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Driving is a multifactorial behaviour drawing on multiple cognitive, sensory, and physical systems. Dementia is a progressive and
degenerative neurological condition that impacts the cognitive processes necessary for safe driving. While a number of studies
have examined driving among individuals with Alzheimer’s disease, less is known about the impact of Dementia with Lewy Bodies
(DLB) on driving safety. The present study compared simulated driving performance of 15 older drivers with mild DLB with that of
21 neurologically healthy control drivers. DLB drivers showed poorer performance on all indicators of simulated driving including
an increased number of collisions in the simulator and poorer composite indicators of overall driving performance. A measure of
global cognitive function (i.e., the Mini Mental State Exam) was found to be related to the overall driving performance. In addition,
measures of attention (i.e., Useful Field of View, UFOV) and space processing (Visual Object and Space Perception, VOSP, Test)

correlated significantly with a rater’s assessment of driving performance.

1. Introduction

Driving an automobile is a primary means of mobility for
many older adults, allowing them to access medical services
and social contacts and participate in their communities.
Driving is associated with independence, quality of life, and
better health and, for many older adults, forms a central part
of their identity [1]. Research shows that, in Canada, older
adults use personal vehicles for almost 90 percent of their
daily travel, serving as the driver in approximately 75 per cent
of those trips [2]. Driving is so important in the lives of older
adults that it is often referred to as an Instrumental Activity of
Daily Living (IADL). While it forms a central part of identity
and contributes to quality of life, driving among older adults
comes with an increased risk of motor vehicle collisions,
injury, and mortality due to those collisions [3]. The increased
injury risk among older drivers represents a significant public
health issue and an economic burden which is particularly
troublesome given that, in Canada, drivers over 65 years are
the fastest growing segment of the licensed population [4].

Driving is a multifactorial behavior drawing upon multi-
ple physical, cognitive, and sensory domains at the level of the
driver [5]. A large and significant body of research points to a
relationship between deficits in attention and fitness to drive
[6-8]. Age-associated changes in cognition, sensory function,
and health increase older drivers’ risk of collision, and the
identification of at-risk drivers is an important component
in reducing traffic-related injuries and fatalities as well as
in identifying remediation needs. Cognition is an essential
function for safe driving and changes in cognition due to
the onset of neurodegenerative conditions can increase older
drivers’ risk of collision [9].

Some reports suggest that the risk of motor vehicle
collisions (MVC) among individuals with disorders that
impair cognition has been shown to be comparative to the
risk of driving a vehicle under the influence of alcohol.
Unlike intoxicated drivers, drivers with cognitive deficits are
impaired 24 hours a day, 7 days a week [10-12]. Dementia
is the most common cause of cognitive impairment in the
older adult population [13]. Dementia is not a normal part
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of aging; however, estimates suggest that 480,600 Canadians
are impacted by dementia (i.e., 1.5% of the Canadian popu-
lation), a prevalence that is projected to increase to 1,125,200
individuals (i.e., 2.8% of the Canadian population) by 2038
[14]. Drivers with dementia are not a homogenous group
as they often start off with mild cognitive impairments and
eventually experience more serious declines [13]. Research
has demonstrated that, on average, drivers with dementia
continue to drive for approximately 4 years after the onset of
their symptoms [15]. In addition, it has also been found that
one in four Canadians with serious cognitive impairments
continue to have a valid driver’s license and continue to drive
regularly [16].

With the current demographic trends demonstrating an
aging population and an associated projected increase in
the prevalence of dementia, it is imperative to understand
the driving abilities of individuals diagnosed with dementia.
Alzheimer’s disease (AD) is the most common form of
dementia, accounting 70% of the cases [17]. AD is char-
acterized by impairments in reasoning, planning, language,
attention, and memory [18]. The body of evidence examining
driving performance among individuals with AD has grown
in recent years (e.g., [9, 11, 19-21]). For example, our previous
work examined simulated driving performance of drivers
with mild Alzheimer’s disease in comparison to neurologi-
cally normal drivers [22]. In particular, we found that mild
AD drivers performed poorer in a portable driving simulator
in comparison to controls. We also observed that, within the
sample of drivers with dementia, measures of attention and
visual space perception predicted driving performance better
than a test of general cognition (i.e., the Mini-Mental State
Exam).

While there is a growing body of literature on the
driving abilities of older adults diagnosed with AD, the
driving abilities of individuals diagnosed with other types of
dementia are poorly understood. Another prevalent form of
dementia is Dementia with Lewy Bodies (DLB), accounting
for 2-10% of all dementia cases [17, 23, 24]. DLB is a neu-
rodegenerative disease producing a combination of cognitive
impairment, parkinsonism, and mental disturbances in the
form of hallucinations [25]. The average age of onset of DLB
is 67 years, with males being more affected than females [26].
The average duration of the illness is nine years, although
estimates of speed and progression vary considerably from
study to study [27]. The pathological hallmark of DLB is the
presence of Lewy bodies in neurons. In most dementias, such
as AD and VaD, memory impairment is the presenting issue.
However, in DLB, the most common presenting feature, in
33-65% of all cases, are visual hallucinations [28].

As with most dementias, DLB is marked by a pro-
gressive cognitive decline that interferes with normal life.
It is postulated that the pattern of dementia is a mixed
corticosubcortical dementia since patients have significant
frontal-subcortical dysfunction (i.e., impairment of attention,
visuospatial function, executive functions, thought, regu-
latory changes in praxis, and gnosis). Although memory
impairments are not usually found in the beginning stages
of DLB, they become marked once the disease has fully
developed. One of the most impaired cognitive abilities
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present in DLB is visuoperceptual and spatial functions.
Within this domain, DLB patients have particular difficulty
with the perception of objects and pictures. It is theorized
that this impairment may cause their visual hallucinations,
which is a hallmark of the disease [29]. In addition, patients
with DLB have difficulty with visual construction and spatial
functions, which can be seen through difficulty putting things
together (i.e., blocks) or navigating in an environment. In
addition to visuoperceptual and spatial impairments, patients
with DLB also suffer from attentional deficits. Ballard and col-
leagues [30] demonstrated that patients with DLB had slowed
processing speed, attentional impairments, and fluctuations
in attentional impairments.

Given that DLB accounts for approximately 10% of
all dementia diagnoses, it is critically important to better
understand the driving behaviour of this clinical population
as a first step in promoting road safety and reducing the
occurrence of costly collisions. Interestingly, Carr and O’ Neill
[9] note that there are currently no studies that have examined
driving behaviour among individuals with DLB. Thus, the
purpose of the present study was to examine the simulated
driving performance of individuals diagnosed with DLB. It
was hypothesized in addition to exhibiting poorer perfor-
mance in the driving simulator that DLB drivers’ deficits in
visuospatial skills would emerge as a significant predictor of
simulated driving performance.

2. Materials and Methods

2.1. Participants. A group of individuals diagnosed with mild
Dementia with Lewy Bodies (DLB) (N = 15) and a group
of neurologically healthy older adult controls (N = 21)
participated in the present study. All participants were over
the age of 65 years, English speaking, and held a valid driver’s
license. The mean age of the mild DLB group was 76.4
years (SD = 6.59) with a range of 68 to 88 years, the mean
years of education was 14.20 (SD = 4.55), and the group
was comprised of 6 women and 9 men. The mean age of
the control group was 77 years (SD = 5.86) with a range of
68 to 86 years, the mean years of education was 13.14 (SD
= 3.18), and the group was comprised of 10 women and 11
men. No statistically significant differences were observed
between groups in terms of demographic characteris-
tics.

The participants diagnosed with mild DLB were recruited
from the Memory Disorders Clinic at the Bruyere Continuing
Care Center (i.e., a tertiary care facility) in Ottawa, ON
(Canada). The patients were assessed for severity using the
Global Deterioration Rating Scale and only participants in
the mild stage of DLB were included in this study (i.e., <stage
3). Patients taking psychoactive medications, such as acetyl-
cholinesterase inhibitors, were included in the DLB group.
The exclusion criteria included serious visual or hearing
impairments left uncorrected (e.g., cataracts), serious health
problems aside from dementia (e.g., mental illnesses, history
of head injury, epilepsy, apoplexy, heart attacks, hypertension,
and sleep apnea), any history of substance abuse, and any
history of learning disabilities.
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The convenience sample of neurologically healthy older
drivers (control group) was recruited through announce-
ments placed in a local community newspaper. Control
participants taking any medications that could alter cognitive
abilities were excluded. None of the control participants had
abnormal Mini-Mental State Exam (MMSE) scores of less
than 25.

2.2. Measures

2.2.1. Global Functioning

Mini Mental State Exam (MMSE) [31]. The MMSE is one
of the most widely used brief screening instruments in
dementia.

Mattis Dementia Rating Scale (DRS-2 and DRS-2-Alternate)
[32]. The DRS-2 assesses attention, memory, visuospatial con-
struction, conceptualization, and initiation/perseveration.
The test was administered according to the discontinue rules
as outlined in the test protocol.

2.2.2. Visuospatial/Perceptual Abilities

Visual Object and Space Perception (VOSP) Test [33]. This
is a measure of visuoperceptual and spatial abilities that
specifically assesses object and space perception. All eight
subtests of this battery were administered. A VOSP object
perception composite score was calculated by adding the
first four subtests and a VOSP space perception composite
score was calculated by adding the last four subtests. These
calculations were extracted from the user manual and were
found to be valid and reliable measures of object perception
and space perception [34].

2.2.3. Tests of Attention

Test of Everyday Attention (TEA) [35]. Evidence has shown
that the factor structure of the TEA aligns with contemporary
research supporting several attentional circuits in the brain
[36]. These factors are sustained attention, selective attention,
and attentional switching.

The scores from the eight subtests in the TEA were
aggregated so that they matched the three factors outlined
in Robertson et al. [36]. Standard scores (i.e., Z-scores) were
first computed for each subtest and, subsequently, variables
corresponding to each of the three factors were summed.

Useful Field of View (UFOV) [37]. The UFOVO© task is a
computerized measure of attention that examines three test
variables and is composed of three subtests, entitled process-
ing speed, divided attention, and selective attention. Each
subtest presents participants with stimuli for increasingly
shorter durations and, after each presentation, participants
are asked to indicate what they had seen. Performance on
the UFOV is often cited as being related to performance on
functional activities requiring sustained attention, such as
driving [38].

2.2.4. Simulated Driving. Participants were asked to com-
plete a simulated driving scenario mimicking an on-road
evaluation. The STISIM Drive software (Version 2.08.004;
Systems Tech, California) was implemented on a Dell Pre-
cision M6300 Laptop Computer (Intel Core 2 DUO Proces-
sor, 2.10 GHz/2.0 GB RAM) with a 17-inch display running
Windows XP. The laptop was equipped with a Logitech
brake/throttle and steering wheel (model G25). Instructions
to the drivers (e.g., turn left/right, lane changes, and speed
maintenance, etc.) were given through laptop speakers. The
driving simulator had a 60-degree horizontal field of view
and a 75-degree vertical field of view and the frame rate of
the simulator was 30 frames per second (30 Hz) (see [22] for
more information).

Before beginning, participants completed a comprehen-
sive training session including a thorough explanation of the
task, an accommodation phase during which they practiced
operating the pedals and steering wheel, followed by a train-
ing course that took approximately 20 minutes to complete
(see [39] for a detailed description).

The assessment course employed was programmed to
mimic a driving assessment by a provincial regulatory body
in Canada and is described by Weaver et al. [8]. It was 12.3
kilometers long, based on a real segment of road found in
Thunder Bay, Ontario, and included driving in residential,
highway, and urban environments. This particular assess-
ment course was selected in our study for several reasons.
Notably, given that the course is utilized by a provincial
licensing body to differentiate between safe and unsafe
drivers, it was found to exhibit high face validity. Similarly, the
evaluation course allowed for the collection of two aggregate
measures of driving performance: the total number of errors
recorded by the simulator and a structured rater score.
The course presented participants with a wide variety of
typical driving situations allowing for generalizability. Most
importantly, previous research examining driving behavior
among drivers from across the driving lifespan (ages 18-83
years) shows that scores on the simulated assessment course
correlate highly with those on the real-world driving course
[40].

Measurements of the simulated driving task were gener-
ated both from driving performance as recorded by the com-
puter and from a demerit point assessment. Driving errors
and parameters were recorded (e.g., speed exceedances, stops
sign violations, and traffic light violations) by the simulator.
The driving related variables collected by the driving simula-
tor are presented in Table 1.

All simulated drives were recorded and scored by two
blind independent raters using a structured demerit point
assessment. The two blinded raters independently assessed
a video playback of the simulated drive. Interrater reliability
was found to exceed r = .9 and as such the mean of both
scores was used in the analysis.

None of the participants in this study reported any
symptoms associated with using the driving simulator, a
condition known as simulator adaptation syndrome (SAS).

2.3. Procedure. Patients at the tertiary care facility with a
diagnosis of mild DLB were contacted in order to verify
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TaBLE 1: Differences in simulated driving performance between participants with Dementia with Lewy Bodies (DLB) and controls.

DLB group

Control group

Variable classification Variable df F p
Mean DLB  SD DLB  Mean Ctrls  SD Ctrls
Intersection behaviour — Total number of traffic light tickets 2.47 52 0.43 0.60 1,34 113.62 <.001
Speed Number of speed exceedances 17.00 5.64 12.24 4,74 1,34 7.53 .01
Over the speed limit percent of time 23.78 16.53 12.95 8.04 1,34 6.82 .01
Total number of centerline crossings 9.67 4.34 2.62 3.34 1,34 3039 <.001
Lateral control Total number of road edge excursions 17.80 10.43 7.52 9.76 1,34 917 .01
Out of lane percent of time 12.65 12.59 3.46 5.40 1,34 9.01 .01
Crash Total number of crashes 3.27 1.75 1.05 1.24 1,34 19.83 <.001
e Rater score 284.17 80.00 107.74 59.64 1,34 5761 <.001
Composite indicators
Simulator errors 57.07 18.03 27.86 16.18 1,34 2595 <.001

whether they were willing to participate in the present study
and verify that they met the inclusion criteria. Following this
screening, testing commenced immediately.

Testing sessions lasted approximately two and a half
hours. All participants underwent cognitive and computer-
ized assessment including a test of general cognitive function-
ing (DRS-2), visuospatial/perceptual abilities (VOSP), atten-
tion (TEA and UFOV), and processing speed (UFOV). Par-
ticipants also completed a simulated driving assessment. All
cognitive and computerized testing was completed according
to the protocol specified by each test. The cognitive and
computerized testing was administered in the presence of the
participant and the investigator only.

Following data collection, each drive was rated indepen-
dently by two raters using the playback feature of the STISIM
Drive.

3. Results

3.1. Driving Performance. The two groups of participants
were compared using a series of between groups ANOVAs
with group (DLB and control group) as the primary indepen-
dent variable.

Comparison of the driving variables (Table 1) revealed
that DLB drivers consistently performed poorer in compar-
ison to neurologically healthy older drivers. The composite
measures of driving performance offer a global indication of
participants’ driving behaviour in the context of the simulated
assessment course. The results revealed that the number of
errors accrued by the driving simulator was significantly
higher among DLB drivers (M = 57.07) than among controls
(M = 27.86) [F(1,34) = 57.61, p < .001]. Similarly, DLB
drivers were assigned over four times the number of demerit
points (M = 284.00) in comparison to the control group
(M = 59.64) during the simulated driving assessment, a
difference that also reached statistical significance [F(1, 36) =
57.61, p < .001].

To better understand the composite results, types of
driving errors were compared between groups. The results
showed that DLB drivers exceeded the posted speed limit
significantly more often in comparison to controls [F(1,34) =
7.53, p = .01] and spent an average of 24% of the time driving
over the speed limit, a significantly higher proportion than

controls who spent an average of 12% of the time over the
speed limit [F(1,34) = 6.82, p = .01]. In terms of lateral
control of the vehicle, DLB drivers crossed the centerline
[F(1,34) = 30.39, p < .001] more frequently than controls
and were found to spend an average of 13% out of their own
lane, significantly higher than controls who spent an average
of 3% out of their own lane [F(1,34) = 9.01, p = .0l].
DLB drivers exceeded the road edge more often than did
neurologically healthy drivers [F(1,34) = 9.17, p = .01].

Comparison of performance between DLB and controls
revealed that DLB drivers failed to stop at traffic lights signif-
icantly more often than controls [F(1,34) = 2.47, p < .001].
DLB drivers were also found to have difficulty in interacting
safely with other road users in the driving simulator as
evidenced by significantly more crashes compared to controls
[F(1,34) = 19.83, p < .001].

3.2. Cognitive Measures. Prior to calculating the degree of
association between the cognitive measures with indicators
of driving performance, the cognitive measures were first
compared between the two groups. To this end, ANOVAs
were again computed for all cognitive measures with group
(DLB and control group) as the primary factor.

In comparison to controls, DLB drivers were found
to have poorer performance on all measures of cognitive
function administered in this study. The descriptive statistics
for each measure and test group are presented in Table 2.

3.3. Association between Cognitive Function and Simulated
Driving among DLB Drivers. One goal of this study was to
assess the contribution of cognitive tests of global cognition,
attention, and space processing in assessing driving outcomes
among individuals with DLB. To meet this goal, Pearson
correlation coefficients were calculated between each of the
cognitive test scores and key indicators of overall driving
performance for the DLB group only.

Table 3 summarizes the correlations between cognitive
tests and driving outcomes among individuals with DLB. In
terms of global measures of cognitive function, the results
indicated statistically significant relationships between the
MMSE and the total number of errors in the simulator (r =
—-.529, p = .043) and the rater score (r = -.622, p =
.013). When associations between the MMSE and types of
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TaBLE 2: Differences in cognitive performance between participants with Dementia with Lewy Bodies (DLB) and controls.
Variafble . Variable DLB group Control group df F p
classification Mean DLB SD DLB Mean Ctrls SD Ctrls

Global Mini-Mental State Exam (MMSE) 22.40 2.80 29.00 1.30 1,34 90.24 <.001

functioning Dementia Rating Scale (DRS) 108.60 1757 136.38 443 1,34 4872 <.001
Visual Visual Object and Space Perception (VOSP) Test, Object 61.20 4.35 67.95 582 1,34 1441 .01

processing  Visual Object and Space Perception (VOSP) Test, space 35.20 10.58 45.48 462 1,34 1576 <.001

Test of Everyday Attention (TEA), visual selection -2.22 .59 .97 1.90 1,34 58.61 <.001

Test of Everyday Attention (TEA), sustained attention -2.02 2.41 1.14 1.16 1,34 39.52 <.001

Attention Test of Everyday Attention (TEA), switching attention -2.25 2.40 1.94 1.81 1,34 29.92 <.001

Useful Field of View (UFOV), processing speed 272.07 120.32 24.91 16.74 1,34 8725 <.001

Useful Field of View (UFOV), divided attention 432.20 135.17 152.52 116.45 1,34 44.16 <.001

Useful Field of View (UFOV), selective attention 490.20 37.96 304.76 11513 1,34 35.86 <.001

errors were examined, it is clear that this relationship derives
primarily from its association with the percentage of time
spent over the speed limit (r = —.656, p = .008) and the
percentage spent out of the lane (r = -.792, p < .001).
In particular, DLB drivers with lower MMSE scores were
associated with more driving time over the speed limit and
more time spent outside of the driver’s lane.

The DRS, however, was not significantly correlated with
simulated driving outcomes among DLB participants. In
terms of visual processing, a statistically significant correla-
tion was observed between the VOSP space scores and the
rater score (r = —.624, p = .013). The associations between
measures of attention and simulated driving indicated a
statistically significant association between the first subtest of
the UFOV (i.e., processing speed) and the rater score (r =
.548, p = .034). The third subtest of the UFOV (i.e., selective
attention) was also significantly related to the number of
speed exceedances in the driving simulator (r = .588, p =
.021).

4. Discussion

The purpose of the current study was to examine the driving
behaviour among older drivers with mild DLB in comparison
to neurologically healthy older drivers. To our knowledge,
this is the first empirical study to examine the driving
behaviour of drivers diagnosed with DLB. Our results indi-
cated clearly that when variables related to simulated driving
performance were contrasted between groups, DLB drivers
were found to perform significantly worse on all measures.
Thus, the simulated driving performance of mild DLB drivers
was found to be significantly impaired, which is a noteworthy
result considering that most drivers diagnosed with dementia
continue to drive for 4 years following diagnosis [15].

When performance on the cognitive tests was contrasted
between groups, drivers with mild DLB were found to be
impaired across all measures that were administered. This
finding aligns with the existing literature indicating that
attention, visuospatial and perceptual skills, and global cog-
nition are impacted within this patient group [25]. However,
what is most interesting in our results is the degree of

association between scores on cognitive tests and simulated
driving performance. In particular, a strong association was
found between the MMSE and the total number of errors
in the simulator, as well as with the rater score. When
examining MMSE scores in relation to specific errors in
the simulator, it was found that mild DLB drivers with
lower MMSE scores were associated with driving over the
speed limit and outside of the driver’s lane. Visuospatial
processing was also found to be associated with rater score. In
addition, measures of attention, including processing speed
and selective attention, significantly correlated with rater
score and speed exceedances, respectively.

These results are of particular relevance in that they
demonstrate that impaired cognitive abilities, namely, global
cognition, attention, and visuospatial functioning, are pre-
dictive of poor simulated driving performance among mild
DLB drivers. These findings support the existing literature
examining driving performance of individuals with demen-
tia, showing that, in comparison to neurologically healthy
controls, AD drivers perform poorer in the driving simulator
(for a detailed summary of the existing literature, see [21]).
Indeed, the authors of this study recently completed a similar
investigation that examined the driving performance of
drivers with mild AD, using an identical driving simulator
protocol as the one described herein. In particular, Yamin,
Stinchcombe, and Gagnon (accepted with revision) found
that drivers with mild AD exhibited poorer performance in
the simulator on all measures except for the number of road
edge excursions. Global cognition scores (i.e., MMSE and
DRS), attention tests and visual perception results of AD
drivers were also found to be lower than what was observed in
the group of healthy controls. In contrast, AD drivers did not
display deficits of space perception. Moreover, among drivers
with mild AD, strong associations were found with most
measures of attention and a measure of visual perception
but not with measures of global cognition. Alongside our
colleagues in the field of road safety, we cautioned against
the use of measures of global cognition in isolation to
identify unsafe drivers with dementia given our previous
results with a sample of mild AD drivers [41, 42]. However,
in the present study, one of the stronger associations with
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driving performance that we found was with a measure of
global cognition (i.e., MMSE). It is relevant to note that
mild AD and mild DLB samples showed similar levels of
decline as measured by the Global Deterioration Scale (GDS)
(i.e., a score of 3 on the GDS indicating mild dementia).
Considering this result as well as the pattern of findings that
emerged when examining simulated driving performance
among drivers with mild AD, these data suggest that drivers
with mild DLB exhibit some global cognitive decline that
impacts driving performance. As indicated in Introduction,
driving is a multifactorial behaviour drawing upon multiple
cognitive, sensory, and physical systems [5]. It follows that
when patients experience global decline, driving perfor-
mance will be negatively impacted. Within the sample of mild
DLB drivers, we observed that global cognition accounts for
a substantial proportion of the variance in simulated driving
performance. While we do not recommend that the MMSE
be used in isolation to predict driving performance, our
results highlight the utility of this measure among mild DLB
drivers.

A limitation of this study is that no on-road assessment
was completed. However, this study employed a portable
driving simulator, offering several advantages. First, driving
in a simulator is less stressful than an on-road assessment for
participants. Second, a small portable simulator reduces the
risk of negative symptoms associated with using the driving
simulator (i.e., simulator adaptation syndrome, SAS). Third,
driving simulators are considered to be a safe and economical
means of presenting drivers with consistent situations and
collecting behavioural data in real time. Finally, simulator
performance has been shown to be reliable and a valid
indication of on-road performance [40]. Importantly, we
used a scenario that was developed to assess the various
components routinely assess in an on-road driving exami-
nation. Nevertheless, in this study, we did not collect on-
road data and thus the generalizability of our findings to real-
world driving and collision risk should be extrapolated with
caution. It would be of interest for future research to examine
on-road driving performance among mild DLB drivers. Such
an investigation would enhance the clinical relevance of our
findings in order to inform policy and practice related to
fitness to drive.

5. Conclusions

This study was the first to shed light on the driving behaviour
of individuals diagnosed with mild DLB. The results highlight
the importance of cognitive functions, notably, global cog-
nition, spatial and attentional abilities, in predicting driving
ability. While a diagnosis of dementia does not automat-
ically imply the immediate removal of driving privileges,
it may alert professionals to the need for further in-depth
assessment and regular monitoring. Based on these data,
global cognition, attention, and spatial abilities appear to
be most related to driving performance among this clinical
population. Future research directions should examine the
clinical relevance of these findings with respect to on-road
performance and crash risk.
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