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Background: Competence to drive a motor vehicle is of great concern to Parkinson’s
disease (PD) patients and their families because driving is a complex task which
requires a high level of cognitive functioning for making decisions plus multi-level

integration of sensory, motor, and cortical functions.

Objective: The objective of this study was to develop a test to determine the driving
capability of PD patients in order to differentiate those who have the requisite skills

from those who do not have the required competence to drive a motor vehicle.

Methods: This study compared the driving outcomes of 41 PD patients and 41
healthy controls by using a computer-based 3D driving simulator. Outcome measures
included time to start (¢o light), time to stop (stop light), distance from a static
obstacle, and time to stop (falling object). Demographic data and relevant

parameters were included in the analysis.

Results: There were no statistically significant differences between PD patients and
the control group in the following factors: age, gender, prerequisite driving ability, and
history/ number of car accidents in a past one year, and history of falling in a past
one month. Whereas, PD patients were fewer in the number of active drivers, a lower
in TMSE scores, and a higher number of falling in the past one month. A comparison
of the driving performance from parameters between two groups revealed that the
PD patients had significant slower reaction time and made more mistakes during
perform driving simulator. Among all prerequisite drivers, aging and diagnosis of PD
found to predict the driving cessation (OR= 5.6 and OR=8.9, respectively). Among PD
drivers, postural instability was a strong predictor to the driving cessation in PD
(OR=15.47).

Conclusions: Our result indicates that PD patients are at significantly higher risk of an
accident in real driving situations. Determination of their driving competency with a
reliable tool is essential for the safety of PD patients who drive and those with whom

they share the streets and roads.
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Background: Competence to drive a motor vehicle is a great concern to Parkinson’s
disease (PD) patients. Naturalistic driving is a preferred assessment method that

evaluates patient’s driving competency in real situations.

Objective: To examine the naturalistic driving performance in PD patients compared

to controls and to determine if the PD patients showed diminished abilities.

Methods: This study compared naturalistic driving performance of 10 PD patients and
10 healthy age-matched controls using the ChulaPD intelligent PD car. The ChulaPD
intelligent PD car is a four-door sedan car with an electronic computerized system
installed to provide a detailed history of driver performance and vehicle operation.
Recorded data includes: 5 dashboard cameras, trip start and end times, vehicle
speeds, acceleration times, braking times, steering wheel motion sensors, location
sensors, and parking sensors. Driving assessments were in accordance to the standard
protocol of the Department of Land Transport of Thailand, consisting of moving a car
forward and backward, reversing a car into a parking space, and parking parallel to a

sidewalk. Demographic data and driving parameters were included in the analysis.

Results: There were no statistically significant differences between PD patients and
the control group in the following factors: age, gender, holding a driver license,
current driving status, TMSE score, and duration of driving (p> 0.05, each). A
comparison of the performance of the two groups revealed that all participants
drove in the same routes determined by a similar degree of latitude (p= 0.353) and
longitude (p= 0.684), but PD patients required a longer total driving time to
accomplish the three driving tasks (p= 0.002), had slower car speed (p= 0.002), and
higher braking time (p=0.007) than controls. Significantly lesser in the brake pressure
was found in PD patients compared to controls (p=0.009). While reversing a car into a
parking space, PD patients showed a significantly higher number of attempts

compared to controls (p<0.001).

Conclusions: Our pilot study demonstrates diminished performance of PD patients
during real-life driving situations that could potentially contribute to the traffic
collisions. Determination of a patient’s driving competency is essential for the safety

of PD patients who drive and those with whom they share the roads.
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PD group Control group A

(n=41) (n=41)
Age (year) 60.71 + 11.67 55.90 + 14.51 0.103P
Male gender 21(51.2) 21 (51.2) 1.000®
Current alcohol consumption 1(2.4) 15 (36.6) <0.0019*
Current smoking habit 2(4.9) 8 (19.5) 0.101¢
Prerequisite driving ability 41 (100) 41 (100) 1.0009
Current drivers 15 (36.6) 35 (85.4) <0.001®*
TMSE 27.63 + 1.77 28.93 + 1.35 <0.001PB*
History of car accident 13 (31.7) 12 (29.3) 0.388¢
Numbers of car accident 0.32 + 0.65 0.29 + 0.60 0.8608
History of falling in the past 1 month 17 (41.5) 8 (23.5) 0.1479
Numbers of fall in past 1 month 1.54 + 3.00 0.05+0.22 0.003B*

®; Chi-square test, B; Unpaired T test, ! ; Mann-Whitney U test. TMSE; Thai-mental status examination Value in parentheses are shown

as percentage
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Driving parameter PD group (n=41) Control group (n= 41) P-value
Time to start 1.47 + 1.23 0.85 + 0.37 0.004P~
Time to stop 1.15+0.72 0.94 + 0.45 0.100P
Distance from static obstacle 30.70 + 7.67 33.93 + 4.44 0.023PB*
Time to stop (falling object) 0.90 + 0.33 0.80 + 0.29 0.148B
Mistake during driving 20 (48.8) 5(12.2) <0.0019*

®; Chi-square test, B; Unpaired T test, TMSE; Thai-mental status examination. Value in parentheses are shown as percentage
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Predictors Model 1 Model 2
Odd ratios/Exp(B) Odd ratios/Exp(B)

Age > 60 years 5.625* -

Diagnosed PD 8.971* -

Female gender

Presence of postural instability (H&Y > 3) - 15.477*

Hx of falling in past 1 month - -

Disease duration more than 6 years - -

TMSE < 24 - -
Model summary

Hosmer and Lemeshow test 0.405 0.699

Nagelkerke R square 0.344 0.383

*, statistically significant

Model 1; The binary logistic model conduct in 82 participants with prerequisite driving abilities (41 PD and 41 HC) with Enter method.

Included variables for model 1; Aging (age >60), diagnosis of PD, female gender, hx of falling in past 1 month, and TMSE less than 24.

Model 2; The binary logistic model conduct in 41 PD patients with prerequisite driving abilities (15 current PD drivers and 26 ex-PD

drivers) with Enter method. Included variables for model 2; Aging (age >60), female gender, hx of falling in past 1 month, presence of

postural instability (H&Y > 3), disease duration more than 6 years, and TMSE less than 24.
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Un#
PD group Control group P-value
(n= 10) (n=10)
Age (year) 55.60 + 7.54 50.20 +4.72 0.436P
Male gender 6 (60) 6 (60) 1.0009
Driving license 10 (100) 10 (100) na
Current drivers 10 (100) 10 (100) na
TMSE score (point) 27.90 + 1.85 29.00 + 1.05 0.218B
Driving duration (year) 34.20 + 7.64 31.40 + 13.49 0.853P
Hoehn and Yahr score 230 +0.53 - -
UPDRS motor score 230 +0.53 - -
History of falling in a past 1
month
History of a car accident in
a past 1 year

®: Chi-square test; B Mann-Whitney U test; Value in parentheses are shown as

percentage; TMSE: Thai Mental State examination.
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Uni

PD group Control group P-value

(h= 10) (n=10)
Total driving time (second) 862.40 + 193.70 491.20 + 240.79 0.002B+
Total brake time (second) 679.05 + 142.24 414.96 + 204.47 0.007B*
Percentage of brake time 80.22 + 13.44 85.01 + 17.95 0.218PB
Brake pressure (nm/m2) 0.02 + 0.03 0.10 + 0.07 0.009B*
Gas pedal pressure (hnm/m2) 7.01 £ 0.79 7.22 +1.99 0.353P
Number of attempt to 7.70 + 3.26 3.30 + 1.16 <0.001B*
reverse a car into a parking
space
Unable to park a car near 6 (60%) 1 (10%) 0.019"
footpath less than 25 cm.
Car speed (km/hr) 6.73 + 0.42 8.74 + 2.38 0.002B*
Steering wheel motion in x- 0.95 + 0.39 0.79 £ 0.28 0.280P
axis (degree)
Steering wheel motion in y- 0.95 + 0.39 0.79+£0.28 0.5798
axis (degree)
Steering wheel motion in z- 0.95 + 0.39 0.79 + 0.28 0.007B*
axis (degree)
Latitude (degree) 13.86 + 0.01 13.86 + 0.01 0.353B
Longitude (degree) 102.19 + 0.57 102.12 + 0.73 0.6848

X
: Chi-square test; B. Mann-Whitney U test; Value in parentheses are shown as

percentage; TMSE: Thai Mental State examination.
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