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Background: Sleepiness at the wheel affects 10% to 15% of drivers and is one major cause
of death on highways with one-third of fatal accidents. Obstructive sleep apnea (OSA) is one
of the most common sleep disorders leading to sleepiness at the wheel. The aim of this study
was to compare the psychomotor vigilance test reaction time (PVT RT) in OSA patients and
controls (morning and afternoon) with the results of a divided attention steering simulator
(DASS). A second purpose was to compare these results with the mean sleep latencies in the
multiple sleep latency test (MSLT), the Epworth Sleepiness Scale (ESS) values and
a neurocognitive test (test of attentional performance, TAP).

Patients and Methods: Thirty eight OSA patients and 16 age and sex matched healthy
controls were investigated by ESS, PVT, TAP, MSLT, and DASS (response time, failed
responses, lane deviation, and off-road-events).

Results: With increasing age, the performance in the DASS decreased. There was no
correlation between the DASS and the results of the MSLT and ESS. The controls showed
a significantly faster DASS response time in the morning compared to OSA patients (median
2.1 versus 3.0; p=0.044) and fewer off-road events (9 versus 37; p=0.042). We found
a moderate correlation between the PVT RT and all parameters of the DASS, as well as
the TAP “alertness” subtest.

Conclusion: The increase of PVT RT as well as the decreased tonic alertness in the TAP
in untreated OSA patients correlated with an impairment of simulated driving performance.
The PVT and the TAP are both suitable diagnostic tools for measuring impaired driving
ability in OSA patients. The MSLT did not correlate with the simulated driving perfor-
mance. We recommend investigation of a longer version of the PVT in order to increase its
sensitivity.

Keywords: polysomnography, sustained attention, tonic alertness, vigilance, MSLT,

simulated driving performance

Introduction
According to the International Classification of Sleep Disorders, third edition
(ICSD-3) sleepiness is

the inability to stay awake and alert during the major waking episodes of the day,
resulting in periods of irrepressible need for sleep or unintended lapses into drowsi-
ness or sleep.’
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Moreover, the ICSD-3 notes that sleepiness is more likely
to occur in monotonous situations.

Sleepiness at the wheel affects 10% to 15% of drivers
and is one major cause of death on highways with one-
third of fatal accidents.”> The World Health Organization
(WHO) global status report on road safety (2018) states
that 1.35 million persons die each year worldwide due to
road accidents and road accidents are the first cause of
death among children and young adults aged 5-29 years.*
The WHO has set the target of halving the number of
injuries and deaths from road accidents by 2030.
Professional driving and driving for more than four hours
without rest are risk factors for extremely serious road
accidents with more than 50 serious injuries or more
than 10 deaths per accident.’

Sleepiness is most frequently caused by either a sleep
deficit, irregular work schedules, sleep disorders, or side
effects of various drugs.® Obstructive sleep apnea (OSA)
is the most common sleep disorder leading to sleepiness at
the wheel.”® About 6-21% of the population suffer from
moderate or severe OSA defined by an apnea-hypopnea
index (AHI) of equal or greater than 15 apnea or hypopnea
per hour sleep.” " The prevalence increases with age, and
OSA is more common in men than women.” There is
a strong association between OSA and the risk of traffic
accidents.” Untreated OSA patients have up to a threefold
higher risk of road accidents and continuous positive air-
way pressure (CPAP) therapy reduces road accidents
across all studies.'> Moreover, sleep-related accidents
tend to have a high collision impact because the drivers
often fail to brake.'> Therefore, sleep experts have
a special responsibility in preventing these types of
accidents.

A central condition for the evaluation of driving ability
in OSA patients is that the OSA is well treated with CPAP,
that the sleepiness is improved and that there are no more
sleepiness-related accidents and near-miss accidents. The
Epworth Sleepiness Scale (ESS) measures the subjectively
felt sleepiness, but the correlation with objective tests is
poor.'*'® Subsequently, the assessment of driving ability
is also based on objective measurements of sleepiness.

Several objective measurements are available. First of
all, the multiple wakefulness test (MWT) is measuring the
(in)ability to stay awake (as one definition of sleepiness
described in the ICSD-3)."'7"'” The multiple sleep latency
test (MSLT) is more likely to measure the sleep propensity
when the patient is asked to fall asleep.?’*' Therefore, the
term “sleepiness” might be misleading in this context,

since sleepiness may be interpreted on the one hand as
the propensity to fall asleep in a very short time in
a monotonous situation (eg in the MSLT) - and then
again it can be interpreted as the inability to stay awake
(in the MWT). These are two completely different con-
cepts of sleepiness and, therefore, it is not surprising that
the correlation between these two tests is rather low.'*'®
The MWT is the more suitable test in order to evaluate
driving ability; however, we should know how to interpret
a decreased sleep latency in the MSLT in the context of
driving ability.

A further examination method is the driving simulation
test and there is a strong correlation between simulated
driving performance and the ability to stay awake in the
MWT.?? The driving simulation test is also a good vali-
dated diagnostic tool in the assessment of driving ability.
Banks et al investigated the mean MWT sleep latency and
the simulated driving performance with two conditions
(partial sleep deprivation or a combination of partial
sleep deprivation and alcohol consumption) and they
found that sleep latency on the MWT was a reasonable
predictor of driving performance.”® Pizza et al found in
OSA patients a good correlation of simulated driving
performance and the sleep latency on the MSLT and
more significantly on the MWT.*? Philip et al investigated
untreated OSA patients and healthy controls by MWT and
90-minute real-life driving.** They classified OSA patients
in three subgroups (very sleepy with a mean sleep latency
< 20 minutes, sleepy 20-33 minutes, alert > 33 minutes).
Very sleepy and sleepy OSA patients performed signifi-
cantly worse in the real-life driving and had more inap-
propriate line crossings than the control drivers.

These mainly used objective tests (MWT or driving
simulation or real-life driving), however, are time and
resource-intensive and the question arises whether other
less time-consuming tests might be suitable as well. The
psychomotor vigilance test (PVT) represents one such test,
which is less time intensive, and is used in this context as
well.> In several studies OSA patients showed impaired
performance on the PVT compared with controls.?®2®
With regards to the improvement of PVT reaction time
(PVT RT) with subsequent CPAP therapy, there are diver-
gent findings in different studies.*”-* "

However, the question arises whether the PVT is sui-
table to assess the fitness to drive in OSA patients. The
current data concerning this matter are poor. Cori et al
investigated 36 OSA patients, 39 healthy controls and
37 shift workers using the PVT, the Oxford Sleep
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Resistance test, a driving simulator and a cognitive
assessment.*> These investigations were performed the
afternoon prior to a polysomnography (PSG). They found
that the OSA subgroup had poorer performance on most of
the vigilance and neurocognitive assessments relative to
the other subgroups. For driving performance, there were
no significant differences between the subgroups with
respect to lane deviations and braking reaction time, but
OSA patients showed significantly more speed deviations
and an increased number of crashes (crashes in 46.9% of
OSA patients, 18.9% of shift workers, and 21.1% of con-
trols). The median PVT reaction time (PVT RT) did not
differ between the subgroups but the total number of PVT
lapses was significantly increased in the OSA subgroup
compared to the shift workers and controls. However, this
study was designed to investigate the driving ability in
shift workers (with the OSA subgroup as a sleepy control
group) and did not compare the PVT data with the results
from simulated driving performance. The authors com-
pared the PVT results in the three subgroups. Moreover,
the tests were performed in the afternoon and clinically it
is of particular interest to investigate the driving ability in
OSA patients in the morning when most of them are going
to work (in particular against the background of the well-
known OSA-related dizziness and exhaustion in the
morning).

Sunwoo et al investigated “holders of commercial dri-
vers licenses” one night in the sleep laboratory by a PSG.*?
The mean AHI in the subjects was 5.3 per hour. The
following day they measured sleepiness using the ESS,
MSLT, PVT, and a divided attention driving task
(DADT).** When comparing the testing methods, the
authors found a strong correlation between the ESS and
MSLT on the one hand, and between the divided attention
driving and PVT on the other. This could be mainly due to
the fact that the MSLT and the ESS are both tests measuring
the propensity to fall asleep, while the DADT and PVT are
more likely to measure the ability to stay awake.

In regard to the comparison of the PVT and the MSLT,
several studies showed divergent findings. Whereas some
studies found a correlation between the PVT and the
MSLT, others did not. 22333336 Hence, the aim of the
study presented here was to compare the PVT reaction
time (PVT RT) in OSA patients and controls in the morn-
ing and afternoon with the simulated driving performance.
A second purpose was to compare these results more
widely with the mean MSLT sleep latency and the ESS
and neurocognitive tests.

Patients and Methods

Participants

OSA patients as well as age and sex matched controls
were consecutively recruited between August 2014 and
June 2015 from our outpatient sleep center and healthy
volunteers through personal contact. All consecutive adult
patients with moderate or severe OSA and subjective
feelings of sleepiness who were admitted to the sleep
laboratory of the Interdisciplinary Sleep Medicine Center
of the Charité University Medicine Berlin were asked to
participate. We used the intranet of our institution for
recruitment of healthy control persons. The control per-
sons were employees of the university. Additional exclu-
sion criteria for the controls were the history of tiredness
and sleepiness during the day and sleep disturbances at
night. Controls were matched by frequency matching
meaning that the matching frequency and proportion of
cases and controls for sex and age were the same. The
study was approved by the local ethics committee of the
Charité University Medicine Berlin (ethical vote EA1/301/
14), and all participants gave written informed consent
prior to the assessment. The study was conducted in
accordance with the Declaration of Helsinki.

All OSA patients were newly diagnosed and untreated.
They underwent home sleep testing prior to enrollment.
All OSA patients with an apnea hypopnea index per hour
of sleep (AHI) of equal or greater than 15/h were invited to
participate in this study (Embletta measuring the abdom-
inal and thoracic effort, nasal flow, snoring, oxymetry,
pulse rate, electrocardiogram, and position; RemLogic
software; Natus Embla Enterprise, Pleasanton, USA).
Exclusion criteria were chronic insomnia (defined as
Insomnia Severity Index values greater than 13), narco-
lepsy, a periodic limb movement index in the PSG of equal
or greater than 15 per hour, an increased value in the
Restless Legs Syndrome-Diagnostic Index (RLS-DI) of
10 points, severe neurological comorbidities (eg medical
history of stroke or Parkinson’s disease), the intake of
stimulants, alcohol abuse, impaired driving ability due to
other medical conditions (eg due to visual or motor

impairment), and lack of capacity to consent.*”**

Procedures

Polysomnography

We used Alice 5 (software Alice Sleepware, Respironics,
Murrysville, USA) or Embla (software: Somnologica,
Natus Enterprises, Middleton, USA) as the PSG system.
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We performed the polysomnography (PSG) in OSA
patients according to the American Academy of Sleep
Medicine (AASM) criteria (EEG electrodes: F3-M2, C3-
M2, O1-M2, F4-M1, C4-M1, O2-M1, left and right elec-
trooculogram, chin electromyogram, electrocardiogram,
bilateral tibialis EMG, snoring signal, airflow, thoracic
breathing and abdominal breathing, pulse oximetry, posi-
tion sensor, audio and video recording).>* Controls were
investigated by home sleep testing (Embletta). We ana-
lyzed the AHI, the hypopnea index per hour of sleep (HI),
the oxygen desaturation index per hour of sleep (ODI), the
number of obstructive and central apneas, and the number
of hypopneas.

The following tests were performed the day after the
PSG/ home sleep testing:

Epworth Sleepiness Scale

All participants received an ESS the morning after the
PSG with the request to fill it out (without any assistance).
The ESS asks how likely the patient is to doze off or to fall
asleep in eight different situations and the patients have to
answer if they would never doze or if there is a slight or
moderate or high chance of dozing.** Therefore, the ESS
subjectively measures the propensity to fall asleep in these
eight situations. The questions ask about the propensity to
fall asleep during activities (talking or driving), as well as
about sleepiness in monotonous situations such as sitting
quietly after lunch. The eight answers are each converted
to point scores ranging from 0 to 3 (the higher the point
score, the higher the subject’s degree of sleepiness). The
maximum possible number of points is 24. Sleepiness is
defined as an ESS value equal to or greater than 10. The
ESS shows good test-retest reliability in healthy volun-
teers and a good internal consistency.*® ESS values are not
significantly increased in healthy volunteers and in insom-

nia patients.'®*

Divided Attention Steering Simulator

The divided attention steering simulator (DASS) measures
lane-keeping along a curved and pseudo-randomly wind-
ing road during a simulated night trip over 30 minutes with
a simultaneous visual search. The patients have to use
a steering wheel while performing in addition a visual
task and to respond to digits that appear on a computer
screen (dual-task condition). We used a three-dimensional
road test from the enterprise “Stowood Scientific
Instruments” (Oxford, United Kingdom) with a 17-inch

monitor and the “fog” configuration what means that the

patients were not able to see the end of the road.*' This
test takes 30 minutes. Main DASS parameters were
response time (RT) in seconds, number of failed responses
(FR), lane deviation (LD) (average deviation from the
middle of the road in meters), and off-road-events
per hour (ORE/h) (middle of the vehicle outside the
lane). We performed the DASS in the morning at 10 am
and in the afternoon at 2 pm.

Psychomotor Vigilance Test

The PVT measures sustained-attention assessing the reac-
tion-time (RT).* Patients and controls have to press
a button as soon as a dim light flashes. The light flashes
randomly. The test takes 10 minutes. The main PVT para-
meter is the RT in milli seconds (ms). We did not analyze
the number of lapses in attention. We performed the PVT
in the morning and in the afternoon immediately before
the DASS.

Multiple Sleep Latency Test (MSLT)

We performed the MSLT according to the recommenda-
tions by the AASM in a dark and quiet room at 9 am,
11 am, 1 pm, and 3 pm, but in contrast to the MSLT
protocol by the AASM a total sleep time (TST) of at
least six hours of sleep in the PSG was not a prerequisite
for the MSLT.** The AASM recommendations state that
the test consists of five naps. According to the AASM
recommendations, a shorter four-nap MSLT can be per-
formed, but only in that case when two sleep onset REM
periods (SOREMPS) occurred in the first four naps.
Otherwise, four naps are not reliable for the diagnosis of
narcolepsy. As in our study the occurrence of SOREMPS
does not play a role, we recorded only four naps.

We performed a polysomnography the night before
MSLT according to the AASM recommendations. One
and a half to three hours later we started the MSLT. The
result of the MSLT was the mean sleep latency of the four
tests in minutes (mean MSLT sleep latency).

Test of Attentional Performance

The test of attentional performance (TAP) (version 2.3,
Psytest, Herzogenrath, Germany) is a computerized test
battery to measure various attentional and executive func-
tions. We used the subtests “alertness” and “divided alert-
ness”. The alertness test measures reaction time under two
conditions. The first condition consists of a simple reaction
time measurement, in which a cross appears on the moni-
tor at random intervals and to which the subject has to
respond as quickly as possible by pressing a key. This
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condition measures intrinsic alertness (tonic alertness). In
a second condition, reaction time is measured in response
to a critical stimulus preceded by a warning tone. This
condition measures phasic alertness. The test is con-
structed in four blocks according to an ABBA design (A
= without warning tone; B = with warning tone) — in order
to compensate for effects of fatigue. It takes approximately
4.5 minutes depending on reaction time.

The “divided attention” subtest comprises visual and
auditory tasks which must be processed in parallel. The
divided attention subtest takes between 2.5 and 6 minutes
(depending on reaction time). The TAP was only performed
in the afternoon after the last MSLT testing at 4 pm.

Participants

Sixty persons aged 38 to 81 years were included between
August 2014 and June 2015 and met the inclusion and
exclusion criteria (45 men and 15 women). In the first
stage, all 60 enrolled patients completed the ESS and
were investigated for one night with PSG, MSLT (four
naps), DASS (morning and afternoon), PVT (morning and
afternoon), and TAP (afternoon). Of the gross sample of
these 60 subjects, six were lost due to missing data

Table | Basic Demographic Characteristics of Included Participants

(artefacts of the EEG electrodes with subsequent limited
informative value of the PSG and MSLT).

Table 1 shows the demographic characteristics (age,
height, body mass index (BMI), ESS) of the remaining
54 participants (41 men and 13 women; 38 OSA patients
and 16 controls) and Table 2 the respiration data. The
mean age of the OSA patients was 57.4 (standard devia-
tion, SD: +11.2 years). The mean age of the age matched
controls was 57.3 (SD: £10.0 years). The proportion of
men was 76% in the OSA patients and 75% in the con-
trols. The BMI was 31.8 (SD: +5.5) in OSA patients and
24.3 (SD: #2.5) in controls. (The OSA patients were
matched for age and sex, but not for obesity.)

The mean AHI was 36.6 per hour in OSA patients with
a wide range from 15.0 to 80.0 per hour. (Nineteen OSA
patients suffered from severe OSA). As expected, the
mean AHI was low in controls (3.0 per hour; SD: £3.4).
The ODI was 32.8 in OSA patients (SD: £24.2) and 3.4 in
controls. The total sleep time (TST) in OSA patients was
349.5 minutes (SD: +65.3 minutes) with 14.8% of sleep
stage N3 and 14.0% of REM sleep. The ESS mean value
in OSA was 10.6 (SD: +4.7; min.) and 4.2 in controls
(SD: £2.5).

Parameters Apnea Patient Control Group P-value*
All Men Women All Men Women
Numbers 38.0 (100.0%) 29.0 (76.0%) 9.0 (24.0%) 16.0 (100.0%) 12.0 (75.0%) 4.0 (25.0%)
Age (years) 0.971
Mean 57.4 57.1 58.3 57.3 57.3 57.0
SD 1.2 1.4 1.1 10.0 1.3 5.2
Min—Max 38.0-81.0 41.0-81.0 38.0-74.0 42.0-78.0 42.0-78.0 51.0-63.0
Height 0.160
Mean 175.6 178.2 167.4 179.6 183.8 167.3
SD 9.4 9.2 45 9.3 6.4 32
Min—Max 160.0-196.0 160.0-196.0 161.0-177.0 164.0-194.0 175.0-194.0 164.0-170.0
BMI (kg/m?) <0.001
Mean 31.8 31.2 335 243 24.2 244
SD 55 4.6 8.0 2.5 1.6 4.8
Min—Max 22.5-479 22.5-39.9 22.7-47.9 19.7-31.1 22.0-26.8 19.7-31.1
ESS <0.001
Mean 10.6 10.6 10.9 4.2 4.3 3.8
SD 47 42 6.4 25 2.1 39
Min—Max 0.0-21.0 1.0-18.0 0.0-21.0 0.0-9.0 0.0-8.0 0.0-9.0
Note: *Between groups comparison using t-test for continuous variable/Mann—Whitney test for variables with abnormal distribution.
Abbreviations: min, minimum; max, maximum; SD, standard deviation; BMI, body mass index; ESS, Epworth Sleepiness Scale.
Nature and Science of Sleep 2020:12 submit your manuscript 513
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Table 2 Respiration Data of Included Participants

Parameters Apnea Patients Control Group P-value*
All Men Women All Men Women

Number 38.0 (100.0%) 29.0 (76.0%) 9.0 (24.0%) | 16.0 (100.0%) 12.0 (75.0%) 4.0 (25.0%)

Age (years) 0.971
Mean 57.4 57.1 58.3 573 573 57.0
SD 1.2 1.4 1.1 10.0 1.3 5.2
Min—Max 38.0-81.0 41.0-81.0 38.0-74.0 42.0-78.0 42.0-78.0 51.0-63.0

AHI (/h) <0.001
Mean 36.6 40.2 24.9 3.0 3.1 28
SD 20.4 21.1 12.7 34 33 4.4
Min—Max 15.0-80.0 15.0-80.0 15.0-54.0 0.0-10.0 0.0-10.0 0.0-9.0

HI (/h) <0.001
Mean 1.3 1.0 12.1 1.9 1.8 25
SD 7.0 7.5 5.2 2.6 20 4.4
Min—Max 2.0-37.0 2.0-37.0 3.0-20.0 0.0-9.0 0.0-6.0 0.0-9.0

ODI (/h) <0.001
Mean 328 36.2 21.9 34 32 43
SD 24.2 25.0 18.4 3.8 32 6.0
Min—Max 5.0-98.0 5.0-98.0 6.0-66.0 0.0-13.0 0.0-10.0 0.0-13.0

Total apnea (n) <0.001
Mean I151.7 178 67.2 7.6 9.6 1.8
SD 140.4 148.8 55.9 14.4 16.2 24
Min—Max 3.0-511.0 24.0-511.0 3.0-179.0 0.0-55.0 0.0-55.0 0.0-5.0

Obstructive apnea (n) <0.001
Mean 120.7 140.2 58.0 5.9 7.3 1.5
SD 118.0 126.2 53.8 1.7 2.9 24
Min—Max 3.0-490.0 11.0-490.0 3.0-175.0 0.0-44.0 0.0-44.0 0.0-5.0

Central apnea (n) <0.001
Mean 19.8 24 6.2 0.4 0.5 0.0
SD 19.8 43.6 6.1 0.9 1.0 0.0
Min—Max 0.0-197.0 0.0-197.0 0.0-16.0 0.0-3.0 0.0-3.0 0.0

Hypopnea (n) <0.001
Mean 65.0 64.5 66.7 13.4 1.7 18.8
SD 41.0 44.2 31.0 18.0 13.6 29.8
Min—Max 17.0-204.0 17.0-204.0 17.0-119.0 | 0.0-63.0 0.0-42.0 1.0-63.0

Note: *Between groups comparison using t-test for continuous variable/Mann—Whitney test for variables with abnormal distribution.
Abbreviations: min, minimum; max, maximum; SD, standard deviation; AHI, Apnea hypopnea Index; HI, hypopnea index; ODI, oxygen desaturation index; /h, per hour; n,

numbers.

Statistical Analysis

Following an exploratory analysis of the data, statistical
parameters such as mean value, median, minimum and
maximum, standard deviation, confidence intervals, and
interquartile ranges were calculated. For testing the distri-
bution we used the Kolmogorov—Smirnov test as
a nonparametric test of the equality of distribution.** We
analyzed differences between two subgroups (morning vs

afternoon and female versus male sex) with the Mann—
Whitney U-test. With respect to the ESS, PSG, DASS,
PVT, MSLT and TAP we used the Spearman’s rank corre-
lation coefficient (Spearman rho) and Pearson’s correlation
coefficient (Pearson’s r) for numerical data to investigate
differences between these two subgroups. Scatter plots
were performed to demonstrate these relationships. We

defined Spearman’s rank correlations (Spearman’s rho) as
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follows: very strong correlation over 0.9; strong correla-
tion between 0.71 and 0.9; moderate correlation between
0.51 and 0.7; low correlation (clinical not important) for
values between 0.21 and 0.5; and no correlation less then
0.2.** For all calculations, statistical significance was
established at p < 0.05. All tests should be understood as
constituting exploratory data analysis, such that neither
previous power calculations have been made. Analysis
was performed with SPSS software (IBM SPSS Statistics
for MacOS, Version 23.0, IBM Corp., Amrok, NY).

Results

Results of the Driving Simulation

Table 3 shows the results. We analyzed the correlation
between age and the four outcome measures in the
DASS (see Figures 1-4). With increasing age, the perfor-
mance decreased. There was a moderate correlation
between off-road events and age and a low correlation
between age and response time, failed responses and lane
deviation. There was no significant correlation between the
DASS outcome measures and the AHI (see Table 4), ODI
(see Table 5), BMI, total sleep time in the PSG, percentage
deep sleep (N3) and REM sleep in OSA patients
(in controls we did not analyze further PSG data of the
hypnogram).

The controls provided a faster response time in the
morning compared to OSA patients (median 2.1 versus
3.0; p=0.044; Whitney—Mann U-Test). In the afternoon,
the controls also showed a faster response time which was
not significant (2.2 versus 3.0). Furthermore, the controls
failed less often to respond (morning and afternoon),
which was also not significant (morning 0.0 versus 1.0;
afternoon 0.5 versus 1.0). OSA patients showed signifi-
cantly more lane deviations in the afternoon compared to
controls (0.370 versus 0.278; p=0.048). In the morning
there was no significant difference. OSA patients also
showed more off-road events compared to controls in the
afternoon (37 versus 9; p=0.042). In the morning there was
no significant difference.

Correlation Between MSLT and DASS

There was no correlation between the two tests, neither
in the morning DASS, nor in the afternoon DASS.
Table 3 shows the results of the tests and Table 6 the
correlations between the mean MSLT latency and the
DASS data.

Psychomotor Vigilance Test and DASS

The Spearman correlation showed a significant moderate
correlation between the PVT RT and all four parameters of
the DASS (the higher the reaction time in the PVT, the
higher the DASS response time, the more failed responses
and off-road events, the greater the lane deviation). Table 3
shows the results of the tests and Table 7 the correlations.

Correlation Between ESS Values and
DASS

The Spearman correlation did not show a significant corre-
lation between ESS values and DASS parameters. Table 1
shows the ESS values, Table 3 the results of the DASS and
Table 8 the correlations between them.

Correlation Between TAP and DASS

The Spearman correlation showed highly significant low
and moderate correlations between the DASS parameters
(response time, lane deviations, and off-road events) and
the TAP “alertness* reaction time (with and without acous-
tic signal) and the TAP “divided alertness” visual reaction
time (see Table 9).

Correlation Between TAP and PVT

The Spearman correlation showed a highly significant moder-
ate to strong correlation between the PVT RT and the TAP
“alertness” (with and without auditive signal). In the TAP
“divided attention” patients had to react on visual and acoustic
signals in parallel. Whereas there was a significant but low
correlation between the visual subtest and the PVT RT, the
auditory tasks of the TAP did not show any significant correla-
tion. All in all, the TAP divided attention subtest did not show
a significant correlation with the PVT RT (see Table 10). There
was a significant low correlation between the afternoon PVT
RT and ODI as well AHI, but no correlation between the AHI
or ODI and the TAP.

Discussion

This study shows a significant correlation between the
PVT RT and simulated driving performance and the alert-
ness subtest of the TAP, but no correlation with the mean
MSLT sleep latency and the ESS values. Moreover, there
is a significant correlation between the alertness subtest of
the TAP and simulated driving performance. Therefore, it
can be said that the increased PVT RT seems to reflect the
decrease of sustained attention due to OSA-related
sleepiness.
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Table 3 Results of the Multiple Sleep Latency Test, Divided Attention Steering Simulator and Psychomotor Vigilance Test

Parameters OSA Patients Control Group P-value*
All Men Women All Men Women
Numbers 38.0 29.0 9.0 (24.0%) | 16.0 12.0 4.0 (25.0%)
(100.0%) (76.0%) (100.0%) (75.0%)
Mean MSLT sleep latency (minutes) 0.558
Mean .1 10.9 1.6 1.9 1.7 12.5
SD 4.7 52 33 39 4.4 24
Min—Max 2.0-20.0 2.0-20.0 7.0-16.0 5.0-20.0 5.0-20.0 9.0-14.0
Morning DASS-RT (seconds) 0.044
Mean 3.1 3.0 34 2.6 25 2.6
SD 0.9 0.9 0.9 0.9 1.0 0.6
Min—Max 1.4-4.9 1.44.9 1.84.3 1.74.4 1.7-4.4 1.7-3.0
Morning DASS-FR (numbers) 0.381
Mean 34 3.1 43 1.8 1.7 2.0
SD 6.2 6.7 42 2.8 27 34
Min-Max 0.0-29.0 0.0-29.0 0.0-12.0 0.0-7.0 0.0-7.0 0.0-7.0
Morning DASS-LD (meters) 0.112
Mean 0.4 0.4 0.5 0.4 0.4 0.4
SD 0.2 0.2 0.1 0.2 0.2 0.1
Min—Max 0.2-1.0 0.2-1.0 0.4-0.6 0.2-1.0 0.2-1.0 0.4-0.6
Morning DASS-ORE (numbers per hour) 0.063
Mean 103.9 103.1 106.4 62.5 51.9 94.3
SD 119.9 133.5 64.5 98.5 102.0 924
Min—Max 0.0-524.0 0.0-524.0 8.0-217.0 0.0-343.0 0.0-343.0 37.0-232.0
Afternoon DASS-RT (seconds) 0.085
Mean 3.0 29 3.1 25 23 29
sD 1.0 1.0 1.1 0.9 1.0 0.9
Min—Max 1.3-5.2 1.3-5.2 1.6-5.1 1.342 1.342 1.5-3.4
Afternoon DASS-FR (numbers) 0.132
MEan 34 33 36 I.1 I.1 1.0
SD 53 5.7 42 1.6 1.8 0.0
Min-Max 0.0-27.0 0.0-27.0 0.0-13.0 0.0-5.0 0.0-5.0 1.0-1.0
Afternoon DASS-LD (meters) 0.048
Mean 0.4 0.4 0.5 0.3 0.3 0.4
SD 0.2 0.2 0.2 0.2 0.3 0.1
Min-Max 0.2-0.8 0.2-0.8 0.3-0.8 0.2-1.0 0.2-1.0 0.3-0.5
Afternoon DASS-ORE (numbers 0.042
per hour)
Mean 90.9 849 110.4 525 494 61.8
SD 104.7 108.1 96.5 108.7 123.2 56.7
Min-Max 0.0-350.0 0.0-350.0 2.0-269.0 0.0-432.0 0.0-432.0 23.0-145.0
Morning PVT-RT (milli seconds) 0.036
Mean 304.1 2929 340.0 2882 291.5 2783
SD 64.6 50.2 92.5 88.3 99.8 47.7
Min-Max 222.0-542.0 | 222.0-440.0 | 255.0-542.0 | 222.0-549.0 | 222.0-549.0 | 232.0-340.0
(Continued)
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Table 3 (Continued).

Parameters OSA Patients Control Group P-value*®
All Men Women All Men Women
Afternoon PVT-RT (milli seconds) 0.006
Mean 316.0 299.7 368.6 267.6 266.4 271.0
SD 85.5 68.1 116.3 67.4 74.8 46.5
Min—Max 205.0-615.0 | 205.0-547.0 | 252.0-615.0 | 212.0-465.0 | 212.0-465.0 | 228.0-333.0

Note: *Between groups comparison using t-test for continuous variable/Mann—Whitney test for variables with abnormal distribution.

Abbreviations: OSA, obstructive sleep apnea; Min, minimum; Max, maximum; SD, standard deviation; MSLT, multiple sleep latency Test; DASS, divided attention steering

simulator; PVT RT, psychomotor vigilance task reaction time; DASS RT, DASS response time; FR, failed responses; LD, lane deviation; ORE, off-road events.

However, we are faced with the crucial question: Even if
the MWT and the simulated driving are actually seen as the
gold standard of driving ability tests, which are the beha-
vioral or neurophysiological tests that enable us to predict the
accident risk in untreated OSA patients? In this context, it
should be made clear that we cannot perform prospective
predictive studies for ethical reasons — because it is obviously
not possible to conduct scientific studies analyzing the acci-
dent risk in untreated OSA patients and to let them drive. Nor
can we usually analyze retrospectively the accident risk in
accident participants because most of them have not pre-
viously been investigated with vigilance tests and PSG. We
could retrospectively analyze the risk accidents in our OSA
patients (from our Sleep Center). But in that case, we needed
age and sex matched healthy controls and we should know if

the patient has used CPAP therapy the night before (an
information which is often not available).

Whereas scientific studies suggest that sleepiness is an
important factor in up to 30% of traffic accidents, the
official
a probable cause in only 1% to 1.5% of identified causes

accident statistics describe sleepiness as
(and in these cases sleepiness is not only due to sleep
disorders but also due to sleep deprivation in otherwise
healthy subjects).*> Independent of what are the real
risks, drivers with OSA have an increased risk of being
involved in accidents.?

All these methodological issues pose major problems
in the predictability of road accidents and, therefore, we
need other predictive methods, such as behavioral or neu-

rophysiological tests based on a measurement of specific
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Figure | Correlation between age and DASS response time in all subjects.

Notes: *Nearly identical value in some patients; The Spearman’s rank correlation shows a significant low correlation between age and response time of the DASS in OSA
patients (red color: correlation coefficient = 0.409, p-value = 0.011) and a moderate correlation in controls (blue color: correlation coefficient = 0.600, p-value = 0.014).
Abbreviations: DASS, divided attention steering simulator; OSA, obstructive sleep apnea.
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Figure 2 Correlation between age and DASS lane deviation in all subjects.

Note: The Spearman’s rank correlation shows a significant low correlation between age and lane deviation of the DASS in OSA patients (red color: correlation coefficient =
0.363, p-value = 0.025) and a moderate correlation in controls (blue color: correlation coefficient = 0.560, p-value = 0.024).
Abbreviations: DASS, divided attention steering simulator; OSA, obstructive sleep apnea.
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Figure 3 Correlation between age and DASS failed response in all subjects.

Notes: *Nearly identical value in some patients; The Spearman’s rank correlation shows a significant low correlation between age and failed response of the DASS in OSA
patients (red color: correlation coefficient = 0.381, p-value = 0.018) and a moderate correlation in controls (blue color: correlation coefficient = 0.720, p-value = 0.002).
Abbreviations: DASS, divided attention steering simulator; OSA, obstructive sleep apnea.

‘abilities’. Before testing such ‘abilities’ we should know
what we are measuring. The prerequisite, however, is that
we have a deeper understanding about what is vigilance.
According to functional imaging studies, different
are to enable cognitive

brain networks required

performances.”® An important attentional network is the
cingulo-opercular (CO) network composed of anterior
insula/operculum, dorsal anterior cingulate cortex, and
thalamus. This CO network seems to be of particular
importance for intrinsically maintained tonic alertness.>”
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Figure 4 Correlation between age and DASS off-road events in all subjects.

Notes: *Nearly identical value in some patients; The Spearman’s rank correlation shows a highly significant low correlation between age and off-road events of the DASS in OSA
patients (red color: correlation coefficient = 0.469, p-value = 0.003) and a moderate correlation in controls (blue color: correlation coefficient = 0.632, p-value = 0.009).
Abbreviations: DASS, divided attention steering simulator; OSA, obstructive sleep apnea.

Due to the fact that these networks are routinely activated
by any cognitive task (independent of the specific task),
hence this CO network has also been named a “task-
positive” network.”' The hypothesis is that any cognitive
performance requires an activation of this CO network in

order to enable and control attention.>”

Table 4 Spearman Correlations Between AHI and DASS, PVT
and TAP

Parameters Correlation with AHI
Coefficient P-value

Morning DASS-RT 0.224 0.103
Morning DASS-FR 0.052 0.709
Morning DASS-LD 0.126 0.363
Morning DASS-ORE 0.185 0.181
Afternoon DASS-RT 0.197 0.153
Afternoon DASS-FR 0.167 0.227
Afternoon DASS-LD 0.166 0.231
Afternoon DASS-ORE 0.207 0.133
Morning PVT-RT 0.213 0.122
Afternoon PVT-RT 0.300 0.028
TAP-RT-al without acoustic signal 0.156 0.260
TAP-RT-al with acoustic signal 0.184 0.182
TAP-RT-da visual reaction time 0.056 0.687

Note: Statistic, Between groups comparison using Spearman’s rank correlation.
Abbreviations: AHI, apnea-hypopnea index; DASS, divided attention steering
simulator; PVT, psychomotor vigilance task; DASS-RT, DASS response time; FR,
failed responses; LD, lane deviation; ORE, off-road events; TAP, test of attentional
performance; al, alertness; da, divided alertness.

This cognitive function to maintain attention over
a longer period is called either “sustained attention® or
‘vigilance’ or “tonic alertness”.’*> The so-called ‘vigi-
lance’ is the counterpart of ‘sleepiness’ - at least if we
define sleepiness as the decreased ability to stay awake.
The propensity to fall asleep measured by the MSLT is
another aspect of sleepiness when the person did not even
try to stay awake (what explains the lack of any correlation
in our study between PVT RT on the one hand and simu-
lated driving performance as well as mean MSLT sleep
latency and ESS values on the other).

This “vigilance* or “sustained attention” or ‘tonic
alertness’ can be understood as the intrinsic ability of
a network to be ready to receive and absorb information,
to process this information and to react accordingly. In
addition to the sustained attention (or vigilance or tonic
alertness) there are also phasic components of attentional
control including ‘selective attention’ - an example of
impaired selective attention would be not paying attention
to what has been said and to the person who is talking.>*
Usually, ‘phasic alertness’ on the road is induced by an
external stimulus (eg when a car abruptly enters into the
right of way).’®> The underlying brain networks for this
bottom-up stimulus-driven phasic alertness are still not
well known. Besides the intrinsic sustained attention and
the stimulus-driven phasic attention some researchers also
describe a goal-driven attention (for example induced by
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Table 5 Spearman Correlations Between ODI and DASS, PVT
and TAP

Parameters Correlation with ODI
Coefficient P-value
Morning DASS-RT 0.183 0.184
Morning DASS-FR 0.067 0.632
Morning DASS-LD 0.115 0.408
Morning DASS-ORE 0.166 0.231
Afternoon DASS-RT 0.156 0.260
Afternoon DASS-FR 0.168 0.225
Afternoon DASS-LD 0.153 0.269
Afternoon DASS-ORE 0.203 0.140
Morning PVT-RT 0.253 0.065
Afternoon PVT-RT 0.320 0.018
TAP-RT-al without acoustic signal 0.215 0.119
TAP-RT-al with acoustic signal 0.257 0.061
TAP-RT-da visual reaction time 0.008 0.957

Note: Statistic, Between groups comparison using Spearman’s rank correlation.
Abbreviations: ODI, oxygen desaturation index; DASS, divided attention steering
simulator; PVT, psychomotor vigilance task; DASS-RT, DASS response time; FR,
failed responses; LD, lane deviation; ORE, off-road events; TAP, test of attentional
performance; al, alertness; da, divided alertness.

56 The extent to which

the expectation of the observer (and the view of the patient

the expectations of the observer).

to ”pass the examination”) can affect the results of the
MWT, DASS or PVT is not well investigated either.’®>’

To a certain degree, the selection of relevant informa-
tion among all incoming stimuli can be automatic (eg
watching the traffic light) or voluntary (eg finding the
nearest petrol station). One researcher described an
increased “attentional effort” as a motivated activation of
the attentional systems in response to a decrease of atten-
tional performance as a compensation mechanism. This is
largely due to an increased activity of cortical cholinergic
inputs which is itself the result of an activation of projec-
tions of mesolimbic structures to the basal forebrain. An
example could be to driving home from work after a -
stressful day, sleep-deprived from the night before and
making an effort not to miss a red light and to monitor
speed precisely.

However, the driver’s performance depends not only
on sustained attention and tonic and phasic alertness, but
also on divided attention and several executive functions
(planning ability, working memory, decision making, and
cognitive flexibility).”® Moreover, people with chronic
underlying medical conditions (visual disorders, medical
history of stroke) must be examined with an even broader
neuropsychological assessment. Furthermore, many disor-
ders, such as cardiac disease and drug abuse, as well as
others can also affect driving ability.

Table 6 Correlation Between Mean MSLT Sleep Latency and DASS Data

Parameters | RT FR Lane Deviation Off-Road Events/Hour
Correlation p-value | Correlation p-value | Correlation p-value | Correlation p-value
Coefficient Coefficient Coefficient Coefficient

Morning 0.046 0.744 0.112 0.146 —0.006 0.967 —0.045 0.749

Afternoon —0.080 0.565 —0.010 0.943 0.017 0.904 —0.037 0.792

Note: The Spearman correlation showed no significant correlation between the mean sleep latency in the MSLT and the response time, the number of failed response, the

lane deviation or the off-road events per hour.

Abbreviations: MSLT, multiple sleep latency test; DASS, divided attention steering simulator; RT, response time; FR, failed responses.

Table 7 Correlation Between Psychomotor Vigilance Test and DASS

Parameters RT FR Lane Deviation Off-Road Events per
Hour
Corr. p-value | Corr. p-value | Corr. p-value | Corr. p-value
Coefficient Coefficient Coefficient Coefficient
PVT-Morning 0.653 <0.001 0.516 <0.001 0.629 <0.001 0.637 <0.001
PVT 0.565 <0.001 0.542 <0.001 0.616 <0.001 0.637 <0.001
Afternoon

Note: The Spearman correlation showed a significant moderate correlation between the PVT reaction time and all four parameters of the DASS (the higher lower the
reaction time in the PVT, the higher the response time, the more failed responses, lane deviations and off-road events).
Abbreviations: PVT, psychomotor vigilance test; MSLT, multiple sleep latency test; DASS, divided attention steering simulator; RT, reaction/response time; FR, failed

responses; Corr, correlation.
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Table 8 Correlation Between ESS and DASS

Parameters | RT FR Lane Deviation Off-Road Events per Hour
Correlation p-value | Correlation p-value | Correlation p-value | Correlation p-value
Coefficient Coefficient Coefficient Coefficient
Morning —0.028 0.842 —0.033 0.814 0.090 0.517 0.072 0.604
Afternoon —0.030 0.829 0.051 0.716 0.095 0.494 0.089 0.523
Note: The Spearman correlation did not show a significant correlation between ESS values and DASS parameters.
Abbreviations: ESS, Epworth sleepiness scale; DASS, divided attention steering simulator; RT, response time; FR, failed responses.
Table 9 Correlation Between TAP and DASS
Parameters Correlation Coefficient p-value
Reaction time
DASS-RT/TAP-RT-al without acoustic signal 0.633 <0.001
DASS-RT/TAP-RT-al with acoustic signal 0.473 <0.001
DASS-RT/TAP-RT-da visual reaction time 0414 0.002
Lane deviation/TAP-RT-da visual reaction time 0.381 0.004
Off-road events/h/TAP-RT-da visual reaction time 0.413 0.002
Lane deviation /TAP-RT-al without acoustic signal 0.485 <0.001
Off-road events/h/TAP-RT-al without acoustic signal 0.514 <0.001

Note: The Spearman correlations demonstrate a highly significant low to moderate correlation between the parameters of the DASS and TAP.
Abbreviations: DASS-RT, divided attention steering simulator; RT, response/reaction time; TAP, test of attentional performance; al, alertness; da, divided alertness; /h,

per hour.

OSA patients normally do not need a broad neuropsy-
chological assessment because we are normally assuming
that they are “only” suffering from OSA and not from
other comorbid diseases which additionally limit driving
ability. This is a major point. For the purposes of the
decision whether to let OSA patients drive or not, an
assessment has to be made of any effect of the CPAP

Table 10 Correlation Between TAP and PVT

Parameters PVT-RT
Correlation Coefficient | p-value
TAP-alertness
Without acoustic signal | 0.773 <0.001
With acoustic signal 0.679 <0.001
TAP-divided attention
Acoustic 0.236 0.086
Visual 0.413 0.002
Omissions 0.320 0.018

Notes: The Spearman correlation showed a highly significant moderate to strong
correlation between the PVT reaction time and the TAP “alertness” (with and
without auditive signal). In the TAP “divided attention” patients had to react on
visual and acoustic signals in parallel. Whereas there was a significant but only low
correlation between the visual subtest and the PVT reaction time, the auditory tasks
of the TAP did not show any significant correlation. All in all, the TAP divided
attention subtest did not show a significant correlation with the PVT reaction time.
Abbreviations: TAP, test of attentional performance; PVT, psychomotor vigilance
test; RT, reaction time.

therapy on sleepiness and driving ability. If other comor-
bid disorders have been diagnosed, then the diagnostic
approach should be correspondingly expanded. If this is
not the case and OSA patients are “only” suffering from
OSA, the next question is, whether the OSA is sufficiently
treated with CPAP therapy. If that is the case, then the next
diagnostic step should involve objective measurements
assessing sustained attention or vigilance before CPAP
and under treatment which ideally proves an improvement
of sustained attention after therapy.

Against this background, it is important to point out,
that the regulations on how to proceed with OSA-related
sleepiness differ from country to country.>® The European
Union recommends a sleep expert assessment before par-
ticipating in road traffic and regular checks which are
depending on the driving license class. (professional driver
every year, and all other drivers every three years).” The
large number of necessary examinations is a clear argu-
ment for less time-consuming approaches as for example,
the PVT.

Furthermore, studies comparing sleepiness ratings of
long-haul airline pilots with those of long-haul truck dri-
vers showed that heavy vehicle drivers self-estimate their
sleepiness during night and non-night duties unexpectedly
low.®® Professional truck drivers rated lower levels of
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sleepiness than pilots indicating that they are sleepier than
they report. Some researchers explained this by a lack of
education and training on sleepiness among truck
drivers.®

The PVT normally takes 10 minutes (as described in
the original article in 1985 by Dinges and Powel), but due
to time constraints, a 2-minute, 3-minute, and 5-minute
version has been validated, which are less sensitive com-
pared to the 10-minute version.?>=7-31:33:61-64

In this situation we recommend, on the contrary, to
investigate OSA patients compared to sex and age
matched controls longitudinally (untreated OSA patients
versus healthy controls and with CPAP therapy versus
healthy controls) using a longer version of the PVT up to
40 minutes (as in the MWT). As professional drivers have
to drive for very long periods of time (with frequent
monotonous night trips) we recommend investigating
longitudinally untreated and treated OSA patients with
a longer version of the PVT in order to increase the
sensitivity of the PVT. This could potentially increase the
sensitivity of the PVT and even better assess impaired
sustained attention in professional drivers.

Methodical Limitations

We did not investigate minor lapses as a PVT parameter.
Moreover, in regards to the DASS the participants were
not asked about their driving practice and participants who
slept less than six hours TST in the PSG were not excluded
from MSLT.

Conclusion

PVT RT was increased in untreated OSA patients com-
pared to healthy controls reflecting a decreased sustained
attention in OSA patients. This increase of PVT RT corre-
lated with an impairment of simulated driving perfor-
mance and increased reaction time in the “alertness”
subtest of the TAP. Therefore, the PVT is a suitable test
for measuring (decreased) sustained attention and vigi-
lance in OSA patients.
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