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ABSTRACT

Objective: To determine the incidence of and risk factors for driving outcomes in drivers with
Parkinson disease (PD).

Methods: In a prospective cohort study, we ascertained the time until driving cessation, a crash,
or a traffic citation using self-report and state Department of Transportation records in 106
licensed, active drivers with PD and 130 controls.

Results: Drivers with PD stopped driving earlier than controls, hazard ratio (95% confidence inter-
val) � 7.09 (3.66–13.75), p � 0.001. Cumulative incidence of driving cessation at 2 years after
baseline was 17.6% (11.5%–26.5%) for PD and 3.1% (1.2%–8.1%) for controls. No significant
differences between groups on times to first crash or citation were detected. However, the num-
ber of observed crashes was low. Cox proportional hazards models showed that significant base-
line risk factors for driving cessation in PD were older age, preference to be driven by somebody
else, positive crash history, use of compensatory strategies, low driving exposure, impairments in
visual perception (especially visual processing speed and attention) and cognitive abilities, parkin-
sonism (especially activities of daily living score and total daily dose of antiparkinsonian medica-
tions), and higher error counts on a road test. Within PD, crashes were associated with poorer
postural stability and history of driving citations, and citations were associated with younger age
and road errors at baseline.

Conclusions: Drivers with PD are at a higher risk of driving cessation than elderly control drivers. A
battery evaluating motor and nonmotor aspects of PD, driving record, and performance can be
useful in assessing future driving outcomes in PD. Neurology® 2011;76:1894–1902

GLOSSARY
ADL � activities of daily living; CI � confidence interval; DHQ � Driver Habits Questionnaire; DOT � Department of Transpor-
tation; HR � hazard ratio; PD � Parkinson disease; UFOV � useful field of view; UPDRS � Unified Parkinson’s Disease Rating
Scale.

Cognitive, visual, and motor impairments in Parkinson disease (PD) can affect driving perfor-
mance on standardized road tests1–11 and driving simulator experiments.12–16 Cross-sectional or
retrospective surveys show higher rates of driving cessation in PD,17–21 which may lead to
greater inactivity, social isolation, depression, and caregiver burden.22,23 Driving simulation
studies have shown increased crash rates in PD13,16 and retrospective surveys have suggested
increased crashes in drivers with PD.17,19 However, real-life driving outcomes in PD have not
been determined in prospective, controlled PD cohort studies.21

This study examines the real-life outcomes in a PD driver cohort, whose baseline features,
experimental road test, and driving simulator performance were reported previously.1,5,6,8,16

The main outcome measures in this study were time to driving cessation, time to first crash,
and time to first citation. We hypothesized that the incidence of unfavorable real-life driving
outcomes in drivers with PD would be higher than in neurologically normal control drivers,
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and that these outcomes in PD could be asso-
ciated with demographic features, driving
habits and history, cognition, vision, parkin-
sonism, and road test performance at baseline.

METHODS Subjects. All subjects (106 with PD, 130 con-
trols) were independently living, licensed, experienced (greater
than 10 years), active drivers. Drivers with PD were recruited
from the Movement Disorders Clinics at the Department of
Neurology, University of Iowa, and Veterans Affairs Medical
Center, both in Iowa City. Exclusion criteria included presence
of acute illness, confounding active medical or psychiatric or
visual conditions, secondary parkinsonism, and Parkinson-plus
syndromes.1,5,6,8,16

Standard protocol approvals, registrations, and patient
consents. The study was approved by the Institutional Review
Boards and Human Subjects Office of the University of Iowa. A
written informed consent was obtained from all participants in
the study.

Driving outcomes. Driving cessation. We determined the
driving status and date of driving cessation by reviewing data
collected from multiple sources including follow-up telephone
calls conducted 3 to 7 years after baseline assessment, clinic re-
cords, Driving Habits Questionnaire (DHQ)24 during annual
study visits, state driving records, and death dates from the Social
Security Death Index if no other information was available. We
reviewed Iowa Department of Transportation (DOT) driving
records, which were requested once per year for a minimum of 4
years following baseline for indication of license suspension, re-
vocation, or rescission. Based on the above, the earliest evidence
of driving cessation was used to calculate elapsed time since base-
line. For cases where no evidence of driving cessation was noted,
we used the last date of known driving as the censoring time for
this outcome.

Moving violations. Moving violations were tracked from
annually requested Iowa DOT driving records.

Motor vehicle crashes. Motor vehicle crashes were tracked
from the DHQ24 and from Iowa DOT driving records. Detailed
police reports for each crash listed on a participant’s driving re-
cord were used to determine if the driver was at fault. The first
evidence of a crash from any of these sources was used to calcu-

late the time elapsed since baseline.

Potential risk factors of real-life outcomes. We used de-
mographic factors, driving history, performance on an experi-
mental road test, and measures of cognition, vision, mood, and
parkinsonism at baseline as independent variables. We used a
detailed battery to capture the multifaceted motor and nonmo-
tor (e.g., cognitive, visual) manifestations of PD as described in
our previous work (see appendix e-1 on the Neurology® Web site
at www.neurology.org).1–16 For all tests, raw scores were used for
analysis.25

We assessed driving habits and history using the DHQ.24

The DHQ is interviewer-administered and includes information
on current driving status and self-assessed quality of driving,
driving exposure (e.g., miles/week, days/week), dependence
on other drivers, driving difficulty under specific situations
(e.g., night, rush hour), driving space, and self-reported
crashes and citations. A risk-lowering score was calculated by
adding up number of driving situations which the driver
avoided over the last 2 months before baseline (e.g., not driv-
ing at night, maximum � 8).

The experimental drive was conducted aboard an instru-
mented vehicle across different road types, and lasted approxi-
mately 45 minutes.1,5,6,8 The drivers with PD were tested during
periods of optimal motor symptom control. The subjects were
told to drive as they would in their usual life. A professional
driving instructor reviewed the drive tapes and assessed the num-
ber and type of safety errors based on the Iowa DOT Drive Test
Scoring Standards (2005 version).1

Statistical analysis. We calculated descriptive statistics for
baseline variables (e.g., demographic features, vision, cognition,
driving history, and habits) in the control and PD (also indices of
parkinsonism) groups. The groups were compared using the
Wilcoxon rank sum test and Fisher exact test, depending on the
scale of the variable. Relationships between driving habits and
cognition, vision, and parkinsonism were explored using Spear-
man rank correlations within PD.

We first compared the occurrence of our 3 outcomes be-
tween groups using Fisher exact test. To accommodate the vary-
ing amounts of follow-up from driver to driver, we used survival
analysis methods. Our defined real-life driving outcome vari-
ables were the time from the baseline evaluation to driving cessa-
tion, to the occurrence of first crash, and to the first citation.
Follow-up times were censored at the last available evaluation for
subjects who did not experience any of these 3 outcomes. These
time-to-event outcomes were analyzed using Kaplan-Meier
curves to estimate the probability of avoiding these outcomes
over time, with the complements of these probabilities termed as
cumulative incidences. These estimates and their standard errors
were used to obtain 95% confidence intervals for cumulative
incidences at selected times. Log rank tests were used to make
unadjusted between-group comparisons based on the Kaplan-
Meier curves. Cox proportional hazards regression models were
used to compare the risk of these events between groups with
adjustment for key covariates, namely, age, gender, education,
and miles driven per week at baseline. Additional adjustments
were done as indicated.

Cox proportional hazards regression models examined asso-
ciations between potential risk factors and the time to real-life
driving outcomes within drivers with PD. For each outcome,
hazard ratios (HR) for individual risk factor variables (e.g., cog-
nitive, visual, parkinsonism, self-report on driving characteris-
tics) were adjusted for demographic factors (age, education,
gender) and driving exposure (miles/week). To facilitate compar-
isons across risk factors, the HRs were expressed in terms of 1 SD
change in the risk factor unless otherwise specified. All p values
throughout this report are for 2-sided alternative hypotheses.

RESULTS Baseline characteristics. Baseline charac-
teristics are detailed in table 1. The drivers with PD
had mild to moderate disease severity. The PD group
was significantly younger, less educated, had a greater
proportion of men, performed worse on neuropsy-
chological and visual tests (with deficits in the mild
to moderate range), and committed more road driv-
ing safety errors than controls. Drivers with PD rated
their own driving quality significantly less favorably
then the controls. A significantly higher proportion
of drivers with PD had received a suggestion to stop
driving before enrolling in the study. Drivers with
PD reported no difference in citation numbers, but
fewer total crashes (major or minor, at fault, or not at
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fault) within the last 2 years before enrollment. They
had a similar driving exposure compared to controls
in terms of miles driven per week, but drove fewer
days per week than controls, and reported signifi-
cantly higher number of risk-lowering practices
(compensation strategies).

Driving cessation. Throughout the follow-up period,
43 (40.6%) drivers with PD ceased driving com-
pared to 22 (16.9%) control drivers (p � 0.0001).
Accommodating the varying follow-up times, sur-
vival analysis confirmed that the drivers with PD
were at a higher risk for driving cessation in compar-
ison to controls over the whole follow-up period (fig-
ure), with a log rank �2 of 37.5 (p � 0.0001) and an
estimated HR (95% confidence interval [CI]) of
7.09 (3.66–13.75), adjusted for age, gender, educa-
tion, and miles/week at baseline. The Kaplan-Meier
plot (figure) shows the probability of still driving (or
inversely, the risk of driving cessation) at any partic-
ular timepoint during the follow-up and allows visual
comparison between groups for between-group com-
parisons over time. For example, the cumulative inci-
dence (95% CI) of driving cessation at 2 years after
baseline was 17.6% (11.5%–26.5%) for PD and
3.1% (1.2%–8.1%) for controls.

We used the date of death from the Social Secu-
rity Death Index as date of driving cessation in 4 PD
and 12 control drivers above when no other informa-
tion on driving status was available. However, due to
uncertainty of driving status of these subjects soon
before their deaths, we also analyzed time to driving
cessation using the death times in these 16 subjects as
a censoring time. The HR for PD in this analysis
(adjusted for age, education, gender, miles driven per
week at baseline) was 15.06 (6.17–36.81). Though
this estimate was higher than the estimate above
(7.09 [3.66 –13.75]), the HR CIs for the 2 ap-
proaches overlapped substantially, and we used our
initial approach for analyses of risk factors for driving
cessation within PD.

Significant individual risk factors (adjusted for
age, driving exposure, education, gender as appropri-
ate) for driving cessation within PD (table 2) in-
cluded older age, decreased driving exposure, poorer
ratings of driving ability by self and others, higher
number of past crashes, and a higher risk-lowering
score on DHQ; poorer performances in most mea-
sures of vision; and higher severity of parkinsonism.
Additionally, higher number of road errors at base-
line was associated with increased risk for driving
cessation.

A multivariate analysis of risk factors in PD
showed a preference to be driven by others, higher
useful field of view (UFOV) total score, higher Uni-
fied Parkinson’s Disease Rating Scale–activities of

Table 1 Baseline descriptive statistics of subject groups, with between-
group comparisonsa

Category and measure PD (n � 106)
Controls
(n � 130) p Value

Demographics

Age, y 66.7 (9.1) 70.2 (6.5) 0.0135

Education, y 14.7 (2.7) 15.6 (2.6) 0.0084

Gender (% male) 90 (84.9) 63 (48.5) �0.0001

Basic visual sensory functions

NVA (logMAR) (2) 0.07 (0.10) 0.02 (0.04) �0.0001

FVA (logMAR) (2) �0.01 (0.11) �0.06 (0.12) 0.0002

CS (Pelli-Robson chart) (1) 1.7 (0.2) 1.8 (0.1) �0.0001

Visual perception

Motion perception: SFM (%)
(2)

12.3 (5.0) 10.3 (2.6) 0.0046

Attention: UFOV (ms) (2) 880 (375) 697 (219) 0.0002

Spatial perception: JLO (1) 24.1 (4.3) 25.2 (4.1) 0.0431

Visual cognition

Construction

BLOCKS (1) 31.9 (11.6) 38.4 (10.0) �0.0001

CFT-copy (1) 26.7 (5.0) 31.6 (4.0) �0.0001

Memory

CFT-recall (1) 12.8 (5.3) 15.2 (5.5) 0.0030

BVRT-error (2) 7.3 (4.1) 5.0 (2.4) �0.0001

Executive functions

Set shifting: TMT (B–A) (s) (2) 84.3 (77.2) 49.7 (35.8) �0.0001

Verbal fluency: COWA (1) 34.5 (10.8) 38.2 (11.5) 0.0057

Verbal memory: AVLT-recall (1) 7.3 (3.6) 9.8 (3.1) �0.0001

General cognition

MMSE (1) 28.2 (1.7) 29.5 (1.0) 0.0857

COGSTAT (1) 342 (76) 399 (48.5) �0.0001

Depression: GDS (2) 6.0 (5.7) 3.1 (3.7) �0.0001

Balance: FR (in.) (1) 11.4 (3.3) 13.1 (2.6) �0.0001

Sleepiness: ESS (2) 9.6 (4.3)

Parkinsonism

Disease duration, y 5.9 (5.1)

Hoehn & Yahr stage (2) 2.2 (0.58)

UPDRS-ADL (2) 7.5 (3.7)

UPDRS-motor (2) 24.9 (9.0)

Schwab-England score (1) 84.2 (9.8)

Levodopa equivalent (mg/d) 597 (606)

Road test: Error count 33.45 (12.79) 41.42 (15.11) �0.0001

Driving exposure

Miles/wk 153.0 (160.4) 150.4 (181.6) 0.9119

Days/wk 5.8 (1.8) 6.1 (1.3) 0.0028

Driver preference, self/others 90/13 122/7 0.0616

Speed compared to normal
flow of traffic,
slower/same/faster

28/65/9 19/88/22 0.0239

Self-rating of driving quality,
excellent/good/average–poor

60/15/27 74/39/16 0.0026

—Continued
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daily living (UPDRS-ADL) score, and higher daily
levodopa equivalent as simultaneous risk factors for
driving cessation (table 3).

Crashes. Throughout the follow-up period, 16
(15.5%) drivers with PD experienced at least one
crash compared to 45 (34.9%) control drivers (p �
0.0009 by Fisher exact test). However, this analysis
does not take the different follow-up periods and
much higher attrition in the drivers with PD into
account. A survival analysis of time to first crash re-
vealed no difference between groups in crash risk (log
rank �2 � 0.90, p value � 0.3432), with an esti-
mated HR for PD of 0.92 (0.47–1.80), adjusted for
age, education, gender, and miles driven per week at

baseline. As an example, the cumulative incidence of
crashes at 2 years was 13.4% (7.8%–22.5%) for PD
and 17.2% (11.7–24.9%) for controls. As there were
differences at baseline in days driven per week (less in
PD) and number of crashes within the 2 years before
enrollment (higher in controls), we adjusted HR
analysis additionally for these 2 baseline features and
again found no significant difference between
groups: the HR for PD was 1.02 (0.51–2.04), p �
0.438. Furthermore, the analysis of only at-fault
crashes (5 PD, 14 controls) showed no significant
difference between the groups, either by analysis of
proportions throughout the follow-up period (Fisher
exact test, p � 0.154) or by analysis of time to first
at-fault crash (�2 � 0.064, p � 0.7999). As 3.4% of
our drivers had multiple crashes, we employed a sep-
arate Cox regression model including repeated events
and still found no significant difference (p �
0.3356). Although we found no significant associa-
tion between having PD and crashes, it should be
noted that the 95% CI for the hazard ratio (0.47–
1.80) is very wide. To explore this issue more fully,
we performed sample size and power calculations26

and found that, in order to have 80% power to detect
a hazard ratio of 1.50, a study would need to observe
190 crashes. Our study with 61 crashes only had
35% power to detect a hazard ratio of 1.50.

Higher number of instances of being pulled
over in the 2 years preceding baseline (HR � 1.86
[1.02–3.39]), and lower functional reach scores
(HR � 0.59 [0.39 – 0.88]) were the only univari-
ate and multivariate simultaneous risk factors of
time to first crash within PD (table 3).

Citations. Throughout the follow-up period, 16 driv-
ers with PD (15.1%) received at least 1 citation com-
pared to 36 (28.1%) control drivers (p � 0.027,
Fisher exact test). When taking different follow-up
times into account, there was no difference between
groups in time to first citation (�2 � 0.004, p �
0.9484); the estimated HR for PD was 0.89 (0.43–
1.85), adjusting for age, gender, education, and mile/
week driven at baseline. The cumulative incidence of
citations at 2 years was 13.0% (7.4%–22.2%) for PD
and 11.8% (7.3–18.9%) for controls. As 7.6% of our
drivers had multiple citations, we employed a sepa-
rate Cox regression model and still found no signifi-
cant difference (p � 0.7182). As with the crash
outcome, we would need to have 190 citations to
have 80% power to detect a hazard ratio of 1.50.
With only 51, we only had 30% power to detect this
magnitude of effect size.

Younger age (HR � 0.62 [0.43– 0.90]) and
higher education (HR � 1.27 [1.03–1.57]), higher
number of times pulled over the 2 years preceding
baseline (HR � 2.00 [1.07–3.76]), and longer dura-

Figure Kaplan-Meier survival curves for driving cessation (log rank test �2 �

37.53, p < 0.0001) between subjects with Parkinson disease and
elderly control subjects

Table 1 Continued

Category and measure PD (n � 106)
Controls
(n � 130) p Value

Received suggestion to
stop driving, yes/no

26/76 7/122 �0.0001

No. of crashes over past 2 y 0.21 (0.53) 0.46 (0.73) 0.0028

No. of times pulled over past 2 y 0.26 (0.63) 0.24 (0.57) 0.7790

Risk-lowering score 0.61 (1.27) 0.16 (0.46) 0.0008

Values expressed as XX (YY) represent mean (SD). Values expressed as XX/YY/ZZ repre-
sent number of subjects in different categories.
Abbreviations: ADL � activities of daily living; AVLT � Auditory Verbal Learning Test;
BVRT � Benton Visual Retention Test; CFT � Complex Figure Test; COWA � Controlled
Oral Word Association; CS � contrast sensitivity; ESS � Epworth Sleepiness Scale; FR �

functional reach; FVA � far visual acuity; GDS � Geriatric Depression Scale; JLO � Judg-
ment of Line Orientation; MMSE � Mini-Mental State Examination; NVA � near visual acu-
ity; PD � Parkinson disease; SFM � Structure from Motion; TMT � Trail-Making Test;
UFOV � useful field of view; UPDRS � Unified Parkinson’s Disease Rating Scale.
a1� Higher score better;2� lower score better.
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tion of PD (HR � 1.77 [1.10–2.85]) were the only
significant individual risk factors of time to first cita-
tion. Multivariate analysis revealed higher age and
higher counts of road driving test errors as simultane-
ous risk factors of time to first citation (table 3).

There was a strong association between occur-
rence of crashes and receiving citations in the drivers
with PD during the follow-up period: 44% of crash-
ers received a citation, whereas only 12% of non-
crashers received one (Fisher exact test, p � 0.0053).
There were 7 subjects with PD who had both a crash
and a ticket event: 2 subjects had a crash and a ticket
on the same date, 3 subjects had a ticket prior to a
crash, and 2 subjects had a crash prior to a ticket.
There was no association between driving cessation
and occurrence of crashes (p � 0.2686) or receiving
citations (p � 0.4095).

Associations between risk-lowering practices and mea-
sures of cognition, vision, and parkinsonism. Table 4
shows that higher number of driving risk-lowering

Table 2 Hazard ratios for individual risk
factors for driving cessation within
PD (n � 101) per 1 SD change in
baseline measures and driving
errors on the road test within PD,
adjusted for age, gender, education,
and miles driven at baseline
(starting with variable
driver preference)a

Hazard ratio
(95% CI)

Demographics

Age, y 1.49 (1.16–1.93)b

Gender, M vs F 0.85 (0.34–2.11)

Education, y 1.02 (0.91–1.15)

Driving history and habits

Driving exposure

Miles/wk (per 1 SD increase) 0.50 (0.27–0.95)c

Days 0.92 (0.77–1.11)

Driver preference, others vs self 4.29 (1.86–9.91)d

Speed compared to normal flow of
traffic, slower vs same vs faster

0.95 (0.53–1.71)

Self-rating of driving quality,
excellent vs good vs average–poor

0.58 (0.35–0.95)c

Received suggestion to stop
driving, no vs yes

0.47 (0.23–0.98)c

No. of crashes over past 2 years, 1
crash increase

2.57 (1.48–4.46)d

No. of times pulled over past 2 y, 1
increase in pulled over

1.14 (0.61–2.12)

Risk-lowering score, maximum
value � 8, 1 increase in score

1.34 (1.05–1.71)c

Vision, cognition, parkinsonism

Basic visual sensory

Visual acuity

NVA (2) 1.07 (0.97–1.19)

FVA (2) 1.62 (1.08–2.44)c

CS, Pelli-Robson 0.69 (0.52–0.92)c

Visual perception

Attention: UFOV 1.56 (1.22–2.01)d

Spatial: JLO 0.59 (0.41–0.83)b

Motion: SFM 1.24 (1.04–1.48)c

Visual cognition

Construction

BLOCKS 0.56 (0.39–0.83)b

CFT-copy 0.64 (0.49–0.82)d

Memory

CFT-recall 0.71 (0.48–1.04)

BVRT-error 1.35 (1.11–1.63)b

Executive functions

Set shifting: TMT (B–A) 1.19 (1.05–1.35)b

Fluency: COWA 1.14 (0.74–1.74)

Verbal memory: AVLT 0.65 (0.45–0.93)c

—Continued

Table 2 Continued

Hazard ratio
(95% CI)

General cognition

COGSTAT 0.68 (0.55–0.83)d

MMSE (per 1 unit change) 0.77 (0.66–0.90)b

Depression: GDS 1.19 (0.97–1.45)

Sleepiness: ESS 0.80 (0.59–1.09)

Motor

Balance: FR 0.87 (0.62–1.23)

Speed: 7-m walk 1.18 (0.88–1.57)

Indices of Parkinson severity

Disease duration 1.27 (0.93–1.75)

Hoehn & Yahr 1.42 (1.02–1.97)c

Schwab-England 0.68 (0.50–0.92)c

Levodopa equivalent 1.78 (1.27–2.48)d

UPDRS-ADL 1.53 (1.11–2.09)b

UPDRS-motor 1.45 (1.03–2.03)c

Road test, total errors 1.40 (1.07–1.84)c

Abbreviations: ADL � activities of daily living; AVLT � Audi-
tory Verbal Learning Test; BVRT � Benton Visual Retention
Test; CFT � Complex Figure Test; CI � confidence interval;
COWA � Controlled Oral Word Association; CS � contrast
sensitivity; ESS � Epworth Sleepiness Scale; FR � func-
tional reach; FVA � far visual acuity; GDS � Geriatric De-
pression Scale; JLO � Judgment of Line Orientation;
MMSE � Mini-Mental State Examination; NVA � near visual
acuity; PD � Parkinson disease; SFM � Structure from Mo-
tion; TMT � Trail-Making Test; UFOV � useful field of view;
UPDRS � Unified Parkinson’s Disease Rating Scale.
a1� Higher score better;2� lower score better.
b p � 0.01.
c p � 0.05.
d p � 0.001.
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practices in PD was associated with higher age and
stage of parkinsonism, poorer performances on tests
of vision and cognition, lower driving exposure, and
poorer ratings on driving in DHQ.

DISCUSSION The findings in this prospective
study supported the hypothesis that the incidence of
driving cessation in drivers with PD was higher than
in neurologically healthy control drivers. There were
no differences between the groups in the incidence of
crashes or citations during the follow-up period, but
this was associated with low power for detection of a
meaningful difference in these outcomes. Driving
outcomes, especially cessation, in the PD group were
associated with demographic factors, severity of par-
kinsonism, performance on cognitive, visual, motor,
and road tests, as well as driving record, exposure,
and habits, suggesting need for a multidimensional
approach to evaluate drivers with PD.

Our results are consistent with prior reports that
PD is associated with increased driving cessation20

and no clear link could be established with PD and
occurrence of real-life crashes.27,28 However, these
prior studies concentrated on general elderly popula-
tion and had few drivers with PD in their cohorts.

Our prospective, controlled study of 106 drivers with
PD confirms the increased incidence of driving cessa-
tion and identifies risk factors for this important
milestone.

The DHQ results show that many drivers with
PD (and their caregivers) had insight into their driv-
ing impairment as evidenced by poorer self-ratings
and suggestions by others to stop driving. They re-
stricted their driving initially using self-regulation
and compensation strategies, followed by complete
driving cessation.

Cognitive and visual impairments and the severity
of parkinsonism were associated with driving cessa-
tion in the PD group. Reduced speed of visual pro-
cessing/attention (measured with UFOV score) was
an independent risk factor in line with studies of
driving cessation in aging.29,30 The UPDRS-ADL
score (risk factor for “ex-driver” status in a cross-
sectional study31) and the daily total levodopa equiv-
alent amount were independent risk factors of future
driving cessation in the multivariate model suggest-
ing that these measures better predict future func-
tional impairment compared to the motor UPDRS
score in the medicated (“on”) phase.

Although we did not find a difference in crashes
between the PD and control groups using time-to-
event survival analyses and in the proportion of at-
fault crashes prospectively, the proportion of overall
crashers was significantly higher in the controls com-
pared to the PD group. This seemingly counterintui-
tive result is consistent with findings in AD,32 where
a significantly higher percentage of normal controls
experienced crashes during the 3-year study period,
which was attributed to the attrition of potentially
unsafe drivers with AD.32 Similarly, drivers with PD
with worse impairments were more likely to cease
driving before a potential crash occurred. Additional
explanations for not finding increased incidence of
crashes and citations within the PD group may in-
clude restricted driving and strategic compensation,
relatively small sample size, or recruitment bias.

The risk factors for crashes and citations identified in
this study should be considered as preliminary due to
low number of events. The association of younger age
with higher citation rates suggests lesser risk-taking be-
havior of older drivers with PD. The association of
poorer postural stability with crashes fits with observa-
tions that the severity of axial parkinsonism is an impor-
tant risk factor for poor functional outcomes.33

The association of driving cessation and citations
with higher road error counts at baseline is consistent
with the observations that performance on standard
road tests may predict real-life outcomes.34 However,
our standardized road test might have represented

Table 3 Final multivariate models to predict
driving cessation (n � 98, events �

42), citations (n � 85, events � 13),
and crashes (n � 100, events � 16)
per 1 SD unit change in continuous
independent variables (cognitive,
visual, parkinsonism, and road test)
and one unit change in driving
history and habits

Hazard ratio
(95% CI)

Driving cessation

Driving preference
(self � 1, others � 2)

6.57 (2.75–15.70)a

UFOV 1.73 (1.40–2.13)a

UDPRS-ADL 1.73 (1.21–2.47)b

Levodopa equivalent 1.75 (1.29–2.36)a

Citations

Age 0.60 (0.39–0.90)c

Overall errors 1.52 (0.97–2.34)d

Crashes

No. times pulled
over in past 2 y

2.33 (1.30–4.19)b

Functional reach 0.53 (0.35–0.81)b

Abbreviations: ADL � activities of daily living; CI � confi-
dence interval; UFOV � useful field of view; UPDRS � Uni-
fied Parkinson’s Disease Rating Scale.
a p � 0.001.
b p � 0.01.
c p � 0.1
d p � 0.05.
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only a snapshot of performance under relatively opti-
mal dopaminergic treatment conditions and affected
by the presence of an examiner. We expect that “nat-
uralistic” studies of driver behavior (a person driving
his or her own instrumented vehicle for a long period
of time under usual driving circumstances) would
enable richer sampling of driver performance (errors,
near-crashes, crashes)35–37 and help in developing
cutoffs for predictive tests and definitive models for
driving outcomes in PD.38

There are no evidence-based practice parameters
for driving in PD to date. However, recent National
Highway Traffic Safety Administration39 and Federal
Motor Carrier Safety Administration40 guidelines
suggest a case-by-case, multidisciplinary evaluation
of the patient due to the highly individualized nature
of the disease and variable progression. Assessment of
visual and cognitive abilities and severity of parkin-
sonism can inform about potential risk for undesir-
able driving outcomes. Additional information can
be obtained from recent driving record and insights
provided by the patient and family into driving safety
concerns or changes in driver habits (e.g., compensa-
tion strategies to lower risk).
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Table 4 Correlations of risk-lowering score
with measures of cognition, vision,
motor skills, parkinsonism, and
driving record and habits

Spearman
correlations
(p value)

Demographics

Age 0.19 (0.0533)

Education 0.01 (0.9573)

Gender (male) �0.13 (0.1818)

Neuropsychological battery

Basic visual sensory functions

NVA (logMAR) (2) 0.08 (0.4366)

FVA (logMAR) (2) 0.15 (0.1408)

CS (Pelli-Robson chart) (1) �0.27 (0.0058)

Visual perception

Motion perception: SFM (%)
(2)

0.21 (0.0458)

Attention: UFOV (msec) (2) 0.29 (0.0037)

Spatial perception: JLO (1) -0.19 (0.0587)

Visual cognition

Construction

BLOCKS (1) �0.15 (0.1676)

CFT-copy (1) �0.22 (0.0290)

Memory

CFT-recall (1) �0.17 (0.0959)

BVRT-error (2) 0.04 (0.6644)

Executive functions

Set shifting: TMT(B�A) (sec)
(2)

0.08 (0.4405)

Verbal fluency: COWA (1) �0.04 (0.6930)

Verbal memory: AVLT-recall (1) �0.19 (0.0561)

General cognition

MMSE (1) �0.13 (0.2031)

COGSTAT (1) �0.22 (0.0297)

Depression: GDS (2) 0.15 (0.1432)

Balance: FR (in.) (1) �0.19 (0.0498)

Parkinsonism

Disease duration 0.07 (0.5135)

Hoehn & Yahr 0.19 (0.0581)

Schwab-England �0.16 (0.1157)

Levodopa equivalent 0.15 (0.1524)

UPDRS-ADL 0.14 (0.1705)

UPDRS-motor 0.12 (0.2261)

Driving history and habits

Driving exposure

Miles/wk (standardized) �0.53 (�0.0001)

Days �0.48 (�0.0001)

—Continued

Table 4 Continued

Spearman
correlations
(p value)

Driver preference: others vs self 0.16 (0.1028)

Speed compared to normal flow
of traffic: slower vs same vs
faster

0.21 (0.0321)

Self-rating of driving quality:
excellent vs good vs average/
poor

�0.22 (0.0242)

Received suggestion to stop
driving: no vs yes

�0.30 (0.0023)

No. of crashes over past 2 years:
1 crash increase

0.05 (0.6427)

No. of times pulled over past 2
years: 1 increase in pulled over

�0.14 (0.1591)

Road test: error count 0.12 (0.2629)

Abbreviations: ADL � activities of daily living; AVLT � Audi-
tory Verbal Learning Test; BVRT � Benton Visual Retention
Test; CFT � Complex Figure Test; COWA � Controlled Oral
Word Association; CS � contrast sensitivity; ESS � Ep-
worth Sleepiness Scale; FR � functional reach; FVA � far
visual acuity; GDS � Geriatric Depression Scale; JLO �

Judgment of Line Orientation; MMSE � Mini-Mental State
Examination; NVA � near visual acuity; PD � Parkinson dis-
ease; SFM � Structure from Motion; TMT � Trail-Making
Test; UFOV � useful field of view; UPDRS � Unified Parkin-
son’s Disease Rating Scale.
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