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ABSTRACT 

Objectives: This study aims to examine whether 
information provided by spouse or relatives can 
be employed to identify PD patients with deteri- 
orated driving performance, using three-year care- 
giver’s reports on their driving ability as the out- 
come measure. Methods: Fifty-three idiopathic 
PD subjects were assessed on open roads. Prior 
to the driving assessment, participants were 
examined by a geriatrician with various clinical 
assessments. The caregivers filled out a ques- 
tionnaire, the scores of which is a reflection of 
their concern on driving performance of their PD 
relatives. The same measurements were collec- 
ted for the subsequent two years. Hierarchical 
Poisson regression analysis, adjusting for gen- 
der, age and driving exposure (hours of driving 
per week), was then undertaken to determine 
whether the measures of driving assessment 
were associated with the score of the ques- 
tionnaire. Results: During the three-year period, 
all PD participants were rated at least 3 ques- 
tions positive in the caregiver’s questionnaire; 
the worst participant was rated positive eight 
times. Except the assessment criteria to gauge 
the traffic rules and regulations compliance, all 
other measures of the driving assessment were 
found to be significantly associated with the 
information provided by the caregivers. Con- 
clusions: This study demonstrated that the in- 
formation provided by caregivers was useful to 
identify PD patients with deteriorated driving 
performance. If adopted as part of the off-road 
driving assessment for PD patients, the ques- 
tionnaire can provide reliable information to cli- 
nicians. 
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1. BACKGROUND 

People suffering from Parkinson Disease generally 
stop driving at the age of 68; eight years earlier than the 
general population, and the condition is the sixth highest 
cause of disease-related driving cessation in Australia [1]. 
Driving requires numerous skills to be learnt, coordinat- 
ed and continuously adapted in various traffic scenarios 
with time-based pressures [2]; minor mistakes in driving 
may result in severe or fatal crashes [3]. Symptoms in 
PD, such as motor tremors, bradykinesia, postural insta- 
bility, rigidity and generalized slowness are known to af- 
fect driving ability of PD drivers in negotiating round- 
abouts, turning across traffic, travelling at high speeds 
and busy urban environments [4,5]. 

Through driving, individuals are able to maintain in- 
dependence, access to the community and preserve their 
self-efficacy, therefore longer licence retention can be 
very beneficial to good quality of life [6]. Nowadays the 
increasing complexity of road systems places additional 
demands on the cognitive, physical and sensory systems 
on road users [7]. Drivers with PD face further chal- 
lenges as the pathological deficits as well as the side ef- 
fects of medications can interfere with driving perform- 
ance [8]. Nevertheless it is unethical to cancel licences 
based upon diagnosis of PD alone [9], as many drivers 
with PD are able to overcome barriers using their exten- 
sive driving experience and knowledge of road systems 
or they can compensate for the declining ability [10]. 
Most of them also self-monitor and self-regulate their 
driving habits by avoiding potentially difficult or risky 
situations, such as not driving on the freeway, avoiding 
peak congestion periods or having a co-pilot [5]. 
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A road test is the gold standard for driving assessment, 
however, in most countries there are no standards for 
how the assessment procedures should be conducted [11]. 
The on-road assessment is costly and time-consuming 
[12] and the need for drivers with PD to undergo annual 
driving reviews may contribute to the early cessation of 
driving [1]. General practitioners are often required to 
determine the driving ability of their patients, even though 
majority of them have not been trained or actually ob- 
served a driving assessment [13]. Their decision of de- 
termining the cancellation of a licence is mostly made by 
medical expert opinions and/or based on subjective judg- 
ment of the results of the psychometric assessments con- 
ducted in the clinic [14]. 

A previous study reported that clinical assessment 
tools, such as the Timed Up and Go (measures ability to 
stand up, walk for 3 metres and return to the chair), Uni-
fied Parkinson’s Scale and Mini Mental Status Exam- 
ination (MMSE) cannot predict the driving performance 
of the PD patients, but the relatives can provide valuable 
information in the making decision [8]. The authors 
recommended the development of a tool, through which 
spouses or relatives can methodologically collect and re- 
cord the driving behaviours of PD patient over a period 
of time. The information can improve the validity and re- 
liability of the licence procedures. Using three-year re- 
cords of a questionnaire assessing driving ability as out- 
come measure, this study aims to examine whether in- 
formation provided by caregivers can be employed to 
identify PD patients with deteriorated driving perform- 
ance. 

2. METHODS 

2.1. Methodology 

This longitudinal study over a period of three years 
targeted 53 PD patients who were living in the commu- 
nity, not having incurred five or more demerit points in 
the past two years and driving at least four hours each 
week. Participants with PD had a confirmed diagnosis 
with no history or evidence of additional neurological 
impairment that may affect driving and were recruited 
from local specialist PD clinics and neurologists. All 
subjects were screened for acute, confounding medical 
and psychiatric conditions. Volunteers were excluded ei- 
ther if they scored less than 26 on the Mini Mental State 
Examination (MMSE) or their visual acuity worse than 
6/12 corrected on Snellen chart testing. 

2.2. Data Collection Procedure 

The study was approved by the Human Research Eth- 
ics Committee of the researchers’ institution. During 
October 2009, PD drivers between 60 to 80 years old re- 
siding in Perth, Western Australia were invited to take 

part in the study voluntarily. Each assessment included a 
30-minute initial interview to collect information sur- 
rounding driving habits and a 45-minute on-road driving 
session. In the event that the performance of a participant 
indicated unsafe driving practice as judged by the prin- 
cipal investigator, free counselling and advice were avai- 
lable. With the permission of the individual concerned, a 
follow-up referral would be arranged to address the is- 
sue. 

Prior to the driving assessment, the PD participants 
were examined by a geriatrician to ensure all driving and 
clinical tests were undertaken when the participants were 
optimally treated. Standard clinical measures for PD pa- 
tients including the overall UPDRS, motor UPDRS, H-Y 
score, levodopa equivalents, number of doses per day, 
MMSE, IQ code for dementia, Epworth Sleepiness Score, 
and Timed Up and Go Test were administered to all par- 
ticipants. 

2.3. Caregiver’s Perceptions of PD  
Participant’s Driving Ability and State  
Record of Traffic Violation 

The caregiver or relative was asked to fill out ques- 
tionnaires on their perception of the PD participant’s 
driving ability. The Carer Questionnaire with 11 quetions 
emphasised the difficulties and safety of PD patients in 
driving (refer to Table 1). The scores of the questionaire 
are a reflection of caregiver’s concern on the driving per- 
formance of their spouse or relatives. Previous study re- 
ported that the questionnaire can provide valuable infor- 
mation on PD driver’s ability: 55% variability in the dri- 
ving performance scores of the PD drivers can be ex- 
plained by the questionnaire [8]. Written authorization to 
access official driving records of traffic violations was 
also sought from all participants. Immediately after the 
initial screening, driver violation points of participant were 
retrieved. Anonymity and confidentiality on the informa- 
tion provided was assured. Caregiver’s perception on 
driving ability of PD participants and driver violation 
points in subsequent two years, 2010 and 2011, were col- 
lected. 

2.4. Driving Performance Assessment 

All personnel involved in the driving assessment were 
unaware of the medical conditions of the participants. 
Driving performance was assessed in the participant’s car 
along a 15 km route chosen by the participants in his/her 
neighborhood to cover a range of typical driving situa- 
tions, such as roundabouts, traffic lights, pedestrian cro- 
ssings and T-junctions. An accredited professional driv- 
ing instructor, experienced in assessment of disabled dri- 
vers, sat in the front passenger seat and was responsible 
for maintaining vehicle safety. A driver trained occupa- 
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tional therapist, experienced in driving assessment and 
rehabilitation, sat in the rear seat. Both assessed driving 
ability of participants using well defined on-road asse- 
ssment criteria (Refer to Table 2). The measures of driv- 
ing tasks were designed with reference to the three major 
levels of driving behaviours in the Michon model of car 
driving [15]. Strategic level behaviors often occur be- 
fore driving such as planning the shortest route to the 
destination. Tactical level behaviours happen while the 
driver responds to regulatory traffic signs. Operational 
level behaviors include second-to-second driving ma- 
noeuvres in adjustment of car position to maintain rea- 
sonable distance from the car in front. A higher score of 
the measures reflects better driving performance. 

2.5. Statistical Analysis 

All data was coded and analyzed using STATA version 
10 [16]. Reliability of the driving task measure was as- 
sessed by Cronbach alpha coefficient. The repeated 
measure of the carer’s information was the main outcome 
variable of interest. Hierarchical Poisson regression ana- 
lysis based on generalized estimating equations [17] was 
undertaken to determine a subset of the driving tasks af- 
fecting the number of score of the Caregiver’s question- 
naires over the three-year period. The method is an ex- 
tension of standard Poisson regression to handle the hi- 
erarchical data (repeated outcomes from the same sub- 
ject). It accommodates the inherent correlation of the re- 
peated observations clustered within a subject and pro- 
vides robust standard errors for the Poisson regression 
coefficients, so that correct inferences can be made. A 
statistically significant relationship would provide evi- 
dence of validity of the caregiver’s information to iden- 
tify PD patients with deteriorations in particular area of 
their driving performance. 

3. RESULTS 

3.1. Descriptive Analysis 

The age of the 53 PD participants ranged between 61 
and 70 years (mean 69.3, S.D. 8.3), and 22% of the driv- 
ers were female. H-Y score [Mean (SD): 1.6 (0.5)]; UP- 
DRS [Mean (SD): 7.8 (1.1)]; MMSE [Mean (SD): 29 
(1.2)], IQ code for dementia [Mean (SD): 3.2 (0.4)]; and 
Timed Up and Go Test [Mean (SD): 9.3 (2.2)] were recor- 
ded. The self-reported estimated driving hours per week 
for each individual did not vary significantly throughout 
the three-year period (overall mean 9.7; S.D. 5.5), accor- 
ding to repeated measures ANOVA (p-value = 0.623). Shop- 
ping and attending medical appointments were the most 
common reasons that participants drove. Around 15% of 
them were professional drivers prior to retirement, which 
required driving a vehicle regularly. None of the partici- 
pants requested or was required a follow-up referral or 

counselling. 
All participants were rated “Yes” at least in three ques-

tions of the carer’s questionnaire within the past three 
years by the carers, while the maximum “positive” count 
was eight. The most common question rated positive by 
the caregiver’s was “Do you think the patient has diffi- 
culty in turning the steering wheel, changing gears, press- 
ing the pedals?”, whereas, the least common was “Has the 
patient received any speeding tickets or traffic violtions?” 
According to the state records, all participants incurred at 
least one driver violation point within the past three years, 
while the maximum yearly point count was three. The 
most common reason of traffic violation reported by the 
participants was illegal parking. 

3.2. Reliability Check 

The measurement properties of the 7 driving tasks as- 
sessed during road test were next examined. The Cron- 
bach alpha coefficient was found to be 0.829, confirming 
the internal consistency of the scales that measured per- 
formance in the driving tasks. There was no significant 
correlation between each measure and the psychometric 
assessments (overall UPDRS, motor UPDRS, H-Y score, 
levodopa equivalents, number of doses per day, MMSE, 
IQ code for dementia, Epworth Sleepiness Score, and 
Timed Up and Go Test). However, as expected there was 
substantial negative correlation between each measure 
and the age of participants (correlation ranged from 
0.457 to 0.612), suggesting that driving performance of 
the current PD cohort could deteriorate with increasing 
age. 

3.3. Inferential Analysis 

The objective was to identify a subset of driving tasks 
related to the total score of the Caregiver’s question- 
naires. Two of the 53 participants could not be contacted 
at second and/or third year, resulting in N = 150 ob- 
servations and a loss-to-follow up rate of 6.9%. Results 
of the hierarchical Poisson regression analysis of the ca- 
regiver’s questionnaire are presented in Table 3. Adju- 
sting for age, gender and individual driving exposure, ex- 
cept Traffic Sign Compliance and Traffic Light which 
were designed to measure strategic level of the PD par- 
ticipants, all other measures of the driving tasks were 
found to be significantly associated with the caregiver’s 
questionaire score. Goodness of fit of the hierarchical 
Poisson regression model was satisfactory (Chi-square = 
157.19, p-value = 0.712). Hierarchical regression analy- 
sis of the state record of violation points produced insig- 
nificant result and was omitted from the reported results 
for brevity. The agreement between the scores of the Car- 
giver’s questionnaires and state record of traffic violation 
of the PD participants was not significant (Kappa statis-  
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Table 1. The Carer Questionnaire on perception of participant’s driving ability. 

Items Response 

1. Do you feel uncomfortable in any way driving with the patient? Yes/No 

2. Have you noticed any abnormal or unsafe driving behaviour? Yes/No 

3. Has the patient had any crashes within the last 12 months? Yes/No 

4. Do you think the patient has difficulty in turning the steering wheel, changing gears, pressing the pedals? Yes/No 

5. Has the patient received any speeding tickets or traffic violations? Yes/No 

6. Are other drivers forced to drive defensively to accommodate the patient’s errors in judgement? Yes/No 

7. Has the patient had near-misses that could be attributed to their Parkinson’s disease? Yes/No 

8. Do you think the patient reacts too slowly to traffic situations? Yes/No 

9. Has the patient ever fallen asleep at the wheel since they were diagnosed with Parkinson’s disease? Yes/No 

10. Have others commented on the patient’s unsafe driving? Yes/No 

11. Do you think the patient is unsafe to drive? Yes/No 

Total “Yes” score  

*Scoring procedures: 11 questions to be asked by medical practitioner; one point for each “yes” answer; maximum possible score for each questionnaire is 11. 

 
Table 2. On-road driving performance of the PD participants. 

Tasks required to perform by the 
participants 

Measure (Maximum possible score) 

Road Use Obligation: Driving  
manoeuvres in seven roundabouts# 

Being certain of obligation, proceed when has opportunity to do so, give appropriate signals, give signal 
not too short or long, do not give wrong signal. (35) 

Traffic Sign Compliance: Manoeuvres 
through four pedestrian crossing, with 
a “5 mile/hr” speed control sign and a 
speed bump* 

Slow down in approaching the crossing, do not stop when it is not necessary, do not hit the speed bumps, 
give way to pedestrians crossing and comply with the 5 mile/hr rule. (20) 

T-Junction: Manoeuvres before and 
through T-junctions@ 

Do not approach intersection too slowly, do not brake or swerve at last minute, do not approach intersection 
too fast, look both ways in approaching intersection, do not proceed if way is not clear, proceed when 
has opportunity to, will give way (right hand rule), do not turn across oncoming traffic, do not swing too 
wide on corner, do not cut corner, do not swing too wide on corner and do not turn across oncoming 
traffic. (12) 

General Driving Skill: The steering 
and breaking behaviour throughout 
the assessment@ 

Erratic movement of the steering wheel, do not put arm and elbow out of window, do not allow steering 
wheel to self centre, do not incorrectly position their hand, do not depress clutch before brake in high 
gear whilst stopping, do not stop too far from given mark, do not stop too suddenly, do not stop too 
slowly in quick stop test and do not stall engine. (50) 

Traffic Light: Manoeuvres before and 
through traffic lights* 

Do not stop in wrong position, do not stop when not necessary, do not start before signal turns green, do 
not proceed on amber when could have stopped safely, do not proceed on red signal, do not cross 
continuous white line and do not fail to notice lights. (7) 

Normal Driving: General driving  
behaviour throughout the  
experiment#@ 

Keep to left, drive with reasonable speed, do not drive with erratic speed, do not take erratic course, use 
rear view mirror frequently, do not exceed speed limit, do not follow closely to the front car, do not 
overtake unnecessarily, do not veer over the centre line unless overtaking. (10) 

Use of Indicator: Correct use of  
indicators throughout the assessment# 

One point for each correct use of indicators. (27) 

Note: Measure to assess #Operational level, @Tactical level, *Strategic level, of the Michon model of car driving. 
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Table 3. Hierarchical Poisson regression results for scores of the Carer’s questionnaires, adjusting for clustering and individual driv-
ing exposure (hours per week), N = 150. 

95% confidence interval 
Variable Mean (SD) Incidence rate ratio p-value 

Lower Upper 

Use of Indicator 22.8(2.13) 1.06 0.003 0.83 1.21 

Road Use Obligation 17.2(3.59) 0.89 0.023 0.71 0.98 

Normal Driving 6.43(3.52) 0.88 0.029 0.69 1.17 

T-Junction 4.56(2.41) 0.89 0.039 0.88 1.13 

General Driving Skill 34.8(6.16) 1.17 0.047 0.79 1.34 

Traffic Sign Compliance 9.7(1.82) 0.91 0.241 0.87 1.35 

Traffic Light 4.89(1.41) 1.07 0.391 0.95 1.13 

Age 69.3(8.3) 0.96 0.524 0.92 1.14 

Exposure (hr/week) 9.7(5.5) 0.87 0.634 0.62 0.93 

Gender - 0.79 0.415 0.73 1.12 

 
tic = 0.21, p-value = 0.452). 

4. DISCUSSION 

In this study, appropriate driving tasks were chosen to 
assess PD drivers in their neighbourhoods. Seven in- 
ternally consistent measures of driving task were used to 
assess each participant’s performance in these tasks. The 
negative correlation between individual measures of the 
driving tasks and age confirmed that driving skills in PD 
generally decline with age, however the clinical and psy- 
chometric measurements have no association with any 
measures of the driving performance of PD participants. 
A similar result was reported in another study that the 
driving performance of the PD participants could not be 
predicted by the commonly-used clinical assessments by 
general practitioners [8]. 

This three-year longitudinal study further investigated 
the association between the caregiver’s information and 
driving performance of the PD participants. The hierar- 
chical Poisson regression analysis showed that PD par- 
ticipants rated poorly by the caregivers did not perform 
well in the driving tasks that require high level of func- 
tioning in tactical and operational level [15]. The re- 
sults are consistent with previous findings that the 
caregiver’s questionnaire can provide reliable infor- 
mation on-road driving behaviors of PD drivers [8]. 

The violation points record of PD did not associate 
with either the performance of the PD participants or the 
score of the caregiver’s questionnaire. One possibility is 
that deficits in particular functions of the PD drivers may 
lead to an impaired driving ability but does not extend to 
a higher likelihood of accumulation of violation points.   
The current study has identified the PD participants have 
deteriorated in particular aspects of driving. Due to the 
small sample size further links to the caregiver’s ques- 
tionnaire with PD drivers at high risk of road safety is 
impossible. Other limitations of the study included un- 
equal gender distribution (78% male). Therefore, gender 

was controlled for in the hierarchical Poisson regression 
analysis. The participants who volunteered for this study 
cannot be taken as representative of the population of 
older drivers, since the sample was notrandomly selected 
but only covered some sectors of the community. Selec- 
tion bias was therefore unavoidable in the recruitment of 
the PD participants. However, random sampling was nei- 
ther possible nor practical in this type of study. The ma- 
jority of the participants were at H-Y stage one or stage 
two, indicating their functional abilities were only mini- 
mally affected by the PD symptoms. The driving assess- 
ment was conducted during optimal on time medication 
and does not address the impact of symptom fluctuations 
in PD. 

Our findings suggest that in making decisions on li-
cence retainment or cancellation of PD patients, more 
weight should be given to the information provided by 
their caregivers. The use of the questionnaire can provide 
a more systematic ways to capture the driving perform- 
ance of PD drivers over a period of time. The caregiver’s 
questionnaire could be adopted as a screening tool to 
gain reliable information about driving performance of 
PD patients prior to administering a more detailed but 
expensive road test. 
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