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Abstract
Background: Driving as a complex behavior pattern is influenced by a set of conscious and unconscious factors. One of the most
important causes of traffic accidents in Iran is human factors, which include the driver’s mental status, personality traits, mental
illnesses, or psychiatric disorders. Depression is one of the most common psychiatric disorders affecting driving behavior.
Objectives: The aim of this study was to examine whether depression may affect driving performance.
Methods: This cross-sectional study was done on 100 participants who were divided into two groups, patients with major depressive
disorder (MDD) and the healthy control group. Driving behavior was assessed by the Manchester Driving Behavior Questionnaire
(MDBQ), and three computerized tests [Tower of London Test, Wisconsin Card Sorting Test (WCST), and reaction time] were used to
evaluate the participants’ neuropsychiatric characteristics. The results were compared between the two groups using SPSS version
19.
Results: There were 51 cases in the MDD group (male = 59%, female = 41%) and 50 patients in the non-depressed group (male = 22%,
female = 78%). The mean age of the group with MDD and the control group was 38 ± 8 and 36 ± 9 years, respectively, with no significant differences (P = 0.23). The results showed that the highest mean reaction time (875 ± 198, P = 0.018) was related to the depressed
non-risky drivers, and the depressed risky drivers showed the worse function in all domains of WCST (trials to complete first category: 28 ± 23, P = 0.002, total error: 33 ± 9, P = 0.001, and perseveration error: 15 ± 9, P = 0.009) in comparison with another group.
Considering the mean score of the tower of London test, the non-depressed non-risky drivers showed the shortest time (219 ± 172, P
= 0.001) spent on doing the task, while the depressed non-risky drivers showed the longest mean latency time (213 ± 96, P = 0.001).
Conclusions: The findings of the present study showed that depression is associated with deficits in multiple cognitive domains,
such as executive function, which may lead to a significant decline in different aspects of driving behavior.
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1. Background

causes of traffic accidents in Iran (4), include driver’s mental health, personality traits, or psychiatric disorders (5).

Road accidents and related mortality are one of the
challenges of human society, which threaten public health
and impose enormous costs on governments (1, 2). The
rate of injuries and the frequency of major road accidents
are so great that it is called road warfare (1). The traffic
experts have identified the factors affecting the incidence
and severity of crashes, including human-related factors,
road-related factors, and vehicles (3). Analysis of road accidents in Iran showed that the human-related factor contributed to 97.5% of all accidents, followed by the environmental factor and vehicle with the rate of 70.5% and 31.5%,
respectively (3). According to international traffic definitions, human-related factors, which are one of the main

Driving is a complex behavior pattern influenced
by conscious and unconscious factors called "cognitivebehavioral characteristics" (1).
Depression is one of the most frequent psychiatric disorders affecting driving performance, which causes significant consequences (6). Cognitive impairment and psychomotor retardation, which are common reported symptoms of depression or the side effects of psychotropic
drugs, can impair driving as an important social activity (79).
Several specific skills are essential for driving. As
drivers have limited time to make the right decision and response, alertness, visual perception, selective attention, re-
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activity, and stress tolerance are of great significance (10).
Many of these cognitive abilities may be affected in patients with depressive disorder. Most road accident studies have focused on socio-demographic characteristics and
general personality as well as driving skills (11). While
few studies have addressed driving performance considering depression and anxiety, their main purpose has often been the effects of medications, specifically antidepressants, and benzodiazepines, on road accidents (12-14).
2. Objectives
No study has been conducted on driving characteristics with a specific reference to patients with mental disorders (15). Therefore, the aim of this study was to examine
whether depression affects driving performance. Hopefully, by identifying the factors, which may affect driving
skills, traffic accidents and the resulting deaths will be reduced.
3. Methods
3.1. Participants and Design
This cross-sectional study was done to compare driving
performance in depressed patients and a group of healthy
controls. The subjects were selected from patients who
were referred to outpatient and inpatient psychiatric units
affiliated with the Shiraz University of Medical Sciences in
2021. Sampling was done by available and non-random
methods. A sample of 100 participants was enrolled in this
study who were divided into two groups, depressed patients and the healthy control group, according to psychiatric interviews. According to the previous studies and the
normality of the data distribution, 50 people were placed
in each group, considering the inclusion and exclusion criteria.
All participants signed informed consent. The researcher interviewed each participant for 40 minutes to
diagnose any neurological or psychiatric illness. The patients previously diagnosed with major depressive disorder (MDD) (considering DSM5 criteria) were no exception
and were re-interviewed to rule out other psychiatric illnesses, such as bipolar or psychotic disorders.
All the participants were between 18 and 60 years old,
had at least a sixth-grade education, possessed a valid driving license, and were regularly driving during the last year.
The exclusion criteria were as follows: (1) having a neurological disease; (2) having a debilitating psychiatric disorder other than MDD; (3) having a comorbid substance
use disorder; (4) receiving electroconvulsive therapy in the
last six months; (5) not regularly driving during last year.
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At first, all the participants were fully explained how
to complete the questionnaires and do computer-based
tasks. After making sure that they were understood, they
were asked to complete the following questionnaires, and
the computer test started.
3.2. Demographic Questionnaire
A demographic questionnaire was used to document
information about age, gender, level of education, occupation, marital status, type of driver’s license, and history
of collisions (irrespective of responsibility) involved as a
driver in the last year.
3.3. Manchester Driving Behavior Questionnaire
This scale was developed and arranged by Reisen et
al. in the Psychology Department of Manchester University, UK. It is based upon the idea that errors and violations
have different psychological causes and methods of correction. Therefore, they must be differentiated by researchers.
Manchester Driving Behavior Questionnaire (MDBQ) has
become a popular tool for assessing driving behaviors. This
scale has 50 questions scored on a Likert scale ranging
from zero to five. The questions have two different aspects.
One aspect is related to the type of behavior and the second
aspect is related to the amount of danger that is created
for other drivers. Abnormal behaviors include anomalous
errors, slips, and intentional and unintentional violations.
These behaviors are classified as follow: (1) behaviors that
pose no danger to others and only make them feel comfortable (low risk); (2) behaviors that are likely to endanger others (medium risk); (3) behaviors that are sure to put
others at risk (high probability).
MDBQ has acceptable psychometric properties. Parker
et al. (16) obtained correlation coefficients of 0.81 for errors
and 0.75 for reliability violations by researching 80 drivers
seven weeks apart. Moreover, Oreizi and Haghayegh reported that the Iranian version of MDBQ has acceptable reliability and validity. In their study, the reliability of the factors ranged from 0.65 to 0.81 (17).
3.4. Tower of London Test
The Tower of London Test (TOL) was first introduced by
Shalis (1982) to evaluate one of the brain’s executive functions, and programming (which is sensitive to the function of the frontal lobe), and its computer mapping was designed in 1993 (18). In this study, computerized mapping
of the test was used. Different stages of the test are displayed on the touch screen. On each screen, two layouts are
shown to the experimenter, each of which has three vertical columns of different sizes and rings in three different
colors.
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The top layout is shown as a pattern or target to the
experimenter and cannot be changed. The bottom layout consists of loops whose location can be changed by
the experimenter. The rings move with the touch of a finger on a computer screen or using a mouse. This test has
four stages, each of which gradually becomes more difficult than the previous stage. The first stage is solved with
two movements, the second stage with three movements,
the third stage with four movements, and the fourth stage
with five movements. Each of the above four stages can be
repeated four times.
After explaining the instructions, the experimenter is
reminded to look at the top arrangement before starting
each step and to consider the location of the rings. He can
solve the problem with the least possible movement.
The final results that are recorded by the computer in
each step are as follows: (1) the number of movements performed by the experimenter in each of the four sections of
each step; (2) the programming time, which is the time interval between the presentation of the task on the screen
and touching the first loop by the experimenter; (3) the
time of the test, which is the time interval between touching the first loop and the end of the task.
Finally, the average number of movements, the average
planning time, and the average thinking time are recorded
and shown.

3.6. Reaction Time
This experiment, invented by Dunders (1868), was performed using a computer. Due to the limited facilities of
the laboratory, only the visual reaction time was evaluated.
The participants were seated in front of the LCD screen at
the desired distance (2 me away from the monitor). The
display panel has four colored buttons (red, green, yellow,
and blue) on a gray background. Participants can press all
four keys with their thumbs or the computer’s mouse as
soon as a color circle stimulus appears. Each stimulus was
presented 5 s on the screen with intervals of 10 s between
stimuli. Each was presented 30 times, and the respective
averages were calculated. Participants were instructed to
respond to the colored stimulus as quickly and accurately
as possible. When the stimulus appeared, the timer was activated (with the accuracy of 1 ms) and deactivated when
the subject responded by pressing the key (20).
3.7. Ethical Observations
The research protocol was confirmed by the research
ethic committee of Shiraz University of Medical Sciences
(code: IR.SUMS.MED.REC.1398.506), and all participants
were free to leave the research. They also signed the informed consent and got enough insurance that the results
were confidential.
3.8. Data Analysis

3.5. Wisconsin Card Sorting Test
The Wisconsin Card Sorting Test (WCST) is a well-known
neurocognitive task used by clinical neuropsychologists to
measure cognitive flexibility and aspects of executive functioning (19). There are manual and computerized forms.
The computerized version of WSCT was designed by
Kimberg et al. (2000), in which the participants are asked
to sort cards based on one of these variables: Color, number, or shape. Participants are unaware of sorting pattern, but by receiving feedback concerning their sorts, they
should find the pattern. They continue sorting one card
until eight correct sorts are done, and when the sorting
criterion is changed, participants should sort cards in another way (based on another criterion) until the other
eight correct sorts are made. The test ends after 288 sorts
are done, or 15 sorting categories are made. When the
sorting criterion is changed, the participant may fail to
find out the new sorting pattern and insist on the previous one. Damage to the human dorsolateral prefrontal cortex (DLPFC) may cause an impairment in the WCST performance, leading typically to perseveration on the first classification. The dependent measure in WSCT is the number
of these perseverative errors.
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Data extracted from the questionnaire and tasks were
analyzed by SPSS version 19 using descriptive statistics and
Univariate analysis of variance. A P ≤ 0.05 was considered
significant.
4. Results
Demographic variables in the group with MDD and the
control group are presented in Table 1 (the two groups were
homogenous for these variables). The mean age of the subjects in the group with MDD and the control group was
38 ± 8 and 36 ± 9 years, with no significant differences
(P = 0.23). The driving skill was measured in two groups;
the number of car accidents during the last year was not
statistically significant between groups (P = 0.55). Finally,
we evaluated their driving skills using a seven-point Likert scale. All four subscales and the total score of MDBQ
(Table 2) showed significant differences between the two
groups. The mean MDBQ score in the MDD group was 2.5
times more than the control group. Based on the MDBQ
scores, all participants were divided into risky and nonrisky drivers; thus, 37% were depressed and risky, and 36%
were non-depressed and non-risky drivers. The remainder of the analysis was then run, considering these four
3
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groups. A statistically significant difference was found between the groups in the reaction time test, WCST, and TOL
test scores.
Table 1. Demographic Characteristics a
Groups

Depressed

Non-depressed

Male

30 (59)

11 (22)

Female

21 (41)

39 (78)

Bellow diploma

13 (22)

5 (10.2)

Diploma

15 (29)

10 (20)

23 (45.1)

34 (69)

Higher education

0.094

Marital status
Single

16 (30)

9 (18)

Married

20 (39)

25 (50)

Divorced

15 (29)

16 (32)

According to the WCST scores, the highest number of
trials administered and total errors were found in the depressed and risky drivers. The non-depressed and nonrisky drivers showed the lowest score in all domains of
WSCT. These differences were statistically significant (Table
4).
4.3. TOL

0.088

Education level

a

P-Value
0.92

Sex

4.2. WCST

Values are expressed as No. (%).

We utilized this computerized task to compare the
groups regarding two main domains, including latency
time (the time between presenting the stimuli and subject
reaction) and the total time of the test. The depressed and
non-risky drivers showed the longest mean latency time,
while it was the shortest in non-depressed and non-risky
drivers.
The mean total time of doing the task revealed that
the non-depressed and non-risky drivers spent the shortest time doing the task and the depressed and non-risky
drivers spent the highest time. The difference between the
groups was significant. Table 5 presents the result of the
univariate ANOVA.

Table 2. The Scores of the Manchester Driving Behavior Questionnaire (MDBQ)
Variables

Mean ± SD

P-Value
0.001

Slips
Depressed

17 ± 9

Control

7±7
0.001

Deliberate violation
Depressed
Control

15.05 ± 10
5±6
0.001

Unintentional violation
Depressed
Control

3.04 ± 2
0±1
0.001

Lapse errors
Depressed

5±4

Control

2±2
0.001

Total score
Depressed
Control

40 ± 23
16.02 ± 16

4.1. Reaction Time
Comparing the mean reaction time between the
groups represented that the highest mean reaction time
was related to the depressed and non-risky drivers, and
the lowest was related to non-depressed and risky drivers
(Table 3).
4

5. Discussion
Our results showed that the total score and the score
of all MDBQ subscales were higher in the group with depression, which means that depression is negatively correlated with driving performance. Similar to our findings,
previous studies have found that depression (independent
of the severity) is associated with driving impairment (5,
12).
According to the mean total score of MDBQ in the depressed group (1.5 times more than in another group), depression is related to risky driving behavior. Scott-Parker
et al. also showed similar results and reported that depression specifically predicted risky driving (21).
Pan et al. found that the mean reaction time of depressed patients was generally higher than normal controls, which may be an indicator of depression. They
showed that these characteristics are statistically significant using the t-test (22). Similarly, in our study, the highest mean of reaction time was related to the depressed and
non-risky drivers.
Also, in another study, cognitive impairment, decreased concentration, side effects of medications, suicidal
thoughts/intentions, and reduced reaction time mostly influenced the fitness to drive decisions (23).
According to the WCST scores, the depressed and risky
drivers had the worst function in comparison with another
Arch Neurosci. 2022; 9(4):e127666.
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Table 3. The Result of the Reaction Time Test a
Group

Depressed Risky

Non-depressed Non-risky

Non-depressed Risky

Depressed Non-risky

690 ± 204

731 ± 176

597 ± 185

875 ± 398

Reaction time (Mean ± SD)
a

F= 3, P = 0.018.

Table 4. The Mean Differences Between the Groups in Wisconsin Card Sorting Test
(WCST) Scores
Variables

Mean ± SD

Trials to complete first category
Depressed, risky

F

P-Value

5

0.002

5

0.001

4.09

0.009

F

P-Value

11

0.001

34.05 ± 20

Non-depressed, non-risky

16 ± 15

Non-depressed, non-risky

25 ± 21

Depressed, non-risky

28 ± 23

Total Errors
Depressed, risky

35 ± 8

Non-depressed, non-risky

27 ± 8

Non-depressed, risky

31 ± 9

Depressed, non-risky

33 ± 9

Perseveration error
Depressed, risky

15 ± 9

Non-depressed, non-risky

9±5

Non-depressed, risky

10 ± 6

Depressed, non-risky

14 ± 9

Table 5. The Result of the Tower of London Test
Variables

Mean ± SD

Latency time

tex function, which leads to impaired executive functions
(25).
In contrast to our findings, another study revealed that
despite different drug treatments received by many patients, there was no significant difference in the driving
task between patients with depression and healthy individuals (26). This can be due to different study populations. They recruited only partly remitted depressive patients who were under steady-state pharmacologic treatment, but in our study, samples were selected from inpatient and outpatient depressed individuals. The Performance on the WCST in MDD patients was significantly
poorer in depressed patients (27).
The Tower of London task is another valid test to assess
executive functions (specifically planning and problemsolving abilities) (28). Considering the mean scores of the
Tower of London test, the non-depressed and risky drivers
had the least latency time. Another study by Luciana
showed that a shorter initiation time could reflect impulsivity and increased processing speed (29), which can explain why the latency time was shortest in risky drivers.
The obtained mean scores revealed that the depressed and
non-risky drivers had the longest time spent during this
test. Consistent with our results, Moniz et al. found that
the depressed patients spent a longer time significantly
completing the Tower of London Test (30).

Depressed, risky

176 ± 97

Non-depressed, non-risky

86 ± 67

5.1. Limitations

Non-depressed, risky

165 ± 56

Depressed, non-risky

213 ± 96

The present study has several limitations. The small
sample size was one of the limitations, which was attributed to the limited referral of patients with major depression to hospitals and clinics during the COVID-19 pandemic. The majority of cases were selected from inpatient
individuals who were suffering from a more severe type
of MDD. The healthy control group was restricted to the
visitors and families of patients who were at a higher risk
of mood disorders than the normal population. The depressed group was not screened for the severity of their disorders, and the control group was only assessed by a semistructural interview rather than using psychometric tools.
The study population was not homogenous in gender,
while the non-depressed females had the highest number.
The driving performance may be different between males
and females, which is preferred to be considered in future studies. Also, many patients were treated with drugs,

16

Total duration

0.001

471 ± 217

Depressed, risky
Non-depressed, non-risky

219 ± 172

Non-depressed, risky

488 ± 191

Depressed, non-risky

609 ± 260

group (with a significant mean difference). WCST is a reliable neuropsychologic test to assess executive function.
Executive functions encompass higher cognitive functions
supporting goal-directed behaviors (24). Driving is a complex activity, which requires intact cognitive functions, including attention, visuospatial processing, and decision
making. Depression can cause impairment in frontal corArch Neurosci. 2022; 9(4):e127666.
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which can be considered confounding factors.
5.2. Conclusions
In this study, we examined the correlation between
driving performance and depression. The findings showed
that depression might cause a significant decline in different aspects of driving behavior. An intact executive function is needed for driving safely as an important social activity. Depression is associated with deficits in multiple
cognitive domains, such as executive function; thus, it can
cause impairment in driving performance.
It should be considered that these findings are needed
to be replicated in further studies, in which comorbidities
and other confounders are addressed. Such improvements
in understanding of the field can lead to the development
of road safety policy recommendations for depressed patients. It is hoped that, by identifying the risk factors of collisions in depressed drivers and controlling them, psychiatry can play a significant role in reducing accidents and
resulting mortality and their social consequences.
Acknowledgments
This study was Dr. M.J. postgraduate thesis toward
qualification for the Iranian Board of Psychiatry under the
supervision of Dr. A.M.
Footnotes
Authors’ Contribution:
E.C.H., acquisition of data,
drafting of the manuscript, and critical revision of the
manuscript; M.J., Acquisition of data and study concept
and design; E.M.S., acquisition of data and critical revision of the manuscript; A.M., study supervision, analysis and interpretation of data, and critical revision of the
manuscript; B.O., study supervision, analysis and interpretation of data, and critical revision of the manuscript.
Conflict of Interests: We declared that one of our authors
(B.O.) is a member of the Editorial Board of this journal (as
a reviewer).
Data Reproducibility: The data presented in this study
are uploaded during submission as a supplementary file
and are openly available for readers upon request.
Ethical Approval:
The ethics code of the study:
IR.SUMS.MED.REC.1398.506.
Funding/Support: This study was supported by a grant
from the Shiraz University of Medical Sciences (Grant No.:
18173).
Informed Consent: All participants signed informed consent.

6

References
1. Kiran BN, Kumaraswamy N, Sashidhar C. A review of road crash prediction models for developed countries. American Journal of Traffic and
Transportation Engineering. 2017;2(2):10–25.
2. Caylan N, Yalcin SS, Tezel B, Aydin S, Ozen O, Sengelen M,
et al. Evaluation of injury-related under-five mortality in
Turkey between 2014-2017. Turk J Pediatr. 2021;63(1):37–47. doi:
10.24953/turkjped.2021.01.005. [PubMed: 33686825].
3. Pakgohar A, Tabrizi RS, Khalili M, Esmaeili A. The role of human factor
in incidence and severity of road crashes based on the CART and LR
regression: a data mining approach. Procedia Comput Sci. 2011;3:764–
9. doi: 10.1016/j.procs.2010.12.126.
4. Afandizadeh S, Hassanpour S. Evaluating the effect of roadway and
development factors on the rural road safety risk index. Adv Civ Eng.
2020;2020.
5. Alavi SS, Mohammadi MR, Souri H, Mohammadi Kalhori S, 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(1):24–31. [PubMed: 28293047]. [PubMed
Central: PMC5337762].
6. Wickens CM, Smart RG, Mann RE. The Impact of Depression on
Driver Performance. Int J Ment Health Addict. 2014;12(4):524–37. doi:
10.1007/s11469-014-9487-0.
7. Alavi SS, Mohammadi M, Soori H, Mohammadi Kalhori S, Sepasi N,
Khodakarami R, et al. Iranian Version of Manchester Driving Behavior Questionnaire (MDBQ): Psychometric Properties. Iran J Psychiatry.
2016;11(1):37–42. [PubMed: 27252767]. [PubMed Central: PMC4888139].
8. Buckley S. Driving and depression: exploring the current knowledge, attitudes, and practices of health professionals in Ireland (master’s degree).
Limerick, Ireland: University of Limerick; 2020.
9. Ragland DR, Satariano WA, MacLeod KE. Driving cessation and
increased depressive symptoms. J Gerontol A Biol Sci Med Sci.
2005;60(3):399–403. doi:
10.1093/gerona/60.3.399. [PubMed:
15860482].
10. Sundström A. Self-assessment of driving skill – A review from a measurement perspective. Transp Res F: Traffic Psychol Behav. 2008;11(1):1–9.
doi: 10.1016/j.trf.2007.05.002.
11. Lee J, Abdel-Aty M, Choi K. Analysis of residence characteristics
of at-fault drivers in traffic crashes. Saf Sci. 2014;68:6–13. doi:
10.1016/j.ssci.2014.02.019.
12. Tsoutsi V, Dikeos D, Basta M, Papadakaki M. Driving Behaviour
in Depression: Findings from a Driving Simulator Study. Safety.
2019;5(4):70. doi: 10.3390/safety5040070.
13. van der Sluiszen N, Wingen M, Vermeeren A, Vinckenbosch F, Jongen S, Ramaekers JG. Driving Performance of Depressed Patients
who are Untreated or Receive Long-Term Antidepressant (SSRI/SNRI)
Treatment. Pharmacopsychiatry. 2017;50(5):182–8. doi: 10.1055/s-0043111600. [PubMed: 28672405].
14. van der Sluiszen N, Vermeeren A, Jongen S, Vinckenbosch F, Ramaekers JG. Influence of Long-Term Benzodiazepine use on Neurocognitive Skills Related to Driving Performance in Patient Populations:
A Review. Pharmacopsychiatry. 2017;50(5):189–96. doi: 10.1055/s-0043112755. [PubMed: 28675912].
15. Buttiglieri MW, Guenette M. Driving record of neuropsychiatric
patients. J Appl Psychol. 1967;51(2):96–100. doi: 10.1037/h0024474.
[PubMed: 6039347].
16. Parker D, Reason JT, Manstead ASR, Stradling SG. Driving errors, driving violations and accident involvement. Ergonomics. 1995;38(5):1036–
1048. doi: 10.1080/00140139508925170. [PubMed: 29105607].
17. Oreyzi HR, Haghayegh SA. [Psychometric properties of the Manchester driving behavior questionnaire]. Payesh (Health Monitor).
2010;9(1):21–8. Persian.

Arch Neurosci. 2022; 9(4):e127666.

Chohedri E et al.

18. Ranaee Z, Mansouri A, Ghanaei Chamanabad A, Kimiaee SA. The effectiveness of rational emotive behavior group therapy on the executive functions and the irrational beliefs in mothers of children with
attention-deficit/hyperactivity disorder. Educ Res. 2020;15(62):83–98.
19. Kongs SK, Thompson LL, Iverson GL, Heaton RK. Wisconsin card sorting
test-, 64 card version: WCST-64. Florida, USA: PAR Lutz; 2000.
20. Amini Vishteh R, Mirzajani A, Jafarzadehpour E, Darvishpour S. Evaluation of Simple Visual Reaction Time of Different Colored Light
Stimuli in Visually Normal Students. Clin Optom (Auckl). 2019;11:167–
71. doi: 10.2147/OPTO.S236328. [PubMed: 31853208]. [PubMed Central:
PMC6916673].
21. Scott-Parker B, Watson B, King MJ, Hyde MK. The influence of sensitivity to reward and punishment, propensity for sensation seeking,
depression, and anxiety on the risky behaviour of novice drivers:
a path model. Br J Psychol. 2012;103(2):248–67. doi: 10.1111/j.20448295.2011.02069.x. [PubMed: 22506749].
22. Pan Z, Ma H, Zhang L, Wang Y, editors. Depression Detection Based on
Reaction Time and Eye Movement. IEEE International Conference on Image Processing (ICIP). 2019; Taipei, Taiwan. IEEE; 2019. p. 2184–8.
23. Buckley SE, Robinson K, Stapleton T. Driving and depression: Health
professional’s perspectives in Ireland. J Transp Health. 2017;7:235–46.
doi: 10.1016/j.jth.2017.09.003.
24. Kopp B, Maldonado N, Scheffels JF, Hendel M, Lange F. A MetaAnalysis of Relationships between Measures of Wisconsin Card
Sorting and Intelligence. Brain Sci. 2019;9(12). doi: 10.3390/brainsci9120349. [PubMed: 31795503]. [PubMed Central: PMC6956132].

Arch Neurosci. 2022; 9(4):e127666.

25. Lugtenburg A, Oude Voshaar RC, Van Zelst W, Schoevers RA, EnriquezGeppert S, Zuidersma M. The relationship between depression and
executive function and the impact of vascular disease burden
in younger and older adults. Age Ageing. 2017;46(4):697–701. doi:
10.1093/ageing/afx043. [PubMed: 28398458].
26. Miyata A, Iwamoto K, Kawano N, Aleksic B, Ando M, Ebe K, et al. Driving performance of stable outpatients with depression undergoing
real-world treatment. Psychiatry Clin Neurosci. 2018;72(6):399–408. doi:
10.1111/pcn.12648. [PubMed: 29485228].
27. Spreen O, Strauss E. Compendium of neuropsychological tests and norms.
Oxford University Press: New York, USA; 1998.
28. Fu L, Xiang D, Xiao J, Yao L, Wang Y, Xiao L, et al. Reduced Prefrontal
Activation During the Tower of London and Verbal Fluency Task in Patients With Bipolar Depression: A Multi-Channel NIRS Study. Front Psychiatry. 2018;9:214. doi: 10.3389/fpsyt.2018.00214. [PubMed: 29892235].
[PubMed Central: PMC5985469].
29. Luciana M, Collins PF, Olson EA, Schissel AM. Tower of London performance in healthy adolescents: the development of planning skills
and associations with self-reported inattention and impulsivity. Dev
Neuropsychol. 2009;34(4):461–75. doi: 10.1080/87565640902964540.
[PubMed: 20183711]. [PubMed Central: PMC4203700].
30. Moniz M, De Jesus SN, Viseu J, Gonçalves E, Pacheco A, Baptista AS.
Planning Dysfunction in Non-Psychotic Unipolar Depressed Patients:
Assessement by a Computerized Version of the Tower of London Task.
Int J Psychol Stud. 2016;8(1):119. doi: 10.5539/ijps.v8n1p119.

7

