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Abstract: Road traffic collisions are a major issue for public health. Depression is characterized by
mental, emotional and executive dysfunction, which may have an impact on driving behaviour.
Patients with depression (N = 39) and healthy controls (N = 30) were asked to complete question-
naires and to drive on a driving simulator in different scenarios. Driving simulator data included
speed, safety distance from the preceding vehicle and lateral position. Demographic and medical
information, insomnia (Athens Insomnia Scale, AIS), sleepiness (Epworth Sleepiness Scale, ESS), fa-
tigue (Fatigue Severity Scale, FSS), symptoms of sleep apnoea (StopBang Questionnaire) and driving
(Driver Stress Inventory, DSI and Driver Behaviour Questionnaire, DBQ) were assessed. Gender
and age influenced almost all variables. The group of patients with depression did not differ from
controls regarding driving behaviour as assessed through questionnaires; on the driving simulator,
patients kept a longer safety distance. Subjective fatigue was positively associated with aggression,
dislike of driving, hazard monitoring and violations as assessed by questionnaires. ESS and AIS
scores were positively associated with keeping a longer safety distance and with Lateral Position
Standard Deviation (LPSD), denoting lower ability to keep a stable position. It seems that, although
certain symptoms of depression (insomnia, fatigue and somnolence) may affect driving performance,
patients drive more carefully eliminating, thus, their impact.

Keywords: depression; sleep disorders; driving behaviour; driving simulator

1. Introduction

Road traffic collisions (RTCs) and the related casualties are one of the public health
challenges that threaten people’s health and impose huge costs for health systems and
society. In most countries RTCs cost 3% of their gross domestic product [1]. According to
the World Health Organization (WHO) predictions, RTCs will increase by 28% by the year
2030 and will become the fifth leading cause of death [2]. Nowadays RTCs are the eighth
highest cause of death worldwide; about 1.35 million people die each year due to RTCs,
while 20 to 50 million injuries per year are due to them. They also seem to be the leading
cause of death for children and young adults aged 5–29 years [1]. According to the WHO
relevant observatory a user of the road network loses their life every 23 s [3].

The human factor is considered to outweigh any other factor leading to RTCs, such
as vehicle mechanical error or road structural faults and maintenance failure. According
to research, the human factor has a direct effect on 93% of crashes, and this makes human
behaviour the main cause of RTCs [4]. Thus, the majority of studies on RTCs have focused
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mainly on the driver and only a small number have examined the effect of mental dis-
orders on driving performance; the majority of these studies have focused on the effects
of drugs, especially antidepressants and benzodiazepines [5–8]. The ways to examine
driving performance include the use of questionnaires, various neuropsychological tests
(such as brief mental status examinations, visual perception and visual spatial abilities,
attention, processing speed, language, memory, executive functioning, awareness and
metacognition) [9] and driving under “natural” conditions (on especially equipped cars,
fitted with cameras and other instruments for the assessment of driving behaviour) or on a
driving simulator. In a driving simulator a virtual road environment resembling driving on
the road under realistic conditions is generated by computer programming tools, which
allow for the “creation” of various driving scenarios and road conditions, such as different
traffic loads, driving day or night, different weather and road conditions, presence or not
of unexpected events, etc. [10]. Moreover, driving simulators are much cheaper and more
accessible to larger number of people than the specially equipped cars and have many dif-
ferent uses, such as for educational purposes, detection of fitness to drive especially among
professional drivers and research into the areas of driving safety and/or driving under
substances and/or alcohol use or other situations [10]. According to a systematic review,
the use of driving simulators in medical research has increased; in PubMed there were only
32 relevant published articles published in 1999 while in 2015 there were 327 articles [10].
It seems that real driving and driving simulation are comparable for measuring driving
behaviour, although there are some aspects that may be better assessed by using a driving
simulator (e.g., reaction time, effects of self-evaluated sleepiness, line crossings) [11]. For all
these reasons driving simulators are considered to be a preferable means for the assessment
of driving ability.

The WHO claim that mental and behavioural disorders keep on increasing and that in
2030 depression will be the first cause of disability [12,13]. The prevalence of depression in
the general population seems to be 4.7% (4.4–5.0%) [14,15]. Depression is characterised by
mental, emotional and executive dysfunction; cognitive and psychomotor functions are
often being affected, more in the elderly than in younger patients [16,17]. Sleep disorders
are very common in depression, either insomnia or hypersomnia [18]. Symptoms of
depression or side effects of its treatment, such as somnolence, are expected to affect a
person’s daily life as well as their functioning level with the potential of also influencing
driving ability [19–21], while insomnia has also been considered as an independent risk
factor for RTCs [22,23].

The relationship between depression and driving has been examined in a number
of studies [5–7,19–21,24–29]. A higher risk of RTCs has been found among depressive
patients as compared to control subjects not suffering from depression in some studies of
forensic examination of already recorded RTCs [7,19,21], although other similar studies
have concluded against such an association [27,29]. The driving ability of depressed
patients has been examined in a few studies on a driving simulator [20,25,26,28], and on
other studies on the road using a specially fitted car [5,24]. Some of these studies have
found an association between depression and decline in driving ability [5,20,24,25], while
others have not [27–29]. It is worth noticing that of those studies which show that patients
with depression have a somewhat compromised driving ability, some that report that
this effect is mitigated by treatment with antidepressants [5,25]. In a preliminary report,
in which 13 patients with depression and 18 healthy controls were included, we found
certain driving attitude characteristics and specific driving simulator measurements (lateral
position, velocity, distance from the preceding vehicle) to be related with depression and
sleep disturbance [28].

The aim of the present study was to confirm and further expand previous findings
on the effects of depression and its symptoms on driving performance based on a larger
sample, by employing an innovative approach using triangulation in exploring the effects of
depression on driving performance via subjective and objective measures. Sleep disorders,
either as a symptom of depression or as a side effect of its treatment, were particularly
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focused on. Studying driving in depression is important because no uniform guidelines
exist regarding fitness to drive and licensure for patients with depression [30], while there
is a lack of knowledge among health professionals on how to deal with depression and
driving [31,32] and, usually, the process relies on patients’ self-awareness of their driving
difficulties due to illness and self-reporting to licensing authorities.

The structure of this paper is as follows: The Methods section contains the description
of the study design and sample, the presentation of the questionnaires, the description
of the driving simulators which have been used, and the statistical analysis methods
employed. In the Results section, after the description of main characteristics of the sample,
the results pertaining to the driving questionnaires are presented, followed by the results
derived from the driving simulators. In a similar format, the Discussion first refers to the
driving questionnaires, and then to the driving simulator findings. The paper closes with
an overall conclusion.

2. Methods
2.1. Study Design and Sample

Driving behaviour and attitude towards driving were assessed in a group of patients
with depression and a group of healthy controls. The study had two parts: In the first
part of the study, participants were asked to complete scales and questionnaires regarding
demographics (gender, age, marital status) and medical history (height, weight, presence of
medical disease, use of alcohol/drugs, and for patients with depression age of onset, family
history, number of episodes/hospitalisations, medication or other types of therapy), scales
on symptoms of depression and sleep disorders and questionnaires on driving attitude and
behaviour. In the second part, participants were asked to drive on a driving simulator in a
motorway (MW) scenario, and under low (L) and high (H) traffic conditions in urban (U)
and rural (R) scenarios, all in good weather conditions.

The sample of the present study consisted of patients from outpatient psychiatric
services diagnosed with depression. The First Department of Psychiatry of the National
and Kapodistrian University of Athens (NKUA), Eginition Hospital, Athens, Greece, the
Department of Psychiatry of the University Hospital of Heraklion, Crete, Greece and other
collaborating private centres were included following the approval of the project by the
institutional ethics committees. A total sample of 39 depressed patients, 12 of whom
were not receiving antidepressant medication, and 30 healthy controls participated in
the study. Inclusion criteria for all participants were to have a driver’s license and to
have driven on a regular basis during the last six months. Exclusion criteria were the
presence of either neurological problems or severe vision or hearing loss. All patients
were clinically diagnosed based on the current diagnostic criteria (DSM-5) [33] and were
followed by an experienced psychiatrist. Patients were informed on the study by their
treating psychiatrist, then the procedure was fully explained by the researcher and, finally,
after their written consent, a relevant appointment was set to participate in the procedure.
Regarding participants in the control group, a volunteer sample was recruited via a public
invitation through the university networks and upon controlling for gender, age and years
of driving experience as matching variables with the intervention group. The same process
of explanation and consent was followed in the control group.

2.2. Questionnaires and Scales

The following questionnaires and scales were used.

2.2.1. Demographics and Medical History

An improvised questionnaire was used to collect information on age, gender, marital
status, mental and somatic disorders, current illness(es), medication, family history and
current mental status. Height and body weight were measured; body mass index (BMI)
was calculated.
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2.2.2. Beck Depression Inventory (BDI)

The BDI is a multiple-choice self-report inventory of 21 items, one of the most widely
used psychometric tools for assessing symptoms of depression. Each item has a set of four
possible responses, ranging in intensity from 0 to 3. Higher scores indicate higher severity
of depressive symptoms [34].

2.2.3. Athens Insomnia Scale

The Athens Insomnia Scale is a widely used self-administered instrument and was
developed to assess sleep difficulty based on the ICD-10 criteria [35]. It consists of 8 items
to be scored on a four-point Likert scale; of these items the first 5 are related to assessing any
difficulty with sleep induction, awakenings during the night, early morning awakening,
total sleep time and overall quality of sleep, while the last 3 items are related to problems
with sense of well-being, functioning and sleepiness during the next day. Total score ranges
from 0 to 24; a score of 6 or higher is considered to denote the presence of insomnia [36].

2.2.4. Epworth Sleepiness Scale (ESS)

The ESS scale is a self-reported scale consisting of 8 questions; respondents are asked
to rate on a four-point Likert scale the likelihood of falling asleep while engaging in eight
different activities [37]. Most people engage in these activities almost every day. The scale
ranges from 0 to 24. The higher the ESS score, the higher the tendency for the responder to
fall asleep or to feel drowsy during the day.

2.2.5. Fatigue Severity Scale (FSS)

The FSS is a self-reported scale consisting of 9 items evaluating the severity of symp-
toms of fatigue, with respondents asked to score each one of them from 1 to 7, where
1 means “strongly disagree” and 7 “strongly agree” [38].

2.2.6. StopBang

The StopBang questionnaire consists of 8 items evaluating the risk of possible sleep
apnoea [39]; the respondents are asked to check each item as “yes” or “no”. From 0 to
2 positive answers means that there is a low risk for the presence of obstructive sleep
apnoea, from 3 to 4 a moderate risk and from 5 to 8 a high risk.

2.2.7. Driver Stress Inventory—DSI

The DSI aims to detect driver reactions when driving under stress and was developed
by Matthews et al. in 1996 [40], as an extension of Driving Behavior Inventory (DBI) by
Glendon et al. [41]. It is a self-reported questionnaire which assesses propensity to develop
stress reactions while driving. It includes 48 items and contains five subscales for driving
aggression, dislike of driving, hazard monitoring, thrill seeking and proneness to fatigue.
The respondents indicate how strongly they agree with each item on an 11-point Likert
scale that ranges from 0 (“not at all”) to 10 (“very much”).

2.2.8. Driver Behaviour Questionnaire—DBQ

The DBQ is a self-reported questionnaire; it consists of 26 items and produces scores of
three subscales: driving errors, traffic violations and attention lapses [42]. The participants
are asked to respond on a five-point Likert scale from 1 (“never”) to 5 (“always”) according
to how frequently they had committed each of the 26 behaviours.

2.3. Driving Simulation

In the current study two different driving simulators were used: the first, “Virage
VS500M”, set at the Laboratory of Health and Road Safety (LaHeRS), Department of Social
Work, Hellenic Mediterranean University (HMU) in Heraklion, Crete and the second,
“Foerst Driving Simulator FPF F10P”, set at the Department of Transportation Planning and
Engineering, School of Civil Engineering, National Technical University (NTU) of Athens.
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Both driving simulators consist of an open cabin with motion systems including an
adjustable driver’s seat, the central console (steering wheel, 5-gear lever plus rear, pedals,
accelerator, brake, clutch), dashboard (speedometer, tachometer), light switch, warning
lights, horn, turn signals, wipers and starter. The driving environment is equipped with
real car parts to provide a realistic sense, which is supported by the appropriate sounds
and vibrations. Graphics are displayed on three wide screens that cover an approximately
180-degree field of view and are in front of the cabin. The mirrors are embedded in
the screens.

In this study, different scenarios were employed according to the study objectives. In
LaHeRS, HMU Virage Simulator, participants were asked to drive in two different simulator
scenarios; on a motorway and in the urban environment (i.e., in the city), under normal
(low) traffic conditions. In the NTU Foerst Driving Simulator the participants were asked
to drive in five different simulation scenarios: in an urban environment (under low and
under high traffic), in a rural road (under low and under high traffic) and on the motorway
under normal (low) traffic conditions.

The three main driving performance domains which were analysed were average
speed, average safety margin from the preceding vehicle and standard deviation of lateral
position (denoting difficulty in maintaining a steady driving path). Speed was measured in
kilometres per hour. Safety margin was assessed by two variables: HWay (distance in m
from the vehicle driving ahead) and THead (time in seconds to “headway”, i.e., to collision
with the vehicle driving ahead). Lateral position was assessed by RSpur (distance in metres
from the middle of the road in m).

2.4. Statistical Analysis

Data are presented as means ± SD or as percentages. All variables were checked for
normality by the Shapiro–Wilk test. Initially, chi-square, Student’s t-test or Mann–Whitney
test was used, as appropriate, to assess differences between groups of patients and controls.

Backward Multiple Linear Regression (BMLR) analyses were then performed, with the
aim to identify which of the independent variables influence the driving aspects (dependent
variables), i.e., those derived from the questionnaires as well as those derived from the
driving simulator. The method of BMLR was chosen following the suggestion that, while
regression models often produce weaker predictions when used for large data samples,
they generally work very well for a small sample of data [43], as well as the suggestion that,
by starting with the full model, backward regression has the advantage of considering the
effects of all variables simultaneously, something which is especially important in case of
variables in a model being correlated which each other [44], as is the case with some of our
independent variables (AIS with FSS, StopBang with FSS and BMI).

The independent variables for the BMLR were gender, age, group (patient/control),
research centre (Athens/Heraklion), BMI and total scores of ESS, FSS, AIS and StopBang.
The dependent variables were the total score of the 5 subscales (aggression, dislike of
driving, hazard monitoring, thrill seeking and proneness to fatigue) of the DSI, the total
score of the 3 subscales (driving errors, traffic violations and attention lapses) of the DBQ,
and the driving simulator variables of the three driving performance domains, i.e., average
speed, average safety margin (HWay, THead) and standard deviation of lateral position
(RSpur), each in the various road scenarios (MW, motorway; UL, urban environment—low
traffic; UH, urban environment—high traffic; RL, rural environment—low traffic; RH,
urban environment—high traffic). Since each domain consisted of more than one variable,
Bonferroni correction for multiple comparisons was applied taking into the number of
variables per domain (five for average speed, ten for average safety margin and four for
lateral position standard deviation).

The level of statistical significance was set at 5%. Given the means and standard
deviations of our variables, power analysis showed that there was about 80% power to
detect a difference of about 15–20% between groups for our population size.
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The SPSS 23.0 (IBM SPSS Statistics for Windows, Version 23.0. Armonk, NY, USA: IBM
Corp., 2015) statistical package was used for the analysis.

3. Results
3.1. Main Characteristics of the Sample

Most of our sample were women (65.2% of the total sample, 66.7% of patients, 63.3%
of controls) and about half of the total sample were married or cohabited (52.2% of the total
sample, 53.8% of patients, 50.0% controls). The mean age was 45.22 ± 11.34 years old for
the total sample (range 24 to 74); 46.97 ± 12.29 for patients (range 24 to 74) and 42.93 ± 9.71
for controls (range 27 to 67). Respective values for BMI were 25.67 ± 5.19, 25.88 ± 6.28
and 25.39 ± 3.35. No significant differences were detected between patients and controls
for the above variables. Mean score of depressive symptoms as assessed by the BDI was
significantly higher in patients compared to control subjects (17.56 ± 9.17 vs. 5.66 ± 4.14).
Patients had significantly higher scores than the controls on the scales for fatigue (FSS;
37.44 ± 14.46 vs. 29.17 ± 9.58), insomnia (AIS; 8.64 ± 5.25 vs. 4.77 ± 3.58) and sleep apnoea
(StopBang; 2.23 ± 1.30 vs. 1.10 ± 1.12); the two groups did not differ in sleepiness (ESS;
6.97 ± 4.27 vs. 6.53 ± 3.42).

3.2. Driving Questionnaires (DSI and DBQ)

Scores in the driving questionnaires did not differ between patients and controls
(Tables 1 and 2). In the linear regression analysis of DSI and DBQ subscales scores, it was
found that aggression and dislike of driving were associated with fatigue; thrill seeking
and proneness to fatigue with male gender; traffic violations with younger age and fatigue;
driving errors with lower BMI; and hazard monitoring with male gender, lower BMI and
fatigue (Table 2).

Table 1. Means and standard deviation of questionnaires regarding driving in patients and controls.

Patients (N = 39) Controls (N = 30) Significance

Driver Stress Inventory (DSI)
Aggression 4.49 ± 1.03 4.34 ± 1.059 N.S
Dislike of driving 4.73 ± 1.58 4.44 ± 1.18 N.S
Hazard monitoring 5.58 ± 1.51 5.06 ± 1.23 N.S
Thrill seeking 1.35 ± 1.29 1.42 ± 1.43 N.S
Proneness to fatigue 6.50 ± 2.26 6.92 ± 2.23 N.S
Driver Behaviour Questionnaire (DBQ)
Violations 0.69 ± 0.44 0.76 ± 0.51 N.S
Errors 0.31 ± 0.30 0.32 ± 0.30 N.S
Lapses 0.48 ± 0.42 0.64 ± 0.45 N.S

Table 2. Results of backward linear regression analysis of driving questionnaires (DSI and DBQ)
from independent variables (all correlations which entered the final model are presented; statistically
significant results in bold letters).

Dependent
Variables

N

Independent Variables

DSI Group
(Patient/Control) Gender Age BMI ESS FSS AIS StopBang

Aggression 69 - - - - - β = 0.027
p = 0.005 - -

Dislike of driving 69 - β = −0.651
p = 0.071 - - - β = 0.036

p = 0.006 - -
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Table 2. Cont.

Dependent
Variables

N

Independent Variables

DSI Group
(Patient/Control) Gender Age BMI ESS FSS AIS StopBang

Hazard monitoring 69 - β = −0.795
p = 0.022 - β = −0.072

p = 0.032 - β = 0.046
p = 0.001 - -

Thrill seeking 69 - β = −0.795
p = 0.023 - - - β = 0.021

p = 0.095 - -

Proneness to fatigue 69 - β = −0.031
p = 0.033 - - - - - -

DBQ

Violations 69 - - β = −0.011
p = 0.021

β = 0.021
p = 0.053 - β = 0.010

p = 0.020 - -

Errors 69 - - - β = −0.017
p = 0.016 - - - -

Lapses 69 - - - - - - - -

Group: 0 control, 1 patient. Gender: 0 male, 1 female. BMI: Body Mass Index. ESS: Epworth Sleepiness Scale. FSS:
Fatigue Severity Scale. AIS: Athens Insomnia Scale. StopBang: questionnaire for obstructive sleep apnoea.

3.3. Driving Simulator

Table 3 presents the final models of the backward linear regression of the driving
simulator variables from both groups (patient/control), demographic characteristics, BMI
and scores of scales for sleepiness (ESS), fatigue (FSS), insomnia (AIS) and probability
for sleep apnoea (StopBang). Simulator variables for the whole sample of both sites
(Heraklion and Athens, N = 69) were available only in the motorway and urban low traffic
environments. Results for other environments (urban high traffic, rural low and high traffic)
derive only from the Athens sample (N = 38). Speed and lateral position were assessed by
a single measure each, but for safety margin there were two variables.

As shown in Table 3, speed was found to be influenced only by gender and age: aver-
age speed was lower in women than in men by 7.95 km/h for the motorway environment
(corresponding to 11% of the average speed of the whole sample, which was around 68
km/h), 2.23 to 2.31 km/h for the urban environment (about 10% of the average speed) and
3.99 to 5.89 km/h for the rural environment (about 13% of the average speed); it declined
per decade of age by 4.85 km/h for the motorway and from 1 to 3 km/h for the other
environments. Regarding safety margin from the preceding vehicle, it was found to be
higher with advancing age in practically all driving environments (measured as either
distance from the preceding vehicle or as time to collision), for women in the rural high
traffic environment (about 11 s longer time to collision than men), and it was also positively
correlated with somnolence (for urban environment), insomnia (on the motorway) and
symptoms of sleep apnoea (on the motorway and urban low traffic environments, but
the effect was reversed for rural low traffic environment); safety margin was negatively
correlated with BMI (motorway and urban low traffic environments). Depression was
found to be associated with a higher safety margin, measured as time to collision, being
16.3 s higher in patients than in controls, but only in the rural low traffic environment.
Finally, lateral position stability was compromised (higher standard deviation values) for
people with a higher AIS score for insomnia (urban high traffic condition), higher ESS
score (on the motorway), as well as with the advancement of age (motorway) and women
drivers (urban low traffic condition). Lateral stability seemed to be higher for patients with
depression versus controls in the urban high traffic condition and worse in the rural high
traffic condition.
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Table 3. Results of backward linear regression analysis between driving simulator variables and
independent variables (all correlations which entered the final model are presented; statistically not
significant results in italics, Bonferroni-corrected statistically significant results in bold letters).

Dependent Variables N

Independent Variables

Group
(Patient/Control) Gender Age BMI ESS FSS AIS StopBang

Speed (mean)
Whole sample

Speed MW 69 - β = −7.950
p = 0.022

β = −0.485
p = 0.001 - - - - -

Speed UL 69 - β = −2.225
p = 0.019

β = −0.129
p = 0.001 - - - - -

Athens sample only

Speed UH 38 - β = −2.313
p = 0.020

β = −0.100
p = 0.015 - - - - -

Speed RL 38 - β = −5.892
p = 0.017

β = −0.298
p = 0.004 - - - - -

SpeedRH 38 - β = −3.989
p = 0.017

β = −0.197
p = 0.005 - - - - -

Safety margin (mean)
Whole sample

HWay MW 69 - - - β = −7.912
p = 0.010 - - - β = 31.895

p = 0.007

THead UL 69 - - β = 0.276
p = 0.051 - - - - -

Athens sample only

HWay UL 38 - - β = 0.928
p = 0.002

β = −2.762
p < 0.001

β = 2.108
p = 0.003 - - β = 7.090

p = 0.035

HWay UH 38 - - β = 0.537
p = 0.014 - β = 1.293

p = 0.026 - - -

HWay RL 38 - - β = 8.076
p < 0.001 - - - - -

HWay RH 38 - β = 85.764
p = 0.094

β = 6.002
p = 0.006 - - - - -

THead MW 38 - - β = 0.142
p = 0.029 - - - β = 0.277

p = 0.043 -

THead UH 38 - - β = 0.128
p = 0.052 - β = 0.309

p = 0.079 - - -

THead RL 38 β = 16.254
p = 0.044 - β = 1.443

p < 0.001 - - - -
β =

−8.476
p = 0.020

THead RH 38 - β = 10.673
p = 0.041

β = 0.730
p = 0.001 - - - - -

Lateral Position (SD)
Whole sample

RSpur MW 69 - β = 0.127
p = 0.093

β = 0.010
p = 0.002 - β = 0.018

p = 0.043 - - -

Athens sample only

RSpur UL 38 - β = 0.526
p = 0.012

β = −0.016
p = 0.063

β = 0.043
p = 0.051 - - - -

RSpur UH 38 β = −0.532
p = 0.006 - - β = 0.032

p = 0.054 - - β = 0.047
p = 0.004 -

RSpur RH 38 β = 0.049
p = 0.038 - - - - - - -

Group: 0 control, 1 patient. Gender: 0 male, 1 female. BMI: Body Mass Index. ESS: Epworth Sleepiness Scale.
FSS: Fatigue Severity Scale. AIS: Athens Insomnia Scale. StopBang: questionnaire for obstructive sleep apnoea.
Abbreviations of dependent variables derive from the following two components:.1. Speed (speed in kilometres
per hour), HWay (distance in metres from the vehicle driving ahead), THead (time in seconds to “headway”, i.e.,
to collision with the vehicle driving ahead), RSpur (distance in metres from the middle of the road in metres).
2. Motorway (MW); or low (L) and high (H) traffic load conditions in urban (U) and rural (R) scenarios.

4. Discussion

The current study evaluated the driving performance in patients with depression and
healthy controls by using relevant questionnaires and testing on a driving simulator.

4.1. Questionnaire Findings

The group of patients with depression did not differ from controls regarding stress of driv-
ing and driving behaviour as assessed through the questionnaires DSI and DBQ, respectively.
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There have been a limited number of studies using the DBQ and the DSI (or other
versions of these questionnaires) on patients with psychiatric disorders (including depres-
sion, but not always separately examined). In these studies, some specific items of the
questionnaires are reported to show weak to moderate correlations with certain symptoms,
but not with depression per se [45–50]. Thus, the present study is the first comparison
between patients with depression and controls regarding DSI and DBQ and it shows that
there is no difference whatsoever between patients with depression on these questionnaires
assessing stress of driving and driving behaviour.

The subjective feeling of fatigue (which is often a symptom of depression), as assessed
by FSS, was found to be positively correlated to driving aggression, dislike of driving,
impaired hazard monitoring and reported road traffic violations. Aggressive driving has
been identified as an important factor related to RTCs [51], and various attempts to explain
driver emotions and decision-making are being currently pursued [52]. Studies from the
literature show that the presence of fatigue impairs various aspects of driving ability [53]
and increases the risk of causing a serious road traffic accident [54]. The effects of fatigue are
comparable to those after alcohol intake [55], while driver incapacitation due to drowsiness
and fatigue is one of the major causes resulting in fatal traffic collisions [56]. In our study
fatigue is shown to cause extra nervousness and aggression, which are likely to increase
unpleasant feelings and dislike to driving, but the relationship with RTCs could not be
confirmed. This is probably due to the assessment through self-reports and to the small
number of our sample, in comparison to the above and other relevant studies, which refer
to greater samples usually based on already recorded accidents. Nevertheless, fatigue
generated by extensive driving has a limited impact on driving skills if drivers take breaks
to rest, even if these are short [57].

Other parameters, such as gender, age and, to a lesser extent, body mass index, were
found to affect driver stress and behaviour. Women showed lower hazard monitoring,
less thrill seeking through driving and less proneness to fatigue while driving. Thrill
seeking through driving has been found to be related to male gender, also in another
study [58]. Older age was found to be associated with fewer reported traffic violations.
This finding is consistent with the literature, which shows that older drivers are less likely
to be involved in RTCs, while younger drivers are more likely to be fatally injured in an
RTC, with the adjusted crash risk peaking at age 20–29 years and decreasing gradually
at age 60–69 years [7,59–62]. Finally, BMI has been previously reported as an important
risk factor for causing road traffic collisions [63]. In our study, although BMI was found to
be associated with fewer reported driving errors, it was also found to be associated with
reduced hazard monitoring. This may be related to excessive daytime sleepiness, sleep
apnoea and depression, which all have been found to be associated with obesity [64–66].

4.2. Driving Simulator Findings

Similarly to our findings, another study using a driving simulator failed to find dif-
ference in average speed values between patients with depression (N = 18) and controls
(N = 29) [20]; our study confirms these findings in a larger sample of patients with depres-
sion (N = 39). Safety margin from the preceding vehicle was found to be higher for patients
with depression in the rural scenario with low traffic. Regarding depression and lateral po-
sition our study produced contradictory results. While in the urban scenario patients with
depression were keeping a stable path, in the rural scenario they demonstrated a greater
LPSD. A case-control study found that medicated patients with depression demonstrated a
greater weaving motion (greater LPSD) [24]. In another study, using an on-the-road driving
test, authors report that the mean LPSD of untreated and (to a lesser degree) of treated
patients with depression was significantly higher than that of controls [5].

As seen above, in our study we found no major differences between patients with
depression and controls in objective measures of driving. Research so far has produced
mixed results on whether depression is correlated or not with impaired driving as well as
with higher collision or fatality rates [5–7,19–21,24–29]. A review has shown that patients
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with depression are not more prone to having more RTCs, but they do have more violations
and perform more poorly on driving simulators [19].

Our study, though, shows that patients with depression have almost the same driving
profile as controls. Other studies have shown that treated patients with depression have a
better performance compared to those who are untreated [5,20,25,26]. It has been found
also that antidepressant treatment increases driving safety, even with antidepressants which
are considered to be sedative [25,26]. International guidelines do not suggest a blanket
restriction on driving for individuals with psychiatric disorders; recommendations are
made for an individualized approach, considering factors such as adherence to treatment,
absence of cognitive impairment or sedating medications, sufficient periods of stability after
acute episode of illness, lack of impact on daily functioning and insight as pre-requisites
for safe driving [30,67].

Insomnia and sleep-related problems, such as sleepiness (symptoms frequently found
among depressed patients) are considered to be important factors for RTCs [23]. Somno-
lence was found to be positively correlated to safety margin. The sleepier the participants
felt, the longer the distance they kept from the preceding vehicle; a similar finding was
observed for insomnia symptoms. Studies on daytime sleepiness (often a result of sleep
apnoea) show that it is a serious risk factor for traffic accidents [68–70]. Nevertheless, in
our study, sleepiness was found to be associated with keeping a longer safety distance from
the preceding vehicle, possibly representing a compensatory behaviour. One other study
has also found that sleepy driving is associated with increased headway in about 2/3 of
the drivers; night-time shift was also associated with such effects [71]. Safety margin was
also found to be negatively correlated to BMI in the present study. High BMI is known to
increase the mortality rate of RTCs [72]. No studies were found regarding BMI and safety
distance from the preceding vehicle. As regards LPSD (a measure of lateral instability),
in our study the ability to keep a stable path was compromised by higher insomnia scale
scores, although one previous study has not shown such differences [73]. Similarly to
us, another study found that insomnia patients had a larger standard deviation of lateral
position as well as more lane crossings [22].

Further to depression and its associated symptoms, factors which were found in
our study to influence speed were mainly demographic characteristics. More specifically,
female gender was found to be correlated with lower speed; age was found to be negatively
correlated with speed, i.e., participants of older age were found to keep speed at lower levels.
Studies have shown that speed is an important factor for road safety, since it is related to the
risk of RTCs, while also affecting crash severity, resulting in higher mortality [74–77]. Other
studies have also shown that male gender is associated with higher driving speed [78–81].
It is of note that, in one of those studies in a driving simulator, men were found to drive
approximately 17% faster than women [80], a value that is not far away from our findings
that on the motorway the difference in speed between men and women is about 11% on
the average, increased to about 13% for a rural scenario. Regarding age, speeding and
other dangerous driving behaviours are more common in younger people, particularly
men [82,83]. Young drivers are also known to exceed speed limits more often than older
drivers [77]. These observations are consistent with our findings.

Safety margin from the preceding vehicle was found to be positively correlated with
older age and with female gender (for the latter, only in one scenario). Previous studies
have shown that ageing affects driving [84,85], but also that driving performance is affected
to a lower degree than expected and commonly assumed, because probably older drivers
use compensatory actions [86,87]. It is known that driving skills decline with age, and it is
a possibility that the longer safety distance maintained by older participants of our sample
reflects a compensatory measure in accordance with the above studies [86,87]. Finally,
lateral position stability was found to decline with advancing age, in accordance with
another study comparing older and younger drivers [88].

In conclusion, our findings that people with depression in certain occasions may keep
a higher safety margin from the preceding vehicle, and that safety margin is also longer
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for symptoms such as somnolence, fatigue and insomnia suggest that patients may be
using compensatory mechanisms and, thus, their driving remains safe, in spite of any
impairments in driving performance.

5. Limitations

One of the main limitations of the current study is the fact that two different driving
simulators were used introducing potential inter-equipment variability and bias. However,
the scenarios and driving environments were chosen so that similar variables could be
derived from both simulators.

Recruiting patients with depression to be examined on a driving simulator is difficult
and, thus, the number of our sample is relatively low, raising concerns about its representa-
tiveness of the general population of depressed patients. Furthermore, although all patients
were diagnosed as suffering from Major Depression by expert psychiatrists, one has to keep
in mind that mood swings (a person feeling depressed/happy for a while) due to recently
faced trauma/feeling of joy are usually short periods and may also influence the reaction
and control over self-feeling; these kinds of emotional reactions are not covered by the
diagnosis of Major Depression. Nevertheless, low values of controls in the BDI, show that
our control group did not have prominent feelings of depression at the time of examination,
while the opposite was the case for patients.

Another limitation is that patients differed from controls regarding measures of fatigue,
insomnia and sleep apnoea, which may explain, at least partly, differences in driving skills;
however, this was taken into account by including these variables in the multiple linear
regression analyses where the influence of each of these variables is demonstrated.

Heterogeneity of the sample of patients based on some receiving medication and
others not, is another limitation of the study. Since less than one third of patients were
medication-free, there was not enough power to statistically analyse differences between
the group of patients who were receiving medication and those who did not. Furthermore,
patients presented with different symptomatology and severity of symptoms at the time of
the examination. Nevertheless, in all patients, severity of depression was assessed using
scales and they were all diagnosed by a psychiatrist using standard criteria, constituting,
thus, a well-defined population. Another strength of our study is that both subjective and
objective variables were included.

6. Conclusions

In the present study patients with depression were not found to differ from healthy
controls regarding either driving questionnaires or the majority of findings derived from
the driving simulator. We believe that this finding is genuine, since differences between
gender and age have been readily found in accordance with expectations based on the
literature. In addition, power analysis showed that there was about 80% power to detect a
difference. Thus, we believe that if there was a difference between the two groups it would
have been easily detected. Further to the contribution of the above finding to the existing
literature, an added value of our study to the state of the art is that we observed specific
symptoms of depression (insomnia, fatigue and somnolence) to somewhat affect driving
performance, but also that patients seem to realize the effects that these symptoms have on
their driving ability and, consequently, drive more carefully. More specifically, the diagnosis
of depression was associated with longer distance (safety margin) from the preceding
vehicle, as was the case for symptoms of depression such as fatigue, excessive sleepiness
and insomnia. Health professionals can use this information to highlight to patients with
depression the importance of recognising such symptoms and exert appropriate caution
when behind the wheel.

Future studies can benefit from larger numbers of patients, which would be ade-
quate to address heterogeneity issues related to the type of treatment and the mood state
the patients are in at the time of the examination, including severity of depressive and
associated symptoms.



Int. J. Environ. Res. Public Health 2023, 20, 5609 12 of 15

Author Contributions: Conceptualization, V.T., D.D. and M.P.; Data curation, V.T. and D.D.; Formal
analysis, V.T. and D.D.; Investigation, V.T.; Methodology, V.T., D.D. and G.Y.; Project administration,
V.T.; Resources, G.Y., D.P., M.B., J.C. and M.P.; Supervision, D.D.; Validation, V.T., D.D., G.Y., D.P.,
M.B., J.C. and M.P.; Visualization, V.T.; Writing—Original Draft Preparation, V.T.; Writing—Review
and Editing, D.D., G.Y., D.P., M.B., J.C. and M.P. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding. The study has been conducted in the frame of
a PhD Degree, Medical School, National and Kapodistrian University of Athens, Athens, Greece.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Ethics Committee of the First Department
of Psychiatry, Eginition Hospital, National and Kapodistrian University of Athens (464/5-7-2019)
and by the Ethics Committee of University General Hospital of Heraklion (798/20/25-7-2018).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data that support the findings of this study are available on
request from the corresponding author, but restrictions apply to the availability of these data, which
were used under license from the First Department of Psychiatry, Eginition Hospital, National and
Kapodistrian University of Athens and the collaborating centres for the current study, and so are not
publicly available. Data are, however, available from the authors upon reasonable request and with
permission from the First Department of Psychiatry, Eginition Hospital, National and Kapodistrian
University of Athens and the collaborating centres.

Conflicts of Interest: The authors declare no conflict of interest regarding this work.

References
1. World Health Organization. Global Status Report on Road Safety 2018: Summary; World Health Organization: Geneva, Switzerland, 2018.
2. World Health Organization. Global Status Report on Road Safety Time for Action; World Health Organization: Geneva, Switzerland, 2009.
3. World Health Organization. Death on the Roads. Available online: https://extranet.who.int/roadsafety/death-on-the-roads/

#ticker (accessed on 15 July 2022).
4. Sehat, M.; Naieni, K.H.; Asadi-Lari, M.; Foroushani, A.R.; Malek-Afzali, H. Socioeconomic status and incidence of traffic accidents

in metropolitan Tehran: A population-based study. Int. J. Prev. Med. 2012, 3, 181–190. [PubMed]
5. Van der Sluiszen, N.N.; Wingen, M.; Vermeeren, A.; Vinckenbosch, F.; Jongen, S.; Ramaekers, J.G. Driving performance of

depressed patients who are untreated or receive long-term antidepressant (SSRI/SNRI) treatment. Pharmacopsychiatry 2017, 50,
182–188. [CrossRef] [PubMed]

6. Brunnauer, A.; Buschert, V.; Fric, M.; Distler, G.; Sander, K.; Segmiller, F.; Zwanzger, P.; Laux, G. Driving performance and
psychomotor function in depressed patients treated with Agomelatine or Venlafaxine. Pharmacopsychiatry 2015, 48, 65–71.
[CrossRef] [PubMed]

7. Alavi, S.S.; Mohammadi, M.R.; Soori, H.; Ghanizadeh, M. The cognitive and psychological factors (personality, driving behavior,
and mental illnesses) as predictors in traffic violations. Iran J. Psychiatry 2017, 12, 78–86.

8. Van der Sluiszen, N.N.; Vermeeren, A.; Jongen, S.; Vinckenbosch, F.; Ramaekers, J.G. Influence of long-term benzodiazepine use
on neurocognitive skills related on driving performance in patients populations: A review. Pharmacopsychiatry 2017, 50, 189–196.
[CrossRef]

9. Wolfe, P.L.; Lehockey, K.A. Neuropsychological assessment of driving capacity. Arch. Clin. Neuropsychol. 2016, 31, 517–529.
[CrossRef]

10. Schreier, D.; Banks, C.; Mathis, J. Driving simulators in the clinical assessment of fitness to drive in sleepy individuals: A
systematic review. Sleep Med. Rev. 2018, 38, 86–100. [CrossRef]

11. Philip, P.; Sagaspe, P.; Taillard, J.; Valtat, C.; Moore, N.; Akerstedt, T.; Charles, A.; Bioulac, B. Fatigue, sleepiness, and performance
in simulated versus real driving conditions. Sleep 2005, 28, 1511–1516. [CrossRef]

12. World Health Organization. Global Burden of Mental Disorders and The Need For A Comprehensive, Coordinated Response From Health
And Social Sectors At The Country Level; World Health Organization: Geneva, Switzerland, 2011.

13. World Health Organization. Depression and Other Common Mental Disorders: Global Health Estimates; World Health Organization:
Geneva, Switzerland, 2017.

14. Ferrari, A.J.; Somerville, A.J.; Baxter, A.J.; Norman, R.; Patten, S.B.; Vos, T.; Whiteford, H.A. Global variation in the prevalence and
incidence of major depressive disorder: A systematic review of the epidemiological literature. Psychol Med. 2012, 43, 471–481.
[CrossRef]

15. Steel, Z.; Marnane, C.; Iranpour, C.; Chey, T.; Jackson, J.; Patel, V.; Silove, D. The global prevalence of common mental disorders:
A systematic review and meta-analysis 1980–2013. Int. J. Epidemiol. 2014, 43, 476–493. [CrossRef]

https://extranet.who.int/roadsafety/death-on-the-roads/#ticker
https://extranet.who.int/roadsafety/death-on-the-roads/#ticker
https://www.ncbi.nlm.nih.gov/pubmed/22448311
https://doi.org/10.1055/s-0043-111600
https://www.ncbi.nlm.nih.gov/pubmed/28672405
https://doi.org/10.1055/s-0034-1398509
https://www.ncbi.nlm.nih.gov/pubmed/25642916
https://doi.org/10.1055/s-0043-112755
https://doi.org/10.1093/arclin/acw050
https://doi.org/10.1016/j.smrv.2017.04.004
https://doi.org/10.1093/sleep/28.12.1511
https://doi.org/10.1017/S0033291712001511
https://doi.org/10.1093/ije/dyu038


Int. J. Environ. Res. Public Health 2023, 20, 5609 13 of 15

16. Marazziti, D.; Consoli, G.; Picchetti, M.; Carlini, M.; Faravelli, L. Cognitive impairment in major depression. Eur. J. Pharmacol.
2010, 626, 83–86. [CrossRef]

17. Herrmann, L.L.; Goodwin, G.M.; Ebmeier, K.P. The cognitive neuropsychology of depression in the elderly. Psychol. Med. 2007,
37, 1693–1702. [CrossRef]

18. Ferentinos, P.; Kontaxakis, V.; Havaki-Kontaxaki, B.; Paparrigopoulos, T.J.; Dikeos, D.; Ktonas, P.; Soldatos, C. Sleep disturbances
in relation to fatigue in major depression. J. Psychosom. Res. 2009, 66, 37–42. [CrossRef]

19. Wickens, C.M.; Smart, R.G.; Mann, R.E. The Impact of depression on driver performance. Int. J. Ment. Health Addict. 2014, 12,
524–537. [CrossRef]

20. Bulmash, E.l.; Moller, H.J.; Kayumov, L.; Shen, J.; Wang, X.; Shapiro, C.M. Psychomotor disturbance in depression: Assessment
using a driving simulator paradigm. J. Affect Disord. 2006, 93, 213–218. [CrossRef]

21. Alavi, S.S.; Mohammadi, M.R.; Souri, H.; Kalhori, S.M.; Jannatifard, F.; Sepahbodi, G. Personality, driving behavior and mental
disorders factors as predictors of road traffic accidents based on logistic regression. Iran J. Med. Sci. 2017, 42, 24–31.

22. Perrier, J.; Bertran, F.; Marie, S.; Couque, C.; Bulla, J.; Denise, P.; Bocca, M.L. Impaired driving performance associated with effect
of time duration in patients with primary insomnia. Sleep 2014, 37, 1565–1573. [CrossRef]

23. Garbarino, S.; Magravita, N.; Guglielmi, O.; Maestri, M.; Dini, G.; Bersi, F.M.; Toletone, A.; Chiorri, C.; Durando, P. Insomnia is
associated with road accidents. Further evidence from a study on truck drivers. PLoS ONE 2017, 12, e0187256. [CrossRef]

24. Wingen, M.; Ramaekers, J.G.; Schmitt, J.A.J. Driving impairment in depressed patients receiving long-term antidepressant
treatment. Psychopharmacology 2006, 188, 84–91. [CrossRef]

25. Brunnauer, A.; Laux, G.; David, I.; Fric, M.; Hermisson, I.; Möller, H.J. The impact of reboxetine and mirtazapine on driving
simulator performance and psychomotor function in depressed patients. J. Clin. Psychiatry 2008, 69, 1880–1886. [CrossRef]

26. Shen, J.; Moller, H.J.; Wang, X.; Chung, S.A.; Shapiro, G.K.; Li, X.; Shapiro, C.M. Mirtazapine, a sedating antidepressant, and
improved driving safety in patients with major depressive disorder: A prospective, randomized trial of 28 patients. J. Clin.
Psychiatry 2009, 70, 370–377. [CrossRef] [PubMed]

27. Aduen, P.A.; Kofler, M.J.; Cox, D.J.; Sarver, D.E.; Lunsford, E. Motor vehicle driving in high incidence psychiatric disability:
Comparison of drivers with ADHD, depression, and no known psychopathology. J. Psychiatr. Res. 2015, 64, 59–66. [CrossRef]
[PubMed]

28. Tsoutsi, V.; Dikeos, D.; Basta, M.; Papadakaki, M. Driving behaviour in depression: Findings from a driving simulator study.
Safety 2019, 5, 70. [CrossRef]

29. Liang, O.S.; Yang, C.C. Mental health conditions and unsafe driving behaviors: A naturalistic driving study on ADHD and
depression. J Safety Res 2022, 82, 233–240. [CrossRef] [PubMed]

30. Charlton, J.L.; Di Stefano, M.; Dow, J.; Rapoport, M.J.; O’Neill, D.; Odell, M.; Darzins, P.; Koppel, S. Influence of Chronic Illness on
Crash Involvement of Motor Vehicle Drivers, 3rd ed.; Monash University Accident Research Centre: Melbourne, Australia, 2021.

31. Buckley, S.E.; Robinson, K.; Stapleton, T. Medical fitness to drive and mental health: Are you aware of the guidelines? Ir. J. Occup.
Ther. 2015, 201543, 35–39.

32. Buckley, S.E.; Robinson, K.; Stapleton, T. Driving and depression: Health professional’s perspectives in Ireland. J. Transp. Health
2017, 7, 235–246. [CrossRef]

33. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, 5th ed.; American Psychiatric Association:
Arlington, VA, USA, 2013.

34. Beck, A.T.; Ward, C.H.; Mendelson, M.; Mock, J.; Erbaugh, J. An inventory for measuring depression. Arch. Gen. Psychiatry 1961,
4, 561–571. [CrossRef]

35. Soldatos, C.R.; Dikeos, D.G.; Paparrigopoulos, T.J. Athens Insomnia Scale: Validation of an instrument based on ICD-10 criteria.
J. Psychosom. Res. 2000, 48, 555–560. [CrossRef]

36. Soldatos, C.R.; Dikeos, D.G.; Paparrigopoulos, T.J. The diagnostic validity of the Athens Insomnia Scale. J. Psychosom. Res. 2003,
55, 263–267. [CrossRef]

37. Johns, M.W. A new method for measuring daytime sleepiness: The Epworth sleepiness scale. Sleep 1991, 14, 540–545. [CrossRef]
38. Krupp, B.L.; LaRocca, N.G.; Muir-Nash, J.; Steinberg, A.D. The fatigue severity scale. Application to patients with multiple

sclerosis and systemic lupus erythematosus. Arch. Neurol. 1989, 46, 1121–1123. [CrossRef]
39. Chung, F.; Abdullah, H.; Liao, P. STOP-Bang Questionnaire: A Practical Approach to Screen for Obstructive Sleep Apnea. Chest

2016, 149, 631–638. [CrossRef]
40. Matthews, G.; Desmond, P.A.; Joyner, L.; Carcary, B.; Kirby, G. Validation of the Driver Stress Inventory and Driver Coping

Questionnaire. In Proceedings of the International Conference on Traffic and Transport Psychology, Valencia, Spain, 22–25 May
1996; pp. 1–27.

41. Glendon, A.I.; Dorn, L.; Matthews, G.; Gulian, E.; Davies, D.R.; Debney, L.M. Reliability of the driving behaviour inventory.
Ergonomics 1993, 36, 719–726. [CrossRef]

42. Lajunen, T.; Parker, D.; Summalac, H. The Manchester Driver Behaviour Questionnaire: A cross-cultural study. Accid. Anal. Prev.
2004, 36, 231–238. [CrossRef]

43. Brownlee, J. Master Machine Learning Algorithms: Discover How They Work and Implement Them from Scratch; Machine Learning
Mastery: Melbourne, Australia, 2016.

44. Mantel, N. Why stepdown procedures in variable selection. Technometrics 1970, 12, 621–625. [CrossRef]

https://doi.org/10.1016/j.ejphar.2009.08.046
https://doi.org/10.1017/S0033291707001134
https://doi.org/10.1016/j.jpsychores.2008.07.009
https://doi.org/10.1007/s11469-014-9487-0
https://doi.org/10.1016/j.jad.2006.01.015
https://doi.org/10.5665/sleep.4012
https://doi.org/10.1371/journal.pone.0187256
https://doi.org/10.1007/s00213-006-0471-7
https://doi.org/10.4088/JCP.v69n1205
https://doi.org/10.4088/JCP.08m04234
https://www.ncbi.nlm.nih.gov/pubmed/19192466
https://doi.org/10.1016/j.jpsychires.2015.03.009
https://www.ncbi.nlm.nih.gov/pubmed/25843156
https://doi.org/10.3390/safety5040070
https://doi.org/10.1016/j.jsr.2022.05.014
https://www.ncbi.nlm.nih.gov/pubmed/36031250
https://doi.org/10.1016/j.jth.2017.09.003
https://doi.org/10.1001/archpsyc.1961.01710120031004
https://doi.org/10.1016/S0022-3999(00)00095-7
https://doi.org/10.1016/S0022-3999(02)00604-9
https://doi.org/10.1093/sleep/14.6.540
https://doi.org/10.1001/archneur.1989.00520460115022
https://doi.org/10.1378/chest.15-0903
https://doi.org/10.1080/00140139308967932
https://doi.org/10.1016/S0001-4575(02)00152-5
https://doi.org/10.1080/00401706.1970.10488701


Int. J. Environ. Res. Public Health 2023, 20, 5609 14 of 15

45. Reason, J.; Manstead, A.; Stradling, S.; Baxter, J.; Campbell, K. Errors and violations on the roads: A real distinction? Ergonomics
1990, 33, 1315–1332. [CrossRef]

46. Reimer, B.; D’Ambrosio, L.A.; Gilbert, J.; Coughlin, J.F.; Biederman, J.; Surman, C.; Fried, R.; Aleardi, M. Behavior differences in
drivers with attention deficit hyperactivity disorder: The driving behavior questionnaire. Accid. Anal. Prev. 2005, 37, 996–1004.
[CrossRef]

47. Fried, R.; Petty, C.R.; Surman, C.B.; Reimer, B.; Aleardi, M.; Martin, J.M.; Coughlin, J.F.; Biederman, J. Characterizing impaired
driving in adults with attention-deficit/hyperactivity disorder: A controlled study. J. Clin. Psychiatry 2006, 67, 567–574. [CrossRef]

48. Bernstein, J.P.K.; DeVito, A.; Calamia, M. Associations between emotional symptoms and self-reported aberrant driving behaviors
in older adults. Accid. Anal. Prev. 2019, 127, 28–34. [CrossRef]

49. Sadeghi, H.; Shabani, Y.; Pakniyat, A.; Karimian, K.; Harorani, M.; Naderi Rajeh, Y. Road crashes in adults with attention deficit
hyperactivity disorder and risky driving behavior. Iran J. Psychiatry 2020, 15, 105–111. [CrossRef]

50. Khatami, K.; Sarikhani, Y.; Fereidooni, R.; Salehi-Marzijarani, M.; Akabri, M.; Khabir, L.; Mani, A.; Yaghikosh, M.; Haghdel, A.;
Heydari, S.T.; et al. Association of risky driving behavior with psychiatric disorders among Iranian drivers: A case-control study.
Chin. J. Traumatol. 2022, 22, 1008–1275. [CrossRef] [PubMed]

51. Zahid, M.; Chen, Y.; Khan, S.; Jamal, A.; Ijaz, M.; Ahmed, T. Predicting risky and aggressive driving behavior among taxi drivers:
Do spatio-temporal attributes matter? Int. J. Environ. Res. Public Health 2020, 17, 3937. [CrossRef] [PubMed]

52. Almadi, A.I.M.; Mamlook, R.E.A.; Almarhabi, Y.; Ullah, I.; Jamal, A.; Bandara, N. A fuzzy-logic approach based on driver
decision-making behavior modeling and simulation. Sustainability 2022, 14, 8874. [CrossRef]

53. Meng, F.; Wong, S.C.; Yan, W.; Li, Y.C.; Yang, L. Temporal patterns of driving fatigue and driving performance among male taxi
drivers in Hong Kong: A driving simulator approach. Accid. Anal. Prevent. 2019, 125, 7–13. [CrossRef] [PubMed]

54. Chu, H.C. Assessing factors causing severe injuries in crashes of high-deck buses in long-distance driving on freeways. Accid.
Anal. Prev. 2014, 62, 130–136. [CrossRef]

55. Makowiec-Dabrowska, T.; Bortkiewicz, A.; Siedlecka, J.; Gadzicka, E. Wpływ zmeczenia na zdolność prowadzenia pojazdów
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