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Moderate sleep deprivation produces impairments
in cognitive and motor performance equivalent to
legally prescribed levels of alcohol intoxication

A M Williamson, Anne-Marie Feyer

Abstract

Objectives—To compare the relative ef-
fects on performance of sleep deprivation
and alcohol.

Methods—Performance effects were stud-
ied in the same subjects over a period of 28
hours of sleep deprivation and after
measured doses of alcohol up to about
0.1% blood alcohol concentration (BAC).
There were 39 subjects, 30 employees from
the transport industry and nine from the
army.

Results—After 17-19 hours without sleep,
corresponding to 2230 and 0100, perform-
ance on some tests was equivalent or
worse than that at a BAC of 0.05%.
Response speeds were up to 50% slower for
some tests and accuracy measures were
significantly poorer than at this level of
alcohol. After longer periods without
sleep, performance reached levels equiv-
alent to the maximum alcohol dose given
to subjects (BAC of 0.1%).
Conclusions—These findings reinforce
the evidence that the fatigue of sleep dep-
rivation is an important factor likely to
compromise performance of speed and
accuracy of the kind needed for safety on
the road and in other industrial settings.
(Occup Environ Med 2000;57:649-655)
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The implications of fatigue for safe perform-
ance are well recognised particularly in road
safety, but in other settings as well. Fatigue is
most likely to occur when rest is reduced such
as when working long or irregular hours, doing
shift and night work, or due to family responsi-
bilities or lifestyle choices. Effects of fatigue are
thought to play a part in between 16% and
60% of road accidents'” and in the United
States were estimated to cost in the vicinity of
$50 billion.?

Recently authors have argued that until now
society has simply accepted the hazards of
fatigue despite evidence of increased risk to
health and safety.® This has led to calls for
better information on the extent and conse-
quences of the effects of fatigue on
performance.’ The problem, in practice, is at
what level of fatigue does performance become
a problem? In setting any safety standard for
the fatigue caused by sleep deprivation, the sort
of information needed is a comparison of per-
formance after a known number of hours spent
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awake with that caused by some other agent
that decreases performance.

Alcohol effects serve as a good model for an
acceptable standard for safe performance.
Alcohol effects have been measured and stand-
ardised by setting limits on alcohol consump-
tion based on their predicted effects on driving
performance.” Many countries have set limits
for alcohol levels while driving which are based
on laboratory, simulator, and on road measures
of speed and accuracy of performance.® These
standards provide a benchmark for perform-
ance deficits caused by injury, illness, or in this
case, the fatigue of sleep deprivation. By com-
paring the change in performance due to alco-
hol consumption at concentrations widely
agreed to be hazardous (0.05% blood alcohol
concentration (BAC))® with the same behav-
iour after sleep deprivation, it should be possi-
ble to assess the amount of sleep deprivation at
which equivalent deficits occur. This is the aim
of our study. An earlier study’ used a similar
study design but looked at effects on only a
single test (eye-hand coordination). Single tests
which are an amalgamation of functions and
simple in terms of effort may not show
sufficient information for setting standards in a
range of work settings. The current study
looked at effects on a range of performance
tests including tasks involving cognitive and
motor speed, accuracy, coordination, and
attention.

Method

SUBJECTS

Thirty nine subjects participated in this study.
Thirty seven were male and two were female.
Table 1 shows demographic characteristics for
the sample. Most subjects were in the 30-49
age group (59%) and were living with a partner
(77%). Most subjects had only 10 years of
education or less (60%). Subjects were volun-
teers from a large road transport company (30
subjects) and the transport corps of the
Australian army (nine subjects). In both cases,
all subjects were volunteers from the drivers
and administration staff available at the time.
They were allowed paid work time to partici-
pate in the study. Subjects were given infor-
mation about the study and asked to partici-
pate. All signed a consent form before
participating. There was no attempt at select-
ing participants on any basis other than that
they worked for the respective organisations
and were willing to participate after learning
about the study.
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Table 1  Demographic characteristics of sample and details
of uses of social drugs

Characteristics %
Age (y):
<30 35.9
30-49 59.0
>50 5.1
Marital status:
Married or cohabiting 76.9
Single 23.1
Formal education:
<10y 60.5
11-12y 15.8
Technical college 13.2
University 10.5
Smoking history:
Non-smokers 41.0
Ex-smokers 25.6
Current smokers 33.3

Smokes/day (mean (SD))
Caffeinated beverages:

Consuming 92.3

Drinks/day (mean (SD)) 4.29 (2.01)

21.46 (7.59)

Frequency of alcohol use:
Rarely 10.3
Weekly 41.0
2-3 Times weekly 43.6
Daily 5.1
Drinks/occasion:
<3 53.8
=4 46.2
MEASURES

Several performance tests were used, as
described below. All tests were well established
and had been used in many previously reported
studies. They were chosen on the basis that
they had shown sensitivity to the effects of
fatigue. All tests were administered on a
computer screen with a standard mouse and a
keypad.

Mackworth clock
A passive vigilance test involving very low cog-
nitive demand.

Simple reaction time
A simple response speed test.

Tracking
A low level, hand-eye coordination task with
simple cognitive demands.

Dual task
A divided attention task combining the simple
reaction time and tracking tests

Symbol digit test
A perceptual coding test

Spatial memory search

Memory test for a sequence of targets, with
moderate complex cognitive demands and low
level hand-eye coordination.

Memory and search test

A memory test with moderately complex
cognitive demands and low level hand-eye
coordination.

Table 2 Overview of the study design showing alcohol followed by the sleep deprivation

Williamson, Feyer

Grammatical reasoning

A logical reasoning test involving complex cog-
nitive demands and low level hand-eye coordi-
nation.

At the beginning and end of each test
session, subjects were asked to estimate their
own fatigue by moving a cursor along a line on
the screen corresponding to their current state
of tiredness. A demographic questionnaire
covering age, education level, health, recent
work, and recent sleep history was adminis-
tered to all subjects before the first test session.
This included the Epworth sleepiness scale' "
and three global questions on problems getting
to sleep, staying asleep, and staying awake. Risk
of sleep apnoea was defined as the co-
occurrence of loud snoring, excessive noctur-
nal movement, cessation of breathing, difficulty
maintaining sleep, and difficulty staying
awake.'” None of the subjects showed evidence
of sleep apnoea based on their questionnaire
results. Before every test day, subjects were also
asked about their sleep during the previous
night and their food and drug intake since
waking.

PROCEDURES
All testing was conducted in the laboratory.
The study used a cross over randomised
control design (table 2). This meant that all
subjects participated in both alcohol consump-
tion and sleep deprivation and the order of
testing was counterbalanced so that half did the
alcohol consumption first and the other half
the sleep deprivation first. Subjects were
allocated alternately to each order of testing as
they entered the study. To reduce carry over
effects from one condition to the other,
subjects were allowed a long break in the after-
noon after testing and had an overnight rest at
a local motel between tests.

Subjects were tested in groups of two to six.
On the afternoon before testing began, subjects
spent about 4 hours doing three practice
sessions for all tests. They were then sent to a
local motel for an overnight rest. On the next
morning testing started about 2 hours after
waking, at about 0800, for either the sleep dep-
rivation or alcohol consumption. This was
alternated for each group of subjects. The
alcohol consumption involved baseline per-
formance testing as soon as subjects arrived in
the laboratory, followed by doses of alcohol at
hourly intervals, with performance tests 30
minutes after each dose. Alcohol was given in
four consecutive doses designed to achieve
BACs of 0.025, 0.05, 0.075, 0.1%. Doses were
adjusted according to percentage body fat,
weight, sex, and age."” Alcohol was given in the
form of the subject’s preferred variety of spirits
with their preferred mixer. Alcohol measures

1900 2100 2300 0100 0300 0500 0700 0900

Time 0800 0930 1030 1130 1230 1500 1700
Day 1: practice from 1400 T T
Day 2: alcohol T ™ T* T* T

Day 3: sleep deprivation condition T T* T* T* T T T

T=performance test; T*=short version of test.
For half of the subjects the order of alcohol and sleep deprivation was reversed.
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(blood-breath equivalents) were taken with a
breathlyser (Drager Alcotest 7110) immedi-
ately before and after each test session and then
hourly until the subjects’ alcohol concentra-
tions were below 0.05%. The subjects were
then allowed to leave the test centre.

The sleep deprivation involved the same
sequence of testing as for the alcohol consump-
tion, with tests every hour from baseline to the
5th hour, as in the alcohol consumption, then
every 2nd hour for the next 20 hours. The last
test occurred 28 hours after waking. There
were five performance test sessions in all for the
alcohol consumption and 15 for the sleep dep-
rivation. The order of tests was randomised
within each test session. Most tests were used
in all sessions: however, three tests (grammati-
cal reasoning, spatial memory search, and
memory and search task) were dropped from
the second, third, and fourth test sessions to
allow time for alcohol to be drunk and
absorbed. This procedure was also used for the
sleep deprivation so that direct comparisons
could be made between the conditions.

STATISTICAL ANALYSIS

For statistical analysis, for each subject the
BACs recorded at the start and end of each of
the five test sessions were averaged to produce
a single value for each test session. These aver-
age BACs and the associated performance test
measures were plotted separately against test
session for each subject. Due to individual dif-
ferences in absorption of alcohol, the observed
BACs were not always at the anticipated level at
each test session. This meant that the time at
which the exact BACs of 0.025%, 0.05%,
0.075%, and 0.1% were reached had to be
interpolated from the graph for each subject.
These times were then identified on the graph
of performance test measures against test
session and the corresponding test scores could
then be interpolated for each subject. By this
method it was possible to estimate the
performance test score corresponding to each
concentration of alcohol for each subject.
These concentrations were then averaged
across subjects to show change in performance
with each alcohol dose.

Performances at the BACs of 0.05% and
0.1% were then compared with performance
across sleep deprivation test sessions 8—13 (at
times 1900-0500) for each subject. This time
window was chosen for the sleep deprivation
condition before the data were collected
because this period was most likely to produce
effects of fatigue as it covered the longest peri-
ods of sleep deprivation and covered the period
of the major circadian trough. This decision
was reinforced when the sleep deprivation and
performance relation was plotted after data
collection, as this period also showed the clear-
est linear trend across test sessions for all
measures. For this analysis, time was treated as
a continuously increasing quantity across mid-
night, for example, 20 hours of sleep depriva-
tion occurred at 0200, as the waking time had
been about 0600. Over this time window, the
sessions between which performance under the
sleep deprivation first became worse than the
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Table 3 Amount and qualiry of sleep the night before
alcohol and sleep deprivation
Before sleep

Before alcohol  deprivation

Mean (SD) Mean (SD)
Amount of sleep 7.5 (2.4) 7.2 (1.0)
Rated quality of sleep 71.5 (25.0) 58.7 (24.9)
Ratings of freshness at waking  72.7 (19.8) 65.2 (22.6)

performance found at BACs of 0.05% and
0.1% were noted for each subject. With
interpolation, the time since waking associated
with performance equivalent to that at the two
alcohol concentrations were then identified for
each subject. The scores for time since waking
were then averaged across subjects for each
performance measure.

Not all subjects contributed to the time since
waking scores for each measure as not all sub-
jects showed a deterioration in performance
over this time window for all performance tests.
Only data from subjects who showed a change
from better than the BACs of 0.05% and 0.1%
to worse than these criterion concentrations
over the 1900 to 0500 window were included in
the averages for each test. The number of sub-
jects contributing to each hour of wakefulness
equivalent to the BACs therefore reflects the
percentage of subjects who showed significant
deterioration in performance over the selected
time window.

Results

Subjects were reasonably well rested after a
mean of 7.54 and 7.16 hours overnight sleep
immediately before each test condition, for
alcohol comsumption and sleep deprivation
respectively (table 3). Although sleep quality
was rated as significantly lower before sleep
deprivation, the amount of sleep and ratings of
feeling fresh after waking did not differ between
the conditions, indicating that subjects were
not partially sleep deprived before either test
condition.

As expected, increasing concentrations of
alcohol produced significant reductions in per-
formance for most tests and measures. Table 4
shows the results of the estimated change in
performance due to varying amounts of alcohol
compared with baseline, no alcohol. The
results show that the extent of loss of function
varies between tests although there were
consistent effects within different types of
measures. At a BAC of 0.05% for example,
response speed decreased by around 8%—-15%
for reaction time, dual task, Mackworth
vigilance, and symbol digit tests corresponding
to a slowing of around 45, 66, 136, and 182 ms
respectively. Hand-eye coordination measures
showed a similar overall decrement of around
10% at this BAC. Measures of overall test
accuracy also showed significant decrements
due to alcohol, especially the number of missed
signals in the reaction time test, which
increased by 200%, and the number of false
alarm responses in the Mackworth test, which
were more than 50% higher at a BAC of
0.05%. The number of correct responses in the
Mackworth test and length of the recalled
series in the spatial memory task also both
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Table 4  Interpolated performance estimates at baseline and with blood alcohol (BAC) at certain concentrations

BAC (%)
Test Measure Baseline 0.00 0.05 0.1
Reaction time Speed (ms) 489 534 566
Accuracy (misses) 0.36 1.17 2.81
Dual task Speed (ms) 662 725 792
Hand-eye coordination difficulty level 50.59 45.43 23.69
Tracking Hand-eye coordination difficulty level 47.76 44.35 23.39
Mackworth Speed (ms) 958 1094 1361
Accuracy (targets detected (n)) 12.64 10.91 7.76
Accuracy (false alarms) 1.05 1.63 4.48
Symbol digit Speed (ms) 2233 2415 2656
Speed (targets inspected (n)) 40.11 37.32 32.74
Accuracy (correct (%)) 99.00 97.83 94.52
Grammatical reasoning* Speed (ms) 4286 4135 3945
Accuracy (correct (n)) 23.19 21.89 20.05
Memory and search* Speed (ms)—2 targets 12222 12399 12500
Speed (ms)—®6 targets 20853 20302 19555
Accuracy (correct (n))—2 targets 5.59 5.31 5.01
Accuracy (correct (n))—6 targets 5.05 4.66 4.21
Spatial memory* Length of recalled series 5.34 4.65 3.73
Tiredness Rating 17.84 31.63 44.83

*Performance estimates based on only the first and last test occasion.

decreased by about 13% at a BAC of 0.05%.
Subjective ratings of tiredness also showed a
significant linear decrement of 77% by a BAC
of 0.05%. Two tests, grammatical reasoning
and memory and search tests showed very little
decrease in performance at a BAC of 0.05%.
At a BAC of 0.1% performance was poorer
for all measures for all tests and some measures
showed more than twice the decrement at a
BAC of 0.05%. The biggest changes were seen
for the accuracy measures, number of misses in
the reaction time test, which was nearly seven
times poorer at a BAC of 0.1% than at baseline,
and the number of false alarms for the
Mackworth vigilance test, which increased to
three times the level at baseline. Hand-eye
coordination in both tracking and dual tasks
also showed a much larger decrement than
other tests, with a 50% deterioration at this
BAC. Response speed for the Mackworth test
also deteriorated more than might be expected
and showed 42% slowing compared with base-
line. By comparison, the other measures—
response time for the simple reaction time, dual
task and symbol digit tests, the spatial memory
test, and subjective ratings of fatigue—all

showed around twice as much deterioration at
a BAC of 0.1% than 0.05%. Similarly, the
higher cognitive tests, logical reasoning, and
memory and search also showed around twice
the level of deterioration at this BAC, but the
level of deterioration was still quite small
(around 10%), even at this higher level of alco-
hol.

These results show that alcohol does not
exert universal effects on all functions and the
pattern of effects also differs between them.

Sleep deprivation also produced decrements
in both performance and self rated alertness.
As shown in table 5, sleep deprivation showed
effects on a similar range of tests as did alcohol.
At the beginning of the analysed time window
(1900) performance for most tests was very
similar to performance during the first session
of the sleep deprivation test day. Over the time
window, however, performance decrements
occurred with increasing sleep deprivation for
both speed and accuracy measures of the reac-
tion time, dual task, tracking, and Mackworth
tests and for the length of the recalled series for
the spatial memory test. For example, between
around 1900 and 0500 (corresponding to

Table 5 Interpolated performance estimates as a function of time of day (hours since waking where average waking time was 0544) during the selected

sleep deprivation time window

Time of day (hours since waking)

First sleep test Start of analysed
session 0800 window 1900 1944 2344 2744103 44
Test Measure (2.27) (13.27) (14.00) (18.00) (22.00)
Reaction time Speed (ms) 494 495 497 521 540
Accuracy (misses) 0.69 1.08 0.98 1.67 3.10
Dual task Speed (ms) 618 617 627 709 775
Hand-eye coordination difficulty level 48.84 48.31 49.11 46.62 33.37
Tracking Hand-eye coordination difficulty level 44.07 49.52 47.66 40.83 36.70
Mackworth Speed (ms) 1020 964 1010 1225 1511
Accuracy (targets detected (n)) 12.77 12.00 11.89 9.86 7.04
Accuracy (false alarms) 2.15 1.28 1.48 2.85 4.24
Symbol digit Speed (ms) 2289 2245 2282 2430 2577
Speed (targets inspected (n)) 38.49 40.05 39.30 36.90 34.30
Accuracy (correct (%)) 98.05 98.32 98.29 98.37 97.41
Grammatical reasoning Speed (ms) 4413 4054 4128 4255 4182
Accuracy (correct (n)) 21.62 23.59 23.13 22.76 22.46
Memory and search Speed (ms)—2 targets 11988 11336 11620 12439 12581
Speed (ms)—6 targets 22423 20729 20787 21460 21101
Accuracy (correct (n))—2 targets 5.54 5.65 5.57 5.37 5.35
Accuracy (correct (n))—®6 targets 5.08 5.16 5.14 5.12 4.80
Spatial memory Length of recalled series 5.25 5.15 5.14 4.87 4.27
Tiredness Rating 19.87 38.74 40.52 58.62 75.47

Performance during the first test session of the sleep deprivation is included for comparison with the start of the selected window.
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Table 6 Equating the effects of sleep deprivation and alcohol consumption
Hours (decimal) of wakefulness equivalent to BAC concentrations
BAC 0.05% BAC 0.1%

Test and measure Mean 95% CI %* Mean 95% CI %*
Reaction time task:

Speed (ms) 18.04 17.12 to 18.96 76 18.71 17.56 to 19.86 64

Accuracy (misses) 17.31 16.51 to 18.11 42 17.74 16.51 to 18.97 45
Dual task:

Speed (ms) 17.73 16.75 to 18.71 84 19.65 18.58 to 20.77 67

Hand-eye coordination (level of difficulty) 18.43 17.41 to 19.45 79 19.42 18.40 to 20.44 58
Tracking task:

Hand-eye coordination (level of difficulty) 18.25 17.37 t0 19.13 74 19.01 18.91 to 19.97 61
Mackworth clock vigilance:

Speed (ms) 17.08 16.20 to 17.96 82 18.10 16.85 to 19.35 58

Accuracy (misses) 17.64 16.72 to 18.56 68 18.80 17.93 to 19.67 76
Symbol digit task:

Speed (ms) 18.55 17.43 t0 19.67 50 18.91 17.92 to 19.90 48

Speed (symbols inspected (n)) 18.52 17.46 to 19.58 57 18.64 17.65 to 19.63 79

Accuracy (correct (%)) 16.91 15.72 to 18.10 41 18.39 17.01 to 19.77 42
Spatial memory task:

Accuracy (length of recalled sequence) 18.05 17.09 to 19.01 86 17.88 16.92 to 18.84 64

*Numerator=number of subjects contributing data; denominator=number of subjects whose range of BAC incorporated 0.05%

(n=37 or 38) or 0.1% (n=33).

Amount of sleep deprivation required to produce performance decrements equivalent to varying concentrations of blood alcohol
(BAC), and the time of day at which the equivalence occurred in this study.

about 13-23 h sleep deprivation), reaction
speed decreased by 57% for the Mackworth
test, 9% for reaction time, 27% for dual task
and 15% for symbol digit tests. Hand-eye
coordination decreased by between 31% for
the tracking component of the dual task and
26% for the tracking task alone. Accuracy also
decreased markedly with sleep deprivation.
The number of missed signals increased by
more than 40% for the Mackworth test, by
187% for the reaction time test, and the
number of false alarms increased by 200% for
the Mackworth test. The symbol digit test only
showed decrements for the speed measures but
not the accuracy measure. The grammatical
reasoning and memory and search tasks
showed only relatively small decreases of
around 5%—10% with increasing sleep loss for
any measures.

The levels of sleep deprivation estimated to
produce decrements in performance equivalent
to varying concentrations of alcohol are shown
for each performance measure in table 6. The
results indicate that on average, 0.05% equiva-
lence occurred after being awake for around
16.91 to 18.55 hours, placing the time of the
effect in this study to between 2238 and 0017.
At a BAC of 0.1%, equivalence occurred after
between 17.74 and 19.65 hours of wakefulness
which falls in the late evening to early hours of
the morning, corresponding in this study to
between 2328 and 0123. Measures within and
between tests were affected at very similar lev-
els of sleep deprivation. The performance test
that seemed to be affected first was the passive
vigilance test, the Mackworth clock test, where
equivalence to a BAC of 0.05% occurred after
just over 17 hours of wakefulness for all meas-
ures. The accuracy measure of the symbol digit
test reached levels equivalent to 0.05% alcohol
earlier than any other measure for any test, but
equivalence occurred considerably later for the
other symbol digit test measures. The likeli-
hood of missing targets in the reaction time test
was also affected by sleep deprivation slightly
earlier than other tests equivalent to a BAC of
0.05% as it also occurred at just over 17 hours
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of wakefulness. The two tests that showed little
change with increasing sleep loss, grammatical
reasoning and memory and search tasks, were
not included in this analysis as alcohol equiva-
lences are likely to be misleading.

Table 6 shows that the percentage of subjects
showing poorer performance than a BAC of
0.05% and 0.1% across the session 8-13
window varied considerably between tests.
More than three quarters of subjects showed
deterioration in performance to become poorer
than the BAC of 0.05% for speed measures in
the simple reaction time, dual task, and Mack-
worth clock vigilance tests, and in the accuracy
of the spatial memory search test. By contrast,
for the accuracy measures of the simple
reaction time and symbol digit tasks only
around 40% of subjects showed performance
decrements sufficient to be at or poorer than
the BAC of 0.05%. As might be expected, for
most tests, a smaller percentage of subjects
showed performance levels equivalent to a
BAC of 0.1%. Nevertheless for most tests,
more than half of the subjects showed deterio-
ration in performance equivalent to a BAC of
0.1%. Fewer subjects reached a BAC of 0.1%
for the accuracy measures of reaction time and
symbol digit tests, as was found for 0.05%
equivalence. For a few measures, more subjects
reached equivalence to a BAC of 0.1% than
0.05%, notably, accuracy on the Mackworth
test, and the number of symbols inspected in
the symbol digit test. This finding is most likely
because these measures had a performance
ceiling and many subjects remained at the ceil-
ing, even at a BAC of 0.05%, and only showed
a performance decrement between the BACs of
0.05% and 0.1%.

Discussion

This study shows that commonly experienced
levels of sleep deprivation depressed perform-
ance to a level equivalent to that produced by
alcohol intoxication of at least a BAC 0of 0.05%.
At the end of periods of waking of 17-19 hours,
performance levels were low enough to be
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accepted in many countries as incompatible
with safe driving. The earliest effects were seen
for the Mackworth clock test and the latest for
the dual task, although there was relatively lit-
tle variation across tests. Longer periods of
sleep deprivation were equivalent to higher
alcohol doses for all tests except the grammati-
cal reasoning and memory and search tasks.

Equivalence with the BAC of 0.05% was also
very similar within tests. Both parts of the dual
task, either when tested alone, or in combina-
tion, showed equivalence at between 17 and 19
hours of sleep loss corresponding in this study
to between 2240 and 0050. For all measures of
the Mackworth clock test, equivalence oc-
curred after around 17 hours of sleep loss and
for the symbol digit test after about 17-19
hours without sleep.

These results show that impairments in per-
formance which have been judged as the legal
limit for driving safely may start to occur as
early as 17 hours after waking and around 18
hours on average after waking. These results
confirm earlier work on a single task.’ It is
important that these periods of wakefulness
also correspond to the normal waking day for
most people. In the community a 16—17 hour
period of wakefulness would be regarded as
normal, with bedtime typically occurring in the
mid to late evening depending on the time of
rising. It could be argued, therefore, that this
common pattern of waking and sleeping plays a
major part in ensuring safety. If the period of
wakefulness is extended beyond the usual
16-17 hours, performance is likely to be
impaired sufficiently to represent a consider-
ably greater risk of injury. Driving home after a
long work day, for example, may put you at
increased risk of an accident. Drivers who have
been awake for more than 17-18 hours are
likely to be significantly slower at reacting and
will be increasingly likely to miss information
as the period of sleep loss increases even
further.

This study looked at effects of sleep depriva-
tion only under day worker conditions where
subjects were rested after a reasonable number
of hours sleep the night before. Although most
people follow this sleep-waking regime, work
schedules and lifestyle demands increasingly
require people to extend their waking period
for longer than 18 hours, shortening their
sleeping period as a consequence, and to do so
repeatedly over days, weeks, or even months.
The effects of such chronic partial sleep depri-
vation have not been considered by this study
although these findings and a recent review of
the literature'* suggest that partial sleep depri-
vation may present very serious risk for safe
performance.

Although this study has not directly consid-
ered the role of circadian effects, it is known
that they interact with deficits in performance
from continuous or partial sleep deprivation."
This study was designed to only look at the
effects of sleep loss over a night without sleep
after a day awake as this is the form that sleep
loss often takes. This meant, however that the
period of maximum sleep loss coincided with
the time that circadian influences should have
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been greatest. As a result, performance deficits
may have been higher for measures that were
vulnerable to circadian influences so enhancing
the apparent effects of sleep loss. Further
research is needed to clarify the relative effects
of sleep deprivation and circadian influences
and to measure them against the alcohol com-
sumption benchmark. It is notable, however,
that the deficits from sleep deprivation found
here equivalent to a BAC of 0.05%, occurred
between 2200 and 0000, which is well ahead of
the time at which the circadian trough
occurs.” ' This suggests that sleep deprivation
and not circadian influences causes serious
concern about decrements in performance,
although our results show the additional dete-
rioration in performance due to circadian
effects.

The overall implications of the results of this
study are clear. They show that the effects on
performance of moderate periods of being
awake cannot be discounted. Sleep is needed
after the end of a day if adverse effects on per-
formance are to be avoided. Most importantly,
this study has allowed interpretation of these
effects on performance in terms of an accepted
standard for safety. With a legal limit for alco-
hol use when driving as a standard, the results
show that after 17-19 hours of wakefulness,
subjects’ performance on many tests had
dropped to that found at the legal limits for safe
driving. Many people remain awake for periods
of 16 hours or more for reasons of work, fam-
ily, or social life. These results suggest that after
this duration of wakefulness fatigue reaches a
level that can compromise safe performance.

The results also imply that many countries
which set allowable BACs at the point that
compromises safe performance should con-
sider developing similar standards for fatigue to
ensure that people who have had 18 hours or
longer without sleep are kept from at risk
behaviours such as driving, piloting aircraft, or
operating machinery.
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