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—20) ABSTRACT Cosr

Introduction: Being able to drive is an important parameter of
independence and self-sufficiency. The continued use of cars, which
plays an important role in maintaining the mobility of the older
individuals, is very important for the protection of the individual’s
activity performance.

Methods: Driving skills of 31 participants were tested with the help of a
driving simulator and cognitive tests were applied to each participant.
The study was aimed to reveal the relationship between the cognitive
functions and safe driving skills of older patients using the driving
simulator and to determine the cognitive test that predicts the safe
driving skill best.

Results: 31 participants was included in the study. All participants were
male. The average age was 72.5+6.The median of MMSE was 29 (IQR;
28-30),the mean of MOCA was 25.52+2.6,the mean value of QMCI was
62.68+9.57, the median of trail making test A was 42.5 sec(22-97), and
the median of trail making test B was 98.31 sec(38-313).MOCA test score
correlated positively with “the skills expected before starting the vehicle
“and driving parameters on the highway(“p: 0.0024, r:0.46";"p:0.0024,
r:0.46"respectively).The QMCI test was found to have a statistically
positive and significant correlation with operational skills and the
skills expected before starting the vehicle(“p:0.041, r:0.43"; “p:0.015
r:0.50"respectively).When the factors affecting operational skills and
safe driving skills were analyzed by linear regression analysis, both skills
were influenced by the QMCl-orientation step(p:0.001;Cl:1.59-3.9).

Conclusion: In our study, it is shown that driving skills decrease with
aging. QMCI and MOCA, which are easy to apply in clinical practice,
will be useful in patients driving vehicles aged 65 and over with the
demonstration of a significant relationship with total driving score, safe
driving and operational skills.
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Driving Simulator and Cognitive Function

INTRODUCTION

Aging is a process that negatively affects many
systems. Mobility is an integral part of these
systems and is an indispensable element of the
independence and quality of life of olderindividuals.
The limitation of mobility causes problems in the
daily living activities of older individuals and these
problems also negatively affect their mental and
cognitive functions [1,2]. Being able to drive is an
essential parameter of independence and self-
sufficiency in today’s conditions. In this sense, the
continued use of cars, which plays an important
role in maintaining the mobility of older individuals,
is crucial for protecting the individual’s activity
performance [3].

It has been shown in studies that the decrease
in visual, motor, and cognitive functions has an
influence on the reduction in driving safety [4]. The
gold standard method that will best test driving
safety is the test in which driving abilities are
evaluated in a real vehicle. However, performing
a real driving test is technically difficult and has
some safety problems [4]. Driving simulators offer
an option to assess both safety and deficiencies in
this regard. Driving simulators are safe alternatives
used to evaluate the driving skills of people at risk
in terms of safe driving skills without being exposed
to risks [5]. Simulation devices can also be used in
the rehabilitation/training of drivers at risk [5].

The aim of our study was to reveal the relationship
between the cognitive functions and safe driving
skills of older patients using the driving simulator
and to determine the cognitive test that predicts
safe driving skills best.

METHOD

Subjects

Patients aged 65 years or older who applied to the
Geriatric medicine outpatient clinic and who were
active drivers in the last 6 months were included
in the study. Informed consent was obtained from
each patient before inclusion in the study. Exclusion
criteria were patients;

- who did not have a driver’s license,

- had diagnosed with conditions that legally
restricts driving such as dementia, diplopia,
epileptic seizures etc

«+ had comorbidities such as hearing and visual
deficits or neurological diseases that might
affect driving,

« had been using of sedatives or psychiatric drugs

« did notdrive in the last 6 months despite having
a driver’s license were excluded from the study.

Components of the comprehensive geriatric
assessment were applied to all participants. The
independence levels of all patients in their daily
lives were evaluated with Katz index of activities
of daily living (ADL) test and Lawton Brody
Instrumental activities in daily living scales (IADL)
[6]. For cognitive assessment, Mini-Mental State
Examination test (MMSE), Montreal Cognitive
Assessment Test (MOCA test), Quick Mild Cognitive
Impairment Screen (QMCI test), Forward and
backward digit span Test, Trail Making Test A and B,
and clock drawing test (6 points) were performed.
Risk of falls were assessed by Timed up and go test
and Alternating foot tap test.

Assessment of Activities of Daily Living

The Katz scale evaluates everyday activities that
are fundamental. The Katz ADL scale is sensitive
to changes in deteriorating health status. It helps
healthcare professionals involved in the patient’s
holistic care to speak the same language about
their function [7]. The Katz ADL assesses a person’s
dependence or independence with regard to six
ADL areas: dressing, using the restroom (sponge,
shower, or bathtub), bathing (shower, bathtub),
transference, continence, and feeding. Every
activity is divided into three categories on the
original scale: independence, partial dependency,
and complete dependence. In accordance with this
classification, as independence increases the score
of the scale increases [8].

Cognitive assessment

The MMSE is the most commonly used screening
test for dementia screening [9]. The MMSE is
evaluated out of 30 points and below 24 points
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indicate cognitive impairment and indicates the
need for further evaluation. It is an easy and fast
scale that tests orientation, memory, attention,
calculation, recall, language, motor function,
perception, and visuospatial abilities [10].

Another cognitive assessment test is the MOCA
test [11]. It was developed as a rapid screening
test for mild cognitive impairment. MOCA assesses
different cognitive functions. These conditions are
attention and concentration, executive functions,
memory, language, visual construction skills,
abstract thinking, calculation, and orientation.
The highest total score that can be obtained from
the test is 30. Accordingly, a score of 21 points or
more is considered normal [10]. Turkish validity and
reliability study was conducted [12].

The Q-MCI test is a scale that is more sensitive
than the MMSE in distinguishing mild cognitive
impairment from subjective forgetfulness and
early-stage dementia [13]. In the study, in which
the Turkish validity and reliability were evaluated,
it was shown that the Q-MCl is superior to MMSE
and similar with MOCA in distinguishing mild
cognitive impairment [14]. The test consists of 6
different subtests. The first subtest relates to testing
orientation. The patients are asked questions such
as the day, month, year, and name of the country
in which they are living. The second subtest relates
to testing word recording. The patients are told
5 words and asked to repeat these 5 words. The
third subtest is the clock drawing test. It is different
from the clock drawing test mentioned above in
terms of calculation. In total, the maximum score
to be obtained from the clock drawing test is 15.
The fourth subtest is delayed recall. In the fourth
subtest, the patients are asked how many of the
5 words they remember. The fifth subtest is verbal
fluency. In one minute, the patients are asked to
name as many animals as possible. The sixth and
the last subtests is related to logical memory. A
short story is read to the patient. When the story is
over, it is questioned how many of the words used
in the storytelling are remembered. The total of six
subtests is scored on 100 points [10]. For the QMCI
test, the closer the score is to 100 points, the better
cognitive performance can be considered.

As quick clinical assessments of WM, the Wechsler
Memory Scale—Third Edition’s Digit Span subtest
have been widely used [15]. The tasks contain a
forward and a backward component and call for

the recall of the stimulus (digits or spatial locations)
in the examiner’s order, or in the opposite order. It
has been suggested that the forward digit spaniis a
measurement of the phonological loop’s capacity,
and that the forward spatial span is a comparable
indicator of the visuospatial sketchpad [16]. It has
been suggested that successful completion of the
backward component of these tasks is a test of
central executive function due to the additional
demand of manipulating information in temporary
storage [17].

Both parts of the Trail Making Test consist of 25
circles distributed over a sheet of paper. In Part A,
the circles are numbered between 1-25, and the
patient is required to draw lines to connect the
numbers in ascending order. In Part B, the circles
include both numbers (1 - 13) and letters (A - L);
as in Part A, the patient draws lines to connect the
circles in an ascending pattern, but with the added
task of alternating between the numbers and
letters [18]. The scoring of the both tests are based
on time elapsed for completion; for the part A, a
completion time longer than 32 seconds [19] and
for part B completion time longer than 79 seconds
considered as problematic in terms of driving safety
[20].

Another test that shows deterioration starting from
the early stages of dementia is the clock drawing
test [21,22]. The patient is asked to draw the face
of the clock as a round shape in which he can write
the numbers. The patient, who is asked to place the
numbers as they are on the wall clock, gets 3 points
from the correct placement of the circle and the
number 12. Placing other numbers in appropriate
places is 1 point. Drawing the hands of the clock is
1 point. Correct placement of the hour and minute
hands according to the desired timeisagain 1 point.
In this way, the patient is evaluated over 6 points.
With this test, constructional praxis, understanding,
and planning ability are tested [21,22].

Motor functioning

Another test we applied to our patients was the
“timed up and go test”. The patient should sit in a
standard chair, lean back against the chair, and rest
his arms on the arms of the chair. The patient should
walk in a line 3 meters (9.8 feet) away, then walk
back to the chair and sit down. The test ends when
the patient’s hip touches the seat. A stopwatch
should be used to time the test [23]. According
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to Physician’s guidelines [24] to assessing and
counseling older drivers, scores over 9 seconds are
linked to a higher risk of motor vehicle tasks that
are negligent [25].

The last test we applied to the patients was
“alternating foot tap test”. This test is an alternative
test that allows the driver to measure the time it
takes to move their right foot from the accelerator
pedal to the brake pedal. The driver sits in a chair
for this test. The test administrator opens a 2-inch
3-ring folder and places it on the floor with the 3
rings diagonally in front of the participantand 16 to
24inches from the front edge of the chair. Following
the instructions, the tested patient will touch the
ground alternately with their right foot 5 times on
either side of the open file and move from side to
side with each touch. The total number of hits will
be 10. The examiner records the time to complete
the foot tapping task with a stopwatch [26]. The
Alternate Foot Strike test is a test that measures a
person’s ability to quickly move their leg/foot from
the accelerator pedal to the brake. Elevated traffic
conviction rates (1.5 times age-matched controls)
were found in those with response times exceeding
12.75 seconds [27].

Driving safety assessment

AutoSim AS1000 Driving Simulator, Norway [28]
was used for driver evaluation in a simulated
environment. This simulator has a real car cockpit

and the image is able to provide a 180-degree
viewing angle through 3 combined widescreen
monitors. With its software containing different
traffic situations, the simulator provides the
evaluation of older patientsin various environments
and situations that require sudden decisions. In our
study, compliance with traffic rules and accurate
driving behavior were evaluated observationally
during the application. During the observational
evaluation, the task list was prepared by making
use of the car driving requirements in the literature
[29-31]. Driving was evaluated under the headings
of “the use of vehicle operational parts and safe
driving behavior” A detailed representation of
what participants are expected to do in the driving
test are given in Table 1. In the context of the use of
operational parts, skills such as adjusting the mirror
and seat settings, fastening seat belts, learning
the location of vehicle operation controls, gear
control, pressing the brake pedal, and operating
the car properly were included. In the content of
the safe driving behavior part, the signal, control of
the lane to be exited, stopping the vehicle in the
right lane and on the ground, signal, deceleration,
protecting the lane, awareness pedestrian priority,
noticing danger, signal, mirror control, changing
lane, control of signals, vehicle positioning, and
safe tracking distance were examined. The skill
parameter(s) that individuals made wrong were
marked as 0 points and correct behaviors marked
as 1 points. Before the evaluation, individuals

Table 1. Skills that participants are expected to perform in the driving test.

THE USE OF VEHICLE | The skills expected | adjusting the Fastening seat belts | learning the
OPERATIONAL before starting the | mirror and seat location of vehicle
PARTS vehicle settings operation controls,
Start the vehicle gear control, pressing the brake | operating properly
pedal
SAFE DRIVING Movement the signal Lane control
BEHAVIOR Stopping stopping the
vehicle in the right
lane and right side
Turns The signal deceleration, knowing noticing danger
protecting the lane | pedestrian priority,
Changing lane signal Mirror control, Changing lane
Safety behavior Mirror control control of signals | vehicle positioning | safe tracking
and lamps distance
DRIVING Adjusting the Lane tracking
PARAMETERS ON speed,
THE HIGHWAY
TOTAL

138

© 2023 Acta Medica.




Acta Medica 2023; 54(2): 135-144

Esme et al.

used a simulation environment for 10 minutes to
get used to the simulation environment without
any orientation. The application was started from
the beginning for evaluation and the patient was
informed about observation. In two-way city
traffic, a driving assessment was performed on
the 30-minute track, which included unexpected
3 sudden stops, lane change, lane return, parallel
parking, and driving uphill. Participants were then
told to move to the highway section, and it was
observed whether they complied with the highway
traffic rules and speed limits, and the record was
obtained. The driving points of the participants
were calculated according to the observation form.

Visual and hearing deficits

Whisper test was performed on each patient
from 6-7 meters and hearing dysfunction was
determined. Likewise, with the vision test, the
patients’ visual functions were evaluated and they
were asked to bring visual aids such as glasses, if
any.

Statistical analyses

Statistical analyses were performed using IBM
SPSS version 22 software. The conformity of the
variables to normal distribution was examined
with histogram and probability graphs and
Kolmogorov-Smirnov/Shapiro-Wilk  tests.  For
descriptive analysis, mean and standard deviation
were used for normal variables. For the non-
normally distributed variables, the median and
minimum-maximum values were used. Pearson test
was used to evaluate the correlations of normally
distributed numerical variables with each other.
Spearman test was used for numerical variables
that were not normally distributed. Correlation
relationships between cognitive tests scores and
driving tests scores were analyzed by Spearman
correlation analysis. The independent effects of
different predictors on driving safety tests were
investigated using a multiple regression model.
Factors affecting driver behavior were analyzed by
linear regression analysis. Model fit was examined
using the required residual and fit statistics. The
suitability of the regression model and residual
analyzes were performed. The variables included
in the model were evaluated by colinarity analysis.
Cases with a type-1 error level below 5% were
interpreted as statistically significant.

RESULTS

Fifty participants were included in the study
initially. Nineteen did not want to attend the
driving simulation due to personal reasons. These
participants didn't come because they did not want
to spare time for the study. Finally, the study was
conducted with 31 patients. All of the participants
were male. The mean age was 72.5 + 6.0 years.
Participants were driving license holders for 40.9 +
11.3 years. Considering the education levels of the
participants, the median was 11 years (IQR, 11-15
years). Other demographic results and cognitive
test results are shown in Table 2.

The median number of accidents of the participants
was 0 (IQR, 0-1). Nineteen patients had no previous
history of an accident. It was learned that none of
the accidents were fatal accidents.

The median of MMSE of the participants was 29
(IQR, 28-30), the mean of MOCA was 25.5 + 2.6, the
mean value of QMCl was 62.68 + 9.57, the median
of the trail-making test A was 42.5 sec (22-97), and
the median of the trail-making test B was 98.3 sec
(38-313 seq). It was observed that the MOCA test
score correlated positively moderately with “the
skills expected before starting the vehicle” and
driving parameters on the highway (“p: 0.0024; r:
0.46"; “p: 0.0024; r: 0.46"; respectively). The QMCI
test had a statistically significant, positive, and
moderate correlation with operational skills and
the skills expected before starting the vehicle (“p:
0.041, r: 0.43"; “p: 0.015 r: 0.50", respectively). The
relationship between driving parameters and these
cognitive scales is shown in Table 3. The QMClI test
was found to have a statistically significant and
strong correlation with safety behavior parameters
(mirror and seat adjustment, seat belt wearing, and
learning the location of vehicle operating controls
before starting the vehicle) (p: 0.041, r: 0.70). With
increasing age, there was a decrease in operational
skills, skills that were expected to be signaled and
control of the lane to be exited, and skills expected
to be carried out before starting the vehicle. This
negative relationship was statistically significant
(“p: 0.012 r: -0.50"; “p: 0.002 r: -0.60" “p: 0.005 r: -
0.55"respectively). It was seen that as the education
level increased, lane control skills and signaling
skills increased accordingly (p: 0.042, r: 0.40). These
correlations are shown in Table 4. It was seen that
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Table 2. Cognitive test scores and comorbid diseases of the participants included in the study with demographic

data.
Age 725+6.0 Number of using drugs 2(0-7)
Education Level
Primary School 1(3.2%)
Junior High School 4(12.9 %)
High School 12 (38.7%)
University 13 (41.9%)
Diabetes Mellitus 10 (32.3%) vehicle use experience (years) 42 (24-68)
Hypertension 13 (41.9%) Daily Living Activities 6
Coronary artery disease 7 (22.6%) Instrumental daily living activities 8
Cerebrovascular event 1(3.2%) Previous traffic accident 12 (38.7%)
Chronic Obstructive Lung Disease 1(3.2%) MMSE 29 (IQR; 28-30)
Atrial Fibrilation 1(%3.2) MOCA 2552+26
Hyperlipidemia 8(25.8%) QMmcli 62.68 +9.57
Hypothyroidism 3(9.7%) Trail Making Test A 42.5 sec (22-97)
Osteoporosis 0 Trail Making Test B 98.31 sec (38-313)
Alternate Foot Tap Test 53(3-9)
Up and Go Test 11.87 +2.4
Table 3. Correlation relationship between MOCA and QMClI tests and driving parameters.
MOCA Qmcl
P value and CC P value and CC
the skills expected before starting the vehicle P:0.0024 r:0.46 p:0.015r:0.50
driving parameters on the highway P:0.0024 r: 0.46 -
operational skills - p:0.041r:0.43
safety behavior parameters - p:0.041,r:0.70

*CC: Correlation Coefficient, MOCA: Montreal Cognitive Assesment Test, QMCI : Quick Mild Cognitive Impairment Test

Table 4. Correlation of age and education level with driving skills.

Operational skills Skills that were expected to be signaled and The skills expected before starting
P control of the lane to be exited the vehicle
Age p: 0.012; r:-0.50 p: 0.002; r: -60 p: 0.005; r:- 0.55
. Lane control skill Signaling skills
Education level p: 0.042, r: 0.40 p:0.042, 1: 0.40

the backward digit span test, which is very simple
and practical to apply in clinical practice, correlates
positively with operational skills. In the unadjusted
model, QMCI was found to be associated with
operational skills (p: 0.025; OR: 0.36 Cl: 1.14-1.70)

When the factors affecting the total scores obtained
after simulation was analyzed by multivariate linear
regression analysis; age, backward digit span test,
and MOCA- naming step were found to be factors
affecting the simulation total score (p: 0.005 CI:
-1.2/-0.3; p: 0.001 Cl: 0.6 / 0.9; p: 0.002 Cl: -6 / - 2).
The result of the regression analysis is shown in

Table 5. Multivariate linear regression analysis was
performed to determine the factors affecting the
skills expected before starting the vehicle. When
QMCI, MOCA, age, MOCA-orientation step, and
year of education were included in the model, it
was seen that the orientation step in the MOCA test
was a factor affecting “the skills expected before
starting the vehicle” (p: 0.0001 Cl: 1.969-3.728).
When the factors affecting operational skills and
safe driving skills were analyzed by linear regression
analysis, it was seen that both skills were influenced
by the QMCl-orientation step (p: 0.001 Cl: 1.59-3.9).
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Table 5. Factors affecting driving score with multiple regression analysis.
Unstandardized Coefficients Standardized Coefficients
t P value
B Std. Err Beta
Age -0.840 0.175 -0.455 -4.807 p: 0.005
MOCA- naming step -4.295 0.702 -0.596 -6.121 p: 0.001
Backward digit span test 1.045 0.145 0.693 7.205 p: 0.002

*MOCA: Montreal Cognitive Assesment Test

DISCUSSSION

Older adults consider driving an important activity
for their independence and self-confidence [32,33].
Older adults who are forced to stop driving become
more dependent on their families, often become
depressed, and, as a result, reduce their social
activities. Ultimately, the risks of being placed
in a nursing home are high [34]. For this reason,
it is important to detect the decline in driving
abilities in the early period in order to maintain
the independence of the older adult. In this study,
we wanted to examine the usability of the driving
simulator device and the relationship between
the driving skills that this device can predict
and cognitive functions in order to ensure the
continuation of the gains necessary for our patients
to maintain their independence.

Physiological limitations and decreases in activities
of daily living can be seen with aging. In today’s
conditions, the use of a vehicle for transportation
from one place to another is considered one of the
basic needs. The deprivation of this basic need of
older people or the fact that they can no longer
use the vehicles they used to do in their youth
may cause a fragility, which will negatively affect
their independence in daily life in many aspects,
especially in social participation and independence
in outdoor activities. In this study it was found that
safe driving is highly associated with cognitive
functions, education level, and age.

As the proportion of the older population increases,
the proportion of olderdriversalsoincreases. A 2018
study showed that there are 29 million drivers over
the age of 70 in the United States [35]. According
to statistical data, more than 8,000 drivers over the
age of 65 died in 2018, and more than 250,000 older
drivers were hospitalized and treated in hospitals.
[36]. When this rate is calculated on a daily basis,
it should be considered that 20 older drivers lose
their lives due to accidents almost every day.

It is difficult to wunderstand, determine or
measure whether an older driver can drive safely.
Chronological age cannot be the only indicator of
driving ability. It is hard to consider that driving
abilities, brake time, or the ability to make decisions
in risky situations of a 70-year-old, non-sarcopenic
older individual without any chronic disease
and an older individual with the opposite clinical
condition are the same. Due to this complex side of
driver evaluation, there are no easy-to-administer
test or set of tests to assess driving proficiency [37-
39]. For this reason, cognitive test methods that
can be used to predict effective and safe driving
ability were investigated in our study. It has been
observed that there is a direct relationship between
total driving scores and cognitive test scores, and
between some other driver ability parameters and
cognitive tests.

Older drivers have a higher death rate in vehicle
accidents than other driver age groups. Among
the older drivers, the group over the age of 85
has the highest number of fatal accidents [40].
Fatal accident rates begin to increase after age
70 [35]. It has been observed that the probability
of being at fault in fatal intersection accidents is
generally higher in older drivers [41]. Among the
most common mistakes are incorrect assessment
of vehicle distance and speed, medical events,
daydreaming, and inadequate surveillance [41].
In our study, we did not have any patients who
participated in an accident that would pose a life-
threatening risk or an accident that resulted in
death. Since a control group was not selected as
the young patient profile that we can compare, it
would be assertive to suggest that the age factor
increases the risk of accidents. However, it has been
shown in our study that the safe driving skills score
has a negative correlation with age.

Aging negatively affects muscle strength especially
in the neck, shoulder, and wrist, and brake reaction
time [42]. As a result of reduced muscle strength,
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operational aspects of driving are negatively
affected. Restrictions in the neck, shoulder, and
wrist movements can limit vision and the ability
to control the steering wheel. Sensory and/or
motor neuropathy is common in older adults and
may impair brake and accelerator pedal use [43].
In addition to age-related changes such as visual
disturbances and reduced psychomotor abilities,
older people are more likely to have medical
illnesses that may affect their ability to drive.
Studies have identified specific medical conditions
associated with vehicle accidents or events that
may adversely affect driving safety in the older
population. History of falling in the last 1-2 years
[44], disorders in cognitive and visual functions
[45-49], history of previous accidents [45,50],
presence of opioids, benzodiazepines, and tricyclic
antidepressant groups among drug use [51,52],
age-related diseases such as dementia, Parkinson’s
disease [53,54] are among the risk factors. More
than a third of all prescribed benzodiazepines
are written for people 60 years and older. Traffic
accident risk increases by 50 percent in the first
week after benzodiazepine treatment [55]. In a
different study examining hospitalizations of older
patients after vehicle accidents, it was found that
the risk of serious accidents associated with the
use of benzodiazepines increased fivefold. It has
also been shown that antidepressants increase
the risk 1.8 times, and opioids 1.5 times [56]. In our
study, it was not shown that the chronic diseases
of our patients were a risk factor that would reach
statistical significance in terms of driving safety or
driver score. The reason for this is the low number
of patients, which is another limitation of our
study. Since we did not have the usage record of
benzodiazepines and tricyclic antidepressants,
no evaluation was made in this respect. Since
dementia and Parkinson’s disease diagnoses were
also determined as exclusion criteria in our study,
risk assessment was not performed.

The incidence of dementia increases with the
prolongation of the average lifespan. According
to the research conducted by the Alzheimer’s
Association, the number of patients with AD, which
was 5.2 million in 2014, is expected to increase to
13.8 million in 2050 [57]. In a study examining the
effect of cognitive functions on driving abilities,
it was shown that patients with very mild or mild
dementia were more likely to fail the driving test
than patients without dementia [58]. In other

similar studies evaluating driving abilities, it was
revealed that patients with dementia performed
worse in comparison with their own age groups
[59,60]. One of the cognitive tests, MMSE test can
be used to evaluate unsafe driver. The American
Academy of Neurology states that individuals with
an MMSE score of <24 may be useful in identifying
those at high risk for unsafe driving [58]. In our
study, besides the MMSE test, MOCA, QMCI, the
forward-backward digit span test, and the clock
drawing test were applied to the patients. The
MOCA and QMCI tests were shown in our study
to correlate with driving skills in different areas of
driving assessment. The MMSE test score was above
the population average in the patients in our study.
MOCA and QMClI tests are relatively more complex
than the MMSE test, which is widely used all over
the world and whose validity and reliability have
been proven many times and also it was shown
that the Q-MCl is superior to MMSE and similar with
MOCA in distinguishing mild cognitive impairment
[14]. The median MMSE of the patients included in
our study was found to be 29, and it was found that
there was no statistically significant relationship
with driving parameters. This is due to the low
number of our patients and the high MMSE scores
of the patients included in the study. MOCA and
QMCI tests, on the other hand, have been shown
to predict driving safety better in some areas, if not
in all areas. These tests, which are easy to apply, can
be used in daily life in terms of widespread context
and at least may give an idea about driving safety in
patients who drive.

CONCLUSIONS

Driving simulation is a popular and useful method
in recent years, as it provides practical applicability
and rehabilitation, although it does not replace the
actual driving test. In our study, it is shown that
driving skills decrease with aging while risky driving
increases with aging. QMCl and backward digit
span tests, which are very easy to apply in clinical
practice, will be useful in patients driving vehicles
aged 65 and over with the demonstration of a
significant relationship with the total driving score,
safe driving, and operational skills. Future studies
should focus on real-environment on-the-wheel
assessments in terms of providing an assessment
of driving in real-life situations. Furthermore, other
studies should investigate the minimum required

142

© 2023 Acta Medica.



Acta Medica 2023; 54(2): 135-144

Esme et al.

tests to determine safe driving or risky driver
without needing an on-the-wheel test to provide
safer assessment environment.

Author contribution

Study conception and design: ME, CB, BBD, OTA, BT
MU; data collection: ET, SC, MK, AOB, OA; analysis
and interpretation of results: MU, MH, MC ; draft
manuscript preparation: ME, OTA. All authors
reviewed the results and approved the final version
of the manuscript.

Ethical approval

The study was approved by the Hacettepe University
Hospital Local Ethics Committee (Protocol no.
22/775).

Funding

The authors declare that the study received no
funding.

Conflict of interest

The authors declare that there is no conflict of
interest.

~—20) REFERENCES C0o—

[1] Bassuk SS, Glass TA, Berkman LF. Social disengagement
and incident cognitive decline in community-dwelling
elderly persons. Ann Intern Med. 1999;131(3):165-173.

[2] Fonda SJ, Wallace RB, Herzog AR. Changes in driving
patterns and  worsening  depressive  symptoms
among older adults. J Gerontol B Psychol Sci Soc Sci.
2001;56(6):5343-S351.

[3]1 Aran O, Torpil B, Altuntas O, et al. Yash Sirtcllerin Araba
Kullanma Becerilerinin Degerlendirilmesi. Ergoterapi ve
Rehabilitasyon Dergisi. 7(1):65-70.

[4] Aksan N, Anderson SW, Dawson J, Uc E, Rizzo M. Cognitive
functioning differentially predicts different dimensions
of older drivers’ on-road safety. Accident Analysis &
Prevention. 2015;75:236-244.

[5] Leel,WardN,BoerE, BrownT,BalkS, Ahmad O. Exploratory
Advanced Research: Making Driving Simulators More
Useful for Behavioral Research-Simulator Characteristics
Comparison and Model-Based Transformation. 2013.

[6] Lawton MP, Brody EM. Assessment of older people: self-
maintaining and instrumental activities of daily living.
Gerontologist. 1969;9(3_Part_1):179-186.

[71 Edemekong PF, Bomgaars DL, Levy SB. Activities of daily
living (ADLs). 2017;

[8] Arik G,Varan HD, Yavuz BB, et al. Validation of Katz index of
independence in activities of daily living in Turkish older
adults. Arch Gerontol Geriatr. 2015;61(3):344-350.

[9] Folstein MF, Robins LN, Helzer JE. The mini-mental state
examination. Arch Gen Psychiatry. 1983;40(7):812-812.

[10] ESME M, YAVUZ B. Kapsamli geriatrik degerlendirmenin
bilesenleri, amaci ve faydalari. 2018;

[11] Hobson J. The montreal cognitive assessment (MoCA).
Occupational Medicine. 2015;65(9):764-765.

[12] Kaya Y, Aki OE, Can UA, Derle E, Kibaroglu S, Barak A.
Validation of Montreal Cognitive Assessment and
discriminant power of Montreal Cognitive Assessment
subtests in patients with mild cognitive impairment
and Alzheimer dementia in Turkish population. J Geriatr
Psychiatry Neurol 2014;27(2):103-109.

[13] O'caoimh R, Gao Y, McGlade C, et al. Comparison of the
quick mild cognitive impairment (Q mci) screen and the
SMMSE in screening for mild cognitive impairment. Age
Ageing. 2012;41(5):624-629.

[14] Yavuz BB, Varan HD, O’Caoimh R, et al. Validation
of the Turkish version of the quick mild cognitive
impairment screen. Am J Alzheimers Dis Other Demen °.
2017;32(3):145-156.

[15] Wechsler D. WAIS-3., WMS-3: Wechsler adult intelligence
scale, Wechsler memory scale: Technical manual.
Psychological Corporation; 1997.

[16] Baddeley A. The episodic buffer: a new component
of working memory? Trends in cognitive sciences.
2000;4(11):417-423.

[17] Hester RL, Kinsella GJ, Ong B. Effect of age on forward
and backward span tasks. J Int Neuropsychol Soc..
2004;10(4):475-481.

[18] Llinas-Regla J, Vilalta-Franch J, Lépez-Pousa S, Calvo-
Perxas L, Torrents Rodas D, Garre-Olmo J. The Trail Making
Test: Association with other neuropsychological measures
and normative values for adults aged 55 years and older
from a Spanish-speaking population-based sample.
Assessment. 2017;24(2):183-196.

[19] Choi SY, Lee JS, Oh YJ. Cut-off point for the trail making
test to predict unsafe driving after stroke. J Phys Ther Sci..
2016;28(7):2110-2113.

[20] Roy M, Molnar F. Systematic review of the evidence for
Trails B cut-off scores in assessing fitness-to-drive. Can
Geriatr J.. 2013;16(3):120.

[21] Korner EA, Lauritzen L, Nilsson FM, Lolk A, Christensen
P. Simple scoring of the clock-drawing test for dementia
screening. Dan Med J. 2012;59(1):A4365.

[22] Mendes-Santos LC, Mograbi D, Spenciere B, Charchat-
Fichman H. Specific algorithm method of scoring the
Clock Drawing Test applied in cognitively normal elderly.
Dement Neuropsychol. 2015;9:128-135.

[23] Podsiadlo D, Richardson S. The timed “Up & Go”: a test of
basic functional mobility for frail elderly persons. J Am
Geriatr Soc. 1991;39(2):142-148.

© 2023 Acta Medica.

143



Driving Simulator and Cognitive Function

[24] Association AM. Physician’s guide to assessing and
counseling older drivers. 2010.

[25] Staplin L, Gish KW, Wagner EK. MaryPODS revisited:
Updated crash analysis and implications for screening
program implementation. J Safety Res. 2003;34(4):389-
397.

[26] Staplin L, Lococo K, Stewart J, Decina LE, TransAnalytics L.
Safe mobility for older people notebook. 1999.

[27] Staplin L, Lococo K, Gish K, Decina L. MODEL DRIVER
SCREENING AND EVALUATION PROGRAM, FINAL
TECHNICAL REPORT. VOLUME II: MARYLAND PILOT OLDER
DRIVER STUDY. 2003.

[28] https://www.autosim.no/index.php/portfolio-item/
autosim-as-1000-c¢/

[29] Ranney TA. Models of driving behavior: a review of their
evolution. Accid Anal Prev. 1994;26(6):733-750.

[30] Frank CC, Lee L, Molnar F. Driving assessment for people
with dementia. Can Fam Physician. 2018;64(10):744-744.

[31] Pellerito J. Driver rehabilitation and community mobility:
Principles and practice. 2006.

[32] Harrison A, Ragland DR. Consequences of driving
reduction or cessation for older adults. Transportation
Research Record. 2003;1843(1):96-104.

[33] Marottoli RA, Ostfeld AM, Merrill SS, Perlman GD, Foley
DJ, Cooney Jr LM. Driving cessation and changes in
mileage driven among elderly individuals. J Gerontol.
1993;48(5):5255-5260.

[34] Freeman EE, Gange SJ, Mufoz B, West SK. Driving status
and risk of entry into long-term care in older adults. Am J
Public Health. 2006;96(7):1254-1259.

[35] Zuby D. Insurance Institute for Highway Safety & Highway
Loss Data Institute Issues Public Comment on NHTSA
Notice.

[36] Control CfD, Prevention. Centers for Disease Control
and Prevention Web-based injury statistics query and
reporting system (WISQARS). National Center for Injury
Prevention and Control Retrieved from https://www cdc
gov/injury/wisqars/index html. 2017;

[37]1 Dickerson AE, Meuel DB, Ridenour CD, Cooper K.
Assessment tools predicting fitness to drive in older adults:
A systematic review. Am J Occup Ther..2014;68(6):670-680.

[38] Wolfe PL, Lehockey KA. Neuropsychological assessment of
driving capacity. Arch Clin Neuropsychol.. 2016;31(6):517-
529.

[39] Bennett JM, Chekaluk E, Batchelor J. Cognitive tests and
determining fitness to drive in dementia: a systematic
review. J Am Geriatr Soc.. 2016;64(9):1904-1917.

[40] Chong S-L, Chiang L-W, Allen Jr JC, Fleegler EW, Lee LK.
Epidemiology of Pedestrian-Motor vehicle fatalities and
injuries, 2006-2015. Am J Prev Med. 2018;55(1):98-105.

[41] Cicchino JB, McCartt AT. Critical older driver errors in a
national sample of serious US crashes. Accid Anal Prev.
2015;80:211-219.

[42] Shaheen SA, Niemeier DA. Integrating vehicle design and
human factors: minimizing elderly driving constraints.
Transportation Research Part C: Emerging Technologies.
2001;9(3):155-174.

[43] Perazzolo M, Reeves N, Bowling F, Boulton AJ, Raffi M,
Marple-Horvat D. Altered accelerator pedal control in
a driving simulator in people with diabetic peripheral
neuropathy. Diabet Med. 2020;37(2):335-342.

[44] Sims RV, Owsley C, Allman RM, Ball K, Smoot TM. A
preliminary assessment of the medical and functional
factors associated with vehicle crashes by older adults. J
Am Geriatr Soc. 1998;46(5):556-561.

[45] Sims RV, McGwin Jr G, Allman RM, Ball K, Owsley C.
Exploratory study of incident vehicle crashes among older
drivers. J Gerontol A Biol Sci Med Sci . 2000;55(1):M22.

[46] MarottoliRA, Richardson ED, Stowe MH, et al. Development
of a test battery to identify older drivers at risk for self-
reported adverse driving events. J Am Geriatr Soc..
1998;46(5):562-568.

[47] Ball KK, Roenker DL, Wadley VG, et al. Can high-risk
older drivers be identified through performance-based
measures in a Department of Motor Vehicles setting? J Am
Geriatr Soc.. 2006;54(1):77-84.

[48] Gallo JJ, Rebok GW, Lesikar SE. The driving habits of adults
aged 60 years and older. J Am Geriatr Soc.. 1999;47(3):335-
341.

[49] Fitten LJ, Perryman KM, Wilkinson CJ, et al. Alzheimer and
vascular dementias and driving: a prospective road and
laboratory study. Jama. 1995;273(17):1360-1365.

[50] Foley DJ, Wallace RB, Eberhard J. Risk factors for motor
vehicle crashes among older drivers in a rural community.
J Am Geriatr Soc.. 1995;43(7):776-781.

[51] Ann Pharmacother 2014;48(4):494-506.

[52] Rudisill TM, Zhu M, Davidov D, et al. Medication use and
the risk of motor vehicle collision in West Virginia drivers
65 years of age and older: a case-crossover study. BMC
research notes. 2016;9(1):1-11.

[53] Chee JN, Rapoport MJ, Molnar F, et al. Update on the
risk of motor vehicle collision or driving impairment
with dementia: a collaborative international systematic
review and meta-analysis. Am J Geriatr Psychiatry..
2017;25(12):1376-1390.

[54] Crizzle AM, Classen S, Uc EY. Parkinson disease and driving:
an evidence-based review. Neurology. 2012;79(20):2067-
2074.

[55] Hemmelgarn B, Suissa S, Huang A, Jean-Francois B, Pinard
G. Benzodiazepine use and the risk of motor vehicle crash
in the elderly. Jama. 1997;278(1):27-31.

[56] Meuleners LB, Duke J, Lee AH, Palamara P, Hildebrand J,
Ng JQ. Psychoactive medications and crash involvement
requiring hospitalization for older drivers: a population-
based study. J Am Geriatr Soc. 2011;59(9):1575-1580.

[57]1 Murman DL. The impact of age on cognition. Thieme
Medical Publishers; 2015:111-121.

[58] Iverson D, Gronseth G, Reger M, Classen S, Dubinsky
R, Rizzo M. Practice parameter update: evaluation and
management of driving risk in dementia: report of
the Quality Standards Subcommittee of the American
Academy of Neurology. Neurology. 2010;74(16):1316-
1324.

[59] Man-Son-Hing M, Marshall SC, Molnar FJ, Wilson KG.
Systematic review of driving risk and the efficacy of
compensatory strategies in persons with dementia. J Am
Geriatr Soc. 2007;55(6):878-884.

[60] Ott BR, Heindel WC, Papandonatos GD, et al. A longitudinal
study of drivers with Alzheimer disease. Neurology.
2008;70(14):1171-1178.

144

© 2023 Acta Medica.


https://www.autosim.no/index.php/portfolio-item/autosim-as-1000-c/
https://www.autosim.no/index.php/portfolio-item/autosim-as-1000-c/

