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Abstract

Some medical disorders can impair performance, increasing the risk of driving safety errors that
can lead to vehicle crashes. The causal pathway often involves a concatenation of factors or
events, some of which can be prevented or controlled. Effective interventions can operate before,
during, or after a crash occurs at the levels of driver capacity, vehicle and road design, and public
policy. A variety of systemic, neurological, psychiatric, and developmental disorders put drivers at
potential increased risk of a car crash in the short or long term. Medical diagnosis and age alone
are usually insufficient criteria for determining fitness to drive. Strategies are needed for
determining what types and levels of reduced function provide a threshold for disqualification in
drivers with medical disorders. Evidence of decreased mileage, self-restriction to driving in certain
situations, collisions, moving violations, aggressive driving, sleepiness, alcohol abuse, metabolic
disorders, and multiple medications may trigger considerations of driver safety. A general
framework for evaluating driver fitness relies on a functional evaluation of multiple domains
(cognitive, motor, perceptual, and psychiatric) that are important for safe driving and can be
applied across many disorders, including conditions that have rarely been studied with respect to
driving, and in patients with multiple conditions and medications. Neurocognitive tests, driving
simulation, and road tests provide complementary sources of evidence to evaluate driver safety.
No single test is sufficient to determine who should drive and who should not.

DR BURNS: Mr P is a 70-year-old right-handed man with a history of idiopathic Parkinson
disease, hypertension, and atrial fibrillation. He has Medicare insurance.

Mr P was diagnosed as having idiopathic Parkinson disease 5 years ago. Currently, his main
symptom is a right-hand resting tremor. Mr P also has a rapid eye movement sleep disorder
with nocturnal movements and daytime sleepiness, as well as occasional double vision.

Mr P is a retired engineer and has enjoyed working on and driving race cars. In 2007, he
voluntarily gave up race car driving because he felt that he had lost his “competitive edge”
and because he experienced difficulty with depth perception.

Mr P has participated in annual driving evaluations since his diagnosis, with the most recent
being administered 1 year prior to interview. At that time he felt that the cognitive aspects of
driving were the most difficult for him, that he needed to concentrate very hard while

driving, and that he was avoiding more complex environments. On physical examination, he
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had marked resting tremor of the right hand; visual acuity was 20/35 with normal visual
fields, tracking, color vision, and depth perception. The brake reaction test showed that his
reaction time was within normal limits at an average of 0.52 with the right foot and 0.45
with the left (<0.55 is within normal limits for the AAA Brake Reaction Timer). On the
Trail-Making Test, which measures visual motor ability and attention, his results were in the
10th percentile for his age. He did well on cognitive screening measures, including rules of
the road. On a standardized 1-hour on-road evaluation, he controlled the car well, followed
the rules of the road, and was observant of others. He had slightly delayed processing and
forgot to signal on 2 occasions. Based on this evaluation, he did not demonstrate deficits that
would impede his capacity to drive a car. Repeat evaluation in 1 year was recommended.

Mr P has chosen to take minimal medications. He is currently taking digoxin, 250 pg/d;
diltiazem, 30 mg/d; finasteride, 5 mg/d; and rasagiline, 1 tablet daily.

MR P: HIS VIEW

Driving has been a significant part of my life in that I've enthusiastically raced for a number
of years. Part of the reason for getting into the driving evaluation program several years ago
was to have a stable, carefully thought-out test that would be able to evaluate my driving
skills. I used the program to make the decision as to when | would stop racing a car on a
track. I did stop racing, but I'm still doing street driving at the present time. | have noticed in
the last year that it is much more difficult to solve cognitive-type problems than before,
including knowing where the rest of the cars are going, being able to keep track of where
they are, and looking at road signs and figuring out where you're going, especially in places
that you've never been before.

When you go through the driving evaluation program, you sign at the beginning that you are
going to live with the findings of the professionals. If you fail to do this, they will turn your
name over to the Registry of Motor Vehicles and the registry will deal with it in whatever
manner they see fit.

I have decided that if I'm bothering people who are riding in the car because of what I'm
doing or how I'm doing it, or if, in a driving evaluation, the evaluators think that my
performance on the street is not what it should be, then I'll have to look and, just like in the
racing mode, make the decision to not drive any more. Not driving will be a very dramatic
and very disturbing thing. It certainly means it will be more difficult trying to get from one
place to the other, and having to depend on somebody else to be able to drive you to various
different places will most certainly be a burden, to put it mildly.

AT THE CROSSROADS: QUESTIONS FOR DR RIZZO

How do medical disorders place drivers at increased risk? What sources of evidence are
available for determining driving competence and what is their accuracy in identifying at-
risk drivers? What guidelines exist for at-risk drivers? What interventions can improve
driver performance and what is the evidence of their effectiveness? What do you
recommend for Mr P?

DR RIZZO: Mr P is a highly educated man and superior driver who could safely race cars.
Now he has multiple risk factors for unsafe driving that can lead to a crash, including
Parkinson disease with motor and cognitive impairments, vision and sleep disturbances,
cardiac dysrhythmia, several medications, and advanced age. A framework for evaluating
the fitness of drivers like Mr P relies on a “functional” evaluation of multiple domains
(cognitive, motor, perceptual, and psychiatric) that are important for safe driving and can be
applied across many disorders, including ones that have rarely been studied with respect to
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driving, and in patients with multiple conditions and medications. In general, no single test
is sufficient to determine who should drive and who should not.

A variety of systemic, neurological, psychiatric, and developmental disorders put drivers at
potential increased risk of a car crash; however, diagnosis alone usually is an insufficient
criterion for driver decertification, and few diagnoses and treatments have been studied with
respect to driving safety. The absence of evidence is an obstacle to accurately advising
patients with medical disorders on whether they can drive safely or pose an unacceptably
high risk of a crash. Without adequate evidence, physicians and other care-givers must often
rely on intuition to restrict driving. Such decisions may unfairly deny individuals their
mobility or unwisely sanction driving in crash-prone patients. In addition, states continue to
look to clinicians for evidence on driving safety in medical disorders, evidence they often do
not have, while clinicians appeal to the state for legal guidance. Further efforts to address the
long-standing questions posed by Drachman® (Who may drive, who may not, and who shall
decide?) are clearly needed.2

Chain of Causality of Crashes in Medical Disorders

Medical disorders impair patient behavior and performance abilities, increasing the risk of
errors that can lead to vehicle crashes (FIGURE).2 The causal pathway often involves a
concatenation of factors or events, some of which can be prevented or controlled.? Effective
interventions can operate before, during, or after a crash occurs and at the levels of driver
capacity, vehicle and road design, and public policy.*

The relationship between driver behavior and safety errors can be represented as an iceberg
in which visible, tip-of-the-iceberg events are safety errors that produce car crashes resulting
in fatality, serious injury, mild injury, or (most often) only property damage.>6 Hidden,
below-the-waterline events occur more often and range from more innocuous errors, such as
failing to check the rearview mirror on a deserted highway, to more serious errors, such as
choosing to drive while impaired or distracted, leading to failure to brake or steer when
needed, and producing traffic conflicts, near-crashes (“near-misses”), and, sporadically,
traffic citations. Despite producing a devastating public health burden, crashes are relatively
infrequent events in a statistical sense.

Medical disorders increase the risk of driver errors that may lead to crashes by causing
impairments of attention, perception, response selection and implementation (which depend
on memory, decision making, and other executive functions), emotional state, level of
arousal or sleepiness, psychomotor factors, general mobility, and awareness of situation and
self (metacognition).”-11 Operators normally monitor their performance and internal state,
and when feed-back fails to match expectations, they normally detect the discrepancy and
take corrective action.12 Drivers with cognitive impairments are less likely to realize their
errors or impaired status, a metacognitive failure known as anosognosia, and are more likely
to drive, unwittingly, while impaired. Anosognosia is not an all-or-none phenomenon, and
subtle, undiagnosed forms of it may hinder patients with a range of perceptual and cognitive
impairments, as in patients with sleep disorders, metabolic disorders, or cation effects who
are not aware of how sleepy or cognitively impaired they really are.

Exactly how a particular medical disorder affects driving depends on the natural history,
time course, severity, stage, and treatment of the disease. Patients with stroke may suddenly
become unable to drive but may eventually recover and resume driving, whereas patients
with Alzheimer disease or Parkinson disease (like Mr P) may drive safely at first, but with
the inevitable progression of their condition, many, if not all, become unfit to ever drive
again. Systemic diseases can produce encephalopathy with adverse consequences for driver
safety, while fatigue, alcohol, and illicit drugs pose driving safety risks, as do many
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prescription medicines, (eg, anticonvulsants, antihistamines, antidepressants, antipsychotics
and narcotics, and benzodiazepines). Relevant to Mr P, dopaminergic agents can produce
adverse effects including psychosis, and higher dopamine equivalents predict a greater
likelihood of stopping driving.13

The Federal Motor Carrier Safety Administration (FMCSA) has provided the most
comprehensive review of the risk of motor vehicle crash for a variety of medical disorders
(TABLE 1).

Diabetes—Diabetes is a prime example of the effects of metabolic disorders and
encephalopathy on automobile driving. In a meta-analysis, the relative risk of crash among
drivers with diabetes was 1.19 (95% confidence interval, 1.08-1.31) vs comparable drivers
without diabetes.1® Hypoglycemia and glycemic variability are key risk factors to
consider.20 A prospective 12-month study of 452 drivers with type 1 diabetes showed that
52% had 1 and 5% had 6 hypoglycemia-related driving mishaps; these self-reported mishaps
were related to driver exposure (mileage) and insulin pump use.?! Tight control of diabetes
intended to reduce long-term complications can increase the risk of hypoglycemic episodes
and impair cognitive abilities (attention, memory, and decision making)?2-24 needed for the
safe and continuous performance of complex high-risk tasks such as automobile driving.
Furthermore, some drivers with diabetes are unaware of their hypoglycemic status2>28 and
may unknowingly expose themselves to excess risk by driving while impaired. A key source
of feedback that may help mitigate hypoglycemia and improve driving safety in diabetes is
continuous glucose monitoring2’ with real-time feedback of low glucose levels via auditory
and tactile alarms.28

Sleep Disorders—Excessive daytime sleepiness has many causes in a 24-hour society,
underpins a large number of reported motor vehicle collisions (35%-42%),2930 and may be
second only to alcohol in crash causation. Chronic insomnia, narcolepsy, restless leg
syndrome, dementia, epilepsy, and medications can all contribute to sleep disturbances,
sleep deprivation, and excessive daytime sleepiness.3! Patients with Parkinson disease, like
Mr P, may be excessively sleepy because of their disease or dopaminergic therapy.32
Drivers with obstructive sleep apnea are at increased risk of a motor vehicle collision
compared with drivers without sleep apnea (relative risk of crash, 2.72; 95% confidence
interval, 1.30-5.72; P = .008) because of impairments of vigilance, cognition, and falling
asleep at the wheel .33 The treatment for obstructive sleep apnea, continuous positive airway
pressure (CPAP), is effective, but adherence is a problem and it is unclear how CPAP-
adherent a patient must be (in terms of hours of nightly CPAP for consecutive nights) to
become as safe as a comparable driver without sleep apnea or whether there are long-term
residual effects of sleep apnea on driver safety. Some sleepy drivers are not aware of their
impaired status,34-37 possibly because of related cognitive impairment or an altered frame of
reference for fatigue,3® and may be less likely to restrict themselves from driving despite
being at increased risk of a crash. Preemptive countermeasures seek to prevent sleepy
drivers from entering the road, in the case of commercial motor vehicle drivers through
mandated duty cycles, driver logs, and other tools. In-vehicle sleepiness detection devices
exist for private and commercial use and can be based on physiologic changes, physical
activity and behavioral measures (eg, eye fixation activity, lid aperture/ closure,
physiognomy), and model-based predictions of sleepiness.33

Role of Age—The increased crash risk seen at the extremes of age is often depicted as the
tails of a U-shaped curve. Licensed drivers aged 60 years or older, the peers of Mr P, have
among the highest crash rates per mile of all age groups, approaching the rate of the risky
and much less experienced cohort of drivers younger than 25 years.3? The increased crash
risk of older drivers is probably due to multiple medical problems and medication use that
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accompany aging rather than age itself. In addition, older drivers are frailer and more likely
to be killed or injured in a car crash than are younger adults. Yet older adults in the United
States, Mr P included, favor driving as the main means of travel4041 and are at increased
risk of depression and decreased quality of life when they stop driving.4243

Evidence of Driving Competence

Several tools provide evidence relevant to driver behavior and performance, including tests
of reaction time and sensory perception, standardized neuropsychological tests that are
capable of measuring levels of cognitive performance in health or disease (but that are not as
good at predicting real-world driving performance), computer-based tests that may use
world images (eg, change detection and hazard perception tasks), simulators (including task-
focused, non-motion-based, and multicapable motion-based), driving in the real world (on a
test track, on a state road test, in an instrumented vehicle), and naturalistic driving (in the
driver's own car, over extended time frames). Each tool has its advantages and drawbacks
and the one selected to evaluate the medically disordered driver depends on the question
being asked (TABLE 2). The tools furnish related results but their ability to predict driving
outcomes is attenuated because driving behavior depends strongly on context and
individuals may behave differently in the real world.

Driving Tests—Historically, state road tests have been used as the gold standard of
driving ability,2 but they were designed to test whether novice drivers know and can apply
the rules of the road, not to predict crash involvement in skilled drivers who may now be
impaired. Other sources of evidence on driver performance and behavior and their pros and
cons are shown in Table 2.

In addition, modern vehicles now allow detailed information from the driver's own car to be
collected over extended time frames.** Speed and performance measures can be reported via
the vehicle's on-board diagnostics port, lane-tracking video can assess lane-keeping
behavior, radar systems can measure proximity, following distance, and lane-merging
behavior,*® global positioning systems can show where and when a driver drives, and cell
phone use can be tracked to assess a driver. Aspects of these data can be examined in a road
test conducted in an instrumented vehicle or using an event recorder deployed in the driver's
own vehicle over extended times.

Neurocoghnitive, Perceptual, and Self-report Tools—Standardized
neuropsychological tests provide quantitative estimates of specific cognitive abilities, and
have been found to predict driving performance to varying degrees in different patient
populations as well as in older drivers. Raw scores (eg, uncorrected for age or education)
tend to be better predictors than adjusted scores of driver performance on the road, where
raw ability matters more.#8 Impaired performance on some of these tasks (eg, Rey-Complex
Figure Test, Trail-Making Test [performed by Mr P], composite measures [eg, “Cogstat™])
may be predictive of driving safety risk”#’ and of real-world driver errors, even in the
absence of neurological disease.”47:48

Use of neuropsychiatric tests alone needs to be cautious because multiple factors attenuate
the relationship between test performance and driving, including decisions such as what
vehicle to drive, how often and where to drive and under what road conditions, choosing to
be distracted (eg, by eating, texting, conversing on cell phones), and how a driver values
speed over safety. And while poor performance on laboratory tests would appear to predict
greater likelihood of crashes and moving violations, the impaired driver might avert these
outcomes by restricting his or her driving.
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Various questionnaires assess relevant factors such as age, education, sex, general health,
vision status, mobility, and chronic health conditions. The psychological state of a driver can
be screened using the General Health Questionnaire*® and the Beck Depression Inventory.>0
Chronic sleep disturbances can be assessed from self-report on the Epworth Sleepiness
Scale.51:52 Frequency of driving can be assessed using a Driving Habits Questionnaire.>3
The Dula Dangerous Driving Index measures self-reported likelihood to drive dangerously;
each subscale (total, aggressive driving, negative emotional driving, and risky driving)
shows strong internal reliability®* and scores have been linked to drunk driving, aggressive
driving, and speeding violations.

Visual assessment can include tests of letter acuity (eg, the Early Treatment Diabetic
Retinopathy Study chart®®) and contrast sensitivity.>6 Useful field of view reduction in
patients who have normal visual fields can be demonstrated using visual tasks under
differing attention loads.>3 Overall visual health can be assessed with the National Eye
Institute Visual Functioning Questionnaire-25.2’ The FMCSA conducted a comprehensive
review of how well visual tests (of acuity, contrast sensitivity, visual fields, and color) and
disorders (age-related macular degeneration, cataract, glaucoma, diabetic retinopathy)
predict driving outcomes.>®

Guidelines for At-Risk Drivers

The American Medical Association/National Highway Traffic Safety Administration,9.60
American Academy of Ophthalmology,®1 American Association of Motor Vehicle
Administrators,52 FMCSA, and American Academy of Neurology have guidelines for at-
risk drivers with visual, cognitive, or medical impairments based on current peer-reviewed
evidence, previous guidelines, and standards of medical practice (TABLE 3). These
guidelines by necessity are based on minimal quantitative data linking medical disorders and
driving outcomes and “treatment” of unsafe driving (eg, restricting driving, educational
interventions, on-board assistive devices, therapy for disease).

In addition, the American Academy of Neurology practice guidelines use an algorithm for
cognitively impaired drivers.53 A Clinical Dementia Rating (CDR) score of 0.5 to 1.0 should
prompt evaluation of driver risk factors, namely caregiver report of marginal or unsafe skills
(level B evidence); history of citations, history of crashes, driving less than 60 miles per
week, situation avoidance, aggression or impulsivity, or Mini-Mental State Examination
score of less than 24 (level C evidence); and other factors (alcohol and medication use, sleep
disorders, visual impairment, and motor impairment). A driver with a CDR score of 2 is
judged to have an unacceptably high risk for driving and risk mitigation strategies are
advised, such as encouraging family support for alternate transportation, professional
driving evaluation, voluntary surrender of driving privileges, or referral for a state-
administered driving test.

Interventions to Improve Driving Performance

A rigorous study showed that a comprehensive 1-to-1 driver safety training program did not
reduce older driver crash rates.5® Cognitive interventions with speed-of-processing and
attention training may help mitigate crash risk in some of these drivers,56:67 yet it may be
difficult to train the brain of a person with progressive neurodegenerative impairment (such
as Mr P) to improve performance in a sustained and meaningful way. Instead, other
approaches include modifying environmental exposure and behavioral interventions to
enhance drivers’ knowledge and awareness of their own actual driving safety errors so that
they avoid the hazardous situations in which these errors are most likely to occur. In the
future, on-board driver-assist and collision warning devices potentially could mitigate the
risk of cognitively impaired drivers.
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RECOMMENDATIONS FOR MR P

Mr P is at increased risk of unsafe driving because of multiple medical factors, including
Parkinson disease, atrial fibrillation, and medications, and associated declines in cognitive
performance, motor function, and behavior. Mr P has already begun to restrict his exposure
to driving.

Most, if not all, patients with neurodegenerative disorders eventually have to stop driving
altogether, and clinicians should be able to knowledgeably discuss this prospect with
patients like Mr P and their families soon after diagnosis. With forewarning and preparation,
a patient with a progressive disorder can begin to reduce driving over time, preparing for
likely eventual cessation.

A clinician has a moral responsibility to recommend what is best for a patient, although
patients may disagree with advice to curtail driving. Mandatory reporting laws for driving
risk vary by jurisdiction, and clinicians, patients, and their families must know their local
laws. A clinician needs to judge the risks that a patient poses, how reluctant the patient is to
cease driving, any legal guidelines in terms of ability, and the effects of limiting or ceasing
driving on the patient's independence. Alternatives to driving can be explored.58

Mr P may wish to continue driving for now, albeit with recommended restrictions. He has a
highly educated and involved spouse and access to sophisticated medical care and driving
specialists to advise him. Based on the American Academy of Neurology guidelines
(admittedly designed for dementia, not Parkinson disease), Mr P should have a 6-month
reassessment.

QUESTIONS AND DISCUSSION

QUESTION: Sometimes a physician suspects that a patient is an unsafe driver and
recommends a driving evaluation. What can be done if the patient refuses the test or doesn't
want to stop driving no matter what?

DR RIZZO: We don't want to coerce patients to take tests they don't want or can't afford.
Private driving tests are often not covered by insurance. If the clinical evidence raises
questions of driver fitness, a physician may refer a person to a state's department of motor
vehicles for a driving test. The driver is more likely to show up if license renewal depends
on taking the test. State driving tests are included in the licensing fee. It is possible to make
a convincing argument for driver testing based on family report, driving history, and clinical
evidence, including disease severity and cognitive test scores. Most patients respect the
opinion of a caring person in a white coat and would strive to avoid potential risks
understood in terms of crashes and injuries to themselves, passengers, and family members.
Alternate transportation planning is helpful, but sometimes the family has to hide the car
keys.

QUESTION: Could you specify the level of performance on a cognitive test, such as the
Trail-Making Test, in terms of the risk of drunk driving with a blood alcohol concentration
(BAC) of 0.08% or some other gauge of driver risk?

DR RIZZO: Population-based crash rates are often given in terms of crashes per 1 million or
100 million miles traveled. Relative risk of an alcohol-related motor vehicle crash varies
widely®® and increases exponentially at around a BAC of 0.08%,’? making it hard to draw
the line for acceptable crash risk on a test such as the Trail-Making Test based on BAC.
Male teenage drivers have the greatest level of driver risk accepted by society and might
provide a threshold for acceptable risk in terms of mileage-adjusted crash rates. Yet, self-
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estimates of driving mileage on which these estimates depend are often inaccurate, and we
cannot confidently specify the test scores that correspond to this threshold. This supports an
argument for measuring behavior in the real world using event-triggered “black box”
recorders.

QUESTION: How far developed are these event recorders and what do they cost?

DR RIZZO: Event recorders are available now and are being used to examine the safety of
novice teenage drivers, professionals (including truck and bus drivers), and patients.’1-76
Such a device typically costs a few hundred dollars, and there may be a recurring fee for
cellular transmission or analysis of data. Service costs are evolving but currently range
between $1000 and $2000 per year. A “black box” recorder may disclose that a driver is
prone to making safety errors on a particular roadway segment or driving task or for a
certain amount of time after taking or missing a dose of a particular drug. The information
could be used to develop specific strategies and to inform individualized interventions
(including situation awareness and avoidance, education, and treatment), putting this
intervention in line with the promise of personalized medicine.
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Vision and attention dysfunction Executive dysfunction Executive dysfunction
Motor dysfunction

Stimul Perceive, attend, and Plan action Execute action .
ulus interpret the stimulus (select response) (implement response) Behavior
T Memory
f
Memory /dys unction
(short- and
long-term)

Physiologic status |«—Therapy

Awareness
(situation, self)

Anosognosia

The driver (1) perceives and attends to stimulus evidence (eg, through vision, audition, somatosensory, and vestibular inputs) and interprets the situation on the road; (2) for-
mulates a plan based on the driving situation and previous experience or memory (eg, of routes, locations of nearby vehicles, how to operate the controls or respond to par-
ticular emergencies); (3) executes an action (eg, by applying the accelerator, brake, or steering); and (4) monitors the outcome as a source of potential feedback for subsequent
corrective actions (the return pathway from behavior to stimulus). The driver's behavior is deemed safe or unsafe due to errors at 1 or more stages in the driving task.?

Figure.
Information Processing Model for Understanding Errors That May Lead to Vehicle Crashes

in Drivers With Medical Disorders
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Table 1

Federal Motor Carriers Safety Administration (FMCSA) Review of Crash Risk by Medical Disorders
(2007-2010)14-182

Page 14

FMCSA Evidence Report Medical  Increased Crash Risk Relative Risk No. of  Strength of Evidence/Conclusion
Condition (Year) (95% Confidence Studies
Interval) With Direct
Evidence
Diabetes mellitus (2006) Yes 1.19 (1.08-1.31) 13 Weak
Schedule 11 licit medications (2006) Cannot determine 0 Weak
Cardiovascular disease (2006)
Cardiovascular disease Yes 1.43(1.11-1.84) 8 Acceptable
Hypertension Yes Estimate unstable 2 Acceptable
Seizure disorders (2007) Yes 1.13t02.16 8 Moderate
Obstructive sleep apnea (2007) Yes 1.30t05.72 9 Strong
Renal disease (2007) Direct: no 2 Acceptable
Indirect: plausible
Vision (2007)
Monocular vision 4 Insufficient
Red-green color deficiencies 1 Insufficient
Visual field loss Yes Indeterminate 12 Minimally acceptable
240% Reduction in useful field of ~ Yes Indeterminate 6 Moderate
view
Cataracts 4 Insufficient
Diplopia 1 Insufficient
Musculoskeletal disease (2007)
Amputation of extremity No 2 Minimally acceptable
Inflammatory arthritis Indeterminate 3 Minimally acceptable
Decreased angle of rotation at Indeterminate 0  Minimally acceptable
spine/neck
Hearing (2008)
Hearing impairment No 3 Acceptable
Vestibular dysfunction Inconclusive 1 Not stated
Psychiatric disease (2008)
Psychiatric disease Inconclusive 8 Minimally acceptable
Psychotic disorders Inconclusive 4 Minimally acceptable
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FMCSA Evidence Report Medical  Increased Crash Risk Relative Risk No. of  Strength of Evidence/Conclusion
Condition (Year) (95% Confidence Studies
Interval) With Direct
Evidence
Mood disorders Inconclusive 3 Not stated
Anxiety disorders Inconclusive 1 Not stated
Personality disorders Inconclusive 3 Not stated
Benzodiazepine use Yes Not provided 9 Moderate
Antipsychotic use Inconclusive 1
Antidepressant use Inconclusive 7  Minimally acceptable
Stroke (2009) Yes Indeterminate 3 Minimally acceptable
Parkinson disease (2009) Yes, for Hoehn and Yahr Not provided 3 Minimally acceptable
stages 2 and 3
Multiple sclerosis (2009) Inconclusive Indeterminate 2 Not stated
Traumatic brain injury (2010) Inconclusive 1.32(0.77-2.25) 5 Moderate

a Lo . - . . L . - .
Inconclusive indicates insufficient evidence to determine whether risk is increased. Indeterminate indicates could not be determined from the
available evidence. If inconclusive or insufficient evidence was available, no crash risk could be estimated.
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Table 2

Advantages and Disadvantages of Different Sources of Evidence of Driving Competency

Source Advantages Disadvantages

Driving simulation Safe, without injury risks of road or test track Drivers may behave differently in a simulator,
Best means to replicate exactly experimental road conditions where no injury can occur
under which driver decisions are made Testing validity may require laborious detailed
Can be used to quantify performance profiles in cognitively comparisons with state records of crashes and
impaired drivers (eg, advanced age, Alzheimer disease, moving violations and with real-life performance in
Parkinson disease, stroke, traumatic brain injury, multiple an instrumented vehicle or in a state road test
sclerosis, obstructive sleep apnea, alcohol/drug use) Simulator adaptation syndrome

State road test? Considered gold standard of driver fitness Developed to ensure that novice drivers know and
Assesses driving performance under direct supervision of apply rules of the road, not to test experienced
trained expert drivers who may be impaired
Performance graded along several dimensions to calculate Few data show that road tests correlate with crash
cutoff score used to designate drivers as safe or unsafe involvement

Risk of the road to the driver and examiner

Test conditions vary depending on weather,
daylight, traffic, and route

Driving experts have different biases and grading

criteria
Instrumented vehicles  Permit quantitative assessment of driver performance under Risk of the road environment
actual road conditions
Assessment can incorporate standard maneuvers deemed
essential to driving such as turns, observance of traffic signs
and signals, maintenance of vehicle control, and response to
standard cognitive challenges (eg, route finding; sign
identification; multitasking, as in conversation or using in-
vehicle telematics devices such as cell phones and navigation
devices) while driving
Measurements are not subject to human bias that affects
interrater reliability on a standard road test
Event recorders Deployed in driver's own vehicle, these black box systems Confidentiality of electronic and video data
allow detailed assessment of driver safety in naturalistic Taxonomies of understanding errors are needed
settings over extended times without an examiner present
May disclose specific situations or settings in which a driver is
prone to making safety errors
State crash records Often provide main basis for judging fitness of drivers who Crashes are uncommon, and unsafe drivers may not
have not had road test have had a crash
Are more accurate and impartial than reports of drivers, Some crashes are inevitable, caused by factors
relatives, and friends extrinsic to the driver
Provide details on time of day, road and weather conditions, Driver reporting of crashes may be unreliable
and crash type, which drivers may forget Individuals with faulty memory underreport crashes

Injured parties may not remember what happened
Single car crashes often have no reliable witnesses
No direct observations of actions leading up to a
crash

Specific details on mechanisms of a crash are
generally missing
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