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Abstract

Purpose—Optimal cognitive performance might prevent vehicle accidents. ldentifying time-
related circadian and homeostatic parameters having an impact on cognitive performance of
drivers may be crucial to optimize drivers’ performance.

Methods—In this prospective study conducted on bus drivers, two drivers alternated driving
during a 24-h round trip and were accompanied by an interviewer. Each driver was tested using
Karolinska Sleepiness Scale (KSS) and the reversed digit span Wechsler Working Memory test
before the start of his shift and then every 6 h during a “work/driving” day. Psychomotor Vigilance
Task (PVT) was assessed before and after the journey. Linear mixed model was used to explore the
factors affecting cognitive performance and sleepiness in univariate and multivariate analysis.

Results—Among 35 bus drivers, the effect of time of day on working memories was statistically
significant (p = 0.001), with the lowest working memory scores at 04:00 am (£ 1). The highest
score of subjective sleepiness was also at 04:00 am (z 1). The time on task parameter affected
sleepiness significantly (p = 0.024) and sleepiness was significantly associated with decreased
working memory. Psychomotor Vigilance Task reaction time mean and the number of minor
lapses were significantly increased after the journey, which suggested decreased vigilance. In
multivariable analysis, a longer interval between the beginning of working hours and testing time
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(B (95% CI) = 15.25 (0.49 to 30), p= 0.043) was associated with higher (i.e., slower) PVT
reaction time mean.

Conclusions—These results suggest that optimizing bus drivers’ working schedules may
improve drivers’ sleepiness and cognitive performance and thus increase road safety.

Keywords

Working memory; Sleepiness; Driver; Shift work; Cognition

Introduction

Road accidents have an impact on population health although, often neglected by
policymakers [1]. Global status reports on road safety have shown that road accidents are
the second leading cause of death among 15 to 29 years old [2]. Several studies have
demonstrated that sleep deprivation and night-time driving with the resulting sleepiness
affect driver performance negatively and are considerable contributors to road accidents [3,
4]. Sleepiness increases the risk of motor vehicle accidents and should be evaluated while
assessing the fitness for driving [5]. A study by Connor et al. found that driving between

2 and 5 am can increase accident risks fivefold, and sleepiness can increase the risk by
eight times the initial level [6]. In a survey in the USA, 16.5% of fatal event accidents were
reported to be related to drowsy drivers [7]. Sleep deprivation is not only dangerous for
ordinary drivers but perhaps even more so for professional drivers who spend much more
time on the road. In a study assessing the city bus drivers, severe sleepiness was common
among the drivers and severe sleepiness was correlated with fatigue-related safety risks,
such as near-crashes [8]. In a simulated driving study, sleep loss resulted in significantly
increased subjective sleepiness and subjective workload but change detection accuracy was
not significantly affected by sleep loss [9]. Another study revealed that decreasing the
driving time (2-h versus 8-h sessions) decreased the rate ratio of inappropriate line crossings
[10].

Due to homeostatic sleep drive, even in non-sleep deprived individuals, fatigue and
sleepiness gradually increase throughout the day, as the time on task and time of
wakefulness increase. In addition, cognitive resources deplete over time, increasing the
possibility of human error [11-13]. Moreover, the mismatch between the schedule of job
tasks and circadian rhythms aggravates sleepiness and fatigue [14, 15]. Homeostatic sleep
drive and non-optimal mental performance increase the possibility of errors, but it is not
clear to what extent these factors explain the incidents or accidents [16, 17].

Several components are contributing to optimal mental performance. Working memory, a
principal aspect of cognitive performance, consists of temporary saving and manipulating
information. Working memory is the core of cognitive ability and a powerful predictor of
mental and rational reasoning abilities. Working memory is an important component of
cognitive performance, and regular performance depends on it [18].

Psychomotor Vigilance Task (PVT) is an identified tool and a significant predictor of
cognitive aspects of driving performance in the literature [19, 20]. Psychomotor vigilance
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impairment may be a key to cognitive impairment, in particular, when sleep-deprived [21].
The increased response variability that characterizes sleep loss is due to a reduced level of
stability in physiologic processes maintaining wakefulness [22]. Drowsiness and vigilance
fluctuations can strongly impact driving performance [23]. In previous studies, PVT was
promising for the evaluation of cognitive impairment based on sensitivity and correlations
with driving impairment [24].

In this study, we assessed bus drivers’ characteristics, shift work parameters, and task-related
variables to evaluate the effects of time of day, time of sleep, and time on task on cognitive
performance and sleepiness of drivers. We sought to test the hypothesis that a combination
of (a) time of day factors, (b) homeostatic drive, and (c) time on task parameters would
influence the drivers’ performance. Our goal was to understand the associations between
these three categories of parameters with sleepiness, working memory, and psychomotor
vigilance of the drivers.

This study was a descriptive-analytical prospective study performed on bus drivers (mean
age = 40.3 years; SD = 9.6). The participants were recruited from a road travel company in
Iran. All participants were male shift-work drivers, driving the route between cities Tehran
and Sanandaj (490 km apart).

Inclusion criteria were as follows: (1) at least 1 year of long-distance bus driving experience;
(2) a valid medical certificate (i.e., confirming they have been evaluated by medical

experts and approved); (3) bus driving in Tehran-Sanandaj route. Exclusion criteria were

as follows: (1) age older than 60 years; (2) the history of any sleep or psychiatric disorder
indicated by the participant; (3) unwillingness to participate; (4) a positive score from Berlin
questionnaire indicating increased risk of obstructive sleep apnea syndrome; (5) currently
use of any medication that could potentially affect diurnal vigilance and sleepiness of the
participant; and (6) drug abuse by the participant.

Written informed consents were obtained from all participants after explaining the
procedure. The Ethics Committee of the University of Social Welfare and Rehabilitation
Sciences approved all protocols and methods described adhered to the tenets of the
Declaration of Helsinki (approval number of USWR.REC.1392.105).

The study was a within-subject design. The driving route was the same for all drivers

to decrease potential confounding factors. Two drivers were assigned for each round trip
(of Tehran-Sanandaj). The drivers were free to decide the timing of their shifts in that

24-h period, and they were supposed to switch off to another during the trip. A researcher
accompanied the drivers for 24 h on every round trip. KSS and WAIS-R working memory
were recorded once before the journey and then every 6 h (repeated measurements). Each
episode of testing was performed in a 2-h span-time, to make it possible to assess the driver
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after the driver-switch or after the driver woke up from his nap. PVT was assessed before the
start of the journey and at the end of the journey (only two times).

Assessments

Epworth Sleepiness Scale—The Epworth Sleepiness Scale (ESS), an 8-item
questionnaire, is a simple and inexpensive measure for subjective evaluation of daytime
sleepiness. ESS scores of 11-24 represent increasing levels of excessive daytime sleepiness
[25, 26]. Sadeghniat et al. performed the assessment of psychometric features of ESS for the
Iranian population [27]. We analyzed the stability of ESS in the present study and calculated
the Cronbach’s alpha as 0.77.

Karolinska Sleepiness Scale—Karolinska Sleepiness Scale (KSS) measures the
subjective level of sleepiness at a particular time during the day. On this scale, subjects
indicate which level best reflects the psycho-physical state experienced in the last 10 min.
This is a 9-point scale (1 = extremely alert, 3 = alert, 5 = neither alert nor sleepy, 7 = sleepy
- but no difficulty remaining awake, and 9 = extremely sleepy — fighting sleep). We used the
modified KSS that contains one other item: 10 = extremely sleepy, falls asleep all the time
[28]. KSS is used to measure sleepiness in the short term with high reliability [29].

Berlin Questionnaire—Berlin questionnaire consists of 11 questions with three parts.

It is designed to identify people with high risk of obstructive sleep apnea (OSA). This
questionnaire focuses on symptoms of sleep apnea, including snoring, daily sleepiness,
obesity, or high blood pressure. Questions are categorized into three groups and examine

the patient’s respiratory interruption probability. The result of the assessment places the
patient in one of two categories of either high risk of obstructive sleep apnea or low risk of
obstructive sleep apnea [30]. Amra et al. verified the reliability and validity of the Persian
version of the questionnaire. The stability was 0.7 according to the Cronbach’s alpha [31]. In
our study, calculated Cronbach’s alpha for the Berlin questionnaire was 0.7.

Wechsler Adult Intelligence Scale Revised—Wechsler Adult Intelligence Scale-
Revised (WAIS-R) consists of combined tests. Each test is used individually and each

of them measures different domains of intelligence capabilities. One of the subtests of
Wechsler Adult Intelligence Scale-Revised is a reverse digit span memory test. This subtest
assesses the person’s ability to remember and repeat audible information in the correct order.
It includes a two-step process. First, the subject should capture the information completely;
this step requires attention and encryption. Second, the participant must correctly remember
the information, consider the sequence, and attempt to repeat them. The reversed digit span
memory test from the Wechsler Adult is used to determine the capabilities of working
memory in healthy adults. The results are defined as Wechsler Working Memaory Score. The
score has a high stability and validity [18, 32, 33].

Psychomotor Vigilance Task—Psychomotor Vigilance Task (PVT) measures
behavioral alertness and neurobehavioral consequences of sleep loss [34].

Sleep Breath. Author manuscript; available in PMC 2023 June 01.
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Drivers attended the briefing session, signed the informed consent, and completed the Berlin
questionnaire. The drivers whose Berlin questionnaires’ results were positive were excluded
from the study. Demographics were collected including age, working experience, weekly
working hours and different working shifts, amount of daily caffeine use, and education
level.

On the day of trial, all drivers filled out sleep diaries for the previous week and their last

48 h of sleep summary before the beginning of their shift or the start of the journey. Also,
the drivers’ baseline sleepiness was evaluated using the ESS. WAIS-R, KSS, and PVT were
tested before the start of the work shift. As mentioned above, working memory and KSS
were tested repeatedly, every 6 h. PVT was assessed again at the end of the journey. During
the journey, if a participant was driving, the assessments were repeated after the driver
switched roles with the other driver. Moreover, the drivers had permission to sleep when
not driving, and reassessment was performed after awakening. Each episode of testing was
performed in a 2-h span-time (every 6 h + 1). For each test, the time features (time of day,
time on task, and time of sleep) and the temporal characteristics related to nap time (during
the journey), the sleep time, and the time span between beginning of the journey and the
tests were all recorded. Thus, every driver was tested at least four times (WAIS-R and KSS)
during the 24-h journey; these four time periods included as follows: 04:00 am (£ 1 h) or
early morning, 08:00 am (£ 1 h) or late morning, 02:00 pm (x 1 h) or afternoon, and 10:00
pm (z 1 h) or nighttime.

The PVT was administered two times, just before the beginning of the journey and at the end
of the journey with time features and the temporal relation to sleep features of each PVT test
recorded.

Statistical analysis

All statistical analysis was done at a confidence level of 95% using SPSS version 21.0 for
Windows (SPSS Inc., Chicago, IL, USA). Each variable was inspected visually for normality
with frequency histograms and quantile—quantile plots and was tested formally with the
Shapiro test. Descriptive statistics of normally and nonnormally distributed continuous
variables were reported as mean (standard deviation) and median (interquartile range [IQR]),
respectively; frequencies and proportions were reported for categorical variables.

The change across time of the WAIS-R score and the KSS score was assessed with a

linear mixed model for repeated measures. Subject ID was included as a random effect

to account for individual differences. All parameters were included in a mixed model
analysis. Factors associated with Wechsler Working Memory score, KSS score, and PVT
parameters were evaluated using univariate analysis (time and subject ID were considered

to be random effects). We readjusted the models with probable confounders that were
borderline significant predictors (p < 0.1 of measurement magnitude in univariate models) to
adjust for the effect of these variables. Our sample size with type 1 error of 0.05 had 87%
power to detect a 0.5 score change in KSS score assuming a standard deviation of 0.9 score
during the trip.
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The study sample consisted of 35 drivers. Three drivers were excluded from the research:
two because of high risk of OSA (Berlin questionnaire) and one due to reluctance to
participate. All participants were male. The mean (SD) age of the subjects was 40.3

years (9.6) with the range of 28 to 58 years. Table 1 shows the clinical and demographic
information for the subjects included in the study. The mean (SD) of body mass index was
26.3 (3.4) with the range of 18 to 33 kg/m2. The mean (SD) ESS of the drivers was 6.4
(2.7) (range: 2-16) with 12.5% of drivers scoring above 10 suggesting excessive daytime
sleepiness (Table 1).

The mean KSS and Wechsler working memaory scores of drivers at different time periods are
presented in Fig. 1. The mean KSS scores were highest in the early morning compared to
the late morning, afternoon, and night-time (p value = 0.001). Likewise, the lowest Wechsler
Working Memory measurements were found in the early morning compared to the late
morning, afternoon, and night-time (p value = 0.001) (Fig. 1).

The main factors (time of sleep, time on task, and time of day) associated with Wechsler
Working Memory score are presented in Table 2. The effect of fatigue and time on task on
working memory were assessed using the number of drivers’ round trips per week and the
interval between the beginning of working hours and test time, respectively (Tables 2 and
3). The number of drivers’ round trips per week negatively affected their working memory
(Table 3).

There was no association between Wechsler Working Memory score and the temporal
relation to sleep (before or after sleep nap). We did not find any significant difference
among Wechsler Working Memory scores, at various interval times between waking up to
performing Wechsler test (Table 2). Wechsler Working Memory scores of the drivers were
negatively associated with the KSS score (B (95% CI) = - 1.26 (- 1.78 to — 0.74), pvalue
=0.001). In other words, increased sleepiness was associated with a decrease in working
memory (Table 2).

There was no association found between the sleep hours of test day, the mean total sleep
time (TST) of two previous days, the average total sleep time, sleep patterns (interrupted or
persistent), and the Wechsler Working Memory score (Table 2).

The effect of time of sleep, time on task, and time of day on KSS score is presented in
Table 4. The greater interval between the beginning of the working hours and the testing
time was linked to a higher KSS score (8 (95% CI) = 0.03 (0 to 0.06), pvalue = 0.024). The
KSS scores were significantly higher in the early morning compared to the other three time
periods. However, in a multivariate mixed model analysis, we did not find any association
between sleep hours (on test day), the mean TST of two previous days, the sleep patterns
(interrupted or persistent), and KSS score in our study subjects (Table 4).

Univariate and multivariate linear mixed models were also used to examine the association
between the personal and demographic features and the Wechsler Working Memory Score
and KSS scores (Table 3). Educated drivers had higher sleepiness scores (B (95% CI) = 1.13
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(0.13 t02.13) and pvalue = 0.029). The Wechsler Working Memory score and the KSS had a
significant reverse relationship (8 (95% CI) = - 0.16 (- 0.23 to — 0.1) and p value = 0.001)
(Table 3).

The comparison between PVT parameters, before and after the journey, is presented in
Table 5. Compared to before the start of the shift, mean reaction time (RT) increased
significantly after the journey (o value = 0.003), and number of lapses (i.e., RT > 500 ms)
also increased significantly (p value = 0.000). False start (percentage) was not significantly
different (before and after the journey) (Table 5).

Effects of time of sleep, time on task, time of day, and demographics on mean reaction time
(PVT) are shown in Table 6. The procedure (before/after the journey) had significant effect
on the mean reaction time (p value = 0.001). The interval between wake up and test showed
a significant effect when not adjusted (o value = 0.049) but was not significant (p value =
0.364) after adjustment for repeat. Although in univariable analysis, the interval between the
beginning of working hours and testing time (p value < 0.001) and time of day (nighttime)
was associated with lower mean reaction time (p value = 0.040), the p value did not reach
statistical significance after adjusting for the repeat. On the other hand, the lower Epworth
Sleepiness Scale and education were associated with higher mean reaction times, before and
after adjustment for the repeat (p value = 0.025, and p value = 0.089, respectively) (Table 6).

In multivariable analysis, longer intervals between the beginning of working hours and
testing time (B (95% CI) = 15.25 (0.49 to 30), p value = 0.043) and having high school
diploma (B (95% CI) = 170.94 (6.82 to 335.06), p value = 0.041) were associated with
greater mean PVT reaction time (Table 6).

Discussion

These results add to the literature in several ways. First, we observed a prevalence of
sleepiness of 12.5% based on the Epworth Sleepiness Score among bus drivers in Iran.
Second, the time of day was a critical factor in determining self-reported sleepiness and
working memory. Time of day was not a significant predictor of PVT (mean reaction time),
when adjusted for repeat (before/after the journey). Third, we found that time on task
(defined by the time from start of the shift to the time of assessment) was predictive of
subjective sleepiness (based on KSS), and longer reaction time (on PVT), but not affecting
working memory. In contrast, the number of round trips (as a metric of fatigue or depletion
of cognitive resources) was predictive of impaired working memory. Fourth, in our study,
working memory was negatively correlated with sleepiness.

The literature regarding professional drivers and their performance has shown somewhat
different results about sleepiness. Prior studies have shown highly variable results with the
prevalence of sleepiness (based on ESS) ranging from 1.1. to 50% in different countries
[35-38]. This variability in prior reports likely reflects the subjective nature of the ESS,
the incomplete exclusion of OSA in prior studies, and the variability in chronic partial
sleep deprivation in different settings. In a large sample study (> 30,000 individuals) in
the USA, “very short” and “short” sleep durations, defined as <5 and 6 h, respectively,
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were associated with drowsy driving. “Short” sleepers and “very short” sleepers experienced
drowsy driving, regardless of whether they rated their sleep as always sufficient. This
association persisted even in participants who reported “no insufficient” sleep at all in the
past month [39]. In our study, we used sleep diaries as well as the Epworth Sleepiness Score
(ESS) to assess baseline levels of sleepiness.

In this study, Wechsler working memaory scores of the drivers were significantly lower in
the early morning compared to the other time periods. Additionally, the sleepiness of the
drivers was worst in the early morning based on KSS. Some researchers have shown that
the working memory performance curve is either parallel or delayed compared to the core
body temperature curve and, as a result, the lowest in the early morning [40]. Another study,
in line with ours, recorded electroencephalography and subjective ratings of sleepiness. In
this prior study, night driving demonstrated significant effects on subjective sleepiness and
electroencephalographic indicators of sleepiness [41]. We identified a relationship between
the KSS and working memory suggesting that diurnal fluctuations in sleepiness could
contribute to cognitive impairment. The time of day effect was shown to be significant on
PVT mean reaction time before adjustment. Although after adjustment for repeat (before/
after the journey), the impact of time of day was no longer significant. As the second PVT
was measured after 24 h and at the end of the journey, adjustment for repeat (before/after the
journey) means adjustment for the parameter of time on task. It suggests that the effect of
“time on task” on PVT mean reaction time was so strong that after adjustment, the “time of
day” effect was ignorable. In addition, we assessed the effect of fatigue on working memory
by assessing the number of the drivers’ round trips per week. The number of drivers’ round
trips per week showed a significant negative effect on working memory score, a finding
consistent with previous studies [42, 43].

Unlike some prior reports, we did not find any relationship between time on task parameters
(the interval between the beginning of working hours and testing time) and the working
memory score [44], although we found significant associations between time on task and
PVT mean reaction time. In a study performed by Findley et al., the researchers compared
the loss of attention with time on task in healthy participants and patients with disorders

of excessive sleepiness. Vigilance decrements with time on task reflect the increasing
instability of the waking state. They demonstrated the vulnerability of potentially sleepy
patients to decrements of neurobehavioral performance over time in tasks that require
sustained attention and timely responses, both of which are crucial components in safe
driving performance [45]. Moreover, there are more studies showed untreated obstructive
sleep apnea (OSA) severely interferes with attention capacity [46, 47], and untreated patients
with OSA are at increased risk for motor vehicle accidents [48, 49]. Excessive daytime
sleepiness (EDS) is a major concern with obstructive sleep apnea (OSA) [50]. According

to literature, OSA and related EDS have impacts on vigilance and motor vehicle accident
risks. However, uncertainty prevails regarding the relative importance of OSA severity
(determined by the apnea—hypopnea frequency per hour) and the degree of sleepiness in
determining accident risk [51]. Hence, we excluded apnea patients from our participants.
Depressive symptoms are also positively correlated with insomnia symptoms and the risk
for OSA [52]. In addition, a literature search on OSA, depression, and EDS demonstrated
the relationship of EDS and depression and revealed that the duration of CPAP is crucial
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for improving EDS and depressive symptoms in patients with OSA [50]. To eliminate the
effects or interactions of depression and sleepiness, we also excluded the participants with
major depression disorders.

There was no association between time of sleep parameters and working memory score of
the drivers. This result is consistent with the results of a previous study that investigated

the recovery benefits of a nap during simulated night shifts [53]. However, according to our
results, a longer interval between the beginning of working hours and testing time resulted in
higher KSS scores.

We found a negative relationship between subjective sleepiness and working memory. The
findings are consistent with other studies that found similar relationships [54, 55]. We

did not find any association between subjective sleepiness and PVT mean reaction time.

It seems that KSS after the journey was not a sign for sleep deprivation, and it was

lower than expected at the fourth assessment of KSS at the end of the shift, so the last

KSS was not associated with PVT performance at the end of the shift. A previous study
revealed a significant increase in reaction time after 24 h of sleep deprivation [56]. The PVT
performance after the journey was worse than the first one (before the journey), and we can
explain it as a sign of sleep deprivation as in previous studies, although the KSS was not

as high as expected. Moreover, Lim et al. demonstrated in their study that sleep deprivation
resulted in late responses and the increase of the errors of commission of PVT [55].

In this study, there was a significant association between a higher level of education

and higher scores of sleepiness (KSS). Also, the higher education (high school diploma)
compared to lower education (under high school) showed a significant association with
worse cognitive performance (higher PVT reaction time) after the journey. Higher KSS
scores of those drivers with high school diploma might explain this finding.

Although numerous investigations have addressed the impact of sleep on quality of life,
few have specifically addressed their potential deleterious effects on driving performance
and road incidents [57]. In a survey by European Sleep Research Society, the most
frequently perceived reasons for falling asleep at the wheel were poor sleep in the previous
night (42.5%) and poor sleeping habits in general (34.1%) [58]. Also, it has shown that
driving events are exacerbated by an interaction between circadian phase and duration of
wakefulness or homeostatic processes [59]. Joint assessment of time on task, time of day,
and sleep time may reflect the joint actions of the circadian and homeostatic factors on sleep
pressure and vigilance, which might increase the probability of motor vehicle accidents. So,
our findings might be instructive to present a larger image of the problem and be helpful to
understand the multi-dimensional solution.

From an analytical perspective, our data have considerable strengths including a real-world
setting, not using simulators. However, we acknowledge some limitations as well. First,
the sample size was small, even though it was a real-world study. Second, we used
questionnaires for the evaluation of sleepiness and sleep apnea. Therefore, the data used

in this investigation may reflect recall bias. We used the Berlin questionnaire to exclude
the apnea patients from our study. The Berlin Questionnaire is a validated screening tool
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for OSA, but polysomnography (PSG) remains the gold standard for diagnosis of OSA

and is preferred in confirmatory studies. Also, objective assessment of sleep duration, sleep
stage distribution, and sleep fragmentation with polysomnography would be useful as they
could contribute to sleepiness and sleepiness was one of our primary outcomes. Although
we did not evaluate our participants with PSG in this project, it would be helpful in future
studies. Despite these limitations, we do believe we can draw some important conclusions
and provide motivation for further studies.

Conclusion

Time of day was the most important predictor of working memory compared to time on task
and time of sleep. Time on task had a significant effect on PVT performance and sleepiness.
Sleepiness was significantly associated with lower working memory.

Public transportation is considered critical, as the safety of the passengers is related to

the proper function of the system. The results of the present study may impact the health
policies on road to reduce the number of accidents. We support interventional studies to
determine the optimal drivers’ schedules to optimize the drivers’ performance and increase
road safety.

Data availability

All our data and analyses are available.
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Table 1

Demographic features of the drivers (7= 35)

Variables Value

Age, years 40.3 £ 9.6 (range: 28-58)
Weight, kg 81.6 + 11 (range: 55-105)
Height, m 1.75 + 0.063 (range: 1.65-1.92)

Body mass index (BMI) 26.3 £ 3.4 (range: 18-33)
0 (0, 100) (range: 0-360)

13 (3, 26) (range: 0-33)

Exercise time per week, min

Marriage duration, years

Education level number (%)
Under the high school diploma 18 (51.4)
High school diploma 15 (42.9)
Academic 2(5.7)

Marital status number (%)

Married 30 (85.7)

Single 5(13.3)
Smoking number (%)

Smoker 16 (45.7)

Non-smoker 19 (54.3)
Accident history number (%)

With a history 6(17.1)

Without a history 29 (82.9)

Data expressed as the mean + SD and median (interquartile range [IQR]) for normally and nonnormally distributed continuous variables,
respectively. Frequencies and proportions are reported for categorical variables
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