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Abstract

Altered sleep/wake patterns involve, by definition, displaced sleep. The present review concludes that mental performance is strongly
influenced by many forms of displaced slecp. Being cxposed to the circadian low (during waork/schivity), extended time awake or reduced duration
of sleep will impair parformance. The offect is most pronounced in the laboratory setting, however, even if 2 number of studies liave shown effects
of for example night work on newropsychological tests, and simulated worle In reat shift work situations performance chanpes have heen less
pronounced. Nor studies have evalusted the effects on production, but accidents and serious mistukes have been clearly esmblished in road
transport and there geems 1o be elear effeets also in health care, The effects are similar in eonneetion with flights across several time zones (et Tag)
but less daa are available. It is suggosted that there is a need for crtablishing the significance of impaired perforsance due 1o work hours in white

collar and service work. Also the notion of individual differences in performance impairment is an important issus.

© 2006 Elsevier Inc. All righrs regerved.
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1. Introduction

Altered sleep—wake cycles jn real life bring to mind mainly
different types af night work or shitt work, or related lypes like
sea watches, as well ag flights across time zoncs and perhaps
disorders that affect the sleep/walce cycle. This will be the main
focus of the present review, However, in order to nnderstand
how the effects are brought abour, it is also necessary to study
sleep—wake schedules in different laboralory situsations, such as
continuous wakefulness, simulated night work, living on an
cxtended or shortened “day” (24-h period) or other manjpula-
tions of sleep timing. The cxisting material does not, however,
suffice for a systematic review, The present approach will
instead have a more natrative character, with the weaknesses in
quality control that sccompany such an approach,

The issue of altered slecp~wake patterns is important for
several reasuns, Apart from the obvious aspect that, in night
work, sleep is displaced 10 the daytime and wakefulness to the
night time, the displacernent also changes the duration of
wakefulness (increased or deorcascd depending on pattern)
which for the average day worker would be 16 hours, 1t also
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changes the conditions for optimal sleep, These changes should
affect slecpiness and performance and one would expect real-
Lifc situations to reflect this, a8 discussed below.

2. Different types of performance

One might also consider the definition of “mentsl perfor-
mance”, Here the main focus will be on psychomotor per-
formance, vigilance perfornunce, and cognitive performance
(memory, addition, logical rcasoning). More complex decision-
meking (cxccutive functioning) has not teglly been studicd as a
function of alicred aleep—wake patterns other than as an offect
of sleep loss. The latter type of causc will be discussed
elsewhere o this issuc.

Il should also be pointed out that different types of
performance tests arc differentially susceptibls w circadian
mfluence and sleep loss. Thus, Balkin ct al. (1) systematically
investigated this issue in a partial sleep deprivation cxperiment
and found that tests that demanded constant anention and
contained monotony (like a driving sinmlztor or a psychomotor
vigilance test) were most sensitive, Least sensilive were tests
with a higher cognitive load (like logical reasoning). Onc might
assume that real-life situations that contain morc or less of
attention or ¢ognitive load (like driving in a nommal waffic
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etvirontment or controlling actual industrial processes) might
show ditferent scnsitivity to altersd slecp/wake pattorns,

3. The key components in altered sleep/wake patterns

As indicated above, the effects of altered slecp/wake pattems
depend on the ¢ircadian pattern of mentsl performance, the
amount of sleep, the ime awuke, and the offects of displaced
sleep om slecp duration. These components arc bricfly intro-
duced below,

3.1, The diurnal pattern of performance

The basic information on how mental performance is aft
foeted by altered sleep—wake patterns derives from laboratory
studies under controlled cooditions and manipulations of the
sleep—wuke cycle. As with physiology (as discussed elsewhers
in thiz issue) performance and alertness are regulated by the
biclogical clock in the suprachiasmatic nuclei in the hypothal-
amus [2]. Early studies mainly focused on school performance —
learning — and involved only the normal waking span and gave
information on the diurnal (pertaining to the day) pattern, Tn
thosc studies the fotenoon was thought o be the optimum time
[3]. Kleitman [4] used simple tepetitive tasks Like card dealing
and found higher daytime performance with lower levels in the
morming etd evening. Colquhoun and his group [5] developed
this research into more performance tasks — visual search,
logical reasoning, digit symibol subsrtitation, Aschofi™s research
group demonstrated similar results for reaction time and com-
putation speed [6,7]. One unusual troend was that in short
memory tasks performance, which Blake [8] found to decline
across the day. Folkard and others [9] later demonstrated that
different levels of memory load resulied in different divenal
patrerns.

"I'he circadian pattern in mental performance was also observed
in sudies of slocp deprivation which frecd the oscillatory partem
frumn influences of the sleep/wake alternation [ 10]. Even after 68 h
of slecp loss, the circadiom rhythm would still lift perforrnanee in
the moming to somewhat less impaired lovels.

3.2. Effects of sleep loss

The main result from the sleep deprivation smdies was,
however, the description of the gradual fall of performance with
time awake [10,11]. The €all was cssentially exponential, with a
repid foll during the hours mnmediatcly after awakening and a
levelling out towards an asymptote after around 40-72 b of time
awake [12],

Higher cognitive functioning was for a long time thought not
to be susceplible to slecp loss because of the assumed chals
lenging character of such tagks [13] but it appears that higher
copnilive functioning or decision-making is susceptible to sleep
logs [14-106]. Onc problem, however, is that tests of higher
cognitive functioning cannot be repeated because of the strong
lcaming effect. The impaired performance aller sleep reduction
has recently been related to increased slow wave activity in the
left pre-frontal arens of the bruin [17].

3.3. Adjustment

The adjustment to 8 new circadian phase position oceurs at
the speed of about 1 h/day [18,19], The mechanism is mainly
the light cxposurc at a particuiar eircadisn phasc [20-22], Light
before the circadian trough will delay and lighr after the trough
will advance the phase.

3.4, Internal desynchronization

Desynchronization between the slecp/wake cyele and
physiological variables is a very special form of altered sloep/
wake cycles. It normally does not accur in tewl life, except in
blind individuals [23]. Tn the laboratory it occurs when indi-
viduals arc isolated from synchronizers (Zcitgebers) for long
periads (typically a month), thus depriving the cirendian clock
of the light input it nceds to keep exact 24-h time. In 1/5 of the
subjccts the sleep—vwake eycle then starts to extend its period 1o
about 25 h, whercas that of performance and most physiclogical
fimetions have difficulties extending their period length to the
same extent and stop at a slightly shorter peried length [24].
This difference in perods leads to a gradually widening tempaoral
gup botween sleep and. for example the low point of the ractal
temperature thythm (where sleep normally is taken), Ullimatcly,
after around 20 days the slecp—wake pattern has complated full
circle and onee apain occurs around the circadian Jow,

One has also cxposed individuals 1o light—dark cycles of
diffcrent lengths in order to force desynchronization to occur.
This has yielded a “runge™ of entrainment of the biologicn! clock
to a sleep—wake rhythm of between 23 and 27 h (as indicated by
rectal temperature) by the artificial sleep—~wake cyele [25],

Using forced desynchronization over a period of a month,
Dijk and Czeisler (1995) demonstrated the interaction of
circadian phase and lims awazke in the regnlation of perlor-
mance. Subjective sleepiness and the BEG components of
physiological slecpiness (4-7 Hz and 8-12 Hz) react to cir-
vadizn and homeostatic influences in the same way [26].

3.5, Factory nffeciing slecp

Nor only performance, but also slesp is affected by circadian
mfluences. Forer and Lantin [27] showed that the later a train
driver went to bed, the shorter time he slept. This clearly
suggested a negarive influcnee of shifting sleep 1o the daytimme.
This circadian madulation of sleep propensity was also cone
firmed in a study that cxperimentally placed sleep at different
limes of day [28). Sleep duration decreased with later bedtimes,
up to 11.00 h, reflecting the circadian interference with dayrime
sleep.

The circadian influence on sleep was also demonstraled io
scveral studies of foreed desynchronization, These demonstrat-
ed the very close rclationship between sleep duration and
circadian phasce [29]. Sleep was promoted during the circadian
low (of rectal temperature) and interfered with during the
circadian high, Dijk and Czeisler |30] used their agcumulated
experience from studics of forced desynchronization to con-
struct a model claiming that the rime awake (homeostatic



M'_ av-18 14 .
05/18;201\‘0 TUE 15:36 FAX 0047011

1. Akerstedt / Physiology & Behavior 9) (2007) 209- 218 711

influence) and circadian phase together provided an optimal
position for sleep, resulting in maximum aleriness and
performance during the time awake. Any deviation from this
position wonld impair performanee and alertness sines it would
displace sleep, when it wonld be shortencd, as well s extend the
time awake and bring work or activity closcrio the circadian low,

The duration of slcep is also detormined by the duration of time
awake. This may not be all that obvious when sleep is starting at
its normal position at 23.00 h, When sleep is stayted at 11,00 b, the
homeostaric regulalion becomes very obvious becauss of the
strong runcating effcct during the circadian high (daytime). With
& full (7.5 h) priar night time sleep, subsequent daytime sleep may
reach 2 h in duration, whersas 4, 2 and 0 h of sleep will gradually
increase sleep duration to 4.5h [31]. 'Thus sleep duration is clearly
dcpendent on the amowunt of need for sleep,

3.6. Sleep loss and performance

The number of studies of the dosc-response relationship
between sleep duration and performence is lower than one
would expect. However, Wilkinson ct al. [32] camricd out the
tirst systematic study and found that 1-2 h of sleep loss did not
affcet performance but that greater sleep tuncation did. Jewett
et al. [33] vsed forced resynchronization studics to demonstrate
the samc dose—responsc relationship.

Relarively recently, sleep loss studics have began to focus
on the ceelogically more relcvant partial sleep loss, but across |
to 2 weeks, These experiments have led to an understanding of
the sleep duration criteria for the accumulation of fatigue/zleep
loss/perfortmance impairment, The conclusion scems to be that
gradual performsnce impairment starts when slecp duration
falls below 7 h [34,35],

4. Simulated shift work
4.1, Effects on performance

Explaining the mechanism behind shift work problems was
part of the rationsle for many of the laboratory studics mentioned
above (menned spacc flight was another). 8o simulations of shift
wotrk ave g natural extension of the ather laboratory studies,
particularly since the reul-life shift work sitvation is more difli-
cult to control and to obtain usable data from,

A large number of such studies have been camried out cither
simulating night shift work or extending perfarmance testing o
the night hours for other reagons, These studics have indicated
that most types of ks that require sustained attention, in-
cluding vigilance parformance, reaction time performance or
throughput in cogoitive tasks, result in a marked reduction of
capacity during the late night hours [36--39]. Czeisler ot al, [40]
brought shift workers to the lsboratory and demonstrated a
pronounced drop in reaction time performance (lapses) on the
psychomotor vigilance tcst. This impairment was counteracted
by treatment with the alertness cohancing drug modafinil.

Simulated night driving is associated with strongly increased
accident risk [41,42]. Also the simulated drive home afier a
night shift involves a highly increased accident risk [43], Flight

simulation studies have shown that the ability 10 “fly” a sim-
nlator [44] at might results in o performance decrement corre-
sponding to that scon after consuming aleohol up to blood
alcohol levels of 0,05% (legal level for drunken driving in many
countries). In an Austrslisn study using more traditional neuro-
psychological tests, the performance decrement corresponded to
that seen at blood alcohol levels of 0.08% [45]. However, in ote
sludy of simulated operation of a power station, no signifcant
effects were observed despite high levels of physiological
(increased 4—-12 Hz EEG power) and subjective slespincss [46],
This task did not makc high demands on attention but had a
rather hiph cognitive load,

4.2. Physiological indicaiors of sleepiness

Tt should be mentioncd that physiological measurcs alsa
support the obscrvation of sleepincss-related performance
mpairment, Thus, when work or activity is extznded into the
night, the hours between 04.00 and 07.00 in the moming will
show a strong incrense in alpha and theta activity in ambulatory
or sedentary subjects [47), as well as a major decrease (down to
2—4 min) in sleep latency [48—50]. The latter corresponds to the
post-night shift sleep latency in the field smdies cited above.
The levels seen in these studies would be interproted as
pathological sleepiness, should they be observed during a day-
shift, They also fall below the levels seen in councction with, for
example, moderate intake of aleohol or hypnotics [51].

4.3, Adjustment to night wark

Adjustnent 1o night work is an important issug since it has a
bearing on whether one should work many night shifts in
scqucnce or only one or two shifts. This problem was addressed
in an garly serics of studies by Colquhoun and others whao
systematically studied various performance measures in relation
to different types of simulated shifis [37,38,52]. The results
showed an adaptation that was gradual. The same group also
studicd different ypes of watchkeeping schedules for maval
envirormenis [53], The main results demonstrated the strong
irnpact of the circadian system with low performance in the carly
morning. Hughes and Folkard [54] rested the cffect of 10 night
shifts and found partial adaptation but also different speads of
udjustment. “Thus verbal reasoning and arithmetic ability had
adjusted most while visual scarch and mamal dexteriry had
adjusted least,

The early studics of adjustment & simulated night work did
not record sleep. It is, therefore, unclear whether the resuls
were partly due to tnmecation of sleep (due 1 circadian in-
fluences on day slecp). However, recent Jaboratory studies
sugeest that performance (and aleriness) improves ueross a
week of night work [53,56]. The imptovement was attributed to
the optimal sleep conditions, mesning darkness during day
slecp and 10 absence of competing social influences. Probably
also the youth of the subjects may have contributed sitca sleep
problams after night work increase with age [57-601. Furthet-
more, phasc adjustment oceurred and must have contributed to
the results. By night shift 4, performance in the study of
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Larmond ecal. (2004) had improved to what is found below legal
blowd aleohol levels (0.05%),

5. Interpolated tasks In real shift work settings

Mast occupations lack mensurable work performance mea-
sures, Thus, neuropsycholopical tests arc uscd as proxics —
interpolatcd porformance measurcs. ‘These are, of necessity,
relatively short and simple in order to permit measures at work
places. Thus, for example, roduced reaction time or poorst
mental arithmetic have been dernonstrated on the night shift
[61—-63]. Wojtczak-Jaroszova et al. [64] uscd manual dexterity
and search performance and found worse performance on the
night shift. Costa ct al, [65] used reaction time, digit symbol
substitution test and manual tracking but found no effect in night
nurses, Neither did Lowden et al, [121] when ¢comparing mean
levels of rcaction time performance, but night time rcactions
timcs at the end of the night shift were still longer than those for
the day shift. Axclsson et al. (1998) obtaincd similar results,

Tests of problem-solving and decision-making have often
been used to judge the cffect of on-call wark in physicians. On-
call work is usually a euphemism for combined day work and
night work and thus includes extended wotk hours, The results
of such studics show negative effécts on copgmitive ability
[66.67]. Geveral other studics have shown similar results [68—
70]. In a variation of cognitive tealing, Jacques ct al. [71] found
(hat interns who took an fmportant cxamination in clinical
medicine the results improved with the amount of sleep they
had obrained during the on-cal{ duty preceding (be Lest.

While intetesting, the use of neuropsychological tests docs not
provide any eritival valucs fhat can be yenerulized to productivity
or safety. However, in the medical arca there have been several
studics of simulated medical capacity which may have a higher
fage value, It bas thus been demonsiratzd that the ability o discover
signifticanr changes in medical variables was reduced in anes-
thsiologists after a night on call [72,73)]. Storer ot al. [74] studicd
pudiatricians in training and found that procedurcs requiring cyc—
hand coordination were impaired after 24 and 34 hon call, Tn a
small smdy of 6 enesthetists, intubstion became slower and the
time to estimate the need for trestnicnt in paticnts was increased
{75]. Friedman ct al. [76,77] showed a reduced ability to judge
ECG print-outs and he ability to find pathological values in
laboratory reports was impaired during on-call work [78],

5.1, Adjustment to night shifis

It has also hesn demonsirated that coghitive performance
improves across night shifts and wemuins poor the day after &
night shift [79], Memory search patformence was impsired after
night work [80]. Rollinson &t a1, [81] found rather strong cffects
on visual memory in interns. Apparently, scveral days of re-
cuperation was needed 10 repuin normal performance levels.

5.2. Sleep after night work

It should be noted that most studies cited above have not
nsed polysormmographical recording of sleep. Thus, we do not

know whether slecp lass has been part of the eanse of reduced
performance, However, other studies using polysommnography
indicate that sleep after a night shift (with bedtirme at 07.00 h) will
be shorened to 5.5-6 h [27.82-87]. Also night slocp before o
morning shift 1s reduced, bur the termination is through artificial
means and the awakening usually difficult and unpleasant
[62,88-90].

6, Work performance and accidents at work
6.1, Performance and errors

As diseussed in the introduction, one would cxpect negative
cffcets on performance and safety at night. There have been,
however, only foew studics on perfonmance in normal work
situations. Onc of the classic reports in this arca iz by Bjemer et
al. [91] who showed that crrors in meter readings over a period
ot 20 years in 1 gas works had a pronounced psek on the night
ghitt. There was also a sccondary peak during the afiernoon.
Sirmilarly, Brown [92] demonstrated that (elephonc operators
connceted calls considerably slower at night. Hildebrandt et al,
(93] found that train drivers failed to opetate their alerting safety
device morc oftcn at night than during the day. Woyczak-
Jaroszova and Pawlowska-Skyga (1967) found that the speed of
spinning threads in a rextile mill went down during the night,

Recently, a study of intermns on call showed high levels of
medical mistakes when scnior physicians were closely moni-
roring inwms on call [94]. Jmproving rest conditions (by
limiting work to 16 consecutive hours and 60 h/weck) greatly
reduccd many types of medical mistakes, of which scveral were
scrious; scveral accidenta wers averted by the monitoring teams.
Tt was suggested, however, that much of the effect was due o
the new rule requinng 8 b of rest each 24 b, Qtherwise, very fow
data arc available in terms of palient safcty. However,
Wilkinzon ct al. [95] found that 37% of British physicians
thought the long work hours impaircd medical safety, Wa et al,
[96] found that fatigue (related to on-call work) was the second
largest reported causc of their own past medical mistakes,
Nocera and Khursandi [97] wnalyzed (snonymously) self-
reported mistakes by anesthesiologists and found that mistakes
concerning dosage snd control of equipment wete due (o
fatigue. Cooper ct al. [98] made similyr lindings.

0.2, Accidents

The transport aren is where most of the avaifable acgicdent
daum on night shift slocpiness have been obtuined [99], Thus
several studics [100-102] have demonstrated that single vehicle
accidents have, by far, the greatest probability of occurring at
night. 80 do fatigue-telafed accidents [ 103] but also most other
types of accidents, for example head-on collisions, rear end
collisions [104]. In intemns the risk of having a crash was
strongly mercased after on-call duty [105]. The Narional
Trmsportation Safcty Board (NTSB) mnks fatigue as one.of
the major causcs of heavy vehicle acvidents [1067. Furthermors,
The NT8B also found that 30—40% of all US truck aceidents are
fatiguc-rclated (and grossly undercstimsted im conventional
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reports). The latter investigation was extended to search for the
frumediate causes of fatigne-induced agcidents [106]. Tt was
found that the most important factors were the amount of sleep
obtained during the preceding 24 h and split-slecp pattems,
whercas the length of time at the wheel seemed to play a minor
role.

Less data are availuble from convenrignal industrial opera-
tions [107,108] but they indizate that, oversl], accidents tend to
oceur, 100 surprisingly, when activity is at its peak (that is,
during daytime). These valuss do not take account of exposure.
The most carefully exccuted study, from car manufacmuring,
seemns o indicate # moderate increase (30—-50%) in accident risk
on the night shift [109]. Most other studies show & night shifi
dominance [110—-114], but not all. Folkard and Akerstedt have
uttempted to put together data from scveral studics of accidents
and shift work and demonstrated that accident risk is increased
on the night shift and increases with subsequent night shifts
[LL5}.

An interesting analysis has been put forward by the Asso-
ciation of Profcssional Sleep Socictics’ Committec on Cata-
strophics, Sleep and Public Policy [116], Their consensus report
noted thar the nuclear plant melrdown at Chernobyl occurred at
01:35 h and was duc to human error (apparently rolated to work
scheduling). Similarly, the Three Mile Tsland reactor accident
oceurred between 04:00 h and 06:00 b and was duc not only to
the stuck valve that caused a loss of coolant water hut also, and
more impottantly, to the failure 10 recognize this event leading
to the near meltdown of the reaclor. Similar incidents, although
with the nltimate stage being preventad, occurred 1985 ar the
David Becse reactor in Ohio and at the Rancho Seco rzactor in
California, Finally, the committee also smres thar the NASA
Challenger space shuttle disagter stemmed from ermors in judg-
ment made in the carly tnoming hours by people who had
ingufficient sleep (through partial night work) for days prior to
the launch. Still, these analyscs are single cases and it is not
possible o prove that these disasters were caused by work-hour-
related sleepiness. It does not, furthermore, give any informa-
tion on the risks of night and shift work.

6.3. Sleepiness during night work

The increasc in poor performance and slecpincss across the
night shift is also reflected in the strong Incrcascs in subjective
slecpincss during the night shift. ‘When subjective rating scales
have been administercd repearedly during the day and night, the
resuls indicare moderate low sleepiness during the early night
shift but very high slcepiness towards the ond of the shift, [117-
122]. This obscrvation may be compared with no slecpincss at
all during the day shifts and rather high levels at the start of the
morning shift.

Also alpha and theta ERG activity is increased in the few
studies in which polysomnography has been recorded at work.
In an EEG-study of night workers at work (train drivers) we
found that 1/4 showed pronounced increases in alpha (8—12 Hz)
and thcta (4—8 Hz) aclivity, as well as slow gye movemenis
(SEM) towards 05.00-06.00 h, both of which were absent
during daytime driving [120], The cotralations with ratings of

sleepingss were quite high (#=0.74). In some instances obvious
performence lapses, such as driving against a red light, ocourred
during bursts of SEM and of aipba/thera activity. The pattern is
very similar in truck drivers during long-haul (R—10 h) drives
[123]. Sirnilar results have been demonstrated by Mitler et al,
[86] in truck drivers, by Rosekind eral, [124] in air crew, and by
Lockley ot al. [87] in interns on ¢all,

7. Additional shift work issues

Most of the impaimment of performance in shift work is
related to the night ghifts. Thers aze, however, scveral other
1ssucs that are of interesrt,

7.1. Morning shifis

Onc issuc concemns morming work. This has reccived very
little attention despits morming work being more nnpopulat than
night work. Early times of rising (between 04.00 and 05,00 h)
are also strongly agsociated with increased sleepiness during the
restof the day [125]. This sleepiness leads to an curly afternoon
nap in about 1/3 of the workers [126—128]. Therc arc, however,
oo available data on performance.

7.2. Orpanisation of shift systenis

There arc a few studies which have compared threc-shift
workers witlh two-shift and day workers in the textile indusuy
and which bave found a higher accident rate for the [ormer
[129]. Angembach ct al. [130] found no differences, whilc
Koller (1983) rcported a higher rate in duy workers. The
question is whether two-shift work plus a night shift is a berter
solution than thrse-shift work.

With regard to shift scheduling there have also been attempts
to show that clockwise shift changes should be less negative for
performance than couner-clockwise ones, but the results are not
consistent [131-133). There has also boen a continuming dis-
cussion of whether permencnt shifts are better than rotaring ones
[134-136]. This issue has not been resolved,

Onc could also coneesive of longer shifts since they would
leave more days free for recuperation. This is probably not
applicable to all ocoupation because of toa high a work load, but
in many studies, 12-h shifts have been shown not to affect
petformence nogatively and they seem 1o be very atmstive to
the employces [137-141].

7.3. Countermeavures on the night shift

Another question concems the ¢ountemmeasures of night
shift laligue/slecpincss. A wap is one possibility [142-144].
Recent work on aleriness enhancing drugs, like modatinil, is
another possibility [40], sven if it secems unlikely (hat it would
be acceptable to treat healthy individuals with potent pharma-
geutical products. The casc s probably the samc with the
"“chronobiotic" melatonin [135,136]. Liglt treatment is & third
possibility, but little applied work has been carried out [145-
147}
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8. Jet lag
&.1. The nature and cause of the problem

One of the first reports of jet Tay was that of Post and Gatty
describing the owt-of-phase problems during a flight across the
globc [148]. Jet lag involves disturbed sleep, wakefulness and
performance for somes days afterrapid transportation across several
time zones [145], Sleepitiess seemto be the major componert of jet
lag, buralso sleep, bowel movements, the need to urinare and other
symptoms form part of the syndrome [137,150,151].

The reason for jet lag is that the biological clock adjusts
slowly to a shift of the light—dark pattern [149). Thus, for some
days sleep will be placed at a circadian phase that interferes with
sleep, and wakefiilness (and work) will be placed at & circadian
phase (the trough) when alertness is impaired. The cffects differ
depending on the direction of flight [152-154], Westward
flights across 4-10 ime zanes result in pronounced evening
slocpincss and extremely carly awakenings, Eastward flights
result in difficulties thlling asleep and moming/neon sleepiness,
The effects of the castward Might scem milder in terms of
slecpincss than those of westward flights, bur the adjustment
1akes longer time, The rcason for the latter is probably that the
traveler al the destination [s exposed ta light during his circadian
low (around noon). That is, the loeal timing of light will affect
both the phasc dclaying pre-trough time and the phase ad-
vancing posi-trough titme of the circadian response curve. Thus,
adjustmenit becomes slow and often sesms w involve ad-

rigaaT

justment in & westward direction [155].
8.2, Performance following time zone transitions

Flights across fime zones will essentially produce the same
performunes impairment as shill work, and for cssentially the
same reasons. There are, however, rather fow studics of perfor-
mance of air crews and all nge some types of neuropsychological
test. The results clearly indicate reduced performance during
long-haul flights and flights across many time Zones [44,156—
161]. Kleim el al. [162] simuluted ight during the night and
found performance decrements similar o those obtained at
0.05% blood alcohol levels, The day after a 6-h flight across time
zanes the reaction time performance letter cancellation and digit
summation were clearly affccted in the new time zone. After a
westward flight performance was impaired during the carly
cvening but improved in the moming [161]. After an eastward
flight impairment characterized most of the day, reflecting the
circadian fow painl sppearing in the mniddle ol the day ot the new
destination.

8.3. Cownterineusures

‘There have been several atternpis o develop counter-
measures against cockpit farigue und the short nap in o wrew
bunk or in the scat secms to have good cffects on performance
[124,163]. Caffcinc is the cstablishcd drug altcroative
[164,10150]. There ate & number of other approaches that
focus on tho speeding up of adjustment. One such is light

treatment in the morning betore a west—cast flight which seems
1o have positive effects in sume studies [165]. Another approach
is to ingest melatenin in the cvening after a sitmilar flight [166].
Both approachcs arc based on the idea of phuse-advancing the
circadian thythm. Westward {lights normally contain their own
adjustment promoters in the cvening cxposure to natural light,
which will phase delay the circadian systcm.

9, Individual differences and the measurement of
performance nnd sleepiness

Most of the discussion on mental performance above has
been based un neuropsychological tests or subjecrive rarings,
There are at least two methodological aspects that need to be
disenssed in this context, perhaps especially in relation to ficld
studics. This involves individual differences, context and val-
idity of subjective slecpiness.

9.1, Individual differences

Somc individuals clearly have difficultics handling shift
work, Many of these probably change to day work but it is not
always possible. The major characrerstics of these individuals
scem to be excessive slespiness or fatigue [167]. Performancs
has not been measured in these individuals yet but health and
safety seem affected [168], This category of individuals may fit
into the diagnostic catcgory of “Shift work sleep disorder™ in the
Intermational Classification of Sleep Disorders [169]. Despite
constimting a diagnosiic vatcgory, individuals with this disorder
havc nor been smdied physiologically apart from one snidy
finding decreased levels of testostcrone in males [170], [t js
irnportant, however, to determine whether this group is not
really a group of latent insoroniacs or, maybe, simply has a sub-
optimal sleep enviroument— or has a different reaction to light
cxposurc than athers, Apart from the clinical aspect there is also
the wendency of individuals to react differentially to challengas
like night work, slesp loss cte. [171,9194],

9.2. Effect of work itself and problems of estimares of sleepiness

Bven if subjective and physiological sleepiness is increased
during night shifts and performance reduced, one may still
suspect that they may be masked by work activity, There docs
not seem 1o be any studies uvailable on this issue, but it is likely
thar measures of sleepiness constitute underesrimates of the true
level of sieepiness, We recently carried our a smail pilor smdy
and found that physical activity, as expected, inereased aletness
considerably compared to sitting quictly [172]. Slecp lateney in
the morning was also decrsased to 2—3 min, as demonstrated in
most of the PSG studics of post-night shift sleep cited above.
Also, the muliiple sleep latency twests (MSLT) show similar
values during the sccond half of a simulated night shift [40].
These lovels fulfil the criferia for puthological sleepiness
(%5 min). No MSLT srudics of rcal-life shift work have been
carricd out, however, The reason is, very likcly, that it is very
difficult to get employses to lic down for 20 min cvery 2 h, Even
if it were possible, onc would still expect difficultics falling
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asleep becanse of the thoughts of work or being away from
work.

It is questionable whether simple measures like subjee-
tive slespiness or performance mtings may be uscd as proxics
of performance in field studics. However, performance mca-
surcs usnally show high conclations with subjective sleepiness
[173,174] and much of the introspection into one’s own
performance is based on the perceplion of one’s slecpiness
[175]. Recemt studics have shown that high levels of subjec-
tive sleepiness are closely related to diffcrent types of perfor-
mance impairment on vigilance-type tasks [176]. On the other
hand there is very little data connecting laboratory performance
with real-life performance, apart from tests ol pathologicsl states,

10. Conclusions

From the literature rcviewed one may draw ths conclusion
thar mental performance is affeeted by altered sleep/wake
patterns and there arc cleat relations to serious rmistakes and
accidents. Howcver, apart fom road traffic and, perhaps,
healthcare, we know very little about the consequences of
alered sleep/wake patterns in terms of safety and production.
Are decisions by factory workers, around-the-clock bankers,
physicians, police officers, ctc., worse during night shifts than
they would be during day work? And do they affeet production
and safcty? One would assume so, but the data are lacking, The
same reasoning is probably valid for psychomotor tests and
industrial performance. Lapses on a rcaction time test or low
performance on a digit symbol substitution test might predict
output or safcty, provided that the real-life task is dependent on
contnuous attention or on speed of translating symbals. The
reason for the lack of cvidence is probably the difficulty of
measurng the banscquenms of deeisions in most occupations.
Obviously there is rovom for research, particularly when
considering the in¢rease in around-the-clock work and activity
in society. Such research would, however, have to be facused ou
particular occupations in which individual performance is
measurable (driving, some process-operating tasks, quality
control, cte.).
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