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The authors consider three aspects of managing fatigue in the workplace,

They provide o brief overview of important seientific findings related to sleep

and circadian physiology that establish the psychobiological foundarion of

Jatigue. Their major focus ic on the relevance of these findings to operational

sentings. In addition, they provide examples to describe practical fangue Loun-
_ termeasures thar can be used in operational sertings.
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Since the Indusuiai Revolution and the invention of the
light bulb, society has retied increasingly on 24-hour oper-
ations in many settings, incloding healtheare, manufactur-
ing, safety (police, fire, nuclear, etc), transportation, and the
military. The health, safety, and economy of the Uniped
States depend on mecting these around-the-clock needs.
Furthermore, the requirement for 24-hotr operations will
grow as the United States competes in the 24-hour global
economy.

For uman baings, funcuonmg on a M—houx basis pose:s
unique physiological challenges. Acknowledging and man-
aging these physiclogical challenges can promote perfor-
mance, productivity, and safety in 24-hour operations,
whereas ignoring these factors can lead to decrements in
human capability and (o the potential for incidents and acci-
dents that can result in remendous societal and individual
cogts. ‘
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Humans are hard-wired with a geneticaily determined.
biological need for slesep and with a circadian pacernaker
that programs us 0 slesp at night and to be awake during -
tha day on a 24-hour schedule. Twenty-fonr hour operations
challenge these basic physiological principles. Shift work,
altered and changing work schedales, crossing time zones,
leng hours of continuous wakefulness, and slesp loss can

© ¢reate sleep and circadian disruptions that dagrade the wak-

ing function. On an individusl basis, this transtates into fa.
tigus and sleepiness while someone 2 driving, monitoring
equipment, operating. aircraft, performing medical proce-
dures; into degraded vigilance and decision-making; and in-
to a ‘wide range of other performance effects that can mde ‘

" the sefety margin in operational settings.
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Examples from various segments of socicty demonstrate
how thege individual volnerabilities can transtate into sig-

" pificant incidents and accidents. Those who investigate such

occurrences have identified fatipue a5 a probable cause of
accidents in different modes of transportation. For example,
the National Transportation Safety Board has cited fatigue
as a probable cause in the Exxon Velder and World Prodigy
marine accidents snd in the crash of a DC-8 aircraft in
Guantanamo Ray, Cuba.!-? Fatigue has also besn cited in
the nuclear accidents at Three Mile Island and Bhopal and
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Sleep Loss Accumulates Into a Sieep Debt

_An individual who requires 8 hours of sleep and obtains
only & hours is essentially sleep deprived by 2 hours. If that
individual sleeps onlty 6 hours each night over 4 nights, then
the 2 hours of sleep loss per night would accumulate inio an

8-hour. sheep debt. 1 has been cstimated that, in the United |

States today, meny adults obtain from 1 to 1.5 fewer hours of

sleep per night than they actually need." Duxing a regular

workwseek, this would translate into the accumulation of a 3-
hour to 7.5-hour sleep debt going into the weekend. Hence,
the commeon phenomenon of sleeping late on weekends to
compensate for the sleep debt accumulated during the week.

Generally, recupetation from a sleep debt involves

obtaining deeper sleep over 1 to 2 nights. Sleep loss also can-
result in some extension of the usual sleep duration. How-:

ever, this extension is much less than would be required to
make up the lost hours of sleep (ie, by having to sieep 7.5
‘hours longer on the weskend 1o make up for the sleep detnt
socumulated during the week). Both an increased amount of
deep sleep and an increased sleep duration can indicate a
sleep debt, : :

Physialagicaf @mx Subjective Sleepiness

Sleepiness can be differentiated into two distinct compo- -

nents: physiological and subjective. Physiological sleepi-
ness is the result of sleep loss: lose sleep, get sleepy. Sleep
Joss will be accompanied by increased physiological sleepi-

niess that will drive an individual to sleep to meet the phys-- .

jologicat need for sleep. Subjective sleepiness is an individ-
ual's introspective self-report of how sleepy he or she
feels #2 Subjective reports of sleepiness can be affecied by
many factors, such as physical activity or a particelarly

stimulating environment, such as an interesting conversa-. -

tion.?! These factors tend to mask or conceal physiological

slegpiness and therefore lead people to overestimate their

owhn level of alertness. " ‘

The discrepancy between subjective sleepiness and phys-
' jological sleepiness can be operationally significant. A per-
son might report a low level of sleepiness {ie; high level of
alertness) but be carrying an accumulated sleep debt with a
high level of physiological sleepiness, This person, in an
environment stripped of factors that cenceal the underlying

physiological sleepiness, would be susceptible to the occur-.
rence of spontaneous, uncontrolied sieep and to the perfor- -

mance decrements associated with sleep loss.*%

Steep Disanders = .

A range of physiological sleep disorders exist. They can
disturb the quantity and quality of sleep and subsequently
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can degrade waking performance and alertness. For exam-
ple, sleep apnea, a disorder as prevalent as asthma, is char-
acterized by = cessation of breathing during sleep that
causés the slaeper to awaken repeatedly to resume breath-
ing. The breathing pauses cen last from 10 seconds to sev-
eral minutes and can occur hundreds of imes each night.
The slegper is usually unaware of the repested apnea
episodes and associated brief awakenings that oceur
throughout the night, A cardinal symptom of sleep apnea is
snoring (although snoring can result from other causes).
Therefore, a sleep disorder ungelated to waking activities
may be a physiological cause of reduced performance and
alertness.® Principles and Practice of Sleep Medicine S is
the first medical téxtbook to provide a comprehensive
review of the full ranpe of sleep disorders and their treat-
ments,

The Circadian Pacemdaker .

Homan beings, liks other mammals, have a cireadian
(circg = around; dies « day) pacerhaker in the brain that-reg-
ulates physiological and behavioral functions on a 24-hour
basis, It is Jocated in the suprachiasmatic nucleus of the
hypothatamus. The clock coordinates daily cycles in such
functions as sleeping and waking, body temperature regula-

tion, hormone secretion, digesiion, performance capabili-

ties, and mood. Its role is to program us on & 24-hour sched-
vle to sleep atnight and to be awake during the day and to
have daily peaks and troughs in different functions at spe-
cific times. The circadian rhythm of core body temperatire
is commonly used to wack the position of the circadian
clock. On # regular 24-hour schedule with sleep at night
core body temperature is lowest between 3 aM and 5 aM,»
which is also the time when physiological sleepiness is
greatest and performance capabilities are lowest.

Thé circadian ¢lock normally keeps in step with local
time because it is sensitive to specific time cues from the
environment, notably sunlight and patterns of social activi-
ty. When a person suddenty changes the pattern of time cues
(eg, by changing to a new work-rest schedule or flying to a
new time zone), the circadian clock cannot adjust immedi-
ately. This is the basis for the circadian disruption associat-.
ed with shift work and jet iag. Shift work requires thai the
individual try to override the basic circadian patiern of
sleeping at night and being awake during the day. This sets
up a situation in which the clock s receiving conflicting
time cues from the environment.

For exampie, working at night creates a reversed pattern
of mighttime activity and daytime sleep, The unchanged
day-night cycle and the activities of the rest of the day-ori-
ented society, howsver, tend to maintain the circadian clock
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nights of unrestricted sleep. Under normsl circumstances, it
does not seem to be possible to obtain extrs sleep to “stock
up” on sleep apainst an anficipatéd debt in the foture.

On working days, it is desirable 10 et at least as many
hours of gieep as & normal night of sleep on a nonworking

day. If the work schedule requires wakefulness during the

part of the circadian cycle normally programmed for sleep,
it may mot be possible to obiain the nsual daily quota of
sleep in 2 single episode. In this case, it may be necessary to
sleap more than once, (eg, moming and evening) or-to take
naps.

At certain times in the cwadmncyc!eltismymfnll
asleep, and at other times the brain is programmed to be
awake 3! For this reason, it is important to take advantage of
fecling sleepy by sleeping if circamstances permit. Con:
versely, it is impossible to force sleep. Trying unsnccessfal-
ly for 15 to 30-minutes to fall asleep is a signal to abandon

the effort for the time being and to get out of bed. If the time |

available for sleep is limited, a quiet activity conducive to
relaxing, such as readiog, can be endertaken until sleepiness
signals that it is time to go to bed and try again. :

Naps. Naps can scutely improve alermess, even when
people do not report feeling well rested on awakening. If a
nap is just before work, or is likely to be interrupted for a
call 10 come to work, then it shou!ld be limited to a maxi-
mum of 43 minutes. This minimizes the chances of entering
deep sleep.** Waking out of deep sleep may lead to feelings
of grogginess and disorientation for several mintes (a phe-
nomenon called “sleep inertia™).

At other times, longer naps can be beneficial. Two hours

will nommally allow completion of one cycle through the
different states and stages of sleep.® A nap reduces the
durstion of continuons wakefulness before a work period
and can be paricularly beneficial befors a period of night
work, when the challenge of working through the circadian
tow point is also a factor. Getting some sleep is always bet-
ter than getting none.

 Good sleep habits. A variety of préventive strategies can
be used to help improve sleep quality. In a clinical setting,
these come collectively under the heading of *slesp hy-
giene."™" A regular presleep routine can condition retaxation
in preparation for falling aslsep. It breaks the connection
between the paychological smessors of the day and the sjeep
period, Once this pattern of cues is established, it can be
used anywhere and apytime. It may include such things as
checking the security of the sleeping environment and
putting the cat out or reading something relaxing and enter-
taining (but not work related).

In addition, variovs physical and mamal mlaxauon tech-

niques such as medirarion, awogenic training, yoga, and
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progressive muscle relaxation can be learned and used in
this way. These skifls need to be practiced and developed
before they can be expected to provide benefit, It is also
important that the bedroom remains an environment con-
ducive to relaxation and sleep and doss not become associ-
ated with stressful activities, such a3 work or worry.

Sleep dme needs to be given priority and kept as free as

possible from otheér commitments and activities. This may.

be difficult when the sleeper is on a routine that does not
mateh that of others, suchasuymgtosleepdunngﬂmday
in a home with toddlers, ‘

Effects of food, alcohol, and exercise. The dlscomfort 8t~ -
sociated with being hungry or with having esten too much
may interfare with falling asleep. If one is hungry or thirsty
at bedtime, a light snack or 4 small drink is preferable. In
general, evidence for affacts of common. dietary con-
stituents on sleep is not yet conclusive, although both alco-
hol and caffeine have well-documented disruptive affacts.

Alcohotl is reputedly the most commonly used skeep aid
used in the United States. It can promote rejaxation and
therebry help a person fall asleep, but it also produces easily
disrupted, lighter slesp. It snppresses REM (rapid-eve-
movement) sleep in the first half of the pight, leading 1o
FEM rebovnd and withdrawal effects in the second half,
Awakenings from intense dreaming activity, with sweating
and headaches, are not uncommon.” The amount of alcohol
required to produce adverse effects is variable, depending
on several factors, including gender (women appear to be
more sensitive), body mass, and age, .

In normal, nonalcoholic voluataers, a blnnd lavel of 50
mg/kg (half the Jegal intoxication level in most states) is
sufficient. Alcohol is metabolized at a rate of approximate-
Ly one deink per hour. It is advisable to. finish drinking suf-
ficiently early to allow the blood alcohol level o metum to
zero before sleep. Eveén then, sympathetic arousal follows
the decline of blood alcohol levels and may persist for 2 to
3 hours after the blood alcohol concentration returns to
zero. Alcohol also worsens breathing disordens during
sleep, including apnea, and reduces associated oxygen lev-
els.

Caffeine stimulates the Rérvous systemn, generally taking
effect in 15 10 45 minutes after ingestion; it usually remains
active for 3 to 5 hours, although the effects can continue for
up to 10 howrs in sensitive individuals. The effects of caf-
feine depend on a number of factors, including habitnal
usage, body mass, and previous food intake. Regular high
caffeine consumption tends to raduce the individual’s sensi-

. tivity to its effects. Regardless of the level of habitual con-

sumption, caffeine before sleep leads to lighter sleep with

~ more awakenings and reduced total sleep time. Some con-
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schedales can make it difficult to maintain a regular pattern
of well-balanced meals. Individuals need to be encouraged
to plan ahead, therefore, and provide themselves with nutri-
tious snack foods. '

The gol of all operational countermeasures is to improve
workplace perfonnance and alertnesz when compared with
the condition in which no coummn:asums are taken. Nap-
ping is one of the few countermessuies that has been rigor-
ously tested in this way in a real-world operational setting.

" A joint study by scientists ‘with the National Air and Space
Administration (NASA) and the Faderal Aviation Adminis-
tration {FAA) examined the effectivenese of a planned cock-
pit rest period in improving subsaquent performance and
alertness in commercial long-haul flight operations.®* The
authors of the study compared two groups of long-haul
flight crew members flying the same sequence of four
‘scheduled 9-hour trenspacific flights. One group was
allowed a 40-minute nap opportunity (one crew member at
a time) during & period of low worklioad while the aircraft
was at cruise altitude. The other group followed the same
procedures, but they were instructed to continie their nor-
mal flight activities during the designated 40-minute period.

Crew members who were allowed to nap fell asleep on
939 of the available occasions and steps for an average of
26 minutes. They also showed better performance (on a
reaction titae-vigilance task) and higher physiological alert-
ness during the last 90 minutes of flight {measured by brain-
waves and eye movaments) than did the control group crew
members who had not napped. Planned cockpit rest i not
currently sanctioned by FAA regulations, but a proposal 10
allow planned cockpit rest, based on the findings in this
study, is currently under reviaw:

Future Conntermeasure Considerations
Bright Light '

A number of countermeasures currestly undnr investiga-
tion have not yat been demonstrated to be pm:tical or effec-

tive in operational settings, but they have the potential to

reduce the slesp loss and cireadian disruption produced by
shift work and transmeridian flight: Bright light (osvally
ore than 2,500 lux) has received particular attention. In
addition 1o its capacity to reset the cireadian clock, light of
thié intensity suppresses secretion of the pineal hormone,
melatonin, and appears to have an alepting effect, althOugh
the mechanism of this is not clear.®

Melatonin

Melatonin is also under active mvasugatmn for its slacp—
mduc:mg properties and its capacity to reset the circadian
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clock. It is not now classified as a drug in the Umited States
and is available in health-food stores. No quality assorance
mechanism is in force for melatonin, and the percentage of
active melatonin in heslth-food store products may: vary
widely. The nurber of shift workers and transportation
operators who are alrendy using melatonin is unknown, md
members of the scientific community are engaged in active
debate about its effectiveness and safety,

Melatonin affects a variety of physiological systems
beyond its sleep and circadian effects. It is a powerful mod-
ulator of the reproductive system in other mammals, and it
is cusrently being investigated for use as a contraceptive, in
combination with progesterone. It has also been reported 10
have a range of other effects, including restricting the coro-
nary arteries and exacerbating the symptoms of schizophre-
nia and depression. In high doses, it may produce hangover
effects on waking. More extengive scientific information is
needed for a complete wnderstanding of the full range of
melatonin’s effects. Given the cument state of scientific
knowledge, it would be prudent to take a conservative and
reluctant appvoach to the use of melatonin, pasticularly on a
regular basis, either as 2 sleeping medication or as 2 chrono-
biotic.

Exercise and Die

The role of physical exercise in resstring the circadian -
clock is also under investigation. Recent studies with noc-
turmal rodents {rats, mice, and hamsters) showed that bouts
of physical exercise can reset the circadian ciock in these
species. The patiern of resciting is similar to that observed
with tight That is, an excrcise bout in the moming advances
the circedian clock, whereas an exercise bout in the evening
delays it. Preliminary data indicating that exescise in the
late evening may delay the human clock have alse begn re-

. ported. Much more research is needed to clanfy the effects

of different amounts and types of exercise in dlffemnt parts
of the humao cucadian cycle.

There is also congiderable interest in pusmbla dietary
constituents that might be able to promote sleep or alertness
or to reset the circadian clock. It has been suggested that
foods rich in cnrbuhydrates (leg:nmes pasta, potatoes) may
induce sleep by elevating serotonsn levels. Conversely,
foods high in protein (meats, dairy products, oggs) and cet-
tain amino acids arc proposed as ways of promoting wake-
fulness by enhancing catecholamine activity.

A Jer-Lag Diet that tried to accelerate adaptation (0 a new -
time zone by exploiting muitiple circadian time cues was
published some years ago.® The steps proposed included
meal timing, fasting and feasting periods, high-protein versus
high-carbohydrate meals, and timed caffeine consumpton,
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