risk by 28% [5]. As 

:MlllWnbc~rof successive night shifts worked increased, risk increased (by 17% for the third 
shift, and 36% for the fourth). Dembe et al. [38] reported a possible "dose response"­

",~,-., work hours increased, injury rates to workers increased. Only a few studies have 
mandatory overtime but the evidence available raises concern. Studies of nurses 

mandatory overtime with higher risk for needlestick and other work-related injury, 
II:nc~reJlatE~a illness, and missing more than 2 days of work because of these [39,40]. 

Poor Health Behaviors and Metabolic Syndrome 
. Linked to Shift Work and long Work Hours 

esa~ links shift work and long work hours to poor health behaviors. Bushnell et al. [41] 
that of nine work schedule patterns, the patterns predicted to be the most diffi-

were associated with the highest rates of smoking, obeSity, and low physical activity. 
';WsteInatic review by Frost et al. [42] concluded that smoking was generally more frequent 

workers. Workers may be drawn to smoking as a countermeasure for the fatigue, 
~_pjnless, and stress linked to demanding work schedules. A review of obesity and shift 

by Antunes et al. [43] concludes there is considerable epidemiological evidence for 
between shift work and obesity. A few studies have examined long work hours and 

and some report a Significant positive relationship [44,45]. The mechanism could 
~-UU'0112h poor-quality sleep and short sleep duration promoting an imbalance in appetite 
IMJIIlOllles that increase feelings of hunger and metabolic changes leading to obesity. insulin 
~staJlce, and reduced lipid tolerance [46]. Bushnell et a1. [41] found there are few stud-
_ ................. that have examined exercise and shift work or long work hours, and these have 
~'lrt4'.t1 mixed findings. 
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16.3.5 Diseases Associated with Shift Work 

Along with sleepiness, mood disturbances and gastrointestinal complaints are COmmoD :", 

initial symptoms that occur after disturbances to sleep. This set of complaints is rre~Qu~entll}', 
reported by people experiencing quick changes to their sleep/activity cycle due to tnveliDR,' 

across several time zones [47]. Shift workers commonly complain of gastrointestinal 
toms including abdominal pain, gas, diarrhea, constipation, nausea, vomiting, cbJmJltell 
appetite (either eating more or less than usual), indigestion, and heartburn [48,49). 
ety of stomach and digestive disorders have been reported in shift workers. SCtler:nbJuQilQl 

et al. (50] reported an increased risk of colon cancer in nurses working 3 or 
per month for 15 or more years. Possible mechanisms for gastrointestinal distutba1i 

include disturbances to circadian rhythms involved in eating and digesting food, 
deprivation leading to stress response, changes in immune function, or the types I' 

that are available during these shifts [48,49]. Shift workers commonly report pS}lrctil)qi~ 
complaints including bad mood, depression, irritability, anxiety, personality changes, '" 
difficulty with personal relationships 151]. ' 

Shift workers are at somewhat higher risk for cardiovascular disorders. A 
Puttonen et aJ.152] reported the epidemiologic data support a possible link with caJ'jtllo~ 
cular disease, including myocardial infarction, chest pain, and high blood pn~ss'll"edft';) 
et aJ. [53] recently reported an increased risk for ischemic strokes. The mechanism 
through metabolic changes and smoking. Frost et al. [42] concluded there is some 
that workers are at higher risk for metabolic disturbances and increases in smokiiltir!i 
starting shift work. 

In 2007, the International Agency for Research on Cancer of the World 
Organization announced sufficient evidence supports that shift work with 
rhythm disruption is a probable carcinogen [54]. The data from human studies 
the link is possible, while the evidence from animal studies is sufficient. The most 
cancer in shift workers is breast cancer. A meta-analysis by Megdal et al. [55) of 13' 
reported night work increased cancer risk by 48%. Two of three studies found an 
in prostate cancer [56-58]. Costa et al. [59] discuss mechanisms that could POI'SU:.WJ:e:: 
cancer: exposure to light at night reduces melatonin levels, repeated shifting 
sleep and activity, and depression of immune surveillance. 

Shift work is associated with adverse reproductive outcomes for women. A 
Frazier and Grainger 160/ reported that shift work was associated with a modest 
spontaneous abortion, preterm birth, and reduced ability for women to become 
Shechter et al. [61] reported increased medical office visits for menstrual cycle 
and cycles that were shorter, longer, or irregular. 

Persons with chronic diseases may have more difficulty managing their 
and disease progression when working shift work. Some medications have 
effectiveness across the circadian cycle which can lead to more difficulty in 
ing the appropriate dosage and time for administration when working shift 
Shift work can also interfere with treatment regimens that involve rna 
sleep times, aVOiding sleep deprivation, and controlling amounts and times' 
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and exercise. Sood [62] warned that the following conditions could get worse: heart 
disease. high blood pressure. stomach and intestinal disorders. sleep disorders. insulin­

.dependent diabetes. seizure disorders. asthma requiring medjcation. psychiatric dis-
o • eases. and alcohol/drug abuse. 

Some people have many symptoms. do not get rei ief from medical therapies, and appear 
unable to adjust to shift work. Harrington [63] estimated 20% of workers who tried shift 

work were unable to adjust. The reason is not fully understood. but it may be due to an 
inherited tendency to be more sensitive to sleep loss and disruption of circadian rhythms. 

16.3.6 Diseases Associated with long Work Hours 

The number of studies examining the influence of long work hours on health has been 
growing recently but is substantially less than the number of studies examining shift work. 
Several studies report long work hours are associated with increased fatigue. poor mood. 
poor recovery from work, and reduced perceived health [20.24,64-68]. Higher risk for 
depression is reported [69]. Suwazono et a1. 170] reported better scores for depression and 
fatigue when work hours were less than 12 per day and 58 per week. Long work hours 
are associated with increased risk for heart disease, high blood pressure, and diabetes 
although not all studies consistently report a Significant increase [20,22,65,71-73]. A sys­
tematic review identified eight studies with controls for physical demands that link long 
work hours to adverse musculoskeletal disorders (74). This may be due to longer exposure 
to physical demands and less recovery time between work periods. Possible adverse repro­

ductive outcomes include increased time to pregnancy 175]. A meta-analysis of six studies 
suggested a possible weak relationship with preterm birth (76). 

16.4 IMPACTS TO FAMILY, EMPLOYER, AND COMMUNITY 
Fatigue-related impairments can lead to reduced performance on the job. Rogers et a1. 
(77) reported that the odds for a nurse making an error at work increased by three times 
when work shifts lasted 12.5 h or longer, compared with 8.5 h shifts. Interns working long 
hours made more serious medical errors in intensive care units [78). Circadian; a shift 
work consulting firm, estimates fatigue-related accidents. lost productivity, and health care 
expenses costs employers $116.5 billion per year (79). Similarly, Rosekind et a1. (80) esti­
mated annual fatigue-related productivity losses for four employers were $1967 for each of 
their employees, a total of $54 million. 

Worker fatigue is a problem not only in the workplace. but also in the community. 
Experts who examined drowsy driving crashes listed shift work and long work hours in 
the top five factors that increase risk for a motor vehicle crash (81). As a consequence, 
drowsy workers could also endanger others on the road. Worker fatigue has also been 
linked to several well known industrial disasters including the 2005 BP Texas City 
explosion. the Buffalo jet crash. and the Exxon Valdez oil spill [5,82.83). In addition. 
society may be negatively impacted by a shortage of workers in critical jobs because too 
few people are willing to work demanding hours. as has been reported in the nursing 
workforce [84]. 
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16.5 OVERVIEW OF SLEEp, CIRCADIAN RHYTHMS, 
AND FATIGUE PHYSIOLOGY 

Sleep and circadian rhythm physiology provides insights into why workers make errors ." 
and develop chronic illnesses when they work demanding hours and do not get adequate ,', 
sleep. Although science does not have the full answer for the function of sleep, evidence is 
mounting that critical processes occur during sleep that are connected with maintaining; . 
health and life. For example, a laboratory study reported rodents who were kept awake for',: 
a few weeks died as a result of sleep deprivation [261. Sleep deprivation took just a little .:'. 
longer than time until death due to starvation. . 

Insufficient sleep is associated with reduced immune functioning and impaired mental 
functioning [851. Spiegel et a1. [861 linked sleep loss with insulin resistance, changes iii' 
appetite hormones that increase hunger and appetite, increases in sympathetic activity. 
and increases in evening cortisol. In the study, young healthy men restricted their sleep to 

4 h a night for 6 nights. At the end of this time, their test results showed clinically diagnos •. ' .. 
able impaired glucose tolerance. These findings suggest that not only do sleep deprived 
people feel sleepy, but other changes occur in their bodies that could speed the develop.: " 
ment of a broad range of chronic health problems such as obesity, diabetes, and cardio.' 
vascular disease. Sleep researchers warn that sleep appears to be as important for living as 
food and water, and recommend that people get the amount of sleep they need. 

16.5.1 Regulation of Sleep: Simple Two-Process Model 

Basic scientific information about sleep regulation prOVides insights into why workers have.·: 
difficulty with shift work and long work hours and also gUides coping strategies. Human " ...... . 
physiology promotes sleep at consistent times at night and wakefulness and activity during 
the daylight hours. As a consequence. working during the night and sleeping during the .. " 
daylight hours or sleeping at irregular times goes against human physiology and is difficult. 

The sleep/wake cycle is driven by two processes: (1) homeostatic sleep drive and (2) dr.· .. 
cadian rhythms [87J. These two processes interact to determine the time of sleep and ~, '. 
of wakefulness. as well as the stability of waking neurocognitive functions (e.g .• how weJj •.• 
the person feels when awake). 

The homeostatic sleep drive refers to a buildup of pressure to sleep in the brain the lon~,' 
ger a person is awake, which gets stronger the longer a person is awake. Pressure to sIeep .• 
decreases during sleep and reach a low after a full night of good-quality sleep. On awak-.. ' 
ening. the homeostatic process begins to build again the longer the person is awake. 
person remains awake for long periods. sleep pressure builds even further. putting higher. 
pressure on the person to fall asleep. , 

The second process driving the sleep/wake cycle is circadian rhythms. which are in~~ .' 
nally-driven cyclic rises and falls of biochemical. physiological. and behavioral processes '. 
living beings that occur across the 24 h day. There are numerous circadian rhythms in , 
human body; in fact. it is unusual to find a physiological phenomenon that does not LUO>U .... '·, 

a circadian rise and fall across the 24 h day. A pair of circadian pacemakers in the nYt)OU1Il· 
amus of the brain orchestrates the timing of the circadian rhythms so they work togeth¢, 
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. In wakefulness occurs in the evening a few hours before usual bedtime for a person on a 
;'-iiOrmal. daytime activity schedule. This can be experienced as enhanced alertness in the 

evening. even after being awake for long periods. The evening peak in alertness. called 
"forbidden zone" or "wake maintenance zone." makes it difficult to go to bed earlier [88]. 

Circadian rhythms promote sleepiness before usual bedtime. initiate sleep. and begin 
-,promoting wakefulness before usual waking time in the morning. Circadian rhythms also 

: ,: 'promote a shorter period of sleepiness in the middle of the afternoon. a time when people 
"'tend to want to take a nap. The pacemakers have an internally-driven 24h rhythm which 

tends to run longer than 24 h, but is entrained (reset) every day by external timing cues to 
keep the cycle at 24 h. Researcher theorize this is why when changing sleep times. it is easier 
to get up later than it is to get up earlier-because the circadian pacemakers naturally run 
longer than 24 h. The strongest external cue is the light/dark cycle of the sun [89J. Exercise 

, '- and melatonin also appear to exert an influence on the timing of the pacemakers. but they 
have less influence than light. Normally. light from the sun enters the eye (through closed 

, eyelids while asleep) and signals to the pacemakers the time for awakening and activity 
',' . and time for sleep. In addition to sleep and wakefulness, pacemakers orchestrate the tim­
" ing for numerous circadian rhythms that regulate phYSiological and behavioral processes 

In our bodies such as: hormones. body temperature rhythm, and times of physiological 
.- processes connected with eating and digesting food. 
, " , Circadian rhythms have an important purpose: they prepare the body for expected changes 
_In the environment (e.g .• the time for activity. time for sleep. and times to eat). External cues 
, :have a strong influence on the timing of the circadian pacemakers. The strongest cue is the 

sun's light/dark cycle; however, artificial light also influences the pacemakers [90.91]. 
The circadian system needs time to adjust to new sleep times and cannot shift to a new 

schedule qUickly. such as when switching shifts [90]. So. although workers can try to force 
themselves to be awake and work at night. they will be working against the sun's light/ 

_dark cycle and their circadian pacemakers that are strongly promoting sleep at night and 
Wakefulness during daylight hours. Researchers are testing manipulating timing of light 
exposure to promote adjustment of the circadian rhythms to working at night (92]:, 

Night work and shift work often result in de-synchronization or dissociation of the 
homeostatic and circadian processes so they no longer work together. negatively impacting 
sleep. As a result. sleep during the daytime tends to be lighter. shorter, more fragmented. 
and less recuperative than sleeping at night [93]. Workers on night shift commonly build 
up pressure to sleep during their work shift so they tend to fall asleep quickly upon their 
return home. However, because circadian rhythms promote wakefulness during daylight 
hours, they tend to awaken around noon and have difficulty going back to sleep. Because 
of this waking pressure. small environmental disturbances such as outside noise. or minor 
discomfort. can awaken them before they have slept sufficiently. During night shift. work­
ers often have to fight the strong pressure to sleep due to circadian rhythms that promote 
sleepiness. This is especially true between 2:00 and 6:00 AM [94]. 

Individual factors influence a person's ability to sleep at different times. and how the 
person performs when he or she does not get enough sleep. Some people have more dif­
ficulty than others. One factor researchers are studying is the "morningnessleveningness" 
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trait. People with "morningness" or "lark" trait are naturally early-to-bed and early­
to-rise and tend to have more difficulties working night and evening shifts. Persons with 
the "night owl" or "eveningness" trait are naturally late-to-bed and late-to-rise and tend to 
have fewer difficulties working night and evening shifts. Some people will show the "inter~ . 
mediate" trait. between "larks" and "owls." 

The morningness/eveningness trait may be inherited. or part of the functioning of 
the person's circadian pacemakers [95]. Teenagers and young adults tend to be "evening" 
types. and researchers theorize this may be due to brain development at those ages [96], ,' .. 
Morningness increases with age. so older adults tend to be "morning" types [97]. This trait .' 
may have consequences for shift preferences and coping capabilities. However. according: 
to Sack et al. [98]. sufficient research evidence is not currently available to support the 
validity and reliability of a morningness/eveningness questionnaire score to predict a per­
son's ability to adapt to night shift. 

111e~e is individual variability in the length of sleep each person needs [95J. Most adults 
need 7-9 h of good-quality sleep per night. Sleep researchers report the amount of sleep 
needed by each person may be an inherited trait like eye color and hair color and recom­
mend that each person gets the amount they need each day. 

Research links some factors to more vulnerability to sleep loss. People with an inherited trait 
show more neurocognitive performance declines with sleep loss [28]. Another factor is age. 
Younger people (children. teens. and young adults) tend to be able to sleep during the daytime! . 
and have more flexibility in the times they can sleep. They also tend to have a longer sleep length 
need. Aging is associated with less tolerance of shift work, which may be due to age-related 
changes in sleep that may make it more difficult for older people to initiate and maintain sleep 
at different times of the day [99]. As a consequence. some workers may experience more dif- ~ 

ficulties as they grow older. even those who adjusted adequately to shift work at younger ages. 

16.5.2 Drowsiness and Fatigue 

Long periods awake and poor-quality sleep build up "sleep debt"; extra sleep is needed· .'. 
to "pay down" this debt. For example. a person needing 8h of sleep. but only getting 6h, .' 
would accumulate a "sleep debt" of 2 h that day. If the person has a habit of restricting their" 
sleep. they could experience ongOing fatigue. sleepiness. and other negative effects dur~ " 
ing their wake time hours. To keep the sleep debt down. a person should use good sleep 
behaviors to prepare for sleep and sleep long enough to feel rested shortly after awakening. 

Research suggests building up a sleep debt and paying if off later is risky. Although the 
level of sleepiness may return to normal after a day or two of recovery sleep. neurocognitive 
performance will still be reduced compared to baseline [100.101]. Thus. getting adequate 
sleep on a regular basis. rather than episodically. is important. This is especially important : 
for workers working 12h shifts, who do not sleep much between the 12h shifts [19]. then 
try to catch-up on sleep after the block of shifts ends. ., 

Sleep deprivation increases pressure for the brain to fall asleep. The transition from" 
wakefulness to sleep is abrupt and rapid and occurs in an on-off-type switch in the brain '. 
stem [102]. The nature of this on-off-type switch transition to sleep can lead to dangerous 
situations if sleep occurs during critical times such as when driving or operating equipment': ., 
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, ,The warning signs that the brain is close to falling asleep include: difficulty fOCUSing; fre-
• . quent blinking or heavy eyelids; daydreaming or wandering and disconnected thoughts; 

, ,:,c yawning repeatedly or rubbing eyes; difficulty keeping head up; and feeling restless and 
. 'iriitable [103]. When driving, the follOWing symptoms indicate sleep may be imminent: 
, trouble remembering the last few miles driven, missing exits or traffic signs, drifting from 
a lane, tailgating, or hitting a shoulder rumble strip. If these symptoms occur, the person 
should stop as soon as possible and take action quickly to protect self and others from the 
dangers of drowsiness while driving or during work. 

Wesensten et al. [94] discussed three key factors that promote fatigue-related errors: time 
of day, time awake, and time-on-task. The time of day or circadian factor predicts that the 
strongest decrease in wakefulness occurs during the early morning hours (2:00-6:00 AM). 

Other vulnerable times are in the middle of the afternoon (2:00-5:00 PM) and from mid­
night to 2:00 AM. The time-awake factor predicts the longer a person has been awake (or 
the poorer the quality and shorter the amount of sleep the person had recently), the greater 
their risk for fatigue. Lastly, the time-on-task factor predicts the longer the time spent on a 
task, particularly one that is monotonous, the more likely a person will feel fatigue. If two 
or three factors occur at the same time, risk for fatigue increases. 

16.6 STRATEGIES TO REDUCE RISKS 
Strategies to reduce risks from shift work and long work hours focus on correcting disrup­
tions to sleep and circadian rhythms and strains on family and social life. Workers, man­
agers, and employers share the responsibility of implementing strategies to reduce risks. 
Strategies for managers include instituting policies and systems in the workplace to reduce 
fatigue. Strategies for workers include adopting good sleep practices and behaviors and 
allowing sufficient time to get enough sleep. 

16.6.1 Improving the Workplace 
There is no single best work schedule pattern: hundreds of shift scheduling patterns exist. 
However, researchers offer several recommendations for improving work schedules 
[2,104,105]. A common recommendation is to give workers input on the design of their 
schedule since this promotes schedules that better meet the worker's needs. Work scheduling 
patterns that are associated with higher risks for fatigue-related accidents and errors can be 
avoided. Very early morning start times (6:00 AM or earlier) are not recommended because 
these tend to truncate sleep. Examine work start and end times and consider whether the eve­
ning and nighttime hours are required for the products and services produced. Avoid quick 
changes with less than 10-11 h off between shifts because this does not give enough time for 
a worker to commute to work, get ready for work, and get the 7-9 h of sleep most people need 
every day. Night shifts are associated with higher risks, so researchers commonly recommend 
using fixed nights with caution and limiting the consecutive number of night shifts to three 
for shift rotations [2,5,105). Since longer shifts are also associated with higher risks, Folkard 
and Lombardi [5) recommend using shorter more frequent work shifts rather than longer, 
less frequent shifts. Avoid a long series of work days followed by a long series of days off 
(a mini-vacation without use of vacation days) because long series of work days tend to build 
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up fatigue. Researchers recommend using a forward rotation for rotating shifts (day shift to 
evening shift to night shift) over a backward rotation (evening shift to day shift to night shift) 
[2,106]. They recommended avoiding a weekly rotation, and suggested using rotations that 
change shifts several times per week, or every 2 weeks or more [2,106,107]. Researchers rec­
ommend maintaining a regular and predictable schedule because it helps the worker prepare 
for work, sleep, and other responsibilities. The inability to plan makes unscheduled manda- , " 
tory work periods more difficult. Keep overtime to a minimum. Schedule 1 or 2 full weekends ' 
off each month to help workers maintain contact with family and friends [105]. 

Extended shifts require special consideration forlhe worker's needs due to the-long- , ' 
number of consecutive hours worked. Knauth [19] recommended the following conditioDB' ' 
be met for using extended shifts: 

• The nature of the work and workload are suitable and do not include heavy physical' 
demands, dangerous work, fast-paced demands, or high stress. - . 

• Work periods include adequate rest breaks. 

• The shift system, work tasks, and other features of the job are designed to minimize 
fatigue. 

• There are adequate arrangements for covering absentees so that overtime will not be 
added. 

• Toxic exposure is limited. 

• Complete recovery after work is possible. 

• Assessments are systematically carried out to identify adverse effects early. 

• Demographic factors that are linked to more difficulties with long shifts are not pres- , 
ent, such as an aging workforce. 

The combination of difficult scheduling patterns or long shifts with heavy work demands 
is associated with higher risks. For example, a review by Caruso et al. [12] reports a pat~ , 
tern of adverse findings when 12 h shifts combine with more than 40 h a week, when 12h 
shifts combine with very early start times, and when high workloads or hot work environ­
ments combine with 12 h shifts. Managers and workers can carefully consider the com­
bined scheduling and job demands and modify schedules and workload to reduce risks. 

Managers can work toward moving their organizations to make use of naps during work ' 
shifts. This includes policies to allow naps during the work shift, good nap environments, sys­
tems to schedule naps and awaken napping workers, and adequate staffing to cover the work. 

Frequent rest breaks during the work shift help reduce risks. By pooling findings from several' , 
studies, Folkard and Lombardi [5] estimated that rest breaks every 2 h reduced risks more than 
4 or 6 h rest breaks. Managers can improve their workplace approach for taking rest breaks. 

Managers can schedule employees to work with others rather than working alone. They 
can also consider the timing of demanding tasks and try to schedule these at times when 
there is less chance for fatigue [l05]. Long periods working on monotonous tasks increase" 
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.: risk for fatigue [94), so it is useful to break up time on these tasks with other activities. In 

: .. addition, managers can assess if staffing levels are appropriate for workload needs. 
". , ,,'. Managers can also consider the timing of services. environmental conditions. and 

·.Sodalprograms [lOS). Since workers on shift work and long work hours may be at higher 
. 'risk for certain diseases. managers can encourage regular health examinations to identify 

.' and treat any problem early. It would be helpful to schedule occupational health and coun­
<:.'. seling services so they are convenient for workers on evening and night shifts. The envi­

'mnmenta] conditions during nonstandard shifts should be considered and maintained so 
they are comfortable during the evening and night-shift hours. Workplaces often organize 
sodal programs during the holidays and at other times. These events should be planned to 
iDdude shift workers and scheduled at times that are convenient for them. 

There is widespread lack of appreciation and knowledge about the risks connected 
. with insufficient sleep and demanding work hours, and as a consequence. workers and 
~orkplaces often lack systems to protect against these risks 1108]. Training programs for 

. <,,"Workers and managers are recommended by the National Occupational Research Agenda 
•.. ··(NORA) Long Work Hours Team. the American Petroleum Institute. and other organiza­
... lions [4.109). Content for training programs can include these nine topics: 

1. Basic information about sleep, circadian rhythm. and fatigue physiology 

2. Good sleep practices and behaviors to get adequate sleep 

3. Sleep disorders and other sources of sleepiness and the importance of identifying and 
treating them 

4. Safety risks linked to insufficient sleep 

5. Risks for development and exacerbation of acute and chronic diseases from insuf-
ficient sleep and shift work and long work hours 

6. Strategies to reduce fatigue-related injuries and errors 

7. Signs of fatigue and workplace policies and strategies when workers are fatigued at work 

8. Workplace interventions to reduce safety and health risks associated with shift work 
and long work hours 

9. Training for family members about the special needs of workers on shift work and 
long work hours so they can provide better understanding and support 

· Workplaces can conduct systematic assessments to examine the influence of work sched­
.', ules on factors on- and off-the-job inclUding: performance. alertness, sleep. unintentional 

.': . . Injury. worker errors. near misses. illnesses, and off-the-job responsibilities. An anony-

InOUS, no-blame reporting system can collect incident and near miss reports. Include 
· information about the time of the incident, shift details, number of consecutive shifts 
worked, number of hours the person has been awake. number of hours of sleep in the pre-

· Vious 24 h, and normal or unusual circumstances such as overtime because of a weather 
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emergency (109). Analyses of several incident reports may reveal factors that can be modi­
fied to reduce risks. Workplace fatigue-related policies can guide workers and managers on 
things such as the appropriate actions when a worker appears to be too fatigued to work 
safely. and the level of work hours that may be too high for safety reasons. 

16.6.2 Improving Sleep Habits and Routines 

The key strategy for reducing risks is getting enough good-quality sleep every day. Good 
sleep habits and routines. such as making the sleep environment more conducive to sleep 
and preparing oneself for sleep. improve sleep quality. Information on sleep hygiene. sleep 
disorders. and strategies for shift workers is available from several sources [98.110-113~ 
Figure 16.1 summarizes frequently recommended suggestions for improving sleep.·· 

Get the amount of sleep needed each day; most people need 7-8 h of sleep. 

• Sleep at about the same times every day to help improve sleep. 

• Use the bedroom only for sleeping and intimacy to foster associating it with relaxation and sleep. Do not use 
the television or work in the bedroom. Sleep in a very dark. quiet. well-ventilated space with a comfortable. 
cool temperature. Have a comfortable bed and pillows. 

• For night and evening workers who need to sleep during daylight hours, create a completely dark bedroom by 
covering the windows with opaque coverings and block light from coming under the doorways. Light bulbs 
emitting dim red light or very dim night lights can be used by the path to the restroom. An alternative is to 

use an eye mask during the entire sleep episode. Prevent noise by using a white noise machine (like a fan) or 
ear plugs. Take measures to prevent awakening because of phone calls or the door bell. 

• Relax before going to bed. Keep the light levels lower 2h before bedtime and avoid household chores or 
stimulating activities for at least 2 h before bedtime. Avoid bright computer screens during this time period 
(or wear dark sunglasses to reduce this light exposure). Follow a relaxing bedtime routine within an hour 
or more of sleep to signal the brain It is time to sleep. Brushing the teeth and getting ready for bed facilitate 
relaxation and sleep. Some suggestions to help relax are a warm bath. listening to soothing music, meditat­
ing, breathing exercises, and other relaxation techniques. 

• Avoid before bedtime. 

i. Heavy or spicy meals 12-3h before bed). 

ii. liqUid intake (to avoid getting up to go to the bathroom). 

iii. Alcohol (causes early awakening and sleep disturbances). 

iv. Caffeine (avoid (or several hours according to person's own sensitivity). 

v. Nicotine (avoid for several hours). 

vi. Going to bed on an empty stomach. 

• Face the clock away from the bed to avoid focusing on the time If awaking before wake-up time. 

• If unable to fall asleep within 30min of going to bed or awaking early and being unable to get back to sleep, 
get out oCbed and try a relaxing activity such as reading until becoming drowsy. but keep the light level tow 
because bright light will promote wakefulness. 

• Exercise regularly to improve sleep. However, end exercise at least 5 h before bedtime. 

FIGURE 16.1 Suggestions for getting a good night's sleep. (From Patlak. M .• Your Guide to Healthy . 
Sleep. U.S. Department of Health and Human Services. National Institutes of Health. National . 
Heart. Lung. and Blood Institute, NIH Publication No. 06-5271. 2005.) , . 
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. 'Because sunlight and artificial light have an alerting effect and a strong influence on the 
Jtlming of sleep. workers who need to sleep during daylight hours should take additional 
;~'measures to prevent light exposure to their eyes during their sleep period and prevent 

.' disturbances from noise. 

16.6.3 Correcting Other Causes of Sleepiness 

Another strategy for reducing risks from fatigue is to identify and manage other fac­
tors that increase daytime sleepiness, including sleep disorders and a wide range of other 

, chronic disorders that disturb sleep. Sleep-related problems are common. afflicting 50-70 
million Americans. but are often undiagnosed and. therefore. not treated [l08]. Insomnia 
increases with age. According to the National Sleep Foundation poll, "Sleep in America." 
only 33% of women ages 18-24 had a sleep problem a few nights a week. but 48% of women 
ages 55-64 did [114]. Sleepiness is a common side effect of several medications. such as 
antidepressants, cold tablets. and antihistamines. Sleep deprivation from shift work or long 
work hours can exacerbate underlying sleep disorders [115]. Because workers with fatigue 
who work these demanding schedules will be particularly vulnerable to fatigue-related 
risks. they should consider seeking an evaluation from a sleep disorders specialist if symp-

.. toms are present. 

16.6.4 Using Naps 

The Standards Practice Committee for sleep medicine recommends planned naps before 
or during night shifts. because research reflects a high degree of clinical certainty for their 
effectiveness [111]. Takahashi's [116] findings support the positive effects of naps during 
work shifts. Research indicates that a brief period of sleep (15-20 min), not just a quiet 
period. has an alerting effect [1171. If time is available. longer naps of 1.5 h or more can 
reduce sleep debt and provide further gains. However, after naps of greater than 45 min. 
there will be a period of grogginess. so it is important to allow time for this to pass before 
resuming dangerous or critical tasks [l18]. When workers are sleepy after the work shift. a 
short nap may help restore alertness before the drive home. 

16.6.5 Using Caffeine 

Caffeine is a commonly used stimulant that takes approximately 30 min to reach peak 
plasma levels [119]. The eqUivalent of two cups of coffee can increase alertness for a few 
hours [120]. However, heavy daily use of caffeine may reduce its effectiveness. Instead, 
workers can use it strategically when the stimulant effect is needed. 

16.6.6 Using a Combination of a Nap and Caffeine 

If experiencing drowsiness while driving. experts suggest stopping driving. consuming 
caffeine. and then quickly taking a short nap [113]. On awakening, the person will gain the 
benefits from both. The combination of a 2.5 h nap before a night shift and caffeine at the 
beginning of the shift had positive effects on alertness [98,121]. 
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16.6.7 Using Light 

Researchers are testing the effectiveness of light treatments to improve adaptation to shift, 
work. Light increases alertness and is a strong signal for circadian rhythms [91,110). Many .[ 
questions remain about the optimum color of light, intensities, and length of time fOr ,: 
exposure to light to use to improve adjustment of the circadian rhythms [l22}. Sunlight.,',' 
is most effective, but common levels of artificial room-level light (100 lux or more) also 
increase alertness (110). For night workers, some researchers suggest intermittently goinS,' " 
into well-lit areas during the first several hours of the shift and reducing light exposure,',' 
few hours before bedtime to help prepare the body for sleep when home [98,111]. 

16.6.8 Diet and Exercise 

Many research questions remain about the effects of diet when working shift schedules and 
long work hours. A few studies suggest that simple sugars may increase sleepiness, so it is best 
to avoid sugar-rich beverages and foods when prone to sleepiness and there is a need to stay 
alert [123-125). There is not yet enough evidence to clearly determine the best time to eat when 
working night shift and to give detailed information about what to eat to reduce metabolic 
disturbances and optimize alertness and performance [126]. Circadian rhythms involved in 
eating and digesting food are timed for eating during the day and fasting during the night. 
Researchers theorize that shift workers experience gastrointestinal symptoms. reduced glu­
cose and lipid tolerance, and other gastrointestinal problems because of the mismatch in these 
circadian rhythms and the timing of food intake, sleep, and activity. Given the evidence cur- , 
rently available, Lowden et al. [126] offer the following dietary guidelines for shift workers: 

• Avoid eating or reduce food intake between midnight and 6:00 AM. Use the nonnai 
daytime and nighttime pattern of meal timing as much as possible and divide intake 
into three meals per 24 h period. 

• Eat more frequently when there are higher energy needs. 

• During the shift, eat high-quality foods such as vegetables, salads, vegetable soups, : 
fruits, wholegrain sandwiches, yogurt, cheese, eggs, nuts, and green tea. Avoid sugai'~' .-
rich products, and low-fiber carbohydrate foods. . 

• Eat with colleagues in a pleasant environment away from the work site. 

• For general dietary suggestions, avoid alcohol and foods with added sugar. Eat com~. 
plete meals with animal products and starchy vegetables, or protein-rich plant fOOcb. . 
(beans plus cereals, rice, pasta, plus roots) and non-starchy vegetables and fruits, at 
vegetarian meals consisting of protein-rich plant foods, fruits, and vegetables. 

• For night workers, eat breakfast before day sleep to avoid waking due to hunger. 

• Avoid large meals 1-2h before the main sleep episode. 

Although the evidence about the influence of exercise on shift work and long work ho~ . 
leaves many questions, researchers offer some guidelines. A review by Caldwell et al. [1101; . 
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concluded that short periods of moderate exercise can increase alertness for brief periods 
(30 min), while longer periods of intense exercise may increase sleepiness. Sleep researchers 
commonly recommend regular exercise because it promotes better sleep. However, they 
recommend ending exercise at least 2-5 h before the main sleep episode [110,112). 

16.6.9 Avoiding Ineffective Strategies 

Researchers cautioned that several common strategies people use when feeling sleepy while 
driving actually do not help, such as putting down the window, turning the air conditioner 
on full blast, and playing the radio loudly [127]. Resorting to these strategies indicates that 
someone is struggling to stay awake and is too sleepy to continue driving safely [113]. 

16.6.10 Cautioning about Substances to Promote Sleep or Alertness 

Many people can be helped by good sleep habits and routines, so it is best to use these 
behavioral strategies fully. Stimulants and sleep medications can help people who have 
difficulty with sleep or daytime sleepiness, but these substances can have side effects, can 
become addictive, and are generally just for short-term use [11O,128}. In addition, they do 
not completely remedy the effects of inadequate sleep, and questions remain about their 
long-term use [I II}. Given that caution, it is advisable for a worker to see a sleep disorders 
specialist if experiencing frequent sleep disturbances or excessive daytime sleepiness. 

16.6.11 Gain Cooperation and Help from Family and Friends 

Several studies link shift work and long work hours to strains on personal relationships 
and work/family conflict [51,129,130]. For families with children, Presser [131] reported 
divorce and separation are six times higher for men on night shift and three times higher 
for women on night shift. Mood disturbances from poor sleep and disturbances to circa­
dian rhythms could be the source of some of these strains. Also, evening and night shifts 
and weekend work make it difficult to participate in normal social and family activities 
and give workers less quality time to spend with family and friends. Adopting good sleep 
practices and improving sleep would help reduce mood disturbances that strain relation­
ships. Workers also can educate their family and friends about their special needs to gain 
their understanding and willingness to be flexible in juggling activities and demands [lOS}. 
Another strategy is to adopt systems to maintain communications such as writing notes 
and calling during the work shifts and scheduling time together. 

16.7 FUTURE CONCERNS 
There are many unanswered questions about risks linked to shift work and long work 
hours, the best work schedule patterns to use, and strategies to reduce risks. Because soci­
ety requires many types of workers to provide vital services around the clock, it is not 
possible to eliminate shift work. At times, long work hours cannot be avoided. Future work 
settings and society would benefit from many types of research on this topic: (1) research 
to better explain the physiology underlying the health risks of circadian disturbances and 
sleep deprivation as well as strategies to reduce these risks; (2) studies to identify individual 
factors that account for the wide range of tolerances to sleep deprivation and circadian 
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rhythm disturbances; (3) epidemiology studies to assess the risks using better methods to 

handle underestimates from factors such as drop outs and the healthy worker effect; and (4) 
intervention studies using laboratory experiments as well as real world settings [4,93,132J.'· 

1. Research needs to provide a clear and complete description of the work schedules, the. 
workers, and the work environment to better compare findings across studies. build· 
evidence. and move the science forward. 

2. Research needs to measure and control for factors that may influence the relationship . 
between shift work and long work hours and outcomes. 

3. Research should explore a wider range of possible outcomes: a variety of symptoms/· 
and functional deficits associated with having less time for sleep. work recovery. 
and other life necessities as well as longer exposures to occupational hazards and 
demands; the development of chronic diseases as well as acute injuries and illnesse5; 
risks for the employer such as reduced productivity and quality of goods and services. 
increased absenteeism, higher health care and workers' compensation costs. and less 
successful recruitment and retention; short and long term impacts on marital part- . 
ners, family life, and children; and impacts on the community. 

4. Research should examine shift work and long work hours in occupations involving . 
public safety (e.g .• health care, law enforcement, transportation. utilities) since ~ " 
consequences of errors due to fatigue can be especially great. . 

5. Research should examine workers in vulnerable groups: women who are pregnant:· ..•.•. 
and couples who wish to become pregnant; older workers; workers with chronic W- : .. 
nesses including symptom management and disease progression; workers exposed to ~ .. 
occupational hazards; and socio-economically disadvantaged workers. 

6. More regular, systematic tracking and assessment of work schedules in the United· .•... 
States is needed. 

7. Research should develop and test interventions to reduce risks including but not Itnh' .• 
ited to: various work scheduling patterns; manipulating light exposure. pharmac:olr .. 
ogy agents, diet regimes, and other work organization strategies such as supe~,·. 
and coworker support; workplace or corporate interventions including fatigue-related. 
policies, fatigue risk management systems. and education campaigns for workers~· • 
managers; models to predict risks; and studies of the impact of broader public poliiy" 
measures (e.g .• impact of the state laws limiting mandatory overtime for nurses). " .. 
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