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Abstract

INTRODUCTION

The prevalence of cataract in older populations, and longer life expectancy, means
there will be an increasing number of older Australians with cataract on our roads.
Conditions that diminish sight have a significant impact on the driving ability and

safety of older drivers as they seek to maintain their quality of life and independence.

This prospective longitudinal cohort study examined older drivers before first eye,
after first eye, and after second eye cataract surgery, which allowed for an in depth
exploration of how objective visual measures (including visual acuity, contrast
sensitivity, and stereopsis) and other factors affect driving habits, adverse events and
driver self-regulation using objective and naturalistic methods. In this study, driving
self-regulation practices were defined as the modification of habitual driving practices,
patterns, exposure and/or habits. The majority of previous studies that have analysed
the effects of cataract surgery on driving outcomes have combined participants who
underwent only first, second or both eyes surgeries in their analyses and were therefore
unable to determine the specific effects of first and second eye surgery separately.
Furthermore, there is a lack of information about the specific effects of first and second
eye cataract surgery on driver self-regulation practices, as measured by naturalistic

driving technology.

The rich data from this project furthered our understanding of appropriate fitness to
drive assessments for older drivers with bilateral cataract as they progressed through

first and second eye surgery.
AIM

Overall, this study aimed to gain a better understanding of the impact of first and
second eye cataract surgery on naturalistic measures of driver self-regulation practices
and to determine which changes in objective measures of vision are associated with
driver self-regulation practices throughout the cataract surgery process (before first

eye, after first eye, and after second eye cataract surgery). Also, an examination of the



association between driving habits, adverse events, driver self-regulation and objective

visual measures before first eye cataract surgery was undertaken.
OBJECTIVES

1) To undertake a comprehensive literature review on cataract/cataract surgery

and driving.

2) To compare self-reported information obtained from a travel diary and
naturalistic measured data using an in-vehicle driver monitoring device on driving
exposure, habits, and practices in older drivers with bilateral cataract as they await first

eye cataract surgery.

3) To measure the naturalistic driving exposure, habits and adverse events of older
drivers with bilateral cataract who were awaiting first eye cataract surgery and to

determine the factors associated with driving exposure.

4) To analyse the association between objective measures of vision (visual acuity,
contrast sensitivity, and stereopsis), and driver self-regulation practices in bilateral
cataract patients using a combination of naturalistic driving methods and self-reported

data, as they wait for first eye cataract surgery.

5) To determine the separate impact of first and second eye cataract surgery on

driver self-regulation status for bilateral cataract patients.

6) To determine which changes in objective measures of vision are associated

with changes in driver self-regulation status throughout the cataract surgery process.

METHODS

Study design

A three year prospective longitudinal cohort study of older drivers with bilateral
cataract was undertaken from December 2014 to February 2017. One hundred and
eleven participants on the wait list for first eye cataract surgery were recruited from
three public hospitals in Western Australia (Fremantle Hospital, Royal Perth Hospital
and Sir Charles Gairdner Hospital) through two methods: direct invitation from

ophthalmologists during their visit to the eye clinic or an invitation letter from the



researcher. The inclusion criteria were: a diagnosis of bilateral cataract; being on the
wait list for first eye cataract surgery; aged 55+ years; a current Western Australian
drivers licence; living in the Perth metropolitan area; and driving at least twice a week.
Exclusion criteria for participants were: a diagnosis of any significant eye conditions
such as macular degeneration, glaucoma or diabetic retinopathy; undergoing combined
ocular surgery; having a cognitive impairment; a diagnosis of dementia, Alzheimer’s
disease, Parkinson’s disease or physical impairment (e.g., wheelchair users); did not

communicate in English or had previous cataract surgery.

Each participant was assessed at three time points: in the month before cataract
surgery, at least one to three months after first eye cataract surgery and at least one
month after second eye cataract surgery. Fifty-five participants completed the three

assessments.

Data Collection

Participants received a Participant Information Sheet and provided written informed
consent before any data were collected, following the tenets of the Declaration of
Helsinki. Ethics approval was obtained from Curtin University and the three

participating hospitals.

At each of the three assessments, identical researcher administered questionnaires
collecting information about participants’ sociodemographic and health information
were administered. Participants’ cognitive function was also assessed by the Mini-
Mental-State Examination and the Useful Field of View to assess general cognitive

function and higher order attentional skills.

Three objective visual tests were administered by the researcher at each of the
assessments, which included visual acuity, contrast sensitivity, and stereopsis. The
researcher received training by an ophthalmologist in order to administer the visual
tests. A standardised protocol was followed to ensure that visual testing was
administered under standard conditions at each assessment. Visual testing was
administered under constant luminance and without mydriasis each time. A light meter
was used to ensure that light was kept constant and tape measures were used to ensure
that participants were reading the charts at the required distance. Participants’ habitual

correction was used for visual testing.
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Participants’ self-reported driving habits and self-regulation practices were assessed
using the Driving Habits Questionnaire, which has been previously validated for use

among a population of older drivers with bilateral cataract in Western Australia.

Participants were also provided with a travel diary they were required to fill in after
each trip they drove as the driver, and an in-vehicle monitoring device that collected
naturalistic driving data for a period of 7 days. Driving outcome measures that were
collected included a variety of time-stamped second-by-second GPS data, such as date
of travel, start and finish time of trips, number of trips, number of kilometres travelled,
duration, average and maximum radius of driving exposure, speed, location, type of
roads used (e.g., freeways, highways, heavy traffic roads), and time of day (e.g., day

time, night time, sunset, sunrise, peak hour traffic, off peak hours).

Data obtained from the travel diary and the in-vehicle monitoring devices were
compared to measure the agreement between both measures. Additionally, the data
obtained by the Driving Habits Questionnaire and the in-vehicle monitoring devices
were compared. Four driving situations obtained by the Driving Habits Questionnaire
were selected, as they could be directly compared to the information obtained from the
in-vehicle monitoring device. These four situations were used to classify participants
as either self-regulating or non self-regulating their driving in each situation. These
situations included “driving on highways/freeways”, “on heavy traffic roads”, “in peak
hour traffic”, and “night time driving”. Each of the four driving situations were
examined separately to determine if participants’ self-regulated their driving in that
situation. All four situations were then examined together and participants were
classified as a “self-regulator” if they self-regulated their driving behaviour in at least
one of the four driving situations. Otherwise, they were considered to be a “non self-

regulator”.
Statistical Analysis

Descriptive statistics were used to summarise the sociodemographic characteristics, as
well as the health, visual, cognitive and driving characteristics of the cohort, at baseline
and after both, first and second eye cataract surgery. Inferential statistics were used to

assess changes among all variables of interest throughout the cataract surgery process.

Paired-samples t-tests were used to compare the differences obtained by the travel
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diaries and in-vehicle monitoring devices, in terms of kilometres driven, number of
trips, driving duration in minutes and number of trips driven on the weekends, during

peak hour traffic, at night time and for overall driving.

Independent sample #-tests for continuous outcomes (age, driving experience, number
of comorbidities, number of medications, Mini-Mental State Examination score,
Useful Field of View score, number of trips, kilometres travelled, number of days
driven, driving duration and maximum excursion radius from home) and chi-squared
tests for categorical outcomes (gender, marital status, living arrangements and level of
education) were used to compare the characteristics of the participants classified as
self-regulators and non-self-regulators in terms of sociodemographic data, health

status, driving characteristics, cognitive abilities, and objective visual measures.

Cohen’s Kappa coefficient was used to measure the relative agreement between the
information obtained from the self-reported Driving Habits Questionnaire and the in-
vehicle monitoring devices. One-way repeated measures of analysis of variance
(ANOVA) were used to measure the changes in the three objective measures of vision
before first eye surgery, after first and after second eye cataract surgery. Cochran Q
tests were used to analyse the changes in driver self-regulation status before first eye
surgery, and after both first and second eye cataract surgery in the following driving
situations: on heavy traffic roads, at night time, on the freeway and on heavy traffic

roads.

A simple multiple linear regression was undertaken to determine whether there was an
association between the three objective measures of vision (binocular visual acuity,
binocular contrast sensitivity and stereopsis) and driving exposure before first eye
cataract surgery. A multivariate logistic regression was also undertaken to analyse the
association between driver self-regulation status and the three objective measures of

vision before first eye cataract surgery.

Two separate Generalised Estimating Equation logistic models were undertaken to
analyse the changes in self-regulation status before first eye cataract surgery, after first
and second eye cataract surgery, and to determine which changes in the three objective

measures of vision were associated with driving self-regulation status.
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RESULTS

Six hundred and forty-five patients on the waitlist for first eye cataract surgery were
reviewed for eligibility. Among those, 381 patients were immediately excluded, and
153 eligible participants declined participation. A total of 111 older drivers with
bilateral cataract were recruited, of whom 55 completed all three assessments. The 55

participants had a mean age of 73.3 years (SD = 7.8) with 38.2% aged 65 to 74 years.

The results found that there were significant improvements in better eye, worse eye
and binocular visual acuity after first and second eye cataract surgery (p < 0.001).
Additionally, better eye, worse eye and binocular contrast sensitivity significantly
improved after first and second eye cataract surgery (p < 0.001). However, stereopsis
worsened after first eye cataract surgery, but improved after second eye cataract

surgery (p = 0.002).

Significant differences were found between the travel diaries and objective data
obtained from the in-vehicles monitoring devices. Older drivers significantly
underestimated the number of overall trips (p < 0.001), weekend trips (p = 0.002) and
trips during peak hours (p = 0.004). Participants also significantly overestimated
overall (p <0.001) and weekend driving duration (p = 0.003) in comparison to the data
collected by the in-vehicles monitoring devices. However, there were no significant
differences between the travel diaries and the naturalistic driving data in terms of

kilometres travelled.

Ninety-two percent of participants drove during the 7 days period of data collection
before first eye cataract surgery. At baseline, participants drove an average of 4.40
days and an overall distance of 115.8 kilometres, and made an average of 15.6 trips
per week. Participants’ maximum radius distance travelled from home was 14.1
kilometres. In addition, 41% of participants self-regulated their driving in at least one
challenging situation before first eye cataract surgery, limiting significantly their
mobility. The most commonly avoided situation was driving during night time (31%).
Nearly 10 percent of those who did not meet the minimum visual standards for driving
in Western Australia before first eye cataract surgery did not self-regulate their driving.
Contrast sensitivity was the only objective measure of vision significantly associated
with self-regulation practices, including driving exposure and avoiding driving in

challenging situations before first eye cataract surgery. Older drivers who had poorer



binocular contrast sensitivity drove fewer kilometres per week prior to first eye
cataract surgery and were more likely to avoiding driving in specific challenging

situations than older drivers with better contrast sensitivity.

There was also a significant reduction in driver self-regulation practices after both first
and second eye cataract surgery in comparison to the month before first eye cataract
surgery. The odds of being a self-regulator in at least one driving situation significantly
decreased by 70% after first eye cataract surgery (OR: 0.3, 95% CI: 0.1-0.7) and by
90% after second eye surgery (OR: 0.1, 95% CI: 0.1-0.4), compared to the odds before
first eye surgery. Improvement in contrast sensitivity after cataract surgery was
significantly associated with decreased odds of self-regulation (OR: 0.02, 95% CI:
0.01-0.4).

CONCLUSIONS

The results of this comprehensive study have provided a better understand of the
association between objective visual measures, and real time driving behaviour
throughout the cataract surgery process, using in-vehicle driver monitoring. It also
validated the combined used of self-report Driving Habits Questionnaire with the in-
vehicle monitoring devices, which will be more effective for monitoring patient-
reported measures, now an important part of outcomes research. The majority of
studies analysing the effects of cataract surgery on driving outcomes were based on
self-reported questionnaires and combined participants who underwent first, second or
both eye cataract surgery in their analyses. As a consequence, little is known about the
self-regulation practices of older drivers with bilateral cataract while waiting for first
and second eye cataract surgery. This is the first study to examine the specific effects
of first and second eye cataract surgery on driving habits, adverse events and driver

self-regulation using objective and naturalistic methods.

This study found that both first and second eye cataract surgery have a positive impact
on driving outcomes and, therefore, on-road safety. As the population ages, there will
be an increasing number of older drivers with cataract on the roads. Measures need to
be taken to ensure that cataract can be funded in a timely manner to avoid costs
associated with crashes and injuries. The findings suggest that clinicians could play a
crucial role in ensuring their patients limit their driving by using self-regulation

practices while waiting for first and second eye cataract surgery, to improve their



safety and the safety of other road users. The findings also suggest that road safety,
policy makers and licensing authorities could benefit from using contrast sensitivity
tests, in addition to visual acuity tests traditionally used, to improve road safety.
However, further research should determine why some older drivers are not self-
regulating their driving while waiting for cataract surgery and how older drivers with
bilateral cataract could benefit from self-education programs promoting the use of self-

regulation strategies.
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Chapter 1 Introduction

Background

Older drivers represent the fastest-growing segment of the driving population
(National Center for Statistics and Analysis, 2017). As the proportion of older
individuals are living longer and healthier lives (Australian Institute of Health and
Welfare, 2015), it is expected that the number of older drivers on the roads will
increase further, which will have significant impacts on-road safety, policy makers and

transport providers (Luiu, Tight, & Burrow, 2017).

Driving a car remains the main transport mode among the older population in
developed countries such as Australia (Zeitler & Buys, 2015) and will continue to be
among the future generations of older drivers (Currie & Delbosc, 2010). It contributes
to older adults’ mobility, flexibility and independence, and plays a significant role in
maintaining their lifestyle (Gwyther & Holland, 2012) and quality of life (Zeitler &
Buys, 2015). Access to a car has also been associated with overall transport satisfaction
(Olsen, Macdonald, & Ellaway, 2017), and driving cessation has been associated with
poorer health, cognitive social and physical function, as well as increased risk of

depression, mortality, and admissions to long term care facilities (Chihuri et al., 2016).

As people age, medical conditions such as cataract are also becoming more common
(Michael & Bron, 2011). Cataract is one of the leading causes of visual impairment
globally, accounting for 33% of vision-related problems (Pascolini & Mariotti, 2012).
Cataract can affect multiple aspects of vision such as visual acuity, contrast sensitivity
(Helbostad et al., 2013; Shandiz et al., 2011) and stereopsis (Helbostad et al., 2013),
and a growing body of evidence suggests that older drivers with cataract are less safe
to drive (Owsley, Stalvey, Wells, & Sloane, 1999; Owsley, Stalvey, Wells, Sloane, &
McGwin, 2001). However, unlike other conditions of ageing, cataract can be easily
corrected by surgery, which has been shown to reduce crash risk by 12.7% in the year
after first eye surgery (Meuleners, Hendrie, Lee, Ng, & Morlet, 2012a). In Australia
however, public hospital patients often wait an average of 93 days before cataract
surgery and 2.5% of patients have to wait long periods of more than 12 months

(Australian Institute of Health and Welfare, 2016) generating concern among road



safety and licensing authorities about the impact of unoperated cataract on driving

exposure and ability.

As a consequence of their impaired vision older drivers with cataract may self-regulate
their driving and restrict it to specific self-identified situations which they consider as
safe (Sullivan, Smith, Horswill, & Lurie-Beck, 2011). Driving self-regulation is a
multidimensional (Molnar et al., 2014) and complex process (Molnar et al., 2013b;
Wong, Smith, & Sullivan, 2016a), which has been described as a positive coping
strategy to minimise driving risk (Gwyther & Holland, 2012). These practices might
involve avoiding driving in challenging situations and/or reducing the number of
kilometres and trips made (e.g., Baldock, Mathias, McLean, & Berndt, 2006; Ball et
al., 1998; Fraser, Meuleners, Ng, & Morlet, 2013c; Molnar & Eby, 2008; Owsley et
al., 1999). It has also been found that reduced contrast sensitivity (Keay et al., 2009),
as well as poor visual acuity (Lotfipour et al., 2010) may be associated with driver
self-regulation practices. However, previous research found that a high percentage of
drivers with visual impairment do not self-regulate their driving (Okonkwo, Crowe,

Wadley, & Ball, 2008).

Previous studies examining the effect of cataract and/or cataract surgery on driving
outcomes have focused on self-reported driving difficulty (e.g., Bevin, Derrett, &
Molteno, 2004; Castells et al., 1999; Elliott, Patla, Furniss, & Adkin, 2000;
Mamidipudi, Vasavada, Merchant, Namboodiri, & Ravilla, 2003; McGwin, Scilley,
Brown, & Owsley, 2003; Monestam, Lundquist, & Wachtmeister, 2005; Monestam &
Lundqvist, 2006; Monestam & Wachtmeister, 1997; Owsley et al., 1999) and self-
regulation practices (Fraser, et al., 2013c; Owsley et al., 1999) which are limited by
biases such as recall (Blanchard, Myers, & Porter, 2010) and social desirability (Af
Wahlberg, 2010). However, naturalistic studies using in-vehicle monitoring devices,
which collect detailed Global Positioning System (GPS) information, allow an
accurate and objective examination of driving outcomes as well as driver self-
regulation. This rich source of information provides a means for assessing the safety
impact of driving behaviours in an unobtrusive manner. To date, no published study
has used naturalistic data to explore driving habits, adverse events and driver self-
regulation for older drivers with bilateral cataract before first eye, after first eye, and

after second eye cataract surgery, which represents a significant gap in the literature.
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1.3

Rationale

The prevalence of cataract in older populations (Bourne et al., 2013; Khairallah et al.,
2015; Klein & Klein, 2013; Koo et al., 2013; Pascolini & Mariotti, 2012) and
increasing life expectancy (Australian Institute of Health and Welfare, 2015; United
Nations, 2017) means there will be an increasing number of older Australians on our
roads with cataract. Conditions that diminish sight will have a significant impact on
the driving ability and safety of older drivers and, consequently, their crash risk as they

seek to maintain their quality of life and independence.

This prospective cohort study will examine older drivers before first, after first, and
after second eye cataract surgery, which will allow an in depth exploration of how
objective visual measures (including visual acuity, contrast sensitivity, and stereopsis)
and other factors affect driving habits, adverse events and driver self-regulation using
objective and naturalistic methods. Furthermore, the majority of previous studies that
have analysed the effects of cataract surgery on driving outcomes have combined
participants who underwent only first, second or both eyes surgeries in their analyses
and were therefore unable to determine the specific effects of first and second eye

surgery separately.

The rich data from this project will also further our understanding of appropriate
fitness to drive assessments for older drivers as they progress through first and second

eye cataract surgery.

Aim and Study Objectives

The overall aim of this research study was to gain an understanding of the impact of
first and second eye cataract surgery on naturalistic measures of driver self-regulation
practices, and to determine which changes in objective measures of vision are
associated with driver self-regulation practices throughout the cataract surgery

process.

In addition, an examination of the association between driving habits, adverse events,
driver self-regulation, and objective visual measures before first eye surgery was

undertaken.



The specific study objectives were:

1) To undertake a comprehensive literature review on cataract/cataract surgery

and driving (paper 1).

2) To compare self-reported information obtained from a travel diary and
objectively measured data using an in-vehicle driver monitoring device on driving
exposure, habits and practices in older drivers with bilateral cataract as they await first

eye cataract surgery (paper 2).

3) To measure the naturalistic driving exposure, habits and adverse events of older
drivers with bilateral cataract who were awaiting first eye cataract surgery and to

determine the factors associated with driving exposure (paper 3)

4) To analyse the association between objective measures of vision (visual acuity,
contrast sensitivity and stereopsis), and driver self-regulation practices in bilateral
cataract patients using a combination of naturalistic driving methods and self-reported

data, as they wait for first eye cataract surgery (paper 4).

5) To determine the separate impact of first and second eye cataract surgery on

driver self-regulation status for bilateral cataract patients (paper 5).

6) To determine which changes in objective measures of vision are associated

with changes in driver self-regulation status throughout the cataract surgery process

(paper 5).

1.4 Significance of the Study

Despite the prevalence of cataract among the older population, there is a lack of
evidence surrounding the impact of bilateral cataract surgery on driving outcomes and
self-regulation practices for older drivers. Given the ageing population of Australia,
issues related to the safety of this group as they continue to drive are paramount,

particularly as older drivers are at higher risk of injury in the event of a crash.

This prospective cohort study will provide new insights into the complex association
between objective visual measures (e.g., visual acuity, stereopsis and contrast

sensitivity) and other factors affecting driving outcomes and self-regulation practices
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among older drivers with bilateral cataract.

Gaining a better understanding of the driving situations that are the most challenging
for older drivers with cataract may enable road safety authorities to implement
educational interventions promoting the use of self-regulation practices. Findings from
this prospective cohort study will also enable ophthalmologists to better inform their
patients about the effects of their vision impairment on driving ability throughout the
cataract surgery process, and how best to manage these to improve their safety and the
safety of other road users. The study results will also provide a rationale for first and
second eye cataract surgery in a timely manner to preserve older drivers’ independence
and mobility. Future long term benefits may include a reduction in the number of
deaths and injuries for older drivers with cataract, consequently lessening the burden
on the Australian health care system. Lastly, the results of this study may provide
evidence to determine the most effective visual tests required to assess fitness to drive

among cataract patients.

Outline of the Thesis

The organisation of the thesis is as follows:

Chapter 2 reviews the existing literature on older drivers, cataract, cataract surgery,
objective visual measures, driving, driver self-regulation practices, and naturalistic

driving.

Chapter 3 describes the methodology used in the study including the study design,
sample and sample size, recruitment of sample, data collection, study instruments,

ethics approval, and statistical analyses.

Chapter 4 presents a published review of the literature on cataract and cataract surgery
and driving outcomes, and significant gaps in the literature that require further

research.

Chapter S presents the findings of a published paper comparing the results of older
drivers with bilateral cataract who completed self-reported travel diaries with
naturalistic measured driving exposure, habits and adverse events while waiting for

first eye cataract surgery.



Chapter 6 presents a manuscript submitted for publication examining the association
between objective visual measures and naturalistic measured driving exposure, driving
habits and adverse events in older drivers with bilateral cataract while waiting for first

eye cataract surgery.

Chapter 7 presents the findings of a published paper examining the association
between objective visual measures and naturalistic measured driver self-regulation
practices among older drivers with bilateral cataract while waiting for first eye cataract

surgery.

Chapter 8 presents the findings of a manuscript accepted for publication which
examines the specific impacts of both first and second eye cataract surgery on
naturalistic measured driver self-regulation practices and which measures of vision

were associated with driver self-regulation status.

Chapter 9 presents the overall discussion which includes a synthesis of the findings,
the strength and limitations of the study, recommendations for further research, and

final conclusions.
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Chapter 2 Literature Review

This chapter provides an overview of the current literature on cataract and cataract
surgery and driving outcomes including driver self-regulation practices, and identifies
gaps that require further research. Various databases of peer reviewed literature,
government databases and research engines were searched including Cumulative
Index to Nursing and Allied Health Literature (CINAHIL), Google Scholar, Medline,
Ovid, ProQuest, PsycInfo, PubMed, ScienceDirect, Scopus, Taylor & Francis, the
Cochrane Library, Transport Research International Documentation (TRID),
SpringerLink, and Web of Science. The following key words were used individually
and in all possible combinations: cataract, bilateral cataract, cataract surgery, visual
impairment, visual acuity, contrast sensitivity, stereopsis, vision, driving performance,
driver self-regulation, crash risk, driving difficulty, driving cessation, driving
restriction, motor vehicle crash, road crashes, accident, driver, safety, fitness to drive,
older drivers, ageing population, aged drivers, senior drivers, travel diary, self-reported
questionnaires, naturalistic driving studies, in-vehicle monitoring devices, Global
Positioning System, GPS, and cataract surgery. Additional articles were selected from
cited references included within the articles. All articles in this review originally
appeared in scientific English language journals, books, theses or government reports,

and the information was summarised in this chapter.
The literature review has been divided into five sections.

Section 2.1 provides some background information on the causes of the increase
number of older drivers on the roads and the social role played by driving among this

cohort.

Section 2.2 provides information on the effects of cataract and first and second eye

cataract surgery on objective visual measures.

Section 2.3 provides information on the effects of cataract and first and second eye
cataract surgery on driving including driving performance, driving difficulties, and
crash risk. The association between these driving outcomes and objective measures of

vision before and after first and second eye cataract surgery are reviewed also.



Section 2.4 reviews current literature about self-regulation practices, including the
conceptual framework and factors associated with these practices, and discuss how

older drivers self-regulate their driving before and after cataract surgery.

Section 2.5 provides information on naturalistic driving studies and discusses studies
among older drivers that compared self-reported and objective measures of driving

outcomes.

2.1 Older Drivers

Over the previous decades, a combination of three main factors have contributed to a
significant increase in the number of older drivers on the roads: the ageing population
(Austroads, 2016, United Nations, 2017), the increase in licensing rates (Austroads,
2016, Australian Department of Infrastructure and Regional Development, 2017) and
the changes in travel demands (Austroads, 2016, Rosenbloom, 2012). For this reason,
an extensive body of research has been devoted to older drivers in the road safety
literature during this period of time (e.g. Austroads, 2016). Improvements in road
safety have been implemented in Australia and considerable efforts have been made
to achieve the Australian National Road Safety Strategy 2011-2020 target, which aims
to reduce the number of road deaths and injuries by at least 30% by 2020 (Australian
Department of Infrastructure and Regional Development, 2014; Australian Transport
Council, 2011). Older drivers’ demographic and economic changes are already
impacting the number of road fatalities among older drivers (Australian Department
of Infrastructure and Regional Development, 2014). It has been estimated that about
4,000 older drivers aged 65 years and over in Australia are hospitalised annually
because of a road crash and that older drivers account for 250 fatality victims each
year (Australian Department of Infrastructure and Regional Development, 2013). As
older drivers are more fragile than younger driver cohorts, they are more likely to be
injured or killed following a crash (Ichikawa, Nakahara, & Taniguchi, 2015; Mitchell,
2013). However, previous research suggests that not all older drivers have higher crash
risk and that a “low mileage bias” accounts for the higher rate of crashes among older
drivers who drive low mileages (e.g. Langford et al., 2013; Langford, Koppel,
McCarthy, & Srinivasan, 2008; Langford, Methorst, & Hakamies-Blomqvist, 2006).
As older drivers travel fewer kilometres than younger cohorts of drivers (Cicchino &

McCartt, 2014), they are more likely to drive in riskier situations (e.g., driving on local
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roads with intersections and conflict points) than higher mileage drivers (Antin, et al.,
2017; Langford et al., 2006). This may result in an overestimation of older drivers’

crash rate per unit of distance driven (Antin, et al., 2017; Langford et al., 2006)

2.1.1 Growing proportion of older drivers

Older drivers represent the fastest-growing segment of the driving population
(National Center for Statistics and Analysis, 2017). Globally, the proportion of people
aged 60+ is growing faster than all younger age groups, at a rate of 3% per year (United
Nations, 2017). It has been estimated that the proportion of older individuals aged 60+
will increase by more than two-fold by 2050 and by more than three-fold by 2100,
increasing from 962 million in 2017, to 2.1 billion in 2050 and 3.1 billion in 2100
(United Nations, 2017). By 2050, individuals aged 60+ will account for approximately

a quarter of the population in almost all regions of the world (United Nations, 2017).

2.1.2 Increase in licensing rates among older drivers

In Australia, there has been a considerable increase in the number of licenced drivers
from 1922 to 2016 (Australian Department of Infrastructure and Regional
Development, 2017), with an increase by 44% in the licence counts among the 65+
age group in the decade ending in 2013 (Australian Department of Infrastructure and
Regional Development, 2013). A recent study found that the majority of older
Australian adults (92.5%) aged about 70 are current drivers (Anstey, Li, Hosking, &
Eramudugolla, 2017). As the proportion of older individuals is growing and older
individuals are living longer and healthier lives (Australian Institute of Health and
Welfare, 2015), the numbers of licenced drivers on Australian roads is expected to
increase further by 25%, from 17.2 million in 2016 to 21.7 million by 2030 (Australian

Department of Infrastructure and Regional Development, 2017).

2.1.3 Older drivers’ changes in travel demand

The driving patterns of older drivers have changed throughout the years (Austroads,
2016) as a result of a combination of factors that include personal choice and greater
needs to drive a vehicle to maintain mobility and independence (Rosenbloom, 2012).
Older drivers are more likely to drive a car and less likely to use public transport than

in the past (Rosenbloom, 2001, 2012). Driving a car is, for example, the prime mode
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of transport among the 55+ age group in Australia (Zeitler & Buys, 2015). Reliance
on private vehicles among older drivers aged 65+ has also increased in the United

States (Rosenbloom, 2012).

Older people are driving longer and for longer distances, in comparison to previous
cohorts of older drivers (OECD-Organisation for Economic Co-operation, 2001). By
way of example, there has been significant increases in the number of trips, kilometres
travelled, time spent driving and duration of trips in this age group, suggesting that
older drivers have become more dependent on private cars (Rosenbloom, 2012). As
older individuals are more active, healthier, fitter, and more likely to be working later
in life than former generations, their travel needs might change again in the future
(Musselwhite, Holland, & Walker, 2015). These changes will have significant impacts
on road safety, policy makers and transport providers (Luiu et al., 2017). The increase
in the number of older drivers who will be sharing the road network in the years to
come in Australia (Austroads, 2016) means that a considerable effort is to be made to
improve road safety and, at the same time, enhance people’s mobility, in order to

minimise traffic injuries and road deaths.

2.1.4 Older drivers and driving cessation

Driving plays an important role in an older adult’s lifestyle, as it allows them to
maintain their mobility, flexibility, and independence (Gwyther & Holland, 2012), and
contributes to social participation (Pristavec, 2016). It also represents a way to
maintain their connection to life and society (Donorfio, D’ Ambrosio, Coughlin, &
Mohyde, 2009). Driving cessation has also been associated with reduction in social
activities and engagement (Curl, Stowe, Cooney, & Proulx, 2014; Liddle, Reaston,
Pachana, Mitchell, & Gustafsson, 2014), life satisfaction (Liddle, Gustafsson, Bartlett,
& Mckenna, 2012), loss of independence and self-determination (Nordbakke &
Schwanen, 2014), and depressive symptomatology (Chihuri et al., 2016). It has also
been associated with changes in self-perception and social identity (Jetten & Pachana,
2012), such as feeling older than the chronological age (Pachana, Jetten, Gustafsson,
& Liddle, 2017), concerns about practical difficulties and life changes (Pachana et al.,
2017), and impacting relationships with others (Pachana et al., 2017). Health,
cognitive, social and physical function have also been negatively impacted by driving

cessation (Chihuri et al., 2016). On average, driving cessation occurs after 70 years of
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2.2

2.2.

age (Hjorthol, 2013; Mitchell, 2013). However, a recent study found that over 92% of
Australians aged in their seventies were still driving and were expected to drive for
another 13 years (Anstey et al., 2017). The same study estimated that only
approximately 1% of Australian older drivers in their early seventies stop driving each

year (Anstey et al., 2017).

Males often cease driving after recommendations from other people, such as family
members or health providers, although women often give up driving following health
issues or a feeling of insecurity on the roads (Hjorthol, 2013). More specifically, one
Norwegian nationwide study found that women ceased driving at an earlier age
compared to men (average of 79.5 years) (Hjorthol, 2013). Another British study
found that 25% of men and 38% of women who still held a drivers licence when they

were 70 years old relinquished it by the age of 90 (Mitchell, 2013).

S Ageing declines

As people age, declines in motor, sensory, cognitive (Anstey, Wood, Lord, & Walker,
2005) and visual function, such as cataract (Michael & Bron, 2011) become more
common and have an impact on driving performance (e.g., Wood & Carberry, 2004,
2006), driving difficulty (Fraser, Meuleners, Lee, Ng, & Morlet, 2013b; Owsley et al.,
1999) and crash risk (e.g., Owsley et al., 1999; Owsley et al., 2002). Increasing life
expectancy (United Nations, 2017) has resulted in an increase in the prevalence of eye
disease, including cataract, and is expected to further increase in the future (Laitinen
et al., 2010), which suggests that the number of people with cataract on the roads will

increase further.

Cataract, Cataract Surgery and Objective Visual Measures

1 Cataract

Cataract is defined as an opacification to various degrees of the crystalline lens of the
eye which is usually transparent (Iroku-Malize & Kirsch, 2016; Spencer & Mamalis,
2010). Globally, cataract is the leading cause of blindness around the world (Bourne
et al., 2013) and accounts for 33% of visual impairment (Pascolini & Mariotti, 2012).
In 2010, 10.8 million individuals were blind and 35.1 million people were visually

impaired due to cataract (Khairallah et al., 2015).
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Cataract results from a disruptive interaction of inter and intra crystalline proteins in
the lens causing an exposition of hydrophobic surfaces, which will aggregate and form
cataract (Zhao et al., 2015). Cataract can be clinically classified in different ways
depending on their position, appearance, aetiology, and age of appearance (Spencer &
Mamalis, 2010). Age causes three main types of cataract: nuclear, cortical and
posterior subcapsular, with nuclear cataract being the most frequent type of age-related
cataract (Spencer & Mamalis, 2010). People often develop multiple types of cataract
simultaneously (Glynn, Rosner, & Christen, 2009).

As the changes caused by cataract are painless and gradual, individuals might not
notice for several years that their vision has been deteriorating (Craig, 2015). For
example, the Singapore Epidemiology of Eye Disease (SEED) Study found that
approximately 68.8% of people with significant cataract did not realise they were
affected by this condition (Chua et al., 2017). These gradual changes in vision can
have a significant impact on a patient’s quality of life (Fraser, Meuleners, Lee, Ng, &
Morlet, 2013a) and functional impairment in a patient’s everyday life (Chaudhary et
al.,2016). The World Health Organisation (WHO) implemented an action plan in 2013
to reduce the prevalence of avoidable visual impairment such as cataract by 25% by

2019, as it can be corrected by cataract surgery (WHO, 2013).

2.2.2 Cataract surgery

Cataract extraction is the most common elective surgery procedure in Australian
public hospitals (Australian Institute of Health and Welfare, 2016, 2017). Cataract
surgery performed in Australia has increased by 5.3% since 2015-2016, with
approximately 71,000 admissions for this surgery between 2016 and 2017 (Australian
Institute of Health and Welfare, 2017). It is currently the only treatment available for
cataract removal (Selin, Orsini, Ejdervik Lindblad, & Wolk, 2015) and is a highly
effective and safe procedure to restore vision in the operated eye (Chaudhary et al.,

2016; Clark, Morlet, Ng, Preen, & Semmens, 2011; Roberts et al., 2013; WHO, 2013).
2.23 Impact of cataract on objective measures of vision before and
after cataract surgery

Cataract affects different aspects of vision including visual acuity, contrast sensitivity,

(Helbostad et al., 2013; Shandiz et al., 2011) and stereopsis (Helbostad et al., 2013).
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However, an extensive body of research suggests that all these aspects of vision can

be improved by cataract surgery (e.g., Fraser, et al., 2013a,b; To, et al., 2014b,c)

2.2.3.1 Visual acuity

2.2.3.1.1 Impact of cataract on visual acuity

Visual acuity, which is the “ability to resolve fine spatial details” is the most frequent
visual outcome assessed in road safety research (Wood & Black, 2016). It is a measure
of “the recognition of small (high spatial frequency), high contrast letters” and
therefore accounts sensitively for the changes in refractive error (Woods & Wood,
1995). Previous research has found that cataract can have a negative impact on visual
acuity (Huisingh, McGwin, Wood, & Owsley, 2014; Shandiz et al., 2011). For
example, it has been found that visual acuity decreases as the severity of cataract
increases (Shandiz et al., 2011). Visual acuity is also the conventional measure to
assess visual function among people with cataract (Shandiz et al., 2011). It is often
used as a measure to prioritise patients on the waitlist for cataract surgery (Chaudhary
et al.,, 2016). However, it has been suggested that the emphasis should be on a
comprehensive measure of functional vision rather than on an objective measure of
visual acuity, as visual acuity testing does not account for patients’ problems in their

day to day life (Chaudhary et al., 2016).

2.2.3.1.2 Impact of first and second eye cataract surgery on visual acuity

A growing body of research has found that cataract surgery improves visual acuity in
the operated eye (e.g., Castells et al., 1999, 2006, Elliott et al., 1997, 2000; Finger et
al., 2012; Foss et al., 2006; Fraser et al., 2013a,b; Gothwal et al., 2011; Lee et al., 2013;
Lundstrom et al., 2011; Meuleners et al., 2012b; Palagyi et al., 2017; Shekhawat et al.,
2017; To, et al., 2014a,b). More specifically, previous research suggests that visual
acuity is improved after both first and second eye cataract surgery (Castells et al., 2006;
Lee et al., 2013; Palagyi et al., 2016; To, et al., 2014a,b). A randomised controlled trial
found that first eye cataract surgery results in major improvements in visual acuity
(88%), but second eye surgery only improves visual acuity by 12% (Castells et al.,
2006). However, undergoing only first eye cataract surgery can increase the
discrepancy in visual acuity between both eyes, but this can be reduced by second eye

surgery (Castells et al., 2006).
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2.2.3.2 Contrast sensitivity

2.23.2.1 Impact of cataract on contrast sensitivity

Contrast sensitivity, which is “the ability to distinguish between dark and light
contrasts”, has been found to be negatively impacted by cataract (Bal, Coeckelbergh,
Van Looveren, Rozema, & Tassignon, 2011; Fraser, et al., 2013a,b; McGwin et al.,
2003; Owsley et al., 2001; Shandiz et al., 2011; Wood & Carberry, 2006; Wood &
Owens, 2005; Wood & Troutbeck, 1995). As cataract severity increase, contrast
sensitivity impairment increases, which indicates that contrast sensitivity tests may
provide supplementary information over the conventional visual acuity tests (Shandiz
et al., 2011). Previous research suggests that some patients with cataract might have
poor contrast sensitivity, despite having good visual acuity (Bal et al., 2011) and that
contrast sensitivity might be a better measure to assess functional visual impairment
among cataract patients (Elliott & Situ, 1998). Similarly, another study among cataract
patients found that contrast sensitivity might be a more important measure to use than
visual acuity (Adamsons, Vitale, Stark, & Rubin, 1996) as the environment is

surrounded by more low contrast clues (Datta et al., 2008).

22322 Impact of first and second eye cataract surgery on contrast
sensitivity
Evidence suggests that cataract surgery significantly improves contrast sensitivity in
the operated eye (Castells et al., 2006; Comas, Castells, Acosta, & Tuiii, 2007; Elliott
et al., 2000; Foss et al., 2006; Fraser et al., 2013a,b; Laidlaw & Harrad, 1993; Laidlaw
et al., 1998; Lee et al., 2013; McGwin, Gewant, Modjarrad, Hall, & Owsley, 2006;
Owsley et al., 2007; Palagyi et al., 2017; To et al., 2014a,b). Similar to visual acuity,
previous research found that contrast sensitivity improved after both first and second
eye cataract surgery (Lee et al., 2013; To et al., 2014a,b). However, it has been found
that the major improvements were the result of first eye cataract surgery (96%), as only
4% of the improvement in contrast sensitivity was related to second eye cataract
surgery (Castells et al., 2006). As with visual acuity, undergoing first eye cataract
surgery only can increase the discrepancy in contrast sensitivity between both eyes,

but this can be reduced by second eye surgery (Castells et al., 2006).
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2.2.3.3 Stereopsis

2.2.3.3.1 Impact of cataract on stereopsis

Stereopsis is a measure of depth perception which is defined as “the perception of the
three dimensions of an object under binocular vision and occurs through fusion of
signals from disparate retinal elements” (Suliman & Ali, 2017). Cataract has also been
associated with decreased stercopsis (Helbostad et al., 2013). As stereopsis is a
binocular function to see the world in three dimensions, it requires adequate visual
acuity (Comas et al., 2007; Kwapiszeski, Gallagher, & Holmes, 1996) and contrast
sensitivity in both eyes (Comas et al., 2007). Previous research has, for example, found
that patients with unilateral cataract had reduced stereopsis, which was correlated with

their visual acuity in the same eye (Kwapiszeski et al., 1996).

22332 Impact of first and second eye cataract surgery on stereopsis

Previous research suggests that cataract surgery provides significant improvements in
stereopsis (Castells et al., 2006; Elliott et al., 2000; Foss et al., 2006; Laidlaw &
Harrad, 1993; Talbot & Perkins, 1998; To, et al., 2014a,b). Improvements in stereopsis
have been found after both first and second eye cataract surgery (Castells et al., 2006;
Laidlaw et al., 1998; To et al., 2014a,b). Second eye cataract surgery brings greater
benefits to stereopsis than first eye cataract surgery (Castells et al., 2006). More
specifically, previous research suggests that first eye cataract surgery accounts for 46%
of improvements in stereopsis and second eye surgery for 54% (Castells et al., 2006).
The improvements in stereopsis could be explained by the fact that second eye cataract
surgery reduces the difference in visual acuity and contrast sensitivity between both
eyes (Castells et al., 2006; Elliott et al., 2000), as stereopsis is a binocular measure
(Comas et al., 2007; Laidlaw et al., 1998). When cataract surgery is only performed in
one eye among bilateral cataract patients, it increases the differences in these measures
of vision in both eyes, which has a negative impact on stereopsis (Castells et al., 2006).
Differences in both eyes can lead to binocular inhibition causing the binocular visual
acuity or contrast sensitivity values to be worse than the values of the better eye (Azen

etal., 2002).
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2.3 Cataract, Cataract Surgery and Driving

Driving depends heavily on visual functioning (Desapriya et al., 2011; Johnson &
Wilkinson, 2010; Owsley & McGwin, 2010) and it has been suggested that vision
accounts for approximately 90% of sensory input required for driving (Messinger-
Rapport, 2003). As a consequence, an extensive body of research has shown that
cataract may have a negative impact on driving performance as measured by self-
reported questionnaires, driving simulators, and on-road assessments. A recent
research study conducted among older drivers on the waitlist for cataract surgery found
that 53% of current drivers with cataract self-reported that cataract had a negative
impact on their driving (Keay et al., 2016). The driving outcomes impacted by cataract
included driving performance (e.g., Wood et al., 2012; Wood, Chaparro, Carberry, &
Chu, 2010; Wood & Carberry, 2004, 2006), crash risk (e.g., Owsley et al., 1999;
Owsley et al., 2002), driving difficulty (e.g., Bevin et al., 2004; Fraser et al., 2013b;
McGwin et al., 2003; Owsley et al., 1999) and self-regulation practices (e.g., Fraser et
al., 2013c; Owsley et al., 1999). The impact of cataract on driver self-regulation
practices will be presented in a chapter dedicated to self-regulation practices itself, as

it is part of the main topic of this thesis.

2.3.1 Impact of cataract on driving

2.3.1.1 Impact of cataract on driving performance

An extensive body of evidence has found that cataract has a negative impact on driving
performance (e.g., Marrington, Horswill, & Wood, 2008; Wood et al., 2010, 2012;
Wood, Chaparro, Carberry, & Hickson, 2006; Wood, Chaparro, & Hickson, 2009;
Wood & Carberry, 2004, 2006, Wood & Troutbeck, 1994, 1995). For example, two
closed-road circuit studies found that young adults (Wood & Troutbeck, 1994) and
older drivers (Wood & Troutbeck, 1995) who met visual standards for driving and who
wore goggles to simulate the effects of cataract had higher impairment to overall
driving performance than when subjected to other simulated impairments (monocular
vision and visual field restriction). More specifically, simulated cataract induced
changes in road position (Wood & Troutbeck, 1995), reduced speed (Wood &
Troutbeck, 1994), increased time when reversing (Wood & Troutbeck, 1994),

increased time to complete the circuit when manoeuvring around cones, and reduced
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peripheral awareness (Wood & Troutbeck, 1994, 1995) in comparison to participants’

driving performance at baseline without the goggles.

Two other closed-road circuit studies found that older drivers with bilateral cataract
had poorer driving performance than the aged-matched control group with normal
vision (Wood & Carberry, 2004, 2006). More specifically, bilateral cataract
participants had poorer overall driving scores, were worse at recognising road signs
and road hazards, were worst at steering to avoid road hazards (Wood & Carberry,
2004, 2006) and at keeping within the lane than the aged-matched control group,
(Wood & Carberry, 2004). The authors concluded that these impairments might affect
older drivers’ ability to follow road rules, use road sign clues, and avoid pedestrians,
large debris on the roads and speed bumps while driving (Wood & Carberry, 2004).
The severity of cataract also seems to affect driving performance. It has been found,
for example, that drivers who wore moderate level simulated cataract goggles took
more time to detect and anticipate traffic hazards than a control group, and mild level
of cataract only slowed the ability to detect the presence of hazards (Marrington et al.,

2008).

Night time driving performance has also been found to be impaired by cataract (Wood
et al., 2010). Participants with simulated cataract took more time to drive, drove more
slowly, hit more traffic hazards on the roads, and were worse at recognising traffic
signs at night time than drivers with normal or blurred simulated vision (Wood et al.,
2010). In addition, when pedestrians were wearing black clothes, participants with
simulated cataract were not able to see them (Wood et al., 2010). However, when
pedestrians were wearing biomotion clothes, participants with simulated cataract were
able to detect them 80% of the time (Wood et al., 2010). Another study found that
participants with simulated visual impairment (cataract or blurred vision) had more
trouble recognising pedestrians at night than people with normal vision (Wood et al.,
2012). This effect was stronger for people with simulated cataract than with simulated
blurred vision (Wood et al., 2012). Participants with normal vision could detect the
pedestrians at a 5.5 fold longer distance than cataract patients (Wood et al., 2012). The
authors explained their findings by the fact that cataract impacted contrast sensitivity

more than blurring did (Wood et al., 2012, 2010).
Another closed-road circuit study analysing the effects of multitasking on visual
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impairment and age found that driving performance was impaired by multitasking, and
the effects were worst for participants with simulated cataract in comparison to
participants with blurred and normal vision (Wood et al., 2006). Similarly, another
closed-road circuit study analysing the effects of visual impairment on age and
distractors, found that driving performance was significantly reduced with simulated
cataract and was worsened with visual distractors (Wood et al., 2009). In both studies,
the impairments in driving performance were also greater for older drivers with
simulated cataract than younger drivers (Wood et al., 2006, 2009). However, all these
studies relied on small sample sizes, which may affect the generalisability of the

results.

2.3.1.2 Impact of cataract on driving difficulty

Previous research has found that cataract has a significant impact on driving
difficulties (e.g., Bevin et al., 2004; Fraser et al., 2013b; McGwin et al., 2003;
Monestam & Wachtmeister, 1997; Owsley et al., 1999). For example, a prospective
cohort study found that 82% of cataract patients with a drivers licence self-reported
having visual functional problems while driving (Mdnestam & Wachtmeister, 1997).
In another study, the findings from self-reported questionnaires were that participants
with cataract were four times more likely to report having difficulties driving in

challenging situations than participants without cataract (Owsley et al., 1999).

More specifically, a prospective cohort study found that 6% drivers on the waitlist for
cataract surgery reported having “great difficulties”, 31% “moderate difficulties”, 16%
a “little difficulty” and 31% “no difficulties” driving during day time (Bevin et al.,
2004). More than half of the sample (57%) reported having “great difficulties”, 15%
having “moderate difficulties”, 14% “a little difficulty” and 10% “no difficulties”
while driving during night time (Bevin et al., 2004). A prospective cohort study also
found that participants self-reported having difficulties driving during day time (34%)
and at night time (44%) before undergoing cataract surgery (Monestam et al., 2005).
Night time driving seems therefore to be a particular challenging situation for cataract
patients (Bevin et al., 2004; Fraser et al., 2013¢c; Monestam et al., 2005; Monestam &
Wachtmeister, 1997; Owsley et al., 1999, 2001). In two self-reported studies for
example, night time driving was the most self-reported challenging situation for

cataract patients, with between 71% and 77% of participants self-reporting this
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difficulty (Monestam & Wachtmeister, 1997; Owsley et al., 2002). Another
prospective cohort study, which compared a group of participants who decided to
undergo cataract surgery with a group of participants who declined surgery, found that
participants who decided to undergo surgery had greater difficulties in day and night
time driving than participants who decided not to undergo surgery (McGwin et al.,
2003). However, the majority of these studies only used two questions to assess day

and night time driving which may affect the generalisability of the results.

Besides night time driving, other driving situations are challenging for cataract patients
include driving in the rain (67%), in rush hour (45%), in high traffic (36%), on
highways or freeways (26%), alone (24%), and making turns across oncoming traffic
(21%) (Owsley et al., 1999). In addition, another study found that 37% of participants
self-reported having difficulties with distance estimation, 11% with glare from
oncoming vehicles and 7% with fatigued eyes while driving (Monestam &

Wachtmeister, 1997).

2.3.1.3 Impact of cataract on crash risk

An increasing body of evidence has found that older drivers with cataract have an
elevated risk of being involved in a motor vehicle collision. A recent study conducted
among older drivers on the waiting list for cataract surgery found that 9% of current
drivers with cataract had a crash in the last 12 months (Keay et al., 2016). Two other
studies found that older drivers with cataract were 2.5 times more likely to be involved
in an at-fault crash in the past 5 years, in comparison to people without cataract

(Owsley et al., 1999, 2001).

2.3.2 Association between driving and objective measures of vision

2.3.2.1 Visual acuity

Visual acuity is the objective measure of vision most frequently used by licensing
authorities to assess fitness to drive around the world (Owsley & McGwin, 2010;
Owsley, Wood, & McGwin, 2015). Currently most licensing authorities rely on an
assessment of visual acuity when a person obtains or renews a driver’s licence (Ortiz,
Castro, Alarcon, Soler, & Anera, 2013). In Australia, for example, drivers are required

to have at least a vision of 6/12 in one or both eyes to meet the minimum Australian
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visual acuity standard for driving (Austroads, 2017).

In terms of driving outcomes, there is evidence that visual acuity impairment is
associated with self-perceived driving difficulty (Van Rijn et al., 2002), the ability to
recognise road signs and hazards (Higgins & Wood, 2005; Wood, 1999, 2002) and
difficulties reading road signs at safe distances on highways (Schieber, 2004), as well
as driving on high traffic roads and during night time (McGwin, Chapman, & Owsley,
2000). However, there is increasing evidence that relying on visual acuity to assess
drivers’ fitness to drive is insufficient (Babizhayev, 2003; Bal et al., 2011; Wood &
Owens, 2005), because licensing authorities use high contrast charts under high
luminance conditions to measure visual acuity (Owsley & McGwin, 2010; Wood &
Owens, 2005), but such charts are not associated with drivers’ ability to recognise road
objects (e.g., road signs, hazards, pedestrians) (Wood & Owens, 2005). Additionally,
high contrast charts do not account for other visual factors impaired among cataract

patients, such as contrast sensitivity (Woods & Wood, 1995).

As visual acuity tests were originally designed for clinical assessments, they do not
account for all visual functions involved in real life driving situations (Owsley &
McGwin, 2010). For example, a study found that 78% of drivers would be considered
as unfit to drive, if stray light (“unwanted light in an optical system” [Fest, 2013]) was
taken into consideration, even though they meet current European visual acuity
requirements for driving (Bal et al., 2011). In the same way, 31% of participants
meeting the European visual acuity requirements for driving would be considered as

unfit to drive if contrast sensitivity was also taken into consideration (Bal et al., 2011).

In terms of cataract patients more specifically, there are some conflicting results in the
literature about the impact of visual acuity on driving outcomes among this group,
which might be related to the study design and characteristics of the sample. Although
some studies fail to find an association between visual acuity and driving, including
crash risk (Owsley et al., 2001) and driving difficulty (Fraser et al., 2013b), other
studies found that the association was significant (McGwin et al., 2000; Walker,
Anstey, Hennessy, Lord, & Von Sanden, 2006a). Specifically, a self-reported study
found that people with poor visual acuity were more likely to have driving difficulties,
with visual acuity predicting driving ability, even though contrasts sensitivity was the

strongest visual predictor of driving (Walker, Anstey, & Lord, 2006b). A cross-
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sectional study among older drivers with visual impairment of which 3 out of 4 had
cataract, found that drivers with poor visual acuity reported having more driving
difficulties (McGwin et al., 2000). These driving difficulties included driving at night
and on heavy traffic roads (McGwin et al., 2000).

2.3.2.2 Contrast sensitivity

A growing body of evidence has found that contrast sensitivity has been associated
with a variety of driving outcomes, including crash risk (Guo, Fang, & Antin, 2015;
Huisingh et al., 2017), driving performance (Wood, 2002), and driving difficulty
(McGwin et al., 2000; Van Rijn et al., 2002). Contrast sensitivity has also been
associated with decreased driving performance during the day and at night time (Ball
et al., 1998; Brabyn, Schneck, Lott, & Haegerstrom-Portnoy, 2005; Wood, 2002;
Wood et al., 2009), decreased driving exposure (Freeman, Muioz, Turano, & West,
2005; Keay et al., 2009; Sandlin et al., 2014) and driving cessation (Freeman et al.,
2005; Keay et al., 2009).

In terms of cataract patients more specifically, similar results were found with an
association between contrast sensitivity and increased crash risk (Owsley et al., 2002,
2001), driving difficulty (Fraser et al., 2013b), impaired driving performance (Wood
& Carberry, 2004, 2006), and difficulties turning across oncoming traffic (McGwin et
al., 2000). For example, a cross-sectional study found that contrast sensitivity equal to
or smaller than 1.25 log units was the only measure of vision significantly associated
with crash risk, before adjusting for potential confounding factors. Visual acuity and
disability glare were not associated with crash risk when parameters were unadjusted
(Owsley et al., 2001). Older drivers who were involved in a past crash were 8 times
more likely to have a severe contrast sensitivity impairment in the worse eye and 6
times more likely to have a contrast sensitivity impairment in both eyes, than older
drivers who were not involved in a past crash in the last five years (Owsley et al.,

2001).

2.3.2.3 Stereopsis

There are some discrepancies in the literature about the effects of stereopsis on driving
outcomes, and only a few studies have analysed its effects on cataract patients.

Although some studies failed to find an association between driving outcomes and
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impaired stereopsis (Bauer, Dietz, Kolling, Hart, & Schiefer, 2001; Fleck & Kolling,
1996; Johnson & Wilkinson, 2010; McKnight, Shinar, & Hilburn, 1991; Tijtgat,
Mazyn, De Laey, & Lenoir, 2008), other studies have found that stereopsis was
associated with driving outcomes such as higher risks of failing driving a car through
a slalom course (two parallel lines of traffic cones) (Bauer et al., 2001; Bauer, Kolling,
Dietz, Zrenner, & Schiefer, 2000), misestimation (Owens, Wood, & Carberry, 2010),
and increased crash risk (Gresset & Meyer, 1994; Owsley et al., 1998).

In terms of cataract patients, few studies have analysed the effects of stereopsis on
driving outcomes. Among those, Fraser et al. (2013b) failed to find an association

between stereopsis and driving difficulty.

2.33 Impact of cataract surgery on driving

2.3.3.1 Impact of cataract surgery on driving performance

An on-road study which looked at the effects of first and second eye cataract surgery
on driving performance found that participants who underwent both eye surgeries
improved their overall driving performance, their ability to recognise road signs and
road hazards, as well as the ability to avoid road hazards after first and second eye
cataract surgery, to the levels of controls with normal vision (Wood & Carberry, 2004).
However, this study had a small sample size of 28 participants with bilateral cataract
and 18 age-matched controls, which may affect the generalisability of the results.
Similarly, another on-road study found that bilateral cataract surgery improved overall
driving performance, road sign and road hazards recognition, as well as roads hazards
avoidance, to the level of the control group (Wood & Carberry, 2006). However,
contrary to the previous study, the participants were assessed only before first eye
cataract surgery and after second eye cataract surgery and therefore no information
was provided about the specific contribution of first eye and second eye cataract

surgery separately.

2.3.3.2 Impact of cataract surgery on crash risk

A prospective cohort study aiming to compare crash risk among older drivers who
decided to undergo cataract surgery with older drivers who decided not to undergo

cataract surgery found that cataract surgery in general reduced by half the crash risk
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over the 4 to 6 year follow-up periods, resulting in a reduction rate of 4.74 crashes per
million miles (1,609,344 kilometres) travelled (Owsley et al., 2002). However, first
and both eye cataract procedures were combined in the analyses. A population based
study using Western Australian linked data between 1997 and 2006 found that there
was a reduction of 12.7% in crashes one year after first eye cataract surgery, resulting
in $4.3 million cost savings (Meuleners, et al., 2012a). A more recent population based
study using Western Australian linked data from 2004 to 2014 found that motor
vehicle crashes were reduced respectively by 47% and 45% after first and second eye
cataract surgery, resulting in $22.1 million cost savings for the community in the year
after second eye cataract surgery (Meuleners, Brameld, Fraser, Chow, & Agramunt,
submitted). This suggests that second eye cataract surgery provides significant

additional benefits to road safety (Meuleners et al., submitted).

2.3.3.3 Impact of cataract surgery on driving difficulty

The majority of studies that analysed the impact of cataract surgery on driving
difficulties relied on self-reported questionnaires, which might be subject to social
desirability (Af Wahlberg, 2010) and recall biases (Blanchard et al., 2010). A meta-
analysis aiming to analyse the effects of cataract surgery on driving outcomes found
that driving difficulties decreased by 88% following cataract surgery (Subzwari et al.,
2008). This meta-analysis was based on four prospective cohort studies (Mamidipudi
et al., 2003; Monestam et al., 2005; Monestam & Lundqvist, 2006; Monestam &
Wachtmeister, 1997) and one retrospective cohort study (Chang-Godinich, Ou, &
Koch, 1999), but no information was provided about the specific effects of first and

second eye cataract surgery separately.

However, Monestam & Wachtmeister (1997) found a significant reduction in self-
reported driving difficulties after cataract surgery, with a reduction by 31.1 percentage
points in having difficulties with distance estimations, decreasing from 37% to 5.9%
(Monestam & Wachtmeister, 1997). In addition, 25% of participants who held a
drivers licence but did not drive before cataract surgery, started to drive after surgery
(Monestam & Wachtmeister, 1997). This is similar to another study that found an
increase of 11 percentage points in participants who drove 4 months after undergoing
cataract surgery, from 83% to 94% (Monestam & Lundqvist, 2006). Another study

found that there was a significant reduction in the composite scores for driving
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difficulty on the Driving Habits Questionnaire (DHQ) following cataract surgery
(Owsley et al., 2002). However, participants who had only first eye surgery (44%)
were combined with participants who had both eye surgeries (56%) in the analyses
(Owsley et al., 2002). Although these studies suggest that driving difficulties decrease
following cataract surgery, previous research suggest that the type of lenses inserted
during cataract surgery might be associated with patients’ changes in driving habits 2

to 3 years after having been operated (Beiko, 2015).

Various studies have analysed the effects of cataract surgery on day and night time
driving difficulties and there is a general consensus that day and night time driving
improve significantly after cataract surgery (Bevin et al., 2004; Mamidipudi et al.,
2003; McGwin et al., 2003; Monestam et al., 2005). However, the majority of these
studies used only two questions to assess day and night time driving. A prospective
cohort study found that day time driving difficulties were reduced by 45 percentage
points (from 72% to 27%) following cataract surgery, and night time driving
difficulties were reduced by 37 percentage points, from 90% to 53% after surgery
(Bevin et al., 2004). Similarly, another study found that difficulties driving during day
time and night time decreased from 50% to 6% and from 69% to 24% respectively
after cataract surgery (Monestam et al., 2005). Five years after cataract surgery, 95%
of the sample self-reported having no difficulties during daytime, and 56% reported
having no difficulties driving at night (M6nestam et al., 2005). Another study, based
on the same population study as Monestam et al. (2005) found that among participants
who had surgery in only one eye, 48% still reported having difficulties while driving
at night, and 41% of participants who had both eyes done still reported having
difficulties at night time (Mdnestam & Lundqvist, 2006). Similarly, day time driving
improved by 15.1 points and night time driving by 18.9 points before and after cataract
surgery in another study (McGwin et al., 2003). However, the authors did not specify
whether participants underwent first eye, second eye surgery or whether both eyes

were combined in the analyses in each of these studies.

Few studies have analysed the specific effects of first and second eye cataract surgery
on driving difficulty separately, and the results were all derived from self-reported
questionnaires. Among those, a study found that first eye surgery improved both day

and night time driving, but second eye cataract surgery improved only night time
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driving scores (Elliott et al., 2000). However, a prospective study found that both day
and night time driving improved after second eye cataract surgery (Castells et al.,
1999). More specifically, there was a 89% improvement in day time driving for
participants who underwent first eye surgery only, yet there was 100% improvement
in day time driving scores for those who underwent second eye cataract surgery
(Castells et al., 1999). In the same way, 79% of participants who underwent first eye
surgery improved night time driving, but there was 100% improvement in night time

driving for those who underwent second eye cataract surgery (Castells et al., 1999).

2.3.4 Impact of cataract surgery on driving and its association with
visual outcomes

While some studies found an association between contrast sensitivity and driving
difficulty after first eye cataract surgery (Fraser, et al., 2013b) as well as contrast
sensitivity and driving outcomes after second eye cataract surgery (Wood & Carberry,
20006), other studies failed to do so. In Wood & Carberry (2006), contrast sensitivity
changes after bilateral cataract surgery were the best predictors of improved driving
performance. However, visual acuity was not associated with changes in driving
performance (Wood & Carberry, 2006). Similarly, Fraser et al. (2013b) found that
contrast sensitivity in the operated eye after first eye cataract surgery rather than visual
acuity and stereopsis were significantly associated with improvements in self-reported
driving difficulties. By contrast, another study found that the proportion of drivers
meeting the United Kingdom standards for driving rose from 52% after first eye
surgery to 85% after second eye surgery, based on their visual acuity measure (Talbot
& Perkins, 1998). Yet another study found that changes in both contrast sensitivity and
visual acuity after first eye surgery were associated with difficulty driving at night time
(McGwin et al., 2003). In this study, changes in vision scores after cataract surgery
accounted for 60% of the variances in changes in night time driving (McGwin et al.,
2003). It is possible that the discrepancies between studies is a result of different
sample, sample size, and study design. Despite the fact that various studies have shown
an association between cataract and driving outcomes, this literature review did not
find any studies that examined the association between objective measures of vision
and driver self-regulation practices among older drivers with bilateral cataract

throughout the cataract surgery process, using objective naturalistic driving data.
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2.3

24

2.4.

S Cataract, cataract surgery and driving: identifying gaps in the

evidence

While a growing body of research has found that cataract surgery has a positive impact
on driving, little is known about the specific impact of first and second eye cataract
surgery separately. Indeed, the majority of previous studies have combined
participants who underwent only first, second or both eyes surgeries in their analyses.
Even though cataract is usually bilateral (Asbell et al., 2005), cataract surgery is often
performed one eye after the other, to avoid complications that could occur bilaterally
such as endophthalmitis (Lundstrom, Barry, Henry, Rosen, & Stenevi, 2012). Patients
undergoing cataract surgery in public hospitals in Australia often have to wait a median
of 93 days before surgery and some patients (2.5%) might even be waitlisted for more
than 365 days (Australian Institute of Health and Welfare, 2016), which suggests that
they might be driving on the roads with poor and declining vision while waiting for
first and second eye cataract surgery. It is of particular importance for road safety, as
little is known how older drivers behave while driving with an operated and unoperated
eye. In addition, the majority of studies relied on self-reported questionnaires or on
closed-road circuits with small sample size, which might not account for the
naturalistic driving behaviour of participants who may experience a wider range of
driving situations on the roads. Identifying the impact of first and second eye cataract
surgery on driving outcomes may provide a rationale for performing first and second
eye cataract surgery in a timely manner to preserve older drivers’ independence,

mobility, and safety.

Furthermore, it has been suggested that traditional visual acuity tests do not account
for all visual function involved in driving (Owsley & McGwin, 2010), even though
they are usually used by most licensing authorities to determine fitness to drive
(Austroads, 2017; Ortiz et al., 2013). Analysing which objective measures of vision
are associated with driving outcomes after first and second eye cataract surgery would

provide valuable information to licensing authorities and policy makers.

Driver Self-Regulation Practices

1 Definition of self-regulation

Driving self-regulation is a multidimensional (Molnar et al., 2014) and complex

28



process (Molnar, et al., 2013b; Wong, Smith, & Sullivan, 2016a), which has been
described as a positive coping strategy to minimise driving risk (Gwyther & Holland,
2012). Self-regulation suggests that older drivers may modify their driving behaviours
and avoid driving in situations perceived as challenging for themselves. These
behavioural changes might be used to compensate for age-related declines (Sullivan et
al., 2011), such as in cognitive and physical functions, or health including vision
(Anstey et al., 2005; Baldock et al., 2006; Lyman, McGwin, & Sims, 2001), and other
reasons unrelated to declining abilities, such as older drivers’ lifestyle (Charlton et al.,
2006; Molnar et al., 2013b) and individual preferences (Molnar et al., 2013b). Driver
self-regulation practices can be considered on a continuum from complete driving
independence to driving cessation (Lyman et al., 2001) and is a process that happens
progressively over time (Donorfio et al., 2009). Self-regulation practices have also
been categorised across a driving continuum of three classes ranging from drivers with
'no modifications’ to ‘self-regulators’ and ‘former drivers‘ (O’Connor, Edwards,
Small, & Andel, 2011; Unsworth, Wells, Browning, Thomas, & Kendig, 2008). A
recent study found that the continuum could be refined into five classes including
drivers with ‘no modifications’, ‘low self-regulators’, ‘medium self-regulators’, ‘high
self-regulators’ and ‘former drivers’ (Bergen et al., 2017). Self-regulation practices
might involve avoiding driving in challenging situations (Fraser, et al., 2013c; Owsley
et al., 1999), reduction in driving exposure (Owsley, Stalvey, & Phillips, 2003) and
driving cessation (Lyman et al., 2001). Therefore, self-regulation practices are likely

to involve a variety of factors (Charlton et al., 2006).

2.4.2 Conceptual framework

Various studies have developed models to explain the multidimensionality of older
driver self-regulation practices (e.g., Anstey et al., 2005; Choi, Adams, & Mezuk,
2012; Donorfio et al., 2009; Lindstrom-Forneri, Tuokko, Garrett, & Molnar, 2010;
Lindstrom-Forneri, Tuokko, & Rhodes, 2007; Wong, Smith, & Sullivan, 2017; Wong,
et al., 2016a), but only a limited number of them have taken into account age-related

declines, such as visual impairment. These models are described below.

2.4.2.1 The Multifactorial Model of Older Driver Safety

Anstey et al. (2005) developed a model, the Multifactorial Model of Older Driver
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Safety, which considers age-related decline in vision, cognition, and physical function.
In this model, the capacity to drive safely is determined by an older driver’s vision,
cognition and physical function, while the self-monitoring beliefs about one’s capacity
to drive are determined by cognition (Anstey et al., 2005). Both the self-monitoring
beliefs about the capacity to drive safely, and the capacity to drive safely itself,
contribute to driving behaviour and therefore to self-regulation practices, such as
avoiding driving in certain conditions because of impaired vision (Anstey et al., 2005).
A study aiming to test some constructs of the Multifactorial Model of Older Driver
Safety, including vision and cognitive function, found that the capacity to drive safely
deteriorates with age (Anstey, Horswill, Wood, & Hatherly, 2012). The researchers
also found, however, that visual and cognitive factors, which were not dependent on

age, were also associated with driving safety (Anstey et al., 2012).

2.4.2.2 A Multidimensional Model of Self-regulation

Psychological processes also play an important role in the Multidimensional Model of
Self-regulation (Donorfio et al., 2009). In this model, four dimensions have a strong
impact on self-regulation practices: “driving skill and ability”, “life and society”, “self-
worth”, “automobile”. In the driving skill and ability factor, older drivers become self-
aware that they are experiencing age-related declines, which have an impact on their
driving ability and their self-confidence (Donorfio et al., 2009). Therefore, their
driving ability becomes limited and changes in their driving behaviour become
apparent such as driving more slowly. In this model, self-regulation is also affected by
the fact that older drivers want to remain connected to society and life and modify their
behaviour in order to do so, such as planning trips ahead or carpooling (life and
society) (Donorfio et al., 2009). Self-regulation is also affected by the fact that driving
enhances older drivers’ self-worth and therefore their reluctance to lose their
independence when losing their ability to drive (self-worth) (Donorfio et al., 2009).
Self-regulation practices are also affected by the availability of alternative transport,
such as public transport (automobile) (Donorfio et al., 2009). However, this model
depends on a qualitative survey and does not, therefore, consider the quantitative
contribution and interaction of each dimension; consequently it is unable to quantify
the extent to which these four dimensions contribute significantly or not to driver self-

regulation practices.
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2.4.2.3 The Driving as an Everyday Competence model (DEC)

The DEC (Lindstrom-Forneri et al., 2010), considers the role played by age-related
declines such as visual impairment in determining driving performance by analysing
the interaction of individual, personal, and environmental factors, which are moderated
by psychosocial factors (e.g., self-awareness and beliefs about driving), to determine
older drivers’ level of competence and driving behaviour. However, this model does
not quantify the extent to which all these factors interact and contribute to driving

behaviour and, therefore, to self-regulation practices.

2.4.2.4 A stress-coping conceptual model of self-regulation

Choi and colleagues (2012) developed a conceptual model of self-regulation (driving
cessation), based on the existing stress-coping model developed by Lazarus and
Folkman (e.g. Lazarus, 1966, Lazarus & Folkman, 1984). In this model, primary
stressors (visual, cognitive and functional impairments) produce secondary internal
(e.g., discomfort about driving) or external stressors (social pressure to stop driving)
that might have an impact on an older driver’s decision to stop driving, which in turn
impacts quality of life (Choi et al., 2012). Older drivers can adopt two different types
of coping strategies (emotion-focused coping and problem-focused coping) to cope
with the stressors (Choi et al., 2012). By adopting effective emotion-focused coping
strategies, older drivers can, for example, accept the fact that they are at risk for driving
and stop driving (Choi et al., 2012). However, adopting ineffective emotion-focused
coping might lead to denial of their impairment and continuing to drive while at risk
(Choi et al., 2012). Older drivers can also adopt problem-focused coping strategies and
directly act to cope with their stressors, such as adopting self-regulation strategies
(Choi et al., 2012). Other variables, such as sociodemographic characteristics, spatial
(e.g., urban environment) and temporal (e.g., availability of public transport) contexts
also have an impact on the model (Choi et al., 2012). Even though it is one of the first
models to take into account the well-known stress-coping framework (Lazarus &
Folkman, 1984) to describe driver self-regulation practices, the model did not quantify

the extent to which all these factors interacted.
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2.4.2.5 The Multilevel Older Persons Transportation and Road Safety
(MOTRS) model

In the MOTRS model (Wong, Smith, Sullivan, & Allan, 2016b), self-regulation results
from an inhibitory or excitatory trigger received in parallel from two factors:
sociodemographic variables and driving-specific-variables, which have a combined
influence on psychosocial factors. Sociodemographic variables refer to the factors that
have an influence on individuals at a personal level (e.g., age, gender), age-related
declines such as visual impairment, and on the environmental level (e.g., attitudes
towards driving in society). Driving-specific-variables refer to the variables related to
drivers’ mobility at an individual level (e.g., driving experience, mobility) and the
environmental level (public transport, conditions of the roads). Psychosocial factors
include variables such as driving confidence and perceived control. A recent study
aiming to validate some of the construct of the MOTRS model confirmed previous
findings (Wong et al., 2016b) that self-regulation practices were influenced by
psychosocial factors which, in turn, were influenced by sociodemographic and
driving-related factors. In their modified model, which only selected some of the
constructs of the MOTRS model, they found that attitudes towards driving was the

strongest predictor of self-regulating practices (Wong et al., 2017).

2.4.3 Factors associated with driver self-regulation practices

Driver self-regulation practices have been associated with a variety of factors,
including attitudes towards driving (Wong et al., 2017), having less driving experience
(Carmel, Rechavi, & Ben-Moshe, 2014), poor confidence in driving (e.g., Baldock et
al., 2006; Carmel et al., 2014; Charlton et al., 2006; Molnar & Eby, 2008), and self-
awareness of personal abilities (Blanchard & Myers, 2010; Charlton et al., 2006;
MacDonald, Myers, & Blanchard, 2008; Molnar & Eby, 2008). Previous studies also
suggest that females self-regulate their driving more than males (e.g., Bergen et al.,
2017; Charlton et al., 2006; Conlon, Rahaley, & Davis, 2017). For example, a study
analysing the self-regulation practices of drivers aged 75 or older found that women
drove fewer kilometres (6,449 km) than men (9,274 km) per year. In addition, 29.3%
of women reported driving every day, 58.0% quite a few times weekly, and 12.7%
once a week or less. In comparison, men reported driving more frequently, with 41.3%

reporting driving daily, 52.1% a few times a week , and 6.5% once a week or less
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(Siren & Meng, 2013).

Self-regulation strategies have also been associated with not being the principal driver
in the household (Charlton et al., 2006), having been involved in a crash in the past
two years (Charlton et al., 2006), visual problems (Bergen et al., 2017; Carmel et al.,
2014; Charlton et al., 2006), and poorer health (Bergen et al., 2017; Carmel et al.,
2014; Conlon et al., 2017). While previous research suggests that health outcomes and
driver self-efficacy are directly associated with driver self-regulation practices, it has
been found that driving experience and visual problems were mediated by driver self-
efficacy (Carmel et al., 2014). More specifically, contrast sensitivity (Fraser, et al.,
2013b; Freeman, Muioz, Turano, & West, 2006; Keay et al., 2009; Rubin, 1994),
visual acuity (Freeman et al., 2006; Keeffe, et al., 2002; Lotfipour et al., 2010), and
stereopsis (Rubin, 1994) have been significantly associated with driver self-regulation
practices among cohorts of older drivers. However, it has been suggested that a certain
number of high-risk drivers, including those with visual impairments, did not practise

self-regulation (Okonkwo et al., 2008).

Increasing age has also been associated with higher odds of self-regulation (Carmel et
al., 2014; Charlton et al., 2006), but it is apparent that the effect of age on self-
regulation is mainly because of the interaction between age and health declines
(Donorfio, D’ Ambrosio, Coughlin, & Mohyde, 2008). However, recent research has
found that self-regulation practices were also common among younger drivers

(Naumann, Dellinger, & Kresnow, 2011).

These findings suggest that self-regulation might be related to a range of factors to be
considered in addition to self-regulation as a compensatory strategy in response to
functional declines because of ageing (Molnar, et al., 2013b). For example, such
changes might also illustrate preventive strategies used to reduce crash risk and
increase safety, or even illustrate older drivers’ lifestyle, such as changes in
employment status or moving houses (Charlton et al., 2006; Molnar et al., 2013b) or
even individual preferences (Molnar et al., 2013b). Molnar et al. (2013b) found that
driving behavioural changes were mostly associated with personal preferences and
lifestyle rather than self-regulation practices. Previous research also found that self-
regulation involved not only behavioural changes but also psychological processes

(Donorfio et al., 2009; Lindstrom-Forneri et al., 2007; Wong et al., 2016a,b), such as

33



attitude towards driving (Wong et al., 2017).

2.4.4 Older drivers and self-regulation practices

While previous research also found that a significant number of high-risk drivers did
not self-regulate their driving (Okonkwo et al., 2008) or that a low number avoided
driving in challenging situations (Charlton et al., 2006; Gwyther & Holland, 2012;
Horswill, Anstey, Hatherly, Wood, & Pachana, 2011; Molnar & Eby, 2008; Sullivan
et al., 2011; Wong, Smith, & Sullivan, 2015), other studies found that a high number
of older drivers did self-regulate their driving (Ball et al., 1998; Ruechel & Mann,
2005). The extent to which older drivers self-regulate their driving varies widely
among studies. This could be attributed in part to the definition of self-regulation, the
sample size and its characteristics, the variety of questionnaires used, the specific
situations measured, and the factors chosen to measure driver self-regulation practices.
For example, two studies conducted among older drivers found that only
approximately 25% of participants self-regulated their driving (Charlton et al., 2006;
Molnar & Eby, 2008), and in another study, self-regulators accounted for 15%
(Molnar, et al., 2013b) of the sample.

2.4.5 Self-regulation practices

2.4.5.1 Avoiding driving in challenging situations

Older drivers seem to avoid specific driving situations that they find challenging for
themselves. For example, a study aiming to compare self-reported driving
performances with objective on-road measures of driving found that participants self-
reported having trouble when driving into the sun, at night or dusk, in wet conditions
and in unfamiliar situations (Wood, Lacherez, & Anstey, 2013b). Another study found
that the three most common situations drivers aged 75 and older reported avoiding
were driving when not feeling well, when tired and when the road was slippery (Siren
& Meng, 2013). In another study, the three most common situations avoided were
driving in the rain or fog, at high speed, and at night or in the dark (Carmel et al.,
2014). Similarly, previous research found that the most common situations avoided by
older drivers were driving during night time (19.1%), driving when weather conditions

were bad (8.8%), using expressways (8.8%) and driving outside of local areas (13.2%)
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(Molnar & Eby, 2008). Those results were supported in a study by Molnar et al.,
(2013b) who found driving during peak hour traffic (46%), at night time in bad weather
(44%), in bad weather (35%) and at night time (22%) were the situations most
commonly avoided by older drivers. Yet again, another study conducted among 860
drivers found that situations mostly avoided by older drivers aged 70 and over were
driving in the rain or fog, at high speed, at night or in the dark, long trips, passing other
vehicles and in unfamiliar places (Carmel et al., 2014). Driving situations that drivers
reported avoiding were mostly linked to inner states or adverse conditions rather than
conditions related to infrastructure (Siren & Meng, 2013). On the other hand, the
situations reported being the least-avoided were roundabouts, left turns and junctions
without traffic lights (Siren & Meng, 2013), driving in the neighbourhood or in the
city (Carmel et al., 2014) and driving alone (Molnar et al., 2013b).

2.4.5.2 Changes in driving exposure

Despite the discrepancies among studies about the specific challenging situations most
avoided by older drivers, a growing body of evidence has found that older drivers also
self-regulate their driving by reducing their driving exposure (Owsley et al., 2003).
Reduced driving exposure has been associated with visual impairment (e.g., Fraser et
al., 2013b; Freeman et al. 2005; Owsley et al., 1999; Ross et al., 2009; Sandlin et al.,
2014), loss of confidence (Blanchard & Myers, 2010), impaired physical function
(Vance et al., 2006) and cognitive function (Ross et al., 2009; Stutts, 1998; Vance et
al., 20006).

In Charlton et al. (2006), 41% of drivers reported that they had reduced the distances
driven when compared to distances they drove five years previously, while 45% of
drivers did not make any changes in the number of kilometres driven. Similarly, a
longitudinal study over four years found that participants reduced the weekly distance
driven compared to four years previous, reduced from an average of 94 miles (151.278
kilometres) per week in the first year to an average of 78 miles (125.529 kilometres)
per week during the last year (Braitman & Williams, 2011). In that study, lifestyle and
social changes were associated with the changes in driving exposure throughout the
years (Braitman & Williams, 2011). More specifically, there was a reduction of 35
miles (56 kilometres) driven per week if participants had lost their job or had retired,

and 61 miles (98 kilometres) if they had moved from a retirement home to a private
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home or assisted living (Braitman & Williams, 2011). However, there was an increase
of 25 miles (40 kilometres) per week if they became divorced or widowed (Braitman
& Williams, 2011). The Braitman and Williams (2011) study highlights again the
importance of taking into account lifestyles changes (Charlton et al., 2006; Molnar et

al., 2013b) when analysing driver self-regulation practices.

2.4.6 Self-regulation practices and driving difficulty among older
drivers with cataract

Despite an increase in the number of studies examining older driver self-regulation
practices in the last two decades, only a few studies have analysed the specific effects
of cataract or cataract surgery on driving self-regulation practices. In terms of driving
exposure, previous research found that older drivers with cataract reduced the number
of days, trips and miles travelled per week in comparison to older drivers without
cataract (Owsley et al., 1999). Similarly, a recent study found that 41% of older drivers
waiting for first eye cataract surgery self-reported that they had reduced the number of
hours and distance driven (Keay et al., 2016). First eye cataract surgery enabled to
increase the average number of kilometres travelled per week by 22.3 kilometres per
week (Fraser et al., 2013b). Another study found that 40% of participants who had
cataract surgery started to increase their driving frequency after cataract surgery
(Monestam & Wachtmeister, 1997). However, Monestam & Wachtmeister (1997) did
not specify whether participants underwent first, second eye surgery or both eyes

combined.

Older drivers with cataract reported higher overall avoidance of driving in specific
situations than drivers without cataract (Ball et al., 1998). More specifically, 47.5% of
older drivers with bilateral cataract self-reported they did not drive in at least one
difficult situation while waiting for first eye surgery (Fraser et al., 2013c). Likewise, a
recent study conducted among older drivers on the waitlist for cataract surgery found
that 53% of current drivers with cataract self-reported that cataract had impacted their
driving (Keay et al., 2016). Driving at night was the most commonly avoided situation
(40.4%), followed by driving on the freeway (12.1%), when it was raining (9.1%), and
when parallel parking (8.1%) (Fraser et al., 2013c). In Keay et al. (2016), 26% reported
they reduced their speed, and self-reported avoiding driving at night (85%), in the rain
(36%), in unfamiliar places (28%), in peak hour traffic (15%) and over 20% long
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distances. Older drivers with cataract also preferred to be driven by others and to drive
closer to their home, and reported driving slower than the general traffic (Owsley et
al., 1999). However, these studies relied on self-reported questionnaires only, which
might be subject to recall (Blanchard et al., 2010) and social desirability bias (Af
Wahlberg, 2010).

2.4.7 Cataract, cataract surgery and driver self-regulation practices:
identifying gaps in the evidence

Although these findings suggest that cataract patients might self-regulate their driving
while waiting for first eye cataract surgery, the majority of studies relied on self-
reported questionnaires, which might be subject to recall (Blanchard et al., 2010) and
social desirability bias (Af Wéhlberg, 2010). These studies lacked objective and real-
world data. To date no research has used naturalistic driving data such as in-vehicle
monitoring devices to measure self-regulation practices among a cohort of cataract

patients.

In addition, little is known about the self-regulation practices of older drivers
throughout the cataract surgery process. Indeed, the majority of studies analysed the
effects of cataract surgery in general, combining participants who underwent only first,
second or both eyes surgeries in their analyses. Accurate determination of the extent
to which cataract patients self-regulated their driving after first and second eye cataract

surgery is difficult to determine from self-reported questionnaires only.

Furthermore, little is known about the objective measures of vision that are specifically
associated with driver self-regulation practices throughout the first and second eye
cataract surgery process. While previous studies suggest that contrast sensitivity is an
important measure to consider (e.g., Fraser et al., 2013b), those studies did not analyse

the specific effects of contrast sensitivity on both eye surgeries separately.

Gaining a better understanding of the separate impact of first and second eye cataract
surgery on driver self-regulation status for bilateral cataract patients may enable
ophthalmologists to better inform their patients about the effects of their vision
impairment on driving ability throughout the cataract surgery process, and how best to
manage these to improve their safety and the safety of other road users. Determining

which objective measures of vision are associated with driver self-regulation practices
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after first and second eye cataract surgery would also provide valuable information to

licensing authorities and policy makers.

2.5  Naturalistic Driving Studies

An increasing number of road safety studies have used naturalistic driving studies in
recent years to observe and analyse the driving behaviour of individuals in their
“natural environment” using driver in-vehicle monitoring devices. These devices,
which are connected to a participant’s car, measure a variety of driving behaviours
including driving patterns, exposure, habits, and adverse events. They collect GPS
time-stamped second by second data for speed, location, date of travel, kilometres
travelled, type of roads used, conditions of travelling and start/end times of trips in real

time (Grengs, Wang, & Kostyniuk, 2008).

2.5.1 Naturalistic driving studies over self-reported measures

Even though a large number of studies have relied on self-reported questionnaires or
travel diaries to measure driving patterns and self-regulation practices in the past,
research has found that self-reported measures of driving behaviour might be
inaccurate and unreliable (Blanchard et al., 2010; Crizzle, Myers, & Almeida, 2013;
Grengs et al., 2008; Huebner, Porter, & Marshall, 2006; Molnar et al., 2013a; Porter
et al., 2015). Driver in-vehicle monitoring devices have various benefits over self-
reported measures such as questionnaires or travel diaries, as they provide valid and
accurate measures of driving outcomes (Huebner et al., 2006) by overcoming the
limitations of self-reported measures such as recall bias (Blanchard et al., 2010), social
desirability (Af Wahlberg, 2010) and participants’ rough estimates (Grengs et al.,
2008). They also provide more comprehensive measures of driving outcomes than self-
reported measures (Marshall et al., 2007). Monitoring devices record participants’
driving behaviour in real time as drivers are in motion, and they can collect a wide
range of measures not collected by self-reported measures such as speed, hard
acceleration, hard braking, and turns (Grengs et al., 2008; Marshall et al., 2007). As
naturalistic data can provide information time-stamped second by second, they can
also be associated with weather and light conditions, to determine the context in which

the participants’ trips were made (Marshall et al., 2007).
Naturalistic driving data are also considered by participants to be more practical and
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convenient to use than self-reported measures (Blanchard et al., 2010; Marshall et al.,
2007) and enable the collection of driving data over a longer period of time (Grengs et
al., 2008). If participants become fatigued when completing travel diaries over a long
period (Marshall et al., 2007), high rates of non-completion might occur (Wolf,
Guensler, & William, 2001). In-vehicle monitoring devices also minimise missing data
or last-minute completion of travel diaries (Marshall et al., 2007). Previous studies
have also used naturalistic driving data to measure driver self-regulation practices

(Blanchard & Myers, 2010), which might be difficult to measure when self-reported.

2.5.2 Disadvantages of naturalistic driving data

Despite these advantages, using in-vehicle monitoring devices to capture participants’
objective driving patterns, exposure and habits has drawbacks. Naturalistic driving
devices collect a large amount of data (Grengs et al., 2008) and, consequently, have
been used over short periods of time (e.g., 7 days) in previous studies (Blanchard &
Myers, 2010; Blanchard et al., 2010; Thompson, Baldock, Mathias, & Wundersitz,
2016) to reduce the amount of data and the time needed for analysis (Thompson et al.,

2016).

In addition, in-vehicle monitoring devices are often not equipped with hardware
devices, such as key fobs (Porter et al., 2015) or cameras, which enable researchers to
identify the driver of the vehicle. As a consequence, trips made might be attributed to
the wrong drivers, such as participants’ family members or friends, which could affect

the study results.

Further, the collection of naturalistic driving data raises some ethical concerns for
protecting the privacy and confidentiality of participants while conducting the research
study (Blanchard et al., 2010; Grengs et al., 2008). As all participants’ driving patterns
can be measured, including the exact location of places travelled, the speed and the
occurrence of adverse events such as crashes, extra caution needs to be taken to protect
participants’ privacy. Further, older drivers are often concerned that they might be
reported to licensing authorities (Blanchard et al., 2010); these matters need to be taken

into consideration when conducting naturalistic studies with a cohort of older drivers.

The main disadvantage of using in-vehicle monitoring device over self-reported

measures is that the purpose of a participant’s trips is not captured (Grengs et al.,
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2008). Therefore, previous studies suggest that naturalistic driving data should be used
in conjunction with self-reported measures, as they provide complementary sources of
information, such as the context of driving (Blanchard et al., 2010; Molnar et al., 2018;

Myers, Trang, & Crizzle, 2011).

253 Naturalistic driving studies among older drivers

Only a few studies have compared self-reported and naturalistic driving data among
cohorts of older drivers (e.g. Blanchard & Myers, 2010; Blanchard et al., 2010;
Huebner et al., 2006; Marshall et al., 2007; Molnar et al., 2018; Thompson et al., 2016).
Table 1 summarises the studies that compared self-reported and naturalistic driving
data among cohorts of older drivers. The major findings of these studies will be

summarised in the following pages.
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Table 1. Studies comparing self-reported questionnaires and naturalistic driving among older drivers

Sample Naturalistic driving
Study Size Age Self-reported measure measure Results
Babulaletal. N=20 > 65 years -DHQ -GPS device Distance driven:
(2016) -Strong correlation (r = 0.83; p < 0.05) between the DHQ and the
GPS device
Blanchardet n=61 Meanage=_80.4 -Adapted DHQ -CarChip E/X® Distance driven:
al. (2010) (SD =5.5) (range - Situation Driving Frequency (device without GPS) -Inaccurate estimation of distance driven: 25% of participants
=67-92) (SDF) -Otto Driving Mate®  under/overestimated the distance driven by over 100 kilometres,
- Situation Driving Avoidance  (GPS receiver) while 55% by over 50 kilometres.

(SDA)

-Trip logs
-Travel diary
-Interview

Driving duration:

-No significant differences in duration of trips between self-reported
and naturalistic driving data:

-When comparing the results obtained by the DHQ and the data
logger without GPS, 34% of participants had similar results.

57% of the sample overestimated their driving duration, while 9%
underestimated it.

Number of days driven, trips and stops made:

-Underestimation of trips and stops made when comparing the travel
diaries with the CarChip E/X®.

- Similarity in the number of days driven between self-reported and
naturalistic data with a perfect match for 52% of the sample.
Self-regulation practices:

-Participants self-regulate less than what they report.

-No significant differences between the self-reported driving
questionnaire and the naturalistic driving data at night time, at night
time in bad weather, and on the freeways

-Discrepancy between self-reported and naturalistic driving data
while making turns across oncoming traffic, driving at dawn/dusk, in
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Sample Naturalistic driving
Study Size Age Self-reported measure measure Results
bad weather, in heavy rain, fog, making trips over 2 hours, in
unfamiliar routes, in peak hour on highways and in town, turning
across oncoming traffic with and without signs, on highways, in rural
areas and with a passenger.
Hanson & n=60 Agerange =54- -Travel diary survey -GPS receiver Self-regulation practices:
Hildebrand, 92 -More self-regulation practices than what is self-reported
(2011D) -More than half of the sample avoiding night time driving, while only
10% of the participants self-reported doing it.
-40% of participants travelled less than 1% of the total number of
kilometres travelled on highways, but only about 20% of the sample
reported doing so.
Huebneretal. =20 Men meanage= -DHQ -CarChip E/X® Distance driven:
(2006) 73.2(SD=09.1) (device without GPS)  -Underestimation and overestimation of the distance driven with a
(range: 60-89) -GeoExplorer 11 coefficient of variation of 33.6%.
Women mean age Trimble GPS receiver
=70.5(SD="17.7)
(range:62-81)
Marshall etal. =20 Mean age =78 -Travel diary -CarChip® (device Distance driven:
(2007) (range:70-85) without GPS) -Very strong correlation between the travel diary and CarChip® (» =
-FleetPulse™ (GPS 0.9;p<0.01)
receiver) -Moderate correlation between the travel diary and FleetPulse™ (» =
0.56; p=0.02)
Molnar, etal. »n=156 Meanage=79.2 -Various self-reported -Otto View-CD Distance driven:
(2013a) (SD=3.2) questionnaires, functional Autonomous Data -Correlation between self-reported and naturalistic driving data
(range = 75-88)  assessments used in the Logging device (GPS  -Older drivers underestimating the total number of kilometres

Candrive II/Ozcandrive study  receiver)
(Marshal et al. 2013)

-Advanced Driving Decisions

and Patterns of Travel

(ADDAPT)

travelled per week by a factor of 0.44

Number of days driven:

Underestimation of the number of days driven per week when
compared to naturalistic driving data by a factor of 0.49
Self-regulation practices:
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Sample Naturalistic driving
Study Size Age Self-reported measure measure Results

-Correspondence with a certain number of self-reported measure of
driving avoidance and naturalistic data (driving on high speed roads,
at night time and in unfamiliar places),

- No correspondence for other situations (turning across oncoming
traffic, driving in peak hour traffic)

Molnar etal., n = Mean age =71.2 -Comprehensive questionnaire -GPS/datalogger Driving exposure (days driven and number of kilometres
(2018) 2131 (range = 65-79) used and developed by Molnar travelled):
et al. (2009) -Correspondence between self-reported and objective measures, but
-Clinical assessment differences in gender:

e  Better match for women than men when looking at the
number of days driven

e Better match for men when looking at the total number of
kilometres travelled

Self-regulation practices:

-Correspondence with all self-reported measure of driving avoidance
and naturalistic data (driving at night, during rush hour, unfamiliar
places and on high speed roads).

o Different effects of gender on predictions when driving in
unfamiliar areas, rush hour (marginal effect), and high speed
roads.

e Effect of age on predictions when driving during rush hour
traffic

-No correspondence when making left turn across oncoming traffic
-Largest influence of driving comfort on the discrepancy between
self-reported and objective measures, when adjusting for potential
confounding factors.

Myersetal. n=47 Meanage=772 -SDF -CarChip® (device Self-regulation practices:
(2011) (SD =6.6) -SDA without GPS) -Participants self-regulate less than what they report.
(range = 65-91) - Driving Comfort Scale (Day) -Otto Driving - Actual driving scores on the frequency index were higher than on
(DCS-D) Companion® (GPS the SDF, with only two participants scoring the same
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Sample Naturalistic driving

Study Size Age Self-reported measure measure Results

- Driving Comfort Scale receiver) -40 older drivers travelled at least once a week at night time, but only
(Night) 27.5% of those self-reported avoiding night time driving on the SDA
(DCS-N) scale
- Perceived Driving Ability
(PDA)
-General driving questionnaire
-Interview

Porter et al. n=159 Mean age =77 -Various self-reported -Otto View Distance driven:

(2015) (SD =5) questionnaires, functional -CD Autonomous Data -Moderate agreement between self-reported and naturalistic data with

(range = 70-92)  assessments used in the Logging device (GPS a weighted kappa statistic of 0.57, even though no overall significant

Candrive II/Ozcandrive study  receiver) difference between both measures
(Marshal et al.2013)" -45.3% estimated inaccurately the distance driven

-34% of participants who misestimated their distance driven were
within one adjacent category while 7.6% were within 2 categories

Thompsonet n=55 Meanage="79.9 - Driving Patterns -747ProS GPS Trip Distance driven:
al. (2016) (SD =3.8) (rural Questionnaire (DPQ) recorder -No significant difference between the DPQ and the GPS device
participants) Driving duration:
Mean age = 80.7 - Correspondence in driving duration between both measures
(SD =3.5) (urban Self-regulation practices:
participants) -More self-regulation practices than what is self-reported in the DPQ
(range = 75-90) in four measured driving situations: making turns across oncoming
traffic, driving at night time, in peak hour traffic and on
freeway/highway.

! The question used for the present study was: “Please estimate the number of kilometres you have driven in the past year” with 8 categorical
answers provided to the participants
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2.54 Naturalistic studies and driver self-regulation

Among the few older drivers studies that compared self-reported and naturalistic
driving data, some studies found there was a correspondence between self-reported
and naturalistic driving data (e.g., Babulal et al., 2016), while other studies found there
was a partial correspondence for some measures of self-reported and naturalistic data,

but a discrepancy for others (e.g., Blanchard et al., 2010; Molnar et al., 2013a).

2.54.1 Driving exposure

2.5.4.1.1 Distance driven

Inconsistent findings have been found in the literature when comparing self-reported
measures of distance driven with naturalistic data. Previous research suggests that both
measures are concordant. For example, a study comparing two different types of in-
vehicle monitoring devices (data logger with GPS and data logger without GPS) with
travel diaries among a cohort of older drivers from the general population, found a
very strong correlation between self-reported measures of total distance travelled and
the devices without the GPS (» = 0.9; p <0.01) (Marshall et al., 2007). However, the
correlation between the total distance travelled as measured by the travel diaries and
the devices with GPS was moderate (» = 0.56; p = 0.02) (Marshall et al., 2007).
Similarly, a pilot study aiming to compare self-reported and naturalistic driving data
among older adults with and without preclinical Alzheimer’s disease, found a strong
correlation (= 0.83; p < 0.05) between the DHQ and naturalistic driving data (Babulal
etal., 2016). Another study found no significant difference in the number of kilometres
travelled during the week between self-reported and naturalistic driving data

(Thompson et al., 2016).

However, four other studies found that self-reported measures of driving exposure
were poor (Blanchard et al., 2010; Huebner et al., 2006), moderate (Porter et al., 2015)
and of “greater concern” (Molnar et al., 2013a). In Blanchard et al. (2010), overall,
participants overestimated or underestimated the distance driven. More specifically,
25% of the sample, underestimated or overestimated the distance driven by over 100
kilometres, while 55% by over 50 kilometres (Blanchard et al., 2010). Similarly,
Huebner et al. (2006) found that participants underestimated and overestimated the

distance driven in comparison to naturalistic driving data, with a coefficient of
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variation of 33.6%. However, these studies only assessed driving behaviour for a short

period of time.

Another study that compared driving exposure, assessed by a self-reported
questionnaire and an in-vehicle monitoring device over one year, found moderate
agreement between both measures, with a weighted kappa statistic of 0.57 (Porter et
al., 2015). Slightly fewer than half of the participants (45.3%) estimated inaccurately
the distance driven, and 34% of participants who misestimated their distance driven
were within one adjacent category (Porter et al., 2015). In all these previous studies,
the misestimation was towards both directions (underestimation or overestimation)
(Blanchard et al., 2010; Crizzle et al., 2013; Huebner et al., 2006; Porter et al., 2015).
More specifically, in Porter et al. (2015), participants who self-reported driving fewer
than or equal to 5,000 kilometres per year, constantly underestimated the numbers of
kilometres travelled, while those who reported driving greater than or equal to 20
kilometres per year constantly overestimated it compared to the data obtained by the
in-vehicle monitoring devices. The authors concluded that licensing authorities or
clinicians should not use self-reported measures for individual assessments of fitness
to drive (Porter et al., 2015). However, in another study, the misestimation tended to
be unidirectional, with older drivers underestimating the total number of kilometres

travelled per week by a factor of 0.44 (Molnar et al., 2013a).

2.54.1.2 Driving duration

Previous research suggests that there is no significant difference between self-reported
and naturalistic driving data, in terms of driving duration. In Blanchard et al. (2010),
there was no significant differences in duration of trips when comparing the travel
diaries to the data obtained by the data loggers without GPS. When comparing the
results obtained by the self-reported questionnaire (the DHQ), with the data logger
without GPS, 34% of participants had similar results. However, 57% of the sample
overestimated their driving duration, while 9% underestimated it (Blanchard et al.,
2010). Similarly, another study found that self-reported measures of driving duration

corresponded to naturalistic driving data (Thompson et al., 2016).

2.54.1.3 Number of days driven, trips and stops

Contrasting results have been found in the literature when analysing the number of
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days driven. A study found that there was a similarity in the number of days driven by
older drivers as obtained by the self-reported and naturalistic driving data (Blanchard
etal., 2010). More than half of the sample (52%) was able to exactly report the number
of days driven (Blanchard et al., 2010) during the week. In addition, in Blanchard et
al. (2010), participants underestimated the number of trips and stops made when
comparing the travel diaries with the data logger without GPS. Another study found
that older drivers tended to under-report the number of days driven per week when

compared to naturalistic driving data, by a factor of 0.49 (Molnar et al., 2013a).

2.54.2 Avoiding driving in challenging situations

In the same way, studies that have compared self-reported and naturalistic driver self-
regulation practices have found contrasting results. In Blanchard et al., (2010),
participants did not self-regulate as much as they reported. There was no significant
differences between the self-reported driving questionnaire and the naturalistic driving
data at night time, at night time in bad weather, and on the freeways (Blanchard et al.,
2010). However, there was a discrepancy between self-reported and naturalistic
driving data while driving in all other situations, including making turns across
oncoming traffic, driving at dawn or dusk, in bad weather, in heavy rain and fog
(Blanchard et al., 2010). Similar results were found in another study: older drivers
drove more frequently in challenging situations than what they self-reported (Myers et
al., 2011). Another study found that there was a correspondence between a certain
number of self-reported measure of driving avoidance and naturalistic data (driving on
high speed roads, at night time and in unfamiliar places), but not for others (turning

across oncoming traffic, driving in peak hour traffic) (Molnar et al., 2013a).

In contrast, two other studies found that older drivers self-regulated more of their
driving than what they self-reported (Hanson & Hildebrand, 2011; Thompson et al.,
2016). In Thompson et al., (2016), older drivers’ driving avoidance was measured in
four driving situations (making turns across oncoming traffic, driving at night time, in
peak hour traffic and on freeways/highways) and compared to the results obtained
from the Driving Patterns Questionnaire. In each of the four situations there was no
association with the naturalistic driving data (Thompson et al., 2016), because the
majority of participants under-reported driving avoidance in these situations. Only

2 13

16% of participants reported that they “sometimes”, “often” or “always” avoided
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making right hand turns across oncoming traffic, and 24% of participants had a greater
ratio of left to right turns (Thompson et al., 2016). As well, while none of the
participants reported “always” avoiding driving on freeway/highway, approximately
36% of participants did not drive on these types of roads, even though those
participants came from rural areas where there was a higher number of
highways/freeways (Thompson et al., 2016). Also, night time driving did not occur for
46% of participants, even though only 44% of participants reported avoiding it
(Thompson et al., 2016). In the same way, 85% of the sample travelled 10% of fewer
of their trips at night time, while 67% of older drivers self-reported that they “rarely”
or “never” avoided driving in this situation (Thompson et al., 2016). Approximately
50% of participants travelled 10% or fewer of their trips during peak hour traffic, while
70% of the sample self-reported that they “rarely” or “never” avoided driving in this
situation (Thompson et al., 2016). Similar patterns were found by Hanson &
Hildebrand (2011): more than half of the sample avoided night time driving, while
only 10% of the participants self-reported such avoidance. As well, 40% of participants
travelled less than 1% of the total number of kilometres travelled on highways, but

only about 20% of the sample reported doing so (Hanson & Hildebrand, 2011).

The contrasting results between these studies could be attributed to different factors
interacting together, including the different types and configurations of in-vehicle
monitoring devices and self-reported questionnaires used, the definition of self-
regulation, the size and characteristics of the sample (e.g., proportion of males and
females), the number of days of monitoring, as well as the statistical method chosen to
measure the level of agreement. The inconsistency in results suggests that self-reported
data alone might not be a reliable method to capture older drivers’ driving exposure

and self-regulation practices.

2.5.5 Naturalistic driving studies: identifying gaps in the evidence

Although these studies suggest that self-reported data may not be accurate on their
own, there is a lack of studies that relied on naturalistic driving data to analyse cataract
patients’ driving behaviour. Self-regulation studies among cataract patients lack
objectivity and accuracy, because data did not measure participants’ natural driving
behaviour. Relying on self-reported data to measure self-regulation practices among

cataract patients may therefore provide biased information on the complex association
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between objective visual measures (e.g., visual acuity, contrast sensitivity and
stereopsis) and other factors affecting driving outcomes and self-regulation practices
throughout the cataract surgery process. Accurate and objective instruments are
therefore required to analyse the specific effects of first and second eye cataract
surgery on self-regulation practices to provide evidence-based guidelines to clinicians,

licensing authorities, and policy makers.

2.6 Summary and conclusion

There will be a significant impact on-road safety as the proportion of older drivers with
cataract increases, particularly between the waiting period between first and second
eye cataract surgery. As driving depends heavily on visual function, cataract may have
an impact on driving. As a consequence, older drivers with cataract may self-regulate
their driving by avoiding challenging situations and/or reducing the number of
kilometres and trips made. Previous research examining the effect of cataract and/or
cataract surgery on driving outcomes focused on self-reported driving difficulty and
self-regulation practices, which are subject to social desirability and recall biases.
However, naturalistic studies using in-vehicle monitoring devices, which collect
detailed GPS information, allow an accurate and objective examination of driving
outcomes as well as driver self-regulation. To date, no published study has used
naturalistic data to explore driving habits, adverse events, and driver self-regulation
for older drivers with bilateral cataract before first eye, after first eye, and after second
eye cataract surgery, which represents a significant gap in the literature. Furthermore,
little 1s known about the objective measures of vision that are specifically associated
with driver self-regulation practices throughout the first and second eye cataract
surgery process. Although previous studies suggest that contrast sensitivity is an
important measure to consider when assessing fitness to drive, those studies did not
analyse the specific effect of contrast sensitivity on both eye surgeries separately.
Gaining a better understanding of the separate impact of first and second eye cataract
surgery on driver self-regulation status, and determining which objective measures of
vision are associated with these practices, may provide valuable information to

ophthalmologists, licensing authorities and road safety policy makers.
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RESEARCH DESIGN




3.1

3.2

3.3

Chapter 3 Research Design

Study Design

A three year prospective cohort study of older drivers with bilateral cataract was
undertaken from December 2014 to February 2017. Each participant was assessed at
three time points: in the month before cataract surgery, at least one to three months

after first eye cataract surgery and at least one month after second eye cataract surgery.

Study Sample

In Western Australia, all eligible patients with clinically significant cataract are
undergoing surgery through the public hospital system at no financial cost. Eligible
participants on the wait list for first eye cataract surgery were recruited from three
public hospitals in Western Australia: Fremantle Hospital, Royal Perth Hospital and
Sir Charles Gairdner Hospital. These three sites account for the majority of cataract

surgery undertaken in Perth.

Eligible criteria stipulated that participants were drivers aged 55+ years who had been
diagnosed with bilateral cataract and who had never had cataract surgery previously.
In order to increase the number of participants recruited over a short period of time, it
was decided to include participants aged 55+. Participants were required to be on the
wait list for first eye cataract surgery, possess a current WA drivers licence, drive at
least twice a week, live in the Perth metropolitan area, and be able to communicate in
English. Participants who had any other major eye conditions that would impact on
visual outcomes after surgery, such as macular degeneration, glaucoma and
retinopathy were excluded, as well as participants who underwent combined ocular
surgery, such as cataract and vitrectomy. Participants with a cognitive impairment (a
score less than 24 on the Mini-Mental State Examination), a diagnosis of dementia,
Alzheimer’s disease, Parkinson’s disease or physical impairment (e.g., wheelchair

users) were also excluded from participation.

Sample Size Calculations

The demographics of the participants of this study resemble those of Fraser et al.
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(2013b), who recruited 99 participants from the same Perth setting. Fraser et al.
(2013b) observed a mean driving exposure of 104.46 kilometres per week and a
standard deviation of 88.41 kilometres per week from their participants before the first
eye cataract surgery. With their n = 99 sample, Fraser et al. (2013b) detected a
difference of 23.20 kilometres per week after the first surgery (p < 0.001). Therefore
it was considered appropriate to base the sample size and power calculations of this

new study to the study of Fraser et al. (2013b).

This present study aimed to recruit a sample of at least n = 110 participants and
anticipated that the majority would go through all three phases of assessments and
follow-ups. It was expected that the present study would find a mean driving exposure
of 104.46 kilometres per week from n = 110 participants before their first cataract
surgery, similar to Fraser et al. (2013b) study. The standard deviation was rounded up
from 88.41 and estimated to be 90 kilometres per week to be conservative. An effect
size of 0.29, equating to a difference in mean driving exposure of 0.29 x 90 = 26.1
kilometres per week after the first or second eye cataract surgery, would achieve 90%

power at the 5% significance level.

A sample of n = 111 participants was initially recruited to meet objectives 2, 3, 4, 5
and 6 as outlined in this thesis. The attrition rate of participants after the initial phase
of assessment was higher than expected: 83 participants returned for their follow-up
assessment after the first eye cataract surgery, then 55 participants returned after their
second eye cataract surgery. With n = 55 available towards meeting objectives 5 and
6, an effect size of 0.40, equating to a difference in mean driving exposure of 0.40 x
90 = 36.0 kilometres per week after the first or second eye cataract surgery, would still

achieve 90% power at the 5% significance level.

3.4 Recruitment of Sample

Participants were recruited into the study using two different methods. The first was
by direct contact by the ophthalmologists at Sir Charles Gairdner Hospital. The second
was by an invitation letter followed by a phone call from the researcher at Fremantle
Hospital and Royal Perth Hospital. These recruitment methods have been successfully
used in previous studies among older participants with bilateral cataract (Fraser et al.

2013a,b,c; Palagyi et al., 2017) .
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At Sir Charles Gairdner Hospital, the researcher attended a cataract pre-admission
clinic, which was held once a week. After being invited to take part in the study by the
ophthalmologists, eligible participants were required to sign a form (Appendix A)
permitting the researcher to contact the participants. The researcher then approached
the participants to explain the study and to establish participant eligibility. As well, a
participant information pamphlet was also provided to the participants (Appendix B)
explaining the nature and purpose of the study. It was also specified to them that it was
not compulsory to take part in the study and it would not impact on their treatment if

they refused.

At Fremantle Hospital and Royal Perth Hospital, the researcher received a list of all
patients who were on a wait list for bilateral cataract surgery once a month. Participants
were then sent an invitation letter (Appendix C) and a participant information pamphlet
(Appendix B). This was followed up with a telephone call by the researcher one week
later inviting the participants to take part in the research study and to also screen for
eligibility.

If the participants agreed to take part in the study, an appointment was made for the
month prior to first eye cataract surgery. All participants were offered a taxi voucher
to travel to and from the assessment, which was at Curtin University. A map with the
researcher’s contact details and the date of appointment was provided or posted to each
participant if the contact was made over the phone. Participants were reminded of their

appointment by a phone call from the researcher prior to each of the three assessments.

Six hundred and forty-five patients on the waitlist for first eye cataract surgery were
reviewed for eligibility (Figure 1). Among those, 381 patients were ineligible. Reasons
for exclusion included: patients not driving at least twice a week (n = 91), undergoing
second eye cataract surgery (n = 85), having severe health issues impairing their ability
to come to Curtin University for the assessments (n = 73), having comorbid eye
conditions (n = 34), inability to speak English (n = 25), living outside the Perth
metropolitan area (n = 23), undergoing combined eye surgery (n = 19), being younger
than 55 years old (n = 11), having unilateral cataract (n = 10), using a wheelchair (n =
5), having a cognitive impairment (n = 3), and having Parkinson’s disease (n = 2). One

hundred and fifty-three eligible participants declined participation.
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Patients on the waitlist for cataract surgery assessed for eligibility
n =645

Eligible Ineligible
n =264 n =381

Included Declined Not driving at least twice a week n = 91
participation .
n=111 Undergoing second eye cataract surgery
n=153 n=85

Severe health issues n =73

Comorbid eye conditions n = 34

Non-English speaker n = 25
Living outside Perth n =23
Combined eye surgery n =19
Younger than 55 yearsold n =11
Unilateral cataract n = 10
Wheelchair usern=5
Cognitive impairmentn=3

Parkinson's disease n = 2

Figure 1. Flow chart of study sample

The final sample consisted of 111 participants who were recruited from the three
public hospitals (Table 2). The breakdown by hospital was as follows: 21% (n = 23)
were recruited from Fremantle Hospital, 23% (n = 26) were recruited from Royal Perth

Hospital and 56% (n = 62) from Sir Charles Gairdner Hospital.

Table 2. Distribution of participants recruited at each site

) Frequencies
Site n %
Fremantle Hospital 23 21
Royal Perth Hospital 26 23
Sir Charles Gairdner Hospital 62 56
Total 111 100
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3.5

Data Collection before First, after First and Second Eye
Cataract Surgery

Information was collected at three time points: in the month prior to first eye cataract
surgery, at least one to three months after first eye surgery and at least one month after
second eye cataract surgery (Figure 2). This time-frame was based on
recommendations from the ophthalmologists, as the interval allows optimal vision to
be reached. Identical assessments were undertaken each time point which took
approximately ninety minutes to complete. Participants were offered a $10.00 gift
voucher after the baseline assessment, a $15.00 voucher after the first follow-up
assessment and a $20.00 voucher after the second follow-up assessment as a thank you
for their participation in the study. All assessments were conducted by the same

researcher.

The mean duration between the baseline assessment and first eye cataract surgery was
47.78 days (SD = 43.08). The first follow-up assessment was conducted between one
to three months after first eye cataract surgery. The mean duration between first eye
cataract surgery and the first follow-up assessment was 59.75 days (SD = 41.25). The
second follow-up assessment was conducted at least one month after second eye
cataract surgery. The mean duration between second eye cataract surgery and the

second follow-up assessment was 111.44 days (SD = 40.24).

4 N\ 4 N\ 4 N\
BASELINE: FOLLOW-UP 1: FOLLOW-UP 2:
At least one to At least one
In the month
i three months month after
before first .
after first eye second eye
eye cataract
cataract cataract
surgery
surgery surgery
. 4 4 .

Figure 2. Sequence and timeframe of data collection
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3.6

Study Instruments

A questionnaire collecting information about participants’ sociodemographic and
health information was administered by the researcher (Appendix D). Participants’
cognitive function was also assessed via the MMSE (Folstein, Folstein, & McHugh,
1975) and the Useful Field of View (UFOV) (Visual Awareness, Inc.). Use of the
UFOV was approved by the authors. Participants also undertook three visual tests,
which included visual acuity, contrast sensitivity and stereopsis. Participants’ self-
reported driving habits and self-regulation practices were assessed using the DHQ
(Owsley et al., 1999) (Appendix D). Participants were also provided with a travel diary
they were required to fill in after each trip (Appendix E) and an in-vehicle monitoring
device to collect naturalistic driving data. Table 3 summarises the instruments used for

data collection at each of the three assessments.
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Table 3. Study Instruments

Variable

Instruments

Objective measures of vision

Visual acuity

Contrast sensitivity

Stereopsis

Self-reported questionnaires
Socio-demographic data
Health information

Driving exposure, habits, patterns and
self-regulation practices

Driving exposure, habits, patterns and
self-regulation practices

Naturalistic driving data

Driving exposure, habits, patterns and
self-regulation practices

Cognition

General cognitive function

Processing speed

Early Treatment Diabetic Retinopathy Study (ETDRS)
chart (Ferris, Kassoff, Brensick, & Bailey, 1982)

Mars Letter Contrast Sensitivity Test (Mars Perceptrix ©)

Titmus Fly Stereotest (Stereo Optical Co., Inc.)

Researcher administered questionnaire (Appendix D)
Researcher administered questionnaire (Appendix D)

Driving Habits Questionnaire (DHQ)(Owsley et al., 1999)
(Appendix D)

Travel diary (Appendix E)

In-vehicle monitoring devices (GO6 Geotab©)

Mini-Mental State Examination (MMSE) (Folstein et al.,
1975)

Useful Field of View (UFOV) test software (Visual
Awareness, Inc.)

3.6.1 Objective measures of vision

Three objective visual tests were administered by the researcher at each of the
assessments. The researcher received training by an ophthalmologist in order to
administer the visual tests. A standardised protocol was followed to ensure that visual
testing was administered under standard conditions at each assessment. Visual testing
was administered under constant luminance and without mydriasis each time. A light
meter was used to ensure that light was kept constant and tape measures were used to
ensure that participants were reading the charts at the required distance. Participants
wore their habitual correction for visual testing, such as long distance glasses for the
visual acuity test and reading glasses for the contrast sensitivity and the stereopsis tests

if needed.
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3.6.1.1 Visual acuity

Visual acuity is a measure of sharpness of vision which has been defined as “the spatial
resolving capacity of the eye or the size of an object that can be resolved with an eye”
(Kaiser, 2009). The Early Treatment Diabetic Retinopathy Study (ETDRS) chart is
considered as “the gold standard” measure for the majority of primary outcomes of
clinical trials or interventions (Hazel & Elliott, 2002; Kaiser, 2009). In Australia,
drivers are required to have a minimum score of 6/12 in at least one eye or in both eyes

to meet the visual acuity standards for driving (Austroads, 2017).

Distance monocular and binocular visual acuity, were measured using an ETDRS chart
(Ferris et al., 1982) (Figure 3). The chart consists of 70 letters, arranged in 14 rows of
five letters each. The size of the letters progress from line to line, with bigger letters at
the top and smaller letters at the bottom of the chart. Each line is of equal difficulty
and each letter has a value of 0.02 logMAR. Lower scores on the chart represent better
vision. The ETDRS chart was set up at a distance of 3 metres away from the
participants by using a tape measure. The minimum external illumination of the room
was set up at 480 lux to ensure 100% contrast. Better eye, worse eye and both eyes

were measured.

Scoring of the ETDRS chart was performed using the “staircase method”: Participants
were asked to read the top-left letter on the chart and then read down the first letter of
each row. When the test became challenging, participants were asked to read all the
letters on the row. If any mistakes were made on that row, participants had to move to
the row above and read again. According to standard protocol, participants were
encouraged to make a guess if they were unsure. Participants were then asked to
continue reading the chart until at least three mistakes were made in the same row,
despite being pushed to guess. A letter by letter scoring method was used and scores
were expressed as the logarithm of the minimum angle of resolution (logMAR) (Ferris

et al., 1982) with possible scores ranging from -0.3 to 1 logMAR.
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Figure 3. Early Treatment Diabetic Retinopathy Study (ETDRS) chart,
used to measure visual acuity (Picture: Precision Vision)

3.6.1.2 Contrast sensitivity

Contrast sensitivity measures “the reciprocal of the minimum contrast required to
detect objects, as objects with have small contrast with their background are difficult
to detect” (Barten, 1999). Monocular and binocular contrast sensitivity were measured
using the Mars Letter Contrast Sensitivity Test (Mars Perceptrix ©) (Figure 4). This
test contains a set of three charts, which assess low retinal spatial frequencies for the
left eye, right eye and both eyes (Mars Perceptrix©). Each chart consists of 48 letters,
arranged in eight rows of 6 letters each and the value of each letter decreases by 0.04
log units from left to right (Mars Perceptrix©). All three charts were set up at a distance
of 50 centimetres from the participants by using a tape measure. The illumination of
the room was set up at a minimal of 189 lux and a maximum of 377 lux and the chart
was illuminated uniformly, according to standard protocol (Mars Perceptrix©). Better
eye, worse eye and both eyes were measured and participants were required to wear

their habitual correction for near vision. Participants were asked to read the chart from
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left to right across each line, from top to bottom and were encouraged to guess the
letters if they were unsure, until making two consecutive mistakes (Mars Perceptrix©).
According to standard protocol, the number of errors prior to the final correct letter
was subtracted from the last letter log contrast sensitivity value to obtain a score in log
units (Mars Perceptrix©). The possible scores range from 0.00 to 1.92 log units. Higher

scores on the test represent better contrast sensitivity.
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Figure 4. Mars Letter Contrast Sensitivity Test, used to measure contrast
sensitivity (Picture Mars Perceptrix©)

3.6.1.3 Stereopsis

Stereopsis, a measure of depth perception, refers to our ability to “judge the relative
distance of objects from the observer by means of binocular vision only” (Rabbetts,
2007), because of the lateral displacement of the eyes, which have a different
projection onto the retinas of both eyes. Stereopsis was assessed using the Fly Stereo
Acuity Test (Good-Lite Co., Inc.) (Figure 5). This test assesses gross and fine
stereopsis using the Wirt Fly and circles tests, from 4,800 to 20 seconds of arc. Lower
scores on the test present better vision. It makes uses of vectographs that can be viewed

through polarised 3D glasses.
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Figure S. Fly Stereo Acuity Test used to measure stereopsis (Picture: Good-
Lite Co., Inc)

In section A of the test, participants are required to pinch the wing of a fly to assess
gross stereopsis (ranging from 4,800 to 3,000 seconds of arc). In section B, which tests
fine stereopsis, participants are required to identify which graded circle is popping out
in three-dimension among 10 different squares, ranging from 400 seconds to 20
seconds of arc. The measures were converted into log units and participants who could

only identify the right wing of the fly were assigned a score of 4,800 seconds of arc.

3.6.2 Cognition

3.6.2.1 The Mini-Mental State Examination (MMSE)

The MMSE was used to assess participants’ general cognitive function (Folstein et al.,
1975). A short test which takes approximately 10 minutes to administer (Molloy &
Standish, 1997), it was initially developed to quantify the severity of cognitive
impairment and cognitive changes over time (Folstein et al., 1975) and as a screening
tool for clinicians (Molloy & Standish, 1997). Nowadays, it is the most widely used
screening test of cognitive functioning (Tombaugh & Mclntyre, 1992) and cognitive
impairment (Burns, Brayne, & Folstein, 1998) and is frequently used in
epidemiological studies and community surveys (Tombaugh & Mclntyre, 1992) to
assess participants’ cognitive eligibility for study inclusion (Molloy & Standish,
1997). The test includes a variety of questions assessing orientation to time (maximum

score =5) and place (maximum score = 5), registration of three words (maximum score
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= 3), attention and calculation (maximum score = 5), recall of three words (maximum
score = 3), language (maximum score = 8), and visuoconstruction (maximum = 1)
(Tombaugh & Mclntyre, 1992). An overall score is calculated from the total number
of correct responses (Folstein et al., 1975). Scores range from 0 to 30 with higher
scores indicating better cognitive function (Folstein et al., 1975). A score of at least 24
points is a common cut-off to indicate normal cognitive function and was part of our
eligibility criteria (Folstein et al., 1975). None of the participants recruited in the
present study had a score lower than 24. The MMSE is a valid (Burns et al., 1998) and
reliable instrument (Folstein et al., 1975), possessing satisfactory psychometric
properties (Tombaugh & Mclntyre, 1992) with high levels of sensitivity for moderate
to severe cognitive impairment, while it only possesses lower levels of sensitivity for
mild cognitive impairment (Tombaugh & MclIntyre, 1992). The MMSE internal
consistency varies between 0.68 and 0.96 (Tombaugh & Mclntyre, 1992) and has a
test—retest ability of between 0.38 and 0.99, according to different studies (Tombaugh
& Mclntyre, 1992).

3.6.2.2 The Useful Field of View (UFOV)

The UFOV (Visual Awareness, Inc., Chicago, IL) is a widely used computer test which
assesses higher order attentional skills and visual sensory information (Ball & Owsley,
1993). It is divided into three subtests assessing visual processing speed, divided

attention and selective attention (Figure 6).

Figure 6. The Useful Field of View (UFOV) assessing processing speed
(left), divided attention (middle) and selective attention (right)

The UFOV has been commonly used in road safety research as a valid and reliable

measure of crash risk (Clay et al., 2005). In the first subtest assessing processing speed,
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participants are required to identify a stimulus (either a car or a truck), which is briefly
presented in the centre of the screen. In the second subtest assessing divided attention,
participants have to pay attention to two different targets presented simultaneously,
and are first requested to indicate which target was presented in the centre of the screen
(a car or a truck). Following this, they are required to identify which one of the eight
cardinal directions the other target was presented, without having to determine the type
of target (a car or a truck). The third subtest assessing selective attention is identical to
the second subtest. However, the eight cardinal directions are surrounded by 47
distractors represented by small triangles on the screen. While the UFOV can be used
on a computer touchscreen, the version used in the current study used a PC-mouse
format where participants had to select the stimuli with a mouse. A raw score between
17 and 500 milliseconds was calculated for each test, based on the duration a
participant took to identify correctly the objects presented at an accuracy level of 75%.
As per the user’s manual, participants were assessed in a dark quiet room at a viewing
distance between 46 and 71 centimetres from the monitor and were required to wear
their short distance glasses if needed. A squared monitor of 17 inches was used and
researchers ensured that glare on the screen was minimal, as required by the user’s

manual.

3.6.3 Sociodemographic and health status

A structured researcher administered questionnaire was administered to collect
information on participants’ sociodemographic and health characteristics (Appendix
D). It included information on age, gender, marital status, country of birth, level of
education, employment status, living arrangements, medications, health conditions,
driver’s licence, years of driving experience, current prescription glasses or lenses
worn. The health questionnaires included a list of pre-defined conditions to determine
if participants had suffered from any musculoskeletal, circulatory, respiratory and

endocrine conditions (Appendix D).

3.6.4 Self-reported driving

3.6.4.1 The Driving Habits Questionnaire

The Driving Habits Questionnaire (DHQ) (Owsley et al., 1999) (Appendix D) was
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used to collect information on six driving domains: “current driving status and
miscellaneous issues”, “driving exposure”, “dependence on other drivers”, “driving
difficulties™, “driving space”, and “self-reported crashes and citations”. The driving
difficulty section of the DHQ (Owsley et al., 1999) was used to examine participants’
self-reported self-regulation practices. As the six domains of the DHQ are scored
separately, using only the driving difficulty section to assess self-regulation practices
was appropriate and did not have an impact on its interpretation. This section of the
questionnaire collected information on eight specific driving situations: driving in the
rain, driving alone, parallel parking, turning across oncoming traffic, driving on
highways/freeways, driving on heavy traffic roads, driving in peak hour traffic, and
driving at night time. Driving in the rain, driving alone, parallel parking, and turning
across oncoming traffic were not included in the analysis because these conditions
could not be recorded by the in-vehicle monitoring devices. Participants were required
to indicate if they had stopped driving in each of these four situations: driving on
highways/freeways, on heavy traffic roads, in peak hour traffic, and at night time.
Participants were considered to self-regulate their driving if they indicated that they
stopped driving in a situation, regardless of the reason. Self-regulation practices for
each of the four specific domains were considered as binary variables; if participants
indicated that they stopped driving in that situation, a score of 1 was assigned; if they
indicated that they did not stop driving in that situation, a score of 0 was assigned. In
accordance with previous Australian studies that have used the DQH (Fraser et al.,
2013b,c), some adjustments were made to the original questions (Owsley et al., 1999)
to account for the Australian driving context. For example, while on the original DHQ
participants were asked whether they made “left turns in traffic”, in Australian studies
(Fraser et al., 2013b,c) participants are asked whether they make “right hand turns
across oncoming traffic” to account for the fact that people drive on the left side of the
road. The DHQ has been previously used to assess driving behaviour of older drivers
with cataract (Fraser, et al., 2013b,c; Owsley et al., 1999) and specifically in Western
Australia (Fraser et al., 2013b,c). The DHQ is reliable and has good to high internal
consistency with Cronbach’s alpha coefficients ranging from 0.572 to 0.961 for the
different sections (Song, Chun, & Chung, 2015). The driving difficulty section of the
questionnaire has been shown to have a high Cronbach alpha coefficient of 0.871
(Song et al., 2015) and a test-retest reliability of 0.60 ranging from 0.44 to 0.74
(Owsley et al., 1999).
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3.6.4.2 Travel diary

A travel diary was provided to each participant at the end of each of the three
assessments (Appendix E). Participants were required to complete it each time they
drove a motor vehicle (motorbikes or scooters were excluded) for a period of 7 days.
They were instructed to fill out the diary as soon as possible after the completion of
the trip to avoid any recall bias. Information collected included: date, start and finish
time of a trip; kilometres travelled; the age and position in the car of passengers (front
seat vs. back seat); make, model and year of the car; and purpose of the trip.
Participants were required to treat trip chains as different trips and to indicate if
someone else drove their car while the device was recording; thus, the data from these
trips were not included in any of the analyses. The travel diaries were returned to the
researcher in a pre-paid envelope at the end of the 7-day period. Travel diaries have
been used in previous studies among older drivers, in addition to in-vehicle monitoring

devices (Blanchard et al., 2010; Marshall et al., 2007).

3.6.4.3 Driver in-vehicle monitoring device

Participants were also provided with an in-vehicle monitoring device with GPS log
receiver (Geotab GO6TM, Oakville, Canada) (Figure 7) at each of the three
assessments. Participants were required to use the in-vehicle monitoring device for a

period of 7 days after each assessment.
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Figure 7. In-vehicle monitoring device used to measure naturalistic driving
behaviour

The device data logger transmits GPS information in a real time manner via wireless
transmission utilising the Telstra Telecommunication network. The small device
(8.5x11x3.2cm) was manually connected to the cigarette lighter for vehicles
manufactured before 2006 or onto the On Board Diagnostic II (OBD II) port of the

vehicle for vehicles manufactured after January 2006 (Figure 8).

Figure 8. In-vehicle monitoring device connected onto OBD II port (left)
and the cigarette lighter (right)

Participants were instructed to use the device for 7 days to record their naturalistic
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driving patterns and to drive their car as they normally would in their daily routine.
Participants were instructed how to connect and disconnect the device, and were
required to connect it into their car only if they were the drivers of the vehicle. They
were also instructed to move the device from one vehicle to another when driving
another vehicle. They were shown by the researcher how to connect the device into
their car and were provided with an information sheet (Appendix F). As the devices
were automatically switched on when the ignition was turned on and shut down when
the ignition was off, participants were not required to manipulate the devices and could
drive without paying attention to them. Participants were required to return the in-
vehicle monitoring device in the same pre-paid envelope as the travel diaries. A
follow-up interview was made by the researcher to ensure there was no issue while
using the in-vehicle monitoring device and to confirm that no one else drove the
vehicle while the device was connected. A check was made during the follow-up
interview to ensure that participants recorded in their travel diaries whether they were
the driver of the vehicle or not. Any trips reported as being made by another driver

were removed during data cleaning.

The data collected by the vehicles was read by a fleet management software
(MyGeotab, Oakville, Canada) provided by Geotab©. Driving outcome measures that
were collected included a variety of time-stamped second-by-second GPS data, such
as date of travel, start and finish time of trips, number of trips, number of kilometres
travelled, duration, average and maximum radius of driving exposure, speed, location,
type of roads used (e.g., freeways, highways, heavy traffic roads), and time of day
(e.g., day time, night time, sunset, sunrise, peak hour traffic, off peak hours). The in-
vehicle monitoring devices contained sensors which measured speed and acceleration
directly. The device provided a time-stamp (date and time), the GPS positioning of the
vehicle (latitude and longitude), the travel speed of the vehicle, the direction the
vehicle was heading, and the G-force of the vehicle. The coordinates were then used
separately to estimate the distance travelled and the relative distance between
locations, in order to measure, for example, the trip radius. In order to determine night
time and day time driving, the data obtained by the in-vehicle monitoring devices were
linked to the Australian Government’s Bureau of Meteorology website (Australian

Government, 2017). Day time driving was defined as the period between sunrise and
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sunset, while night time driving was defined as the period between sunset and sunrise.
Peak hour driving was defined as the period from 6:00 a.m. to 9:00 a.m. and 4:00 p.m.
to 7:00 p.m. during weekdays, from Monday to Friday. Heavy traffic roads were
defined as roads with more than 4,000 vehicles per day per lane (Main Roads, 2015).
To determine if participants drove on highways or freeways, the researcher examined
an interactive map accessible on the fleet management software (MyGeotab, Oakville,
Canada) (Figure 9). When trips took place in multiple conditions (e.g., trips that started
during day time and ended during night time and trips that started on secondary roads
and ended on freeways), the largest portion of the trips was classified as the dominant

driving condition.

Figure 9. Example of a trip provided by Geotab®© illustrating a participant
driving on the freeway

The data collected was made available as three separate files downloaded from the

fleet management software (MyGeotab, Oakville, Canada), for each device deployed:

1) A first file called “speeding report” containing the instance-by-instance
recording of driving data, of each time instance collected. Attributes include the time

stamp of the instance (date + time), the GPS positioning of the vehicle at that instance
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as latitude and longitude, the travel speed of the vehicle at the instance, and the
direction the vehicle was heading at the instance.

2) A second file called “trips detail report” containing trip details as determined
by Geotab© using their in-house algorithm. The algorithm identified any prolonged
stoppage of the monitored vehicle (trips that lasted less than 10 seconds or less than
20 metres) and identified the associated time period of each as a “non-trip”. Therefore,
any driving performed between the “non-trips” would be classified as a trip, and the
start and end times of each trip, as well as details such as locations, were summarised
by Geotab®© into the second file.

3) A third file called “exceptions report” containing the time and location of any
“event” having been recorded. “Harsh braking” events were observed by the in-vehicle
monitoring device; to avoid spurious instances of high acceleration/braking, the less
sensitive option provided by MyGeotab was chosen and was defined as an acceleration
forward or braking smaller than -0.61G (Geotab©) (Branch, 2017). As a consequence,
only acceleration forward or braking smaller than -0.61G were included in the
analyses. The time stamp and location of all events were summarised by Geotab© into

the third file.

The data files were checked and verified to ensure the absence of any anomalies which
were identified by a pilot study. Following the pilot study, it was discovered that

additional trips were systematically recorded by the devices.

These additional trips were due to two different reasons:

a) Trips that were meant to be a unique trip were counted as separate trips:
Geotab© determined the start and end of a trip by measuring when the engine was on
and off. For example, when a car was idling at a red traffic light and then began moving
when the light turned green, two trips were reported even though the driver was
making one unique trip. Additional trips were also counted when the engine was on
for a short period of time, such as when cars were moved a few metres in the driveway.
b) Some trips were false trips: in certain car models, the vehicles monitoring
devices plugged into the OBD II port tended to reboot themselves at midnight and send
a false signal, which the device interpreted as a moving car, even though the car was
stationary.

A basic software program was developed to check for these abnormalities, to

determine whether trips should be combined, counted as separate trips, or discarded.
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Trips that lasted less than 10 seconds or less than 20 metres were excluded by the
software as they were considered as “false trips”. Trips were then manually checked
by the researcher to determine if the calculations made by the software were
meaningful, and then corrected if the wrong decision was made. Spot checks on a 3D
Google map by the researcher compared the longitudes and latitudes provided by the
devices. The spot checks helped to determine, for example, whether a car was idling
at a traffic light and was therefore part of the same trip or a chain of trips. The data
was also further cleaned by the researcher to remove trips made by people other than
the participant, as well as trips made from and to Curtin University as they were not
part of participants’ usual driving behaviour. All files were then uploaded onto a secure

server at Curtin University.

The three cleaned files were then merged into a single Excel summary file for each
individual device using a customised algorithm. The trip starts and trip ends from the
second file (trips detail report), as well as events from the third file (exceptions report),
were matched to the correct instances from the first file (speeding report). The
summary file summarised the driving per trip (every single trip), as well as the purpose
per trip-type (such as going to the shops and returning home). A unique identification
number was created for all trips, with each instance of driving then linked to one of
these identification numbers, so that only instances associated with a particular trip
would be collected and aggregated for that trip. For example, attributes such as average
speed, average distance and number of events were calculated and summarised for all
trips. Using time and destination data, each trip was further associated with multiple
trip types. Additional variables defining different trip types, such as day of week
(weekday or weekend), daylight (day or night), time of day (peak or non-peak hours),
purpose of trip (work, leisure, etc.,) were created and matched for each instance
recorded. For example, the average speed, average distance, and number of events,
etc., of “weekday peak hour” trips would only be collected and aggregated from those
instances with “weekday” as the day of week variable, as well as “peak” as the time of

day variable.

Additionally, because the date, time, and GPS position of the vehicle was known, the
calculation of the solar position relative to the vehicle was possible for each instance
recorded using standard formulations. Therefore, the availability of sunlight was

known for each instance of driving in a reliable manner. This was desirable as a simpler
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definition of day time as hours between 6:00 a.m. and 6:00 p.m. would be too crude,

given that sunset and sunrise times would change throughout the year.

The summary files for individual devices extracted from Excel were then merged into
a single SPSS (SPSS Inc., Chicago, IL, USA) database for analysis, with information
from the individual summaries rearranged and sorted into a single row of information,
one row for each participant, in this SPSS (SPSS Inc., Chicago, IL, USA) database.
The Geotab G06 ™ devices have been previously used in a research study among older

drivers (Payyanadan et al., 2017).

3.7  Ethics Approval

Ethics approval was obtained from Curtin University and the three participating
hospitals (Appendix G). Following the tenets of the Declaration of Helsinki, written
informed consent was obtained from each participant before data collection and a copy
of the participant information sheet and consent form was provided to them (Appendix
H). Participants were given the opportunity to ask any questions before enrolling into
the study. This research study followed the National Health and Medical Research
Council’s National Statement on Ethical Conduct in Human Research (National

Health and Medical Research Council, 2015).

Before any data collection, participants were informed that participation in the study
was voluntary and that they could withdraw at any time without affecting their surgery
or their relationship with their ophthalmologists at the hospital. A revocation of
consent form was also provided to them in case they wanted to withdraw their consent
(Appendix I). Participants were also informed that any identifiable information that
was collected would remain confidential. They were also informed that data collected
by the in-vehicle monitoring devices could be used in a court of law following a traffic
accident, but not passed onto their health practitioners, the hospitals or the Department
of Transport. All information collected was stored on the university server, password
protected and anonymised. Only the researcher had access to the participants’ names
and whereabouts, for the purpose of organising the participants’ follow-up
appointments. However, separate files were kept for data collected and contact details
of individuals. Identification information and contact details were destroyed after data
collection. All information collected was stored on the university server and was

password protected, with access limited to the researcher and the research team.
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Participants’ consent forms were kept in a secure, locked filing cabinet at the Curtin-
Monash Accident Research Centre. The information collected will be held for at least

7 years after the publication of the thesis.

All tests were non-invasive and posed no risk to the participants. However, participants
were provided with a free contact number (Lifeline: 13 11 14) to call if they felt
distressed by any of the questions asked during the assessments. Participants were also
advised that they did not need to answer any questions if the questions caused them to
feel uncomfortable. If the visual tests showed that a participant did not meet the
minimal visual standard for driving in at least one eye or both eyes (visual acuity 6/9
or worse than 0.30 logMAR) (Austroads, 2017), the participant received a letter from
the research supervisor advising them not to drive and to consult their general
practitioner or ophthalmologist (Appendix J). A follow-up call was made by the

researcher within 7 days to see if the participant had sought medical advice.

3.8 Statistical Analysis

3.8.1 Descriptive and inferential statistics

Descriptive statistics were used to summarise the sociodemographic characteristics, as
well as the health, visual, cognitive and driving characteristics of the cohort, at baseline
and after both, first and second eye cataract surgery. Inferential statistics were used to

assess changes among all variables of interest throughout the cataract surgery process.

Paired-samples #-tests were used to compare the differences obtained by the travel
diaries and in-vehicle monitoring devices, in terms of kilometres driven, number of
trips, driving duration in minutes and number of trips driven on the weekends, during

peak hour traffic, at night time and for overall driving.

Independent sample #-tests for continuous outcomes (age, driving experience, number
of comorbidities, number of medications, MMSE score, UFOV score, number of trips,
kilometres travelled, number of days driven, driving duration and maximum excursion
radius from home) and chi-squared tests for categorical outcomes (gender, marital
status, living arrangements and level of education) were used to compare the
characteristics of the participants classified as self-regulators and non-self-regulators

in terms of sociodemographic data, health status, driving characteristics, cognitive
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abilities, and objective visual measures.

Cohen’s Kappa coefficient was used to measure the relative agreement between the
information obtained from the self-reported DHQ and the in-vehicle monitoring
devices. Cohen’s Kappa coefficient is suitable for categorical data (Pallant, 2007).
One-way repeated measures of analysis of variance (ANOVA) were used to measure
the changes in the three objective measures of vision before surgery, between surgeries
and after second eye cataract surgery. One-way repeated measures of ANOVA are
suitable when comparing the mean scores of the same subjects on the same continuous
scale on more than two occasions (Pallant, 2007). Cochran Q tests were used to analyse
the changes in driver self-regulation status before first eye surgery, and after both first
and second eye cataract surgery in the following driving situations: on heavy traffic
roads, at night time, on the freeway, and on heavy traffic roads. Cochran Q tests are
suitable when analysing changes in frequencies across time with non-parametric

categorical data (Bayaga & Lekena, 2010).

3.8.2 Multiple linear regression

To determine whether there was an association between the three objective measures
of vision (binocular visual acuity, binocular contrast sensitivity and stereopsis) and
driving exposure, a simple multiple linear regression was undertaken. Multiple linear
regressions are used to explore the association between one continuous dependent
variable and at least two or more predictors or independent variables (Tabachnick &
Fidell, 2013). Standard multiple linear regressions are adapted for this type of analysis,
taking into account that the sample size is big enough, variables are not multicollinear,
outliers are excluded, and residuals are independent (Tabachnick & Fidell, 2013).
Driving exposure, a continuous variable, was entered as the main outcome and the
three objective measures of vision as explanatory variables. As we were interested in
how much variance in driving exposure could be explained by the measures of vision,
the independent variables were entered as a group using a standard multiple regression,
after controlling for potential confounding factors such as age, gender, retirement
status, living arrangements, the number of comorbidities, and cognitive status

(Tabachnick & Fidell, 2013).

A multivariate logistic regression was also undertaken to analyse the association

between driver self-regulation status and the three objective measures of vision.
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Multiple linear regressions are not suitable with categorical dependent variables
(Tabachnick & Fidell, 2013), such as self-regulation status. However, multivariate
logistic regressions are suitable to explore the association between categorical
outcomes with either continuous or categorical variables (Tabachnick & Fidell, 2013).
Self-regulation status was therefore entered as the outcome variable. The three
objective measures of vision were entered as explanatory variables, after controlling
for potential confounding factors such as age, gender, marital status, comorbidities,
cognitive function and divided attention. Gender and marital status were entered as
categorical variables, while the remaining variables were entered as continuous
variables. As we were interested in how much variance in self-regulation status could
be explained by the measures of vision, the independent variables were entered as a
group using a Forced Entry Method, to assess their predictive ability (Pallant, 2007).
The Forced Entry Method is preferred over the Stepwise method, as the latter can be
heavily impacted by random variation in the dataset (Pallant, 2007; Tabachnick &
Fidell, 2013).

3.8.3 Generalised Linear Estimating Equations (GEE)

Two separate GEE logistic models were undertaken. The first model analysed the
changes in self-regulation status before first eye, after first eye, and after second eye
cataract surgery. Self-regulation status was entered as the outcome variable. The time
of surgery, as well as the three objective measures of vision, were entered as
explanatory variables after controlling for potential confounding factors such as age,
gender, marital status, retirement status, number of comorbidities, and cognitive
function. The time of surgery, gender, age, marital and retirement status were entered
as categorical variables, while the remaining variables were entered as continuous
variables. GEE methods provide a robust regression method accounting for correlated
variables (Mancl & Derouen, 2001). They are used with repeated measures or
longitudinal data where there is no independence of the observations within each
subject (Zeger & Liang, 1986) and account for within-subject correlations (Ballinger,
2004) by estimating the covariance matrix of the coefficients of regression (Zeger &
Liang, 1986). Each of the main outcomes of the model were analysed as continuous

variables.

A second GEE logistic model was undertaken to specifically analyse which changes
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in the three measures of vision were associated with driving self-regulation status.
Self-regulation status was entered as the outcome variable. The three objective
measures of vision were entered as explanatory variables, after controlling for potential
confounding factors such as age, gender, marital status, retirement status, number of
comorbidities, and cognitive function. Gender, age, marital and retirement status were
entered as categorical variables, while the remaining variables were entered as

continuous variables.

All statistical analyses were performed using SPSS version 22.0 (SPSS Inc., Chicago,
IL, USA) and Stata 15 (Stata Corp, 2017). The level of significance was defined as
p <0.05.
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Thie camprehensive literature révitw Summanzes published sledies exarmming calaract and
calaract surgery and driving aulcomes o identily gaps in the literature thal require further
research, Six eleclronic databases were searched for adticles published up lo and ncluding
March 2015, Articles were reviewed il they included older drivers with cataracl or drivers
who had calaract surgery and al least 1 of he lellowing driving oulcomes: crash risk,
driving self-regulalion practices, and driving performance. There was consistent evidence
that cataract negatively affects driving and thal cataract surgery is benelicial to driving oul-
comes, Fulure research should examine the separate effects of first- and second-eve cata-
ract surgery on crash risk, driving sell-regulation, and driving performance, 11 should also
determine how visugl measures ralzle o driving performance ameng cataract patients so
thase most at risk for driving difficulties can be identified, advised, and possibly priorifizad
for surgery.
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is one of the most common eve Eurgzries-," and it is
widely accepted that it leads Lo significant improve-
ments in vision,!

By 203, one-guarter of individuals who are driving
are estimated tobe 67 vearsor older.” Older driversane
fiborre likely to deive a vehicle and less inclined o use
public transpart than they were a decade age." Driving
often represents an important social role for older
adults, and previous research has linked driving
with independence, self-worth, and the ability to
stav engaged with society and life.” It has been fournd
that older drivers, more than vounger drivers, feel that
driving is important for maintaining their indepon-
dence, mobility, and fexibility.” Driving cessation
has been linked to depression in this age group.”

Erriving is a n:lm'[plmc task, requiring many aspects of
visual functioning, ' It has heen suggested that viskon ks
responsible for 8% e 95% of the sensory input reguited
for driving,"' and cataract can negatively alfect different
aspects of vision such as contract sensitivity and visual
acuity, potentially having serious consequences bor
driving ability."” Despite the increasing number of

et e oo g 10, 106 ferm 2070608 162
=250
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7%

studies reporting the impact of cataract on driving out-
cormes, significant gaps in the evidence exist, Dae to the
aging population, the effect of cataract surgery on
driving outeomies is of particular redevance and concern,
This comprehensive review summarizes the literature
examining cataract, cataract surgery, and driving out-
comes including crash risk, driving self-regulation,
and driving performance. Stndies examdining visuwal
measures associated with these oulcomes are also re-
viewed This should enable resesrchers to identily
gaps in the literature that requine future research,

MATERIALS AND METHODS

Acreview of Medbine, Ovid, CINAHL, SclenceDlirect, Taylos &
Francis, and Spe ik was undertnken bebween Febmoary
and March 2015, The folkswing terms were wsed mdividually
and in all possible combinations: ciliract, biicerdd cetaract, t-
sl imyratrmend, visior, driceg ey, dnver selfrdguls-
fwmy, erash risk, mobor pphicle . ol craghes, accidet, drmer
safefy, fihess fo dnive, ofder drivers, aging popwladion, aged dnvers,
genior drimers, and ororact surgery. Additional articles were
sebected from cited references included within the anticles
All articles i this review lly appeared inscientific Fn-
2e pormals, of reports published between

ANS and were available online. Artickes were re

viewed if they included older drivess with cataract or drivers
who had cataract sz and at least 1 of the following
driving outcnmis: l:.rw’i% ik, driving self-regulation practices,
and driving performance. All shudy desians were included,
The researchers excluded articles from this Bteraheme mevbew
il thery were niob i Englishy were smpublished, or were theses.

Literature Review

The review meluded the (ollowing studies: 3 examising
cataract and catarack sAErEry and erash risk, 2 mc.rm'u'ri.n.g
driving sell-regrulation, and 15 shedies and 1 metaanalysis
examining driving perfonmance oufromes.

Cofmract and Crash Rigk  Thres stadies examined eatanact,
cataract sergery, and crash risk or visual measunes associ-
ated with crash risk. Results wene published in 7 articles.

A recent pn‘pulrumn-hmd linked database shidy’
analyeed the bl (irskeve cataract suzgery on motor
vehicke -:raah in Western Australia and found a 12.7%
reduction it crash risk b the vear (ollowing Grat-eve catazact
Lt Ak for Fommmmniby cost savmgs of A$43
mﬁm !-bmw.-v:‘g-hen eummnd.lL- s, 'H'IEI\EE::D& 10 5ig-
nificant reduction in crash risk inowomen after firsteye ok
Tk SUTZeTy.

The prospective Trmpact of Cataract om Mobility (100
Project conducked . in the Linited States found that older
drivers with cataract wese ablmost 2.5 Hmes as likely to
hawe had an at-fault crash o the Eﬂvmﬁ years than Hhose
withoact cataract [ndative risk [RR], 246: 95% condidence in-
terval [C1], 1O0-6.246)." A subsequent follow-upshady over a
4t fryear perniod reported that catarack patienks who had
surgery experienced only half the crash nsk of cataract pa-
mms whe did not have surgery (RE, 047 95% 1, 023
01940, This study is limited by the small sample siee of
174 drivers who had surgery and 103 comtrols and the subse-
grenl Tovar vummbser of at-faudt crashes recorded. The study

a0 combined those who had first-eye calarack surgery

(#4%) and those who had surgery I both eyes (56%) during
the study period in the analysis ™" Sinoe mosk cataract cases
are bilateral, it remains unchear whether fist-eype surgery
alote reduces ersh risk and whether second-eve. surgesy
provides additional redaction i crash risk

Recently, a model was developed based on data .I':rnln the
TCOM Prasect tn simulate the motor vehicle crach e
af the alder 115, Pﬂpuhhm The uh:n:t:( rq:-mh:d B per-
forming; cataract surgery at an earlier stage than the current
practice would decrease the mean number of motor vehick
crashes, deaths, and costs sesociated with crashes by approx-
Imately Z1%. To date, the [COM project B the only shudy o
examine e association between: visual measunes and crush
sk In cotarack patients. Chesley ot al™ seported thai
refuced conkrask sensitivity was nn]}r 'i.:h:!q::ndml: pire-
dictor of crash fwabeement inthe provious 5 years and
telationship was stronger for worsseve contrast seositiviey
than better eye Visual acuity and disability glare measunes
were ot associated with crash risk

Cataract and Driving Self-Regulation Practices  Seli-regula-
tion i & complex'" and multidimensional process"" Experts
comsider i a positive coping strategy that emabbes individ-
uals to redece driving risk.” The concept of driving sell-
remulakion assumes that as certain driving sinatons become
e diffieult due o functlonal decline, older people will
rentrict their driving practices to sitnations in which they
foel sate ™ Soe 2 that visual impaicment.
LrI‘J.l.lcl:rlg m1]:|a|.m:u=nt mn visal .:tml:,- eomtrast %mmwl}l

s, md v'lsli'rl field, were associated with driver
self-repulation.” ™ However, other smdies reported that a
significant proportion of high-risk drivers, including Hhinse
with visual impairments, did not practice seli-regulation,”
Although drivers with cataract may adjust or self-regulate
their driving practices as 4 result of thelr Impairment, Here
has besn if—mn.:l research in this area, g

Only 2 studies that specifically examined cataract and
or cataract surgery and driver seli-regubation were l':rl:.m:l
the Tesnils were published in 3 articles, Owsley ot al'

used the Drnnn.g Habits Quoestionmaine o examine

driving habits of 27% older drivers with cataract and 15
with mo cataract. They ted that those with cataract
had significantly fewer dave of daving and destinations
than those without cataract, bul cataract was not related
bo droving fewer klometers per week.'” The authors
cotelu that older adults with catazact were signifi-
ﬂmrl}r FTHare ||.h-|}- tas re‘:rh':l:t their d:rwmﬁ habits than
thase without cotaract,”

An Anretralian stady ™ also usad the Driving Hahits Ques-
tiotnaire o examine the driving self-remulation practices of
90 drivers aged 55 years and older with bilateral cataract.
[t foumd that 48% re seli-regu la their [
avoid ot Jeast 1 dum Htuaﬂunmuu;m the sshe
misd comunoniy avoided were drnulB‘_ at mEhr (m}r
driving on the frecway (12%), driving in the min [#4), and
pcln!].’:ri]_'l A% Ilzln'lﬁcrum{ corrast sensitivity
in the worse eye was significantly mmam‘l with drives seli-
regmalation before cataract surgery. ' The same anthors re-
ported that after first-eye catarct surgery, S mean driving
exposure for pazticipants increased by 22 ki per week ™

Cataract and Driving Performasce Dutcomes  Despite evi-
dence for decreased crash risk with cataract surgery, the
Impact of cataract and /or cataract surgery o driving per-
foemance = not well undesstood. To date, stedies have
examined the wwpact of cataract and or catarack surgery
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on seli-reported driving difficulty and closed-road driving
performance.

Seif-Reporied Driving Difficelfy  Eleven shadies and T rmeta-
analysis examined cataract and or cataract surgery and solf-
reportsd . driving difficulty or viswal measures associated
with driving difficulty; resslts were published in 15 articles,

The majority of shidies evaluating the impact of catarack
and cataract surgery onh driving pedformance cutoomes
have examined self-reported driving difficuley usm_E et
ments such as Ihe Activities of Daily Vision Scale, ™ Visual
Function Index, ™ the Bational Eye Institute Yisual Function
Ounestionnaire,™ and the Driving Habits Questionnaire ™
Many studies have reported increased self-reported driving
difficulty with cataract. A recent study  reported that
drivers with cakaract had more difficulties with parallel

driv in heavy traffic, driving at b, and
mm rush hor than drivers withot Ex!araﬁgm'\ sy
etal.” earlier that drivers with cataract also had dif-
ficulty driving in the rain, alone, and on iterstates,

O prietaanalyste™ ncluding daka from 5 shudies} and §
addibonal studies examined the lmpack of cataract purgery
an sell-reported r.jrwlng dbficulty, These shudies are detailed
in Table L0%90% The metaanalysis reported a BB%
dar_reaae in eell-reported driving ditficulties after cataract

© It inchuded data from 5 studies conductsd in the
s dia, and Sweden. One of Ihr studies was retrospec-
tive, " and 4 were prospective.” " Six additional studies
that examined the lmpact of cataract surgery on sell-
reported driving ditficulty ataa reporred overall inprove-
ments following surgery.'™

Howewver, several of these studies measured driving dilli-
culty with gemeral questionnaires that comtained only 2
drving-related bems addressimg day and night driving. In
addition, most of the studies did not define whether partwi-
pants had surgery in the first, second, or both eves or they
analyzed all participants together. Therefore, the separate of-
fects-of first- and second-eve cataract surgery on driving dif-
ticulty remain inconclusive.

Twa af the above stodics analyzed driving difficaley
tollonwing firsteeye sungery specifically and found that driving
difficulty W-U'I‘SH_'I!H:':I for a significant proportion of bilaberal
cataract patients™ 7 A recent Australian study found fhat
while seli-reported  drivieg  difficuly kmprwad overall
among bilateral cataract patients after first-eve cataract sur-
gV, éﬁ% did ﬂnl irnprorvie ard dn'.ml:lig difficulry wﬁimmqg
in 11 Simi a Hvie st at 11
and 7% al mta:r-aci?lt Pﬂr::EtﬁPﬂrEd Mﬂ.ﬂt? wilth
day drivirg and night driving, respectively, after firast-eye sur-

arwd 4% reported o b et i ndght drving.”

Eﬁgum shdies ex.anu.nedpu i v's-ruu-:lvmal.n'ea n?s‘ucialndmsw'ﬂ'l
auelf reported driving diffioulty among cataract patients and

contlicting results. Twao reported that contrast sensi-
H‘l'll'_v wis | ﬂrmemr& ot strongly associvted with driving
diffieulty,”™ 11 reported visual acully was the anly messre
asmociated, ! and 1 reparted that both contrast sensdtivity
and '.-Hua! acuity prediceed change in driving dificulty after
STZErY. is and disability glare were not found o be
associated with seli-reported driving diffiolty, ™"

Clozed-Aoad  Onving  Perforimance Four  studies™

examined Iheimpau:tnimlm«:mn closed-road driving per-
formance, One’ alio sxamined the impact of catarack sue-
gery and visual measures on driving performance. Three

ehudies™ " used gogsles to simulate the effecks of cataract
ard examined driving performance on a clssed-road cir-
cuit. A stedy of 20 vounger and 20 older drivers free of
veular pathology reporbed poarer overall driving scores
and difficulties recognizing traffic hazards on & closed-
road circuit du:rl.ng the day when wearing the cataract-
simmulatin Another shudy of 20 younger drivers
ona t]u&gwﬁsﬁmﬂ ntmghthmg n-purtid HHE: the cara-
rack pogeles s:lgr-tﬁmnﬂj. increased the Hme taken to com-
phete the cimonit and reduced rcmmihm of road sims
ard avoidance of road hazards ™ The most recent shudy
of 28 vounger drivers found that under night mm:[:llann.
simulated cataract impairment significantly reduced the
frequency af rl:l:u-gnrl'u:ln of pedestrians and the distance
at which they were seen.

An earber study by Wood and Cargerry” compared the
closed-soad driving performance of 20 older drivess with
bdlateral cataract and 18 controds with normal vision. Those
with catarack lead siprificantly rowvarall dreivir k-
maance, Toad aaf.in rfx?fgnmmu Enz,a:d reognition, aEnI:lﬂl:u.z.-
ard avoidance.” This was the only study that examined
the impact of cataract su s on closed-road driviy or
miance, The authors found that overall driving Jﬁrﬂ"grﬁitr
improved after bilakeral cataract surgery and that partici-
pants were better at avoiding and recognizing hazards as
well as recognizing road sigrs. The study reposted that the
improvement in contrast sensitivity in the second upe-mhad
eye predicted the positive changes in driving performance,

DISCUSSION

This review of the impact of cataract and cataract sur-
gery on driving outcomes including crashes, driving
self-regulation, and driving performance provides
consistent evidence that cataract negatively impacts
driving and that cataract surgery is beneficial for
driving outcomes,

In termes of the guality of the studies reviewed, all
were observational study designs, which exposes them
te bias, including selection bias, However, since it is
difficult ard may be unethical to randomize calaract pa-
tenls Lo Surgery of no-surgery groups, observational
study designs represent the best nrethod for studying
the impact of cataract and cataract surgery on driving
outcomes, The majority of shudies examining the impact
of cataract surgery used prospective designs, reducing
thie risk for bias and confourding,. However, several pro-
spective studies had sample sizes of less than
10075 One of the studies examining calaract
surgery  and crash  risk wsed a4 retrospective
population-based design." Although this sty was un.
able to capture detail such as visual measunes, ithad the
advantage of a large sample si#e, Soveral stiedies also
didd not bave comparison groups, exposing themn o oon-
founding." " Ovenall, the studies examining {he
impact of cataract surgery on crash rsk, driving self-
restrection, and closed-road driving performance used
appropriate or validated measures of these outoomes,
However, the 11 studies examining self-repoited
driving difficulty used 5 different questionnaires to
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Takle 1. Shidies eoamining the tnpact of catarsct sungery on self-reported deiving diffioaliy.

Farticipants Furst- or Second -Eye
Stuady” Courbry  Study Eresign {Dirivers) Irstrumernt Surgery Findings
Crwsley ™ A Prospective 174 surgery; 103 DHC) First ar bath o significant differenen
bt W SEIFFOTY et comiitaed brtwecen jrrsags i driving
diffeculty at Firut anrmal
fusllenwr-up digmificantly
lests driving diffialty in
FUTRETY. Froup af sacond
anal fullow-p
Fraser ™ Austalin  Prospective 99 firstoye DG First-ay o sus ety i gmiBcant imgwovemant i
nhort EIFfeTY; driving, difficulty score
i cxiniriols after first-eye surpary
Cang-Godinkh™ USA Retrospective 101 surgiey; ACDEE Firstand second Signifnant gy ssient o
Ty ool rl:,rn'cun'll:i:nd dri'rin,ﬁ pmh!:l:m after
ket f
M pudi™ Innlia Prospective 110 surgeny: MNEIVFI-25 Mok gpedtied Slgnificant ingrovement in
colwrt o Covbriods ey dlay ard night driving
after surgery
Minestam”; Sweden  Prospective  18F surgeny; VF.14,  First, second, Significant decvease in
ISk cnlwrt iy ciimirals anledrtivmal ar both eyes prrapartion experiencing
items combined diffkculty with day and
night driving 5 years after
lirgery; i signibicant
differsmes b driving
diﬂicul‘l'_v bebween those
who had firste and both-
e HIT S
Ménestam Sweden Prompective 19 surgery; Mot specifisd - First, socond, :_‘-iﬁrl.ihl:dmmin
cohort i coavtrnls or both eyes proparticn sxperiencing
connbaimed visual problemms while
driving ather surgery
Bewin Mew H\:I]:!el:ﬁvr 24 SUrgEry; V=14 Nntlpﬂ:i.l’:nd SLEruﬁc.n'l.Id.u:rﬂmm
dbfteculiy with day- and
night-<driving after surpery
Castrlls” Spain  Cohort analysis 249 firsteys VFAd  Firstand second Majority of firstemye proop
of BT surpEry, b e analyeal anld all of secomd-eye
secnind-eye peparately prougy lemproned in day-
nfter surgery
Elljerts ™ Canada Prospective 17 flskoye ALNS Fired amd secand Slgnificant imgrovement in
cohorl surgery; 1% eyes analyzed day- and nighl-driving
second-eye separately scares after fid-eye
sarpery; 5 surgery; 8lpniticant
T cataract Improvement in nighi-
driving score anly atter
second-eye surgery
MeCawin s Progpective 186 surgery; 99 ADVS Firet or batly Slenllicant nngrovemians b
cobet THin SLIFEETY ey conmed day- and night-driving

S0OFES M SUFEErY BrOUE,
oo signibicant change in

MDCF = The American Sociely of Cabaract and Bedractive Surgery (ASCHS) Calarecd. Dt Collection Form; ADVS = Actvities of Daily idon Sale;
THIZ = Dyiving Habits Coestimmnaire; WEI VPQ-IS = 35-iteon Mabiorad Eve Institaie Yisual Function Chrestiormadrss RCT = modomized controlled sdal:
VE-14 = Viesal Fanction Index

*Firsl anthar

" Riermalie Erom sat e sty i differe memssemin insbranents
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assess Lhis outeomne { Talde 1, some of which used only 2
driving questions addressing day and night driving and
had not been validated as measures of driving difficalty.

Despite positive findings overall, significant gaps in
the evidence exist. Many of the observational studies
reviewed did not define whether participants had sur-
gery in the first or second eve or analyzed both eyes
together, Therefore, the separate effects of first- and
second-eye surgery on crash risk, self-regulation, and
driving performance remain inconclusive, Although
first-eye surgery has been shown to bring about signif-
icant improvements in wision, patients frequently
report problems while waiting for second-eyve surgery,
most likely due to differences in the vision n operated
and unoperated eyes, In some public health systems,
bilateral cataract patients who opt o have surgery in
both eves may wail & months to a vear or more be-
tween surgeries. This suggests that they drive for sut-
stantial periods of time while waiting for second-eye
surgery,” which highlights the importance of fully
understanding the specific aspects of drving perfor-
mance affected by cataract and by first- and secomd-
eye cataract sargery. There is a particular lack of
information on the impact of second-eye cataract sur-
gery on driving outcomes and self-regulation prac-
fices, It s also important to determine whether
sevond-eve surgery provides specific additional bene-
fits for driving performance or crash risk and for which
groups of patients it is effective.

Further research using a detailed and validabed
driving difficulty guestionnaire would provide valu-
able information on the specific driving difficulties
bilateral cataract patients experience before amd after
first- and second-eye surgery and how surgery influ-
ences these. The closed-road studies provide useful
preliminary information on the inpact of cataract and
cataract surgery on specific aspects of driving perfor-
mance,” " However, these studies are limited by
small sample sizes. Driving simulators also offer a
safe and effective method for examining the impact of
eve disorders on driving performance, but to date
they have not been used specifically for older people
with cataract Dviving  simulation represents an
approach that is repestable and easily adaptable,
including the ability to quickly alter driving scenarios
and expose drivers to hazardous siluations in a system-
atic way, " In addition. driving simulators can be
configured specifically to test particular components
of the driving task thought to be problematic for people
with cataract, "™ A large simulator study would pro-
vide useful information an changes in driving perfor-
mance throughout the cataract sirgery process,

Evidence from 2 studies sugmests that older drivers
with cataract may self-regulate their driving before sur-
gﬁfr}r,""'” possibly reducing their visk for a crash

However, there i currently no Inlormalion on how old-
er dovers with cataract self-regulate their driving
throughout the cataract surgery process and whether
their self-regulation practices are associated with actual
driving performance. In revent vears, a growing number
of studies have used in-vehicle monitoring devices to
assess naturalistic driving patterns and self-regulation
practices rather than using self-reported nformation,
which may be subject tobias."" ™ Todate, no research
has used irvehicle driver monitoring devices to mea-
sure self-regulation prachices among cataract patients,

A small number of studies examined visual mea-
sures associated with crashes, self-regulaton, and
driving perfun'nance.” MM Pecnlbts were some-
what inconsistent, which may be due to small sample
sizes and varying use of better-eve and worse-eve
values for visual measures, Despite this, contrast sensi-
tivity is emerging as a potentially important measure
that may be predictive of crash risk, driver self-
regulabion, and doving performance. Contrast sensi-
tivity, however, is nat currently used in visual tiesting
for licensing, prioritizing patients for cataract surgery,
or assessing the success of surgery. Therefore, it is
essential that future research mvestigate in depth
how visual measures (including contrast sensitivity)
relate to driving outcomes before, between, and after
cataract surgeries,

Finally, cataract surgery often necessitates a change
inspectacle prescription, which may affect driving pet-
formance. Recent research by Fraser et al.™ found that
only 22% of 99 bilateral cataract patients had purchased
new glasses after their first-eve surgery. Most bilateral
patients regquiring new  glasses held off  purchasing
them unbil after their second-eve surgery due to the
expense, Tesulting in their driving with less than opti-
i vision, There is minimal research examining the
impact of refractive management on driving perfor-
mance before, between, and after cataract surgery,

In conclusiony, although research to dabe agrees that
cataract surgery provides benefits for driving out-
comies, important gaps in the evidence remain. Future
research should examine the separate effects of first-
eve and second-eye cataract surgery on crash risk,
driving selfregufation, and driving performance. [t
should also aim to determine how visual measures
relate to driving performance among cataract patients
sov thiose oot at risk for driving difficulties can be iden-
tified, advised, and possibly prioritized for surgery,
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A validation study comparing self-reported travel diaries and objective data
obtained from in-vehicle monitoring devices in older drivers with bilateral

cataract
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(2017). A validation study comparing self-reported travel diaries and objective data
obtained from in-vehicle monitoring devices in older drivers with bilateral cataract.
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Areicle hiszery, Backgreand: Advances in technodogy have made 8 possibie o examing real-wadd doving using nan-
Reveived 19 Aqril 2016 raléstic data obiained Fram inowehicle montring devices. These devices sveroome the weaknesses of
Received i revied form 3 Sepember 2016 sl -report methads and can provide comprebensive insights inm doiving exposuse, habits and practices
Arcepeed 15 Ocrober 2116 of cidir driers.

Awvatlable cedme 25 eiober 2070

Anir: The aim ol this siudy & tecompene sell-repored and abpectively messwed driving exposure, habits
p— and pracrices usinga mavel diany and anin-veficle driver monicorimg devics in alder driverswith bilareral
CALATHT,
;ﬁ;:mm Methads. A cross-secticnal dudy was undermaken Forty seven garticipams aged 58-83 years ald
Vatldition [mean=74.1; 5.00=7.73] were recrufted from three eye clinlcs over 4 one year period, Data collecion
In-snshivhe murstoring devives comsisted of 4 cognitive tese, 3 Tesearcher-adminisrered questionnaire, a travel diary and an in-vehicle
monloring device. Participanis” driving exposure and patterns were recorded for ohe week using m
wehicle monmaring devices, They also compéeted a travel diary each time they drove a motor vehicle
as the driver, Paired [-rests were msed 16 easmnine difleremoes Sgreement etween e tao i nemsems
wnder dilferent driving circumsdances,
Reszlts: The data lrom the older drivers traved diardes significanily mnderestimated the mamber of overall
[ (p € 0001 ), weekend (rips (p = D02 and trips during peak hour (p=00004 ) The travel disries also
sagnithcantly cveresrimared owerall driving durarion (p<d,00 1 ) and seekend driving diration [p - 0003),
compared ro the data obtained from the in-vehicle monitaring devices, Mo stgnificant differances were
funmel between instruments for kilemeres travelled under amy of the doving croomstanes.
Conctusions; The results of this sudy found that relying solely on seil-reported ravel diaries to assess
driving cuatcommes may nod he accurat e, particularly for estimates of the number of rips made and durason
ol pe, The chear advangges of wing in-vehicle monitoting devices over travel diaries (o monifor drisiig
halsis aned o5 posure saang an alder popal stsan are evidenl
O 3016 Elsevier Lud, All rights reserved,

1. Intreductlon Auarratia, for example, older adults are living longer, healthier lives

[Austratian mstiture of Health and Welfars, 2015) This has led to

The pogulation of the world is ageing and this trend is expected an increase in the number of older drivers on the road with driving

e continue for several decades (nited Nations, 201 5) I has licence counts increasing by 44 % For the 65+ age group inthe decade

teen estimated that at least a quarter of the population globally, ending in 2013 {Bureau of Infastrocture, Transport and Reglonal
will be aged &0 years or over by 2050 {Lnited Nations, 2005, In Econombcs (BITRE) 20043

In fustralia, crivimg i (he mos commen lorm al fransporn

for people aged over 65 wyedrs (Austcallan Dureau of Staclstics,

"+ Carrespotding author at: Crartin-Merash Acident Research Centre (6-MARE) 20041, Driving enables 2n ageing popualation to maintaln cheir inde-
. & & Ll

G0 0% U987, Perth, WA RS, Australia pendence. mobility and fexibility [Cweyther amd Holland, 20071)
il el e casnabriri b [ Wil o] and is strongly associated with older adults’ social participation
tnp (o g1 0, | 036} aap 200 10001
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\Pristaves, 2006) In contrast, driving cessation has been Hinked
to paarer Bealth, social, cognitive and physical funiction and an
increased risk of depressive symptormatology (Chitvr e al, 2016)
Howsever, as people s, sensory, motos and cognitive declines as
wiell s med ical conditions commaon in older adults such as cararact,
cam affect the ablling to safely operate a motor vehicle

Cataract b5 an opacificadon of the crystalline lens of the eye
troku-BMalire and Kirsch, 2016} which causes a gradual decline in
wvisual functionand is oo ol the leading casses ol vision im paitment
shabally | Pascolin and Markotl, 2071} By s 00, almost everypons
will have developed some degree of cataraer (Tador e all 2005}
There lsevidence o suggest that cataract patients may modify thelr
tiriving exposure. habits and practices while waiting for surgery
(Fraser et al, 2017; Owesliy ef al., 159993 An early study from the
LS Foumd that cataract patients peporied reductions in the mm-
ber of days and destinations driven, driving shower than the general
traffc flow and prefarring someone else to drive as a resule of their
visual impakment (Chwsley et al, 19995 More recently, Australian
cataract patients reported svoiding driving at night, on Freeways. in
the rain and paraltel parking due to their visual Impairment | fraser
et al., 209%), Howewer, it should be noted that these studies only
vised sell-reporl questionmains fo measure The driving exposure,
hubies and praceices of drivers with cararact These sources how
#wer, may be Hmired in the depth and sceuracy of information chey
can provide about driver behaviour and may be affected by recall
and social desirability bias.

Recent research has found that sell-reported  measures of
driving exposure (driving discance} among ofder adulis may be
Imaceuratie { Blanchard et al., 2010, Porter et al., 201 51 This raises
guestions concerning the valldiry of other self-reporred driving
practices, In addition, recent naturallstic driving studies found that
oldet drivess in weneral may not restrick their diving as much as
ey re ot on gquestionnaires | [anehand and Myers, 2000 Mysie
e ol 2001 For exampls, older drivers with Farkinson®s [hssase
were found to accurately report their mumber of days driving in
marninglaftermoon diving and residential fcity area driving when
compared to data collected from an in-vehicle diiver monttoring
device [Crizele et al. 2017) However, they drove more at might, in
had weather, in peak hous traffic and on highways than they self
reported {Crieele o al, 7013 ) Smilarly, an Aesralian soedy of 156
older drivers found that participants ended (o underrepon their
awerage number of days per week and kilometres per week driven,
Hownever, particlpants accurately reported avoldamce of driving at
night, In untamiliar areas and on kigh speed roads { Mokmar e al,
HI1I3 I has-also been reported thal participants preles to wss
in-wehicle monitoring devices over sell peported travel diaries o
guestionnalees (Blanchard e ol 20100 Indead, travel diaries may
lead to high dropou Fates among participants and are seen az an
encumbrance when required to be Alled in daily ( Marshafl et al,
01 7Y, Howeyer pratualistic driving ressarch overcomes {he weisk-
nesiges of el reporr methods, providing objective measures of
real-warld driving and allowing comprehensive insights into (e
driving expodure, habirts and practices of older adulis. Inovehicls
driving monitoring devices are small elecmonde devices that can
be attached to a participant's owmn car and record edectronic, tme-
tagged GFS data on location and speed which allows naturalistic
examination of real life driving patterns,

Olgber adults with cataraet are a anigue group of older drivers,
Sinee cararact, unlike other conditions of ageing, can be quire easily
comrecied by surgery, [t is Important to determine whether these
patients tempararily modify their driving exposure, habits and pat-
terns wehile waiting for surgery, potentially reducing their crash
tigk, To date hiovwever, the limited investigations ol driviesg pat-
I8rns among cadaraet patients have used el repor measures only
(Fraser et al, 2003; Owsley et al. 19941 Before further research
ls undertaken among cataract patients, it 5essental to determine
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the acouracy of seli-reparted measures [including traved diaries)
of driving expesure, habits and pattems, a8 compared o daga
obtained from more costly in-vehicle monitoring devices, Current
ewidence suggests that sell-report merthods are often inasccurate
armong general older drivers, however Andings ace incansistant on
which driving measures older adults are able fo accurately report
or recorid. for example, night driving exposure [Crizzle e al, 20073;
Moednar ef al, 2003% In additlon, the majority of these stodies
sarmpled From the general older popuiation. Since those awaiting
catariet surgery are more likely o be actively and cernporarilymad -
ifying their driving exposure, habirs and patterns than general ol dex
drivers, |tis eszential to determine whether this group are able to
accurately report these driving outcomes wsing a travel diany, as
compared to data obtained from in-vehicle monivoring devices.

Therefore, the aim of this study is 1o compare sell-reported
Infarrmation obalned from a ravel diary and objectively measurad
data using an in-vehicle driver monitoring device on driving expo-
sure. hablits and practices inolder drivers with bilateral cataract as
they awadt first eye cataract surgeny,

2. Methods
2 1. Research destan and participamts

A cross-sectional stsdy was undertaken. Participanes with
bitateral catazact who were scheduded for firss sye catacact surgery
within ame moanth were recruited from thres eye clinies in Perth,
Western Awestralla (WAL Inelusion criterla seipafated that par-
telpants were aged 55 years or older, possessed a current ‘Wi
driver’s licenoe, drove at least twice a week, had access o a motor
yehicle, gd lived in the Perth metropolitan area Participants
wiere excluded fram the sty if they had a diagnosis of dementia,
Alzheimer's disease, Parkinson's disesse, were whselchair bound,
colour-biind. did not speak English or had any other ooufar con-
dditions that would limit visual outcome, Patients with diagnoses
of reltactive error or dry eye were acceptable for inclusion in the

2 Data calbection

Participants were recrulted and data collected over a one yaar
period in 201 5, They were provided with a Participant Information
St anwd infosmedd consent was obilained belore sy infor mution
was collected by a trained researcher, Data collection consisted
of three visual tests [under the guidases of an ophthalmologist,
J cognitive test, a researcher-administered guestionnaire, (mvel
diary and wse of an in-vehicle monitoring dewice. It took approsi-
mately 50min to complete the questionnaire, cognitive and visual
tests for each participant. The travel diary and in-vehicle driver
mamtoring device were provided toeach participant al the assess
et The resul 3 of the visual teses are not presented as part of this
paper. Madical records were also accessed to validate information
on co-mafhid medical conditions, and current and previous treat-
merits and medication] s . Ethics approval was obtained from Curtin
Univessity as well as the three public hospiial eye clinics,

A1 Queestiomanives Tisirnmerds

Socio-dermogr aphic data, such as age, gender, leve of education,
mearital and employment status, country of birth, living siowation,
medications, co-mortd conditions and years of driving experi-
encewas colbacted using a researcher administered questionnaine,
Each participant was also asked abome their driving experience
and confidence when driving. All participants were also assessad
ter determine their cogmitive status wsing the Mini-Mendal Status
Exammination {MMSE) (Folstefn e al, 1975)
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Fig. 1. In-wehivke drmer moniioes device,

222 W-vehich momitoring device

The -velicle driving monitaring device provides imformation
on real-time driving exposune, patterns and specd. The device ablso
includes GPS tracking which allows for recording of the rowtes
that the vehicke has taken. The system tramsmits fime stamped
mecond-ty-seoond data on speed and location for all trips, It s small
(B.5 ¢ 11 » 3,2em ], operates from the cigarette lightes for cars man-
ufactured before 2006 and the On Board Dlagnestic I (OBD 1) port
for more recent vehicles(Fig. 1), The datacollocved, regardless ofthe
year of the motor vehicle, was exactly the same. Data were trans-
mitted toa secure service provider which woas then uploaded by the
researcher (o & secure server at the University lor each participant.

Participants were instructed on the use of the in-vehicke mon-
Itoring device at the assessment and also provided with an
information sheet on how to use the deviee. The device can be pas-
ily inserted and removed from the vehicle within seconds and this
was demonstrated and participants given the opportunity to prac-
tiee in the presence of the researcher. Particlipants were st ructed
to use the in-vehdele device for seven days and drive as they nos-
mably would with the equipment installed in their vehicle, They
were told they should disconnect the device if someone else drove
the wehicle, If they were unable to or forgot to disconnect the device
when soineone ebie drove the wehicle, they were asked to nate this
in their travel diary. Participants were also instructed te move the
devbee from one vehicle to anather if they drove multiple vehicles
during the seven day period and record this in their travel diary, Par-
ticipants were asked to return the in-vehicle monitoring device and
travel diary by post ina pre-paid envelope at the end of the sewven
day peciod, Alter receiving the device, the fesearcher Intervicwed
eath participant to clorify any data issues that may have arisen dur-
ing the seven day period. check their use of multiple vehicles and
confirm whether there had been any other drivers of the vehicle
while the device was connected.

223 Travel diary

Each participant was also required to complete a fravel diary
each time they drove as the driver of a motor vehicle (oot inchad-
ing mictorbike or soooter) during the seven day collection period.
They were nsgructed to fill our the diary as soon as possible after
the completion of the tripso that their recall was accurate. lnformas-
tion callected included the type of wehicle driven (make, model and
year ), the number, age amnd position of passengers driven, purpose
of the trip, date, start and finish time of the trip, start and finish
kilometres recorded on the odomener, durathon of trip and disrance
traveHed. The diary also allowed participants to note if anyone slse
drowe the vehicle while the device was connected.

2.3, Statistioal anolysts

Descriptive statistics were used o deseribe the demaographic
characteristics of the colort, The data from the in-wehicke manitor-
ing devices and the travel diaries were cleaned and entered into a
SPF55 dacabase. Each trip in the participant's travel diary was man-
ually checked by the researcher against the data recorded from the
m-vehicle monitorng device by date and time ol day. Any trips
that were reported in the travel diary as being made by another
driver were removed. Mo participants re ported driving more than
one vwehicle during the seven day period, either in the ravel diary
ar interview, Self-reported dnving outcomes from the travel diary
were cornpared todata from the in-vehicle monitoring devices over
the sewen day monitoring period. Pairewise deletion was used in the
amalysis to deal with missing data. Outcomes of interest from the
in-vehicle monitoring device included driving exposure |kilome-
tres driven ), number of trips, duration of travel, weekend driving,
night-time driving and driving in peak hour traffic. Peak bour driv-
g was defined as driving between the hours of 6 and 9 a.m. or from
4 to 7 pm. Day time was defined as the period between sunsise
el sumset and nighit thime was defined as the period from sunset
to sunrise, with the sumset and sunrise times of the study period
obtained fram the Australian Government's Bureau of Meteorology
website {www bom.gov.au], Paired t-tests were used to examine
dilferences between the two Instienents,

3. Results
31 Demegraphic chanciersiics

The demographic characteristics of the 47 participants (574%
miale and 42.6% Female | are summarised in Table |, The participants
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t % of the 47 partscipants had misxing imdormation m the odometer encries. of e rave] duans,
B F¥of the 47 partscipants had mroesmg iedarmation o the cime ensres of their trayvel diares,
12 ol the 47 pariscipadits had mbeng ldfoimatban b bodli Ehe fise and oo meter enbies of Qe Eivel diaiies,

weere aged 58 to B0 years with a mean age of 74.1 (50 = 7.7 3] years.
More than hall of the partici pants {57.4% ) were bom in Australia
For the majority {55.3%), an apprenticeship or University degree
was the highest level of sducation. More than half of the sam-
ple (5125 pweene married de facto and the majority of participants
fivesd with another person | 57400 Retired participants acooamied
for B89 of the sarmple, whersas HTE were still smployed, The
majarity of participants { 97.9%) had at leasr one ca-morbid health
comdition in addition to cataract and were taking prescribad medi-
cations {41535 ), The mean Mini-Mental Seatus Examination [MMSE)
seorefor participants was 2078 {50 = 1,90 ywhichis consistent with
mearmial cogmdtive functloning,

The mean nuember of years of driving for the cohort was 52
(5.0 = 10092} years, Despite participants having bilateral cataract,
the majarity of participants {85.1%) reported having no dificuly
when driving during the daytime in Familiar places. All drivers
awwnied their own car and always wore a seathel L when driving. The
majarity of participants congiderad themselves 1o be sither good
drivers (44.7%) or excellent drivers [91.9% ) However 10,55 of the
drivers reported that in the past year it was suggested to them by
fammily, Triends or other people that they should stop or limit their
drivime

12 In-wehick momitoring devices and seff-reported travel diaries

321 Owerall driving

The results of paired -tests for doving exposure are summarised
inTable 2.

Compared to the self repoied ravel diaries, the invehicle
monitoring devices recorded bess (mot significant) kilometres
driven (p= 057} significantly more trips undertaken [pe< U001 )
and less driving lirme per week (p<0.001), According to the
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in-wehicle monitoring devices, an average of 14 340 kilometres
L= 11047} were deiven during the study period, wihereas
participants seif-reported that they drove 16617 [(5.0.-12561)
kitometres.

An average of 1838 (5.0, = 104%) tips were captured by the
im-weliicle monitoring devices, while the participants” sell reparted
thai they undertook an average of 1260 (50.=7 85} irips, Partici-
pants also significantly overestimated the duration of their driving,
with the informaton from the fravel diares reporting that par-
Helpants drowve an average of 348 min per week (S0, =254 min}
compared o TH min (505 = 16min) recorded by the in vehicle
monltoring devices (p<0L.001L However, in terms of the mean
number of days driven during the seven day period, the results
Frenn the in-vehicle monitoring device and travel diaries were very
simmilar with no significant difference obssrved [p=04490]1

322 Weekend driving

Similar parterns were also observed in regards o week
end driving. Compased to the sell-repored travel diarles, the
im-wehicle monitoring devices recorded less {not sipnificant ) kile-
metres driven on the weekend than the self-repocied iravel diaries
[p =126 L According bo the in-vehicle momtorng devices, an aver
ageof 4546 kilomatres (5.0, = 54.48) were driven om the weekend,
whereas participants seli-reported that they drove an average of
5107 kilometres [ 5.0, = 56.98) on the weekend,

A stgnificant difference (p=0.002} was observed in terms of
the number of trips faken during the weekend with an average
of 4571 [5.0.=4.1) wips recorded usng the- in-vehicle monitor-
Ing devices compared o L34 (S.0.-268) mips recorded in the
self-reportad travel diarles. Agzin, particlpants stgnificantly ower-
estimated the duration of their driving during the weekend, with
110 min (51 = 10T min) recorded an the travel diaries, while a
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shorter duration (57 min: S0, =5 min} was actually recordad
by the devices (p=0.003} There was no significant difference
(p=0.743) betwoeen the data obtained by the in-wehicle monitor-
ingy devices and the travel disries i regaid (o the number of days
driven durimg the weskend (1,34 and 1,36 days respectively )

T2R Peak hour deiving

The information obtained from the (n-wehdcle monitoring
devices reported less kilometers driven, though not significant
(p=0264} significantly more wigs tsken (p=00M) less time
driving though not significant (p=0.054) and significamly srester
number of days driving [p = 0.002) during peak hours, compared 1o
the self-peparted travel diaries.

Particlpants drove 16,52 kilomatres (5.0 = 3551} during peak
hours according to the in-vehicle monitoring device, compared to
41.27 kitometres [5.0, = 77.35) recorded in the travel diares. The
sell-reported diiving duration during peak howrs was again over-
estimated in the travel diaries (though not significant) with an
average ol 153 min (5.0.= 263 min) répoiied comparad to S0 min
(5.0, = 48 min) by the in-wehicle monitaring devices. There was a
sreater number of wips made during peak hours per week accord-
Ing to the in-vehicle monitoring devices, compared 1o the travel
diaries, with 4.75 trips (5.0 = 421 Yand 229 rrips (5.0, = 3.26) made
respectively, In aldition, a significantiy higher average mamber of
days driving during peak howr were recardad by the in.vehicle
mndtening devices (238 days; S00- 1.4T) compared to the sell
reported diaries (100 days; 5.0, =144}

124 Night ime driving

Mo significant differences were found for night driving between
the information provided by the in-vehicle monitoring devices
and the travel diaries. Information obtained by the wavel diares
reported an average of 17.05kilometres of night tme driving
amongst the participants [5.0,= 2744 ), while the in-vehicle man-
iroring devices repomed an average of 13.97 Kilametres per week
(5.0, = 7068 ). This difference was not significant [p <1438,

In regards to the number of night time trips, thene was alse no
significant dilference (= 0671} between the travel distdss which
repodted an average of 146 (S0.=202) wips during the night,
compared o the in-vehicle monitoring devices which reporred
an average of 1.58 mwips [5.0.-241) No significant diferance
(p =086 Ywas evident in relation o d:rl\rlng duration at night with
the travel diaries recording an average of 27 min (5.0, = 44 min ), and
e ji-vehicle monitoring devices recording an avetage of 17 min
(5 [ = 26 min), The average numbser of days participants drove dur-
ing thee night was alsonod significantly different (p =01 35) between
the travel diaries and the in vehicle monitoring devices with an
averageof 0,71 (5.0 = 051 ) days and 0.83 (5.0, = 1.05) days recorded
Tespectively.

4, Digcussiodn

Thizis the Arat stedy to compare the driving exposure and prae-
tices of bilateral cataract patients awalting surgery as obtained by
seli-reported travel diaries and in-vehicle monitoring devices, The
stukly Found that there were significant differences between sl
reported driving outcomes and those obisined from the in-vehicle
nuxtosing devices. Overall, the data from the odder drivers” traved
diarfes significantly underestimated the number of trips made in
certain conditions and frequently overestimated thelr driving dura-
tion, as compared to the objective data obtained from the in-vehicle
mesitering devices

It ghould be nored thar a high propartion of paridpants had
missing information in their travel diarkes, in erms of either the
odometer entries | G4% of the participants), time entries {49% of the
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participants}, or bath time and odonseter entries [G8% of the partic-
ipanits) This indicates that a bigh proportion of alder drivers were
uneabbe to accurately or completely Gl in the travel diary for a period
af aweek, In gevberal, those participants who were ille locomplets
the travel diary quite aceurately recorded their kilbmetres iy
elbed and days driven, but did not aceurately record their number
of trips or driving duration. Together, these findings demonsirate
that travel diaries might not be an optimal tool for collecting driv-
ing pratterns of older drivers, More reliable sources of driving data
such as in-welidcle monirosing devices should be encousaged when
collecting information about naruralistic driving behaviours,

A growing body of evidence has assessed driving behaviours
wsing maturalistic in-vehicle monitoring devices [Elanchard aml
Myers, 2010; Blanchard e al, 20005 Huebner of al., 2006 ; Molmar
e al. 204 Porter =t al. 20015) 1 has been gown that in-vehicle
monitoring devices connected through the OBD-I pory, a8 well as
GPS devices provide accurate and valid measures of driving out-
comes | Hoebner ef al. 2006}, Travel data obtained by GPS devices
have been found toequal or surpass the quality of data obtained by
travel diaries {Woll et ., 3001 ) Research has also found that these
devices are prefered by study participants over travel diaries, par-
ticularly armong oldes drivers | Blanchard et al, 2000; Mareball ecal,
2007

I the current study, the parricipants” mavel diarles significantly
umder-reported the number of trips taken overall. on the weekend
and in peak howrs and significantly over-sstimated the duration
spent driving in the overall study period and on the weekend.
These results are corsistent with other studies which showed that
drivers temnd to underestimate the mumber ol i1 ips recorded intheie
trawel diarles compared to the trips recorded by electronds devices
[Blanchiard et &, 7010} Similarly, another study showed that
drivers overestimated the travel duration of their irips (Stopher
et al, 207) There are several possible reasors fog these observed
discrepancies between the self-reported iravel diaries and the in
wehicle monitoring devicas, Although pantlcipants were requested
by the researcher to fill out the ravel diary immediacely after com
petlon of their trip. it is possible that sorme participants may ot
have done this el completed the diary at a later date, There s also
ther poesibility of a lack of acowracy due to mwmory impainment
or fatigues after a bang erip (Masduall et al, 007 It is also possi
bl that some participants may have included the duration of their
whole rip even when they were not driving, thus overestimating
the duration of their trips.

Inerestingly, nosignificant differences were lfound betwsen the
eravel diaries ad in velicke monitoring devices in terms of kileme-
tres driven overall, on the weslkend, during peak hour o a nighe.
Howwever, a higher average number of kilormetres were consistent by
repotted i the wavel diades; compared to the in-vehicle moni-
toring devices, i s possible that the lack of sigmificant results for
kilormetres driven could be due to the small sampbe siee availabie
for this outcoame and this should beinvestigated in further researchy

The travel diaries also accurately reparied the rmmber of days of
the woeek driven overall, on the weekend and at mght compared 1o
the in-vehicle monitoring devices, but sipndficantly under-reporied
the number ol days driving in peak howr. This is similar to previous
pesearch which found significant variation between self-regorted
and actud deiving during challenging situations such as peak hour
Ild'ﬂ'.-'llf':rlzzh- ebal, HITAL

Imterestingly, the resules for night ime dibving exposurediffered
from the other driving situations examined |n the study. There was
no significant differences in the number of kilometres travelled,
rght time trips taken, the duration of right time driving o namber
of days with night time driving between the travel diaries and in-
wehicle monitaring desices. The more accurate recording of nighd
driving oustcomes may be due to the fact that drivers with cataract
in this study drove less at night than they did in the other driv-



& Agromnunt i of. / Acodent devabye gl Prevesnos 106 01T 49007

i situations examined, Frevious sesearch has foand that older
drivers with catacact repont dilTicalog with and sellrestric) their
night drivissrl Fraser etal, 200 3; Cowsley atal,, 10586, Therelore, the
inleequency of night driving and Jdificolty experienced may have
mude the details of night driving exposure sasier for participants
to recall and recoed accurately. Thess findings are similar to those
from a large Australian stikdy that alder drivers accurately report
awoidance of night driving {Molmar e1 al, 2005

The resulis of this study in relation te actial diiving exposure
dre conststent with presious research using objective measures. In
particular, the results of the in-vehicle monitorlng device reported
that participants drove an average of 143 km per week compared
1o V64 km reporbed by Blanciard e al (2070) VA% by Wlarshall
al, [ 200 LT he lowver mileage mravelled may bedue tothe face thar
the cohort was waiting for their Arst eye cataract surgery and may
not have been driving as they wiould under normal clrcumstances.

There were several strengrths of the study, The in-vehicle moni-
toring devices used in this study were alide 1o be eastly instatled in
Al cars, Some devices that have besn examined préviously were
iEstricted e use in cars manofachived from 1956 anwards due
1o the vehicle interface. The data lrom dee in-velicle manitoring
devices were aleo linked to the Australian Government's Bureaw of
Mateoroiomy website to determine light condltions which provided
am accurate representation of day and night time driving patterns
[ prarticipants, Furthermore, participants recoted did not bave
ary other magor eye conditions besides cararect, such as glaooma
of macular degemeration, & those conditions could have had an
Impact an thedr driving behawiour,

Haoweewer, the study has limitations, The use of a convenience
samnple, small sample siee and the Lirge amount of missing data
iy affecr the genesalisability of the resulis. Recall bias may also
be present. Additlonally, driving was mondtored for one weak only
and It is possible, given the age-group of participants, that [llness
may have curtailed driving exposure during the week of the assess-
reenie. Gerterally deivieg Duciustes frorn week (o week ared a lomger
mepniteTing time is optimal to identify driving outcomes. Further-
e one wesk may limdt the type of environmental comditions
participants may experience such as avoiding driving in the rain.
While no partcipants reported driving multple vehicles during the
seven day period. elther In their travel dary or intervisw. it is pos-
sible that they did so without reparting it, affecting the accuracy of
the dtata. B is also possible tiat 3 person other tan the pacticipant
drowe the vehicle whils the in-vehicle monitoring device was con-
nected. However, the ease of removal and installation of the device,
short collection period of seven days and the opportunity for par-
licipants to record other drivers in the travel diany or report them in
the irderview woukl have reduced the liketibood of this ocewrring.

In eanclusion, the resulis of this seudy found that relying solely
on salf-reported travel diaries o assess driving outcomes for
cataract patients awalting surgery may not be acourate, particu-
lady for estimates of number and duration of trips. The accozacy
of estimates of kilometres driven requires further research, Alsa
the potential for attrition of participants using & teavel diary is
high chise o sulject fatigue and continuously updating the travel
diary. The elear advantages of the in vehicle monitoring devices
over the mmavel diarles are evident, particulacly for an older driving
population,
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An examination of driving exposure, habits and adverse events in older drivers

with bilateral cataract using naturalistic driving data

Chapter 6 is a manuscript, which has been submitted for publication and is currently
under review: Agramunt, S., Meuleners, L., Fraser, M.L., Chow, K. C., Ng, J. Q., Raja,
V., & Morlet, N. (submitted). An examination of driving exposure, habits and adverse

events in older drivers with bilateral cataract using naturalistic driving data.

I warrant that I have obtained, permission from the copyright owners to use any of my

own published work in which the copyright is held by another party (Appendix K).

92



An examination of driving exposure, habits and adverse events in older drivers with

bilateral cataract using naturalistic driving data

Short title: Naturalistic driving exposure and adverse events in older drivers with

bilateral cataract

Seraina Agramunt'!, Lynn B. Meuleners!", Michelle L. Fraser ', Kyle C. Chow'¥,

Jonathon Q. Ng?*¥, Vignesh Raja*¥, Nigel Morlet>3&

I Curtin-Monash Accident Research Centre (C-MARC), Curtin University, Perth,
Australia

2 Eye & Vision Epidemiology Research (EVER) Group, Perth, Australia

3 School of Population and Global Health, The University of Western Australia,
Perth, Australia

4 Sir Charles Gairdner Hospital, Perth, Australia

*Corresponding author

Email: L.Meuleners@curtin.edu.au (LM)

Y These authors contributed equally to this work

“These authors also contributed equally to this work

93


mailto:L.Meuleners@curtin.edu.au

Abstract

Purpose: To examine driving exposure, habits and adverse events in older drivers with

bilateral cataract using naturalistic driving data.

Methods: Ninety six older drivers aged 55+ years were assessed in the month prior to
first eye cataract surgery. Data collection consisted of a researcher administered
questionnaire, a cognitive test and visual measures including visual acuity, contrast
sensitivity and stereopsis. Participants’ driving exposure, driving habits and adverse
events were measured using an objective in-vehicle driver monitoring device. A
multiple linear regression model was undertaken to examine predictors of driving

exposure in older drivers with bilateral cataract.

Results: After controlling for potential confounding factors, only binocular contrast
sensitivity (p<0.05) and gender (p<0.05) were significantly associated with kilometres
travelled in a seven day period. One log unit increase in contrast sensitivity score was
associated with an increase of 163 kilometres driven during the study period. Males
drove an average of 50 kilometres more per week than women. Only eleven
participants experienced an adverse event (harsh braking) during the driving

monitoring period.

Conclusion: The study provides a better understanding of the driving exposure, habits
and adverse events of bilateral cataract patients while waiting for first eye cataract
surgery. Contrast sensitivity is an important measure to consider when determining the
impact of cataract on driving. Further longitudinal research is required to examine
changes in visual measures, driving exposure, habits and adverse events after first eye

surgery and whether second eye surgery provides additional benefits for driving.
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Introduction

Cataract is one of the leading causes of visual impairment worldwide. It is the main
cause of blindness (51%) and accounts for 33 percent of visual impairment globally
[1]. Approximately 50% of older people will develop cataract by their seventies and
this increases to around 90% by their eighties [2]. The incidence of cataract worldwide
has increased rapidly over the past 20 years and this is expected to continue as the

population ages [3].

Cataract can affect multiple aspects of vision and a growing body of evidence suggests
that older drivers with cataract are less safe to drive [4,5]. However, unlike other
conditions of ageing, cataract can be easily corrected by surgery, which has been
shown to reduce crash risk by thirteen percent one year after first eye surgery [6]. In
Australia however, public hospital patients often wait long periods of up to 12 months
before cataract surgery [6], generating concern among road safety and licensing

authorities about the impact of unoperated cataract on driving exposure and ability.

Previous research examining the effect of cataract surgery on driving outcomes has
focused only on self-reported driving difficulty. A meta-analysis of five studies found
that the risk of driving difficulty reduced by 88% after cataract surgery (OR 0.12, 95%
CI 0.10 to 0.16) [7]. There has also been limited research investigating driving
exposure and habits among cataract patients, and the research to date has used self-
report measures only [4,8]. These studies found that older drivers with cataract
reported reduced driving exposure in terms of number of days, trips and distance
travelled per week prior to surgery [4,8]. However, driving exposure was assessed
using a self-reported questionnaire which has inherent biases and limitations. Previous
research has found that self-reported measures of driving outcomes may be less

reliable than naturalistic data collection methods [9,10].
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Naturalistic studies which collect detailed GPS information allow an accurate and
objective examination of driving outcomes such as driving exposure as well as adverse
events including harsh braking. This rich source of information provides a means for
assessing the safety impact of driving behaviours in an unobtrusive manner. Several
studies to date have used in-vehicle devices to measure rapid deceleration events and
have used them as a surrogate measure for near crashes [11,12] with positive
correlations found between incidents, near crashes and actual crashes [13]. The
deceleration and acceleration behaviour of drivers specifically has also been shown

predict at-fault crash involvement [11].

To date, no published study has used naturalistic data to explore driving exposure,
habits and adverse events for older drivers with bilateral cataract. This information is
of relevance to licensing authorities and clinicians in terms of understanding cataract
patients’ driving habits in the waiting period for cataract surgery and the frequency of
adverse events experienced. This would allow older drivers with cataract to be
appropriately advised on driving risks they could face while awaiting first eye surgery
and assist them in making an informed decision on whether they continue to drive or
not during this wait time. Furthermore, the identification of participants whose driving
performance would most benefit from cataract surgery would be useful in the
prioritisation for surgery. Therefore the aim of this study was to describe the
naturalistic driving exposure, habits and adverse events of older drivers with bilateral
cataract who were awaiting surgery and to determine factors associated with driving

exposure (kilometres travelled).

Materials and methods

Participants

Participants awaiting first eye cataract surgery were recruited from three public
hospital eye clinics in Western Australia either by an invitation letter or a direct
approach made by clinicians at the hospitals. Inclusion criteria stipulated that
participants were aged 55+ years, drove at least twice a week, had bilateral cataract

and had no other significant eye conditions, such as glaucoma, macular degeneration
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or diabetic retinopathy. Participants were excluded from the study if they were
wheelchair-bound, diagnosed with dementia, Alzheimer’s disease, Parkinson’s

disease, were non-English speaking or had cataract surgery previously.

Data collection

Participants were recruited between December 2014 and February 2017. Data
collection consisted of a researcher administered questionnaire, a cognitive test, the
Mini-Mental State Examination (MMSE) [14] and three objective visual assessments,
which were administered at Curtin University. Participants were also provided with an
in-vehicle monitoring device at the end of the assessment. Informed written consent
was obtained from each participant before any information was collected, following
the tenets of the Declaration of Helsinki. Ethics approval was obtained from the three
participating hospitals (Fremantle Hospital, Royal Perth Hospital and Sir Charles

Gairdner Hospital) and the Curtin University Human Research Ethics Committee.

Questionnaires

Sociodemographic data

Information on age, gender, marital status, country of birth, level of education,
employment status, living arrangements, medications, comorbidities, driver’s licence
and years of driving experience were collected via a researcher administered

questionnaire.

Driving Habits Questionnaire (DHQ)

All participants completed the Driving Habit Questionnaire (DHQ) [4]. It includes
questions about actual driving, driving exposure, dependence, avoidance, crashes and
driving space. This questionnaire has been previously validated for use with a Western

Australian population of older drivers with bilateral cataract [8].

Mini-Mental State Examination (MMSE)

The Mini-Mental State Examination (MMSE) [14] was administered to all

participants. It assesses general cognitive function and is used as a screening tool for
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cognitive impairment. Scores range from 0 to 30 with a higher score indicating better
cognitive functioning. The inclusion criterion was a score > 24 on the MMSE which

indicates normal cognitive function.

Measures of vision

Three objective visual measures were administered under the guidance of an
ophthalmologist under standard conditions, constant luminance and without mydriasis.

Participants wore their habitual correction for visual testing.

Visual acuity: Monocular and binocular visual acuity were assessed using an Early
Treatment Diabetic Retinopathy Study acuity chart (ETDRS), calibrated for a 3 metre
distance [15]. A letter by letter scoring method was used and scores were expressed as

a logarithm of the minimum angle of resolution (logMAR).

Contrast sensitivity: Monocular and binocular contrast sensitivity were measured
using the Mars Letter Contrast Sensitivity Test, at a distance of 50 centimetres (Mars

Perceptrix©) and expressed as log units.

Stereopsis: Stereopsis was assessed using the Titmus Fly Stereotest (Good-Lite Co.,

Inc.) and scores were expressed as log seconds of arc.

In-vehicle monitoring device

All participants were provided with an in-vehicle monitoring device and instructed to
use it for a period of seven days. Participants were instructed to only use it when they
were driving their motor vehicle. They were also provided with a travel diary that they
were asked to complete each time they drove their motor vehicle. The diary recorded
the model, make and year of their vehicle, number, age and position of passengers,
time, date, start and end time of the trip and distance travelled. At the conclusion of
the monitoring period, a researcher interviewed participants to identify any issues with
the devices and to confirm no one else drove the vehicle while the device was
connected. Instructions were provided to all participants regarding the use of the

device in the participant information sheet. They had to plug the device into their car’s
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On Board Diagnostic II (OBD II) port for vehicles manufactured after January 2006
or the cigarette lighter prior to 2006 (Fig 1). The in-vehicle monitoring GPS system
transmitted time-stamped second-by-second data on speed and location for all trips
and collected information on real time driving exposure, time, date of travel and
adverse events, such as harsh braking. The GPS data was cleaned to exclude “false
trips” of less than 200 metres or which lasted less than 10 seconds. Trips made from
the University after the assessments were excluded, as they were not representative on

the participants’ habitual driving behaviour.

Fig 1. In-vehicle driver monitoring device.
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Operational Definitions

Adverse events were defined as a harsh braking episode. Harsh braking episodes were

defined as G-force exertion more harsh than -0.61G (Geotab©).

Day time driving was defined as the period from sunrise to sunset and night time
driving as the period from sunset to sunrise, for each day. Specific times of sunrise and
sunset for each day of the year were obtained from the Australian Government’s

Bureau of Meteorology website (www.bom.gov.au).

Driving between the hours of 6 and 9 a.m. or from 4 to 7 p.m. on weekdays was defined

as peak hour driving.

The mean excursion radius for a driver was calculated as the mean distance (km) of
the vehicle from the home of the driver [16], scaled to the amount of time the vehicle
was present at each location away from home while the vehicle was in motion (i.e.
speed > 0), with the moments in time the vehicle was stationary (i.e. speed = 0)

excluded from the calculations.

Statistical analysis

Descriptive statistics were used to summarise the sociodemographic and visual
characteristics of the cohort. Driving exposure, habits and adverse events were also
described in detail. Since the number of participants experiencing adverse events was
low, only descriptive statistics were calculated. The primary outcome of interest was
driving exposure as measured by total number of kilometres travelled in a seven day
period prior to first eye cataract surgery. A multiple linear regression model was
undertaken to determine the association between three objective visual measures
(binocular visual acuity, binocular contrast sensitivity and stereopsis) and driving
exposure in a seven day period. Binocular visual measures were chosen since these
take into account how better and worse eye vision interact when undertaking tasks in
the real world. The three objective measures of vision were entered as explanatory

variables in the models and potential confounding factors such as age, gender, the
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number of comorbidities, cognitive status, retirement status and whether the
participant lived alone were controlled for. All statistical analyses were performed

using SPSS statistical software, version 22 (SPSS Inc., Chicago, IL, USA).

Results

One hundred and eleven participants with bilateral cataract who were waiting for first
eye cataract surgery were recruited into the study. Fifteen participants were excluded
from the analysis due to poor data integrity from the in-vehicle monitoring device
which was caused by faulty cigarette lighters and/or the loss of the monitoring devices.

The final sample consisted of 96 participants.

The ninety six participants ranged in age from 55 to 91 years old, with a mean age of
73.4 years (SD=8.6). The mean number of years driving was 51.4 years (SD=10.6).
As illustrated in Table 1, 18.8% of the sample were aged between 55 and 64 years,
35.4% between 65 and 74, 36.5% between 75 and 84 and 9.4% were 85 or older. The
majority of participants were male (52.1%), married or in a de facto relationship
(57.3%), were retired (72.9%) and did not live alone (58.3%). Forty-five percent
(44.8%) were born in Australia, 60.4% had completed a higher degree and 43.8% wore
bifocal or multifocal glasses. Ninety-eight percent (97.9%) of the participants reported
at least one comorbid medical condition in addition to cataract, with a mean of 5.4
comorbid medical conditions per participant (SD=2.8). These conditions included
musculoskeletal, circulatory, respiratory and endocrine conditions. Eighty-nine
percent of participants were also taking prescribed medications, with a mean of 3.4
(SD=3.0) medications taken per participant. All participants had normal cognitive
function according to the MMSE, with an overall mean for the sample of 27.7

(SD=2.1).
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Table 1. Demographic characteristics of older drivers with bilateral cataract

aged 55+ (n=96).

Number Percent

Gender

Male 50 52.08
Female 46 47.92
Marital status

De facto/ married 55 57.29
Single/Separated Divorced/ Widowed 41 42.71
Age group

55-64 18 18.75
65-74 34 35.42
75-84 35 36.46
>=85 9 9.38

Highest educational level

Primary or Secondary School 38 39.58
Higher Education (University/TAFE) 58 60.42
Country of birth

Australia 43 44.79
Other 53 55.51
Employment status

Retired 70 72.92
Employed/self-employed 18 18.75
Unemployed 6 6.25

Medical disability pension 2 2.08

Living arrangements

Lives alone 40 41.67
Lives with other people 56 58.33
Habitual correction

No correction 41 42.71
Single vision spectacles 12 12.50
Bifocals or multifocals 42 43.75
Contact lenses 1 1.04

Presence of comorbidities

No 2 2.08

Yes 94 97.92
Prescription medication

No 11 11.46
Yes 85 88.54

Responses to the self-reported DHQ questionnaire found that approximately half of
the sample (51.1%) reported that cataract did not affect their driving. However, 10.6%
of participants (n=10) reported that someone suggested that they stop or limit their
driving in the past year. Among the participants who were told that they should stop

or limit their driving, four participants did not drive at all during the seven day period.
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Eighty-one percent of participants (80.9%) preferred to drive themselves rather than
being driven by someone else and the majority of participants considered themselves
to be good (46.8%), excellent (24.5%) or average drivers (25.5%). Only few
participants considered themselves to be a fair (2.1%) or poor drivers (1.1%). Ninety-
seven percent of the sample (96.8%) owned their own car, and 98.9% used a seatbelt

while driving.

The results of the visual measurements prior to first eye cataract surgery are shown in
Table 2. Mean binocular visual acuity, as measured by the ETDRS chart, was 0.14
logMAR (SD=0.16). Mean binocular contrast sensitivity, as measured by the MARS
contrast sensitivity chart was 1.65 log units (SD=0.15) and mean stereopsis as

measured by the Titmus Fly test was 2.32 log seconds of arc (SD=0.72).

Table 2. Visual characteristics of older drivers with bilateral cataract aged 55+

(n=96).

Visual tests Mean SD
Visual acuity (logMAR)
Better eye 0.19 0.15
Worse eye 0.43 0.29
Both eyes 0.14 0.16
Log contrast sensitivity
Better eye 1.57 0.15
Worse eye 1.37 0.34
Both eyes 1.65 0.15
Stereopsis (log seconds of arc)
Both eyes 2.32 0.72

In-vehicle monitoring devices

The final sample used for the analysis of the in-vehicle monitoring device was 96
participants. No significant difference was found between those who undertook the in-
vehicle monitoring and those who did not in terms of gender (p=0.77), age (p=0.45),
visual acuity (p=0.65), contrast sensitivity (p=0.74), and stereopsis (p=0.62). A total
of eight participants (8.3%) did not drive at all during the study period. Reasons for
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this included “difficulties driving at night”, “in the rain”, or participants were told by

someone else that “they should stop or limit their driving”.

Overall driving exposure and naturalistic driving patterns

Ninety-two percent of participants (n=88) drove during the 7 day period. As illustrated
in Table 3, participants, overall, undertook an average of 15.6 trips (SD=10.5), drove
an average distance of 115.8 kilometres per week (SD=99.0), and drove an average of
4.40 days (SD=2.1) in a seven day period. The maximum distance that participants
travelled from home was 14.1 (SD=11.9) kilometres.
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Table 3. Naturalistic driving patterns of older drivers with bilateral cataract

aged 55+ over a seven day period (n=96).

Mean SD
Overall driving (n=88)
Kilometres travelled 115.77  98.97
Number of trips 15.56 10.51
Driving duration per week (minutes) 186.51  149.03
Number of days driving 4.40 2.06
Maximum excursion radius from home (km) 14.08 11.87
Day time driving (n=88)
Kilometres travelled 101.27 87.45
Number of trips 14.04 9.15
Driving duration during day time (minutes) 165.00 127.82
Number of days driving 4.32 2.02
Night time driving (n=43)
Kilometres travelled 14.50 29.47
Number of trips 1.52 3.49
Driving duration during night time (minutes) 21.51 47.37
Number of days driving 0.93 1.41
Weekday driving (n=88)
Kilometres travelled 86.10 72.56
Number of trips 12.00 8.38
Driving duration per weekday (minutes) 142.48 113.13
Number of days driving 3.23 1.50
Weekend driving (n=72)
Kilometres travelled 29.67 42.67
Number of trips 3.56 3.64
Driving duration per weekend (minutes) 44.03 55.85
Number of days driving 1.17 0.80
Peak hour driving (n=75)
Kilometres travelled 33.97 38.48
Number of trips 4.56 4.39
Driving duration during peak hours (minutes) 57.84 61.38
Number of days driving 2.19 1.59

Daytime driving

Ninety-two percent of participants (n=88) drove during the daytime. Participants
undertook an average of 14.0 trips (SD=9.2), drove an average distance of 101.3
kilometres per week (SD=87.5), and drove an average of 4.3 days (SD=2.0) during

daytime in a seven day period.
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Night time driving
Slightly less than half of the sample (45%) drove at night time (n=43). Participants
undertook an average of 1.52 trips (SD=3.49), drove an average distance of 14.50

kilometres (SD=29.47), and drove an average of 0.93 days (SD=1.41) during the night

in a seven day period.

Weekday driving

Ninety-two percent of participants (n=88) drove during the week (Monday to Friday).
Participants undertook an average of 12.0 trips (SD=8.4), drove an average distance
of 86.1 kilometres (SD=72.6), and drove an average of 3.2 days (SD=1.5) during the

work week.

Weekend driving

Seventy-five percent of participants (n=72) drove during the weekend. Participants
undertook an average of 3.6 trips (SD=3.6), drove an average distance of 29.7

kilometres (SD=42.7), and drove an average of 1.2 days (SD=0.8) during the weekend.

Peak hour driving

Seventy-eight percent of participants (n=75) drove during peak hour traffic.
Participants undertook an average of 4.6 trips (SD=4.4), drove an average distance of
34.0 kilometres (SD= 38.5), and drove an average of 2.2 days (SD=1.6) during peak

hour traffic.

Harsh braking events

Eleven percent of participants (n=11) recorded at least one episode of harsh braking
during the seven day period with the majority of these participants (90.9%, n=10)
experiencing one episode of harsh braking, and one participant experiencing two
episodes of harsh braking. Eighty-three percent (n=10) of harsh braking events
occurred during the day, 16.7% (n=2) occurred during night time driving, while 41.7%
(n=5) occurred while driving during peak hour traffic (Table 4). Eighty-three percent

of harsh braking events (n=10) occurred while the participants were travelling on local
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roads and 16.7% (n=2) of events occurred while they were driving on a freeway or
highway. There was no significant differences between the participants who did and
did not record any adverse events in terms of age (p=0.15), gender (p=0.68), binocular

contrast sensitivity (p=0.73), binocular visual acuity (p=0.80) and stereopsis (p=0.79).

Table 4. Frequency of harsh braking events.

n=12 %

Harsh braking events
Time of the day:
Day time 10 83.3
Night time 2 16.7
Traffic:
Peak hour 5 41.7
Non-peak hour 7 58.3
Type of roads:
Highway/freeway 2 16.7
Local roads 10 83.3

Multivariate Analysis

The results of the multiple linear regression model examining the association between
visual measures and the total kilometres travelled in a seven day period are presented
in Table 5. Binocular contrast sensitivity (p<0.05) and gender (p<0.05) were the only
variables significantly associated with driving exposure (total kilometres travelled)
after controlling for potential confounding factors. Neither binocular visual acuity
(p=0.89) nor stereopsis (p=0.30) were significantly associated with driving exposure.
Participants with better contrast sensitivity scores drove more kilometres than those
who had poorer contrast sensitivity scores. More specifically, one log unit increase in
contrast sensitivity score was associated with an increase of 163 kilometres per week
driven during the seven day study period. Males drove an average of 50 kilometres

more per week than females.
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Table 5. Factors associated with total kilometres travelled for bilateral cataract

patients waiting for first eye surgery (n=96).

Standard
Predictor B Error 95% CI p value
Total km travelled
Age -2.60 1.65 -5.88 0.68 0.12
Gender: (male) 50.49 21.85 7.05 93.94  0.02%*
Number of
comorbidities 1.93 3.55 -5.13 9.00 0.59
Living situation:
(not alone) 13.43 21.27 -28.86 5572 0.53
Employment
status: (retired) -18.32 29.91 -77.78  41.14  0.54
Binocular visual
acuity 10.15 72.17 -133.32  153.62  0.89
Binocular contrast
sensitivity 163.41 74.83 1466 312.16 0.03*
Stereopsis -14.52 13.92 -42.19  13.15 0.30
Cognition (MMSE
score) 1.52 4.91 -8.23 11.28 0.76
MMSE: Mini-Mental State Examination
*p<0.05
Discussion

This is one of the first studies to specifically examine the driving exposure, habits and
adverse events of older drivers with bilateral cataract, using objective naturalistic
driving data as they wait for first eye cataract surgery. Driving is a complex task and
cataract can negatively affect aspects of vision such as visual acuity, contrast
sensitivity and stereopsis which can have a serious impact on driving ability [8,17].
The results of the study found that older drivers with poorer binocular contrast
sensitivity drove significantly fewer kilometres per week prior to first eye cataract

surgery, than those with better contrast sensitivity. This is consistent with findings
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from the general older driver population [ 18]; however that research used self-reported
driving exposure, which is subject to bias. Visual acuity was not significantly
associated with driving exposure in this study and inconsistent findings have been
reported on this relationship in the literature [19]. However, this study confirms
previous findings that contrast sensitivity may be a more important measure related to

a range of driving outcomes than visual acuity among cataract patients [5,8,20].

Gender was significantly associated with driving exposure with males driving more
kilometres per week than females. Previous research also found that females report
poorer driving confidence, greater driving difficulty and more negative attitudes to
driving than males [21,22]. Females are also less likely than males to be the principal
driver [22] which may explain the results of our study as 57% of participants were

married.

Previous research has consistently found that as drivers age, they report driving fewer
kilometres per week [18,23]. This may be due to a variety of reasons which include
older drivers having poorer health, mobility issues and being more frail [24]. However,
the cohort in our study travelled fewer kilometres in a typical week than reported in
previous older driver studies [10,25]. They also appeared to restrict their driving to
their local neighbourhood with the mean distance travelled from home being fourteen
kilometres. This restriction of driving to the local neighbourhood is consistent with
other research among older drivers [26]. Eight participants did not drive at all during
the seven day monitoring period while waiting for cataract surgery, due to driving
difficulties or suggestions from others to stop or limit their driving. Overall, these
findings may be indicative of participants acknowledging their driving limitations due
to cataract and reducing their driving exposure. This reduction in travel by cataract
participants as they wait for first eye surgery can be viewed as a positive safety
response as it reduces their exposure on the road and the possible risk of crash
involvement. It is also acknowledged however, that older drivers may participate in
fewer activities that require driving due to changes in lifestyle or retirement [27].
Therefore, it should be noted that approximately 80% of participants in this study were
retired or unemployed, which may have limited the need for travel by this group and

contributed to the results.
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Despite the overall low driving exposure observed, 81% of participants in this study
still preferred to drive themselves rather than being driven by someone else, almost
half of the cohort (n=43) drove at night time and 75 participants drove during peak
hour which have been found to be challenging driving situations for older drivers with
cataract [4]. This raises concerns about fitness to drive while waiting for cataract
surgery. Previous research has found that older drivers with cataracts, despite limiting
their driving exposure, have an increased risk for at-fault crashes compared to age-
matched controls without cataract [4]. This has also been confirmed in previous
research which examined the impact of simulated cataract on driving performance
[28,29]. Therefore, ophthalmologists could play an important role in ensuring that
cataract patients are provided with adequate information about driving difficulties and
risks they may experience due to cataract and how to limit their exposure to these while
waiting for cataract surgery. They could then make an informed decision on whether

they continue to drive during this period.

Previous research has found that drivers who brake rapidly may be at a greater risk for
a crash or a near miss [12]. In particular, a sudden stop has been shown to be associated
with rear end crashes [30]. However, only eleven participants in this study recorded at
least one episode of harsh braking. This is much lower than previous older driver
research which found that 64% of participants were involved in at least one episode
over a 12 month period [12]. Further research using a larger sample size over a longer
period of time is required to explore this issue further, as the lower number of harsh

braking events recorded might be due to monitoring the participants for one week only.

A major strength of this study is that naturalistic driving behaviour was measured using
objective in-vehicle monitoring devices in the participants own vehicle. However there
are several limitations to this study. The strict inclusion criteria may have impacted on
the generalisability of the results. Furthermore, participants’ naturalistic driving
behaviour was only measured over a period of seven days, which may have limited
driving exposure and the number of adverse events that were recorded. However, the
choice of a seven day timeframe is consistent with previous naturalistic studies which
has found this time frame to be representative of older drivers patterns and habits
[9,25,31]. In addition, participants may have modified their driving behaviour while

using the devices, due to the fact that their driving behaviour was monitored. A further
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limitation is that 14% of participants were excluded from the study, due to missing
information related to the devices. It should be noted however there was no significant
difference between the two groups in terms of gender and age and visual impairment.
Other visual measures such as visual field were also not collected in this study. We
also did not collect video footage of driving which would provide more in depth
information regarding driving events. Further monitoring of driving exposure over a
longer period of time before first eye cataract surgery and a larger sample is warranted.
Despite these limitations, this study controlled for a wide range of potential
confounding factors when examining the driving patterns, adverse events and exposure

of older drivers while waiting for first eye cataract surgery.

Conclusion

The results of this study provide a better understanding of driving exposure, habits and
adverse events of bilateral cataract patients while waiting for first eye cataract surgery.
It also substantiates previous research that contrast sensitivity is an important visual
measure to consider when determining the impact of cataract on driving. Further
longitudinal research is required to determine the impact of first and second eye
cataract surgery on the objective driving exposure, habits and adverse events of
bilateral cataract patients, particularly as information on the impact of second eye

cataract surgery on driving outcomes is lacking.
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Chapter 7 Publication 4

Do older drivers with bilateral cataract self-regulate their driving while waiting

for first eye cataract surgery?

Chapter 7 is a peer reviewed paper, which has been published in Clinical Interventions
in Aging: Agramunt, S., Meuleners, L. B., Fraser, M. L., Chow, K. C., Ng, J. Q., Raja,
V., & Morlet, N. (2017). Do older drivers with bilateral cataract self-regulate their
driving while waiting for first eye cataract surgery? Clinical Interventions in Aging,

12,1911.

I warrant that I have obtained, permission from the copyright owners to use any of my

own published work in which the copyright is held by another party (Appendix K).
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Objectives: To aatyze the maccution betwean visual mmparment and driver sell-regalation
amemg 4 cobort of older drivers waiting for ficst ewe catiract mugery.

Methods: Minety-gix drivers with bilaberal eatarnet aged 35+ years were assessod bofore flest
eve cotaract surgery. Drata collechon consisted of a researcher-sdmmistered queshonnaire,
objective visual measunes (visual auity, contrast sensivity and stereopsis), o visuad atenton
test {the uselful Beld of view test) and @ cognitmve test (tie Ming-Mental State Exammation).
Crrever self-repulation practicss were collected using the Driving Habits Cnssstionnaire and
were also measired witl an m-valsole moaitoring device. Charactensins of selfregabaioes snd
fon-selregubstoes were compured and & logetic regreasion wode] wis ised o oxamine tlw
assoviation between 3 chjedtive vieuwl measures mid driver self-regulation stahis

Resailits: After combrollisg G potential confonmding Tactors, ouly hinsculer conbrst sensitivity
(=), ape (=003 and pender {p=0.03) were significntly associated wilh driver seff-
reglilation statis. The odds of particisunts wilh bothar oot smaltivity sooves {betlia Vi)
sell-regulating Tl driving in a8 Jeast 1 defving sifuston decresed (odds rabio [OR |- 001, 93%
€1 BO0-6.35) while Those of mereising agé reported i mereassd ol of sel Frogulating thei
deiveng (OB: 1.08, 95% 1 1O1-1.15). The odds of nales self-regulabing theo drveg was
degreaser] comparec] with Fenales ((F: 028, 953% CT: 109-0.88)

Condlusions: Worse hinocular confrast sersitivity scores, increasing age and being Females
were significntly ssociated with drver selforegulation, The study highlighled that whale self-
regulation was common mmong cataract patients, o proportion of those with poor yvigion did
ok seffregulate. Further research should determime hiow cataract patiepts coukl benefil from
el -regulatiom sinthegies while wailing for dataract surgery.

H-ruunﬁr chriver sl farepubstion, okler drivers, neluralistic dstn, cafaract, contrast sensitivity,
drvmg, visud impammeenl

Introduction

The aging popalation' has seen an increase i the mumber of obder drivers on Australian
roads; with a 4% rige n the muovber of licensed drivers aged 634 between 2005 and
2013, Recent research from the UK also showed that §1% of older drivers aged 65+
prurchased a mew vehiche and 14% parchased a seeond- hand vehicle in the a2 years,!
As private transportation 16 the preferred mode ol travel smong the S5+age group, it is
predicted that =03% of people who will be aged 654 in the next deeade, will be active
drivers,” Driving eoatributes 1o older drivers” qualiny of 1i fe, sense ol independence’ and
social parteipation,” and driving cessation kas been linked to depressive symptoms,

Emuiil L dnars Eheurtin edu, s mortality amd admission o extended Gare instintions,”
o Pt - Clrical Iranrversions in Aging 201 7:12 191 1-1520 1911
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Dirver selli-repulation refess 1o the situstion in which
older drivers modify their driving behaviours and avoid
driving in situations that they wsually find challenging, to
compensate for age-related decline® This strotegy allows
older drivers to remam mohile while reducing their crash
rigk through lower exposure to difficult driving sitations.®
Diriver gelF-regulation has also been shown 1o be associated
with gendes [ fermales), increassng age, poorer health, cogm-
ive inspaimment, previous crashes, driving confidence and
abilizy. az well as visual impaiment.~

Diraving ksa complex activity that invelves many aspocts
of visel funetion." Age-related cataract can affect these
visual functions, therefore wmpactang on drveng perfor-
manee and crash sk, Despite an inerease m the number
of gtudies exumning the sel-regulaton practices of older
drivers m the Bt decade, only a few studses Tave analyeed
the specilic elfects of eataragt on diiver self-régulation
ractices, One study ming sell=reported. informmtion found
thiat alder drivers with cataract were more hkely o maodify
thewr driving exposure, n lerms of the number of days wod
destinations iraveled per week, compased with oider drivers
withoul catarast.” However, there were no significant
differences berween groups m terms of kilometers raveled
per week,” Another study using self-reporied information
found thit 4 8% of older drvers with bilateral cafaract avoided
driving in at least 1 challenging ssuation while waiting for
cotaract surgery,” The most commonky avorded sitisalion
was driving at might time (4086), folivaed by driving on the
freeway [12%), in the rain (996} and parallel parking (E%)."
This study also examnined the association between objective
measures of visual mmpairment and driver self-regulation
practices among cataract patients. It found that older
drivers who selfregulated had poorey contrast sensitivity
{the akbility todistinguish beoween light vessus dark conirast )
in the worse eye and that vigual acuity and stereopss were
nod pssocialed with sel Fregultion. ' Simatarly, other studies
examining the general older population akso found Uhat
cONbrasl sensitivity mpairment was associated with driver
self-reguliation peactices,™ ™ driving exposure™ and crash
involvenment, =

It i o possible, due to fechnological advances, to
obpeetively micasure the naturelistic devmg bebavior of
drivers. In-vehkle driver mondionng devices ure small elec-
tromie devices that can be easily conpected to a paricipant 's
car i order 1o collect time-tagaed global posaicning system
{GPS) data thay provickes a vaniety of driving mformation,
i hating spesd, bocaton, dstance, date of travel and stat!
stop times of traps, They o also be wed to pssess drver
sell-regulntion practices.™ These deviees have advantopes

over self-reported questionnaires or avel dianes as they
prowvide objective measures of driving oulcomes™ and par-
ticipants consider them to be more convenient and pravtical
to use than self-reported travel diaries or questionnaires. =
In-wehicle monitoring alse overcomes the limitations of
self-reported informatlon/daarles such as recall bias.™

A growing body of evidence has found a lack of comsis-
teney between selfreported questionnaires and naturalistic
driving data: For exaniple, while some studies fourd that
older drivers actually self-regulated ther driving more than
thiey peported ™ other studies found they selfregulated
legs than they reported.” These findings suggest that
uging el freported data from qoestiormares alone 18 Aot a
refiabile method,

11 s armpertans to better understand whether older aduliz
with cataract selbregulate therr drnving while walimg for
first eve cataract surgery and how Uhis relabes 1o their visual
impanment. Therefore, the mm of this gudy 18 1o examine
the association between Gbjective viswal memsres and self-
reégulition practices m bilateral caamet patients wsng a
combmation of mituralzsie drving methods and seli-repori ed
data, as they wail for firsl eye catarsct surgery.

Methods

Participants

Ome hundred and eleven older drvers with bilateral cata-
mcd were revruited through 3 public ophlialmology ¢lines
in Westemn Australia, Participants were recruited through
direct. contect by the ophthatlmologists al the clinic or by
on invitation letter. Eligible participants were drivers aged
354 years, | 339 malesd T females s diaprcsed with bilaterl
cataract, who had never had eataract surgery previouslhy and
whe did ot have any other eye comarbidities feg, macular
degeneration, glaveoma, and retinopathy). They were also
required 1o speak and understand English, to drive at beast
twice-weekly and have no cognitive or physical impairmenn
(eg. dementia, Alrheimer's disease, Parkinson's disease,
whieelchair tser . Recruliiment aecurred from December 2014
to February 201 7 and the assessments were undentaken inthe
momth prive 1o fisst eye catarsct surgery, The human research
efhics commiftees of Curiin University and the participating
hosprtake grated ethes appeoread, ad followmg the tegets of
the Declarstion of Helsinki, written informed conmsent wis
obtained from each particpant before collecting any dta,

Data collection

This stusehy 15 pert o lasger stucy tithed “Thie Catariet Extrc-
thon and Deiving Ability Ressarch Study - The CEDAR
study™.” Participanis completed & researcher-admmistered

1912
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Diriver self-regulation practices among clder drivers with citarac

questionngire {the Driving Habits Questionnaine [DHQ]™)
and] nararalisne drv T duts wore collactad h_l\.: i e hcle
monitoring device that was provided to cuch participant it
thi dAs=eysment Three -.:|l||.'l.:r:v|.' vignl mEEENments Were
e pdmimistered 1o all participants I'he wssesement ook

pluce at Curtin University

Measures

Objective visual measures
Three different objective visual tests were sdminstered to the
participants under standard conditions,; constant luminance
anid without myvdriass, Pasticipants worg their habawal cor-
rection for visual lesting.

Wisienl seuity (monocular and binoculsr) was measured
wseng an Farly Tresoment Diabetie Beunopasibhy Stody'" acaly
charl The churl was standardized Fora 3 m distince. ased o letter
b better sconng method amd scores were oxpressed on a log

rithi

i the mantimm g e il ressaliitnoe -;i'-.'-ghl.-\lh ek
Contrast sensitivity imonocular and binocolarh was
migsred using the Mars Letter Contrast Sensitivity Test
calibrated for a distance of 50 centimeters and seores were
cxpressed in log units
Stereopsis wis gusessed with the Thms Fly Stereotest
which meusures sterecpsis from 4800 1 20 seconds of arg

e,

Seores were expressed as log secomds

Cognitive assessments
The useful field of view (LUFOV) test™

Wil atteation was mcesured wiig the UFOY et

Thiz
computer-based test 15 divided nto 3 subfesis assessing
visui! processimg spocd, divided attention and selective atten-
ton | Figure 1), 10 s @ walid and rebable predictor of crush
risk,” In the firat sublcst {processing specd), participants
had 1w |::||'||I||':.- & stirmuli icither o car or a wock ), which wasg
brigfly presenied in the center of the sereen. In fhe second
subtest |divided attention), partcipants were required 1@ look
wt 2 (Hiferent targets at the same time and were requested 1o

determine which turget was presented i the center of the

screen (iocar or & tock) and then identify on which | of the
% cardmal direcnons the ofler rget was presenied, The
third suhtest (selective attention) was similar bo the second
yulest. Howey e, the & cardinal directions were surmoumsied
b AT small I!ul.'u__'ll_n._ which were digiractrs |1Jr|I\'||1u1I|\-
had to e @ mowse to Select the stimuli. A rw Score was

calculated for @

ch st based on the duration a participant
took to ihentify commoctly the obpects presemted af an securscy

level of

Mini-mental state examination (MMSE)
[he MIMEE™ wis psed 16 pisess ;'_'l_'l'll,'TiI| copmitrve function
It 1= & screening tool tor cogoitive impurment and scores
range fromm O to 30 with higher acores indicating better cogni-
tive Nmetion. The inclusion crberion was a score =24 on the
MMBEE. which indicatis normal cogmitive fumction.

Driving patterns and self-regulation
Self-reported driving measures

A rescarcher-admmsiered questiomaire collected general
information shout participamts” socio-demographic charic-
[erist i-c::\. dmf '\-L:|.'-||.'|:-s'-| ted measures of driv 1] 1553 1'.1rr|:."|1\. anil
selF-repulation were collected nsng the DHCE™ This ques-

tinnaire has been previoasly validatad among a population

af older drivers with bilater taract in Western Australia.®
Information collected meluded parbcipants” drivimg expo-
sure, dnving difficulty end avordance, doving dependence
amd prrevious erashes. The doiving dilficuliy and avohidance
part of the questionmaine was used to collect mformition

shout paricipants” scif-regulation pr

iecs n 8 specific

sthuations: “driving in the mn”, “dnving alone”, “paralic]
parking”, “tuming ncross oncomuing iratfe”, “driving on
highways/frcowsys”, “onheavy traffic roads”, “in peak how
traffic™ and “at II-I;T'III e

Only 4 of
self-reported DHO) conld be directly comparcd with the

these dnving situations obtuined from the

information obtmnad from the in=velcle menitonng device

These 4 sttuations were wied to clussify parhicipants us erther

Figparw 1 The unsful licld of v 1mid. witich moluday amauing proceaing ypeed (A}, Snded sionion {B) sl wiechw aitenton (O
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Figure 1 In-vehicle driver monitoring device.

self-regulating or non-self-regulating their driving in each
of the driving situations. These situations included “driving
on highways/freeways”, “on heavy traffic roads™, “in peak

hour traffic™ and “at night time”,

Naturalistic driving measures
All participants were provided with an in-vehicle monitoring
device (Geotab GOG™, Oakville. Canada). (Figure 2).
Participants were asked to use it for a period of 7 days and
to drive as they normally would. They were also instructed
to only use it when they were the driver of the vehicle and
were asked to move the device from one vehicle to another
when using multiple vehicles or remove it if they were not the
driver of the vehicle for that specific trip. The devices were
manually conneeted to the On Board Diagnostic 11 port for

vehicles manufactured from 2006 or the cigarette lighter for
vehicles manufactured prior to 2006 (Figure 3). Participants
were also provided with a travel diary that they were asked
to complete after cach trip. The following information was
collected: date. start and finish time of a trip, kilometers
traveled, age and position of the passengers (whether they
sat in the front seat or the back passenger seat), make, model
and year of the vehicle driven, and purpose of the trip. The
diary was also used to validate that they had been the driver
of the motor vehicle.

Participants were instructed to return the travel diary
and the in-vchicle monitoring device at the end of the
7-day period in a pre-paid envelope. Participants were then
interviewed to verify that there were no issucs while using
the device and that they were the only driver of the vehicle
while using the device. The data from the devices was then
read by Fleet management Software (MyGeotab, Oakville,
Canada) and uploaded by the researchers to a secure server
at the University. The data was cleaned in order to exclude
trips made from the University, as they were not part of the
participants” typical driving behavior, Trips that lasted fewer
than 10 seconds or 200 meters were also excluded in order
to avoid “false trips”™. The devices collected a variety of time
stamped second-by-second GPS data, such as date of travel,
location, type of roads used, start/stop times of trips, and dis-
tance traveled. Night time was defined as the period between
sunsct and sunrise. Peak hour was defined as driving between
6 and Y am or between 4 and 7 pm, Monday to Friday. Each
of the routes driven by participants were represented on an
interactive map provided by Geotab, which identified whether
participants drove on highways/frecways and/or heavy traffic
roads. Heavy traffic roads were defined as roads where there
were =>4,000 vehicles per day per lane™ (Figure 4).

Figure 3 In-vehicle driver monitoring device inserted either into the On Board Diagnostic || (OBD Il) port of the vehicle (A) or the cigarette lighter (B).

subsmie yousr manucript
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Classification criteria for driver
self-regulation

Each of the 4 challenging dnving sitoations obtamed from
the DHC and sthe in-vehicle monitoring deviees were exam-
mned separately. For example: if a participant responded thin
thiey had not driven during peak hour insffic in the DHO and
this was confiemed by the data obtiined from the in-vehicle
momtoring device, then the participant was classificd & a
self-regulator for peak hour driving. Otherwise. they were
considered to bo a non-self-regutator for peak hour driving,
This game precedure was undertaken for all 4 challenging
driving situations. Finally, all 4 driving sinations were
exmmmingd for each pamicipant. Pamicipants were classified
s i self-pegeilntor i they hid seliregulped their drving on
ut least | of the challenging dnving sitsations.

Statistical analysis

Diescriptive statistics were used to sammarize the socio-
demographic, visual ehirsctenstics and driving patterns
of the cohort. Independent sample r-ests and chi-squared
tests were initially weed o compare the 2 groups. Cohen'’s
kappa coefhcient was used to measure the relative agreement
between the information obtwined from the self-reported
DHC) and the in-vehicle moniionng deviees. A multivariate
logistic regresseon fodel was then undertaken to anilyee
the ussociation between driver self-regpulution status and
tho 3 obyective measures of vision | ingcular visual scoity,

binculor contrast scnsivity and stereogsisi. The main
ougcome of interest was drver sell-regulation status (did not
drive in 1 or more driving situations duee i vision: yesor no),
Th 2 abjective meisures of vision | binoscular visual scoity,
banocular contrast sensibvity ad stercopsss ) were entered a8
cxplanatory varizbles i the model. as well as age, gender,
rmierivl starus, comarbichities, and the scones obmined from the
MMEE. These varables were closen as they hive shewn io
b associated with driver self-regulation in the literature. "'
Ohitly the divided snention subtest was eatered m the model
s an explanatory varable due o multicollineanty among
the 3 subtests of the UFOV. ™ This subtcst was selocted ax
it was the strongest prodictor of crash involvement among
ull subtests of the UFOY in previous research,” The 3 mea-
sores of vision, the MMSE scores and the divided attenuon
sulbdest were entered s contimious viriables, Gender and
miurrtal status (singlede-facto o marmed) were entered a8
categorical variables in the model. All stetistical onalvses
were performed with TBM SPSS Sunsacs 22.0 (SPSS Inc.,
Chicago, 1L, USA)

Results

The final sumple consisted of 96 participents. Fifteen of the
111 participants were axeladed from the analysis due @ poor
data imtegrty from the w-vehicle momitorng devies cased
by fuulty cigarette lighters and the loss of e monitonng
devices, There wis no sagmificant difference berween those

Chnical bnterwentions in Aging 20 712
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who undertook the in-vehicle monitoring and those who
did not in tenms of age (p=ll.43), pender {p={),T7}, conirast
senzativity (pel, T4, visual acwity (p=(0.65) and stercopsis
(p=l62 L

Tahle | compares the characieristics of the drvers classi-
fied as sel f-regulators {n=24, 40,6% and non-self-regulators
(=57, 30.40%). Self-regulstars wese older than non-self-
regulitors with nn average age of 75.7 years(SD =% 9 and
1.5 wears (SIy =82}, respectively (p-<0,08), There were
no significant differences between the 2 groups for any
oibver socic-demepraphy charactesistics. Fifty-six percen
of self-regulators and 42,1% of non-self-regulitors were
ferale. For self-regulators, 46,20 were mauviedde-facto and

Table | Charactenstics of clder drivers with bilateral cxiaract by
sell- regulstian status (re=96)

4E. 7% did not live elone and for non-self-reguiators, 64.9%
were mried! de-feeto and did not live alose, Inaddinon, the
majorisy of seli-regulators ( 51.3%) and non-self-regulntors
(66, 7% ) had completed higher education, Self-regulators
were alse very similar to nog-self-regulotors in terms
of years of driving experience (51.7 years [SI} =13.4]
ad 51,1 yeags [SD =8.1], respectivalyl, MMSE scores
(295 [5D =2.00] and 27.6 | S[» =2.2], respectively), number
of co-morbadities (5.1 |50 =3.0] and 5.6 {80 =2 8|, respec-
tivelyy, and number of medications taken (3.7 [S8D =3.2]
and 3.2 [SD =2.8], respectively). Co-morbidities meluded
respiratory, musculoskeletal, endocrine and circulatory
conditions, While selfregulatorg seored woese than noa-
sl frepulintors on the divicked attention subtest of the UFOV
(1234 [SD=151.3) and 746.6 | S0 =98_2]. respectively). this
differance was aot signiflcant,

Aceording to the information obtamed from the m-vehicle

Characterivtics Sell- Maon-self- frunbus
regulators regulators manitering devices, participanis who were classified as
(=39 (=57 sel fregulntors drove fewer days, less kilometers and rade
xﬂ’:r“:::?’ i Nt (2 Fewer Trips s week than non-gelf-regulitons {p=0,0011, The
Fatbia 12 (54411 24 (4211 ot duration of trips and the maximum excursion madivs from
Male I7 (43.5%) 11 (5759 hame Tor the non-sell-regulators were also longer than for
Marvual seatus, o {%) ﬁ the sel-regulitors (p-=0,000) ( Table 1)
Ergtalumparated’ N [EE5) 10 [F509) Bl - § . 2
L . MMswhcuacc?a?ﬁadasmlfqtglmmmwum
D Gcankibiied I 415} 7 (e rinvocular eontiast sensitivity seofes, seciing approximataly
Living arvangemants. n (%} 2 letters lessthan drivers whe were classified a2 non-sell-
Alony 20 {3128) 8 (3509) L e repulators (po(0.05), There wers no significant differences
Mot alogne IR 487T) I7 (el ihe? y roft sl that
Level of cdkcasion 5 (%) bctwnml : groaps inany of the other vi RS &5
Primary &r sscondiry 19 (AT i @333} ale inciuded visual acuiry and stereopsis ( Table 25
et Crverall, 11 3% of participantsine=1 | jdid notmeet Avstraizan
PR Ao il A E el visiml seuity standasds foe deiving. Thess 11 participants
l‘;l-hirg_ﬂpmul SYET (14NN S1.04 (R15) e d s g han 612 10 I ARy wh
{mien), e 45000 b & visual acuty poorcer than 6712 (030 kegMAR) when
Mumber of comorbiditer. 513 (1.%8) Sl {175} a4l
ko Table 2 Visual characterstics of oider drivers with bilateral
Mumber of medicstlare 371 (3.37) 3,24 (1B} 048 cataract by selfeepistian-statis (v=35)
tafenn, mean {50
Corities fanciicn WALIES W6l (L&) 048 Visual tests  Self- Haon-self- prvahues
TMMEEL mnean (50 rugul & g .
LEOY, maean (50} {39y {n-87)
Proceweng speed () J0USE (39420 193% (40319} ol Muan 5D Muan 5D
Divided arpervtion (ms)  CER44 (I51.25) Taé4 (S04} Q0% Wisual acuity {logHaR)
Seectve mumngsn ma)  PROBL (FIF9E) | T440 (10044) 0% Hetter aye afs ot e o4 0,92
vornl driving per woek, mmn (S0 Worseys 045 03 o4l 1 ¥
Mumiber of trips T (9.78) 53 (RLED) CO0l* Binoouar als GG B4 014 078
Kilomeers traveled SOSE(SR00)  603% [WA26)  <OU0I®  Lag cantesn semitvhy
Mumber of daya driven TIG{L1E) S5 1.50) ST Betier eye 154 k15 1.5% 0.8 012
Dirtvirg duration POTI(IOTAE)  ISLOS (13AA0) <0001 Worst eye 130 0.3% 141 .30 013
ey Bipoedne 181 (TS I &8 1,40 0.03*
Maximum excarsan 735(7.34) FBES (1220} <00GI*  Seerccpsh (log secands of are)
racivi from homa (km| Biroouar 4T 078 111 67 10
INote: “Sigitficars 20 <0 04 Plote; Sapefcant o 5 <0 04,
Abbrowiationss MMIL minknercd seoe seamnaonn LPDY, uxeful fleld of viesy. ; lsg Ing - leghal. fogarithm af the aghs of rao b
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Dirvor geld-requbisan pracoces among older drivers with cnarsa

measured with sach eye olone and with both gyes iogether
{with the nid of spectacles of lemses ifneeded ), More specifi-
cnlly; among the 39 participants classifiet asselF-repulmors,
15.4% of participents did nol meet Australian visual acaty
stancards for drving (n=). However, among the 57 alder
drivers classified ag non-sell-regulatirs, 5.8% of participants
=5} did not meel Avstralian visual acuty standards for
driving.

Fomty-tite perceit ol the cohor (n=39] were classifled
sel Frepulators since they self-regulated ther drivig om ot
least one of the four challenging driving situations as con-
firrmed by the DHG) and drver monitaring device. For each of
the four situations specifically, 31.31% (n=30) of parficipants
self-repulated (their drving of night, 10.2% (n=]1( did not
chrive in peak b traffie, %,4% (n=) didd mot deive on heavy
trafbic rosads, and 8,10 (o= yavoided reewsyhighway driv-
g, Crverall, 15,00 (=24 pof participants sel Fregulated their
driving on 1 challenging driving sitetion only, 12.5% (r=l2]
on d deiving situntions, 1.0% (=1} on 3 driving situations,
and 2,084 [m=d) sell-regulated on all 4 dnving situations.

When comparimg the agreement between the DEC self
reported infonmeationand the insvehich monionng device data
foreach afthe chatlenging driving siuations there was mir-
mal agreenvent for penk hour driving {Kappa 0017, =008,
driving on the freewdiyhighway (Kappa 007, U=0L30), and
driving on hesvy traffic rosds [ Kappa 0,13, ps), 36} How-
ever, for mght time driving, there was agreement between
the sell-reporied DHO and the in-vehicle monitoring device
(Kappa 030, p=0.001).

Multivar iate analysis

Table 3 presents the results of the muoltivariate logistic
regression model amfyzing the association between visual
measures and self-repulation status. The model explainsd
30.90% of the varianoe {87, After comtrolimg for potental
confounding Gsctors, enly binocular contrast sensitivity
(=00 ), age (p=i ) sl gender (p=0,003} were §ignifi-
caitly associstod with driver sell-regulation satus. The adds
of participams with better conirast sensitivity scores { better
wision) seli-regulaling their driving m at leust | driving situ-
ation decreased {odds ratio [OR]: 0,00, 2385 CL 0.00-0.28)
while these of inereasing age reported an increased
ocids of self=regulating thear driving (COR: 108, #3% CL
1L0E-1.15). The odds of males self-regulating their driving
was deereised compared with females (OB 0,28, 95% CI:
Q09-0,86), Mesther binoculor visual acuity (p=0.270], nor
stereopsis =, 135 were significantly sssociated with self-
regulation slates,

Table I Repdes of malvvanioe logatie represdon model for
driver celf-regulation sttus [n=96)

Warmhbs Adjusted Standard $5ECH pownbus
addu wrrar
rutle
Ape {years) |08 003 [ L Y
Gender; mate 038 055 G0 0B6 Q"
Murizal atatus, du 248 0. RI7 136 QT
Tictalmiried
Mumber of comsorbiduier  O.87 now [ B I B W e
Binooular wisusl aodcy &5 14 Gl 448 Q3¥
{legMAR
Binocuiar conirast gl (5] 600 O Qe
senpanwity {log unitsh
Mermopis flog weands |59 035 BES 235 Qul4
afarg)
Cognitive Trction I.14 0.r4 QA7 150 033
| MMSE scere)
LG divided sueaien 100 oo L.og 1ar oS50
soore jmai
Fote: Sigrifrans g -00d
Abbravisthnng: oy, gt g R aguethe of e e

FMSE mink-sinsits) ftses asivniinationt UFON, naehul Nele of vie,

Discussion

This is one ofthe first shadies to specificully exammine whether
older drivers with catarnet self-regulate their driving while
wiglictg for Nins eye surgery using o combimnation of ratiral is-
T cbriving data and sel freported mformitson from the IHG.
The study fousd that 40,608 of participanis were clagsified
as sclf-regulating their driving prior to first eye cataract
surgery inoat least 1 challenging drving situation, This 1=
eonsistent wilh Fraser el al™ who found that 47.5% of older
drivers with bilsternl cataract waiting for eataract surpery
in Western Australia were also classified as self-regubators.
‘While that stucy also used the DHQ) and & comparable defing-
tien of selfregulation. it refied on sel~reported information
only to psdess self-regulation practices. which may be subject
tovreal] and socinl desirability bias.

Our stoedy also Foumed that okder drivers aged 55+ years
with worse binocilir comirast sersitivity seores were mone
Likely to self-regulate teels driving thean these wio had bettes
codiirast sensitivity scores. This finding 18 consistent with
previous research pmong eataract patients, which found
theat there was a signifleant difference moworse eve contrast
sensitvaly seores between sel fregulators and non-self-
regulators.'” Similarly, other studses arnong the general
popalation of older drivers, also found an association
betwesn contras! sensitivity impaimment and self-regulation
practices,'s® Contrast sensitivity 15 mponant for driving ss
iy objects on the rond are represented in low contrast™
and eciibrast sensiavely s fregquently impaired among people
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with eataract." Mo significant associntion between visual acu-
ity mnel driver self~regulation was found, which is consistent
with previous research,” This is of importance formoad safety
pelicy makers and feensing siahontes who mainly rely on
Ll acnity for assessing fitress to deive, despte the sig.
nifieanes of contrast senaitivity beang lighlighted ina lasge
body of reaearch, 40 Ag the population 18 aging,' these
will bean ncreased mmber of okder drivers on the roads: 1t is
therefore o priority 1o imwvestigate how licensmg authorities
eoruiled bervefit (rom uaing additiona ] measures of vigion, such
A8 contrast sensitivity tests to dimyrove road safedy.

In this stucy, the likelihood of self-regulating was asso-
vinted with mereasing age. This is consisent with previoos
research using self-report methods, which showed thot older
age was associated with driving bess kilometers, ' This may
b dee o lower mobility, (ralty, poor health® and lower
lewels of funcuon™ associated with aging,

Females werg also more likely to self-regulate their
driving than maies, which & consistent with previous
tesearch, 5% This may beexplained by the fact that men
repet more eomfidence i their driving abilities, fid dewving
rcre enjoyaite and importa fothem® and have kssdriving
difficalties than wormen.

A strength of the study was the large sanple size (n=20)
cormpared with similir sudies™ > s well as the use of a
eombination of reharalitic and self-reported data in order
1o galn an accurate petige of drover self-regulation due to
catarnet. Maturalistic driving data provide valid information
on driving outcomes,® whichi can be of higher quality and
accwrscy than sel-reported dato. ' For example, ¥ participams
did ot drive at all in amy of the challenging driving sdua-
tions according 1o the naturalisiie dwts, bt the sel Creported
dntp revezled that only 3 people reported that they were
delibarazely self-regulating moall driving smetions, I was
also ot possible to determine, using raturalstic data alone,
whather participanls deliberately self-regulated their driving
i@ particular sitsteon or ey simply bve no need of desire
o dive. While paturalstic mformation may be superion fo
sbl-report in tenre of objective measurement of varables
such as drving exposure, it dess not provide sontextual
information about the driving siuation itgelf, This study
demonsirated that to betler understand the context of driver
self-regulation. thers may be o role for self-report infomma-
ton, particilarly when used m conjunction with objective
rathrnlstic dota.

There were limitations 1o this shudy. Participants con-
sisted of a convenience sample who volunteered for the
study. In addition, it 15 possible that some pactivipants with
posorer vision did nol wish to take part i the gtudy, learing

that their drivers license might be suspended, The definition
of “self-regulator™ i this study was based on onby 4 chal-
tengang driving situntions in the DEC) as il was not possible
b0 determine whetler participants avoided siustions such
a5 driving alone or in the rain from the namralisne data.
Therefure, the resubts of the study may have undevestimated
the true number of people who selfregulate their driving
while waiting for first eye cataract suEgery. Future research
should inelude o wider tange of challenging siuations
that ase kiowis to be problematic foe olde drvers such =
intersections™ and long-distance driving® which can be
obtaimned from in-vehicle monktoring devices, Funthermeore,
participants” driving exposure wos messured over o period
of 7 days, which might not be representative of ther ususl
dnving patterns, due fospecilic cireumstances such as health
wssues o environmentiel conditions such us the wenther,”
However, other naturalstic sudies have sed & T-day time
period, which is the same gs our study, 4

Crverall, this study highlighted that 4008% of bikstaral
cataract patients awailing calaract surgery selfregulaied
thewr doving in a1 least 1 challenging driving sitiation ansd
that this self-regulation was associated with poorér visin
|eontrast sensitivityl. While this = promising. nearly 10%
of those whi did not meet the minimum visesl standasds
for driving in Western Australis; did not self-repulate their
driving. This suggests that while self-regulation is common
armoeg catnenct patients, & propestion with pocs vigson de not
el fregulate. Therefore, promaoting the use of self-regulation
strategies could be & way to enhancs road safety among older
drivers while they are waiting for cataract surgery.

Conclusion

This study found that worse binocules comrast sensitivity
srores, increasing age and bemg female were sigraficantly
sasockated with drvver sel Fregulation among bikabera] cataraet
patients swaiting first eve wrpery. L also highfighted tha
whibe driver sell-regulation was commeon, o proportion of
those wish poor wigaon diel not selfregulate, Further research
should determime how cataract patients could benetit from
edueational intervention programa promoting the use of self-
regulation strategees while waiting for cataract surgery.
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Chapter 8 Publication 5

First and second eye cataract surgery and driver self-regulation among older

drivers with bilateral cataract: a prospective cohort study
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ABSTRACT

Background: Driving a car is the most common form of transport among the older
population. Common medical conditions such as cataract, increase with age and
impact on the ability to drive. To compensate for visual decline, some cataract patients
may self-regulate their driving while waiting for cataract surgery. However, little is
known about the self-regulation practices of older drivers throughout the cataract
surgery process. The aim of this study is to assess the impact of first and second eye
cataract surgery on driver self-regulation practices, and to determine which objective

measures of vision are associated with driver self-regulation.

Methods: Fifty-five older drivers with bilateral cataract aged 55+ years were assessed
using the self-reported Driving Habits Questionnaire, the Mini-Mental State
Examination and three objective visual measures in the month before cataract surgery,
at least one to three months after first eye cataract surgery and at least one month after
second eye cataract surgery. Participants’ natural driving behaviour in four driving
situations was also examined for one week using an in-vehicle monitoring device. Two
separate Generalised Estimating Equation logistic models were undertaken to assess
the impact of first and second eye cataract surgery on driver-self-regulation status and
which changes in visual measures were associated with driver self-regulation status.
Results: The odds of being a self-regulator in at least one driving situation
significantly decreased by 70% after first eye cataract surgery (OR: 0.3, 95% CI: 0.1 -
0.7) and by 90% after second eye surgery (OR: 0.1, 95% CI: 0.1 - 0.4), compared to
before first eye surgery. Improvement in contrast sensitivity after cataract surgery was
significantly associated with decreased odds of self-regulation (OR: 0.02, 95% CI:
0.01 - 0.4).

Conclusions: The findings provide a strong rationale for providing timely first and
second eye cataract surgery for older drivers with bilateral cataract, in order to improve

their mobility and independence.

Key words: older drivers, bilateral cataract, cataract surgery, self-regulation, contrast

sensitivity

129



BACKGROUND

Globally, driving a car is the most common form of transport among the older
population in developed countries [1,2] and plays an important role in their lifestyle
[3]. Driving cessation has been associated with poorer physical, social and cognitive
function as well as depression [4]. As adults are living longer and healthier lives [5]
the number of older drivers on the roads will increase, which will have a significant

impact on-road safety [6].

Cataract is a common medical condition which increases with age and impacts on the
ability to drive, increasing crash risk as well as driving difficulties [7,8,9]. To
compensate for visual decline, previous research has found that some patients with
cataract may self-regulate their driving while waiting for cataract surgery [10,11]. Self-
regulation refers to an older driver adjusting their driving in response to a perceived
deterioration in their health, cognitive or functional abilities [12] which may result in

a reduction in their driving or avoidance of specific driving situations [12,13].

Surgery is a highly effective treatment for cataract. However bilateral cataract surgery
is usually performed one eye at a time to avoid complications, such as endophthalmitis
[14]. This means patients may be driving during the period between first and second
eye surgery. To date, there is limited information about the impact of cataract surgery
on driver self-regulation practices, specifically the separate effects of first and second
eye surgery for bilateral cataract patients. While it is likely that first eye cataract
surgery reduces the need for driver self-regulation it is unknown whether second eye
surgery provides any additional benefits. As well, previous research has suggested that
poor contrast sensitivity is strongly associated with driver self-regulation among the
general older population [15,16,17,18,19]. It would therefore be useful to determine
whether improvement in contrast sensitivity or other visual measures after first and

second eye cataract surgery is associated with a reduction in driver self-regulation.

Naturalistic driving studies using in-vehicle monitoring devices can provide objective
and accurate measures of driver self-regulation practices [20] and are able to capture
participants’ real life driving behaviour. A growing body of evidence comparing self-
reported driving behaviour and naturalistic driving data has found that older drivers

often misjudge their kilometres travelled, days driven per week as well as frequency
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of driving in challenging situations such as at night, in bad weather, in peak hour traffic
and on highways [20,21]. Therefore it is recommended that these devices be used to
monitor driving outcomes rather than self-reported questionnaires alone [22]. To date,
no study has used naturalistic driving data to examine changes in driver self-regulation

behaviour throughout the cataract surgery process.

Therefore, the aim of this study is to assess the separate impact of first and second eye
cataract surgery on driver self-regulation status, for bilateral cataract patients. A
secondary aim of the study is to determine which changes in objective measures of
vision are associated with changes in driver self-regulation status throughout the

cataract surgery process.

METHODS

Study Design

A longitudinal prospective cohort study of older drivers with bilateral cataract was
undertaken as part of the larger Cataract Extraction Driving Ability Research Study
(CEDAR Study) [23]. A convenience sample of eligible participants were recruited
consecutively from three public hospitals in Western Australia through two methods:
direct invitation from ophthalmologists during their visit to the eye clinic or invitation
letter from the researcher. From 290 eligible patients invited to take part in the study,

111 participated (38%) and 55 of these completed all three assessments.

Eligibility criteria

The inclusion criteria were: a diagnosis of bilateral cataract; aged 55+ years; a current
Western Australian driver’s licence; and driving at least twice a week. Exclusion
criteria for participants were: a diagnosis of any significant eye conditions such as
macular degeneration, glaucoma or diabetic retinopathy; a diagnosis of dementia,
Alzheimer’s or Parkinson’s disease; wheelchair-bound; did not speak English or had

previous cataract surgery.
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Data collection

Eligible participants were recruited between December 2014 and February 2017.
Information was collected at three time points for the participants: in the month before
first eye surgery, at least one to three months after first eye surgery and at least one
month after second eye surgery. Participants received a Participant Information Sheet
and provided written informed consent before any data were collected, following the
tenets of the Declaration of Helsinki. Ethics approval was obtained from the Curtin
University Human Research Ethics Committee (Curtin University HR 29/2014), the
Royal Perth Hospital Human Research Ethics Committee (Royal Perth #14-033), the
South Metropolitan Health Service Human Research Ethics Committee (Fremantle
Hospital #14-033), and the Sir Charles Gairdner Group Human Research Ethics
Committee (Sir Charles Gairdner Hospital #2014-113).

Questionnaires

Participants’ demographic characteristics were collected. As well, the Driving Habits
Questionnaire (DHQ) [10] collected information on participants’ self-reported driving
patterns, exposure and self-regulation practices in eight driving situations at the three
assessments. The DHQ has been previously validated for use among a population of

older drivers with bilateral cataract in Western Australia [24].

Mini-Mental State Examination (MMSE)
General cognitive function was assessed using the Mini-Mental State Examination
(MMSE) at the three assessments [25]. The inclusion criterion stipulated a score of at

least 24 indicating normal cognitive function.

Objective visual measures

Visual acuity, contrast sensitivity and stereopsis were assessed at the three time points
by the researcher under the guidance of an ophthalmologist. A standardised protocol
was followed under constant conditions and luminance. Participants wore their
habitual corrective lenses or glasses used for driving for visual testing. Monocular and
binocular visual acuity were measured at a distance of three metres using an Early
Treatment Diabetic Retinopathy Study (ETDRS) acuity chart [26]. Letter by letter
scoring was used and scores were converted to the logarithm of the minimum angle

resolution (logMAR). Monocular and binocular contrast sensitivity were measured at
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50 centimetres using the Mars Letter Contrast Sensitivity Test [27]. Scores were
expressed as log units and participants were encouraged to guess the letters if
hesitating, as directed by the protocol. Stereopsis was measured using the Titmus Fly

Stereotest (Good-Lite Co., Inc.), measuring disparity from 4800 to 20 seconds of arc.

In-vehicle monitoring device

A Geotab G06™ in-vehicle monitoring device with GPS log receiver was provided to
the participants at the three assessments to record their naturalistic driving patterns for
a period of seven days. The devices were connected either to the cigarette lighter for
vehicles manufactured before 2006 or the On Board Diagnostic II (OBD II) port for
vehicles manufactured after January 2006. The device can be easily inserted and
removed and this was demonstrated to the participants. They were asked to disconnect
the device if someone else drove the vehicle and move the device to any other vehicle
they drove during the study period. Participants were also provided with a travel diary
which was used to validate whether the participant was the driver of the vehicle for
each trip. They were instructed to fill in the diary as soon as possible after the
completion of each trip so their recall was accurate. Information collected included the
type of vehicle driven, the number, age and position of passengers, purpose of the trip,
date, start and finish time, odometer readings, trip duration and distance travelled. If
they were unable to or forgot to disconnect the device when another person drove the
vehicle, they were also asked to record this in the travel diary. After returning the
device, each participant was interviewed to clarify any data issues, check their use of
multiple vehicles and confirm whether there had been any other drivers of the vehicle

while the device was connected.

The objective data obtained from the in-vehicle monitoring device included driving
exposure, time and date of travel, speed, type of road and location. Night time driving
was defined as the period between sunset and sunrise as obtained from the Australian
Government Bureau of Meteorology website [28]; peak hour driving was from six to
nine am and/or four to seven pm from Monday to Friday. Roads where there were
more than 4000 vehicles per day per lane were defined as “heavy traffic roads™ [29].
This information was obtained from Main Roads WA which is the State Government

agency responsible for the road network in WA. To determine whether participants
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drove on highways/freeways, the researcher examined an interactive map provided by

Geotab© which detailed each trip made by the participant.

Classification criteria for driver self-regulation practices

Four driving situations were obtained from the self-reported DHQ which could be
directly compared to the information obtained from the in-vehicle monitoring device.
These four situations were used to classify participants as either self-regulating or non-
self-regulating their driving in each situation. These situations included “driving on
highways/freeways”, “on heavy traffic roads”, “in peak hour traffic”, and “night time
driving”. Initially, each of the four driving situations were examined separately to
determine if participants’ self-regulated their driving in that situation. For example,
participants were considered to have self-regulated their driving if they responded that
they had not driven at night time based on information from the DHQ and the data
from the in-vehicle monitoring device confirmed the same behaviour. Then all four
driving situations were examined together and participants were classified as a “self-

regulator” if they self-regulated their driving behaviour in at least one of the four

driving situations. Otherwise, they were considered to be a “non self-regulator”.

Statistical analysis

Descriptive statistics were used to describe the characteristics of the cohort. Repeated
measures of analysis of variance (ANOVA) were used to assess the changes in the
objective measures of vision. Cochran’s Q Tests were used to analyse the changes in

driver self-regulation status in the four driving situations.

The outcome of interest was driver self-regulation status (self-regulator/ non self-
regulator). Two separate Generalised Estimating Equation (GEE) logistic models were
undertaken. The GEE method is suitable for longitudinal or repeated measures study
designs where observations within each participant are not independent [30]. GEEs
permit specification of a certain working correlation matrix that accounts for this
within-subject correlation, thus providing more robust regression coefficients. The
first GEE logistic model analysed whether there was a significant change in self-
regulation status after first and second eye cataract surgery, while controlling for
potential confounding factors. The visual measures were not included in this model

because vision changed as a result of the surgery.
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The second model was undertaken to examine which changes in the three visual
measures were associated with changes in driver self-regulation status. Potential
confounding factors such as cognitive status (MMSE score), age group (55-64/ 65-74/
75+ years), gender (female/male), marital status (single/ married or de facto),
retirement status (not retired/ retired), and the number of comorbidities were entered

in both models. All statistical analyses were performed using STATA 15®.

RESULTS

Fifty-five participants completed all three assessments resulting in 165 observations.
Table 1 presents the baseline demographic characteristics of the cohort before first eye
cataract surgery. Participants’ mean age was 73.3 years (SD =7.8) with 43.6% aged 75
years or older. The majority of participants were female (54.5%), married or in a de
facto relationship (61.8%), had completed a higher education degree (58.2%), lived
with another person (54.5%) and were retired (76.4%). The mean score of 27.6
(SD=2.2) on the MMSE indicated normal cognitive function. Participants also
reported an average of 5.3 medical conditions (SD=2.5) and an average of 50.9 years

(SD=9.5) driving experience at baseline.

135



cataract (n=55)

Table 1. Baseline demographic characteristics of older drivers with bilateral

Variable n (%)
Age: mean (SD) 73.3 (7.8)
Age group (years)

55-64 10 (18.2%)
65-74 21 (38.2%)
75+ 24 (43.6%)
Country of birth

Australia 21 (38.2%)
Not Australia 34 (61.8%)
Gender

Female 30 (54.5%)
Male 25 (45.5%)

Marital status
Single/separated/divorced/widowed
De facto/married
Retirement status

Not retired

Retired

Living arrangements

Alone

Not alone

Level of education:

Primary or Secondary School

21 (38.2%)
34 (61.8%)

13 (23.6%)
42 (76.4%)

25 (45.5%)
30 (54.5%)

23 (41.8%)

Higher Education 32 (58.2%)
Driving experience (years): mean (SD) 50.9 (9.5)
Number of comorbidities: mean (SD) 5.3(2.5)

MMSE score: mean (SD) 27.6 (2.2)

MMSE: Mini-Mental State Examination; SD= standard deviation

Participants’ visual characteristics are presented in Table 2.
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Table 2. Mean visual characteristics of older drivers before, after first and second

eye cataract surgery (n=55)

Variable Before After first eye After P value
surgery surgery second eye
Mean (SD) surgery
Mean (SD) Mean (SD)
Visual acuity (logMAR)
Better eye 0.18 (0.15) 0.10 (0.22) -0.00 (0.19)  <0.001
Worse eye 0.39 (0.24) 0.36 (0.26) 0.11(0.19)  <0.001
Binocular 0.15 (0.15) 0.08 (0.21) -0.02 (0.19)  <0.001
Log contrast sensitivity
(log units)®
Better eye 1.57 (0.14) 1.62 (0.28) 1.68 (0.11)  <0.001
Worse eye 1.41 (0.29) 1.47 (0.27) 1.61(0.13)  <0.001
Binocular 1.64 (0.14) 1.67 (0.25) 1.75(0.08)  <0.001
Stereopsis (log seconds
of arc) ¢
Binocular 2.14 (0.64) 2.31(0.72) 1.96 (0.60) 0.002

 Lower scores represent better vision * Higher scores represent better vision log=
logarithm; logMAR= logarithm of the Minimal Angle of Resolution, SD= standard
deviation

Mean binocular visual acuity significantly improved from 0.15 logMAR (SD=0.15) at
baseline, to 0.08 logMAR (SD=0.21) after first eye surgery and -0.02 logMAR
(SD=0.19) after second eye surgery (p<0.001).

Binocular contrast sensitivity significantly improved (p<0.001) from 1.64 log units
(SD=0.14) before first eye cataract surgery, to 1.67 log units (SD=0.25) after first eye
cataract surgery and 1.75 log units (SD=0.08) after second eye cataract surgery.

A significant change (p=0.002) in stereopsis was found with stereopsis measuring 2.14
log seconds of arc (SD=0.64) at baseline; worsening to 2.31 log seconds of arc
(SD=0.72) after first eye cataract surgery and improving to 1.96 log seconds of arc

(SD=0.60) after second eye surgery.
Situations in which drivers self-regulated
Before first eye surgery, 47.3% of participants were classified as self-regulators in at

least one driving situation. This reduced to 29.1% after first eye surgery and 18.2%
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after second eye surgery. In terms of the specific driving situations avoided, before
first eye surgery, 12.5% of participants did not drive on heavy traffic roads, while only
8.3% and 2.1% did not drive in this situation after first and second eye cataract surgery
respectively, representing a significant change (p=0.020). Before first eye surgery,
37.0% of participants did not drive at night which decreased to 21.7% after first and
10.9% after second eye cataract surgery, which was significant (p=0.002). There was
no significant change in driver self-regulation status for driving during peak hour

traffic (p=0.100) and freeway/ highway driving (p=0.900).

Multivariate analysis

The results of the logistic Generalised Estimating Equation (GEE) model examining
changes in self-regulation status after first and second eye cataract surgery are
presented in Table 3. The odds of being a self-regulator in at least one driving situation
significantly decreased by 70% after first eye cataract surgery (OR: 0.3, 95% CI: 0.1 -
0.7) and by 90% after second eye surgery (OR: 0.1, 95% CI: 0.1 - 0.4), compared to
before first eye cataract surgery, after adjusting for potential confounders. The odds of
males self-regulating significantly decreased by 60% compared to females (OR: 0.4,
95% CI: 0.1 — 1.3). In addition, retired participants had 5.6 times the odds of self-
regulating, compared to those who were employed (OR: 5.6, 95% CI: 1.1 - 27.7).
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Table 3. GEE Logistic Model of the impact of first and second eye cataract

surgery on self-regulation status

Variable Odds Ratio 95% CI P value

Cataract surgery

Before first eye surgery 1.0

After first eye surgery 0.3 0.1-0.7 0.004
After second eye surgery 0.1 0.1-0.4 <0.001
Gender

Female 1.0

Male 0.4 0.1-1.3 0.122
Age group (years)

55-64 1.0

65-74 0.1 0.1-1.2 0.072
75+ 0.7 0.6-8.0 0.737
Marital status

Single 1.0

Married/de facto 0.3 0.1-1.2 0.096
Retirement status

Not retired 1.0

Retired 5.6 1.1-27.7 0.036
Number of comorbidities 1.1 09-14 0.257
MMSE score 1.0 09-1.2 0.803

CI= confidence interval; GEE= Generalised Estimating Equation; log= logarithm;
logMAR= logarithm of the Minimal Angle of Resolution; MMSE=Mini-Mental State
Examination; SD= standard deviation

The results of the logistic Generalised Estimating Equation (GEE) model examining
changes in the three objective measures of vision and driver self-regulation status are
presented in Table 4. Improvement in contrast sensitivity after cataract surgery was
significantly associated with decreased odds of self-regulating (OR: 0.02, 95% CI:
0.01 - 0.4). Again, males had significantly lower odds of being self-regulators (OR:
0.2: 95% CI: 0.04 - 1.0) and retired participants had significantly higher odds of being
self-regulators (OR: 10.1, 95% CI: 1.8 - 54.8).
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Table 4. GEE Logistic Model of change in visual measures and self-regulation

status among older drivers with bilateral cataract

Variable Odds Ratio 95% CI P value
Gender

Female 1.0

Male 0.2 0.04-1.0 0.045
Age group (years)

55-64 1.0

65-74 0.1 0.1-1.4 0.091
75+ 0.6 0.1-6.7 0.125
Marital status

Single 1.0

Married/de facto 0.6 0.2-2.6 0.523
Retirement status

Not retired 1.0

Retired 10.1 1.8-54.8 0.008
Number of comorbidities 1.2 0.9-1.5 0.174
MMSE score 1.0 0.8-1.3 0.882
Binocular visual acuity

(logMAR) 2.5 0.2-26.9 0.455
Binocular contrast sensitivity

(log units) 0.02 0.01-0.4 0.019
Stereopsis (log seconds of arc) 1.3 0.5-3.5 0.648

CI= confidence interval; GEE= Generalised Estimating Equation; log= logarithm;
logMAR= logarithm of the Minimal Angle of Resolution; MMSE=Mini-Mental State
Examination; SD= standard deviation

DISCUSSION

This is one of the first studies to use naturalistic driving information to assess the
impact of first and second eye cataract surgery on driver self-regulation practices
among a cohort of older drivers with bilateral cataract. We found a significant
reduction in driver self-regulation in at least one situation after both first and second
eye cataract surgery, compared to the month before first eye cataract surgery. The
study also found that changes in contrast sensitivity were associated with the reduction

in driver self-regulation after cataract surgery.

The results of our study are consistent with some of the limited existing research on
the impact of cataract surgery on driver self-regulation. A population based study from

Sweden found that 40% of all drivers increased their driving frequency after first eye
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or bilateral cataract surgery [31]. In addition, this study and a more recent prospective
study from Sweden reported that between 25% and 37% of all patients who ceased
driving before first eye cataract surgery started to drive after first eye or bilateral
surgery [31,32]. However, an earlier study from the USA, which followed cataract
patients over a period of 4 to 6 years, found that driving exposure (mileage) decreased
over time in a similar fashion for those who had cataract surgery and those who did
not [33]. It is therefore possible that decreased self-regulation observed in our study
was perhaps a “rebound” effect with increased driving and less self-regulation
occurring in the period immediately following surgery. Our study was unable to
address the longer term impact of cataract surgery on driver self-regulation and this

warrants further research.

Since previous studies combined participants who underwent only first, or both eye
surgeries in the analyses, they were unable to measure the specific effects of first and
second eye cataract surgery separately. Our study demonstrated that while first eye
surgery had a large impact on reducing the need for driver self-regulation among
bilateral cataract patients, second eye surgery also had a significant impact, reducing
the odds of driver self-regulation by a further 20% compared to baseline. This suggests

the importance of timely second eye cataract surgery for bilateral cataract patients.

Previous research also supports our findings on the association between contrast
sensitivity and driving outcomes. Contrast sensitivity has been associated with changes
in driving difficulty after first eye [24] and after second eye cataract surgery [34].
Among the general population, contrast sensitivity has also been associated with driver
self-regulation and cessation [15,16,18,19] as well as crash risk [35]. It should be noted
that our cohort had better baseline vision, including contrast sensitivity than in
previous studies examining the impact of cataract or cataract surgery on driving
difficulty and self-regulation [10,11,36,37]. Despite this, 47.3% of participants still
felt the need to self-regulate their driving due to their vision while waiting for first eye
surgery, representing a significant limitation for their mobility. In addition, the
relatively small improvement in binocular contrast sensitivity from baseline to after
second eye surgery was still associated with a significant reduction in driver self-
regulation. Although driver self-regulation is necessary and positive for road safety, it

nevertheless limits an older person’s mobility and independence in the community. It
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is well known that driving cessation can have a negative impact on their lifestyle [3],
but evidence suggests that self-regulation without cessation may also increase
depressive symptoms among the general older population [38] and cataract patients
specifically [11]. Therefore, our findings suggest that first and second eye cataract
surgery can have a significant positive impact on restoring the mobility of drivers with

bilateral cataract, even if their visual impairment is relatively mild.

The study also found that both first and second eye cataract surgery significantly
reduced driver self-regulation in two specific situations; driving at night and on heavy
traffic roads. A previous study also found that night time driving was the most common
situation avoided by older drivers awaiting first eye cataract surgery [11]. Previous
research also reported that 36% of older drivers with cataract had difficulty driving on
heavy traffic roads [10]. However, neither of these studies examined how self-
regulation status changed throughout the cataract surgery process and relied on the
DHQ questionnaire alone to assess driving difficulty, which might be subject to recall

and social desirability bias.

Lastly, this study found that male cataract patients were less likely to self-regulate their
driving than females and is consistent with previous research [39,40]. Retired drivers
were also more likely to self-regulate their driving possibly due to the fact they have
more flexibility to choose when and where they drive than those who are employed

[41].

The major strength of this study was the use of naturalistic objective driving data to
examine self-regulation practices and associated changes in objective visual measures
throughout the cataract surgery process. Naturalistic data provide valid information
and are more accurate than self-reported questionnaires, which are prone to social
desirability and recall biases [20]. However, there were several limitations.
Participants’ naturalistic driving behaviour was only measured for a period of one
week meaning this may not be representative of their overall driving patterns, although
this time frame is consistent with some previous research [21,42]. As well, the study
was only able to measure four difficult driving situations and further research should

include an extended range of driving situations which have been shown to be
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challenging among cataract patients such as driving in the rain and parallel parking

[11].

CONCLUSION

It is well known that driving provides older adults with mobility, independence and
enhances quality of life [3]. The current study found that even among a cohort of
cataract patients with better vision at baseline, a significant proportion self-regulated
or restricted their driving while awaiting surgery. First eye cataract surgery
significantly reduced driver self-regulation, with second eye surgery providing further
reductions. This study provides a strong rationale for providing timely first and second
eye cataract surgery for older drivers with bilateral cataract in order to improve their

mobility and independence.
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DISCUSSION




9.1

9.2

Chapter 9 Discussion

Overview

The overall aim of this study was to gain a better understanding of the impact of first
eye and second eye cataract surgery on naturalistic measured driver self-regulation
practices, and how changes in this outcome were associated with changes in objective
visual measures before and after first and second eye cataract surgery. Significant
improvements were found in vision and reduction in self-regulation practices after
both first and second eye cataract surgery. In addition, changes in self-regulation
practices after first and second eye cataract surgery were associated with changes in

contrast sensitivity but not visual acuity or stereopsis.

The study also examined the associations between naturalistic measures of driving
exposure, habits and adverse events and objective visual measures before first eye
cataract surgery, with contract sensitivity being the only objective measure of vision

significantly associated with the number of kilometres travelled.

Finally, the study also examined the agreement between self-reported travel diaries
and in-vehicle monitoring devices and found significant differences between both
measures in terms of number of trips, days driven, and trips duration, while no

significant differences were found in terms of kilometres travelled.

Comparison Between Self-Reported Travel Diaries and
Naturalistic Data Obtained from In-Vehicle Monitoring
Devices

The results of this study found there were significant differences between self-reported
and naturalistic driving data. Data collected by the travel diaries significantly
underestimated the number of overall trips and weekend trips, number of days driven,
and trips made during peak hours. This is consistent with previous research, which
found that data collected by travel diaries underestimated the number of trips made in
comparison to in-vehicle monitoring devices (Blanchard et al., 2010), with 7.4% of

trips found to be under-reported by participants (Stopher, FitzGerald, & Xu, 2007).
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The results also demonstrated that the duration of overall trips and weekend driving
were significantly overestimated in comparison to the data obtained by the in-vehicle
monitoring devices. This is similar to previous research which found that participants
overestimated the travel duration of their trips (Stopher et al., 2007). Even though our
participants were requested to fill in their travel diary after each trip, it is possible that
some participants might have completed it at a later date. They might also have
included the duration of their whole trip, even though they might not have been
driving. Participants may also have lacked the necessary judgement that would enable
them to provide accurate estimations. Lack of accuracy may also be the result of

fatigue after a long trip, memory impairment or recall bias (Marshall et al., 2007).

However, no significant differences were found between the two instruments in terms
of the numbers of kilometres travelled. This is consistent with previous research
conducted among older drivers from the general population, which found a very strong
correlation between travel diaries and in-vehicle monitoring devices without GPS
logger in terms of total distance travelled (Marshall et al., 2007). Similarly, other
studies that relied on self-reported questionnaires found strong correlations (Babulal
et al., 2016) or no overall significant differences between both measures (Porter et al.,
2015; Thompson et al., 2016). As our participants were required to report the odometer
reading of their vehicles in their travel diaries immediately, and not to give an
estimated of the total number of kilometres travelled, such results could have been
expected. However, previous studies that relied on self-reported questionnaires, and
therefore self-estimations, found that participants systematically underestimated the
total numbers of kilometres travelled (Molnar, et al., 2013a), while other studies found
that participants over-reported or under-reported the total number of kilometres
travelled on average (Blanchard et al., 2010; Huebner et al., 2006). Further research
should compare the differences in measurements obtained from both travel diaries and
self-reported questionnaires, and relate them to the data obtained by the in-vehicle

monitoring devices.

Additionally, approximately half of our participants (49%) had missing information in
their time entries. More than half of the missing entries were for kilometres travelled
(64%), and 68% for both time and kilometres travelled. Previous research found that

participants become fatigued when completing their travel diaries (Marshall et al.,
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2007), as participants consider self-reported measures to be less practical and
convenient to use than naturalistic data (Blanchard et al., 2010; Marshall et al., 2007).

This could have accounted for high rates of non-completion (Wolf et al., 2001).

The findings suggest that relying only on self-reported travel diaries to measure driving
outcomes may not be accurate, because they may be affected by recall, social
desirability bias and missing data. Naturalistic driving data is a more reliable source
of information than self-reported measures on their own, and may be less subject to
missing data caused by non-completion or fatigue. The results of this study are
consistent with previous research that found naturalistic driving data can surpass the
quality of self-reported measures (Wolf et al., 2001), and that self-reported measures
of driving outcomes may be unreliable or inaccurate (Blanchard et al., 2010; Crizzle
et al., 2013; Grengs et al., 2008; Huebner et al., 2006; Molnar et al., 2013a; Porter et
al., 2015). Using both self-reported and naturalistic driving data may enable
researchers to better understand the context of driving, such as the purpose of the trips
(Grengs et al., 2008); as such, the use of in-vehicle monitoring devices should be
encouraged, which is consistent with previous research (Blanchard et al., 2010; Myers

etal., 2011).

9.3 Driving Habits and Adverse Events in Older Drivers Before
First Eye Cataract Surgery Using Self-Reported and
Naturalistic Driving Data

The study found that 51% of participants self-reported that cataract did not affect their
driving. In addition, 81% preferred to drive themselves rather than being driven by
someone else, even though 11% of participants reported that they had been advised to
limit or stop their driving in the past year. In addition, a large proportion of our
participants (45%) drove during night time and peak hour traffic (78%), even though
these situations have been previously found to be challenging for cataract patients
(Owsley et al., 1999). These results suggest that some participants may not be aware
that cataract is affecting their driving, because almost half of the sample considered
themselves as “good drivers” and almost one quarter of participants rated themselves
as “excellent drivers”. Clinicians could therefore play an important prevention role in
ensuring that patients are provided with sufficient information about visual and driving

difficulties they may encounter while driving with cataract.
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With regard to adverse events, 11% of participants experienced at least one episode of
harsh braking during the seven days of data collection, before first eye cataract surgery,
as measured by the in-vehicle monitoring devices. Among this group, 91% of
participants recorded one harsh braking episode, while 9% experienced two episodes
of harsh braking. Previous research found that drivers who brake suddenly have higher
odds of being involved in a crash or near miss (Chevalier et al., 2017), such as rear end
crashes (Harb, Radwan, Yan, & Abdel-Aty, 2007). As previous studies found that
older drivers with cataract are 2.5 times more likely to be involved in an at-fault crash
risk than older drivers without cataract (Owsley et al., 1999, 2001), further research is
required to explore harsh braking events among older drivers with cataract over

extended periods of time.

9.4 The Impact of First and Second Eye Cataratc Surgery on
Objective Visual Measures and Driver Self-Regulation
Practices Using Naturalistic Driving Data

9.4.1 The impact of first and second eye cataract surgery on objective
visual measures

The study found that there were significant improvements in better eye, worse eye and
binocular visual acuity after first and second eye cataract surgery. Mean binocular
visual acuity significantly improved from 0.15 logMAR (SD = 0.15) at baseline, to
0.08 logMAR (SD = 0.21) after first eye surgery and -0.02 logMAR (SD = 0.19) after
second eye surgery (p < 0.001). However, first eye cataract surgery did not bring
changes in vision that were clinically meaningful in comparison to before surgery, as
it is commonly accepted that a change of one line in logMAR visual acuity (0.1
logMAR units) is considered as clinically significant (Elliott & Sheridan, 1988).
However, after second eye surgery these changes became clinically significant in
comparison to participants’ visual acuity before surgery. The number of participants
who did not meet the Australian visual acuity standard for driving dropped from 9%
at baseline, to 5% after first eye cataract surgery and to 4% after second eye cataract
surgery. This is consistent with previous research which found that after first eye
cataract surgery (Fraser et al., 2013b) and first, second or both eyes cataract surgery
(Monestam & Wachtmeister, 1997), 4% of participants still did not meet visual acuity

standard for driving. However, in Monestam & Wachtmeister (1997), no distinction
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was made between patients who underwent first, second or both eyes surgeries.

The study also found that better eye, worse eye and binocular contrast sensitivity
significantly improved after first and second eye cataract surgery. Binocular contrast
sensitivity significantly improved (p < 0.001) from 1.64 log units (SD = 0.14) before
first eye cataract surgery, to 1.67 log units (SD = 0.25) after first eye cataract surgery
and 1.75 log units (SD = 0.08) after second eye cataract surgery. However, none of
these changes were considered to be clinically meaningful, as it is commonly accepted
that a change of one line (0.3 log units) in log units in contrast sensitivity for cataract
patients is clinically significant (Elliott, Sanderson, & Conkey, 1990). Our results are
consistent with previous research which found improvements in binocular visual
acuity and contrast sensitivity after first and second eye cataract surgery (To et al.,

2014a, b).

In this study, stereopsis worsened after first eye cataract surgery, but improved after
second eye cataract surgery. More specifically, a significant change (p = 0.002) in
stereopsis was found with stereopsis measuring 2.14 log seconds of arc (SD = 0.64) at
baseline; worsening to 2.31 log seconds of arc (SD = 0.72) after first eye cataract
surgery and improving to 1.96 log seconds of arc (SD = 0.60) after second eye surgery.
The changes between first eye and second eye cataract surgery were clinically
meaningful as it is commonly accepted that a change in stereopsis of 0.30 log seconds
of arc is clinically significant (Rubin et al., 2001). This is consistent with previous
research conducted in Western Australia which found that 24% of participants had
declines in stereopsis after first eye surgery and that there were no changes in
stereopsis before and after first eye cataract surgery for 21% of participants (Fraser,
2011). Another study also found no significant improvement before first eye and after
cataract surgery in stereopsis (Elliott et al., 2000). As stereopsis measures depth
perception, first eye cataract surgery may cause an impairment in stereopsis due to an
imbalance between both eyes, which could explain why stereopsis worsened after first
eye cataract surgery (Comas et al., 2007). However, similar to this present study, it has
been found that stereopsis can be improved by second eye cataract surgery (Comas et

al., 2007).

Even though the participants in this present study had better vision at baseline than

previous studies among cataract patients (Comas et al., 2007; Fraser, et al., 2013a,b,c;

155



Owsley et al., 1999; To, et al., 2014a,b), it was found that second eye cataract surgery
provides further improvement in all measures of vision, which is consistent with

previous research (Comas et al., 2007).

9.4.2 Driver self-regulation practices before first eye cataract surgery

The study found that 92% of participants drove during the seven days of data collection
before first eye cataract surgery. Participants drove an average of 4.40 days and an
overall distance of 115.8 kilometres, with an average of 15.6 trips per week. The results
are similar to Fraser et al. (2013b), who found that participants self-reported driving
an average of 104.5 kilometres per week before first eye cataract surgery. Additionally,
pre-surgical participants classified as self-regulators (that is, participants who self-
regulated in at least one driving situation which included driving on
highways/freeways, on heavy traffic roads, in peak hour traffic, and during night time)
drove fewer kilometres and made fewer trips per week than participants classified as
non self-regulators. For example, self-regulators and non self-regulators’ maximum
excursion radius from home was 7 and 19 kilometres respectively, while the overall
maximum excursion radius travelled from home was 14.1 kilometres. This is
consistent with previous research, which found that cataract patients limited their
driving to places closer to their home, and reduced their driving exposure by driving
fewer days per week to fewer destinations with fewer kilometres per trip, in

comparison to older drivers without cataract (Owsley et al., 1999).

This study also found that 41% of participants self-regulated their driving in at least
one challenging situation before first eye cataract surgery, limiting significantly their
mobility. More specifically, 31% of participants self-regulated their driving at night
time, 10% in peak hour traffic, 9.4% on heavy traffic roads and 8% on
highways/freeways. A quarter of the sample self-regulated their driving on one
challenging situation only, 13% on two situations, 1% on three situations and 2% on
four driving situations. These results are consistent with a study among older drivers
with cataract that found 48% of cataract patients self-regulated their driving in at least
one challenging situation, the most commonly being driving at night (Fraser et al.,

2013c).
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9.4.3 Association between objective measures of vision and driver
self-regulation practices before first eye cataract surgery

The study found that contrast sensitivity was the only objective measure of vision
significantly associated with self-regulation practices, such as driving exposure and
avoiding driving in challenging situations, before first eye cataract surgery. Older
drivers who had poorer binocular contrast sensitivity drove fewer kilometres per week
prior to first eye cataract surgery than participants with better contrast sensitivity after
controlling for potential confounding factors. More specifically, one log unit increase
in binocular contrast sensitivity score was associated with an increase of 163
kilometres driven per week. These results are consistent with previous research among
the general population of older drivers, which found significant association between
reduced driving exposure and contrast sensitivity (Freeman et al., 2006; Sandlin et al.,

2014).

In the same way, older drivers with worse contrast sensitivity scores were more likely
to avoid driving in specific challenging situations than older drivers with better
contrast sensitivity before first eye cataract surgery. The odds of participants with
better contrast sensitivity scores (better vision) self-regulating their driving in at least
one challenging situation decreased. These results are consistent with previous
findings among bilateral cataract patients, which found that there was a significant
difference in worse eye contrast sensitivity between self-regulators and non self-
regulators (Fraser et al., 2013c). Previous studies among the general population of
older drivers also found significant association between avoidance of driving in
challenging situations and contrast sensitivity (Freeman et al., 2006; Molnar et al.,

2014).

These results suggest that older drivers may acknowledge cataract as the cause of their
visual impairment and self-regulate their driving by reducing their driving exposure
and avoiding driving in challenging situations. Even though these results are positive
for road safety by demonstrating that older drivers with cataract self-regulate their
driving to places they feel confident and safe to drive, the findings also suggest that a
proportion of older drivers with bilateral cataract do not self-regulate their driving
while waiting for cataract surgery. In our study, approximately 10% of participants

who did not meet the minimum visual acuity standards for driving in Western Australia
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did not self-regulate their driving. While a large portion of the study participants did
practise self-regulation, a proportion with poor vision did not self-regulate and this is
concerning from a safety perspective. Further research should therefore determine why
some older drivers are not self-regulating their driving. Clinicians could play a crucial
role in ensuring that their patients limit their driving while waiting for first and second

eye cataract surgery to improve their safety and the safety of other road users.

9.4.4 Driver self-regulation practices after first and second eye
cataract surgery

This study found a significant reduction in driver self-regulation practices after both
first and second eye cataract surgery in comparison to the month before first eye
cataract surgery. The odds of being a self-regulator significantly decreased by 70%
after first eye cataract surgery and by 90% after second eye cataract surgery. The
further reduction of 20 percentage points in driver self-regulation suggests that second
eye cataract surgery needs to be performed in a timely manner to improve older
drivers’ mobility and independence, and to enhance their quality of life. The results of
this study are consistent with previous research (Monestam et al., 2005; Monestam &
Wachtmeister, 1997). Cataract surgery has been associated with improved driving
performance after the extraction of both cataracts (Wood & Carberry, 2006) and
changes in driver self-regulation practices, such as return to driving after surgery
(Monestam et al., 2005; Monestam & Wachtmeister, 1997); however, as those studies
combined participants who underwent only first or bilateral cataract surgery in the
analyses, they were unable to account for the specific effects of first and second eye

cataract surgery separately.

In addition, this study also found a reduction in driver self-regulation practices when
driving at night time and on heavy traffic roads after both first eye and second eye
cataract surgery. Previous research also found night time driving was the most
common situation avoided by older drivers before first eye cataract surgery (Fraser et
al., 2013c), and driving on heavy traffic roads was reported to be a difficulty among
36% of participants (Owsley et al., 1999). However, both studies relied on the Driving
Habits Questionnaire to measure driving difficulty, which may be subject to bias, and
the studies did not examine how self-regulation status changed after first and second

eye cataract surgery. These findings suggest that self-regulation should be considered
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as a dynamic continuum to be constantly modulated over time, moving from driving
independence to driving cessation and from driving cessation to driving independence
due to modifiable risk factors, such as cataract surgery, for example (Lyman et al.,

2001).

9.4.5 Association between objective measures of vision and driver
self-regulation practices after first and second eye cataract
surgery

Our study also found that improvements in contrast sensitivity after first and second
eye cataract surgery were significantly associated with decreased odds of self-
regulation. Participants with better contrast sensitivity drove in more challenging
driving situations than before surgery. This is consistent with previous research, which
found that contrast sensitivity was associated with changes in driving difficulty after
first eye (Fraser et al., 2013b) and second eye cataract surgery (Wood & Carberry,
2006). In addition, in this present study, neither visual acuity nor stereopsis were
significantly associated with avoiding driving in challenging situations, which is
consistent with previous research among older drivers with bilateral cataract (Fraser et
al., 2013b). This is also consistent with the study of Keay et al. (2009), which found
that reduced contrast sensitivity—not visual acuity—was significantly associated with

driving restriction or cessation among older drivers from the general population.

The results of this present study, together with studies conducted by other researchers,
suggest that contrast sensitivity may be a very important measure to consider when
analysing driving outcomes and fitness to drive among older drivers with cataract
(Fraser et al., 2013b; Owsley et al., 2001; Wood & Carberry, 2006), for the reason that
many objects on the roads are presented in low contrast (Van Rijn et al., 2011). This
1s important for licensing authorities and road safety policy makers, who mainly rely
on visual acuity tests to determine fitness to drive, even though a large body of
evidence has shown the key role played by contrast sensitivity in driving and crash
risk (e.g. Fraser, et al., 2013b; Freeman et al., 2006; Huisingh et al., 2017; Keay et al.,
2009; Molnar et al., 2014; Sandlin et al., 2014; Van Rijn et al., 2011; Walker et al.,
2006b; Wood, Horswill, Lacherez, & Anstey, 2013a)

The present results suggest that road safety policy makers and licensing authorities

could benefit from using contrast sensitivity tests, in addition to the traditionally used
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visual acuity tests to improve road safety. The contrast sensitivity tests used in the
present study (Mars Perceptrix©) could be easily administered during a routine vision
test to determine fitness to drive; it was well received by the participants, is easy and
relatively quick to administer. Further research is required to determine to what extent
administering the contrast sensitivity test in addition to the traditional visual acuity test
could bring additional cost savings to the community by reducing crash risk. Future
research should also evaluate how the combination of the tests could improve the
safety of older drivers and other road users and enable licensing authorities and

clinicians to define cut-off score among the contrast sensitivity test for safe driving.

9.5 Study Strengths

This is one of the first prospective cohort studies to have analysed the specific effects
of first and second eye cataract surgery on driver self-regulation practices, as previous
studies did not specify whether participants underwent first eye cataract surgery,
second eye cataract surgery or combined both eyes in their analyses. As a proportion
of cataract patients can wait more than one year to undergo first then second eye
cataract surgery in public hospitals (Australian Institute of Health and Welfare, 2016,
2017), the results provided by this study are of great interest for clinicians, road safety
and licensing authorities to enhance patients’ safety while driving with impaired

vision.

In addition, this is one of the first studies to have used a combination of self-reported
measures and naturalistic data to assess driving patterns, habits, and self-regulation
practices among a cohort of older drivers with bilateral cataract. Four self-reported
driving situations (driving at night time, during peak hour traffic, on
highways/freeways and on heavy traffic) were specifically matched to the data
obtained by the in-vehicles monitoring devices, providing an accurate measure of
driver self-regulation practices. As self-reported measures of driving outcomes may
be unreliable or inaccurate (Blanchard et al., 2010; Crizzle et al., 2013; Grengs et al.,
2008; Huebner et al., 2006; Molnar et al., 2013a; Porter et al., 2015), it was necessary
to investigate the naturalistic driving behaviour of older drivers with cataract using
valid measures without being subject to the flaw of self-reported measures, such as

recall (Blanchard et al., 2010) and social desirability bias (Af Wahlberg, 2010).

160



A further strength of this study was the use of in-vehicle monitoring devices, which
could be installed not only in participants’ own cars, but also in all types of cars. Some
studies using in-vehicle monitoring devices to obtain naturalistic driving data were
restricted to cars manufactured in or after 1996 because of the technology in those

vehicles and not in earlier car models (Blanchard et al., 2010).

Another strength of the study was that the collected naturalistic driving data were
linked to the Australian Government’s Bureau of Meteorology website to specifically
determine day and night time driving, as has been done in previous research using
naturalistic driving data (Blanchard et al., 2010) to take into account changes in sunset

and sunrise hours throughout the year.

The inclusion of two other objective measures of vision (contrast sensitivity and
stereopsis) in addition to the visual acuity tests traditionally used by licensing
authorities was an additional strength of this study. Even though previous research
found that stereopsis might have a negative impact on driving outcomes (Comas et al.,
2007), the majority of studies among cataract patients did not measure its impact
(Owsley et al., 1999, 2001; Wood et al., 2006). While this study did not find an
association between stereopsis and self-regulation practices, it provided additional
information on the importance of using contrast sensitivity tests when determining

fitness to drive among cataract patients.

The recruited participants did also not have any other major eye conditions, besides
cataract, allowing the specific effects of this condition on driving outcomes to be
determined. Previous research about self-regulation conducted among older drivers
with cataract included 14% of participants with comorbid eye conditions, including
glaucoma, macular degeneration, and diabetic retinopathy, which may have affected

the generalisability of the results (Fraser, et al., 2013c).

Another strength of the study is that binocular measures of vision were used in our
analysis to take into account the phenomena of binocular inhibition (in which the
binocular visual acuity or contrast sensitivity values are worse than the values of the
better eye) or summation (in which the binocular visual acuity or contrast sensitivity
values are better than the values of the better eye) (Azen et al., 2002), which might
have had an impact on the participants’ driving behaviour (Comas et al., 2007). As

people usually use both eyes while driving, it was important to account for this
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phenomena by measuring binocular values, because some studies with cataract
patients only used better eye (McGwin et al., 2000), or separated better eye and worse

eye values in their analyses (Fraser et al., 2013c; Owsley et al., 2001).

9.6 Study Limitations

Even though 111 participants were recruited at baseline, only 55 participants
underwent first and second eye cataract surgery by the end of the data collection
period. The small sample size in the study may have affected the generalisability of
our results. However, a closed-road study analysing the effects of first and second eye
cataract surgery on driving performance used a smaller sample size of cataract patients
(n = 28) and aged-matched control participants (n = 18) to account for the changes in

driving performance (Wood & Carberry, 2006).

As older drivers who decided to take part in the research study were all volunteers, it
is possible that participants with poorer vision did not wish to participate, fearing they
may be reported to licensing authorities and that their licence may be suspended. This
could explain why these participants did have better vision than participants recruited
in previous studies among older drivers with bilateral cataract (Comas et al., 2007,
Fraser et al., 2013a,b,c; Owsley et al., 1999; To et al., 2014a,b), which could have
affected the findings of the analyses into the driving behaviour of the participants in

this present study.

As well, no other objective measures of vision were included in the analysis, such as
refractive error (Palagyi et al., 2017), visual field (Owsley et al., 1999; Wright, Singh,
Henriksen, McFadden, & Olson, 2017), and stray light as a measure of disability glare
(Bal et al., 2011; Van Den Berg, 2017), even though these have been found to be
affected in cataract patients (e.g., Bal et al., 2011; Owsley et al., 1999; Palagyi et al.,
2017; Van Den Berg, 2017; Wright et al., 2017). The type of lenses inserted during
cataract surgery was also not recorded, even though it has been found to be associated

with patients’ changes in driving habits (Beiko, 2015).

Naturalistic driving patterns were monitored for only a short period of 7 days. Given
the age of the participants, it is therefore possible that health issues might have affected
the driving behaviour of the participants during this short period, therefore monitoring

older participants over longer periods of time would be preferred. In addition, as
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driving fluctuates from week to week, it was not possible to determine whether
participants’ driving behaviour was reflecting a typical week. Furthermore, it was not
possible to specifically determine whether participants’ driving exposure was mainly
because of their cataract or their lifestyle (Charlton et al., 2006; Molnar et al., 2013b)
or even individual preferences (Molnar et al., 2013b). Even though participants’
driving patters were only assessed for a period of 7 days, previous naturalistic studies
have used the same number of days to monitor driving behaviour among older
participants (Blanchard & Myers, 2010; Blanchard et al., 2010; Thompson et al.,
2016). Previous research also found that older drivers with cataract who underwent
cataract surgery and older drivers who decided not to undergo cataract surgery had
similar reduction in self-reported annual mileage over the two years of follow-up
(Owsley et al., 2002). It is therefore possible that decreased self-regulation observed
in the study was perhaps a “rebound” effect with increased driving and less self-
regulation occurring in the period immediately following surgery. This study was
unable to address the longer term impact of cataract surgery on driver self-regulation

and warrants further research.

Ethical considerations prevented the recruitment of a control group of older drivers
with bilateral cataract who did not undergo cataract surgery or whose cataract surgery
was delayed (McGwin et al., 2003). In addition, limited resources prevented the
recruitment of a group of older drivers with non-impaired vision (Owsley et al., 1999;
Wood & Carberry, 2004). If a control group had been included, it is possible that an
increase in self-regulation practices for that group would have been found due to the
ageing process (Owsley et al., 2002). As this study found a decrease in self-regulation
among cataract patients, any comparison with a control group would probably have
further affirmed the study’s findings. However, a previous study among older drivers
with bilateral cataract used a similar study design without a comparison group to
analyse the effects of cataract and first eye cataract surgery on driver self-regulation

practices and driving difficulties (Fraser et al., 2013b,c).

In addition, study participants were classified as self-regulators after assessing only
four challenging situations, which were: driving at night time, during peak hour traffic,
on highways/freeways and on heavy traffic roads. It was therefore not possible to

determine whether participants drove on their own or in the rain for example, as no
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video footage was recorded. Consequently, the study might have underestimated the
percentage of people who self-regulated their driving. In addition, no weighting of the
specific driving situations to control for under-reported or over-reported situations was
undertaken when developing the self-regulation composite variable. Further research
is required to analyse a wider range of challenging driving situations that are known
to be problematic for older drivers with cataract, such as driving in the rain and parallel
parking (Fraser et al., 2013c), which could be measured by in-vehicle monitoring

devices with video footage.

Even though participants were required to disconnect the devices when they were not
driving their vehicle, and to note in their travel diaries whether they were the driver of
the vehicles, no hardware device enabling driver identification, such as a key fob, was
provided. It may be possible, then, that people other than the participants might have
driven the cars. It is also possible that some participants may have driven multiple
vehicles without recording their trips. In an attempt to minimise such possibilities, a
follow-up interview was conducted with the participants after each assessment to
confirm that no else was driving their cars and to ensure that all trips made were
recorded. Key fobs have been previously used in naturalistic studies among older

drivers to identify the driver of the vehicle (Porter et al., 2015).

Further, participants’ driving behaviour might have been modified during data
collection, because they were aware that their driving behaviour was being monitored
by a device. Such a response, the Hawthorne effect (McCambridge, Witton, &

Elbourne, 2014) could explain any impact on participants’ self-regulation practices.

The strict inclusion criteria might also have affected the generalisability of the results.
Study participants were required to drive at least twice a week, which could have
excluded participants who drove less frequently and who were already self-regulating
their driving because of their cataract, or who had poorer vision and were therefore
unable to drive. However, previous research among older drivers also included
participants who were required to drive twice a week in their analysis (Payyanadan et

al., 2017).

Despite these limitations, the study controlled for a wide range of potential

confounding factors which could have affected the interpretation of the results, and
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therefore the study contributes to a better understanding of the effects of cataract, and
first and second eye cataract surgery on driving patterns, habits and self-regulation

practices.

9.7 Recommendations

Nonetheless, further research is required to gain a better understanding of how older
drivers are impacted by cataract, by overcoming the limitations highlighted above. The

findings from the study suggest the following research and clinical recommendations.

9.7.1 Research recommendations

e Further research is needed to assess whether cataract patients could benefit from
educational intervention programs promoting the use of self-regulation strategies

while waiting for cataract surgery.

e Further research should determine how licensing authorities could benefit from using
contrast sensitivity tests in addition to the traditional visual acuity tests to determine

fitness to drive.

e Further longitudinal research with a larger sample size is required to replicate the

results of this study.

e Participants using an in-vehicle monitoring device should be monitored for longer than
7 days and the long term effects of first and second eye cataract surgery on driving

self-regulation practices should be analysed.

e Measures of refractive management, visual fields, and disability glare should be

included in future research among cataract patients.

e Assessing driving using on-road driving assessments tests, driving simulators or in-
vehicle video technology would enable researchers to account for additional measures
of driving performance, including lane boundary crossings, sign identification, speed,
traffic, weather and light conditions, interactions with other road users, gap selections,

and reaction time to adverse events.

e Further studies should also use eye trackers to assess the driving behaviour of older
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drivers with bilateral cataract throughout the cataract surgery process. It might be
hypothesised that eye movement patterns made during scanning behaviour while
driving might change throughout the cataract surgery process, as a result of the

improvements in vision.

e The literature would greatly benefit from studies that determine to what extent older
drivers with bilateral cataract could benefit from driving autonomous vehicles in the

future.

e Further research is needed to identify additional factors associated with the self-
regulation practices—or lack of-—among drivers with visual impairment.
Questionnaires about coping strategies, decision-making, engagement and motivation,
driving confidence and comfort, impulsivity and personality traits could, for example,
be administered to identify whether these variables mediate the association between

visual impairment and self-regulation practices.

9.7.2 Clinical recommendations

e Clinicians need to advise patients of possible driving limitations and difficulties they

may encounter when driving, while waiting for first and second cataract surgery.

e (ataract surgery should be provided in a timely manner as it can lead to improvements

in mobility and independence, as well as road safety benefits.

9.8 Conclusion

The prevalence of cataract in older populations (WHO, 2013), and increasing life
expectancy (United Nations, 2017), means there will be an increasing number of older
Australians with cataract on our roads. Conditions that diminish sight have a
significant impact on the driving ability and safety of older drivers as they seek to
maintain their quality of life and independence. The onset of cataract is insidious and
there are no established criteria for eligibility for cataract surgery. Clinicians should
be encouraged to discuss driving behaviour with their patients to determine how it is
affected by their visual impairment, in order to prioritise patients for cataract surgery.
In this study, approximately 10% of older drivers waiting for cataract surgery did not

meet current visual standards for driving.
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The results of this comprehensive study have provided a better understanding of the
association between visual measures, cataract requiring surgery, and real time driving
behaviour using in-vehicle monitoring devices. It also validated the combined used of
the self-report driving questionnaire (DHQ) with the in-vehicle monitoring devices,
which will be more effective for monitoring patient-reported measures, an important
part of outcomes research. Further research should identify which additional factors
are associated with self-regulation practices among drivers with visual impairment.
Analysing the motivation and reasons behind engagement in avoidance behaviours
could, for example, determine if those avoidance behaviours are due to other reasons
than visual declines, such as intentions. A further strength of this longitudinal study
was that it followed a cohort of cataract patients throughout the cataract surgery
process using the technologies of in-vehicle driver monitoring devices to objectively
measure natural driving patterns and self-regulation practices, which provided a
comprehensive examination of driving outcomes before first, after first, and after

second eye cataract surgery.

In conclusion, it is anticipated that the results of this study may provide significant
overall cost savings to the community by providing the evidence to fund cataract
surgery in a timely manner (both for first and second eye), thus avoiding costs
associated with crashes and injury. It may also better inform those who provide
funding for road safety awareness campaigns of the issue of cataract and driving
performance. Cataract diminished vision is another impairment, albeit more subtle
than the effect of tiredness and alcohol. Although people will continue to drive as
dictated by need, an awareness campaign will prompt earlier presentation for
assessment for cataract surgery and a greater willingness to proceed to cataract
surgery, rather than wait until visual acuity is markedly reduced. The results of the
study may also highlight the need for better visual testing by licensing authorities, who
rely largely on the visual acuity measure when setting standards of visual competence

for fitness to drive for visually impaired drivers such as cataract patients.
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Al Contact information release form

r""““, Sir Charles
'g Gairdner Hospital

Cataract Extraction and Driving Ability Research Study

Contact information release form

You have spoken to one of our doctors and expressed an interest in participating in a
Curtin University research project that is looking at how cataract surgery affects a
person’s driving performance.

This study aims to explore the impact of cataract surgery on driving performance and
self-regulation practices. The results of this study may provide significant overall cost
savings to the community by providing the evidence to fund cataract surgery in a
timely manner (both for first and second eye) to avoid the costs associated with
crashes and injury.

The study is being conducted by Professor Lynn Meuleners, Curtin-Monash Accident
Research Centre at Curtin University. The study is funded by the Australian Research
Council.

By signing this form, you agree to Sir Charles Gairdner Hospital providing Curtin
University with your address and phone number, so they can contact you in order to
give you more information about this study. The researchers will not disclose your
personal information to any other person.

You can also contact the Curtin University researchers directly:

o Professor Lynn Meuleners on (08) 9266 4636
o Seraina Agramunt (PhD student) on (08) 9266 9591
Signature:........oooiiiii Date: ..o
First Name:
Last Name:
Address:

Home Phone:
Mobile:
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Appendix C Invitation letter
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C.1 Invitation letter: Fremantle Hospital

Eremantle Hospital &

Health Service

Dear Mr/Mrs,

Re. The CEDAR Study: Cataract Extraction and Driving Ability Research

We are writing to you from the Ophthalmology Department of Fremantle Hospital to
tell you about a research study being conducted by colleagues at Curtin University,
that you might be interested in participating in.

The researchers are interested in the health and needs of older people with cataracts
and the study will investigate how cataract and cataract surgery affect driving.

We are contacting you on behalf of the Curtin University researchers because you are
due to visit our eye clinic, were born before 1960, have cataract in both eyes and have
not previously had cataract surgery.

We have enclosed a detailed information sheet about the study. Please note that
participation in this research project is entirely voluntary. You do not have to
participate. If you decide not to participate this will in no way affect the care you
receive at Fremantle Hospital.

If you are interested in participating in the study, or would like more information,
please contact the Curtin University researchers directly:

o Professor Lynn Meuleners on (08) 9266 4636 or

o Seraina Agramunt (PhD student) on (08) 9266 9591

A Fremantle Hospital staff member will give you a follow-up call early next week to
confirm you have received this letter and answer any questions you might have.

Yours sincerely,

Dr Dimitri Yellachich

Fremantle Hospital
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C.2  Invitation letter: Royal Perth Hospital

L2 5 et

| Royal Perth
I"fuﬁp:ital

Dear Mr/Mrs,

Re. The CEDAR Study: Cataract Extraction and Driving Ability Research

We are writing to you from the Ophthalmology Department of Royal Perth Hospital to
tell you about a research study being conducted by colleagues at Curtin University,
that you might be interested in participating in.

The researchers are interested in the health and needs of older people with cataracts
and the study will investigate how cataract and cataract surgery affect driving.

We are contacting you on behalf of the Curtin University researchers because you are
due to visit our eye clinic, were born before 1960, have cataract in both eyes and have
not previously had cataract surgery.

We have enclosed a detailed information sheet about the study. Please note that
participation in this research project is entirely voluntary. You do not have to
participate. If you decide not to participate this will in no way affect the care you
receive at Royal Perth Hospital.

If you are interested in participating in the study, or would like more information,
please contact the Curtin University researchers directly:

o Professor Lynn Meuleners on (08) 9266 4636 or
o Seraina Agramunt (PhD student) on (08) 9266 9591

A Royal Perth Hospital staff member will give you a follow-up call early next week to
confirm you have received this letter and answer any questions you might have.

Yours sincerely,

A/Prof Nigel Morlet
Royal Perth Hospital
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Appendix D Researcher administered
questionnaires
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D.1

Researcher administered questionnaires

Date:

Interviewer: ID:

1. DEMOGRAPHIC DETAILS

Baseline FUl1 FU2
(please select)

1.1 Gender

0 [0]Female
0 [1]Male

1.2 Marital
Status

O Single

O De facto
0 Married
O Separated
O3 Divorced
0 Widowed

1.3 Highest
Educational
Level

O Did not go to school
0 Year 6 or below

O Year 7 or below

0 Year 8 or below

0 Year 9 or below

3 Year 10 or below

3 Year 11 or below

0 Year 11 or below

O TAFE/Apprenticeship
3 University

1.4 DOB

1.5 Country of
birth

O [1]Australian

O [2]New Zealand

O [3]United Kingdom

O [4]Europe

O3 [5)Vietnam

3 [6]China & Hong Kong
O [7]Middle East

0 [8]Other (please specify):

0 [9]Don't know

1.6 Language

O [1]English

spoken at O [2]Other (please specify):

home

1.7 O [1]Retired on pension I

Employment [4]Self-employed

status O [2]Retired self-funded O
[5]Unemployed

O [3]Employed O
[6]Medical disability pension

1.8 Residence
type

0 [1]Home a
[4]Independent living unit
O [2]Granny flat O
[5]Serviced apartment

03 [3]Unit

0 [6] Other (please specify):

1.9 Does anybody else live in the home with
you?

O3 [1]Live alone

3 [2]Spouse only

O [3]Spouse & children

3 [4]Child/children

O3 [5]Relatives/friends

3 [6]Other (please specify):

Comments:

2. VISION STATUS
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2.1 Habitual

correction

Refractive correction wom
the majority

of the time including when
walking

3 [1]No correction
[3]Bifocals or multifocals

O3 [2]Single vision spectacles
[4]Contact lenses

a 2.1.2 Frame material

a

3 [1]Metal
3 [2]Plastic

2.1.1 Date last
updated /

(MMAYYYY)

2.1.3 Frame colour

2.2 Habitual correction
worn during:

2.2.1 Walking within the
home

O[1]Yes

0 [0]No - If no, indicate
correction worn below:

2.2.2 Walking outdoors
O [1]Yes
0 [0]No - If no, indicate correction
worn below:

2.2.3 Walking out of home but
inside

O [1]Yes

O3 [0]No - If no, indicate correction worn
below:

0 [1]No correction

3 [2]Single vision spectacles
O [3]Bifocals or multifocal

0 [1]No correction
0 [2]Single vision spectacles
O [3]Bifocals or multifocal spectacles

0 [1]No correction
O3 [2]Single vision spectacles
O3 [3]Bifocals or multifocal spectacles

spectacles O [4]Contact lenses O [4]Contact lenses

0 [4]Contact lenses

2.4 Distance f{’é Comments:

vision with ves (Score 1-70)

habitual LE

correction +_| (Score 1-70)

High contrast Early

Treatment Diabetic 253

Retinopathy Study ou: R

(ETDRS) acuity chart, (Score 1-70)

3m testing

2.5 Contrast 261 I 3'6 Si,::?rgol)s's (Score 1-10; Cannot see fly

i . | log itmus tereotest i

sensitivity RE: | 3 — L 0if fly only) 0

MARS chart, 50cm testing | 282 | 1og 2.7 Ocular O MiRicht Eve 03 RLeft Eve

distance, LE: | cs erors | Dominance [1IRight Ey [ y

near correction 263 |og 2.8 Pupil size 2101 2102
OuU: | cs errors | (mm) RE: LE:

3. REFERRAL & WAITING TIMES

3.1 Who referred | O [1]GP
you for cataract | O [2]Optometrist
surgery? O [3]Ophthalmologist

O [4]Other (please specify):

3.5 Were you given a choice of public or
private cataract surgery by your referring
doctor or optometrist?

0 [0]No

O3 [1]Yes - If yes, why did you choose one over the other
(select all that apply):

3.2 What is the
postcode or
suburb of the
professional
mentioned in
Q4.1?

3 [1]Surgical costs

O3 [2]Waiting time for initial appointment
3 [3]Waiting time for surgery

3 [4]Convenient location

3 [5]Other (please specify):

3.3 How often do
you have your
eyes tested?
(please specify in
months or years)

Every

years
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3.4 How long did
you have to wait
foran
appointment with
the
ophthalmologist?
(please specify in
weeks or
months)?

months)

(6 weeks = 1.5 months, 2 weeks = 0.5

months

4. LICENCE

4.1 Do you have a curre

nt driver’s licence?

O[1] Yes
33[0] No

4.2 What type of licence do you hold?

O[1] Heavy Rigid

03(2] Medium Rigid
(3] Light Rigid

O[4] Car

0[5] Heavy combination
316] Car and rider

(0] other
4.3 Do you have any restrictions on your O[] Yes If [1] yes, list the restrictions:
licence? O[01No
4.4 Have you stopped driving in the last 12 | O[] Yes If [1] yes, explain the reason:
months/since your surgery? OI[0] No

5. DRIVING HABITS QUESTIONNAIRE (DHQ)

Current Driving:

5.1 Do you currently
drive?

O [1]Yes—goto 5.4
O [2]No - answer 5.2 & 5.3
ONLY

O [3]Never driven — go to
Section 6

5.7 How would you
rate the quality of
your driving?

5.2 Why did you stop
driving?

O [5]Excellent
3 [4]Good

O3 [3]Average
3 [2]Fair

3 [1]Poor

5.3 When is the last _ 5.8 How fast do you 03 [5]Much faster
time you drove? (MM/YYYY) generally drive m] [4]Somewhat
GO TO compared to the faster

SECTION 6 general flow of traffic? | O [3]About the same
5.4 Do you wear O []Yes m] [2]Somewhat
glasses or contact O [0]No slower
lenses when you 8 [1]Much slower
drive?
5.5 Do you wear a 0 [1]Always 5.9 Has anyone O [1]Yes
seatbelt when you 0 [2]Sometimes suggested over the 0 [0]No
drive? O [3]Never past year/since your

surgery that you limit
your driving or stop
driving?

5.6 Which way do you
prefer to get around?

O [3]Drive yourself
O [2]Have someone drive you

0 [1]Use public transport or
taxi

0 [0]Other (please specify):

5.10 If you had to go
somewhere and
couldn’t drive
yourself, what would
you do?

0 [1]Ask friend or
relative to drive

3 [2]Call a taxi

O [3]Take a bus or
train

O [4]Drive yourself
regardless

)
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[5]Cancel/postpone
plans & stay home
O3 [6]Other (please
specify):

5.11 Do you own your
own car?

0O[1] Yes
(0] No

5.12 What is the make
of your car?

5.13 What is the
model of your car?

5.14 What is the year

of your car?
Exposure
5.15 In an average week, 5.17 Total trips per
how many days per week week
do you usually drive?
5.16 Please tell me all the places you drive in a Total km per
typical week trip
Total places 5.18 Total km
driven/week

Dependence
Is there anyone that relies on you to drive g E} Lﬁs If [1] yes Total
them around? what is their | Number of

relationship? | individuals

Please list your friends and/or family members that you regularly travel with in a car over the
past year/since your surgery.

When travelling with this individual, who usually drives? (Indicate in adjacent cell using: [1]/ drive;
[2]About half and half; [3] This person drives)

Person 1: Person 5:
Person 2: Person 6:
Person 3: Person 7:
Person 4: 5.19 Total # people
Difficulty
During the past 3 [0]No [1]Yes
months/since your surgery, Is this because of visual Would you say that you drive in that situation
have you: problems? with:
[5]no difficulty at all; [4]a little difficulty;

[3]moderate difficulty; or [2]extreme difficulty

5.20 Driven when it is
raining?

O[ONo O [1]Yes

5.21 Driven alone?

O[ONo O [1]Yes

5.22 Parallel parked?

O[ONo O [1]Yes

5.23 Made right hand turns

O[0No O [1]Yes
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across oncoming traffic?

5.24 Driven on highways or O [0]No O [1]Yes

freeways?

5.25 Driven on heavy traffic O [0]No O [1]Yes

roads?

5.26 Driven in peak hour O [0]No O [1]Yes

traffic?

5.27 Driven at night O [0]No O [1]Yes

Crash & Citations

5.28 How many accidents have you been involved in over the
past year/since your surgery when you were the driver?

5.29 How many accidents have you been involved in over the
past year/since your surgery when you were the driver and the
police were called?

5.30 How many times in the past year/since your surgery have
you been pulled over by the police, regardless of whether you
received a ticket?

5.31 How many times in the past year/since your surgery have
you received a traffic ticket (other than parking ticket) where
you were found to be guilty, regardless of whether or not you

think you were at fault?

Driving Space
5.32 During the O 1]ves 5.35 During O [1]Ves
past year/since 3 [0]No the past O [0]No
your surgery, year/since
have you driven your surgery,
in the streets have you
immediately driven to
around your more distant
home? towns (within
2 hours)?
5.33 During the O 1]ves 5.36 During O [1]Ves
past year/since O [0]No the past O [0]No
your surgery, year/since
have you driven your surgery,
to places further have you
from home, within driven to
your suburb? places
outside of
greater [insert
name of city]
(2 or more
hours)?
5.34 During the | O[1]Yes 5.37 Do you think that cataract has affected
past year/since 3 [0]No your driving?
your surgery, 0 [0]No
have you driven O [1]Yes - If yes, how has it affected your driving? (select
to places out of all that apply)
your suburb?
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3 [1]Reduced my confidence in driving

3 [2]Reduced the number of hours driven

O [3]Reduced the distance driven

O [4]Reduced speed compared to the general public
O [6]! try to avoid driving in rain

3 [7]l try to avoid driving at night

O [8]! try to avoid driving in crowded traffic

O [9]! try to avoid driving in unfamiliar areas

O [10]l try to avoid driving long distances

O [11]Other, please specify:

Alternate Transport

In the last month [1] Yes

have you: How
many
trips
have
you
taken?

6.1 Travelled in a a[1] Yes

bus? O [2] No

6.2 Travelled on a a[1] Yes

train? D12 No

6.3 Travelled in a a[1]Yes

taxi? 0121 No

6.4 Used door to 1] Yes

door community O {2 No

transport for

medical

appointments?

6.5 Used door to 1] Yes

door community O[2No

transport for

shopping trips?

6.6 Used door to a[1] Yes

door community O[2No

transport for social

outings?

6.7 Used a mobility | O [1] Yes

scooter to get O {2 No

around the

community?

6.8 Used any other | O [1] Yes

form of transport? | O 12INo
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E.1  Travel Diary H|' Hoph @ Gaher osatal F..,,E;.P...; CMARC

ﬁj Curtin University

The CEDAR Study: Cataract Extraction and Driving Ability Research

TRAVEL DIARY

Participant 1D
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Instructions to Participants

Thank you for agresing to participate bnour project

For this part of ourstudy, weare asking you 1o complete this travel diany every lime you drive Tor a period of 7 days.

Az the same me, you will have 3 GRS hased data reconder Insialled in your carwhichwill gather otherdetails about vour doving trips and recond them for thereseanch team.

Please complete the Travel Diary fer every trip you make. You will lnd it easier and more accurate il you make your recordings al the beginring ard end of each trip. Pleass record your trips
honesily, we'renal interested in where you go or whoyouarewi th and willnat discose inlormation to ancther party,

Some tips for completing the Travel Diary

Vihiche Make, Model & Year - this s hould describe the vehi de you are driving, for example Holden Cormodare Sedan 2006; Toyota Corolla Hateh 20 10; Hyundal 20 2002 sie

Start time i the L me you cammence your driving brip End time is the i me you resch your destination.

Odometer - Lhe adometer is the device in yourinstrument panel, generally behind the steering whesd, that recands the number of kilometres your vehicle has travelled, Record whake number s
anly and rountd up of downappropriately if you hade o disphay that s haws dis tanced less than 1 ke Pleaserecard all slopd and &L a5 5 egarale rips, even || you are only sko ppinglor a short
time o collecta friend on theway to another des timatlon. Use a separate line for eachirip- see theexample below

O the vehicle representation, the blue triangleis the front of the vehide and the dark shaded square Js the drlver. There are three rows of seating to represent thosevehicles that have three
rons ol seating I the car you are using has only one row of seating, usejust the first rowal S guares; if ithas tao rows, use the [irs o rows #tc.

D | VoMl Mke Model® | frd e [e——— e '_"fm: e me« "‘..".‘,‘:‘;T.‘.."‘:‘“

F00am . 1%m . EI D

2014 "“I':::ﬁg;_ﬁm" Start Ddometes | End Odometer Galng to shops 1 D D D
45862 548N D D

“masns | owsne

= e WL [

TPy, Iluh};:::r:;:ﬂmu .; .n-:u i"". - ‘:I}m' . Gaoing home tram shops 1 I:I D I:]
53488 95501 [:| D
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Travel Diary Participant ID

Vehicle Make, Model & waf Fleae write ages of pasengers in the squares
Data Yoar S B Enc e Fanpass of krig: Pasengers representing where they were sested

Start Oddome End Odemet

W

O] |[OOE| ||O0.
Qo4 |0oo) Dooy (eod
N I

{
:
?
b o Do o
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F.1  In-vehicle monitoring devices’ instructions: OBD II port

Curtin University C-MARC 9, THE GEORGE INSTITUTE

V' for Global Health

EURFit-bannads Aosd el Blbiami b LEnTEE

Instructions for data acquisition device

1. Your dewvice will amve assembled as 2. Find the OBD 0l port in your car,
displayed below usually situated under the dash, on the

. . driver’s side of you car. Please refer to
Extensioncord Device your car's manual for more information

on locating your OBD Il port. Plug the
device into the OBD Il port of your car.

e ]
H
N "
If needed, plug the device

PR —
into the extension cord and _'r'

plug the extension cord into
the OBD Il port of your car
Place the device somewhere
convenient, where it will not
interfere with your driving.

Flease make sure that your device is firmly secured using the supplied zip tie or the
sel-adhesive Velcro, so that it will not interfere with your driving.

. Once you have plugged your device in, start the car and let it run for about 1 minute.
The red LED will iluminate, followed by the green and blue LED's. This means that
the GPS knows its position. Ensure that your car is parked outside, where it can get a
clear GPS signal

The device will start working automatically as soon as the car engine starts and will
stop when the car engine stops

Please leave the device plugged into your car for one week and fill out the travel diary
every time you dnve

After one week place the device, the travel diary and consent form in the reply paid
emvelope and mail it back to us.

. If someone other than yourself drives the car, please remember to unplug the device
from the cigarefte lighter, then plug it back in the next time yvou drive.

10.1f you dnve more than one car during the week, please sel the device up in every car
you drive, each time you drve
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F.2  In-vehicle monitoring devices’ instructions: cigarette
lighter port

Curtin Universitu C-MARC » THE GEORGE INSTITUTE

-

CURFIL MGNASH ASTIOENT BELLAAEN CEMTER for Global Health

Instructions for data acquisition device
with cigarette plug

1. Your device will amve assembled as 2. Plug the device's power supply into

displayed below the cigarette Eghter of the car, then
place  the device somewhere
Device Fower Supply convenient eg the compartment
. 4 under the cigarette lighter

Flease make sure that your device is firmly secured using the supplied self-adhesive
Velcro, so that it will not interfere with your driving

. Once you have plugged your device in, start the car and let it run for about 1 minute.
The red LED will iluminate, followed by the green and blue LED's. This means that
the GPS knows its position. Ensure that your car is parked outside, where it can get a
clear GPS signal

. The device will start working automatically as soon as the car engine starts and it will
stop when the car engine stops.

Please leave the device plugged into your car for one week and fill out the travel diary
every time you drive

After one week place the dewice, the travel diary and consent form in the reply paid
envelope and mail it back to us. Please do not pull the cable to disconnect the
clgarette plug, as this could damage the cable.

If someone ather than vourself dnves the car, please remember to unplug the dewvice
from the cigarefte ighter, then plug it back in the next time you drive.

If you drive more than one car dunng the week, please set the device up in every car
you dnve, each time you drive.

If you have any gueries please contact Seraina Agramunt on 08 9266 9591 or
seraina.agramunt@curtin.edu.au
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G.1  Ethics approval: Curtin University

Memorandum
B = Office of Research and Development
To | AfProfessor Lyren Maslanars, Health Sciences Human Basaareh Ethics Commitias
wred Pater OF Leary, Chair, Human R hi
B ey . TELIPHONE 5366 2784
Subject | Protocol Approwal HR 29/2014 FACSIMILE 286 3793
Date | 5 March 2014 EMAIL  hrc@ostissdu b
Copy | Dr Lisa Kaay, University of Sydney
Professor Mark Young, Brurnel University
Or Janathon Mg. Universty of Western Australia
A Prafessor Niged Morles, University of Western Austrafia
Professor Peter MoCuskey, University of Sydney

Thank you far geur spedication |4639) submitted o the Hurmsn Resaareh Ethics Committes [HREC) for the
project tithed "Chorocterisetion of defiots in driving performance and self-reguiation proctices amang
older deivers with bioteral cotaroct. . Your application has been reviewed by the HREC and is approved.

= You hive ethics clesrance to uhdertake the research as stated in your proposal.
= The approwsl number for your project is HR 29/2014. Please guote this number in any future
CarTEspondence.
= Approval of this praject is for a period of 4 years 05-03-2014 to 05-03-2018
= Your approval has the l'nllﬂwln.g candiisens
(il Annual progress reparis on the project must be submitted to the Ethics Office,
(i) Phease clarify if dats will be translesred between the Unbnersities.
fiii] Please apply for ethics approval with:
= University of Sydney
= University of \Western Australia

= |t is your responsibility, as the reseancher, to meet the conditions outlined abowe and to retain
the necessary records demonstrating that these have been completed.

Applicants should note the following:

It ts the polkcy of the HREC to conduct random awdits on a percentage of approved frojects. These audits
may be comducied al any time after the project starts. in cases whene the HREC considers that there may
be a risk of adverse events, or where parficipants may be especially vulnerable, the HREC may reguest the
chiel investigator 1o provide an outcomes repad, including information on follow-up of participants.

The attached Progress Report should be completed and returned 1o the Secretary, HREC, Cf- Oifice of
Research & Development annually,

Qur website hitps: research. curtin edo su/guides/ethics/non low risk hrec forms.cfm contsins all
ather relevant forms including:

« Completion Raport {to be completed when a project has ceased]
»  Amendment Reguest [to be completed at any time changes/amendments occur]
Event Notification Form (i & serious or unexpected adverse event occurs)

Chair Human Rescarch Ethics Committes
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Standard conditions of ethics approval

Thise standard conditions apply to all ressarch approved by the Curtin Undversity Human Research Ethics
Committes. It i the responsibility of each researcher named on the application to ensure these conditions are mel.

1. Compliance. Conduct your research in accordance with the application a3 it has been approved and keep
appropeiate records.

a.  Monitoring - Assist the Committee Lo monitor the conduct of the approved research by
completing promptly and returning all project review forms that are sent to you.

b Annual report - Submit an annual report on or before the anniversary of the approval.

. Extenshons - if you are likely to need more me 1o conduct your research than is already approved,
complete a new application six weeks before the current approval expires.

d. Changes to protocel - Any changes to the protocol are to be approved by the Commitiee before
being implemented.

. Changes to researcher details - Advise the Committes of any changes in the contact detalls of the
resgarchers involved in the spproved study.

f  Discontinuation - You must inform the Committes, ghing reasons, if the research s not conducted
o I3 dicontinued before the expected completion date,

§ Closure - Submit a final report when the research is completed. Include details of when data will
be destroyed, and how, or if any future use i planned for the data.

h. Candidacy - il you are & Higher Degree by Resesrch student, data collection must not begin before
your Application for Candidacy is approved by your Faculty Graduate Studies Committee.

2.  Adverss svents. Consider what might constitute an adverse event and what actions may be needed if an
sdverie event occurs. Follow the proceduret for reporting and addressing sdverie events
(hite.//resgarch curtin edhe du/pul des/adverse. ¢fm) Where appropriate, provide an jdverie eventy
protocol. The following are examplés of adverse events

a. Complaints

b. Harm to participants. This includes physical, emotional, psychalogical, econamic, legal, social and
cultural harm [N5 Section 2)

£ Lows of data or breaches of data security

d. Legal challenges to the research

1 Dats management plan. Have a Data Managemant Plan corsistent with the University's recordieeping
policy, This will include such things as how the data are to be stored, for how long. and whao has authorised
BECRES.

4. Publication. Where practicable, ersure the results of the research are made available to participants in 3
way that is timely and clear (N2 1.5), Unless prohibited from doing 50 by contractual obligations, ensure the
results of the research are published in & manner that will sllow public scruting (NS 1.3, d]. inform the
Committee of any constralnts on publication.

5. Police checks and other clearances. All necessary clearances, such as Working with Children Checks, first
aid certificates and vaccination certificates, must be obtained before entering a site to conduct ressarch.
&. Participant information. All information for participants must be spproved by the HREC before being ghven

to the participants or made available to the publc.
a  University logo. All participant information and condent forms must contain the Curtin University
logo and University contact detalls for the researchers. Private contact detalls should not be used.
b, Standard statement. All participant information forms must contain the HREC standard statement

This. study has been approwed by the Curtin Univeruty Mumon Research Ethics Committer (Approval Number
MR 29/2004). The Commirtes i compived of members of the publie, acodemics, evgdr, dooors amd patfonal
corery.  f mheded, verificotion of opproval con be abtoined either by wriling to the Curlin Lindversity Muman
Revearch Ethics Commirtee, o Office of Arseorch and Deviopment, Curtin University, GPO Box UISE7, Perth,
5845 or by telephoning S268 1784 or by ermaing hreclourtin. poisoi

c Plain language. All participant information must be in plain lnguage that will be easily understood
by the participants.

Pleass direct all communication through the Research Ethics Office
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G.2  Ethics approval: Fremantle Hospital

EFLSRY  Govemment of Western Australia
._th Department of Health
South Mztropolitan Health Service

o5
RiM454
15 Seplember 2014

Professor Lyrn Mewlenars
Curtin-Morash Accident Research Centre

GPO Box U387
Perth WA 6845

Desar Professor Meuleners

Project Title: The Characterisation of deficits in driving performance and self-
regulation practices among older drivers with bilateral cateract.
HREC Reference: REG 14-033 (RPH)

On behalf of the South Mefropofitan Heslth Senvice, | give authorsstion for your
research project to be conducied st the following site(s)

Fremante Hospital
The folowing documents have bean approwed for this project

Do

Research Protocol, version 1 dated 4 January 2014

Invitation Letter, FH version dated 20 May 2014

Patlent Information and Consent Form, FH version 4, 28 July 2014
Participant Information Brochure, FH version 3, 20 May 2014
Standardized Mini-Mental State Examination dated 18 January 2014
Travel Diary dated 19 January 2014

HASA Task Load Index (No version)

EQ-5D-5L (Version 2)

Low visual acuity letter (Mo version)

This authorisation is based on the approval from the Royal Perth Hospital Ethics
Committee (HREC) and the review from the Research Governance Office at
Fremantle Hospital. This suthorization is valid subject o the ongoing approval from
the RPH HREC

This suthorisstion is based on the ethicsl approval from the Lead HREC, and on the
basis of complisnce with the ‘Conditions of Authorisation to Conduct 2 Research
F'mﬁlﬂatfé’de {(=tiached) and with the compliance of all reporis as reguired by the

Research Governance Office and approving HREC. Mon-compliance with these
requirements. could result in the authorisation be withdrawn.

Fesesrch Govermeoce & Ethios Ctifica

Sremariia Hospital

Owmountsbie 3, G Bing

Prrtdl Address: PO 220 Fromantie 1A 255

Mg CEDA stully R4 52 appetasl later Telaphone: [D0) 2372008 Faoseaile (DE) 55Y1 3600
e Ity Punes Srhis DEEIN wt oo gy MBM 13 B3 250 FOR
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The responsibility for the conduct of this project remains with you as the Principal
Investigator at tha site.

Yours sincarely

#,,,_J—R_,.::b

DR DAVID ELYTHE

EXECUTIVE DIRECTOR

FREMANTLE HOSPITAL & HEALTH SERVICE

ce: Dr Dimitri Yellachich, Head of Department, Opthalmology, Fremantle Hospital
Seraina Agramunt, Research Assistant. Curtin Monash Accident Research Canlre
Mark Weodman, Ethics Coordinator RPH (REG 14-033)

Meuenars CEDAR stwdy R_14_64 approval |ether
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Letterhead

9. Complaints relating to the conduct of a project should be directed o
the RGO and will be promptly Investigated according fo the site
Standard Cperating Procadures.

10.  The Plis reminded that records of consent or autharisation for
participation in a project form part of the Acute Hospital Patient Record
and should be stored with that record in accordance with the WA
Heaith Patient Information Retention and Disposal Schedule (Version
2) 2000. A copy of tha 'Participant Information Sheet' should also be
included in the medical records as part of informed consent
documentation.

11.  Once the project has been closed at site, the Pl is required o submit
to the RGO a copy of the final report that is submitted to the HREC.
This should include the site specific infarmation which should be
completed by the site PI. if the report is not recsived within 30 days
the project will be closed and archived. An outstanding final report
could impact on the PI's ability to apply for approval for future projects.

12.  If a project is suspended or ferminated the Pl must ensure that the
RO at site is informed of this and the circumstances necessitating
the suspension or termination of the project. Such notification should
include information as to what procedures are in place to safeguard
participants.

13, Ifa project fails to meet these conditions the RGO will contact the
invastigator(s) to request they rectify the identified issues, If, after
being contacted by the RGO, the issues are not addressed the site
authorisation will be withdrawn.

W Health Conditions of Site Authorisation to Conduct a Research Project
2of2
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G.3 Ethics approval: Royal Perth Hospital

ﬁ" Ciovernment n!’ Western Ausiralia f
Fil  Depictmearof fuakh Royal Perth Hospital
Sonth Metropolitan Health Service b

B May 2014

AfProf Nigel Morlet
Dphthaimology

Daar Nigel

Fruject Tith: Characterisation of deficits in driving performance and self-regulation practices amang
bilateral cateract.

The ethics applation for the project reférenced above has been approved by the Royal Perth Hospitad
Hurnan Resaarch Ethics Cammittee (ECOD2T70)

The foligwing docurments have been approved for use in this project:

. Research Protocal (Version 1, 04.01.2014)
Irwitation Letter {30/04/2014)
Patient Information and Corsent Form (Version 3, 30/04/2014)
Participant Information Brochure (Verslon 1.0, 19/01/2014)
Standardized Mini-Mental Skate Examinstan (19,/01,/2014)
Trial Making Teat - Parts ARS (Mo version)
GriveSafe/DriveAware Assessments (18,01 /2014)
Traved Diary (1970172014}
NASA Task Load Index (No versian)
EQ-5D-5L (Version 2)
Low visual acuity letter (Mo verslon)

L

- & = &

The approval (s valid bo 0BS05/ 2017 and on he basis of compliance with the "Conditions of HREC Approval
far & Ressarch Project’ (attached].

Thie nominated participating site in this project s
Royal Perth Hospital

Fremantie Hospital

Sir Charles Galrdner Hospital

» I Bddbional stes Are recruited prioe to the commencement of, of durng the research project, the
Coonfnating Principal Investigator is requined to notsfy the RPH HREC, Notfication of withdrawn sites
should also be proviced to the HREC in a timely Tashion.

s & copy of this ethasl approval letter must be submites by all s Prncpal Investgators to the Resaarch
Governance Cffice or eguivalent body or individual ot esch participating institubon in o tdmely manner to
enabie the instibution to authorise the commencement of the propact 8t s site/s.

Jhis lettor constitutes ethical agoroval only. This project cannot procesd at any ste ntll separate stie
authorisation has been obtained from the Chied Executive, or delegafe, of the sitn under whose auspices the
research will be conducted

The RPH Ethics Commiting is registered with the Aastmalion Healsh Ethics Committer and operates sccording
to the NHMRC Matinnal Staterment on Ethical Conduct in Human Research and Interrational Conference on
Harrronlsation - Good Clinical Practice,

Should you have any quenes about the HREC's considerabion of your project, please contact (D8) 9224 2192
The HREC's Terms of Referance, Standard Operating Procedures, membsrship and standard forms are
available from the Eihes Ofice, [DF) 9224 2292 or mhrecnealth.w oo,

Yours snoamely

PROF FRANK VAN BOCKXMEER
Chalrman, RPH Human Resesrch Ethics Committes

Hipya| Perth Hoapdsl Ressarch Bthics & Governance [ REG ) Office

Leval § Cotorval Houte, Roysl Perth Himgial, GRO Baw X227 08 Porrs Wa 6004
T (D) 9224 2202 | Pa (0B} S22 36848 | Emall mbbresBneaib. v 00l Page L of 3
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Government of Western Austrulia

Departrment of Heulth Royal Perth Hospital
South Metropolitan Health Service

CONDITIONS OF HREC APPROVAL FOR A RESEARCH PROJECT

Tha following general conditions apply to the research project approved by the Human Hesearch Ethics
Committes (HREC) and accaplance of the approval will be deemed to be an acceptance of these canditions by
alf investgators involved in the research project;

1.

1

11,

The responsibifity for the conduct of the projects lies with the Coomdinabing Principal Inveshgator
(CPI). All correspondance with the Lead HREC should be signed by the CPL

Projects thal do not commence within 12 monthe of the approval date may have thee approval
withdrawn. The CPLmust cutling why the project approval showld stand,

The submission of an application for HREC approval will be desmed to indicate that the
Inwestigator/s and any sponsor recognises the approving HREC is registered with the Mational
Health and Medical Rescarch Council (NHMRC) and that it complies in all respocts with the Mational
Staternent on Ethical Conduct in Hurman Research and all other national and international sthical
requirements. The HREC will not enter into further correspondence on this point.

A list of attendance at a specific HREC meeking is avallable on reguest, but no vobing records will be
pravided.

The CPl will notify the HREC of his or her inability ko continue as CPL and will provide the name and
contact information of their replacerment.  Fallure to notify the HREC may resull in the project being
suspended or approval withdrawn.

The CPI will notity the HREC of any depariures of nemed investigators, The CP@ will also notify the
HREC if any new investigators andfor sites join the project that will ulilise the HREC's spprowal,

The CP1 will inform the HREC about any changes to the pmject. The CPl & respondible Tor
submitting any amendments to the approved documents listed on the approval letter, o any new
documentation to be used in the project. Any new or amended documentation should be
submitted in a limaly manner and cannot be implamented at any participating site until they have
received HREC approval.

The CPl is responsible for reporting adverse events, indiceting whether or not the project should
conbinue.  Reporting reguirernents are as per the WA Health Research Governance and Single
Ethical Review Standard Operating Procedures. Additional reports other than those cuthined that
are submitted o the HREC will be returmed without acknowiedgement. The HREC can reguest
sdditional reparting requirémants as a special condition of & refearch project.

Where a project reguires 3 Data Safety Monitoring Boasd (DSMB) It i the OPI's responsibality to
ensure this s in place before the commencement of the project and the HREC nobified of this. Al
releivant reports from the DSMB should be submitted to HREC,

For projects where the site i acting as the sponsor (la. investigator inltiated project) it is the
respansibility. of the CPl to report semous and unescpected drugidevice reactions, as well as oher
reachions/events to the Therapeutic Goods Administration (TGA). Please refer to TGA website for
further iformation and the relevant forms (see  Biip:/fwww.tga.gov.o/Ddffclinical frigls-
puidelings.pdf p71 for medcations or p77 for dewvioes),

If this project involves the use of an implantable device a propedy monitored and up to dale
system for racking participants. is to be maintained for the life of the device in accordance with the
Kational Staterment section 3.3.22 {g).

The investigator is responsible for notitying the Therapeutic Crugs Administration of a device
incident in accordance with the National Statemaent section 3.3.22 (g).

An Ennusl report on Bn approved resesrch project will be reguired on the anniversary date of the
praject's approval. HREC approvals are subject to the submission of these reports and approval
may be suspended if the report is not submitted.

The HREC has the authority to audit the conduct of any project without noboe,  Ewxercise of this
suthority will only be considered if there are grounds o believe thet some iegularily hes
oocumred, if @ complaing is recelved from a third party or the HREC decides o undertake an aodit
for Quality Improverpent purposes.

The RPH Human Research Fthics Committes (HREC) ia comituled and opévates in accondance with NHEHRC Guidelines

Ethics Office Level 5 Colonial Howse, Rayal Perth Hospital, GRO Box X2713 Perin WA 6001
Tel (08} 9224 253 | Fax (08) 9224 2688 | Ernad tph heecdbepith wa 9ov.au Page 3 of 3
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16.

12

1%

20

21

22.

Tha HREC can conduct random monitoring of any projact. The CPl will be notified if thair project
has been seleched, The CFI will be given a copy of the monitar's report along with the HREC and
Ressarch Governance Office (RGO at each sibe,

Complaints relating to the conduct of & project should be directad to the HREC Chair and will be
promptly investigated according to the Commities's complaints procadures.

CPI are reminded that recerds of consent or authorisation for particpaden in a pregect form part of
the Acute Hespital Fabent Becord and should be stored with that record in accordance with the WA
Health Patient Information Retention and Disposal Schedule (Versian 2) 2000, & copy of the
‘Participant Information Sheset' should alse be included im the medical records as part of informed
comnsent decumentation.

The duration of HREC approval for a preject is 3 year (with the opboen of 5 years) from the date of
approval. The date of spproval expiry 18 stipulated in the HREC approval letter.

If the project is to congnue beyond the stpulated spproval sxpiry date & request for Bn extension
should be submitted prior to that expiry date. One extension of 1 years can be granted but
approval beyand this time perlod may mecassitate further review by the HREC.

Once the approvel period has expired, the CPI is required to submit a fnaf repert. IF the report is
nat recelved within 30 days the project will be closed and srchived. An outstanding finel report
cauld impact an the CPi's sbility to mpply for approvel for future projects.

I & praject = suspended or teimineted by the CPl, e & praject sponsor, the CP1 must immedistely
infarm the HREC and the RGO st each site of this and the circurmstences necessitating the
suspension or termination of the project. Such netification should include infarmation 8% to what
procadures are in place o safeguard participants,

If & project fails to meet these conditions the HREC will contack the investigator(s) to request they
rectify the identified issues, If, after being contacted by the HREC, the ssues are not addressed
the HREC apgsoval will be withdrawn, The HREC will notify the RGD at each site within WA Health
that work may no lkenger be conducted in relaton to the project other than that concerning the
participants safety.

The RPH Human Ressarch Ethics Committes (HREC] is constituted and opsrates in accordance with NHBMRC Guldelines

Ethics Office Level 5 Colorlsl Wouse, Hoyal Perth HDI'FH:IL Box X2213 Perth WA 8001
Tal (0B) 9224 2262 | Fax (0F) 9224 J600 | Emall rph hrecahanth e gy o) Page 3 af 3
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Ethics approval: Sir Charles Gairdner Hospital

Govemnmeant of Western Australia
Degartment of Heakth

Our Rt 2094112 apgrovel BCODPHCG

Sir Charles
Galrdner Hospital

31 Oclober 2014

Professar Lynn Maulenars
Curtin-Monash Accident Research Cenire
Curtin University

GPO Box U1987

PERTH Wa &245

Dear Professor Meuleners

HREG No: 2014-113

Project Title: Characterisation of deficits In driving performance and self-
regulation practices among older drivers with bilateral cataract (CEDAR study)

On behalf of the Sir Charles Gairdner Osborna Park Health Care Group, | give
authonsation for your research project 1o be conducted at the falbowing sitefs |

Sir Charles Gairdner Hospital

Tha following site specific documents are o be used in addition to those approved by
the Human Research Ethics Committes (HREC).

Decumaent
SCGH Brochurs - Paricipant Information, SCG version 3, 20 May 2014

This authorisation is based on the approval from the Royal Perth Hospital Human
Research Ethice Committes and the review from the Research Govemance Difice.
This autharisation is valid subject to the ongoing approval from the HREC, and on the
basis of compliznce with tha 'Conditions of Site Authorisation to Conduct a Research
Project’ {atiached) and with the compliance of 2l reporis as required by the Research
Governance Office and approving HREC. Noncompliance with thess requiraments
could result in the authorisation be withdrawn,

Tha responsibility for the conduct of this project remains with you as the Principal
Investigator at the site.

Yo inceraly

K4

Dr Victor Cheng

A/EXECUTIVE DIRECTOR

SIR CHARLES GAIRDMER AND
OSBORME PARK HEALTH CARE GROUP

Sir Charles Gairdnor Group Human Research Elhics Commitbas, Lewel 2 A Block, Hosplisf Ave, Nadlands, WA 8008
Telaphone (00) 9345 2009 Fax ((8) 5346 3307 ABN: 13 963 260 70O
amail HREC SCGHThealih i goy.au Website . acah hesfh wa gov au
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CONDITIONS OF SITE AUTHORISATION TO CONDUCT A RESEARCH PROJECT

The fellowing general conditions apply to the ressarch project aulhorised to be conducted at
the sile(s) nominated |n the accompanying latber, The accaptancs of the slte autharlsstion

will be deamed to be an acceptance of hess conditions by all Investigators Involved In the
ressarch projact sl the nominated slie(s),

1

2I

sl

10.

Tha responslbliity for the conduet of project ot a site les with the neminated
Principal Investigator (P1) al that site, all corespondence should be signad by P1,

The P will inform the Research Governance Offlos (RGO) about any changes to
the project. The Pl is responsible for submiiting any amendmants to the approved
documants listed on the approval lettar, or any new decumentation to be used In
ihe project, Any naw or amanded documantation should ba subimittad In a timely
mannar and cannot ba implameniad al this sita untll thay have racelved HREC
approval for Use at sitefs),

Tha P1 will notify the RGO of thelr Inability to continue as P at the slte(s) and wil
provide the name and contacl Information of thelr replacament.

The PLwill notify the RGO of any deparlures of named site Investigators. The PI
will also neiify the RGO If eny new site investigators join the project.

The Pl is responsible for reporting site advarse svenls, using the standard forma
avallable from the website, Reporting requiremaents are as per tha WA Health
Resmarch Governanes and Single Ethical Review Standard Operating Procedurss,

Additional reports, olier than hose oullined, that sre submitiad will ba returnad
withaut acknowledgamant,

The ennual rapart that |s submitted lo the HREC should also ba submitied to the

RGO, This should includs the sils specific Information which should be completad
by tha sits P,

The site has the authority to audit the conduet of any projact without notics,
Exarcise of this authority will enly ba consldared if thare are grounds to ballave
that some Iregularty has cocurred, If a complalnl Is racelved from a third paity or
tha site decldes to underiake an audit for Quality Improvement purposes,

The site can conduct random monltering of any project. The P will be notified if
thelr projact has been salected. Tha P1will ba givan a copy of tha monitor's rapart
alang with the HREC and RGO,

Complaints ralatlng to the conduct of 8 project should be directsd ta tha RGO and
will be prompily Investigated according to tha sits Standard Oparating Pracedures,

The P! Is raminded thet records of sonssnt or authorisation for parilcipation In a
project form part of the Acute Hospital Petient Record and should ba storsd with
thet record In accordance with the WA Health Patlent nformation Redsniion and
Disposal Scheduis (Verslon 2} 2000, A copy of the 'Particlpant Infarmatlon Shast!

should also be Included In the medical records s part of Informed consan
docurnantation,

Cnoa the project hee hesn closed st elte, the P| e required to aubmit to the RGO &
oopy of the final report thet bs submilted to the HREC. This should Includs the sils
spachle iformation which sbould bs completed by tha albs P, |f the report s pet
rooalved within 30 days the project will be closed and arshivad. An outstanding
finel report cauld impact an the PI's abllity to apply for spproval for fulure projscts,

Wi Healih Condlilona of suthorisation to Conduct a Flessarch Project st Slis 1al2
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2. W a project ks suspended or terminated the P must ensure that the RGO at site is

informed of this and the circumstances necessitating the suspansion or termination of
the project. Such nolification should Include information as to what procedures am in
place o safeguard participants.

13.  If a project fails 1o meet these conditions the RGO will contact the investigator(s) o
request they rectify the dentiflied issues. If, after being contacted by the RGO, the
lssues are nol addressed the sile authorisation will be withdrawn.

Investigator Initated Trials

Please note if you are the Principal investigator of an Investigator Inittated Trial utilising a
CTN for & medication or devica whara SCGOPHCG Is the sponsor, i is a TGA requirerment
that you Inform the TGA of trial completion, In addiion to rapariing to the HREC/RGO.

Plassa refer to the TGA websie hiip:iivw i i
Mmiﬂmﬁmmﬁamwdhdﬂdﬁdﬂmmmmhm

WA Health Conditlona of suthorsation to Condudt @ Rosearth Project ot Siis 2al2
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Appendix H Participant information sheet
and consent form
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H.1 Participant information sheet and consent form:
Fremantle Hospital B

§ &

13

F
=

Curtin University Fremantie Hospital &
Health Service

Wiggn

PARTICIPANT INFORMATION SHEET

The CEDAR Study: Cataract Extraction and Driving Ability Research

Invitation
You are invited to participate in a research study into how cataract surgery affects a
person’s driving performance.

The study is being conducted by Professor Lynn Meuleners, Curtin-Monash Accident
Research Centre at Curtin University and the George Institute in Sydney.

The study is funded by the Australian Research Council and is part of a national
collaborative study coordinated by Curtin University in Perth.

Before you decide whether or not you wish to participate in this study, it is important
for you to understand why the research is being done and what it will involve. Please
take the time to read the following information carefully and discuss it with others if
you wish.

If you agree participate in this study, you will be asked to sign the attached Consent
Form.

1. ‘What is the purpose of this study?’

The purpose is to investigate the impact of cataract and cataract surgery on driving
performance and self-regulation practices.

2. ‘Why have | been invited to participate in this study?’

You are eligible to participate in this study because you are aged 55 years or older,
have a current driver's licence, drive at least twice a week, live in the Perth
metropolitan area, are able to attend three assessment visits, have not had cataract
surgery before and are now recommended for cataract surgery.

3. ‘What if | don’t want to take part in this study or if | want to withdraw
later?’

Participation in this study is voluntary. It is completely up to you whether or not you
participate. If you decide not to participate, it will not affect the treatment you receive
now or in the future. Whatever your decision, it will not affect your relationship with
the staff caring for you.

If you wish to withdraw from the study once it has started, you can do so at any time

without having to give a reason. Withdrawing from this study will not affect your
relationship with your doctors or any standard treatment you may be receiving. If you
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want to withdraw notify one of the research team or complete the ‘Revocation of
Consent’ which is attached here.

4. ‘What does this study involve?’

This study will be conducted over 3 years. However, your involvement will last only
from one month before your first eye surgery to six months after your second eye
surgery.

If you agree to participate, you will be asked to attend three face to face visits at Curtin
University. These will take place 1 month before your first eye surgery, 3 months after
first eye surgery and 3 months after second eye surgery. At each visit you will be
asked to undergo the following assessments:

. Visual tests: These include letter charts, visual fields, refraction, pupil size and
measurement of your glasses
o Questionnaire: We will ask you some questions about your glasses, access to

eye care and referral for surgery, attitudes to cataract surgery, difficulty with vision,
your driving habits, self-regulation and driving difficulties, and collect information
about your health, medical history, physical activity and risk of falls.

o Cognitive tests: We will ask you to complete three cognitive tests that involve
answering questions and looking at pictures

o Driving simulator: You will drive a specific route in our state-of-the-art driving
simulator

o In-vehicle driving device: We will ask you to plug a device into your car for one
week to record confidential driving data, then post it back.

The researchers will also access your hospital medical records to obtain clinical
information about your cataract and cataract surgery.

You may also be invited to participate in a panel formulating recommendations for
older drivers with cataract at the completion of the study. It is your decision whether
to choose to participate in this panel.

5. ‘How is this study being paid for?’
The study is being sponsored by the Australian Research Council.

All of the money being paid by the sponsor to run the study will be deposited into a
centrally managed account to cover the costs of running the study. No money is paid
directly to individual researchers or your medical team.

6. ‘Are there risks to me in taking part in this study?’

There are no risks associated with taking part in the study. All tests are non-invasive
and safe. However, some people may feel sick while using the driving simulator. If
this happens to you, we will stop the assessment immediately. Furthermore, if the
study tests identify any issues such as depression or anxiety, you will be advised to
seek help from a professional. If you are in need a help line number will provide
immediate support to you (Lifeline 13 11 14).
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7. ‘What happens if the study tests indicate my vision is inadequate for
safe driving?’

If the visual tests show that you do not meet the minimum correct visual standard for
driving in at least one eye, you will be advised to consult your GP or
Ophthalmologist. If you are about to undergo cataract surgery, you will be advised
not to drive until you have seen your Ophthalmologist after surgery. A follow-up call
will be made within 7 days to see if you have followed up with a medical
appointment. In the event that you do not seek medical assistance from a GP or
Ophthalmologist, you accept responsibility for your decision not to seek treatment.

8. ‘Will | benefit from the study?’

This study aims to further medical knowledge and may improve future management
of cataract, however it will not directly benefit you. Nevertheless, a personal
summary report will be provided to you on completion of the study.

9. ‘Will taking part in this study cost me anything, and will | be paid?

Participation in this study will not cost you anything. You will be paid $10 for the first
assessment, $15 for the second assessment and $20 for the final assessment for
your time and effort participating in research.

10. ‘How will my confidentiality be protected?’

Any identifiable information that is collected about you in connection with this study
will remain confidential and will be disclosed only with your permission, or except as
required by law. Data collected by the in-vehicle monitoring devices could be used in
a court law following a traffic accident. Only the researchers named above will have
access to your details and results that will be held securely at the Curtin-Monash
Accident Research Centre, Curtin University. The information will be stored in
password protected files with access limited to those involved in running the study.
Any paper documents will be stored in locked filing cabinets. Information will not be
passed onto your doctors, the Department of Transport or the WA Police.

1. ‘What happens with the results?’

If you give us your permission by signing the consent document, we plan to discuss
the results with The George Institute for Global Health and the Curtin University Ethics
Committee for the purpose of monitoring the conduct of this research and to publish
the results in peer reviewed journals, presentation at conferences or other
professional forums.

In any publication, information will be provided in such a way that you cannot be
identified. Results of the study will be provided to you, if you wish. If you wish to
receive the study results you should contact Professor Lynn Meuleners, (08) 9266
4636 or Seraina Agramunt from Curtin University on (08) 9266 9591.

12. ‘What should | do if | want to discuss this study further before |
decide?’

When you have read this information, the researcher will discuss it with you and any
queries you may have. If you would like to know more at any stage, please do not
hesitate to contact Lynn Meuleners on (08) 9266 4636 or Seraina Agramunt from
Curtin University on (08) 9266 9591.
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13. ‘Who should | contact if | have concerns about the conduct of this
study?’

This study has been approved by the Curtin University Human Research Ethics
Committee (Approval Number HR 29/2014). The Committee is comprised of members
of the public, academics, lawyers, doctors and pastoral carers. If needed, verification
of approval can be obtained either by writing to the Curtin University Human Research
Ethics Committee, c/- Office of Research and Development, Curtin University, GPO
Box U1987, Perth, 6845 or by telephoning 9266 2784 or by emailing
hrec@curtin.edu.au.

The study has also been approved by the South Metropolitan Area Health Service
Human Research Ethics Committee which can be contacted on (08) 9431 2929 or
SMHS.HREC@health.wa.gov.au.

Thank you for taking the time to consider this study.
If you wish to take part in it, please sign the attached Consent Form.
This information sheet is for you to keep.
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Eremantie Hospital &
Health Service

CONSENT FORM
IMPACT OF FIRST AND SECOND EYE SURGERY ON DRIVING OUTCOMES

agree to participate in the study described in the participant information statement set
out above.

2. | acknowledge that | have read the participant information statement, which
explains why | have been selected, the aims of the study and the nature and the
possible risks of the investigation, and the statement has been explained to me to my
satisfaction.

3. Before signing this Consent Form, | have been given the opportunity of asking
any questions relating to any possible physical and mental harm | might suffer as a
result of my participation and | have received satisfactory answers.

4, | understand that | can withdraw from the study at any time without prejudice
to my relationship to Curtin University or my treating hospital.

5. | agree that research data gathered from the results of the study may be
published, provided that | cannot be identified.

6. | understand that if | have any questions relating to my participation in this
research, | may contact Professor Lynn Meuleners on (08) 9266 4636 or Seraina
Agramunt on (08) 9266 9591 who will be happy to answer them.

7. | acknowledge receipt of a copy of this Consent Form and the Participant
Information Statement.

Complaints may be directed to the Curtin University Human Research Ethics
Committee on (08) 9266 9223 or at hrec@curtin.edu.au or the South Metropolitan
Area Health Service Human Research Ethics Committee on (08) 9431 2929 or
SMHS.HREC@health.wa.gov.au.

Signature of participant Please PRINT name Date
Signature of witness Please PRINT name Date
Signature of investigator Please PRINT name Date
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H.2  Participant information sheet and consent form: Royal
Perth Hospital

' Royal Perth
0 I"fu.*spitzl

Curtin University

PARTICIPANT INFORMATION SHEET

The CEDAR Study: Cataract Extraction and Driving Ability Research

Invitation
You are invited to participate in a research study into how cataract surgery affects a
person’s driving performance.

The study is being conducted by Professor Lynn Meuleners, Curtin-Monash Accident
Research Centre at Curtin University and the George Institute in Sydney.

The study is funded by the Australian Research Council and is part of a national
collaborative study coordinated by Curtin University in Perth.

Before you decide whether or not you wish to participate in this study, it is important
for you to understand why the research is being done and what it will involve. Please
take the time to read the following information carefully and discuss it with others if
you wish.

If you agree participate in this study, you will be asked to sign the attached Consent
Form.

1. ‘What is the purpose of this study?’

The purpose is to investigate the impact of cataract and cataract surgery on driving
performance and self-regulation practices.

2. ‘Why have | been invited to participate in this study?’

You are eligible to participate in this study because you are aged 55 years or older,
have a current driver’'s licence, drive at least twice a week, live in the Perth
metropolitan area, are able to attend three assessment visits, have not had cataract
surgery before and are now recommended for cataract surgery.

3. ‘What if | don’t want to take part in this study or if | want to withdraw
later?’

Participation in this study is voluntary. It is completely up to you whether or not you
participate. If you decide not to participate, it will not affect the treatment you receive
now or in the future. Whatever your decision, it will not affect your relationship with
the staff caring for you.

If you wish to withdraw from the study once it has started, you can do so at any time
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without having to give a reason. Withdrawing from this study will not affect your
relationship with your doctors or any standard treatment you may be receiving. If you

want to withdraw notify one of the research team or complete the ‘Revocation of
Consent’ which is attached here.

4, ‘What does this study involve?’

This study will be conducted over 3 years. However, your involvement will last only
from one month before your first eye surgery to six months after your second eye
surgery.

If you agree to participate, you will be asked to attend three face to face visits at Curtin
University. These will take place 1 month before your first eye surgery, 3 months after
first eye surgery and 3 months after second eye surgery. At each visit you will be
asked to undergo the following assessments:

o Visual tests: These include letter charts, visual fields, refraction, pupil size and
measurement of your glasses
o Questionnaire: We will ask you some questions about your glasses, access to

eye care and referral for surgery, attitudes to cataract surgery, difficulty with vision,
your driving habits, self-regulation and driving difficulties, and collect information
about your health, medical history, physical activity and risk of falls.

o Cognitive tests: We will ask you to complete three cognitive tests that involve
answering questions and looking at pictures

o Driving simulator: You will drive a specific route in our state-of-the-art driving
simulator

o In-vehicle driving device: We will ask you to plug a device into your car for one
week to record confidential driving data, then post it back.

The researchers will also access your hospital medical records to obtain clinical
information about your cataract and cataract surgery.

You may also be invited to participate in a panel formulating recommendations for
older drivers with cataract at the completion of the study. It is your decision whether
to choose to participate in this panel.

5. ‘How is this study being paid for?’
The study is being sponsored by the Australian Research Council.

All of the money being paid by the sponsor to run the study will be deposited into a
centrally managed account to cover the costs of running the study. No money is paid
directly to individual researchers or your medical team.

6. ‘Are there risks to me in taking part in this study?’

There are no risks associated with taking part in the study. All tests are non-invasive
and safe. However, some people may feel sick while using the driving simulator. If
this happens to you, we will stop the assessment immediately. Furthermore, if the
study tests identify any issues such as depression or anxiety, you will be advised to
seek help from a professional. If you are in need a help line number will provide
immediate support to you (Lifeline 13 11 14).
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7. ‘What happens if the study tests indicate my vision is inadequate for
safe driving?’

If the visual tests show that you do not meet the minimum correct visual standard for
driving in at least one eye, you will be advised to consult your GP or
Ophthalmologist. If you are about to undergo cataract surgery, you will be advised
not to drive until you have seen your Ophthalmologist after surgery. A follow-up call
will be made within 7 days to see if you have followed up with a medical
appointment. In the event that you do not seek medical assistance from a GP or
Ophthalmologist, you accept responsibility for your decision not to seek treatment.

8. ‘Will | benefit from the study?’

This study aims to further medical knowledge and may improve future management
of cataract, however it will not directly benefit you. Nevertheless, a personal
summary report will be provided to you on completion of the study.

9. ‘Will taking part in this study cost me anything, and will | be paid?

Participation in this study will not cost you anything. You will be paid $10 for the first
assessment, $15 for the second assessment and $20 for the final assessment for
your time and effort participating in research.

10. ‘How will my confidentiality be protected?’

Any identifiable information that is collected about you in connection with this study
will remain confidential and will be disclosed only with your permission, or except as
required by law. Data collected by the in-vehicle monitoring devices could be used in
a court law following a traffic accident. Only the researchers named above will have
access to your details and results that will be held securely at the Curtin-Monash
Accident Research Centre, Curtin University. The information will be stored in
password protected files with access limited to those involved in running the study.
Any paper documents will be stored in locked filing cabinets. Information will not be
passed onto your doctors, the Department of Transport or the WA Police.

11. ‘What happens with the results?’

If you give us your permission by signing the consent document, we plan to discuss
the results with The George Institute for Global Health and the Curtin University Ethics
Committee for the purpose of monitoring the conduct of this research and to publish
the results in peer reviewed journals, presentation at conferences or other
professional forums.

In any publication, information will be provided in such a way that you cannot be
identified. Results of the study will be provided to you, if you wish. If you wish to
receive the study results you should contact Professor Lynn Meuleners, (08) 9266
4636 or Seraina Agramunt from Curtin University on (08) 9266 9591.

12. ‘What should | do if | want to discuss this study further before |
decide?’

When you have read this information, the researcher will discuss it with you and any

queries you may have. If you would like to know more at any stage, please do not
hesitate to contact Lynn Meuleners on (08) 9266 4636 or Seraina Agramunt from
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Curtin University on (08) 9266 9591.

13. ‘Who should | contact if | have concerns about the conduct of this
study?’

This study has been approved by the Curtin University Human Research Ethics
Committee (Approval Number HR 29/2014). The Committee is comprised of members
of the public, academics, lawyers, doctors and pastoral carers. If needed, verification
of approval can be obtained either by writing to the Curtin University Human Research
Ethics Committee, c/- Office of Research and Development, Curtin University, GPO
Box U1987, Perth, 6845 or by telephoning 9266 2784 or by emailing
hrec@curtin.edu.au.

The study has also been approved by the Royal Perth Hospital Human Research
Ethics Committee which can be contacted on (08) 6151 1180 or
SIRO.REG@health.wa.gov.au.

Thank you for taking the time to consider this study.
If you wish to take part in it, please sign the attached Consent Form.
This information sheet is for you to keep.
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' Royal Perth
1 Hospital

Curtin University

CONSENT FORM
IMPACT OF FIRST AND SECOND EYE SURGERY ON DRIVING OUTCOMES

agree to participate in the study described in the participant information statement set
out above.

2. | acknowledge that | have read the participant information statement, which
explains why | have been selected, the aims of the study and the nature and the
possible risks of the investigation, and the statement has been explained to me to my
satisfaction.

3. Before signing this Consent Form, | have been given the opportunity of asking
any questions relating to any possible physical and mental harm | might suffer as a
result of my participation and | have received satisfactory answers.

4, | understand that | can withdraw from the study at any time without prejudice
to my relationship to Curtin University or my treating hospital.

5. | agree that research data gathered from the results of the study may be
published, provided that | cannot be identified.

6. | understand that if | have any questions relating to my participation in this
research, | may contact Professor Lynn Meuleners on (08) 9266 4636 or Seraina
Agramunt on (08) 9266 9591 who will be happy to answer them.

7. | acknowledge receipt of a copy of this Consent Form and the Participant
Information Statement.

Complaints may be directed to the Curtin University Human Research Ethics
Committee on (08) 9266 9223 or at hrec@curtin.edu.au or the Royal Perth Hospital
Human Research Ethics Committee on  (08) 6151 1180 or
SIRO.REG@health.wa.gov.au.

Signature of participant Please PRINT name Date
Signature of witness Please PRINT name Date
Signature of investigator Please PRINT name Date
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H.3  Participant information sheet and consent form: Sir
Charles Gairdner Hospital

#3 Sir Charles
Gairdner Hospital

Curtin University

PARTICIPANT INFORMATION SHEET

The CEDAR Study: Cataract Extraction and Driving Ability Research

Invitation
You are invited to participate in a research study into how cataract surgery affects a
person’s driving performance.

The study is being conducted by Professor Lynn Meuleners, Curtin-Monash Accident
Research Centre at Curtin University and the George Institute in Sydney.

The study is funded by the Australian Research Council and is part of a national
collaborative study coordinated by Curtin University in Perth.

Before you decide whether or not you wish to participate in this study, it is important
for you to understand why the research is being done and what it will involve. Please
take the time to read the following information carefully and discuss it with others if
you wish.

If you agree participate in this study, you will be asked to sign the attached Consent
Form.

1. ‘What is the purpose of this study?’

The purpose is to investigate the impact of cataract and cataract surgery on driving
performance and self-regulation practices.

2. ‘Why have | been invited to participate in this study?’

You are eligible to participate in this study because you are aged 55 years or older,
have a current driver’'s licence, drive at least twice a week, live in the Perth
metropolitan area, are able to attend three assessment visits, have not had cataract
surgery before and are now recommended for cataract surgery.

3. ‘What if | don’t want to take part in this study or if | want to withdraw
later?’

Participation in this study is voluntary. It is completely up to you whether or not you
participate. If you decide not to participate, it will not affect the treatment you receive
now or in the future. Whatever your decision, it will not affect your relationship with
the staff caring for you.

If you wish to withdraw from the study once it has started, you can do so at any time
without having to give a reason. Withdrawing from this study will not affect your
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relationship with your doctors or any standard treatment you may be receiving. If you
want to withdraw notify one of the research team or complete the ‘Revocation of
Consent’ which is attached here.

4. ‘What does this study involve?’

This study will be conducted over 3 years. However, your involvement will last only
from one month before your first eye surgery to six months after your second eye
surgery.

If you agree to participate, you will be asked to attend three face to face visits at Curtin
University. These will take place 1 month before your first eye surgery, 3 months after
first eye surgery and 3 months after second eye surgery. At each visit you will be
asked to undergo the following assessments:

. Visual tests: These include letter charts, visual fields, refraction, pupil size and
measurement of your glasses
o Questionnaire: We will ask you some questions about your glasses, access to

eye care and referral for surgery, attitudes to cataract surgery, difficulty with vision,
your driving habits, self-regulation and driving difficulties, and collect information
about your health, medical history, physical activity and risk of falls.

o Cognitive tests: We will ask you to complete three cognitive tests that involve
answering questions and looking at pictures

o Driving simulator: You will drive a specific route in our state-of-the-art driving
simulator

o In-vehicle driving device: We will ask you to plug a device into your car for one
week to record confidential driving data, then post it back.

The researchers will also access your hospital medical records to obtain clinical
information about your cataract and cataract surgery.

You may also be invited to participate in a panel formulating recommendations for
older drivers with cataract at the completion of the study. It is your decision whether
to choose to participate in this panel.

5. ‘How is this study being paid for?’
The study is being sponsored by the Australian Research Council.

All of the money being paid by the sponsor to run the study will be deposited into a
centrally managed account to cover the costs of running the study. No money is paid
directly to individual researchers or your medical team.

6. ‘Are there risks to me in taking part in this study?’

There are no risks associated with taking part in the study. All tests are non-invasive
and safe. However, some people may feel sick while using the driving simulator. If
this happens to you, we will stop the assessment immediately. Furthermore, if the
study tests identify any issues such as depression or anxiety, you will be advised to
seek help from a professional. If you are in need a help line number will provide
immediate support to you (Lifeline 13 11 14).
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7. ‘What happens if the study tests indicate my vision is inadequate for
safe driving?’

If the visual tests show that you do not meet the minimum correct visual standard for
driving in at least one eye, you will be advised to consult your GP or
Ophthalmologist. If you are about to undergo cataract surgery, you will be advised
not to drive until you have seen your Ophthalmologist after surgery. A follow-up call
will be made within 7 days to see if you have followed up with a medical
appointment. In the event that you do not seek medical assistance from a GP or
Ophthalmologist, you accept responsibility for your decision not to seek treatment.

8. ‘Will | benefit from the study?’

This study aims to further medical knowledge and may improve future management
of cataract, however it will not directly benefit you. Nevertheless, a personal
summary report will be provided to you on completion of the study.

9. ‘Will taking part in this study cost me anything, and will | be paid?

Participation in this study will not cost you anything. You will be paid $10 for the first
assessment, $15 for the second assessment and $20 for the final assessment for
your time and effort participating in research.

10. ‘How will my confidentiality be protected?’

Any identifiable information that is collected about you in connection with this study
will remain confidential and will be disclosed only with your permission, or except as
required by law. Data collected by the in-vehicle monitoring devices could be used in
a court law following a traffic accident. Only the researchers named above will have
access to your details and results that will be held securely at the Curtin-Monash
Accident Research Centre, Curtin University. The information will be stored in
password protected files with access limited to those involved in running the study.
Any paper documents will be stored in locked filing cabinets. Information will not be
passed onto your doctors, the Department of Transport or the WA Police.

1. ‘What happens with the results?’

If you give us your permission by signing the consent document, we plan to discuss
the results with The George Institute for Global Health and the Curtin University Ethics
Committee for the purpose of monitoring the conduct of this research and to publish
the results in peer reviewed journals, presentation at conferences or other
professional forums.

In any publication, information will be provided in such a way that you cannot be
identified. Results of the study will be provided to you, if you wish. If you wish to
receive the study results you should contact Professor Lynn Meuleners, (08) 9266
4636 or Seraina Agramunt from Curtin University on (08) 9266 9591.

12. ‘What should | do if | want to discuss this study further before |
decide?’

When you have read this information, the researcher will discuss it with you and any

queries you may have. If you would like to know more at any stage, please do not
hesitate to contact Lynn Meuleners on (08) 9266 4636 or Seraina Agramunt from
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Curtin University on (08) 9266 9591.

13. ‘Who should | contact if | have concerns about the conduct of this
study?’

This study has been approved by the Curtin University Human Research Ethics
Committee (Approval Number HR 29/2014). The Committee is comprised of members
of the public, academics, lawyers, doctors and pastoral carers. If needed, verification
of approval can be obtained either by writing to the Curtin University Human Research
Ethics Committee, c/- Office of Research and Development, Curtin University, GPO
Box U1987, Perth, 6845 or by telephoning 9266 2784 or by emailing
hrec@curtin.edu.au.

The study has also been approved by the Sir Charles Gairdner Group Human
Research Ethics Committee which can be contacted on (08) 6457 2999 or
hrec.scgh@health.wa.gov.au

Thank you for taking the time to consider this study.

If you wish to take part in it, please sign the attached Consent Form.
This information sheet is for you to keep.
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LA Sir Charles
Gairdner Hospital

CONSENT FORM
IMPACT OF FIRST AND SECOND EYE SURGERY ON DRIVING OUTCOMES

agree to participate in the study described in the participant information statement set
out above.

2. | acknowledge that | have read the participant information statement, which
explains why | have been selected, the aims of the study and the nature and the
possible risks of the investigation, and the statement has been explained to me to my
satisfaction.

3. Before signing this Consent Form, | have been given the opportunity of asking
any questions relating to any possible physical and mental harm | might suffer as a
result of my participation and | have received satisfactory answers.

4, | understand that | can withdraw from the study at any time without prejudice
to my relationship to Curtin University or my treating hospital.

5. | agree that research data gathered from the results of the study may be
published, provided that | cannot be identified.

6. | understand that if | have any questions relating to my participation in this
research, | may contact Professor Lynn Meuleners on (08) 9266 4636 or Seraina
Agramunt on (08) 9266 9591 who will be happy to answer them.

7. | acknowledge receipt of a copy of this Consent Form and the Participant
Information Statement.

Complaints may be directed to the Curtin University Human Research Ethics
Committee on (08) 9266 9223 or at hrec@curtin.edu.au or Sir Charles Gairdner
Group Human Research Ethics Committee on (08) 6457 2999 or
hrec.scgh@health.wa.gov.au

Signature of participant Please PRINT name Date
Signature of witness Please PRINT name Date
Signature of investigator Please PRINT name Date
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I.1 Revocation of consent: Fremantle Hospital

Curtin University @

Eremantle Hospital &
Health Service

REVOCATION OF CONSENT

IMPACT OF FIRST AND SECOND EYE SURGERY ON DRIVING OUTCOMES

| hereby wish to WITHDRAW my consent to participate in the study described above
and understand that such withdrawal WILL NOT jeopardise any treatment or my
relationship with Curtin University or my treating hospital.

Signature of participant Please PRINT name Date

The section for Revocation of Consent should be forwarded to Seraina Agramunt,
Curtin-Monash Accident Research Centre, Curtin University, GPO Box U1987, Perth
WA 6845.
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1.2 Revocation of consent: Royal Perth Hospital

' Royal Perth
"1 Hospital

Curtin University

REVOCATION OF CONSENT

IMPACT OF FIRST AND SECOND EYE SURGERY ON DRIVING OUTCOMES

| hereby wish to WITHDRAW my consent to participate in the study described above
and understand that such withdrawal WILL NOT jeopardise any treatment or my
relationship with Curtin University or my treating hospital.

Signature of participant Please PRINT name Date

The section for Revocation of Consent should be forwarded to Seraina Agramunt,
Curtin-Monash Accident Research Centre, Curtin University, GPO Box U1987, Perth
WA 6845.
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1.3 Revocation of consent: Sir Charles Gairdner Hospital

Sir Charles

Curt]n Un.}U ErSitg - J Gairdner Hospital

REVOCATION OF CONSENT

IMPACT OF FIRST AND SECOND EYE SURGERY ON DRIVING OUTCOMES

| hereby wish to WITHDRAW my consent to participate in the study described above
and understand that such withdrawal WILL NOT jeopardise any treatment or my
relationship with Curtin University or my treating hospital.

Signature of participant Please PRINT name Date

The section for Revocation of Consent should be forwarded to Seraina Agramunt,
Curtin-Monash Accident Research Centre, Curtin University, GPO Box U1987, Perth
WA 6845.
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J.1 Letter sent to participants with low vision

Professor Lynn Meuleners
y . . Curtin-Monash Accident Centre
Curtin University pecident Centre
GPO Box U1987
Perth WA 6845

Name:
Address:

Date:

Dear Mr/Mrs

Re. Impact of first and second eye cataract surgery on driving outcomes study

Thank you kindly for participating in our study examining the impact of cataract and

cataract surgery on driving.

As part of the study we examined your vision. The results of the test(s) suggest that
you should not drive until you have sought medical advice from your GP or

Ophthalmologist.

We will be calling you within 7 days to see whether you are seeking further medical
advice about your result. Thereafter, Curtin University will have no continuing
responsibility for your medical care and you are responsible for your medical
decisions. In the event that you do not seek medical assistance from a GP or

Ophthalmologist, you accept responsibility for your decision not to seek treatment.

If you wish to discuss these results please contact Professor Lynn Meuleners on 9266
4636.

Thank you very much for your time and we greatly appreciate your contribution to this

important study.

Yours sincerely,

Professor Lynn Meuleners

Curtin University
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L.1

Co-Author: Professor Lynn Meuleners

To Whom It May Concern

I, Seraina Agramunt, contributed to data collection, analysis, and interpretation of data,

drafting, revising and approving the following manuscripts entitled:

Agramunt, S., Meuleners, L. B., Fraser, M. L., Morlet, N., Chow, K. C., & Ng,
J. Q. (2016). Bilateral cataract, crash risk, driving performance, and self-

regulation practices among older drivers. Journal of Cataract & Refractive

Surgery, 42(5), 788-794.

Agramunt, S., Meuleners, L., Chow, K. C., Ng, J. Q., & Morlet, N. (2016). A
validation study comparing self-reported travel diaries and objective data
obtained from in-vehicle monitoring devices in older drivers with bilateral

cataract. Accident Analysis & Prevention.

Agramunt, S., Meuleners, L., Fraser, M.L., Chow, K. C., Ng, J. Q., Raja, V.,
& Morlet, N. (submitted). An examination of driving exposure, habits and
adverse events in older drivers with bilateral cataract using naturalistic driving

data.

Agramunt, S., Meuleners, L. B., Fraser, M. L., Chow, K. C., Ng, J. Q., Raja,
V., & Morlet, N. (2017). Do older drivers with bilateral cataract self-regulate
their driving while waiting for first eye cataract surgery? Clinical Interventions

in Aging, 12, 1911.

Agramunt, S., Meuleners, L., Fraser, M.L., Chow, K. C., Ng, J. Q., & Raja, V.
(accepted for publication on 06/02/2018). First and second eye cataract surgery
and driver self-regulation among older drivers with bilateral cataract: a

prospective cohort study. BMC Geriatrics.

Lo

Seraina Agramunt, PhD candidate - . e

I, Professor Lynn Meuleners, as a Co-Author, endorse that this level of contribution

by the candidate indicated above is appropriate.

Professor Lynn Meuleners RO (o4 SR 777 B 7 S
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Co-Author: Doctor Jonathon Ng

To Whom It May Concern

I, Seraina Agramunt, contributed to data collection, analysis, and interpretation of data,

drafting, revising and approving the following manuscripts entitled:

Agramunt, S., Meuleners, L. B., Fraser, M. L., Morlet, N., Chow, K. C., & Ng,
J. Q. (2016). Bilateral cataract, crash risk, driving performance, and self-

regulation practices among older drivers. Journal of Cataract & Refractive

Surgery, 42(5), 788-794.

Agramunt, S., Meuleners, L., Chow, K. C., Ng, J. Q., & Morlet, N. (2016). A
validation study comparing self-reported travel diaries and objective data
obtained from in-vehicle monitoring devices in older drivers with bilateral

cataract. Accident Analysis & Prevention.

Agramunt, S., Meuleners, L., Fraser, M.L., Chow, K. C., Ng, J. Q., Raja, V.,
& Morlet, N. (submitted). An examination of driving exposure, habits and
adverse events in older drivers with bilateral cataract using naturalistic driving

data.

Agramunt, S., Meuleners, L. B., Fraser, M. L., Chow, K. C., Ng, J. Q., Raja,
V., & Morlet, N. (2017). Do older drivers with bilateral cataract self-regulate
their driving while waiting for first eye cataract surgery? Clinical Interventions

in Aging, 12, 1911.

Agramunt, S., Meuleners, L., Fraser, M.L., Chow, K. C., Ng, J. Q., & Raja, V.
(accepted for publication on 06/02/2018). First and second eye cataract surgery
and driver self-regulation among older drivers with bilateral cataract: a

prospective cohort study. BMC Geriatrics.

P
Seraina Agramunt, PhD candidate SRR~ = o

I, Doctor Jonathon Ng, as a Co-Author, endorse that this level of contribution by the

candidate indicated above is appropriate.

Doctor Jonathon Ng
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drafting, revising and approving the following manuscripts entitled:
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in Aging, 12, 1911.
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I, Doctor Kyle Chow, as a Co-Author, endorse that this level of contribution by the

candidate indicated above is appropriate.

Doctor Kyle Chow
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Co-Author: Michelle Fraser

To Whom It May Concern

I, Seraina Agramunt, contributed to data collection, analysis, and interpretation of data,

drafting, revising and approving the following manuscripts entitled:

Agramunt, S., Meuleners, L. B., Fraser, M. L., Morlet, N., Chow, K. C., & Ng,
J. Q. (2016). Bilateral cataract, crash risk, driving performance, and self-

regulation practices among older drivers. Journal of Cataract & Refractive

Surgery, 42(5), 788-794.
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cataract. Accident Analysis & Prevention.
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data.

Agramunt, S., Meuleners, L. B., Fraser, M. L., Chow, K. C., Ng, J. Q., Raja,
V., & Morlet, N. (2017). Do older drivers with bilateral cataract self-regulate
their driving while waiting for first eye cataract surgery? Clinical Interventions

in Aging, 12, 1911.

Agramunt, S., Meuleners, L., Fraser, M.L., Chow, K. C., Ng, J. Q., & Raja, V.
(accepted for publication on 06/02/2018). First and second eye cataract surgery
and driver self-regulation among older drivers with bilateral cataract: a

prospective cohort study. BMC Geriatrics.
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I, Michelle Fraser, as a Co-Author, endorse that this level of contribution by the

candidate indicated above is appropriate.

Michelle Fraser
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- Agramunt, S., Meuleners, L. B., Fraser, M. L., Morlet, N., Chow, K. C., & Ng,
J. Q. (2016). Bilateral cataract, crash risk, driving performance, and self-

regulation practices among older drivers. Journal of Cataract & Refractive

Surgery, 42(5), 788-794.

- Agramunt, S., Meuleners, L., Chow, K. C., Ng, J. Q., & Morlet, N. (2016). A
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their driving while waiting for first eye cataract surgery? Clinical Interventions

in Aging, 12, 1911.
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the candidate indicated above is appropriate.

Professor Nigel Morlet
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in Aging, 12, 1911.
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and driver self-regulation among older drivers with bilateral cataract: a

prospective cohort study. BMC Geriatrics.

I, Doctor Vignesh Raja, as a Co-Author, endorse that this level of contribution by the

candidate indicated above is appropriate.

Doctor Vignesh Raja
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