Review

DOI:10.4274/tnd.04875

Driving in Parkinson’s Disease
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Summary
Even though drivers with Parkinson’s disease (PD) are considered at higher for accidents due to associated visual, cognitive impairments as well as sleeping and
movement disorders, no epidemiologic relationship between PD and accidents has been established. However, drivers with PD have been found to cease driving
earlier than healthy controls of similar age. The medical diagnosis or the physician’s evaluation alone is not enough to decide driving fitness in drivers with
PD. Evaluation of movement, cognitive and visual skills and traffic and driving simulation tests help to assess driving performance, however there are no wellestablished and standardized methods and guidelines to determine driver fitness in PD in Turkey or worldwide. Components of driving skills and evaluation of
driving performance in PD along with the description of the status of driving research and assessments in Turkey and proposals to advance driving assessment
in Turkey will be discussed in our manuscript. Developing a standardized evaluation methods and a multidisciplinary decision process for the patients with a
neurodegenerative disease is very important to maintain their safe vehicular mobility for a long time. (Turkish Journal of Neurology 2014; 20:64-71)
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Özet
Parkinsonlu sürücüler yaşadıkları görsel, bilişsel, uyku ve hareket bozukluklarına bağlı olarak kazalar için daha riskli olarak düşünülse de, Parkinson hastalığı (PH)
ile kazalar arasında açık bir epidemiyolojik ilişki henüz ortaya konamamıştır. Ancak, kontrol grubuna göre daha erken sürücülüğü bırakma eğiliminde oldukları
saptanmıştır. Salt tıbbi tanı veya doktor değerlendirmesi PH’da sürücülük yeterliliğine karar vermede yeterli değildir. Hareket, bilişsel ve görsel yetenekleri
değerlendirme, trafik ve sürüş simülasyon testleri PH’da sürücülük performansını anlamaya yardım ederler. Ancak bunun için bizim ülkemizde ve tüm dünyada
yerleşmiş standart bir yaklaşım henüz yoktur. Bu yazıda sürüş yeteneğinin bileşenleri ile PH’da sürücülüğün değerlendirilmesi çalışmalar eşliğinde tartışılacak ve
bizim ülkemizdeki durum ve iyileştirilebilmesi için neler yapılabileceğinin üzerinde durulacaktır. Nörodejeneratif bir hastalığın varlığında hastanın hareketliliğini
ve özgürlüğünü mümkün olan en uzun süreç boyunca temin etme noktasında, standart test yöntemlerin kullanılması ve belli uzmanların oluşturduğu bir ekibin
verdiği doğru değerlendirme ve kararlar çok büyük önem arz etmektedir. (Türk Nöroloji Dergisi 2014; 20:64-71)
Anahtar Kelimeler: Parkinson hastalığı, sürücülük, sürüş testleri

Introduction
Driving is an important daily activity that is required for
personal mobility and independence. The number of people in
society affected by a chronic systemic disease who are over 65
years of age has been increasing. In elderly people with health
problems, particularly those with neurodegenerative disorders
such as Parkinson’s or Alzheimer’s disease, driving capacity may be

disturbed or terminated (1,2). Even though the most salient signs
are of motor origin, Parkinson disease (PD) may affect anatomical
areas ranging from brainstem to neocortex and neurotransmitter
systems, disturbing cognitive, visual, sleep-related and autonomic
functions (3,4,5).
The goal with drivers with PD is to preserve the patient’s
mobility and independence while maintaining traffic security and
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preventing accidents (1,6). The institutions that issue the driver’s
license often consult to healthcare workers about the potential
risks associated with an affected individual’s driving (7). A single
physician’s judgment and conviction on this matter may not
provide an adequate assessment (8). In addition, holding a single
physician responsible for such a decision may disrupt patientdoctor relationship due to the patient’s voluntary omission of
certain clinical information (9). Therefore, healthcare workers
need fair, objective criterion when cooperating with authorities on
assessment of a patient’s suitability for driving (1,7,10).
In retrospective and cross-sectional (7,11,12,13,14,15,16)
and also in prospective (17) studies, Parkinson patients showed
worse performance in traffic (17,18,19,20,21,22,23,24,25,26) and
simulation tests (27,28,29,30,31,32) and had their driver statuses
revoked. Despite the limitations of the retrospective studies, it was
reported that Parkinson patients had higher rates of accidents and
error rates (13,15). Population-based, prospective controlled or
epidemiological studies on this topic, however, failed to confirm
the increased accident rate of Parkinson patients (7,17).
The aim of this paper is to investigate the implications of the
PD-related lesions in driving behavior and to predict the potential
for rehabilitation further ahead of time. In this paper, we try to
answer these questions:
1. Which measurement methods should be employed in a
battery for driving safety?
2. What metrics should be used in these assessments?
3. What are the effective ways of administering these
assessments?
4. In what frequency do drivers need to be re-evaluated for
their suitability to drive?

Cognitive Models of Driving Behavior
A driver’s sociodemographic and clinical characteristics,
environmental conditions, vehicle status and the patient’s
attentional state are taken into consideration when a patient’s
driving performance is evaluated (33).
First, factors related to driver will be discussed. Michon
described three levels of cognitive control in driving behavior
(strategic, tactical and operational) (7,34,35). Driving in
inclement weather or route selection in highway/urban areas are
strategic behaviors in driving. Speed adjustment according to
the traffic flow and sign, inter-vehicle distance adjustment and
overtaking are tactical behaviors because they require an active
use of visual cues and prompt decision-making (36). Staying in
the lane, keeping a safe distance and reacting to possible dangers
are operational behaviors since they are executed automatically
with minimal conscious effort (35). The strategic decision to drive
on a snowy day, combined with high speed or tailgating creates
compromising situations for the driver.
The decline in decision-making capacity due to the executive
function impairment may facilitate faulty strategies and judgment
such as driving in challenging conditions or making difficult

or inappropriate maneuvers. Impairments in attention, visual
perception, memory, executive functions, motor speed and selfevaluation may promote driving errors by preventing safe operation
of the vehicle in the event of sudden dangers.
Numerous researchers showed brain activation during driving
in simulations using MRI, PET or SPECT imaging (37,44).
These studies showed activations in parieto-occipital cortices,
and the connection between perceptual and motor cortical areas
and cerebellum during driving as compared to resting condition
(43,45). Stereotyped behaviors such as turning on the ignition,
making turns, reversing and stopping the vehicle engaged
premotor, parietal and cerebellar areas; unpredictable and
dangerous events like going off the road and obstacle avoidance,
however, activated medial premotor cortex, insula, lateral occipital
and parietal areas. In addition, planning consequent moves and
following vehicles engage more the superior parietal, lateral
occipital cortices and evoke cerebellar activity. Right lateral
prefrontal cortex is responsible for the perception and adherence to
the traffic rules (43). Activation in the frontal, parietal, occipital
and thalamic areas were shown to increase as a function of driving
speed (37,38). Following an unknown course elicits activation
in inferior frontal, middle temporal and occipital cortexes,
cerebellum and parahippocampal gyrus (46). It was also found that
accident rates in the driving simulations (38) and keeping a safe
distance with the car in front were negatively correlates with the
anterior cingulate activity (44). In a study by Maguire et al. on taxi
drivers in London, it was found that hippocampus is detrimental
in interpreting detailed spatial representations and allowing
navigation and path finding in complex spatial layouts (47).
The effects of distractive behaviors such as talking on the
cellular phone, talking to the passengers or eating on driving
capability and brain activity were investigated by Just et al. in a
functional MRI study. The drivers were asked to drive on a winding
road while answering yes/no questions at the same time without
any additional conversation. In these drivers, the vehicle control
was markedly impaired and the parietal lobe activity was reduced
by 37% in the functional MRI scan as compared to the condition
where there were no distractions (4). Since these conversations can
become disruptive especially in drivers with cognitive impairments,
they might affect driving safety and performance negatively.
Alcohol was also shown to impair hippocampus, anterior cingulate
and dorsolateral prefrontal area activity, therefore impairing visual
attention and worsening driving performance significantly (48).

Studies and Theories on Driving in Parkinson’s
Disease
Due to the complex nature of the driving behavior and PD,
numerous assessments to allow comparison with control groups
are needed to evaluate driving skills and possible outcomes. In a
review article in published in 2012, after going over the literature
to that date, Crizzle et al. reported the need for class 1, A level
studies to develop an evidence-based evaluation guideline (49).
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The studies included in this review used fully equipped cars
in traffic tests, driving simulations and a clinical battery. The
clinical battery included demographic properties, general medical
and psychiatric status, sleep, quality of life, driving history and
habits as assessed by Driving Habits Inventory, visual, cognitive
and motor function evaluations. Contrast sensitivity, near and far
vision acuity, spatial and action perception, visual processing speed
tests and Mini-mental test and neuropsychological battery were
used to assess low-level vision, visual attention, visual perception
and cognitive functions (49,50).
Traffic tests are administered on patients when their drugs are
in full effect for ethical reasons. There is no study comparing the
driving performance with or without the drug. This contrast can
only be made in the safe confines of the simulator environment.
Simulators are useful in testing driving behavior in high-risk
conditions whereas traffic tests in fully equipped cars allow for
observations in routine driving conditions.
Even though the goal in driving studies is to predict,
understand and prevent accidents, the applications in real life seem
to be non-trivial (51). The information on real life accidents is
often based on eyewitnesses and the driver’s reports. Most traffic
test studies report error type, frequency, locations and the severity.
As an additional indicator, some studies use a criterion similar to
traffic tests and indicate “safe or dangerous” and “acceptable or
failing”. Security errors such as traffic lane violations are frequent
but low-danger errors sporadically result in accidents. Standard
traffic test may give erroneous results due to the unreliability
of driver assessment, the tests’ bad design or the driver’s safety
(52,53,54). Uç et al. found a mild association between high error
rates and future early-termination of driving (17). In addition,
traffic tests have not been validated for their predictive power for
future actions.

Driver Tests
1. For State Issued Licenses
Experts evaluate driving performance of a prospective driver
from certain aspects and decide whether they can safely operate
a motor vehicle (52). These evaluations involve elements such
as parking, making turns using certain maneuvers, traffic signs
and stop signs. These standardized tests were developed to assess
whether a person should be given a drivers license and not to
evaluate the driving quality of elderly people or people with
debilities due to health conditions.
2. Experimental Traffic Tests
These tests are similar to the state traffic tests but they are
developed specifically for obtaining scientific information on
driving performance and safety of certain demographic and clinical
groups. They can be conducted in traffic (55) or public access
areas (25,56,57) using certain signs, distances and durations.
Experimental traffic tests are sometimes conducted by the driving
instructor in order to evaluate certain aspects of driving. Individual
differences in interpreting the outcome of the experiments can be
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avoided by the use of quantitative tools such as electronic sensors
or hidden cameras. Audio-visual recordings of the driver during
the trip can be replayed to reveal performance details and any
distracting elements like conversations. Studies using traffic tests
and their results are reported below.
Heikkila et al. compared 20 PD patients with age and sexmatched controls in terms of driving performance in traffic
and found that patients and even neurologists overestimate
their driving performance (22). All participants completed the
neuropsychological battery that tests for attention, concentration,
visual perception, response selection and time, and information
processing. Self-assessment forms for driver’s performance, the
tests conducted by a neurologist or psychologist, interviews and
driving test conducted by a driving instructor were used to compare
Parkinson patients to healthy controls and the patients were seen
to perform worse on both the neuropsychological tests and traffic
tests. Driving instructors found 35% of the PD patients to be
dangerous drivers while the neurologists and drivers themselves
did not consider their driving as dangerous. While there was a
significant relationship between the points given by the driving
instructor and the predictions of the psychologist, there were no
relationships between the neurologists’ prediction. All members
of the control group, on the other hand, were found to be safe
drivers by all raters. For both control and the patient group,
there was a very strong relationship between the performance in
the neuropsychological test battery and the driving performance.
Disease duration, motor stages of the disease or Mini-mental
state examination results were not associated with the driving
performance of the Parkinson patients, but the errors observed
during driving test were found to be related to the information
processing. Sluggish visual information processing, age and
L-dopa dosage explained 67% of the variance in the traffic safety
violations (22).
A study by Radford et al., which did not include a control
group, applied an off-road battery and traffic tests to 51 Parkinson
patients and 6 patients were found to be dangerous drivers
according to the instructor due to the severity of their errors. There
was a significant relationship between the driving performance
expressed in points, and attention, memory and information
processing performance (58).
Grace et al., compared the traffic safety rating of 21 PD patients
with an equal number of Alzheimer patients and controls and
found that Alzheimer patients were worse drivers. When compared
to other groups, PD patients had difficulty in maneuvers requiring
neck mobility. The driving performance of the PD patients were
found to be associated with their Hoehn-Yahr (HY) stage, Rey
Osterrieth complex figure drawing test, tracing, Hopkins verbal
learning test scores but not associated with Unified Parkinson’s
disease rating scale (UPDRS) and total motor scores (21).
Wood et al. evaluated 25 PD patients with 21 age-matched
controls in terms of driving performance in open traffic, and found
PD patients to be significantly dangerous drivers. More than half
of PD patients were at a level that would fail a state-regulated
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driving test. While there was a meaningful relationship between
the driving safety scores and disease duration, there were no
relationship with the UPDRS scores which indicated their state
as “open”. Parkinson patients made more errors with lane changes,
lane maintenance, blind-spot checks, reversing, parallel parking
and traffic light intersections as compared to the control group.
The instructors had to interfere more with these patients in order
to prevent accidents (25). Motor performance, contrast sensitivity,
cognitive function tests showed high sensitivity in determining
whether the patients would succeed or fail a driving test.
In a study by Amick et al. that did not include a control group,
25 PD patients without dementia were tested and 11 of them were
found to be either borderline or dangerous drivers. In addition, this
study also found a relationship between bad driving performance,
and contrast sensitivity, visuo-spatial processing and attention.
Executive functions and visuo-spatial functions were also found to
be the biggest risk factors (59).
Classen et al. compared 19 PD patients with 104 healthy
controls in a traffic test and found that 42.1% of the patient group
and 21.2% of the control group failed the test. Among many other
variables, they found that especially the visuo-spatial test had the
strongest predictive relationship with the failure in the test (18).
Uç et al. compared 84 PD patients who are licensed active
drivers with 184 controls in both urban and countryside road using
fully equipped vehicles. Generally PD patients were found to be
worse than the controls but they also showed a large variability,
some of them being completely normal drivers. Lane violations
were found to be the most common one of the errors. Old age, loss
of visual acuity, sluggish visual processing speed, attention, visual
memory and visuo-spatial deficits were the risk factors for high
security error rates. In the follow-up of the study, 38% of the PD
group and 68% of the control group came back for the repetition
of the traffic tests. While PD patients who came for the follow-up
had lower error rates than those who did not, there was no such
difference within the control group. When compared to the control
group, PD group showed higher total error rates. Visual attention,
processing speed and total cognitive state were important factors
for the drivers with PD. In the same study, driving tasks with
navigation, visual search and audio-visual distractors were used
to compare PD patients and controls. It took longer for the PD
patients to follow a path and they made more errors (57).
Using a specially equipped automobile (behavioral and
positional trackers, speed sensors etc.), the drivers were asked to
indicate whether they saw certain targets and traffic signs along
the 4-lane road in order to test their visual search and detection
skills. Drivers with PD detected much fewer targets and traffic
signs and made more errors compared to the control group. In
PD, the biggest predictors of detecting targets and traffic signs
were their visual information processing speed and visuo-spatial
performance. Trail-making test was found to be the only factor for
the security errors independent of the motor functioning.
Another study with the same PD patients and control group
investigated the importance of visual-verbal distractors when

cruising on a 4-lane highway. Parkinson patients were affected
more by the distractors even though they drove slower, made
more security errors and had worse speed regulation. Cognitive
flexibility, verbal memory, balance control and day-time drowsiness
predicted decreased driving performance due to attention loss in
the PD group (23).
Devos et al. compared 40 PD patients and 40 age and sexmatched controls using a off-road battery and driving simulation
test. Among the PD patients, 72.5% were found to be “okay to
drive without restriction”, 27.5% were found to be unsuccessful
(29). A follow-up study using 104 actively driving PD patients
conducted six years after the first study showed that this ratio
was 65% to 35% (61). The biggest causes of failure were the
faulty left turn maneuvers, poor lateral control of the vehicle
during low speeds and inconsistent speed regulation at higher
speeds. A detailed investigation showed that the failing group
had deficits in visual acuity, executive functioning, attention and
motor functioning along with postural imbalance/gait disorders
depending on the subtype of the disease (61). Since individual
testing would be difficult, Devos et al. devised a simple scanning
battery for policlinic use. As a result, a battery that consisted of
disease duration, contrast sensitivity, Clinical Dementia Grading,
and UPDRS motor section constituted the best clinical scanning
battery by classifying PD patients’ driving success with 90%
accuracy. The addition of simulator results further increased the
accuracy (62).
3. Driving Simulation Tests
Driving simulations aim at investigating the types of driving
behavior that is too dangerous to test in real traffic in a controlled
environment where the stimulating elements and response control
can be maintained in a reproducible experimental condition (1).
Among such simulation scenarios, intersections with unexpected
dangers, car pursuit, passing, merging lanes, cell phone and the
use of navigation device can be considered (30,63). The dependent
variables in the driving simulations can be the presence of collision,
obedience of traffic signals, sudden and gradual braking, releasing
the gas pedal on time and acceleration/deceleration (30).
Driving simulations vary in terms of moving versus stationary
ground, interactivity, resolution and field of view. The ones with
low sensitivity have non-interactive, video based desktop PCs
without 3D graphics. Medium sensitivity simulations include
a full size automobile interior but they lack a moving ground.
High sensitivity simulators are frequently capable of simulating
elevation, left/right collision and rolling because of their moving
ground. They are expensive systems that include 3D, multimodal,
tactile, vibrating and vestibular indicators (1).
Even though real automobiles provide richer and more
environmentally valid information about vehicle control during
road tests, driving simulations may still provide complementary
information. Since the drivers know that they will not get hurt
in an accident happening inside the simulator despite the realistic
emulation of a car’s interior and driving conditions, their behaviors
may show important differences (64).
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Another limitation of simulator vehicles is adaptation syndrome
called “simulator sickness” which resembles motion sickness. This
condition is caused by the visual-vestibular mismatch in certain
drivers and may affect performance or even render it impossible.
Avoiding complicated scenarios, sudden, sharp maneuvers and
pre-test practicing may prepare the drivers for the road test (1,65).
Despite all of its known limitations, driving simulation test
is a fast developing field allowing the comparison of driving
performances of different groups. In addition, the lack of
standardization in the technical properties and test designs of the
driving simulators may prevent comparison of the results. The
use of driving simulations in the new driver education and the
rehabilitation of drivers with health problems, such as PD, has
been getting more common (1,65). Driving simulation studies in
PD has been summarized below.
Madeley et al. compared 10 patients with 10 controls and found
that the patients had worse steering control, longer reaction times
and more red-light violations. In a similar study, PD patients were
shown to violate red-lights at earlier ages compared to controls,
had direction errors and longer reaction times (27).
The increased risk of accidents in PD has been proven in
simulation studies. Zesiewicz et al. compared 39 PD patients
with 25 healthy controls in a low sensitivity driving simulation
and found that patients had more accidents. The accident rates
correlated with the severity of motor degradation and Mini-mental
test scores (32). Uç et al. tested a condition where the participants
were following a car that made an unexpected stop at a green light,
and found that people with PD rear-ended the car more often
than the control group. Visual perception impairments, cognitive
decline and UPDRS scores were risk factors for rear-ending (66).
People with PD may have increased risk in conditions where
visibility is compromised, such as foggy weather or darkness.
67 licensed drivers with PD were compared to 51 controls in a
simulation where the weather was foggy and there was a car at
the intersection that is designed to cause an accident. Parkinson
patients’ vehicle control in the foggy conditions was weaker than
the controls as shown by the lateral deviations and lane violations.
Poor visibility conditions affected these variables more severely
for PD patients compared to controls. People with PD had higher
rates of collision at the intersection in the foggy conditions (76.1%
vs. 37.3%). When compared to the controls, it was seen that PD
group had longer reaction times for the sudden evasive reactions
such as pushing the brakes. A multivariate analysis within the PD
group revealed visual attention, cognitive state and UPDRS scores
to be the primary determinants of poor driving performance in the
bad visibility conditions. In the multivariate regression analyses,
the most important factor was the decreased motion detection
as measured by visual perception technique. In the multivariate
analyses, the best predictors of the delayed reaction time were
simple vision and finger tapping tests (30).
Uç et al. investigated the effects of the motor dysfunction
during a task where 31 PD patients and 19 controls were asked to
roll down the windows of the car they were driving on a country
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road in a simulation. People with PD completed the task more
slowly, made more safety errors and loss control of the vehicle more
often. The loss of visuo-spatial function and decreasing UPDRS
daily life activities scores suggested that the decline in driving
security was due to the attentional deficit in PD (31).

Driving in Real Life
There are no clear epidemiological findings on the accident
risk for the PD patients (1). However, a retrospective crosssectional study in a motor disorders center found that 20% of
the PD patients stopped driving as a result of the disorder and
their debilitation went higher as a consequence (13). More severe
(HY stage 1) cases reported twice as more accidents compared to
controls. Three times higher number of accidents were reported by
the patients who had 23 or lower Mini-mental score.
A large-scale email and phone study in Germany showed that
82% of PD patients had licenses and 60% of them still drove
(16). Among the ones who had a license, 15% got involved in
at least one accident in the past 5 years, and 11% of them caused
an accident. There was no control group for this study, but a
qualitative comparison with the German population indicates that
PD patients under 70 were much more likely to be involved in an
accident. Accident risk increased for patients who had mild sleep
disorders, increased daytime sleepiness scores and who reported
“sleep attacks” during driving. The ones who stopped driving were
frequently female and older with more severe or longer lasting
disorders, or those with high sleepiness scale scores (16). Senility
and disruptions in the daily activities were the most distinguishing
clinical factors between active drivers and those who quit driving
(12).
Singh et al. reviewed the records of 154 PD patients referred
to Scottish Driving Evaluation Service by their GPs, specialists
or Driving and Licensing Department over the course of 15 years
(1989-2004). Out of 104 patients, 66% continued to drive but
46 of them needed to switch to automatic cars while 10 of them
needed additional modifications. The predictors of the driving skill
were age, severity of and duration of the disorder, accompanying
conditions such as dementia, and brake reaction and timing in the
simulation tests. There were no significant relationship between
the dose of drug treatment and how long the patient had been
driving (16).
In a prospective cohort study conducted by Uç et al., 106 PD
patients who were active drivers at the time were compared to 130
controls and it was found that the patient group stopped driving
earlier than the controls. It was 17.6% likely that the patients stop
driving after 2 years of diagnosis while this likelihood was 3.1%
for the controls. There were no difference between the groups
in terms of the time and place of the first accident. The factors
that determined the termination of driving in the PD case were
advanced age, preference for another driver, previous history of
accidents, the use of compensatory strategies, decreased driving
frequency, visual and cognitive dysfunctions, increased error rates
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in the traffic tests, and especially daily living activities score and
total daily antiparkinson treatment dosage (17).

Limitations and Aims of the Studies
Even though there is an increasing number of studies on
driving in PD, most of these studies are cross-sectional or
retrospective without any control groups. The sample sizes in most
of these experimental studies were between 20 and 50. In some
studies, the sample size increased up to 80 people. Reliability and
validity of self-reported questionnaires have not been established.
In addition, there is no validation of the driving simulation tests
as opposed to the performance tests conducted in areas closed to
traffic. Off-road testing batteries used by different research centers
have not been standardized. There are no established cut-off points
that could be used to clinically determine suitability for driving.
In addition, it is not practical to use these batteries in clinics or
license issuing centers because of their long duration. Another very
important issue is the lack of consensus on the frequency of retesting. In conclusion, the aims of these studies were to suggest
valid and safe tests that have high predictive power.

Psychiatric Character of Parkinson Disease,
Treatments, Sleep Disorders and Driving
Parkinson disease is associated with psychiatric disorders
such as anxiety, depression, apathy, hallucinations, psychosis
and impulse control impairment. The effect of loss of impulse
control on driving has been shown on general populations (67,68).
Depression, apathy, hallucinations have been associated with
termination of driving and accidents in elderly people (69). There
is need for primarily cognitive and neuropsychological batteries,
and secondarily simulation tests in order to delineate the effects of
the psychiatric character of PD on driving.
There is limited number of studies on the effects of dopaminergic
treatment methods such as Levodopa or direct agonists on driving.
Uç et al. grouped PD patients into L-dopa only, L-dopa and
dopamine agonist together and other treatments, and they failed
to find any difference between the groups in terms of tracking
and safety errors. While there was no relationship between daily
L-dopa (mg) dose and experimental driving performance, it was
found to predict the early termination of driving (17).
Since Frucht et al., reported “sleep attacks” and daytime
sleepiness in PD patients using dopamine agonists such as
ropinirole vs pramipexole, these side effects have been reported
with all dopaminergic drugs used in the treatment of PD
(70,71). Thirty two percent of PD patients had complaints of
daytime sleepiness, 1-14% reported “sleep attacks and 1-4% of
those reported sleep attacks during driving (72). There was no
significant relationship between the daytime sleepiness inventory
scores or risk of falling asleep during driving and the type of
treatment. There was a significantly increased accident risk for
moderate or more severe cases of PD, and those who have increased

sleepiness. In a study that included 1625 patients in France, male
sex, decreased daily living activities and high L-dopa daily dose
had been listed as the risk factors for daytime sleepiness. There
was a significant relationship between speed, attentional deficit
in simulator and traffic tests, and increased sleepiness scores while
there was no significant relationship between driving errors and
other performance variables, and sleepiness.

What Can Be Done in Turkey to Evaluate and
Improve Driving in Parkinson Disease
This issue is regulated by the “Regulations for the health
conditions and medical examinations of driver candidates and
drivers” legislature numbered 26301 from date 09.26.2006. First,
all candidates must undergo a health examination conducted by a
physician or a specialist. The 9th section of the regulation dictates
that “those who have congenital or acquired paresis or paralyses of
the central nervous system (affecting sensory, motor, coordination
and balance) to the extent that will affect their driving behavior
and traffic safety are not eligible to be licensed drivers. Those who
have mild impairments can be issued a license at the discretion
of the neurologist”, which would leave the judgement to the
neurologists. The 8th section of the same legislature states that
these individuals may be given a specially equipped vehicle should
they receive the approval of the physician. The tests required to
assess the driving skills of these individuals, however, do not exist
in our country. The aim should be to compile a battery of suitable
tests by those who involved in testing –such as the neurologist,
psychiatrist, psychologist, driving instructor and therapist and
licensing authority- and to apply this battery to people with
neurodegenerative diseases with frequencies ranging from 6
months to 2 years, providing the maximal daily life independence
and freedom while avoiding safety hazards.
The methods used to assess driving safety in people with
health problems and the requirements of reporting the results of
these assessments to authorities vary in every country. Healthcare
workers must educate themselves on providing information
about drivers with debilitating conditions. Medical diagnosis or a
physician’s opinion by themselves are not sufficient to determine
the adequacy of driving skills in PD. While motor, cognitive and
visual abilities are good evaluations for driving safety in PD, there
are no specific guidelines reported. Depending on the personal
nature of the disease and its varied course, the individuals that
need to be assessed should undergo a careful evaluation conducted
by a driving rehabilitation specialist. Due to the variety and even
conflicting results of the studies investigating the prediction
power of certain tests, license issuing individuals and departments
should exercise caution in determining whether these patients are
eligible to be licensed drivers. Having the progressive nature of
the disease in mind, the starting scores of the individuals at the
onset of the disease should be determined and they should be reevaluated periodically to ascertain the maximum duration of safe
driving.

69

TJN 20; 3: 2014

References
1.

2.
3.
4.
5.

6.
7.

8.

9.

10.
11.
12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

70

Uc EY. Driving in Parkinson’s Disease. In: Pfeiffer RF, Ebadi M, Wszolek ZK,
editors. Parkinson’s Disease, 2nd edition. Boca Raton: Taylor & Francis, 2013.
Chapter 89, pages 1221-1244.
Uc EY, Rizzo M. Driving and neurodegenerative diseases. Curr Neurol Neurosci
Rep 2008;8:377-383.
Bodis-Wollner I. Neuropsychological and perceptual defects in Parkinson’s
disease. Parkinsonism Relat Disord 2003;9(Suppl 2):83-89.
Lang AE, Lozano AM. Parkinson’s disease. First of two parts. N Engl J Med
1998;339:1044-1053.
Uc EY, Rizzo M, Anderson SW, Qian S, Rodnitzky RL, Dawson JD. Visual
dysfunction in Parkinson disease without dementia. Neurology 2005;65:19071913.
Wang CC, Carr DB. Older driver safety: A report from the older drivers project.
J Am Geriatr Soc 2004;52:143-149.
Klimkeit EI, Bradshaw JL, Charlton J, Stolwyk R, Georgiou-Karistianis N.
Driving ability in Parkinson’s disease: Current status of research. Neurosci
Biobehav Rev 2008;33:223-231.
Ott BR, Anthony D, Papandonatos GD, D’Abreu A, Burock J, Curtin A, Wu
CK, Morris JC. Clinician assessment of the driving competence of patients with
dementia. J Am Geriatr Soc 2005;53:829-833.
Bacon D, Fisher RS, Morris JC, Rizzo M, Spanaki MV. American Academy
of Neurology position statement on physician reporting of medical conditions
that may affect driving competence. Neurology 2007;68:1174-1177.
Carvel D. System of renewal of driving licenses for elderly people needs
overhauling. BMJ 2002;324:1154.
Adler G, Rottunda S, Bauer M, et al. The older driver with Parkinson’s disease.
J Gerontol Social Work 2000;34:39-49.
Cubo E, Martinez MP, Gonzalez M, Bergareche A, Campos V, Fernández JM,
Alvárez M, Bayes A What contributes to driving ability in Parkinson’s disease?
Disabil Rehabil 2010;32:374-378.
Dubinsky RM, Gray C, Husted D, Busenbark K, Vetere-Overfield B,
Wiltfong D, Parrish D, Koller WC. Driving in Parkinson’s disease. Neurology
1991;41:517-520.
Lafont S, Laumon B, Helmer C, Dartigues JF, Fabrigoule C. Driving cessation
and self-reported car crashes in older drivers: The impact of cognitive
impairment and dementia in a population-based study. J Geriatr Psychiatry
Neurol 2008;21:171-182.
Meindorfner C, Korner Y, Moller JC, Stiasny-Kolster K, Oertel WH, Krüger
HP. Driving in Parkinson’s disease: Mobility, accidents, and sudden onset of
sleep at the wheel. Mov Disord 2005;20:832-842.
Singh R, Pentland B, Hunter J, Provan F. Parkinson’s disease and driving
ability. J Neurol Neurosurg Psychiatry 2007;78:363-366.
Uc EY, Rizzo M, Johnson AM, Emerson JL, Liu D, Mills ED, Anderson SW,
Dawson JD. Real-life driving outcomes in Parkinson’s disease. Neurology
2011;76:1894-1902.
Classen S, McCarthy DP, Shechtman O, Awadzi KD, Lanford DN, Okun MS,
Rodriguez RL, Romrell J, Bridges S, Kluger B, Fernandez HH. Useful field
of view as a reliable screening measure of driving performance in people with
Parkinson’s disease: Results of a pilot study. Traffic Inj Prev 2009;10:593-598.
Cordell R, Lee HC, Granger A, Vieira B, Lee AH. Driving assessment
in Parkinson’s disease-A novel predictor of performance? Mov Disord
2008;23:1217-1222.
Devos H, Vandenberghe W, Nieuwboer A, Tant M, Baten G, De Weerdt W.
Predictors of fitness to drive in people with Parkinson disease. Neurology
2007;69:1434-1441.
Grace J, Amick MM, D’Abreu A, Festa EK, Heindel WC, Ott BR.
Neuropsychological deficits associated with driving performance in Parkinson’s
and Alzheimer’s disease. J Int Neuropsychol Soc 2005;11:766-775.
Heikkila VM, Turkka J, Korpelainen J, Kallanranta T, Summala H. Decreased
driving ability in people with Parkinson’s disease. J Neurol Neurosurg
Psychiatry 1998;64:325-330.

23. Uc EY, Rizzo M, Anderson SW, Sparks JD, Rodnitzky RL, Dawson JD. Driving
with distraction in Parkinson disease. Neurology 2006;67:1774-1780.
24. Uc EY, Rizzo M, Johnson AM, et al. Longitudinal decline of driving safety in
Parkinson’s disease. Ann Neurol 2009;66(S13):52.
25. Wood JM, Worringham C, Kerr G, Mallon K, Silburn P. Quantitative
assessment of driving performance in Parkinson’s disease. J Neurol Neurosurg
Psychiatry 2005;76:176-180.
26. Worringham CJ, Wood JM, Kerr GK, Silbum PA. Predictors of driving
assessment outcome in Parkinson’s disease. Mov Disord 2006;21:230-235.
27. Madeley P, Hulley JL, Wildgust H, Mindham RH. Parkinson’s disease and
driving ability. J Neurol Neurosurg Psychiatry 1990;53:580-582.
28. Stolwyk RJ, Triggs TJ, Charlton JL, Iansek R, Bradshaw JL. Impact of internal
versus external cueing on driving performance in people with Parkinson’s
disease. Mov Disord 2005;20:846-857.
29. Stolwyk RJ, Triggs TJ, Charlton JL, Moss S, Iansek R, Bradshaw JL. Effect of
a concurrent task on driving performance in people with Parkinson’s disease.
Mov Disord 2006;21:2096-2100.
30. Uc EY, Rizzo M, Anderson SW, Dastrup E, Sparks JD, Dawson JD. Driving
under low contrast visibility conditions in Parkinson disease. Neurology
2009;73:1103-1110.
31. Uc EY, Rizzo M, Sparks J, et al. Effect of concomitant motor task on driving in
Parkinson disease. Mov Disord 2006;21:S580.
32. Zesiewicz TA, Cimino CR, Malek AR, Gardner N, Leaverton PL, Dunne PB,
Hauser RA. Driving safety in Parkinson’s disease. Neurology 2002;59:17871788.
33. Galski T, Bruno RL, Ehle HT. Driving after cerebral damage: A model with
implications for evaluation. Am J Occup Ther 1992;46:324-332.
34. Michon JA. A critical view of driver behavior models: What do we know, what
should we do? In: Evans L, Schwing RC, eds. Human Behavior and Traffic
Safety. New York: Plenum, 1985, pp.485-520.
35. Ranney TA, Harbluk JL, Noy YI. Effects of voice technology on test track
driving performance: Implications for driver distraction. Hum Factors
2005;47:439-454.
36. Brookhuis KA, de Waard D, Mulder B. Measuring driving performance by carfollowing in traffic. Ergonomics 1994;37:427-434.
37. Calhoun VD, Pekar JJ, McGinty VB, Adali T, Watson TD, Pearlson GD.
Different activation dynamics in multiple neural systems during simulated
driving. Hum Brain Mapp 2002;16:158-167.
38. Horikawa E, Okamura N, Tashiro M, Sakurada Y, Maruyama M, Arai H,
Yamaguchi K, Sasaki H, Yanai K, Itoh M. The neural correlates of driving
performance identified using positron emission tomography. Brain Cogn
2005;58:166-171.
39. Jeong M, Tashiro M, Singh LN, Yamaguchi K, Horikawa E, Miyake M,
Watanuki S, Iwata R, Fukuda H, Takahashi Y, Itoh M. Functional brain
mapping of actual car-driving using [18F] FDG-PET. Ann Nucl Med
2006;20:623-628.
40. Just MA, Keller TA, Cynkar J. A decrease in brain activation associated with
driving when listening to someone speak. Brain Res 2008;1205:70-80.
41. Maguire EA, Frackowiak RS, Frith CD. Recalling routes around London:
Activation of the right hippocampus in taxi drivers. J Neurosci 1997;17:71037110.
42. Ott BR, Heindel WC, Whelihan WM, Caron MD, Piatt AL, Noto RB. A
single-photon emission computed tomography imaging study of driving
impairment in patients with Alzheimer’s disease. Dement Geriatr Cogn Disord
2000;11:153-160.
43. Spiers HJ, Maguire EA. Neural substrates of driving behavior. Neuroimage
2007;36:245-255.
44. Uchiyama Y, Ebe K, Kozato A, Okada T, Sadato N. The neural substrates of
driving at a safe distance: A functional MRI study. Neurosci Lett 2003;352:199202.
45. Meda SA, Calhoun VD, Astur RS, Turner BM, Ruopp K, Pearlson GD. Alcohol
dose effects on brain circuits during simulated driving: An fMRI study. Hum
Brain Mapp 2009;30:1257-1270.

Özdilek et al; Driving in Parkinson’s Disease

46. Mader M, Bresges A, Topal R, Busse A, Forsting M, Gizewski ER. Simulated
car driving in fMRI—Cerebral activation patterns driving an unfamiliar and a
familiar route. Neurosci Lett 2009;464:222-227.
47. Maguire EA, Woollett K, Spiers, HJ. London taxi drivers and bus drivers: A
structural MRI and neuropsychological analysis. Hippocampus 2006;16:10911101.
48. Allen AJ, Meda SA, Skudlarski P, Calhoun VD, Astur R, Ruopp KC, Pearlson
GD. Effects of alcohol on performance on a distraction task during simulated
driving. Alcohol Clin Exp Res 2009;33:617-625.
49. Crizzle AM, Classen S, Uc EY. Parkinson disease and driving: an evidence-based
review. Neurology 2012;79:2067-2074.
50. Edwards JD, Ross LA, Wadley VG, Clay OJ, Crowe M, Roenker DL, Ball
KK. The useful field of view test: Normative data for older adults. Arch Clin
Neuropsychol 2006;21:275-286.
51. McLaughlin SB, Hankey JM, Dingus TA. A method for evaluating collision
avoidance systems using naturalistic driving data. Accid Anal Prev 2008;40:8-16.
52. De Raedt R, Ponjaert-Kristoffersen I. Predicting at-fault car accidents of older
drivers. Accid Anal Prev 2001;33:809-819.
53. Di Stefano M, Macdonald W. Assessment of older drivers: Relationships among
on-road errors, medical conditions and test outcome. J Safety Res 2003;34:415429.
54. Kay L, Bundy A, Clemson L, Jolly N. Validity and reliability of the on-road
driving assessment with senior drivers. Accid Anal Prev 2008;40:751-759.
55. Chaparro A, Wood JM, Carberry T. Effects of age and auditory and visual dual
tasks on closed-road driving performance. Optom Vis Sci 2005;82:747-754.
56. Hunt LA, Murphy CF, Carr D, Duchek JM, Buckles V, Morris JC. Reliability
of the Washington University Road Test. A performance-based assessment for
drivers with dementia of the Alzheimer type. Arch Neurol 1997;54:707-712.
57. Uc EY, Rizzo M, Johnson AM, Dastrup E, Anderson SW, Dawson JD. Road
safety in drivers with Parkinson disease. Neurology 2009;73:2112-2119.
58. Radford K, Lincoln N, Lennox G. The effects of cognitive abilities on driving in
people with Parkinson’s disease. Disabil Rehabil 2004;26:65-70.
59. Amick MM, Grace J, Ott BR. Visual and cognitive predictors of driving safety
in Parkinson’s disease patients. Arch Clin Neuropsychol 2007;22:957-967.
60. Uc EY, Rizzo M, Anderson SW, Sparks JD, Rodnitzky RL, Dawson JD. Impaired
navigation in drivers with Parkinson’s disease. Brain 2007;130:2433-2440.

61. Devos H, Vandenberghe W, Tant M, Akinwuntan AE, De Weerdt W,
Nieuwboer A, Uc EY. Driving and off-road impairments underlying failure on
road testing in Parkinson’s disease. Mov Disord 2013;28:1949-1956.
62. Devos H, Vandenberghe W, Nieuwboer A, Tant M, De Weerdt W, Dawson JD,
Uc EY. Validation of a screening battery to predict driving fitness in people
with Parkinson’ s disease. Mov Disord 2013;28:671-674.
63. Strayer DL, Drews FA, Crouch DJ. A comparison of the cell phone driver and
the drunk driver. Hum Factors 2006;48:381-391.
64. Dawson JD, Rizzo M, Anderson SW, et al. Collision avoidance training using a
driving simulator in drivers with Parkinson’s disease: A pilot study. In: Boyle
LN, Lee JD, McGehee DV, Rizzo M, eds. Proceedings of Driving Assessment:
The Fifth International Driving Symposium on Human Factors in Driver
Assessment, Training and Vehicle Design. Iowa City, Iowa: University of Iowa,
June 24, 2009: pp.154-160.
65. Uc EY, Rizzo M, Liu D, et al. Increased rear-end collisions in drivers with
Parkinson’s disease. Mov Disord 2009;24:S315.
66. Uc EY, Rizzo M. Driving in Alzheimer’s disease, Parkinson’s disease, and
stroke. In: Fisher D, Lee JD, Caird J et al. eds. Handbook of Driving Simulation
in Engineering, Medicine and Psychology. Boca Raton, FL: Taylor & Francis,
2009 (in press).
67. Aarsland D, Marsh L, Schrag A. Neuropsychiatric symptoms in Parkinson’s
disease. Mov Disord 2009;24:2175-2186.
68. Evans AH, Strafella AP, Weintraub D, Stacy M. Impulsive and compulsive
behaviors in Parkinson’s disease. Mov Disord 2009;24:1561-1570.
69. Keay L, Munoz B, Turano KA, Hassan SE, Munro CA, Duncan DD, Baldwin
K, Jasti S, Gower EW, West SK. Visual and cognitive deficits predict stopping
or restricting driving: The Salisbury Eye Evaluation Driving Study (SEEDS).
Invest Ophthalmol Vis Sci 2009;50:107-113.
70. Frucht S, Roger JD, Greene PE, Gordon MF, Fahn S. Falling asleep at the
wheel: Motor vehicle mishaps in persons taking pramipexole and ropinirole.
Neurology 1999;52:1908-1910.
71. Comella CL. Daytime sleepiness, agonist therapy, and driving in Parkinson
disease. JAMA 2002;287:509-511.
72. De Cock VC, Vidailhet M, Arnulf I. Sleep disturbances in patients with
Parkinsonism. Nat Clin Pract Neurol 2008;4:254-266.

71

