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Abstract
Background: Physicians are usually at the forefront when the issue of driving ability is raised by Parkinson’s disease
(PD) patients or their family members, even though few have been formally trained in this area.
Objectives and methods: To identify relevant literature on driving assessment tools in patients with PD by
performing a systematic review on this subject in order to provide background information for physicians on what
types of driving assessment are available, and to delineate the role of physicians in providing fitness to drive
recommendations.
Results: Of 1,490 abstracts screened, 55 articles fulfilled the selection criteria that investigated assessment of driving
ability in PD patients with questionnaires, off-road testing battery, driving simulators, and driving skill tests (on-road
tests and naturalistic driving test). Despite different methodology across studies, PD patients were observed to
commit more driving errors than controls. Poor driving performance correlated with motor, visual, and cognitive
severity. Excessive daytime somnolence was common in PD drivers and the presence of falling asleep while driving
was identified to be a significant predictor of car accidents.
Conclusion: Although the evidence indicated more driving errors among PD drivers as identified by various
assessment tools, the extent on how physicians should be involved in the evaluation process and make related
recommendations remain unclear. Driving safety is an important public health issue in PD that needs better-defined
specific legal and medical guidelines. National guidelines that establish risk assessment protocols involving
multidisciplinary assessments are needed to assist physicians in making appropriate referrals for additional
evaluations and recommendations when patients are deemed to be unsafe drivers.
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Introduction
Driving a motor vehicle is a complex task that requires
cognitive functions for decision-making and multi-level
integration of sensory, motor, and cortical functions.
Parkinson’s disease (PD) patients have impairment in
both motor and cognitive ability that could lead to poor
driving performance. Driving competence is, therefore,
of great concern to PD patients, their families, healthcare professionals, and those with the responsibility of
promoting and protecting public safety. As driving is an
important activity of daily living for PD patients who
rely on a vehicle for shopping and medical appointments, determination of driving competency in PD is
essential and this determination requires a reliable assessment tool. Although the decision making process regarding fitness to drive is not entirely the responsibility
of the physician, the issue of driving competency is often
first raised by patients or family members during physician consultations. In response, physicians often feel
uncomfortable providing recommendations due to a lack
of established practice parameters or guidelines. Accordingly, this study set forth to conduct a review of the
literature to identify the driving evaluations that are currently available and to provide practical recommendations to physicians regarding options and strategies
they can discuss with PD patients when encountering
the issue of determining fitness to drive.
Review
The term “human mobility” is defined as a person being
able to travel where and when he or she wants [1].
Fulfillment of mobility interests and desires produces
physical, psychological, and social benefits, with private
driving for many representing the ultimate in private
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mobility [1]. For those who drive, driving represents
independence, self-reliance, freedom, and self-control. In
contrast, loss of the ability to drive directly affects an individual’s mobility and this is associated with a number
of negative consequences, including reduced outdoor
activity, altered personal identity, decreased life satisfaction, increased depression, and increased dependence on
family members or caregivers for assistance with transportation [2].
Driving a car is a highly complicated task that is performed in a constantly changing environment and that
involves integration of perception, information processing, attention, decision-making, motor programming,
executive function, and concurrent task management [3,
4]. According to the driver behavior model proposed by
Michon in 1985, drivers need to simultaneously conduct
problem solving tasks that are divided into three levels
of skill and control including: strategic (planning), tactical (maneuvering), and operational (control) levels
(Fig. 1a) [5]. The strategic level is defined as general
route planning, while the tactical and control levels involve individual responsiveness to driving circumstances
with controlled or automatic action patterns respectively. Unsafe driving is defined as operating a motor
vehicle in an unsafe manner, which often results in
traffic-related violations [6].
Effect of medical illness and Parkinson’s disease on
driving ability

When determining fitness to drive in the elderly, the
effect of aging needs to be considered as it can adversely
affect driving competency with increased risk of unsafe
driving, accidents, and injury [7–9]. According to the
Global Status Report on Road Safety 2015, traffic

Fig. 1 The model of driving behavior proposed by Michon (5). a The model of normal driving based on Michon’s driving behavior model. Drivers
utilize three levels of skills in vehicle control: strategic (planning), tactical (maneuvering), and operational (control). Visual, cognitive, and motor
skills are required for operations at tactical and operational levels of driving whereas visual skills are generally not required for operation at the
strategic level of driving. b The model of driving behavior in Parkinson disease (PD) patients. PD compromises motor, visual, and cognitive
performances in affected individuals. As a result, it is proposed that PD drivers have impairment of driving performance at all levels (operational,
tactical and strategic levels). However, the severity varies with individual patients
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accidents involving the elderly represent 1 out of 6 of
the total of 1.2 million people who die worldwide each
year in road traffic accidents [10]. Statistics from the US
National Highway Traffic Safety Administration similarly
reported that 16 % of all licensed drivers were 65 years
and older who represented 17 % of all traffic fatalities
[11]. These data illuminate the existential risks associated with driving among elderly drivers. However, the
effect of aging is unlikely to be the sole reason for
decreased driving competency among the elderly, given
that neurological comorbidities, such as stroke, dementia, and PD, are common in this population. While existing data establishes the fact that patients with stroke and
dementia are at significantly greater risk of road traffic
accidents than age-matched controls, the evidence
regarding the ability to drive among PD patients has
started to accumulate and the findings show that they
are also at substantially greater risk of unsafe driving
[12–14]. Indeed, PD has recently been identified as one
of the factors, together with old age and dementia, to be
associated with driving restrictions in elderly men and
women [7, 15]. Moreover, the presence of comorbidities
in PD patients (e.g., heart and vascular diseases, eye
problems, and other neurological disorders) can further
compromise a patient’s driving ability, thus revealing another influential factor for physicians to consider when
determining driving competency [16–18].
According to the driver’s behavior model, it is plausible that PD patients have impairment in all strategic,
tactical, and operational levels (Fig. 1b). Motor deficits
(e.g., bradykinesia, rigidity, tremor, and dyskinesia) may
affect vehicle control (operational level) while nonmotor deficits (e.g., cognitive decline, neuropsychiatric
symptoms, and visual impairment) may impair route
planning – both of which result in driving errors (strategic and tactical levels). This assertion is supported by
numerous studies showing that PD drivers performed
worse on testing of contrast sensitivity, cognition, sleepiness, and reaction time, when compared to controls [3,
19–23]. These poor performances in various domains
are likely to influence their driving practices. For example, slowness in cognitive functions, including processing, choice reaction time, visual perception, and
memory, have been identified as key factors that affect
driving in PD patients [3]. One study indicated that up
to 21 % of PD patients (32 out of 150 patients) stopped
driving as soon as their diagnosis was made, mostly due
to safety concerns (18.7 %). Interestingly, only 1.3 % (2
out of 150 patients) quit driving based on physicians’
recommendations [12]. In a large survey involving more
than 5,000 patients with PD, one-third of patients
reportedly restricted their driving in terms of reduced
distance and trip duration due to their parkinsonian
symptomatology, sleepiness, the effort required, and
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potential dangers [24]. They were also less likely to drive
at night, in peak traffic, long distances, or alone [14]. As
a result, about 18 % of PD patients who actively drove at
baseline assessment ceased driving two years later, in
comparison to only 3 % of control group drivers who
stopped driving over the same period [25]. While earlier
reports suggested that PD drivers had an increased risk
of crashes per million miles traveled, one recent study
yielded contradicting results indicating that PD drivers
do not have a higher prospective risk of car crashes or
incur a higher number of traffic violations compared to
controls, which may be partly due to their restricted
driving practices and a lower number of PD patients
who continue to drive [12, 25]. Decreased driving ability
and patient perception of their poor driving performance
are likely to contribute to social isolation, sedentary lifestyle, and depression. As such, there is a need for physicians to identify patients who are at-risk and recommend
them for regular driving assessment, driving retraining, or
rehabilitation, if indicated and available. Identified from
this systematic review, Table 1 provides a list of ‘red flags’
that will alert physicians on which patients should be evaluated for fitness to drive.
Who determines fitness to drive in Parkinson’s disease
patients?

Fitness to drive protocols vary greatly from country to
country. While no uniform international standard exists,
Table 1 The list of “red flags” that should alert the physician
about PD patient’s fitness to drive
Methods

Red flags

1. Clinical history

• History of car accident (during the past 5 years)
• Presence of sleep attacks while driving
• High daily levodopa equivalent dosage ≥
585 mg
• Long disease duration ≥ 8 years

2. Questionnaire

• High Epworth sleepiness scale (ESS score ≥ 10)

3. Motor assessment

• High H&Y score ≥ 2.5 points
• High UPDRS motor score > 27 points
• High rapid pace walk score ≥ 6.22 points
• High Webster’s scale

4. Cognitive
assessment

• Low MMSE score < 27 points or low MOCA
score
• Poor performance on Trail A&B making test
• Poor performance on complex figure test
• Poor performance on block design test
• Poor performance on dot cancellation test

5. Visual assessment

• High UFOV risk index ≥ 3
• Poor performance on Pelli-Robson contrast
sensitivity
• Poor visual acuity
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medical standards for driver licensing and physician’s
guidelines for assessment of fitness to drive have been
established in some countries, including the United
States (American Medical Association and The National
Highway Traffic Safety Administration), Canada (Canadian
Medical Association), United Kingdom (Driver and Vehicle
Licensing Agency), and Australia (National Transport
Commission) [26–30]. Roles and responsibilities of drivers,
health professionals, and driver licensing authorities have
been proposed. While drivers have a responsibility to selfassess driving abilities and report any permanent injury or
illness that may affect their ability to drive safely, health
professionals have an ethical and legal duty to maintain patient confidentiality and must have legal justification for
breaching that trust in cases where an unfit driver may
pose a threat to public safety. Physicians that evaluate for
fitness to drive and that identify a condition that may
impair driving performance are obligated to report that
finding to driver’s licensing authorities [26, 27]. The driver
licensing authority is then tasked with the responsibility of
deciding whether to license a driver or not, based upon
the driver’s health report, driving performance record, and
violation history.
Although risk determination may ultimately be the responsibility of licensing authorities, health professionals
are generally responsible for recommending to licensing
authorities whether individuals with medical conditions
should be permitted to drive (with or without restrictions) [31]. Although guidelines have been published for
health professionals regarding how to assess fitness to
drive among drivers with underlying neurological disorders, most of those guidelines do not propose diseasespecific tests, regulations, and severity of symptoms that
would designate someone as an “unsafe driver”. This aspect is particularly important as patients with different
diseases are likely to perform differently in their driving
due to specific limitations caused by their underlying
disorders. Although driving regulations have been established for epilepsy patients (UK: license is usually restored if there have been no seizures for 5 years and no
other disqualifying condition, Australia: at least an annual evaluation for a conditional license for the epileptic
patients who had no seizure for 12 months and stayed
well with adherence to medications) and dementia patients (discontinuing driving if Clinical Dementia Rating
scale is of 1 or above for patients with Alzheimer’s disease), no specific regulations have been implemented in
patients with PD [6, 28, 32, 33]. The National Transport
Commission of Australia recommends that physicians
assess motor and cognitive functions of PD drivers, their
response to antiparkinsonian medications, and monitor
their symptoms every 12 months, but no specific course
of action has been proposed for unsafe PD drivers [28].
Recently, a consensus statement was proposed for
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occupational therapy practitioners and driver rehabilitation specialists stating that PD patients with mild motor
disability may be fit to drive with a recommendation for
annual comprehensive driving evaluation while those
with severe disease severity should discontinue driving
[34].
Driving evaluations in Parkinson’s disease patients: a
physician’s role

In clinical practice, the first tier in the decision-making
process of determining fitness to drive involves the treating physician (family physician or neurologist) when the
issue of driving competency is raised by either family
members or patients themselves on various occasions,
for example when they are first diagnosed with PD or
when they observe the effect of parkinsonian symptoms
on their driving abilities [24]. At this stage, the physician
is often asked to make an assessment regarding whether
the patient is medically fit to drive, even though physicians are not trained in this area and current evaluation
methods for determining driving ability in people with
medical conditions or disabilities are very subjective,
with information usually provided by patients, family/
caregivers, and/or attending physicians [35]. While it is a
physician’s legal responsibility in some countries or
states to report unsafe PD drivers to the local authorities, this often becomes a point of conflict between
physicians and patients, as evidenced by one survey indicating that while 77 % of physicians discussed driving
with their patients, only 14 % of physicians reported patients to licensing authorities for further evaluation of
driving competency [31]. It is also not surprising that
one survey found a significant lack of knowledge among
physicians regarding assessment for fitness to drive [36].
As one would expect, early-stage PD patients have less
driving impairment than advanced-stage PD patients,
but many early-stage drivers have difficulty accurately
assessing their level of driving competency and some
early-stage patients give up driving earlier than necessary
[37]. Conversely, some advanced-stage PD patients who
are at-risk to drive consider themselves fit to drive [3].
Classifying all individuals diagnosed with PD as an “unsafe driver” and preventing them from driving is not advisable due to the finding that a loss of driving privileges
has been associated with psychological consequences
that vary by patient [38, 39]. As such, we are faced with
the challenge of finding a balance between what is best
for the patient and what is best for the public. More specifically, we should become aware of tests and assessment protocols that accurately measure fitness to drive
so that the best interest and safety of both PD patients
and the general public can be protected.
In the medical literature, there are four main methods
used for the evaluation of driving ability in PD patients,
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including questionnaires, off-road tests (clinical assessment and others), driving simulator, and driving skill
tests (an on-road test and naturalistic driving) (Table 2).
Different types of questionnaires were developed to
assist physicians in their evaluation [12, 24, 40, 41].
However, there is poor correlation between patient questionnaires and disease severity scales in determining
medical fitness to drive [12]. This discrepancy necessitates physicians to consider additional tests that evaluate
driving-related skills and abilities, including vision,
cognition, motor/somatosensory function, and neuropsychological testing (the so-called ‘off-road testing battery’) (Table 2) [6, 27, 28, 30]. While a combination of
motor, visual, and cognitive assessments is often considered an adequate tool that determines functional ability
of elderly drivers, it does not evaluate driving skills and
does not predict the possibility of accidents in this population [26]. Due to a lack of standardized parameters and
protocols for the different off-road testing methods, offroad tests alone cannot reliably predict actual driving
performance or the likelihood that a PD patient is or will
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be at risk for a driving-related accident. Further, positive
off-road testing results are not sufficient for designating
someone an “unsafe driver” or recommending them for
driving cessation [26]. Therefore, comprehensive driving
evaluations often include on-road testing, which is considered to be the reference standard and the ultimate
form of driving assessments (Table 2) [42, 43].
Driving simulator determines driving abilities by providing driving stimuli and assessing driving responses in
various challenging, but safe environments [44]. The inclusion of driving simulator as part of a comprehensive
off-road test has been found to increase sensitivity and
specificity of an off-road test in predicting pass/fail status of PD drivers on an on-road test [19]. Therefore,
driving simulator may be an option for physicians to
consider in patients who need driving evaluation but are
deemed not to be suitable candidates for on-road testing
for various reasons (Table 2). However, the testing protocols of driving simulators have not been standardized
and their validity against actual road driving has not
been established [44].

Table 2 Driving assessment tools in Parkinson’s disease
Types

Testing methods

Advantages

Disadvantages

Questionnaires and structure
interviews

• Structured interview [53–55, 58]
• The Epworth Sleepiness Scale [24,
40, 41, 56, 57, 59–61]
• Restless legs syndrome
questionnaire [61]
• The sudden onset of sleep
questionnaire [24]
• SCOPA-sleep scale [62]

• Suitable for screening a large
number of patients in a short
period of time
• Cost effective
• Ability to capture subjective
symptoms, e.g., sleepiness
• No risk for physical injury during
the test

• Lack specificity
• Potential bias during recruitment.
[12]
• Findings may not be conclusive for
final recommendations on driving.

Off-road testing battery

• Motor assessment (HY, UPDRSmotor, Webster’s scale, rapid pace
walk, disease duration, LEDs, etc.)
[4, 21, 25, 37, 75, 77, 82, 88, 91]
• Cognitive assessment (MMSE, Trail
making test, Complex figure test,
Dot cancellation, block design test,
etc.) [13, 67, 69, 74–76, 80, 83, 84,
86, 88, 91]
• Visual assessment (UFOV) [13, 25,
75, 80, 82, 84, 91]

• The tests provide clinical
information of patients on their
ability in motor, cognitive and
visual domains.
• Some jurisdictions use an off-road
evaluation to predict on-road
behavior [27]
• No risk for physical injury.

• Findings may not be conclusive for
final recommendations on driving.
• Findings are limited to clinical
information on individual patients,
not his/her driving performance.

Driving simulators

• Various types of driving simulators
[4, 19, 20, 37, 63–74].

• Ability to control and standardize
testing conditions and methods
• Various outcome parameters can
be implemented.
• Patients are not exposed to
significant risk associated with
on-road tests.

• No standardized protocols
• Simulator sickness
• Testing scenarios are not real.

On-road tests

• An on-road test with/without
instrument vehicle, and accompanied
with a driver instructor for rating
the driving score [3, 13, 14, 19, 21, 25,
74–91].

• Considered as a gold standard
driving test for licensing new
drivers by most authorities [43, 86]
• Provided realistic driving test
• Standardized outcome parameters

• Potential physical injuries and
accidents during the tests
• Unfamiliar testing scenarios
• Not suitable for patients with
physical limitations or handicaps

Naturalistic driving

• An attached devices equipped in a
patients’ own car for collection of
driving data [23, 92, 93].

• The most realistic driving test with
familiar environment

• Potential physical injuries and
accidents during the tests
• Potential risk imposed to others on
the road
• No standardized testing protocols
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In an on-road test, patients drive on a real, predetermined road course for 45–60 min with a Certified Driving
Rehabilitation Specialist (CDRS), advanced-specialized occupational therapist, or driver rehabilitation specialist that
observes from the passenger seat [45, 46]. The observer is
responsible for assessing patient driving performance,
maintaining vehicle safety, and rating driving outcomes in
a Global Rating Score (GRS) and a Sum of Maneuver
Score (SMS). The GRS has 4 outcome grades, including
pass, pass with recommendations, fail with potential for
remediation, and fail. Although on-road tests are considered as the reference standard, there are certain drawbacks, including availability, an inadequate amount of
safety assurance for at-risk patients, and potentially inadequate testing resources for PD patients that need to be
re-tested and re-certified each year [42, 43]. The on-road
test observer can provide both a comprehensive evaluation of driving skills and recommendations for car modifications or tools to keep someone driving safely for as
long as possible [46, 47].
Naturalistic driving, also known as naturalistic observation, is a new method for evaluating driving skills and
abilities. Naturalistic driving longitudinally monitors unsafe behaviors via instrumentation in naturalistic driving
settings [48–51]. Naturalistic observation typically involves the use of the patient’s car, which is equipped
with devices that continuously monitor various aspects
of driving behavior, including information about vehicle
movement, the driver, and the natural driving environment. This assessment method makes it possible to
observe and analyze the interrelationship between the
driver, and the vehicle, road, and other traffic in normal
situations, conflict situations, and actual collisions [52].
Systematic review of assessment tools for determining
fitness to drive in Parkinson’s disease patients

The aim of this study was to perform a systematic review of the four main driving assessment methods
(questionnaires and structured interview, off-road tests,
driving simulator, and driving skill tests) and provide the
evidence on individual methods for assessing driving
ability in PD patients. To address the question of how
much evidence we have regarding driving competency in
PD, we performed a systematic review by searching
MEDLINE, life science journals, Google scholar, and online books using the following key words: driving OR
driving safety OR driving ability OR road test OR driving
questionnaires OR sleepiness scale OR driving simulator
OR naturalistic driving OR car sensor OR reaction time
OR driver OR transportation OR automobile OR car OR
vehicle OR collision injury OR car accident. Selected
articles were required to have the term “Parkinson’s
disease” AND any one of the above key words within the
title and/or abstract.
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A targeted search of the bibliographies of relevant articles was also performed to identify any additional studies
for inclusion. Only original, full-text articles published in
English between January 1973 and April 2016 that
assessed methods for determining driving ability in PD
were included in this review. Review and editorial articles were excluded. Two assessors (OJ, RB) independently screened each paper and agreement between the
two reviewers were required for an article to be included
in this review. A total of 1,490 titles and abstracts were
reviewed, of which 124 full-length articles were selected
for further review. Of those 124 articles, 59 articles
fulfilled the selection criteria. Four of those 59 articles
were then excluded as they were review articles. 55
full-length articles were finally included for critical
evaluation (Additional file 1: Figure S1). A summary
of studies involving driving in patients with PD are
shown in Table 3. Findings were categorized according to
the assessment tool used to determine fitness to drive in
PD patients.
1) Questionnaires and structured interview
Driving assessment by questionnaires is the most
practical method for evaluating fitness to drive if we
aim for a large number of patients in a short period
of time. While this method is potentially cost
effective, it lacks specific information from individual
patients based on the types of questionnaire. Of 55
articles, 14 studies assessed driving ability in PD
patients using various forms of questionnaires being
part of structured interviews [12, 24, 40, 41, 53–62].
Most questionnaires were composed of specific
items that assessed driving performance, driving
risk, and history of car accidents in addition to
parkinsonian symptomatology. Information on
daytime sleepiness and sleep attacks were included
as additional items or inquired from the assessment
with Epworth Sleepiness Scale (ESS), or SCOPA
sleep scales. The main findings of these studies were
consistent in reporting higher risk of car accidents
among PD drivers than normal subjects.
Importantly, most PD drivers also reported more
daytime somnolence and sleep attacks than their
matched controls when evaluated by sleep scales.
The presence of falling asleep while driving was also
found to be a significant predictor of car accidents
[24]. While the risk of sleep attacks was highest with
dopamine agonists, they were reported to be less
with levodopa monotherapy.
Although results of these studies supported
significant driving risk among PD patients, these
findings should not be generalized to imply that all
PD drivers are unsafe. Careful interpretation of
specific scenarios or additional assessment is
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Table 3 Summary of studies involving driving assessment tools in patients with Parkinson’s disease
Types

Methods

Testing instruments

Main findings

Questionnaires and
structured interviews

Questionnaires
delivered during
interviews

Driving questionnaires
[12, 53–55, 58, 62]

• PD drivers reported a high
• Appropriate as a screening
incident of collisions [12, 53,
instrument for physicians in
62]. Patients with higher
routine clinical practice
disease severity reported
more collisions.
• Up to 21 % of PD drivers gave
up driving soon after diagnosis
was made [12, 53]
• Falling asleep while driving was
a significant pre had found in
PD drivers, and usually related
with dopamine agonist
medications [54, 55, 58]

Epworth sleepiness scale
[24, 40, 41, 56, 57, 59–61]

• Excessive daytime somnolence
(EDS) and sleep attacks are
more common in PD drivers
than controls [40, 60, 61].
• EDS is associated with
dopamine agonist medications
[56]
• PD drivers scored worse on ESS
score than controls [60, 61]
• Falling asleep while driving a
car was a significant prognostic
factor of car accidents [24, 59]

• ESS is a useful screening
instrument for EDS and sleep
attacks in PD patients. This test
should be performed in PD
drivers with history of daytime
somnolence.

Hoehn & Yahr [3, 4, 13, 14,
19–21, 25, 37, 64, 70–75,
77–79, 81, 91]

• Greater HY score correlated
with higher number of
collisions or driving errors [37]
• Greater HY score correlated
with poor driving performance
and a failed result with on-road
tests [21, 25, 75, 77]

• HY scale should be part of the
clinical evaluation in PD
patients who come for fitness
to drive assessment.

UPRDS-motor [13, 14, 19, 20,
23, 25, 37, 64–67, 69–71,
73–80, 82, 91]

• High UPDRS-motor score
• UPDRS-motor scale should be
correlated with greater of
part of the clinical evaluation in
collision [37]
PD patients who come for
• High UPDRS-motor score is a
fitness to drive assessment.
significant predictor of poor
driving performance and fitness
to drive [25, 75, 82]

Rapid pace walk test (RPW)
[75, 88]

• Poor rapid pace walk test
correlated with poor driving
performance [75, 88]

• RPW test may be considered as
an off-road test in PD patients
who come for fitness to drive
evaluation.
• More studies are needed to
confirm its clinical validity.

Webster’s scale [4, 63, 76]

• Poor Webster’s scale correlated
with poor driving performance
[4]

• Webster’s scale should be part
of the clinical evaluation in PD
patients who come for fitness
to drive assessment.

2. Off-road testing
battery

Motor assessment

Disease duration and/or LEDs • Disease duration and/or LEDs
[13, 14, 19, 20, 23, 65–67, 69,
did not correlate with driving
73, 79, 81, 82, 86, 87, 89, 91]
performance.
Cognitive assessment

Clinical recommendation

• Disease duration and
medication review should form
part of basic clinical evaluation
in PD patients at every visit.

MMSE [3, 13, 14, 20, 21, 25,
37, 65, 66, 69–73, 75, 77–79,
82, 85–88]

• Poor MMSE score correlated
with higher number of
collisions [37]
• Poor MMSE scores correlated
with poor driving performance.
[86, 88]

• MMSE should be part of the
clinical evaluation in PD
patients who come for fitness
to drive assessment.

Trial A&B making test [13, 20,
21, 67–69, 72–75, 77, 78, 80,
82–84, 86, 87]

• Poor performance on Trail A&B
making test correlated with
poor driving performance and
more driving errors [13, 67, 69,
75, 80, 83, 86]

• Neurocognitive tests should be
considered in PD patients with
cognitive complaints who
come for fitness to drive
assessment.
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Table 3 Summary of studies involving driving assessment tools in patients with Parkinson’s disease (Continued)

Visual assessment

Complex figure test
[13, 20, 25, 83, 84]

• Poor performance on complex • Neurocognitive tests should be
figure test correlated with poor
considered in PD patients with
driving performance. [13, 83, 84] cognitive complaints who
come for fitness to drive
assessment.

Block design test [68, 83, 86]
[84],

• Poor performance on block
• Neurocognitive tests should be
design tests correlated with poor considered in PD patients with
driving performance [84, 86]
cognitive complaints who come
for fitness to drive assessment.

Dot cancellation test
[74, 76, 78]

• Poor performance on Dot
• Neurocognitive tests should be
cancellation test correlated with considered in PD patients with
decreased driving ability [74, 76] cognitive complaints who come
for fitness to drive assessment.

UFOV [13, 19, 25, 68, 73–75,
78, 79, 82, 84, 87, 89, 91]

• Visual assessment with UFOV
• Decreased UFOV score
may be considered in PD
correlated with poor driving
performance and higher collision patients who come for fitness
to drive assessment.
risk [13, 25, 75, 80, 82, 84]

Pelli-Robson contrast
sensitivity [23, 78, 79, 89, 91]

• Low-contrast visibility
conditions imposed significant
hazard for PD drivers.

• More studies are needed to
confirm the validity of this test.

Visual acuity [19, 20, 74, 75,
78, 91]

• Poor visual acuity limits driving
ability in PD patients.

• Visual acuity should be
performed in PD patients who
come for fitness to drive
assessment.
• Physicians should consult local
authorities on PD patients who
may be unfit to drive for further
evaluation.

Driving simulators

Driving simulators (16
papers)

Driving simulators [4, 19, 20,
37, 63–74]

• PD drivers committed more
driving errors than controls
[4, 37, 63],
• Greater PD disease severity
determined with UPDRS or HY
scale are correlated with poor
driving performance [4]
• Poor performance on cognitive
test especially with executive
testing and visual attention
correlated with more driving
errors [20, 37]
• Driver assistance improved the
driving performance in PD
patients [69, 72]

4. Driving skill test

On-road tests
(24 papers)

On-road tests [3, 13, 14, 19,
21, 25, 74–91]

• PD drivers performed worse on • Physicians should consult local
on-road tests when compared
authorities on PD patients who
to controls [3]
may be unfit to drive for further
• Greater PD disease severity
evaluation.
determined with UPDRS or H&Y
scale correlated with poor
driving performance [3, 82, 89]
• Poor performance on cognitive
and/or visual tests affect driving
ability in PD patients [25, 82]

Naturalistic driving
(3 papers)

Naturalistic driving
[23, 92, 93]

• PD drivers committed more
errors, as shown by slow brake
response time and slow
reaction time [23]

generally recommended before final
recommendation is made on individual patient.
2) Off-road testing battery
A number of clinical tools were implemented as part
of the off-road testing battery to assess drivingrelated skills in PD on motor, cognitive, and visual
functions (Table 2). In all studies involving off-road
tests, they were conducted as part of the evaluation

• Physicians should consult local
authorities on PD patients who
may be unfit to drive for further
evaluation.

panel together with one of the other assessment
methods, including driving simulators, on-road tests,
and naturalistic driving test. Significant correlations
were observed between a set of motor and cognitive
assessment and a number of collisions and poor
driving performance as detailed in Table 3. The
recommendations of these studies include Hoehn
and Yahr (HY) staging and section III of Unified
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Parkinson’s Disease Rating Scale (UPDRS) for the
assessment of motor function, the Useful Field of
View (UFoV) for the evaluation of vision, and
Mini-Mental Status Examination (MMSE), Trail
A&B Making test, complex figure test, and block
design test for cognitive assessment (Table 3).
Similar recommendations were observed in a recent
evidence-based review on driving in PD that include
a subset of cognitive and visual assessments
(e.g., UFoV, complex figure test) as probably
predictive of driving performance [22].
The impairment of motor, visual, and cognitive
functions in PD patients as identified by these
off-road tests was associated with poor driving
performance, and higher number of collisions
(Table 3). The utility of these off-road tests probably
represents a set of screening tools that is available
for physicians to perform during the initial
assessment so it can provide them with objective
information on motor, visual, and cognitive
performances of individual patients before
undergoing more detailed driving test. More studies
are needed to determine whether off-road tests are
comparable to on-road tests in identifying unsafe PD
drivers. At present, in a practical sense, most of the
off-road tests (e.g., motor and cognitive assessments)
can be utilized by physicians on the spot in the
outpatient setting when suspecting any PD patients
to be unsafe drivers. In addition, they are widely
available in most practices and medical centers,
representing the first-tier of test battery for a
determination of driving competency. Whether
off-road tests are adequate on their own in identifying
most if not all unsafe drivers (without a need to be
confirmed by additional on-road tests) remain to be
confirmed in future studies. Future studies are needed
to determine cutpoints of risk factors with off-road
performance (e.g., sensitivity, specificity, negative
predictive value, and positive predictive value) and
prospective crash risk. However, some of these
off-road tests have been implemented in certain
guidelines. For example, the recent consensus
statements have adopted several findings of the
off-road tests towards a recommendation of cessation
of driving or additional evaluation by driving
authorities [34].
3) Driving simulator
Out of 55 articles, 16 articles assessed driving ability
in PD patients using a driving simulator [4, 19, 20,
37, 63–74] (Table 3). Among these articles, two
studies combined a driving simulator and an
on-road test on the same target population [19, 74].
When tested with simulators under different driving
conditions (high-contrast and low-contrast visibility
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conditions), PD patients committed more driving
errors than controls, including delayed reaction
time, steering accuracy, impaired vehicle control, red
light violations, and higher number of collisions,
[4, 63, 65–68, 71]. Moreover and as compared to
controls, PD patients approached signals with a
slower speed, drove more slowly around curves, and
had more difficulty maintaining lane position around
curves [66]. Poor driving performance in simulator
was found to correlate with disease severity and
executive functions, as determined by Webster,
UPDRS, and HY scales [4, 37, 68–71]. Importantly,
performance deficits in driving simulators were
identified even in patients with mild-moderate
severity when they were challenged under dual-task
conditions [65, 66, 70].
In general, driving simulator is a screening test
option for at-risk driver that yields data and findings
that traditional evaluation techniques cannot
produce. In addition, simulators can also be used to
determine predictors of driving performance that
cannot be tested on the road due to ethical, safety,
and practical concerns (e.g., night, high volume
traffic, poor weather conditions) [22]. Predictors
identified on the simulator can be further tested in
the on-road tests [22]. In cases with poor performance
from driving simulator, the physician should advise
the patients to undergo an on-road test organized by
a driver licensing authority.
4) Driving skill tests
4.1)On-road tests
An on-road test is capable of identifying tactical
errors made when patients maneuver the
vehicle in response to demands of the changing
environment, in addition to strategic and
operational errors made while driving. PD drivers
demonstrated significantly higher on-road test
failure rate and significantly more on-road driving
errors than controls [75]. Out 55 articles, 24
articles assessed driving ability by on-road tests
[3, 13, 14, 19, 21, 25, 74–91]. In addition to
deficits identified by driving simulators, PD
drivers had significantly more errors than
controls for observing blind spots, backing up,
parking, and negotiating traffic lights [14]. Other
problems identified among PD drivers included
use of mirrors and delays in decision-making and
judgments [81]. Similar to findings from
driving simulator-based assessments, PD drivers
demonstrated poorer performance in the
concurrent task of detecting roadside targets than
controls [91]. What is truly considered poor
driving performance can be difficult to interpret
in these studies since not all studies provided
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pass/fail outcomes on the on-road tests [22]. One
study that utilized CARA assessment as the main
outcomes of pass (fit to drive without restriction)
and fail (fit to drive with restrictions and unfit to
drive) in 80 PD patients identified approximately
one out of four patients failed the on-road test [19].
Following a brief report showing that PD drivers
with EDS may exhibit driving errors in driving
simulators, five out of 21 PD drivers with
self-reported EDS on ESS underwent an on-road
test [64, 79]. Although neither EDS nor
antiparkinsonian medications were associated
with poor on-road driving performance, this
study merits further investigation involving a
larger number of patients with a more stringent
methodology.
4.2)Naturalistic driving test
From our systematic review, three studies used
the naturalistic driving method to examine
whether PD symptoms (motor, cognitive, vision,
sleepiness, depression) were associated with
driving performance [23, 92, 93]. Naturalistic
driving vehicles are equipped with several small
cameras and sensors that continuously and
inconspicuously register vehicle maneuvers,
driver behavior, and external conditions.
Compared to controls, PD drivers exhibited
increased driving risks, as shown by slower brake
response time, and slower reaction time, as well
as having significantly more cognitive and
depressive symptoms. In addition, PD drivers who
had a poor perception of their health were more
likely to restrict their driving due to worsening
PD symptoms and more likely to have more
noticeable declines in multiple driving-related
abilities. Naturalistic driving provides insight into
everyday driver behavior. This method facilitates
observation and analysis of interrelationships
between the driver and the vehicle, road, and
other traffic in normal situations, conflict
situations, and crashes.

Conclusion
Due to the progressive nature of PD, as well as the heterogeneity of symptoms that fluctuate on a daily basis,
adequate monitoring for fitness to drive is of paramount
importance to ensure the safety of both PD patients and
others on the road. A fitness to drive evaluation is
needed to discern individuals with PD who can continue
to drive safely from those who are likely to endanger
themselves and others. However, the extent that physicians should be involved in the evaluation process, and
make related recommendations remains unclear. Our
systematic review indicates that not all the tools are
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available in routine clinical practice. When considered
only questionnaires, structured interviews and off-road
testing battery, most of the tests are part of standard
clinical examination (e.g., HY, MMSE, UPDRS-motor)
and can easily be tested on PD patients in clinical practice. The information obtained from these tests (e.g.,
cognitive status, severity of motor symptoms) provides
important background information to local authorities
when patients are proceeded to undergo additional tests,
for example on-road tests. The situation is more challenging with driving simulators, on-road tests, and naturalistic driving because there are differences between
studies involving these tools in technical characteristics,
primary outcomes, and a lack of validity. These concerns
probably limit the implementation of a uniform guideline on how these tests could be utilized as part of a formal assessment of driving competency in PD patients.
Moreover, physicians may not be aware of the details of
these tests and find it difficult to recommend them to
PD patients. While on-road tests are considered by some
as the reference standard, these tests are not as yet implemented or recommended by recent consensus statement and evidence-based review [22, 34, 43]. However,
on-road tests are usually part of the formal assessment
imposed by driving authorities. In certain situations,
physicians may be able to refer patients directly for an
on-road test or naturalistic driving if they are locally
available and patients are deemed to be fit to undergo
such tests by local authorities. Direct referral to an onroad test may be particularly useful when there are
conflicting opinions between the patient and family
members about their safety. We recommend that physicians consult their driving authorities for advice on additional tests if concerns are observed from structured
interview and off-road tests.
Based on experiences described in related reports, it
appears that physicians are at the forefront when the
issue of driving ability is raised by patients or their family members (Fig. 2). It is, therefore, necessary for physicians to have and conduct a risk assessment protocol
that can evaluate if his/her patients are able to safely
control and maneuver a motor vehicle. In addition to
clinical assessments specific to PD, physicians should
have sufficient knowledge about the functional capacity
of the driver that is based on the minimum functional
requirement for safe driving. In clear-cut or advancedstage PD patients, assessment is not a problem since
driving cessation is normally agreeable by all parties.
Alternative modes of transportation should be explored
for these patients. The problems tend to arise in those
PD patients that are not clear-cut or advanced-stage in
which careful evaluation and informed judgment on the
part of treating physician is required. As a result, physicians are likely to make their judgment based on
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Fig. 2 The diagram illustrating the role of physician in the determination of fitness to drive in patients with Parkinson’s disease (PD). In PD drivers
who are deemed to be fit to drive, they can continue driving with an unconditional license. In cases where PD drivers were identified from
‘clinical red flags’ to be unsafe, they should undergo an off-road test which is composed of three major components to determine an individually
driving ability, including motor, cognitive, and visual assessments. Some of these assessments (e.g., HY, MMSE) are part of standard clinical
examination which can be performed by treating physicians during routine consultations. However, others (e.g., UFoV test, Pelli-Robson contrast
sensitivity) may not be available locally and require additional referral. For PD drivers who passes an off-road test, they can continue driving as
usual, but with a recommendation of annual evaluation. For PD driver who fails an off-road test, a physician might request for further evaluation
for fitness to drive by using an on-road test, driving simulator, or naturalistic driving depending on patient’s conditions, availability, local
guidelines, and regulations. HY: Hoehn & Yahr; MMSE: Mini-Mental Status Examination; UFoV: Useful Field of View

physical assessment rather than driving assessments, as
they do not know how to undertake or participate in this
kind of assessment. Given that most physicians lack
basic knowledge and the formal training necessary to
make a recommendation regarding which PD patients
can safely operate a motor vehicle, we propose that this
training be incorporated into the medical curriculum, as
well as into continuing professional development programs [36]. The focus of the training should be on the
following aspects: 1) the impact of PD for safe driving
ability, 2) the basic knowledge on the legal requirement
for PD patients on fitness to drive, 3) ability to treat,
manage and monitor the individual’s PD condition with
ongoing consideration of their fitness to drive, and 4)
when to inform driving authorities when fitness to drive
requires notification but an individual cannot or will not
notify the local authority. At the same time, there is a
need for more research to develop validated tools that can
be implemented by licensing authorities as objective measures to determine fitness to drive that are specific to PD.
Driving safety is an important public health issue that

needs better-defined legal and medical guidelines, both
generally and specific to PD drivers. The release of recent
consensus statements on driving with PD in Canada is a
promising development that should be expanded to other
regions [34]. In addition, local guidelines should be communicated to physicians regarding assessment and reporting of PD drivers to the appropriate local agency when
patients are deemed potentially unsafe. Once a patient is
reported as unsafe, a well-defined course of action should
be undertaken, including formal retesting for driver recertification by licensing authorities that used validated
objective assessment tools (Fig. 2). The establishment and
implementation of consistent and specific guidelines
would help alleviate the conflicts experienced by physicians regarding patient confidentiality and help promote
and improve public safety. PD drivers who are borderline
in their driving competency should be offered driving rehabilitation or retraining that focuses on operational and
tactical skills, as well as visual, cognitive, and motor functions so they can be reassessed for licensing if their skills
improve [94].

Jitkritsadakul and Bhidayasiri Journal of Clinical Movement Disorders (2016) 3:14

Additional file
Additional file 1: Summary of the search results. (JPG 1265 kb)
Abbreviations
CDRS: Certified driving rehabilitation specialist; ESS: Epworth sleepiness scale;
GRS: Global rating score; HY: Hoehn and Yahr Stage; MMSE: Mini-mental
status examination; PD: Parkinson’s disease; SCOPA: Scale for outcomes of
Parkinson’s disease; SMS: Sum of maneuver score; UPDRS: The unified
Parkinson’s disease rating scale
Acknowledgments
The authors wish to thank Mr. Chanawat Anan and Ms. Nonglak Boonrod for
their assistance in the literature search.
Funding
This study was supported by the grant from the Ratchadapiseksompoj
Endowment Fund of Chulalongkorn University (RES560530136,
RES560530137-HR, and RA57/119(2)), the National Research Council of
Thailand (GRB-APS-13-58-30-10), the research unit grant of Chulalongkorn
University, the Thailand Research Fund (TRG5880251), and the Neurological
Society of Thailand Research Grant.
Availability of data and materials
The datasets supporting the conclusions of this article are included within
the article and its supplementary files.
Authors’ contributions
OJ conducted the review of the literature and wrote the first draft of the
manuscript. RR reviewed the literature and edited the manuscript. All authors
read and approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
Not applicable.
Ethics approval and consent to participate
Not applicable.
Received: 26 May 2016 Accepted: 6 September 2016

References
1. Suen S, Sen L. Mobility Options for Seniors. In: Transportation in an aging
society: A Decade of Experience: 2004. Washington DC: Transportation
research Board of the National Academics; 2004. p. 97–113.
2. Harrison A, Ragland D. Consequences of driving reducton or cessation for
older adults. Transportation Research Report. 1843;2003:96–104.
3. 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(3):325–30.
4. Madeley P, Hulley JL, Wildgust H, Mindham RH. Parkinson’s disease and
driving ability. J Neurol Neurosurg Psychiatry. 1990;53(7):580–2.
5. Michon J. A critical view of driver behavior models: What do we know,
What should we do? In: Evans L, Schwing R, editors. Human behavior and
traffic safety. New York: Plenum Press; 1985.
6. New Jersey Revised Statutes. Title 39-Motor Vehicles and Traffic Regulation.
In: NJ Rev Stat. United States: New Jersey Law Revision Commission; 2013.
7. Evans L. Older driver involvement in fatal and severe traffic crashes.
J Gerontol. 1988;43(6):S186–93.
8. Foley DJ, Wallace RB, Eberhard J. Risk factors for motor vehicle
crashes among older drivers in a rural community. J Am Geriatr Soc.
1995;43(7):776–81.
9. Marottoli RA, Cooney Jr LM, Wagner R, Doucette J, Tinetti ME. Predictors of
automobile crashes and moving violations among elderly drivers.
Ann Intern Med. 1994;121(11):842–6.
10. World Health Organization. The current state of global road safety.
In: Global Status Report on Road Safety 2015. Switzerland: WHO Press; 2015.

Page 12 of 14

11. NHTSA. Traffic Safety Facts 2012 data. Washington DC: National Highway
Traffic Safety Administration; 2014.
12. 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(4):517–20.
13. Uc EY, Rizzo M, Anderson SW, Sparks J, Rodnitzky RL, Dawson JD.
Impaired visual search in drivers with Parkinson’s disease. Ann Neurol.
2006;60(4):407–13.
14. 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(2):176–80.
15. Dubinsky RM, Stein AC, Lyons K. Practice parameter: risk of driving and
Alzheimer’s disease (an evidence-based review): report of the quality
standards subcommittee of the American Academy of Neurology.
Neurology. 2000;54(12):2205–11.
16. Puchta A. Can I drive after my stroke? J Vasc Interv Neurol. 2008;1(1):32.
17. Finelli PF, Lee N. Stroke and automobile accidents. Conn Med.
1996;60(3):145–7.
18. Lings S. Increased driving accident frequency in Danish patients with
epilepsy. Neurology. 2001;57(3):435–9.
19. 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(14):1434–41.
20. Uc EY, Rizzo M, Anderson SW, Dastrup E, Sparks JD, Dawson JD. Driving
under low-contrast visibility conditions in Parkinson disease. Neurology.
2009;73(14):1103–10.
21. Singh R, Pentland B, Hunter J, Provan F. Parkinson’s disease and driving
ability. J Neurol Neurosurg Psychiatry. 2007;78(4):363–6.
22. Crizzle AM, Classen S, Uc EY. Parkinson disease and driving: an evidence-based
review. Neurology. 2012;79(20):2067–74.
23. Crizzle AM, Myers AM, Roy EA, Almeida QJ. Drivers with Parkinson’s disease:
are the symptoms of PD associated with restricted driving practices?
J Neurol. 2013;260(10):2562–8.
24. Meindorfner C, Korner Y, Moller JC, Stiasny-Kolster K, Oertel WH, Kruger HP.
Driving in Parkinson’s disease: mobility, accidents, and sudden onset of
sleep at the wheel. Mov Disord. 2005;20(7):832–42.
25. Uc EY, Rizzo M, Johnson AM, Emerson JL, Liu D, Mills ED, Anderson SW,
Dawson JD. Real-life driving outcomes in Parkinson disease. Neurology.
2011;76(22):1894–902.
26. Carr D. Physician’s Guide to Assessing and Counseling Older Drivers.
2nd ed. United States: American Medical Association; 2010.
27. Dow J. CMA Driver’s Guide Determining Medical Fitness to Operate Motor
Vehicles. 8th ed. Canada: Canadian Medical Association; 2012.
28. The National Transport Commission and Austroads. Assessing fitness to drive for
commercial and private vehicle drivers. 4th ed. Australia: Ausroads Ltd; 2012.
29. Driver Medical Group. For medical pracitioners: At a glance guide to the
current medical standards of fitness to drive. United Kingdom: Driver and
Vehicle Licensing Agency; 2014.
30. NHTSA. Physical impairment: Parkinson’s disease. In: Driver Fitness Medical
Guidelines. Washinton DC: National Highway Traffic Safety Administration;
2009. p. 24–5.
31. Drickamer MA, Marottoli RA. Physician responsibility in driver assessment.
Am J Med Sci. 1993;306(5):277–81.
32. Winston GP, Jaiser SR. Western driving regulations for unprovoked first
seizures and epilepsy. Seizure. 2012;21(5):371–6.
33. Driver and Vehicle Licensing Agency: Assessing fitness to drive - a guide for
medical professionals. United Kingdom: The Department for Transport; 2016.
34. Classen S, National Highway Traffic Safety A, American Occupational
Therapy A. Consensus statements on driving in people with Parkinson’s
disease. Occupational therapy in health care. 2014;28(2):140–7.
35. Borromei A, Caramelli R, Chieregatti G, d’Orsi U, Guerra L, Lozito A, Vargiu B.
Ability and fitness to drive of Parkinson’s disease patients. Funct Neurol.
1999;14(4):227–34.
36. King D, Benbow SJ, Barrett JA. The law and medical fitness to drive–a study
of doctors’ knowledge. Postgrad Med J. 1992;68(802):624–8.
37. Zesiewicz TA, Cimino CR, Malek AR, Gardner N, Leaverton PL,
Dunne PB, Hauser RA. Driving safety in Parkinson’s disease. Neurology.
2002;59(11):1787–8.
38. Fonda SJ, Wallace RB, Herzog AR. Changes in driving patterns and
worsening depressive symptoms among older adults. J Gerontol B Psychol
Sci Soc Sci. 2001;56(6):S343–51.

Jitkritsadakul and Bhidayasiri Journal of Clinical Movement Disorders (2016) 3:14

39. Marottoli RA, de Leon CFM, Glass TA, Williams CS, Cooney Jr LM,
Berkman LF. Consequences of driving cessation: decreased
out-of-home activity levels. J Gerontol B Psychol Sci Soc Sci.
2000;55(6):S334–40.
40. Ghorayeb I, Loundou A, Auquier P, Dauvilliers Y, Bioulac B, Tison F. A
nationwide survey of excessive daytime sleepiness in Parkinson’s disease in
France. Mov Disord. 2007;22(11):1567–72.
41. Hobson DE, Lang AE, Martin WR, Razmy A, Rivest J, Fleming J.
Excessive daytime sleepiness and sudden-onset sleep in Parkinson
disease: a survey by the Canadian Movement Disorders Group. JAMA.
2002;287(4):455–63.
42. Yale SH, Hansotia P, Knapp D, Ehrfurth J. Neurologic conditions: assessing
medical fitness to drive. Clin Med Res. 2003;1(3):177–88.
43. Davis JD, Papandonatos GD, Miller LA, Hewitt SD, Festa EK, Heindel WC,
Ott BR. Road test and naturalistic driving performance in healthy and
cognitively impaired older adults: does environment matter? J Am Geriatr
Soc. 2012;60(11):2056–62.
44. Uc EY, Rizzo M. Driving and neurodegenerative diseases. Curr Neurol
Neurosci Rep. 2008;8(5):377–83.
45. Shechtman O, Awadzi KD, Classen S, Lanford DN, Joo Y. Validity and critical
driving errors of on-road assessment for older drivers. Am J Occup Ther.
2010;64(2):242–51.
46. American Occupational Therapy Association. Occupational Therapy
Practice Framework: Domain and process. Am J Occup Ther.
2002;56(6):609-39.
47. Klavora P, Young M, Heslegrave RJ. A review of a major driver rehabilitation
centre: a ten-year client profile. Can J Occup Ther. 2000;67(2):128–34.
48. McLaughlin SB, Hankey JM, Dingus TA. A method for evaluating collision
avoidance systems using naturalistic driving data. Accid Anal Prev.
2008;40(1):8–16.
49. Guo F, Fang Y, Antin JF. Older driver fitness-to-drive evaluation using
naturalistic driving data. J Safety Res. 2015;54:49–54.
50. Simons-Morton BG, Klauer SG, Ouimet MC, Guo F, Albert PS, Lee SE,
Ehsani JP, Pradhan AK, Dingus TA. Naturalistic teenage driving study:
Findings and lessons learned. J Safety Res. 2015;54:41–4.
51. Guo F, Fang Y. Individual driver risk assessment using naturalistic driving
data. Accid Anal Prev. 2013;61:3–9.
52. Wu KF, Aguero-Valverde J, Jovanis PP. Using naturalistic driving data to
explore the association between traffic safety-related events and crash risk
at driver level. Accid Anal Prev. 2014;72:210–8.
53. McLay P. The parkinsonian and driving. Int Disabil Stud. 1989;11(1):50–1.
54. Frucht S, Rogers JD, Greene PE, Gordon MF, Fahn S. Falling asleep at the
wheel: motor vehicle mishaps in persons taking pramipexole and ropinirole.
Neurology. 1999;52(9):1908–10.
55. Hauser RA, Gauger L, Anderson WM, Zesiewicz TA. Pramipexole-induced
somnolence and episodes of daytime sleep. Mov Disord. 2000;15(4):658–63.
56. Ondo WG, Dat Vuong K, Khan H, Atassi F, Kwak C, Jankovic J. Daytime
sleepiness and other sleep disorders in Parkinson’s disease. Neurology.
2001;57(8):1392–6.
57. Tan EK, Lum SY, Fook-Chong SM, Teoh ML, Yih Y, Tan L, Tan A, Wong MC.
Evaluation of somnolence in Parkinson’s disease: comparison with age- and
sex-matched controls. Neurology. 2002;58(3):465–8.
58. Schlesinger I, Ravin PD. Dopamine agonists induce episodes of irresistible
daytime sleepiness. Eur Neurol. 2003;49(1):30–3.
59. Paus S, Brecht HM, Koster J, Seeger G, Klockgether T, Wullner U. Sleep
attacks, daytime sleepiness, and dopamine agonists in Parkinson’s disease.
Mov Disord. 2003;18(6):659–67.
60. Brodsky MA, Godbold J, Roth T, Olanow CW. Sleepiness in Parkinson’s
disease: a controlled study. Mov Disord. 2003;18(6):668–72.
61. Kumar S, Bhatia M, Behari M. Excessive daytime sleepiness in Parkinson’s
disease as assessed by Epworth Sleepiness Scale (ESS). Sleep Med.
2003;4(4):339–42.
62. Cubo E, Martinez Martin P, Gonzalez M, Bergareche A, Campos V,
Fernandez JM, Alvarez M, Bayes A, Elep G. What contributes to driving
ability in Parkinson’s disease. Disabil Rehabil. 2010;32(5):374–8.
63. Lings S, Dupont E. Driving with Parkinson’s disease. A controlled laboratory
investigation. Acta Neurol Scand. 1992;86(1):33–9.
64. Moller JC, Stiasny K, Hargutt V, Cassel W, Tietze H, Peter JH, Kruger HP,
Oertel WH. Evaluation of sleep and driving performance in six patients with
Parkinson’s disease reporting sudden onset of sleep under dopaminergic
medication: a pilot study. Mov Disord. 2002;17(3):474–81.

Page 13 of 14

65. 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(7):846–57.
66. 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(12):2096–100.
67. Stolwyk RJ, Charlton JL, Triggs TJ, Iansek R, Bradshaw JL. Neuropsychological
function and driving ability in people with Parkinson’s disease. J Clin Exp
Neuropsychol. 2006;28(6):898–913.
68. Vaux LM, Ni R, Rizzo M, Uc EY, Andersen GJ. Detection of imminent
collisions by drivers with Alzheimer’s disease and Parkinson’s disease: a
preliminary study. Accid Anal Prev. 2010;42(3):852–8.
69. Scally K, Charlton JL, Iansek R, Bradshaw JL, Moss S, Georgiou-Karistianis N.
Impact of external cue validity on driving performance in Parkinson’s
disease. Parkinsons Dis. 2011;2011:159621.
70. Ranchet M, Paire-Ficout L, Marin-Lamellet C, Laurent B, Broussolle E.
Impaired updating ability in drivers with Parkinson’s disease. J Neurol
Neurosurg Psychiatry. 2011;82(2):218–23.
71. Thiri Kyaw W, Nishikawa N, Moritoyo T, Tsujii T, Iwaki H, Nomoto M.
Evaluating the driving ability in patients with Parkinson’s disease using a
driving simulator. Intern Med. 2013;52(8):871–6.
72. Dotzauer M, Caljouw SR, De Waard D, Brouwer WH. Longer-term effects of
ADAS use on speed and headway control in drivers diagnosed with
Parkinson’s disease. Traffic Inj Prev. 2015;16(1):10–6.
73. Vardaki S, Devos H, Beratis I, Yannis G, Papageorgiou SG. Exploring the
association between working memory and driving performance in
Parkinson’s disease. Traffic Inj Prev. 2016;17(4):359–66.
74. Devos H, Morgan JC, Onyeamaechi A, Bogle CA, Holton K, Kruse J, Sasser S,
Akinwuntan AE. Use of a driving simulator to improve on-road driving
performance and cognition in persons with Parkinson’s disease: A pilot study.
Aust Occup Ther J. 2016. doi:10.1111/1440-1630.12263. [Epub ahead of print].
75. Classen S, Witter DP, Lanford DN, Okun MS, Rodriguez RL, Romrell J,
Malaty I, Fernandez HH. Usefulness of screening tools for predicting
driving performance in people with Parkinson’s disease. Am J Occup Ther.
2011;65(5):579–88.
76. Radford K, Lincoln N, Lennox G. The effects of cognitive abilities on driving
in people with Parkinson’s disease. Disabil Rehabil. 2004;26(2):65–70.
77. 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(6):766–75.
78. Worringham CJ, Wood JM, Kerr GK, Silburn PA. Predictors of driving
assessment outcome in Parkinson’s disease. Mov Disord. 2006;21(2):230–5.
79. Amick MM, D’Abreu A, Moro-de-Casillas ML, Chou KL, Ott BR. Excessive
daytime sleepiness and on-road driving performance in patients with
Parkinson’s disease. J Neurol Sci. 2007;252(1):13–5.
80. Amick MM, Grace J, Ott BR. Visual and cognitive predictors of driving safety
in Parkinson’s disease patients. Arch Clin Neuropsychol. 2007;22(8):957–67.
81. 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(9):1217–22.
82. Classen S, McCarthy DP, Shechtman O, Awadzi KD, Lanford DN, Okun MS,
Rodriguez RL, Romrell J, Bridges S, Kluger B, et al. 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(6):593–8.
83. Barrash J, Stillman A, Anderson SW, Uc EY, Dawson JD, Rizzo M. Prediction
of driving ability with neuropsychological tests: demographic adjustments
diminish accuracy. J Int Neuropsychol Soc. 2010;16(4):679–86.
84. Anderson SW, Aksan N, Dawson JD, Uc EY, Johnson AM, Rizzo M.
Neuropsychological assessment of driving safety risk in older adults
with and without neurologic disease. J Clin Exp Neuropsychol.
2012;34(9):895–905.
85. Crizzle A, Classen S, Bedard M, Lanford D, Winter S. MMSE as a predictor of
on-road driving performance in community dwelling older drivers. Accid
Anal Prev. 2013;49:287–92.
86. Ranchet M, Paire-Ficout L, Uc EY, Bonnard A, Sornette D, Broussolle E.
Impact of specific executive functions on driving performance in people
with Parkinson’s disease. Mov Disord. 2013;28(14):1941–8.
87. Crizzle AM, Classen S, Lanford D, Malaty IA, Okun MS, Wagle Shukla A,
McFarland NR. Driving performance and behaviors: a comparison of gender
differences in Parkinson’s disease. Traffic Inj Prev. 2013;14(4):340–5.

Jitkritsadakul and Bhidayasiri Journal of Clinical Movement Disorders (2016) 3:14

Page 14 of 14

88. Crizzle AM, Classen S, Lanford DN, Malaty IA, Okun MS, Wang Y, Wagle
Shukla A, Rodriguez RL, McFarland NR. Postural/Gait and cognitive function
as predictors of driving performance in Parkinson’s disease. J Parkinsons Dis.
2013;3(2):153–60.
89. 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(14):1949–56.
90. Classen S, Brumback B, Monahan M, Malaty II, Rodriguez RL, Okun MS,
McFarland NR. Driving errors in Parkinson’s disease: moving closer to
predicting on-road outcomes. Am J Occup Ther. 2014;68(1):77–85.
91. Uc EY, Rizzo M, Anderson SW, Sparks JD, Rodnitzky RL, Dawson JD.
Driving with distraction in Parkinson disease. Neurology. 2006;67(10):1774–80.
92. Crizzle AM, Myers AM, Almeida QJ. Self-regulatory practices of drivers with
Parkinson’s disease: accuracy of patient reports. Parkinsonism Relat Disord.
2013;19(2):176–80.
93. Crizzle AM, Myers AM. Examination of naturalistic driving practices in drivers
with Parkinson’s disease compared to age and gender-matched controls.
Accid Anal Prev. 2013;50:724–31.
94. Devos H, Ranchet M, Emmanuel Akinwuntan A, Uc EY. Establishing an
evidence-base framework for driving rehabilitation in Parkinson’s disease:
A systematic review of on-road driving studies. NeuroRehabilitation.
2015;37(1):35–52.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

