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Objectives/Hypothesis: A large sector of the popu-
lation of the United States has sleep deprivation di-
rectly leading to excessive daytime sleepiness. The
prevalence of excessive daytime sleepiness in this
population ranges from 0.3% to 13.3%. The conse-
quences of even 1 to 2 hours of sleep loss nightly may
result in decrements in daytime functions resulting in
human error, accidents, and catastrophic events. The
magnitude of risks in the workplace or on the high-
ways resulting from sleepiness is not fully understood
or appreciated by the general population. Hence, to
more clearly emphasize the magnitude of these risks,
we question whether mild sleep deprivation may
have the same effect as alcohol on reaction times and
driving performance. Study Design: Nonrandomized
prospective cohort investigation. Methods: Sixteen
healthy matched adult subjects (509% women) were
stratified into two groups, sleep deprived and aleohol
challenged. The sleep-deprived group was further
subdivided into acute (one night without sleep) and
chronic (2 h less sleep nightly for 7 d) sleep depriva-
tion. Each group underwent baseline reaction time
testing and then drove on a closed course set up to
test performance. Seven days later, the group re-
peated this sequence after either sleep deprivation or
alcohol intake. Results: There were no significant
between-group differences (sleep deprivation or alco-
hol challenged) in the changes before and after inter-
vention for all 11 reaction time test metrics. More-
over, with few exceptions, the magnitude of change
was nearly identical in the two groups, despite a
mean blood aleohol concentration of 0.089 g/dL in the
alcohol-challenged group. On-track driving perfor-
mances were similar (P = .724) when change scores
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(hits and errors) between groups were compared
(baseline minus final driving trial). Conclusion: This
comparative model suggests that the potential risks of
driving while sleepy are at least as dangerous as the
risks of driving illegally under the influence of alcohol.
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INTRODUCTION

A large sector of the American population has acute
or chronic sleep deprivation, or both.! The prevalence of
excessive daytime sleepiness (EDS) in this group varies
from 0.3% to 13.3%.% It is well known that a cumulative
reduction in the normal nightly sleep period results in
decrements in daytime function and quality of life.® ®
Sleep disruption or sleep loss causes EDS, whether sec-
ondary to a sleep disorder or simply to sleep deprivation.
Regardless of how sleep 1s disrupted, disruption may have
a profound effect on daytime performance resulting in
human error, accidents, or even catastrophic events.** %
It is all too common, because of the pressures of our
24-hour society, to lose 1 to 2 hours of sleep nightly during
the work week, to just keep up or to occasionally stay up
all night to finish a project or engage in personal activities.
Even these few hours of sleep loss can cause marked
disruption in daytime performance. The magnitude of the
effects and risks in the workplace or on the highways as a
result of this sleep loss 1s not fully understood or appreci-
ated by the general population. We questioned whether
acute or chronic sleep deprivation, when compared with
alcohol intake alone, had the same impact on reaction
times and driving performance and whether subjects were
aware of their decrements in alertness.

MATERIAL AND METHODS
Study Design

This nonrandomized prospective cohort investigation com-
pares reaction times and actual driving performance in healthy
unpaid volunteer subjects who underwent acute and chronic sleep
deprivation versus a matched (age, gender, body mass index, neck
circumference, and education} adult group challenged with alco-
hol (21 v of age or older) who underwent the same protocol
requirements as the sleepy subjects.
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Setting
General Motors (GM) proving ground, Mesa, Arizona.

Test Subjects

Sixteen healthy adult volunteers (50% women) participated.
Despite the small study size, an effort was made to represent an
average cross-section of the population. All subjects were re-
cruited by NBC Dateline News and gave written informed
consent.

Inclusion Criterta

These investigations limited the study to an adult cohort.
Daily alcohol intake could not exceed one to two drinks (moderate
drinker).

Exclusion Criteria

Subjects who used aleohol on a more extensive basis (three
drinks or more daily and drinking on the weekends) were ex-
cluded. Shift work excluded the subject. Driving records and
licenses were checked, and documentation of a conviction for
driving under the influence of alcohol or reckless driving was an
exclusion,

Requirements and Evaluations

All medications, food, or drink that might interfere {increase
or decrease) with alertness were to be avoided for a period com-
mencing 48 hours before the start of the study and continuing
until the study was completed. The following were conducted: a
medical history, baseline vital signs, sleep habits questionnaire,
sleep logs, visual analogue scale (VAS) testing, actigraphy, and
psychomotor vigilance testing (PVT). Urine beta human chorionic
vonadotropin studies were required for all fertile women.

Sleep-Deprived Group

Eight subjects (50% women) were directed to the sleep de-
privation group, which was further subdivided into two groups.
The acute sleep-deprived (ASD) subgroup (n = 4) was sleep de-
prived for a single night’s sleep. The chronic sleep-deprived (C5D)
subgroup (n = 4) was limited to 5 hours of sleep nightly for a
7-dav period or a maximum of 2 hours less than the normal sleep
time for each individual.

Alcohol-Challenged Group
The aleohol-challenged group consisted of eight matched

subjects (60% women) who were not sleep deprived and who were
challenged with alcohol.

Description of Study Methodology

Test subjects underwent a period of either sleep deprivation
or aleohol challenge. Before sleep deprivation or alcohol challenge
each subject underwent reaction time (RT) tests in a fully rested
and nonsleepy state and then drove a test vehicle on a closed
course set up to evaluate driving performance. This constituted
the baseline performance on which comparisons of performance
were made. After each group completed its respective sleep de-
privation or alcohol challenge, the group members repeated the
RT tests and driving challenge. This occurred exactly 1 week after
the baseline testing. All testing, questionnaires, logs, and driving
sessions (baseline and final) were performed at the same time of
day to minimize circadian rhythm variations.

Driving Performance Course

The driving performance course was the GM proving ground
at Mesa, Arizona. The main course was 1.4 miles of turns and
coned-off pathways. The coned-off pathways were used to simu-
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late a single-lane route incorporating occasional turns (some of
decreasing radius), narrow segments, intersections, imtermittent
stops, and planned lane choices with the use of flashing yellow
arrows. A non-coned loop of 0.60 miles connected to the main test
pad was driven in both directions and was used only for the
sleep-deprived group. A stoplhight and yellow flashing arrows
were each introduced once during both trials. Accuracy, not speed,
was emphasized as the primary goal of all the test drives. To
minimize any advantage or knowledge of the hazards, the driving
subjects were not allowed to watch each other drive, and after
driving thev were separated from their other group members. The
Dateline NBC News camera crew documented the driving perfor-
mance of all subjects with 13 cameras, five of which were in or on
the test vehicle. A face camera helped captured mood and behav-
ior while driving. Any question of scoring error on the course
could be reviewed and confirmed on these tapes.

Scoring and Hazards

All drivers were advised that the standard GM test course
driving protocol counted any cone that was hit or moved as a
driving infraction equal to one point. Off-track excursions outside
the cones were also counted as one point. In addition, a stoplight
and a flashing vellow arrow were used as challenges, and if there
was a failure to respond appropriately, the drivers were charged
with a point. Multiple (three) hazards as might be experienced in
real life were also introduced. These included a rolling beach ball,
a fake dog on wheels crossing in front of the test car, and a pop-up
car (constructed of soft material). The subjects in all groups were
not told that the final driving session would include hazards.
Each hazard was introduced only once during the final test driv-
ing session. This was the protocol for both the sleepy and alcohol-
challenged groups. All errors, hits, or improper evasive actions
were scored on track by the primary investigator and the on-track
designated observers, as well as from the chase car.

Driver Safety

To ensure safety, the traffic safety department of GM con-
structed the course to limit driving speed. All subjects drove a
1999 Pontiac Grand Prix GTP that was equipped with a special
emergency braking mechanism. Each test subject was accompa-
nied by a GM test-driving safety instructor who manned the
safety-control braking button. The safety companion was in-
structed not to communicate with the subject for any reason
except if in his or her judgment it was necessary to terminate the
test because of a elear and present danger.

Sleep Logs

All subjects completed a sleep log for a 5-day period before
the baseline driving test. This was repeated for the 7 days before
the final driving test.

Actigraphy

Members of the CSD subgroup were also required to wear a
wrist device that evaluates the sleep-wake cycle by motor activaty
{actigraphy).” This Actiwatch (model AW64, Mini Mitter Com-
pany, Inc., Sunriver, OR), was worn on the nondominant wrist for
7 days before testing. The data (activity) from the Actiwatch and
concurrent nightly sleep logs were recorded for the 7 days and
nights during sleep deprivation and before final testing to docu-
ment the sleep limitation period before the final test date.

Visual Analogue Scales

Visual analogue scales'* using the standard 10-cm scale
were required for the CSD subgroup. The anchors “not sleepy to
very sleepy” were used to assess the study variable of daytime

sleepiness during the daily sleep-deprivation period. Anchors of
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“excellent sleep to poor sleep” were used to assess the quality of
the previous night’s sleep during the test period.

Epworth Sleepiness Scale

The Epworth Sleepiness Scale (ESS)*¥* was completed by
all subjects immediately before the first (baseline) and final driv-
ing tests (range, 0-24),

Breaith Ethanol Testing

The eight alcohol-challenged, non—sleep-deprived subjects
underwent alcohol dosing. Breath aleohol testing and data collec-
tion were supervised by two officers from the Phoenix, Arizona,
police department. Planning and coordination of this portion of
the study were conducted bv the director of the Forensic Science
Laboratory (Phoenix, AZ). An individuahized dose of alcohol was
given according to body weight to raize the blood aleohol levels to
just below or near levels considered illegal when driving in the
state of Arizona (blood alecohol content [BAC] equal to or greater
than 0.10 g/dL). Oral rinses (H,0} were used after drinking to
climinate the effects of mouth alcohol. Before performance test-
ing, each subject underwent multiple breath analyzer testing
during the rise of the BAC. When their respective BAC values
rose to just below legal levels, they immediately repeated the PVT
and then drove the test course. An Intoxilyzer model 5000 (CMI
Inc., Owenshboro, KY) using infrared alcohol detection technology
(U.S. Measurements, U.S. Department of Transportation-ap-
proved) was used for all measurements of breath alcohol concen-
tration (BrAC). A standard was used to calibrate against a known
BrAC control value (0.100 g/210 L of breath). The BrAc value is
considered by the Department of Transportation as an equivalent
to the BAC value. Results of BAC testing were reported as grams
of aleohol per deciliter of blood.

Reaction Time Testing

All subjects performed simple visual RT testing using a PVT
instrument {Ambulatory Monitoring, Inc., Ardsley, NY). This
handheld, portable, microprocessor-controlled instrument has
been previously validated to be highly sensitive to the sustained
attentional process that is fundamental to normal, alert neurobe-
havioral functioning.'” '™ The PVT device allowed the collection,
storage, and subsequent evaluation of all 11 RT metrics. A test
trial consisted of responding to a bright red light (light-emitting
diode—digital counter) by pressing a response button as soon as
the hight stimulus 18 seen. The response stops the light-emitting
diode (1 s) and displays the reaction time in milliseconds. Data
were maintained by solid-state storage and later downloaded to
an IBM PC. A minimum of two PVT demonstration trials were
given for practice, and to help minimize any learning effect. These

outcome measures of analysis were all summary RT statistics
that reflected the time it took for subjects to respond to 80 to 90
stimull during each 10-minute testing period. Following the sug-
gestion of Dinges,'” reciprocal transforms were used because the
reciprocals were more normally distributed than the variables
themselves. Each subject completed baseline PVT twice before
intervention: once before and once after driving. A mean of these
PVT scores was caleulated. Each subject also completed PVT
twice after intervention (sleep deprived or alcohol challenged) in
the same sequence, and the mean score was agam calculated.
Each PVT sequence (before and after driving) was separated by
the time it took to complete the respective test drive. The mean
scores before and after intervention were then compared.

Data Analysis and Statistical Methods

Between-group comparisons of continuous variables were
performed using unpaired Student ¢ tests; y* tests were used to
compare dichotomous variables. However, when the conditions
for an unpaired Student ¢ test were not satisfied, Wilcoxon's test
was employed as a nonparametric alternative. For each subject
with sequential data from 7 days of completing VAS testing, a
regression slope was computed using simple linear regression.
The null hyvpothesis that the resulting slopes were equal to zero
was then tested using paired Student ¢ tests. A P value of less
than .05 was considered significant. An SAS statistical program
(version 6.12, Carv, NC) was used to analvze these data.

RESULTS

Demographics

A total of 28 candidates were interviewed (Table I).
The 12 individuals who were not selected were similar in
all respects to the final study group. They were not se-
lected because of an inahlity to avoid engaging in safety-
sensitive activities during the sleep-deprivation phase or
an inability to commit to both testing sessions. Sixteen
subjects started the study, and all completed the study.
The group consisted of three Hispanic, one black, and 12
white volunteers. The mean number of vears of education
beyvond high school (mean = SD) was 3.4 £ 1.7 years
(range, 0—-6 y).

Reaction Time Results

Table II shows the between-group characteristics be-
fore and after intervention when the treatment group is
either sleep deprived or alcohol challenged. These two

TABLE I
Demographic and Clinical Characteristics of Alcohol-Challenged Subjects Compared With Sleep-Deprived Subjects.

Entire Group

Alcohol-Challenged

Sleep-Deprived

Variable (N =18) Group (N = 8) Group (N = 8} P Value
Age 29.0 + 6.1 311 = 7.0 26.9 = 4.5 .168
Female gender 50% 50% 50% 1.Q0

BMI (ka/m?) 258 + 45 24.2 = 2.6 27.5 + 5.5 153
Systolic BP 126 = 16 122 + 9 130 = 21 306
Diastolic BP /6.9 9.4 745 + 8.6 9.7 = 10.2 302
Pulse 79.5 + 9.8 76.2 = 6.2 83.1 + 12.2 182

36.3 + 47

Meck circumference”

35.2 = 4.6

37.4 = 5.0 383

All results are based on  tests.
* Centimetars.
BMI = body mass index; BF = blood pressure.
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TABLE 11,
Reaction Time Resuits (Between-Groups Analysis).

Alcohol-Challenged Group

Sleep-Deprived Group

2/18/00 2/27/00 2/19/00 2/26/00
Saturday sunday Saturday Saturday
Pre- Post- Difference Fre- Post- Difference
Variable™ intervention intervention (Post-Pre) intervention intervention (Post-Pre) P Value
Mean cones/hazards hit 1.37 1.2 362+ 3.2 2.25 +3 071 =1.0 3.00+ 45 229+ 5 724
Mean RT in milliseconds 234 + 24 284 « 87 60.7 = 77 239 + 18 300 + 62 60.4 = 56 .891
SD of RT' 39.6 =12 . 119 = 141 79.2 £ 143 58.0+25 106 * 44 48 + 60 948
Reciprocal of RT? 4404 3.9 =08 0.56 = 0.6 4.4 = 0.3 3.7 = 0.7 —0.64 £ 0.5 837
Median of RT 228 *= 23 266 = b4 38.6 = 39 227 + 18 272 = 49 44 6 = 38 A25
Maximum RT: fastest 10%° 187 = 11 206 + 32 19.9 + 25 186 + 11 206 + 28 19.6 = 29 992
Minimum RT: slowest 10%"* 317 = 42 548 + 388 231 + 388 358 + 53 534 = 162 176 + 183 961
Reciprocal of RT: slowest 10%° 3305 2509 —-0.78 = 0.8 3.0 0.3 2307 —0.74 = 0.8 941
SQRT (lapses) + SQRT (lapses + 1)° 118 203 286 25 169 =25 1.75 07 372 =21 1.98 + 2.2 420
False starts’ 1.31 = 1.5 3.0 486 1.69 = 3.6 0.75 = 0.6 0.9 0.9 —0.19 = 1.3 458
N::;. th lapses (= 500 ms) over 10 min 012 = 0.2 3254 3155 0.62 = 0.6 4.4 =45 3.7 47 500
es

Dwell time: total time of lapses over 0.07 = 01 3.0 58 29 +58 0.47 = 0.5 3.2 + 3.2 27 =34 081

10 min®

Pre- and post-intervention characteristics by treatment group, in which treatment group is either sleep-deprived or alcohoi-challenged pre- and post-
intervention. Pre-intervention is under normal conditions and post-intervention is either alcohol-challenged or sieep-deprived. For the sleep-deprived group,
pre-intervention data are quantified as the mean of the (pre-driving) and (post-driving) PVT tests, whereas post-intervention data are computed also as the mean
of the {pre-driving) and (post-driving) PVT tests. In the alcohol-challenged group, means of the PVT tests are computed identically as in the sleep-deprived group
for pre-intervention and post-intervention data in which the mean BAC was 0.08% g/dL during the post-intervention. P values are based on analyses of covariance

which compare post-intervention values in the two groups after adjusting for pre-intervention values,

* Reaction time (RT) is in milliseconds (ms) unless otherwise noted.

' Standard deviation of the mean reaction time. The 5D is computed for each subject, and tabulations reflect the average SD for all subjects.

“ Mean of the reciprocal of RT computed by first translating each RT into seconds by dividing the number of milliseconds by 1000 (RT/1000 ms) for each
10-minute PVT trial. The mean of the reciprocal of all reaction times (measured in seconds) is computad to generate a single mean value for the given PVT. The
tabulated mean of the reciprocal of RT/1000 is then computed as the mean of these vaiues for all subjects.

% Maximum RT (fastest 10%): The fastest 10% in ms of the B0-90 responses over 10 minutes.

4 Minimum RT (slowest 10%): The slowest 10% in ms of the 80-90 responses over 10 minutes.

“ Reciprocal of the RT of the slowest 10% in ms. Computed precisely as was described above (#2), except that only the slowest 10% RT for a given PVT

are included in the computation.

It is important to keep in mind that when reciprocals are used, slower reaction times (HT) are associated with lower values.

5 Square Root Transforms of lapses [SQRT(Lapses)+ SQRT(Lapses + 1)} Lapse defined as an RT = 500 ms.

" False starts are no stimulus hit correct key or no stimulus hit incorrect key.

® Dwell time is the cumulative time in seconds that is = 500 ms during a 10-minute PVT trial. It is calculated for each minute (minute stats). A mean of the
total 10 minute stats for each subject is tabulated and the dwell time is computed as the mean of these values for all subjects.

5D = standard deviation; PVT = psychomotor vigilance testing; BAC = blood alcoho! concentration.

groups were not significantly different, and with few ex-
ceptions the magnitude of change was nearly identical.

Sleep Periods

Because of its relevance to the sleep-deprived sub-
jects in this study, we carefully studied measures of sleep-
iness and sleep in the eight sleep-deprived subjects. Sleep-
time data were measured by each subject using nightly
sleep logs during two periods, the “prestudy” period, which
included the 5 nights before the study began, and the
“study” period, which included 7 nights after commence-
ment of the study.

In the ASD subgroup, the prestudy period was con-
cluded immediately before the night of sleep deprivation
and therefore consisted of normal nights of sleep. In the
CSD group (deprived of 2 hours of sleep per night), the
self-reported number of hours of sleep during the prestudy
period (mean * SD) was 8.1 = 2.0 hours in all eight
subjects. In the ASD subgroup, mean sleep time was re-
ported as 9.0 = 2.5 hours during the prestudy period and
8.3 * 0.2 hours during the study period, a small decrease
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of 0.7 hours per night, which could be explained entirely
by one subject (truck driver) whose self-reported sleep
time was 12.5 hours during the prestudy period. In the
CSD subgroup, mean sleep time decreased from 7.2 = 0.7
hours during the prestudy period to 4.9 = 0.3 hours during
the study period, a decrease of 2.3 hours per night, which
reflected the sleep deprivation that was the essence of the
study design in these subjects. Comparison of the four
CSD sleep-deprived subjects’ total sleep time estimated by
actigraphy and sleep logs revealed no significant differ-
ences by nonparametric sign tests.

Epworth Sleepiness Scale

In the entire group of eight CSD and ASD subjects,
mean = SD ESS score increased from 9.9 = 4.4 when
measured 1in the morning before sleep deprivation to 14.4
+ 5.4 when measured in the morning (7 d later) after
either chronic or acute sleep deprivation. The increase
(indicative of a worse performance) in the mean ESS score
of 4.5 = 3.8 was statistically significantly (P = .012).
Although the deterioration in the ESS score was some-
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