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Abstract

Cognitive dysfunctions such as memory, attention, and orientation may occur in many disease entities, including those 
not included in the sphere of mental disorders. Their presence can significantly affect the ability to drive vehicles and road 
safety. The literature on the subject is dominated by studies assessing the functioning on the road of people driving vehicles 
with diagnosed cognitive disorders of various aetiologies. It is natural to divide them into disorders resulting from the pa-
thology of the central nervous system and cognitive dysfunctions present in the course of typically somatic diseases. Assess-
ment of identified abnormalities usually involves several stages, but the most documented method of evaluating disorders is 
neuropsychological examination. 

Streszczenie

Zaburzenia funkcji poznawczych, takich jak pamięć, uwaga, orientacja, mogą występować w wielu jednostkach chorobo-
wych, również niezaliczanych do sfery zaburzeń psychicznych. Ich obecność może istotnie rzutować na zdolność do prowa-
dzenia pojazdów oraz bezpieczeństwo na drodze. W piśmiennictwie przeważają badania oceniające funkcjonowanie na dro-
dze osób kierujących pojazdami, u których stwierdzono zaburzenia poznawcze o różnej etiologii. Naturalny jest podział na 
zaburzenia wynikające z patologii ośrodkowego układu nerwowego oraz dysfunkcje kognitywne obecne w przebiegu scho-
rzeń typowo somatycznych. Ocena stwierdzanych nieprawidłowości jest zazwyczaj kilkuetapowa, ale najbardziej potwier-
dzonym w badaniach sposobem ewaluacji zaburzeń jest badanie neuropsychologiczne.

Introduction

Driving a  vehicle requires the driver to have not 
only the necessary knowledge of road traffic law and 
appropriate skills, but also good physical and mental 
health. Meeting the minimum health criteria is neces-
sary so that a person driving motor vehicles can do it 
in a safe way for him/herself and other road users. In 
Poland, the current health requirements for the health 
condition of applicants or drivers of vehicles have 
been defined in relevant legal acts systematically up-
dated and adapted to the requirements in force in Eu-
ropean Union countries. Taking into account the legal 
status in the field of medical examinations of candi-
dates for drivers and drivers, the necessary knowledge 
necessary to properly conduct the examination should 

also be available to a  doctor authorized to perform 
these examinations. Based on the medical history and 
physical examination, it is necessary to assess whether 
the examined person has any mental disorders that 
may constitute a contraindication to driving. One of 
the aspects of this assessment is the identification of 
cognitive disorders of various aetiologies. The causes 
of organic brain damage manifested by disorders of 
cognitive functions include the following: vascular 
brain damage, brain tumours, craniocerebral injuries, 
dementia syndromes, Parkinson’s disease, and sec-
ondary dysfunctions caused by somatic diseases. In 
order to analyse the issue being the subject of the ar-
ticle, a literature review was carried out using scientifi-
cally recognized online medical databases: Pub Med, 
Google Scholar, and Polish Medical Bibliography.  
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The  following keywords were used for the search: 
driver research, cognitive functions, mental disorders, 
psychological tests, driving safety. 

Definition and types of research  
on cognitive functions

Cognitive functions are those mental activities 
that help people to gain orientation in the environ-
ment, to obtain information about themselves and 
their body, to analyse situations, formulate conclu-
sions, and make the right decisions and take appro-
priate actions. They include perceptual processes 
(impressions, perceptions), attention, learning, mem-
ory, thought, and language processes (speech and 
language) [1].

Methods for studying cognitive function include 
neurophysiological and neuropsychological studies. 
The first are objective methods, which include the 
following: visual or auditory evoked potentials, nerve 
conduction, brain mapping, functional magnetic res-
onance imaging, spectroscopy, and positron emission 
tomography. Neuropsychological methods allow for 
a more detailed functional assessment, they are useful 
in determining the type and degree of disorders. De-
tailed test methods are usually preceded by a screen-
ing test. The screening tests are, for example, the Mini 
Mental State Examination (MMSE), the Clock Draw-
ing Test, and the Short Mental State Test [2].

Cognitive disorders and the ability to drive 
vehicles in selected diseases of the central 
nervous system

The literature review shows that the authors are 
very interested in mental disorders in which the im-
pairment of cognitive functions is one of the symp-
toms of nervous system diseases.

The first (which seems to be understandable) and 
most common is dementia syndrome. Dementia is 
a symptom complex caused by a brain disease in which 
higher cortical functions such as memory, thinking, 
orientation, understanding, counting, learning, and 
language are impaired. Dementia is most often Al-
zheimer’s disease, but also vascular dementia, Lewy 
body dementia, or frontotemporal dementia. They 
represent a significant risk factor in relation to driving 
a  car. The necessity to develop a  strategy for assess-
ing the fitness to drive is therefore an unquestionable 
necessity. Three types of assessment are most often 
used as test elements: clinical history, neuropsycho-
logical tests, and driving simulators. It seems that the 
neuropsychological assessment may play the most 
important role, and it has not been demonstrated 
that the 3 types of assessment combined significantly 
exceed the value of the neuropsychological exami-
nation [3]. A diagnosis of dementia may suggest the 
ultimate need to give up driving, but patients differ 

significantly in terms of the course of the disease. An 
attempt to identify factors relevant to driving ability 
was undertaken in a 2018 study. Both baseline disease 
characteristics and changes in cognitive function over 
time were taken into account as indicators of the dis-
ease trajectory. The study involved 979 patients from 
9 clinics in Australia diagnosed with dementia. Of the 
247 patients who were still driving at the start of the 
study, 147 (59.5%) had discontinued driving during 
the study. Variables predicting driving discontinua-
tion included the following: older age, female gender, 
greater severity of dementia and early cognitive and 
executive impairment, and greater increase in de-
mentia and cognitive and executive impairment over 
3 and 6 months. The obtained data support the the-
sis that the changes that can be assessed during the 
examination of cognitive functions, to some extent, 
allow us to predict the future mental state and driving 
ability in the perspective of several years [4].

As the number of patients with Alzheimer’s Dis-
ease (AD), the most common form of dementia, grows, 
and so does the number of patients driving a  car, it 
becomes necessary to evaluate each patient for their 
ability to drive. The above-mentioned 3 predictors 
of driving ability were also used in a  Dutch study 
involving 81 AD patients and 45 healthy people. All 
of them participated in a clinical interview and were 
examined with a battery of neuropsychological tests 
and a simulator driving test. The driving ability crite-
rion was determined in the road driving assessment 
by experts of the CBR testing organization in accor-
dance with their official protocol. All 3 types of rat-
ings were found to predict road performance. The 
neuropsychological assessment showed the highest 
value, followed by simulator driving, and clinical in-
terview [5]. In addition to diseases manifested by the 
symptoms of dementia, a  separate category is mild 
cognitive impairment (MCI), which comprises a  set 
of clinical symptoms, mainly memory disorders, at 
risk of developing Alzheimer’s disease. People with 
MCI may also require an assessment of driving abil-
ity, although few studies have addressed the problem 
of driving predictors among people with MCI. This 
topic was also taken up by Australian authors, who as-
sessed the cognitive performance of 185 MCI patients 
and their ability to drive vehicles at regular intervals 
over 3 years. Of the 144 people who drove at the start 
of the study, 50 (27%) had stopped driving the car 
during the test. Older age, greater cognitive and func-
tional impairment, and a greater decline in cognitive 
and functional functions after 6 months predicted 
discontinuation of driving. Twenty-nine (58%) out of 
50 people who stopped driving were diagnosed with 
dementia during the study; all but one stopped driv-
ing after being diagnosed with dementia. Thus, a sig-
nificant percentage of people diagnosed with MCI 
stop driving within the next 3 years [6]. 
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The databases contain quite a  large number of 
works on driving by people with severe acquired 
brain damage. They focus on finding tools, in particu-
lar neuropsychological tests, with predictive value for 
a safe return to driving. The resumption of driving is 
perceived by patients as the main need because it is 
closely related to personal autonomy, work, and social 
activity. In a 2018 study, a battery of neuropsychologi-
cal tests assessed 127 unstable patients with a history 
of brain injury, well integrated at the family and social 
level, at least 1 year after the completion of intensive 
rehabilitation. The studies assessed the efficiency of 
cognitive functions, then analysed them in relation 
to the requirements for driving tests. The test results 
were found to be significantly correlated with the 
driving license test result, even though there is insuf-
ficient evidence of the relative value of non-road com-
pared to direct on-road tests. The authors proposed 
a “small battery of neuropsychological tests” in order 
to screen patients for possible dangers on the road [7].

A similar conclusion was formulated in the 2016 
study. The relationship between the results of cogni-
tive tests and the assessment of driving on the road 
in a sample of people with traumatic brain injury was 
assessed. Cognitive tests were predictors of road driv-
ing performance, but researchers concluded that the 
mere presence of brain damage is a stronger indicator, 
although further research on this issue was also sug-
gested [8]. Similar results were obtained in 2011; more-
over, the relationship between the ability to drive ve-
hicles and the awareness of existing cognitive deficits 
was found [9]. The problem of acquired brain injury is 
also related to the problem of assessing the ability to 
drive vehicles of people after stroke. Two studies that 
can be found on this issue again focus on the issue of 
neuropsychological tests relevant to the study of iden-
tified cognitive deficits. The first of them, based on the 
analysis of databases since 1966, indicates the follow-
ing tests: the Trail Making Test and the Rey-Osterreith 
Complex Figure Design. Both of these tests assess mul-
tiple cognitive domains related to driving and appear 
to have the best reproducibility in predicting driv-
ing ability in stroke patients [10]. The second study 
describes a  battery of tests called the Nordic Stroke 
Driver Screening Assessment (NorSDSA), which was 
intended to predict the result of a  road test among 
people who had had a  stroke. However, the final re-
sults did not confirm the usefulness of the test in this 
respect [11].

Several studies in databases deal with the prob-
lem of cognitive impairment and, consequently, the 
ability to drive vehicles among people suffering from 
multiple sclerosis. Cognitive impairment is common 
in this patient population and, together with reduced 
mobility, should be carefully assessed. One study re-
cruited people aged 18–59 years with multiple scle-
rosis. Cognitive performance was assessed using the 

minimal cognitive assessment battery. A formal road 
driving assessment was also carried out. Statistical 
analysis examined the relationship between driv-
ing ability (positive/negative) and the results of the 
neuropsychological test (normal/impaired). Of the 
36 respondents, 8 (22.2%) were unable to drive. This 
result suggests that in patients with multiple sclerosis, 
the finding of reduced cognitive performance should 
prompt clinicians to conduct an in-depth neuropsy-
chological assessment [12]. Other studies indicate the 
need for an initial assessment of the cognitive func-
tions of people suffering from multiple sclerosis as 
a  basis for further, in-depth diagnostics [13]. All au-
thors also agree with the statement that the results of 
cognitive tests in the study of people suffering from 
multiple sclerosis are a predictor of driving safety [14].

Parkinson’s disease (PD) is a neurodegenerative dis-
order that can also affect the ability to drive. In a 2015 
study involving 99 patients, a dichotomous decision – 
pass/fail – was adopted using road assessment as the 
gold standard. The on-road assessment also identified 
possible additional assessments – positive with recom-
mendations or irreparable. It thus highlighted the pos-
sibility of interventions aimed at improving their driv-
ing ability. Evaluating the tests – Making Trail Test B, 
Left Finger to Nose Test, and Contrast Sensitivity Mea-
sures were identified as significant predictors of sub-
group transition. However, no significant predictors 
were identified for the subgroup, the negative result of 
which could be changed by actions improving cogni-
tive functions [15].

This assessment was also made in a Spanish study 
on the possibility of people with PD to pass an exam 
in the law. The study included 37 patients and a con-
trol group of 33 people. Patients with an MMSE test 
result below 24 points, suggesting cognitive impair-
ment, were excluded from the study. A number of neu-
ropsychological tests were used – the point matching 
test, the block design test, driving performance tests, 
and daytime sleepiness tests. There were no signifi-
cant differences in anticipation speed, multiple reac-
tion time, attention span, and resistance to monotony. 
All participants successfully completed the daytime 
sleepiness tests. On the other hand, statistically sig-
nificant differences were found between PD patients 
and the control group in terms of the speed of infor-
mation processing; more patients with PD revealed 
a higher level of driving risk. In addition, PD patients 
had poorer visual-spatial abilities. The authors, taking 
into account the revealed differences, concluded that 
patients with PD should undergo a thorough neuro-
psychological assessment also in the early stages of the 
disease [16]. In the next study, participants – 19 peo-
ple with PD and a control group of 21 – underwent 
a 45-minute road test in which they were assessed by 
a  driving instructor and a  second experimenter. To 
separate ‘risky’ drivers from ‘safe’ drivers, a compos-
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ite driving index was calculated based on the result of 
the driving test to assess their practical suitability for 
driving. Eight drivers, all diagnosed with PD, were as-
sessed as “threatening”. Both categories of drivers also 
distinguished the results of neuropsychological tests 
assessing cognitive functions in the group of drivers 
with PD [17].

Another clinical problem is the assessment of 
cognitive performance among people with a history 
of current or past abuse of psychoactive substances. 
Australian authors emphasize the need to meet the 
guidelines for remission of disorders and the lack of 
cognitive changes when considering applications for 
reissue of a  driver’s license. Assessing the fitness to 
drive for substance misuse and/or substance use dis-
orders is a complex issue that requires the assessment 
of biomarkers, clinical outcomes, and clinical evalua-
tion before returning to driving. The authors point to 
standardized psychological tests, which must be one 
of the elements of clinical evaluation [18].

Individual publications also concern other dis-
orders of the mental sphere, in which an important 
element may be cognitive impairment. The study 
from 2019 presents the problem of the attention and 
behaviour function of a  driver with a  diagnosed at-
tention deficit hyperactivity disorder (ADHD). In the 
study, apart from using a driving simulator, a comput-
erized measurement of attention was carried out as 
a key symptom of the above dysfunction. In the en-
tire study group of 87 people (16 people with ADHD, 
71  healthy people), the speed of thinking was asso-
ciated with the average and maximum throttle pres-
sure and the maximum speed of travel. The findings 
confirmed previous studies showing the detrimental 
effect of increased impulsivity and attention disorders 
on driving safety [19]. A similar problem of mental 
disorders among young people, concerning autism 
and their ability to drive, was undertaken in 2018. 
A  retrospective cohort study was conducted involv-
ing 52,172 New Jersey residents born between 1987 
and 1995 who had been patients at The Hospital of 
Philadelphia health care network for at least 12 years; 
609  (1.2%) were diagnosed with ASD (Autism Spec-
trum Disorders). One in 3 adolescents with ASD ob-
tained a  driving license, compared with 83.5% for 
other adolescents, with the median being 9.2 months 
later. The vast majority (89.7%) of people with ASD 
who obtained a permit and were fully eligible for a li-
cense acquired a license within 2 years [20]. 

Cognitive dysfunctions and the ability  
to drive in selected somatic diseases

Cognitive dysfunctions occurring in somatic dis-
eases have been the subject of interest of many research 
groups in recent years. We would like to mention the 
most frequently identified and described ones, being 
aware that the catalogue of discussed problems could 

be much broader. These certainly include metabolic 
disorders, especially diabetes. According to various 
authors, the presence of diabetes symptoms may in-
crease the risk of cognitive disorders and the dementia 
process by several times. This risk is increased by the 
early onset of diabetes symptoms, its duration, and the 
degree of disease control. The speed of cognitive pro-
cesses, especially attention and executive functions, 
is most often impaired. Moreover, in type 2 diabetes, 
impairment of verbal and visual-spatial memory and 
thinking flexibility are observed [21].

According to the WHO, arterial hypertension 
ranks third among the causes of death in the general 
population. Elevated blood pressure is associated with 
the risk of cerebrovascular accidents, followed by cog-
nitive impairment up to the development of dementia. 
Deterioration of cognitive functions is more intense 
among the elderly, although a  decrease in cognitive 
performance was also observed among people up to 
30 years of age. A higher value of systolic blood pres-
sure is significantly associated with weaker scores on 
the Wechsler Intelligence Test of Wordless Scale. Clin-
ical symptoms of cognitive dysfunction are related 
to the stage of disease severity. Memory impairment, 
executive function disorders, and attention disorders 
are observed, with the ability to function properly in 
everyday life. A similar deficit can also be observed in 
patients with ischaemic heart disease, and in this case 
disorders of the frontal functions – working memory 
– are also described [21].

An important but poorly understood issue is the 
assessment of cognitive functions both in the periop-
erative and postoperative periods in patients under-
going cardiac surgery. This study focuses on 2 aspects: 
deterioration of cognitive functions due to periproce-
dural impaired blood supply to the CNS and their po-
tential improvement resulting from haemodynamic 
improvement after the procedure [22].

Cognitive functioning is also one of the essential 
elements in the course of the disease and treatment 
process in patients with respiratory dysfunction. In 
this case, the assessment of the efficiency of cognitive 
functions is also related to the degree of independence 
of the patient, including the ability to drive vehicles. 
Cognitive decline occurs in approximately 20% of 
patients with chronic obstructive pulmonary disease 
(COPD) and is believed to be associated with chron-
ic hypoxia leading to brain dysfunction. Above all, 
hand-eye coordination, verbal fluency, memory pro-
cesses, and concentration of attention are weakened. 
Similar deficits may occur in patients with asthma. It 
should also be added that many medications used in 
allergic diseases are excessively sedating, which may 
impair cognitive performance. Excessive daytime 
sleepiness also contributes to cognitive dysfunction 
in patients with obstructive sleep apnoea (OSA). Ob-
structive sleep apnoea affects everyday social func-
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tioning and increases the risk of accidents at work 
and road accidents. A particularly moderate or severe 
form of the disease may lead to impaired memory, at-
tention, and thinking. Hence, in the current regula-
tions on driver testing, a  significant role is attached 
to the detection and appropriate treatment of drivers 
with OSA. Hypoxia during sleep causes sympathetic 
nervous system tension, which adversely affects the 
circulatory system. Therefore, these people are more 
likely to suffer from heart rhythm disturbances and 
hypertension than the control group, and they also 
have a higher risk of heart attack and stroke. The oc-
currence of these ailments while driving may have 
a direct impact on the increased risk of a  road acci-
dent [23, 24].

Cerebral atrophy, leading to cognitive dysfunc-
tion, is a  common problem among people suffering 
from chronic renal failure. Cognitive disorders in 
the disease worsen with the successive stages of renal 
failure. The risk of developing dementia is 2–7 times 
higher in patients than in the general population. 
MMSE studies show that every fifth dialysis patient 
has mild cognitive impairment, and dementia is 
seen in 11%. Cognitive disorders may exacerbate and 
sometimes mimic the symptoms of depression, also 
common in this group of patients [21].

Rheumatoid arthritis is a  chronic, inflammatory, 
immune-mediated disease of connective tissue char-
acterized by symmetrical arthritis and numerous 
extra-articular and systemic symptoms. One of the 
many complications of the disease are cognitive dis-
orders caused by severe mood disorders, especially 
depressive ones, as well as symptoms of the disease, 
especially pain, and side effects of pharmacotherapy, 
especially chronic steroid therapy. The described de-
crease in cognitive performance in this group con-
cerns verbal fluency, declarative memory, and eye-
hand coordination. Similar cognitive disorders in the 
course of systemic lupus erythematosus are also de-
scribed in the literature [21].

It has also been shown that thyroid diseases, both 
hyperthyroidism and hypothyroidism, are associated 
with specific changes in the functioning of the cen-
tral nervous system, which may result in disturbances 
in attention, reaction speed, memory, and informa-
tion processing [25]. Previous studies show that even 
slight thyroid dysfunction is associated with changes 
in mood and cognitive dysfunction [26]. Cognitive 
impairment in hyperthyroidism in the course of 
Graves’ disease may sometimes require psychiatric 
and psychological intervention. It seems that when 
examining candidates for drivers and drivers, in the 
case of diagnosing thyroid diseases, particular atten-
tion should be paid to the mental state of the respond-
ents, because unbalanced hormonal disorders may 
significantly affect the ability to drive both in terms of 
cognitive functions and mood disorders [27].

In conclusion, it is also worth mentioning that, in 
addition to the diseases described above, the ability to 
drive in terms of cognitive performance can also po-
tentially be affected by medications taken by drivers. 
Taking many medications prevents or limits the abil-
ity to drive by affecting the central nervous system, 
especially by slowing down the cognitive processes. 
Particular attention should be paid to hypnotics, 
anxiolytics, antidepressants, analgesics, and antihis-
tamines. A physician authorized to examine drivers, 
in the event of a  suspicion that the medicinal prod-
ucts used by the examined person may reduce the 
ability to drive, should order a  full psychological or 
neuropsychological examination [24].

Summary

In the legal system in force in Poland, the assess-
ment of the mental state of a  person applying for 
a  driving license or a  driver is the responsibility of 
a doctor authorized to examine drivers. In many dis-
ease entities, one of the symptoms or complications 
may be disturbances of cognitive functions, affecting 
the ability to drive vehicles. This applies to both dis-
eases that are primarily central nervous system dys-
functions and secondary complications of typically 
somatic disorders. The assessment of the efficiency of 
cognitive functions is undoubtedly an important ele-
ment of a medical examination. As part of in-depth 
diagnostics, the neuropsychological examination in 
particular, on the basis of the analysed studies, has 
the greatest value in carrying out such an assess-
ment and forecasting driving skills. It also seems that 
some psychological tests, due to their availability and 
simplicity, may be used for the initial assessment of 
cognitive disorders, e.g. the Mini Mental State Exami-
nation (MMSE) [28]. Any decision on the existence 
of contraindications to driving must be the result of 
in-depth diagnostics, and each time is individual, 
resulting from the course of the disease and identi-
fied dysfunctions. Cooperation between a doctor and 
a psychologist seems to be an indispensable element 
of the adjudication procedure.
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