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Abstract: Depression is characterized by mental, emotional and executive dysfunction. Among
its symptoms, sleep disturbance and anxiety are very common. The effects of depression and its
treatment may have an impact on driving behaviour. In order to evaluate driving performance in
depression, 13 patients and 18 healthy controls completed questionnaires and scales and were tested
in a driving simulator. Driving simulator data included lateral position (LP), speed and distance from
the preceding vehicle. History of collisions was associated with depression, body mass index (BMI)
and next-day consequences of sleep disturbance. Aggressive driving was associated with fatigue
and sleep disturbances. Concerning driving simulator data, a reduced ability to maintain constant
vehicle velocity was positively correlated to BMI and insomnia. An LP towards the middle of the
road was associated with anxiety. On the other hand, an LP towards the shoulder was associated
with depression and next-day consequences of sleep disturbance, while a positive correlation was
found between distance from the preceding vehicle and use of drugs with potential hypnotic effects;
both these findings show that patients suffering from depression seem to realize the effects of certain
symptoms on their driving ability and thus drive in a more defensive way than controls.
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1. Introduction

Sleep and vigilance, important factors which may have an impact on driving behaviour, are often
affected by mental disorders and the effects of their treatment. Sleep disorders, excessive daytime
sleepiness and drowsiness are the most common factors that lead to road collisions [1–4]. According to
epidemiological studies, almost 50% of the population will experience some kind of mental illness at
least once in their life, while 25% have experienced a mental disorder over the past year [5].

Depression and road accidents are among the four leading causes of morbidity and mortality in
developed countries [6]. Depression, a quite common disease in the general population, is characterized
by mental, emotional and executive dysfunction [7]. Depression affects psychomotor and cognitive
skills [8], while its symptoms or adverse reactions to antidepressant treatment, which often include
lethargy and other sleep disorders, may also affect functional level and have an impact on driving
behaviour [7,9].

Driving is an almost daily activity for a large part of the world’s population. It is a very complex
process due to the limited time that the driver has in order to make a decision and react properly. There
are specific abilities that are essential for driving; among them, visual perception, selective attention,
vigilance, reactivity and stress tolerance are the most important [10].
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The majority of studies on road accidents have focused on socio-demographic characteristics and
general personality, as well as driving competence [11,12]. While a small number of research studies
have examined driving performance in relation to depression and anxiety, their main focus is often on
the effects of the drugs, especially antidepressants and benzodiazepines [7,10,13,14].

The driving simulator is a device which reliably reflects driving performance on the road and has
been used in studies under a variety of conditions potentially affecting driving ability (e.g., alcohol
consumption and blood levels, sleep deprivation, sleep apnea, use of mobile phone, etc.) [15–17].

The aim of the current study is to evaluate driving performance in depression on a driving
simulator, taking into account levels of anxiety and sleep disturbance.

2. Methods

2.1. Participants and Design

The current study is a comparison of driving performance in depressed patients and a group of
healthy controls. A sample of 13 depressed patients (all but one receiving antidepressant treatment)
and 18 healthy controls participated in this study. The patients who participated were diagnosed and
monitored by a psychiatrist.

Participants were included if they met the following criteria: Age 18 years or older, possession of
a driving license, driving regularly and informed consent prior to participation. The study had two
parts. In the first part, participants were interviewed by the researcher and were asked to complete
questionnaires and scales; in the second part they were evaluated for their driving on a VS500M driving
simulator (Virage Simulation, Canada).

2.2. Questionnaires

The choice of questionnaires/scales was based on findings of previous literature which have
shown that sleep disturbance [1–4,9], day-time somnolence [1–4], low functioning [10] and driving
behaviour [11–13] are very often factors underlining road traffic collisions, and on the fact that the
scales we used in the study have been extensively utilized in studies of depressed patients as well as in
studies of driving performance.

2.2.1. Demographics and Other Data

A questionnaire was used to document information about age, sex, marital status, educational level,
profession, years since acquiring driver’s license and history of collisions (irrespective of responsibility)
involved as a driver.

2.2.2. Medical History

Information about history of mental and somatic disorders, current medications and current
mental state were recorded.

2.2.3. Hospital Anxiety and Depression Scale (HADS)

The hospital anxiety and depression scale was designed by Zigmond and Snaith [18]. It is a
self-reported scale that consists of 14 items and each of these items has four possible answers (0–3).
It is designed in order to estimate separately anxiety (HADS-A) and depression (HADS-D).

2.2.4. Athens Insomnia Scale (AIS)

The Athens insomnia scale is a self-reported questionnaire [19] estimating the difficulty in sleep
according to ICD-10 criteria [20]. It consists of eight four-point Lickert scale (0–3) items, the first five of
them pertaining to sleep induction, nighttime awakenings, final awakening, total sleep duration and
quality of sleep, while the last three cover next-day wellbeing, functioning capacity and sleepiness
during the day.
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2.2.5. Fatigue Severity Scale (FSS)

The fatigue severity scale was designed in 1989 [21]. It is a self-reported questionnaire consisting
of nine items which estimate the severity of the symptoms of fatigue. The score of each item ranges
from 1 to 7, where 1 is “strongly disagree” and 7 is “strongly agree”.

2.2.6. Sleep Disturbances Questionnaire

This questionnaire was designed by the Sleep Study Unit of Eginition University Hospital. It is
a self-reported questionnaire consisting of six items regarding the quality and disturbances of sleep
(overall sleep satisfaction, movements, snoring, breathing, difficulty in sleep, drowsiness during the
day, nightmares). The score of each item ranges from 0 to 3, where 0 is “never” and 3 is “always”.

2.2.7. Social and Occupational Functioning Assessment Scale (SOFAS)

This scale reflects the estimation of the overall level of functioning by a clinician [22]. The rating
ranges from 0 (lowest functioning) to 100. Both social and occupational functioning are considered, as
well as any impairments due to physical or mental disorders. In order to be considered, the impairment
should be the effect of a health problem and not just a consequence of a lack of opportunity or of
an environment.

2.2.8. Driver Stress Inventory (DSI)

The driver stress inventory (DSI) aims to detect drivers’ vulnerability to stress reactions while
driving. It is an extension of the driving behaviour inventory (DBI) [23]. In this study we use the
version of Qu et al. [24].

It is a self-reported questionnaire consisting of 48 items which estimates in five separate subscales
aggression, dislike of driving, hazard monitoring, thrill seeking and proneness to fatigue. The score of
each item ranges from 0 to 10, where 0 is “not at all” and 10 is “very much”.

2.3. Driving Simulator

Driving Simulator «Virage VS500M» (Virage Simulation, Canada) features advanced simulation
software and uses a sophisticated driving environment with real auto parts to provide a realistic feel in
all functions. Driving Simulator’s environment appears in Figure 1.2019, 6, x FOR PEER REVIEW 4 of 10 
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Figure 1. The driving simulator’s environment.

It consists of an open cabin including the driver’s seat, the center console, a fully functional
instrument cluster, lights and warning lights as well as motion and vibration systems. Three-dimensional
graphics are projected into three wide screens covering a 180 degree field of view and located in front of
the cabin. The mirrors are inserted in the main screen. The driving simulator has a variety of different
scenarios where the user can drive in many different environments, such as in the city, on the motorway
and on the mountains, in different weather conditions, etc.
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The Virage Series Simulators have been validated for transfer of training in control skills to real life
with satisfactory results, although caution should be taken, since the only relevant study of the Virage
Series refers to a truck simulator and not the car simulator which was used in the present study [25].

In this study we used three of the available scenarios. In scenario 1 participants drove without
interference in a motorway environment for 5 min. In scenario 2 participants drove also for 5 min in a
motorway environment but in this scenario an event (sudden obstacle in the road) was designed in
order to record the participants’ reaction. Participants were not informed beforehand about the event.
Scenario 3 was a 5-minute drive in an urban environment. A 3-minute accustomization driving period
preceded the three scenarios.

2.4. Statistical Analysis

The SPSS 23.0 statistical package (IBM SPSS Statistics for Windows, Version 23.0. Armonk, NY,
USA: IBM Corp., 2015) was used to process the data. Multiple linear backward regressions were
performed for each dependent variable and the final regression model was retained. For the backward
regressions all subjects were pooled together; to make between-group comparisons clear, however, the
means (± SD) of the group of depressed patients and of that of the controls were calculated and are
presented in a separate table.

The independent variables were: Gender, age, marital status, variable patient/control, body mass
index (BMI), years of possession of a driving license, drugs with potential hypnotic effects, score of
HADS depression and HADS anxiety separately, total score of Athens insomnia scale (AIS), sum score
of items 7 and 8 of Athens insomnia scale (next-day consequences of sleep disturbance), total score of
fatigue severity scale (FSS), total score of sleep disturbances questionnaire and total score of SOFAS
functioning scale.

The dependent variables were: History of self-reported involvement in road accidents, scores of
the five subscales of the questionnaire for stress assessment during driving (DSI) and data extracted
from the Driving Simulator, namely lateral position (LP), inability to keep a steady lateral position
(expressed as standard deviation of lateral position as a metric of each participant), vehicle velocity
(both as mean car speed of each participant, as well as inability to keep a steady speed expressed
as standard deviation of car speed as a metric of each participant) and distance from the preceding
vehicle. The lateral position is the distance of the middle of the vehicle from the middle of the lane
in which the vehicle is driven. It varies from −1 to 1 with −1 signifying the car being at the limit of
the lane towards the middle of the road (to the left in roads where traffic keeps to the right) and 1
signifying the car being at the limit of the lane towards the shoulder (to the right in roads where traffic
keeps to the right). The width of the simulator’s lane is 350 cm. In scenarios with multiple lanes −1
signifies a position towards the faster lane and 1 a position towards the slower lane.

Statistical significance level was set at 5%.

3. Results

3.1. Main Characteristics of the Sample

Table 1 displays the main characteristics of the 31 participants who were included in the study.
The majority of participants were women, about half of the total sample were married or cohabited
and the mean age was 46 years old (range 29 to 69). Twenty-seven participants were employed, all but
one at a daytime job. Moreover, 27 had a higher education degree and 24 lived in an urban area. Mean
time from acquiring a driver’s license was 22.77 years (range 6 to 49).

3.2. Physical and Mental Characteristics of the Sample

The mean body mass index (BMI) was 25.06 (range 20 to 52, Table 1). Eighteen participants had no
symptoms of depression and they had never received antidepressants, 12 participants were diagnosed
with depression and they were under antidepressant treatment and one had depression but was not
receiving antidepressant treatment.
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Table 1. Main characteristics of the sample.

Participant Profile

N (%)

Total (N = 31) Depressed (N = 13) Controls (N = 18)

Female 23 (74.2) 10 (76.9) 13 (72.2)
Married or cohabiting 14 (45.2) 6 (46.2) 8 (44.4)

Employed 27 (87.1) 9 (69.2) 18 (100)
High education 27 (87.1) 10 (76.9) 17 (94.4)
Urban residents 24 (77.4) 9 (69.2) 15 (83.3)

Age 46.00 ± 10.23 * 47.77 ± 10.57 * 44.72 ± 10.09 *
BMI 25.06 ± 5.63 * 25.75 ± 8.30 * 24.57 ± 2.59 *

Years of possessing a driving license 22.77 ± 6.37 * 21.92 ± 5.31 * 23.39 ± 7.12 *

* Mean, Standard Deviation.

3.3. Main Findings from the Final Models of Multiple Backward Regressions

The mean values of patients with depression and healthy controls regarding the five variables for
which significant results were found in the regressions are presented in Table 2.

Table 2. Frequencies (%) or mean values (± standard deviation) of the groups of patients and controls.

Variables Depressed Controls

History of collisions 4 out of 13 (30.8%) 4 out of 18 (22.3%)
Aggressive driving score 1 4.43 ± 0.79 4.45 ± 1.01

Speed SD 2 5.48 ± 1.24 5.09 ± 1.42
Mean LP 3 0.26 ± 0.82 0.53 ± 0.89

Mean of distance from the preceding vehicle (in meters) 29.57 ± 60.41 16.71 ± 21.83
1: Subcale on aggressive driving of the driving stress inventory; 2: Standard deviation of speed (inability to keep
constant vehicle velocity) in the driving simulator; 3: Mean of lateral position; negative numbers: Towards the
middle of the road (faster lane); positive numbers: Towards the shoulder (slower lane) in the driving simulator.

The main findings from the final models of multiple backward regressions are presented in Table 3.
History of collisions and a high risk score on the DSI subscale for “aggressive driving” were the two
variables derived by questionnaires for which significant associations were found with some of the
independent variables. From the variables derived from the driving simulator output, those which
showed significant associations to independent variables were the ability to maintain a constant vehicle
velocity (expressed by the standard deviation of speed), lateral position and the distance from the
preceding vehicle.

As shown in Table 3, history of collisions was positively correlated with BMI, with subjects with
no collisions in their history having a mean BMI of 24.12 (standard deviation: 2.86) and those with one
or more past collisions a mean BMI of 27.79 (SD: 9.94). HADS-D score and sum score of items 7 and
8 of the AIS (next-day consequences of sleep disturbance) were also correlated with number of past
collisions. Aggressive driving was positively correlated with the total score on the fatigue severity
scale and with total score on sleep disturbances questionnaire and it was negatively correlated to
HADS-D score, the sum score of items 7 and 8 of the AIS (next-day consequences of sleep disturbance)
and SOFAS (overall functioning) scale. The standard deviation of speed (i.e., the inability to maintain
constant velocity) was positively correlated to BMI and AIS total score. Driving towards the middle of
the road (faster lane) was positively correlated to the HADS-A score and driving towards the shoulder
of the road (slower lane) was positively correlated to the HADS-D score and the sum score of items 7
and 8 of the AIS. The distance from the preceding vehicle was positively correlated to being on drugs
with potential hypnotic effects. Those patients who received drugs with potential hypnotic effects kept
a mean distance from the preceding vehicle of 73.52m (SD: 103.33) while the mean distance of all other
participants was 14.49m (SD: 18.57).
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Table 3. Main findings from the final models of multiple backward regressions.

Independent Variables

Dependent Variables BMI 1 HADSD 2 HADSA 3 AIS 4 AIS7-8 5 FSS 6 SOFAS 7 SD 8 DRUGS 9

History of Collisions β = 0.073
p = 0.003

β = 0.104
p = 0.001

β = 0.279
p = 0.002

Aggressive Driving a β = −0.101
p = 0.028

β = −0.372
p = 0.009

β = 0.040
p = 0.002

β = −0.067
p = 0.012

β = 0.157
p = 0.035

Speed SD b β = 0.110
p = 0.013

β = 0.183
p = 0.021

Mean LP c β = 0.121
p = 0.026

β = −0.128
p = 0.017

β = 0.298
p = 0.041

Mean distance d β = 590.27
p = 0.007

β = multiple regression coefficient; p = statistical significance. a: Subscale on aggressive driving of the driving stress inventory; b: Standard deviation of speed (inability to keep constant
vehicle velocity) in the driving simulator; c: Mean of lateral position; negative numbers: Towards the middle of the road (faster lane); positive numbers: Towards the shoulder (slower lane)
in the driving simulator; d: Mean of the distance from the preceding vehicle. 1: Body mass index; 2: Hospital anxiety and depression scale depression score; 3: Hospital anxiety and
depression scale anxiety score; 4: Athens insomnia scale (total score); 5: Low functioning and somnolence (sum score of items 7 and 8 of the AIS); 6: Fatigue severity scale; 7: Social and
occupational functioning assessment scale; 8: Sleep disturbances questionnaire; 9: Drugs with potential hypnotic effects.
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4. Discussion

Based on our results, it was shown that depression, as it was assessed by HADS-D on the day
of the experiment, was positively correlated to a history of road collisions (p = 0.001). The number
of past collisions was also positively correlated with body mass index (p = 0.003) and the next-day
consequences of sleep disturbance (low functioning and somnolence, sum score of items 7 and 8 of the
AIS) (p = 0.002). Similar to our findings relating to depression, a study has found that, independent of
the intensity of depression (mild, moderate, severe), the probability for depressive patients causing
collisions is 2.4 times than that of the non-depressed [13]. Regarding somnolence and low daytime
functioning due to sleep disturbance, our findings are in accordance with studies [1,26] which have
provided evidence that daytime somnolence is strongly positively correlated with collisions. High
BMI has also been found to be a risk factor for collisions [2], also in patients with obstructive sleep
apnea [27].

Aggression during driving (as assessed by DSI) was negatively correlated to depression; responses
of the control group showed higher aggressive driving than those of depressed patients. On the
other hand, driving aggression showed a strong positive correlation with the variables fatigue and
sleep disturbances (p = 0.002 and p = 0.035, respectively). The more the participants reported fatigue
and disturbed sleep, the more aggression during driving was found through the questionnaires that
assessed driving behaviour. Research on collisions that were caused due to sleep disturbances has
shown that, similar to our findings, daytime sleepiness was found to be the most important risk
factor [1,2,28]. These findings imply that poor sleep quality may lead to mismanagement of emotions
and that may eventually contribute to collisions. In a meta-analysis study of Zhang et al. [29] aggressive
driving was strongly correlated to driving anger, which can lead to frustration and cognitive difficulties
(attention, reasoning, judgment and decision making) during driving.

The reduced ability to maintain constant vehicle velocity was positively correlated to body mass
index and to the total score in the AIS (p = 0.013 and p = 0.021, respectively). Garbarino et al. [4]
found also that insomnia is positively correlated to road accidents. Our findings show that insomnia
affects the ability to maintain constant vehicle velocity, which might lead to collisions since the driver
is not adequately controlling the vehicle’s speed. Regarding BMI, research shows that it is a risk
factor for traffic accidents [2,30]. The main connection of BMI to road safety is that a high BMI is
strongly associated with the risk for obstructive sleep apnea and the presence of excessive daytime
sleepiness [31].

Anxiety was found to be associated with a trend to drive towards the middle of the road (LP-faster
lane) (p = 0.017). To the contrary, a tendency to drive towards the shoulder of the road (LP-slower
lane) was associated with the intensity of depression (p = 0.026) and next-day consequences of sleep
disturbance (low functioning and somnolence, sum score of items 7 and 8 on AIS) (p = 0.041) denoting
that drivers were driving more cautiously.

Similarly, a strong positive correlation was found between the distance from the preceding vehicle
and being on drugs with potential hypnotic effects (p = 0.007). It seems that participants who were
under this kind of medication were keeping a larger safety distance from the preceding vehicle. The fact
that depression, consequences of sleep disturbances and use of drugs with possible hypnotic activity
lead to a more a “conservative” way of driving could be the result of an effort on the part of the patients
to balance the dangers created by the consequences of depression and sleepiness while driving. This is
a possible explanation why, in the study of Brunnauer et al. [10], which took place in a real driving
environment (on-road driving test) and not in a driving simulator, no difference in driving skills was
found between groups under medication and healthy controls.

The above findings, if supported by future studies, suggest that the main reason for any driving
impairment of depressed patients is depression per se, its symptoms and its severity. The consequences
of treatment, even with drugs which are considered to cause somnolence, do not seem to compromise
safety. It should be, thus, understood that it is more important for road safety that patients with
depression receive adequate therapeutic interventions for their condition, in spite of fears that the
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treatment might compromise their driving. This suggestion, however, is quite preliminary, given the
small sample on which this study is based. Finally, clinical judgment should always be used in the
decision whether to suggest to the patient that they avoid driving.

5. Limitations

Our sample being relatively small did not allow for a more detailed analysis to deal with
confounding issues. Thus, the question if it is the comorbidities of depression (obesity, lack of sleep,
etc.) that are associated with driving impairment or depression itself could not be addressed.

The generalization of the findings of the present study may be limited, since no information was
available on how much the participants drive daily/weekly/monthly. Thus, it is difficult to know how
far our sample is representative of the population at large or depressive patients for whom, in addition,
there are no reliable data on their driving habits.

6. Conclusions

In this study, we examined driving performance in depression, taking into account the symptoms
of anxiety and sleep disorders. The study was based on questionnaires and on driving in a driving
simulator. The findings show that depression, sleep and anxiety measures correlated with various
aspects of driving behaviour. Patients may have been using compensatory mechanisms to counteract
some of the effects of depression and its treatment on their driving performance. These findings
should be replicated in further studies in which questions of comorbidities, confounding factors and
generalization of results need also to be addressed. Such a progress in our understanding of the
field could lead to the development of road safety policy recommendations regarding depression and
its treatment.
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