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Abstract

For older adults, driving contributes to independence, autonomy, and wellbeing. For some
older adults there comes a time when their ability to drive safely may be questioned due to illness
or cognitive impairment. Decisions related to driving safety and when to cease driving are complex
and often left to the clinical judgement of the primary care physician. There is an interest in
developing a method that could help assist physicians in making that determination. To date, there
is no well-defined cut-off point on neuropsychological tests that produces an acceptable level of
sensitivity and specificity allowing for the determination of an individual’s fitness to drive. Serial
trichotomization involves classifying drivers as either pass, fail or indeterminate based on cut-
points that lead to 100% sensitivity and specificity. The purpose of this study was to examine the
serial trichotomization method using four common neuropsychological tests (i.e., 3MS, Trails A
& B, clock drawing). Sensitivity and specificity for each test were established using a medical
expert’s clinical judgement. Charts of 105 patients at a tertiary memory disorders clinic were
reviewed and data related to neuropsychological test scores and clinical judgement around fitness
to drive were abstracted. After applying the serial trichotomization model, 38.1% of the sample
were classified as unfit to drive, 36.1% were classified as indeterminate, and 25.8% were classified
as fit to drive. This model could offer physicians a better preliminary method in assessing fitness
to drive using common paper-pencil cognitive tests. With easy administration, a simple scoring
system, and no equipment requirement, serial trichotomization allows primary care physicians to
make specific and sensitive decisions around fitness to drive, in a timely fashion. This study adds
to the growing body of literature supporting the use of serial trichotomization in making decisions

about fitness to drive.
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Using Serial Trichotomization with Neuropsychological Measures to Inform Clinical Decisions

on Fitness to Drive Among Older Adults

The impact of the automobile on society

For most people in North America, the first step in going almost anywhere starts by
reaching for your car keys. Car ownership has long had a profound impact on society and the lives
of individuals, shaping the large-scale planning of urban infrastructure to the small-scale
organization of one’s work day. Owning a private vehicle provides flexibility and separates
workplaces from homes, creating specific sectors. Even for those living in urban areas, owning a
car has become essential to get to work, purchase food, attend appointments and take care of
dependents. Most of these obligations need to be carried out every day in a short amount of time
(Statistics Canada, 2007). Car dependency is especially high in rural areas where population
density is lower; therefore, destinations are more dispersed and alternative transportation is limited
or non-existent (Belton-Chevallier, Motte-Baumvol, Fol, & Jouffe, 2017). In 2016, it was
estimated that four out of five Canadians used a private vehicle to get to work (Statistics Canada,
2011). Despite the growing accessibility of public transportation, the number of registered vehicles
is still on the rise and has increased by 34.3 million from 2016 to 2017 (Statistics Canada, 2018).
It appears that driving and having access to a private vehicle provide advantages that cannot be
fulfilled by public transportation or other transportation options.

Smith, Shipley and Rose (1990) found that having access to a private vehicle is associated
with a lower mortality rate after controlling for employment status and age. Car ownership is also
associated with overall well-being and better health (Maclntyre, Hiscock, Kearns, & Ellaway,
2001). It is evident that the mere reality of owning a car does not have any impact on health,

however, having better access to resources which the car provides can be a contributing factor to
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better heath (Ellaway, Macintyre, Hiscock, & Kearns, 2003). Researchers have also found that
individuals who have access to a private vehicle gain psychosocial benefits. After controlling for
age and socio-economic status, participants reported gaining protection, autonomy, prestige, and
control by commuting with a private vehicle. Having the power and control over your environment
has been shown to be related to well-being. Benefits appeared to be different according to gender,
women gaining more protection and men gaining more autonomy (Ellaway et al., 2003). The
association between car ownership and health can be better understood by the mediator
relationship of psychosocial benefits, since it is well understood that psychosocial benefits
contribute to better physical health outcomes and longevity (Brabdmaier, Ram, Wagner, &
Gerstorf, 2017; Contrada et al., 2008; Lewebstein, 2002).
The Aging Population in Canada

The aging population is increasing in developed countries. For the first time in Canadian
history, in 2016, adults over the age of 65 made up a bigger population segment than children
under the age of 15 (Statistics Canada, 2016). There are a few reasons for this continuing trend.
First, the generation of baby boomers born between 1946 and 1964 are getting older. Second, with
the advancement of medicine, life expectancy is getting longer. Centenarians are the fastest
growing segment of the population in Canada, increasing by 41.3% between 2011 and 2016.
Lastly, lower fertility rates mean the population of children is decreasing. In 2016, approximately
one in eight Canadians were aged 65 years and older. This segment of the population will continue
to increase rapidly. It is estimated that in 2031, one in four will be over the age of 65.

It is essential to be aware of how aging trends affect specific geographic locations.
Depending on the geographic location, the importance of particular needs will increase, notably

the increased need for safe and accessible transportation (Statistics Canada, 2016). Concluding
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from the 2006 census, the share of adults over the age of 65 living in predominantly rural areas
was above the Canadian average. Older adults are attracted to rural landscapes in order to be able
to retire and relax in spacious, quiet and natural environments (Statistics Canada, 2008). This
attraction for rural living comes at a cost, with limited or inexistent public transportation options
in rural areas, older adults become more car dependent and are forced to drive in order to fulfill
their primary needs.

Aging and Driving

Since older adults constitute a growing segment of the population, there will be a
corresponding increase of older drivers occupying the roads. Currently in Canada, three quarters
of all older adults have an active driver’s license and 200,000 are over the age of 85. 1n 2009, 85%
of men aged 65 to 74 disclosed that driving their own vehicle remained their primary form of
transportation. For Canadians over the age of 85, there is a big gap between male (67%) and female
(26%) drivers. However, in the 45-65 age group, there are nearly as many women as men who
drive and it is likely that these women will continue to drive into older age, therefore, the upcoming
generation of drivers is expected to be even more numerous (Statistics Canada, 2012). According
to the 2009 census, only 4% of adults over the age of 65 used public transportation; the proportion
of individuals who used public transportation appeared to decline with age (Statistics Canada,
2012).

Statistics have shown that older drivers have the highest collision rate per kilometer after
young male drivers (Statistics Canada, 2012). Statistics of the number of at-fault crashes by age
group form a U-shaped curve with younger and older drivers having the highest rates of motor
vehicle collisions. Young drivers have a high rate of collisions that slowly starts to decrease when

they reach their mid-twenties, remains stable throughout their 30’s to 50’s, and begins to increase
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again after the age of 65 (Ledger, Bennett, Chekaluk, & Batchelor, 2019). However, there are some

differences between the crash patterns of younger and older drivers. Mayhew, Simpson, and
Ferguson (2006), conducted a review on the type of collisions involving older adults in North
America. They found that adults over the age of 65 are mostly involved in crashes during ideal
driving conditions; clear days, straight roads, and dry pavement. Furthermore, they are more likely
to be involved in multiple-vehicle, head-on, and angle crashes. Older adults are overinvolved in
crashes resulting from changing lanes, merging, leaving a parked position, failure to yield the right
of-way, and operating through intersections. A study conducted by Hauer (1988) found that 40%
of traffic fatalities and 60% of injuries among older drivers occurred at intersections. Turning
maneuvers, especially left turns at intersections appear to be problematic, as drivers need to
understand the rules of right of-way and have a good perception of gap-acceptance between cars.
Gap-acceptance refers to the available gap between one’s own and an approaching vehicle.
Intersections that have an extra layer of complexity increase the risk of collision for older adults.
Intersections considered to be complex include those with no traffic lights, those that have more
than two signals, and those with flashing lights (Mayhew et al., 2006). Younger drivers on the
contrary, have an increased tendency to be involved in risk-taking collision including speeding,
driving while under the influence of alcohol or drugs, and performing overtaking maneuvers.
Young drivers are mostly involved in single-vehicle collisions during the night and in bad weather
(Zhang, Fraser, Lindsay, Clarke, & Mao, 1998). Considering these crash patterns suggests that
older drivers may have increased difficulties in perception, cognition, and inattention, since their

collision rate is high even in ideal conditions.
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Cognitive Abilities Involved in Driving

Driving is among one of the most challenging tasks performed daily. Multiple studies have
found a relationship between cognitive functioning and driving abilities. As cognitive abilities
decline, driving abilities have also been shown to decrease (Apolinario et al., 2009; Davis &
Ohman, 2016; Fraade-Blanar et al., 2018; Hird, Vetivelu, Saposnik, & Schweizer, 2014; Ledger
et al., 2019; Reger et al., 2004; Wagner, Muri, Nef, & Mosimann, 2011). Ledger and collegues
(2019) have found that cognitive abilities could partially explain the similar crash rates among
younger and older drivers. They found a relationship between cognitive functioning and driving
performance for both age groups. In other words, lower cognitive abilities are associated with poor
driving performance in both young and older drivers. Research has demonstrated that cognitive
abilities decline with age, while some cognitive abilities are not fully developed when young adults
start driving (e.g., prefrontal cortex and limbic system) (Sharma et al., 2013). Both groups that are
statistically shown to be involved in the highest crash rates appear to have deficits in their levels
of cognition. These findings highlight the implication of cognitive abilities in one’s capacity to
drive safely.

The research on specific cognitive abilities required to drive safely are determined largely
by studying cognitively impaired individuals and noticing their precise driving difficulties.
Researchers have found that certain cognitive domains are more closely related to driving
performance; notably, mental status, executive functioning, visuospatial skills, attention, and
memory (Anderson et al., 2012; Anstey, Wood, Lord, & Walker, 2005; Carr et al., 2011; Mathias
& Lucas, 2009; Reger et al., 2004; Wagner et al., 2011). Mental status refers to the global and
integral aspects of cognition. Executive functioning is a constellation of cognitive processes

performed by the prefrontal regions of the brain and can be divided into three main categories:
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working memory, inhibition, and set-shifting. Working memory enables individuals to manipulate
and update information in the moment (Diamond, 2013). Inhibition refers to the ability to maintain
attention of pertinent information while suppressing irrelevant stimuli. Set-shifting is associated
with cognitive flexibility and refers to the capacity to rapidly change from one task to another
while adapting to changing demands. Executive functioning is crucial to safe driving as drivers
need to focus their attention on the road while keeping in mind their destination and route (i.e.,
working memory). Furthermore, they must continuously adjust their speed, follow traffic signs, be
aware of other vehicles (i.e., set-shifting) and manage distractions from the scenery, and/or
passengers (i.e., inhibition) (Walshe, MclIntosh, Romer, & Winston, 2017).

Visuospatial skills include both the images we identify and our perception of the size,
distance and location of our surroundings (Reger et al., 2004). This helps the driver position the
vehicle accurately on the road, navigate turning maneuvers, change lanes and correctly park.
Attention is the most extensively researched cognitive domain in relation to driving abilities and
can be divided into three different types: selective, divided, and sustained (Reger et al., 2004).
Selective attention is the capacity to focus on one thing at a time while divided attention is the
capacity to focus on multiple things at once. Sustained attention is required to focus for long
periods of time. Researchers have long debated what type of attention is best at predicting safe
driving (Apolinario et al., 2009; Hird et al, 2014; Reger et al., 2004; Wagner et al., 2011). There
are three categories of memory which are associated with safe driving abilities. Episodic memory
refers to registering, acquiring and encoding information at a given time or place. For example,
episodic memory is used by the driver to locate his keys. Semantic memory involves knowledge
that an individual has accumulated throughout their lifetime. Semantic memory is critical in

remembering the meaning of traffic signs and lights. Lastly, procedural memory is the ability to
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remember learned skills that can be performed without devoting selective attention. Starting the
engine and shifting are skills that require procedural memory and are important for safe driving
(Wagner et al., 2011).

Cognition in Older Adults

Many studies in the field of cognition and aging have found that some cognitive abilities
tend to decrease with age (Murman, 2015; Salthouse, 2009; Tuokko, Griffith, Simard, & Taler,
2016). However, it is important to distinguish the difference between normal age-related changes
in cognition and changes that are associated with cognitive impairment due to medical conditions.
Age alone does not negatively impact driving abilities, but rather medical conditions associated
with aging do have an impact (Tuokko & Hunter, 2002). Evidently, there are serious consequences
associated with allowing unfit drivers to drive, although, driving cessation has also been linked to
multiple consequences: depression, reduced well-being (Aksan et al., 2015), nursing home
placement, (Freeman, Gange, Mufioz, & West, 2006) and reduced community participation
(Fairhall et al., 2014; Dahan-Oliel et al., 2010). Thus, among older drivers, it is important to find
a balance between road safety and independence.

Normal cognitive decline is referred to as primary aging, meaning it is associated with an
intrinsic process of biological aging despite good health and in the absence of medical conditions.
Secondary aging suggests a deterioration that is age-related on a pathological level resulting from
extrinsic factors like disease and medical conditions. They are classified as secondary aging effects
since they are conditions that are more prevalent amongst the older population, although people
can age without experiencing them. This is an important distinction to be made when examining

questions related to aging and driving that are often overlooked (Tuokko & Hunter, 2002).
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Cognition in primary aging. Fluid abilities and crystalized abilities are terms commonly
used to describe cognitive changes related to aging and have different developmental trajectories.
Researchers have found that fluid abilities tend to decrease with age while crystalized abilities
increase with age. Fluid abilities are known to be responsible for processing and integrating new
information, solving novel problems, and reflective manipulation. Crystalized abilities reflect the
knowledge and skills acquired through education and life experiences. As individuals age, they
have increased difficulty in learning new abilities and acquiring new knowledge (Murman, 2015).
Furthermore, the size of the brain also decreases with age, a process referred to as atrophy (Harada,
Love, & Triebel, 2013). For many years researchers assumed that the loss of gray matter volume
was the result of neuronal loss; however with improved technology this has been shown to be
untrue. Multiple studies have found that on average only 10% of neurons are lost when comparing
older adults with young adults. To account for the change in gray matter volume, neurons do not
die but rather change in structure (Pannese, 2011). The change in cognitive abilities for older adults
is heterogeneous, meaning the rate of decline and the specific cognitive domains that are affected
vary greatly from one individual to another (Murman, 2015). Due to those individual differences,
the separation between primary aging and secondary aging can be difficult. The majority of healthy
older adults do not pose an increased driving risk and are more likely to engage in self-regulatory
driving behaviors such as limiting distances, remaining on well-known roads, and not driving at
night or in bad weather (Harada et al., 2013). Normal cognitive changes associated with aging do
not sufficiently account for higher collision rate in older drivers, especially for individuals below
the age of 80 (Wagner et al., 2011; Evans, 2000). However, the onset of cognitive decline is subtle

and oftentimes difficult to detect.
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Cognition in secondary aging. Age-related disease can accelerate the normal aging
process, thus, accelerating cognitive decline. Cognitive decline can be better understood when it
is considered on a spectrum: normal aging, mild cognitive impairment, mild dementia, moderate
dementia and severe dementia. Cognitive impairment can also be caused by several factors
including extensive medication use, mental health problems, and a variety of medical conditions
(Murman, 2015). The key differentiating factor between normal age-related changes in cognition
and cognitive impairment is that in the latter case, the capacity to live independently is
compromised and daily activities become difficult to accomplish alone. The number of Canadians
living with cognitive impairment is currently estimated at 747,000 (Alzheimer Society of Canada,
2017). For the purpose of this review, we will focus on the most prominent conditions that are
associated with cognitive impairment in older adults. According to the Diagnostic and Statistical
Manual of Mental Disorders (5" ed.; DSM-5; American Psychiatric Association, 2013), cognitive
impairments can be divided into two distinct categories: mild neurocognitive disorders and major
neurocognitive disorders. Dementia is the leading cause of cognitive impairment in older adults
and is considered to be a major neurocognitive disorder. However, the majority of patients first
develop mild cognitive impairment, also known as a mild neurocognitive disorder.

Mild Cognitive Impairment (MCI). MCI is often regarded as an intermediate phase
between normal expected changes in cognition due to aging and the development of dementia. The
term was introduced by Reisberg and colleagues in the 1980’s, however, the publication of
international criteria for MClI only appeared in 1999 (Petersen et al., 2014). The difference between
MCI and dementia can be better understood when considering the level of autonomy of a patient
when examining their ability to perform activities of daily living (ADLs) and instrumental

activities of daily living (IADLs). ADLs refer to the most basic self-care tasks that we learn as
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young children which include walking, eating, dressing, bathing, and continence. IADLS are more
complex tasks such as managing finances, driving, meal preparation, housecleaning, and
communication. MCI is associated with subtle changes in IADLs while dementia leads to difficulty
or inability in both IADLs and ADLs depending on the severity of progression (Gold, 2012). In a
study conducted by Jutkowitz and colleagues (2015), IADLs changes were identified up to eight
years before a diagnosis of dementia.

There are 3 distinct subtypes of MCI (Petersen et al., 2014). The first, amnestic MCI
(aMCI) presents itself predominantly with memory impairment. The second, single-domain non-
amnestic MCI, refers to the impairment of one of the following cognitive domains: language,
visuospatial abilities, executive functions, or psychomotor abilities without experiencing decline
in memory. Finally, multiple domain MCI includes decline in the aforementioned cognitive
domains and can also include memory. Individuals with amnestic and multiple domain MCI are
at an increased risk of developing Alzheimer’s disease (AD). Although patients have a greater risk
of developing dementia if they have a diagnosis of MCI, the progression is not certain. In a study
conducted by Petersen and colleagues (2003), they found that the progression of MCI to dementia
is approximately 12% per year and after 6 years, approximately 80% of MCI patients converted to
dementia. Researchers have found that in some cases, MCI reverts to back to normal age-related
cognition (Wada-Isoe al., 2012). The prevalence is variable from one study to another depending
on the clinical criteria used in the diagnosis of MCI. MCI has not been associated with a specific
brain lesion and many studies confirm a heterogeneous pathological profile between normal aging
and dementia (Petersen et al., 2014). MCI is associated with various etiological subtypes (e.g.,
Alzheimer’s, vascular, frontotemporal). A brief description of these subtypes will be elaborated

upon subsequently.
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Dementia. Dementia is an umbrella term for a large class of brain disorders characterized

by the progression and irreversible deterioration of cognitive abilities. Dementia is best understood
as a syndrome rather than a disease due to varied etiology. A syndrome refers to an agglomeration
of symptoms that exist together to form a recognizable pattern (Dening & Sandilyan, 2015).
The ICD-10 Classification of Mental and Behavioral Disorders (World Health Organization,
1992) describes dementia according the following symptoms; decline in memory and thinking that
interferes with everyday activities and care, impairment in registration, storage and retrieval of
new or old information, reduction in flow of ideas, difficulty reasoning, and clear evidence of
consciousness during early stages.

Dementia progression is frequently categorized in three main stages: mild, moderate and
severe. Each phase of the syndrome is characterized by different psychological and behavioral
symptoms that require different attention. In all forms of dementia, patients have difficulty or are
unable to perform IADLSs. Patients in the mild stages of dementia need very little or no assistance
with ADLs and require very little supervision. However, in moderate phases, care is needed in
most instances and patients typically struggle with ADLSs. In this phase of the syndrome, patients
start to have more pronounced behavioral changes including agitated behavior and exaggerated
psychological effects; notably, hallucinations, delusions, and insomnia. In the last stage, patients
are usually less disturbed and are incapable of accomplishing most ADLs and require constant care
and attention. Furthermore, they are typically bedridden or wheelchair-bound and unable to move
independently (Kua et al., 2014). The clinical dementia rating (CDR) scale is used to assess the
severity of dementia patients. Through a semi-structured interview, patients are evaluated using a
5-point rating scale. Mild dementia is characterized by obtaining a score of 1, moderate dementia

starting at 2 and severe dementia at 3. The scale is based on six domains of cognitive functioning
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including memory, orientation, judgement and problem solving, community affairs, home and
hobbies, and personal care (Morris, 1993). Dementia is a fatal disease, and death largely depends
on the rate of progression, however, death usually occurs between three and 12 years after the
diagnosis (Kua et al., 2014).

Age is the biggest risk factor in developing dementia but genetics and lifestyle during
adulthood may modulate the development of the disease or syndrome (Sacuiu, 2016). Concurring
from the Public Health Agency of Canada, the prevalence of dementia for adults between the age
of 65 to 69 is 0.8%. The prevalence rises to 24.6% for adults over the age of 85 (Statistics Canada,
2017). Research has demonstrated that the prevalence of dementia is higher in women that it is in
men. There are a number of possible factors that can contribute to this gender difference. One of
the possible contributors is that women typically live longer than men, increasing their chances of
developing dementia (Rocca, 2014). The incidence proportion is also rising. It is estimated that in
2038 there will be 257,811 new cases a year and 2.8% of the Canadian population will suffer from
dementia (Alzheimer Society of Canada, 2010). Dementia has become a rising concern for
Canadians and is now being referred to as an epidemic (Larson, Yaffe, & Langa 2013; Alzheimer
Society of Canada, 2010; Sacuiu, 2016).

There are several different types of dementia, the most common being AD, vascular
dementia (VaD), mixed dementia (MD), dementia with Lewy Bodies (DLB), and frontotemporal
dementia (FTD). In addition, there are a number of medical conditions that can lead to the
development of dementia, including Huntington’s disease (HD), multiple sclerosis (MS),
Parkinson’s disease (PD), human immunodeficiency virus (HIV) (Dening & Sandilyan, 2015),

traumatic brain injury (TBI) (Shively et al., 2012), Lyme disease (Kristoferitsch et al., 2018), and
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drug related effects (e.g., chronic alcohol or psychotropic drugs) (Whishaw& Kolb, 2015). A brief
description of the more prevalent etiological subtypes of dementia will be reviewed.

Alzheimer’s disease (AD). AD is a progressive, irreversible, neurodegenerative disease of
the brain impairing memory (Sacuis, 2016). It is the most common form of dementia and accounts
for up to 75% of all cases (Qiu, Kivipelto, & Strauss 2009) and is the most common factor leading
to cognitive impairment in older adults (Murman, 2015). AD was named after a German
psychiatrist, Dr. Alois Alzheimer, who described the first case more than one hundred years ago.
(Maurer, Volk, & Gerbaldo, 1997). AD is not part of the normal aging process as brain tissue
degenerates causing decline in multiple cognitive domains including language, visuospatial and
executive abilities. In the early stages, the most common clinical features are characterized by the
loss of short-term memory and in later stages, orientation in place and time becomes impaired.

AD is characterized by two hallmark pathologies located in the brain causing cellular death.
The first is referred to as plaques which are the deposits of beta amyloid protein that clump together
in the brain. The plaques interrupt signals between neurons, ultimately causing cell death. The
second is referred to as neurofibrillary tangles and are the collapses of a protein called Tau that
ensures the transportation of nutrients and other substances to neurons. In a brain affected by AD,
the protein twists and tangles, preventing nutrients to reach neurons and thus causing cell death.
When there is a substantial amount of cell death in one region of the brain it causes atrophy, and
in some cases patients can lose up to one-third brain volume (Whishaw& Kolb, 2015). Recently,
there has been some debate on what causes these changes in the brains of patients afflicted by AD;
however, no causal link has been found.

Vascular dementia (VaD). VaD is the second most common form of dementia after AD

(Dening & Sandilyan, 2015; Kalaria, 2018; Korczyn, Vakhapova, & Grinberg, 2012; Murman,
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2015; O’Brien & Thomas, 2015) and refers to a heterogeneous group of conditions resulting from
different presentations of one or more cerebrovascular diseases causing dementia. Cerebrovascular
disease occurs when there is reduced or blocked blood supply to the brain, depriving neurons of
oxygen which inherently causes cellular death. VVascular dementia can be caused by different
underlining diseases. The first, subcortical dementia is caused by small vessels in the brain that
become twisted and stiff, reducing the blood flow to the brain (i.e small vessels disease). It is the
most common condition that leads to VaD (Wardlaw, Smith, & Dichgans, 2013). Cerebral amyloid
antipathy is similar to what happens in AD and can also be present in VVaD. The accumulation of
the amyloid protein causes plaque to build up in the blood vessels disturbing the normal blood
supply to the brain. Other changes in the brain include infracts, or stroke and refer to the death of
brain tissue when neurons get insufficient blood supply (Korczyn et al., 2012).

VaD’s clinical symptoms are hard to decipher since vascular related brain lesions are
heterogeneous, causing a variety of different cognitive impairments depending on the affected
brain regions (Korczn et al., 2012). The most common expressions of VaD include decline in
executive functioning, impaired attention, changes in the ability to make decisions, plan, or
organize, and difficulties with movement such as walking and balance (Nordlund et al., 2007).
Symptoms tend to have a slow onset and progress in stages, meaning that abilities deteriorate,
stabilize, then deteriorate further. Cognitive impairment may rapidly increase after a stroke.

Mixed dementia (MD). MD includes clinical characteristics and brain changes of both AD
and VaD. Despite them being recognized as distinctive types of dementia, some patients
experience degenerative effects of AD and vascular ischemia (i.e., reduced blood flow to the
brain). It was first described in 1962 by Delay and colleagues and clear diagnostic criteria are still

being debated. It is difficult to estimate the prevalence of MD as most cases are only apparent



15
USING SERIAL TRICHOTOMIZATION TO INFORM FITNESS TO DRIVE

during post-mortem examination and are likely underestimated. The diagnostic criteria for AD and
VaD often overlap and recent studies suggest that pure AD and VaD are unlikely (Zeky,
Duyckaerts, & Hauw, 2007).

Dementia with Lewy Bodies (DLB). DLB is the third most common type of dementia
(Sonnen et al., 2007). It is a neurodegenerative disease that occurs due to the accumulation of
alpha-synuclien protein referred to as Lewy bodies and named after Fritz Lewy in 1912. Lewy
bodies are found in the brainstem nuclei, limbic system, parahippocampal cortices, amygdala, and
cortex. The deposits of this protein can also be found in Parkinson’s disease (PD), and to a lesser
extent in AD. Parkinson disease dementia (PDD) is also characterized by diffuse Lewy bodies
making the distinction difficult (Mayo & Bordelon, 2014). Furthermore, DLB can also have
similar brain deterioration found in AD, notably, plaques and neurofibrillary tangles. The cause of
Lewy bodies in DLB remains unclear.

DLB core clinical features are characterized by fluctuation in cognition, attention and
arousal. Visual hallucinations are a distinguishing clinical feature of DLB and occur in 80% of
patients. Furthermore, DLB is commonly accompanied by Parkinsonism that includes
bradykinesia (i.e., slowness of movement), rest tremor and or rigidity. Finally, DLB patients can
experience REM sleep behavior disorders which may be present before cognitive decline
(McKeith et al., 2017). DLB is more commonly diagnosed in men and progression of DLB is
usually rapid. Confirmation of diagnosis can only be confirmed at the time of an autopsy (Mayo
& Bordelon, 2014).

Frontotemporal dementia (FTD). FTD is an umbrella term that includes a group of rare
neurodegenerative diseases affecting the frontal and temporal cortices. The first description was

made by Alois Pick in 1892 and in 1911 Alois Alzheimer made the parallel between the
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characteristics associated with Pick bodies and named it Pick’s disease. Pick’s disease is used as a
synonym for FTD and refers to Pick bodies found in neurons making them increase in size. The
main features of FTD are progressive degeneration in behaviour, executive function, or language
(Bang, Spina, & Miller, 2015).

FTD is classified into three sub-groups: behavioural-variant frontotemporal dementia
(bvFTD), non-fluent variant primary progressive aphasia (nfvPPA), and semantic-variant primary
progressive aphasia (svPPA). The behavioral variant is responsible for approximately half the
cases of FTD, is characterized by progressive declines in social functioning, and includes
personality changes. The two remaining subtypes are associated with aphasia, an impairment of
language. NfvPPA is associated with motor-speech difficulties and agrammatism, (i.e., the
inability to communicate in full sentences using functional words), while svPPA’s clinical features
includes the loss of semantic knowledge referring to the meaning of words (Bott, Radke, Stephens,
Kramer, 2014). FTD is the leading type of dementia for patients bellow the age of 65 (i.e., early-
onset dementia). Diagnosis of FTD is estimated to be under-reported as behavioural changes are
closely related with behavioural changes that occur in psychiatric disorders (Olney, Spina, Miller,
2017).

Cognitive Impairment and Driving

In 2009, 28% of Canadians diagnosed with a form of dementia had active drivers’ licenses
and 7,000 of these licences were held by patients with advanced stage dementia (Statistics Canada,
2012). As mentioned previously, MCI and dementia patients can experience a wide range of
cognitive impairments important in one’s ability to safely operate a vehicle. Patients who are
diagnosed with dementia are between two and five times more at risk of being involved in a

collision (Davis et al., 2018), yet a diagnosis of dementia does not automatically trigger the
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cessation of driving for a patient. As Canada moves towards a concept of person-centered care,
where individuals are evaluated based on their own abilities and limitations, driving with cognitive
impairment becomes a complex issue to assess (Apolinario et al., 2009).

Recently, research on cognitive impairment and driving have recognized the importance of
acknowledging the specific characteristics of different types of this diagnosis in order to get a
better understanding of the risk factors associated with safe driving (Wagner et al., 2011). Many
studies have found that dementia severity is the main factor in driving cessation. Increased ratings
on the Clinical Dementia Rating (CDR) scale is associated with a higher risk of collision and
impaired driving (Wagner et al., 2011). Moderate to severe dementia cases are often a clear
determination that the patient is unsafe to drive; however, making recommendations on milder
cases remains challenging. Research examining the implications of MCI and driving is still in its
infancy. Studies have found that some individuals with MCI have minor differences in their left-
hand turns, and lane control abilities. It was noted that in their overall rating, when compared to
control groups of equal age, differences were not sufficient to account for a significant effect
(Frittelli et al., 2009; Wadley et al., 2009).

Multiple researchers have found that some patients with dementia have the necessary
abilities to drive safely for a certain period of time if they undergo testing regularly (Brown et al.,
2005; Duchek et al., 2003; Fox, Bowden, Bashford, & Smith, 1997; Ott et al., 2008). Herrmann
and colleagues (2006) conducted a study in collaboration with the Canadian Outcomes Study in
Dementia (COSID) and found that 51.5% of mildly demented patients were still able to drive
safely after 2 years. Similar studies have found comparable results (Adler & Kuskowski, 2003;

Foley, Kamal, & Masaki, 2000).
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Chee and colleagues (2017) conducted an international meta-analysis on the risk of motor
vehicle collisions in relation to driving impairment among dementia patients. They highlighted
that the majority of studies found decreased performance in at least one measure of driving
behavior when compared to healthy control groups. Landmark/sign identification errors (i.e.,
verbally identifying road signs) and number of lost trips (i.e., unable to memorize a 4-turn route)
were most commonly found in drivers diagnosed with dementia. Furthermore, they found that
drivers diagnosed with dementia were at an increased risk of failing an on-road driving assessment.
At the same time, two studies in the meta-analysis found that patients with mild dementia achieved
passing or marginal scores on an on-road driving assessment. The researchers have pointed out
that isolating true cases of mild dementia can be problematic due to its similarity to MCI.
Consensus has been reached that identifying driving concerns should be raised in the earlier stages
of the disease when patients are diagnosed with MCI or mild dementia as they may start to be less
aware of their limitations, may be involved in more risk-taking behaviour and less likely to engage
in self-regulatory driving behaviours. A limited number of studies have been carried out to evaluate
the driving performance of patients with moderate dementia due to the fact that very few patients
at this stage are able to operate a vehicle. The limited amount of data available implies that drivers
with moderate dementia fail the most basic on-road driving assessments (Berndt, Clark, & May,
2008; Berndt, May, & Darzins, 2015).

Cognitive decline and progression differ greatly in each patient. Some patients’ driving
abilities will be affected more rapidly than others. MCI and mild dementia are critical stages of
the disease where the individual’s driving abilities should be evaluated closely as some are fit to
drive while others are not. However, in the life of every dementia patient there will come a time

when they will no longer be able to drive. This represents a significant loss in their lives, more
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than a loss of independence and a perception of being a burden to their family, but it also has other
negative effects on their self-esteem and identity including depression and isolation (Berndt et al.,
2015). Thus, the assessments surrounding older adults’ fitness to drive must be made with accuracy

and precision.

Responsibility of Assessing Fitness to Drive

Currently, there are various regulations across provinces in Canada on licence-renewal
procedures for older adults because responsibility is enforced under the provincial or territorial
authorities. A scan of provincial policies indicates that neither Saskatchewan, Manitoba, New
Brunswick, Nova Scotia, Prince Edward Island, Yukon, Northwest Territories, nor Nunavut have
any license renewal requirement based on age. British Columbia, Alberta, Quebec, and
Newfoundland and Labrador require older adults to provide a medical report from their physician
in order to have their licence renewed. Ontario has a licence renewal program that consists of a
vision test, a multiple-choice driving aptitude test, a group education session, a driver record
review, and two brief cognitive screening tests (i.e. Clock Drawing test and Letter Cancellation
Test). In some cases, they may be required to take an on-road test (National Association of Federal
Retirees; Ontario Ministry of transportation, 2017). Moreover, most jurisdictions impose on
physicians, optometrists and registered psychologists a duty to report patients whom they deem
unfit to drive (Tuokko & Hunter, 2002). The decision related to driving safety and when to cease
driving are complex and often left to the clinical judgement of the primary care physician.
Determining Medical Fitness to Drive: A Guide for Physicians (2000) is a book published by The
Canadian Medical Association to help inform physicians on conditions that can affect driving.
Unfortunately, this guide book does not outline a specific protocol to help identify areas that

require assessment. According to a study done by Wilson and Kirby (2008) there is inconsistency
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in the content and procedures of assessments done by physicians, especially when assessing
cognitive functions. Only 59% of physicians addressed the subject of driving, with their patients
diagnosed with dementia (Davis et al., 2016). Many physicians (45%) are not confident in this
subject area and do not consider themselves qualified to determine whether a patient is unfit to
drive. About 85% of general practicioners expressed that they could benefit from further education
in assessing driving fitness. Although most physicians agree that they should hold legal
responsibility in reporting unsafe drivers (Jang et al., 2007), there is still an absence of rigorous
guidelines to support clinical judgement (Dickerson et al., 2017; Herrmann, 2006).
Off-Road Assessment of Driving Fitness

There is recent interest in developing an off-road test to help physicians better determine
fitness to drive amongst older adults. Furthermore, physicians are imposed a duty to report patients
who are unfit to drive at any time without much guidance. An off-road driving test could optimize
efficiency, provide a safer way to assess fitness to drive (Gibbons et al., 2017) and facilitate routine
assessments (Unsworth et al., 2018). Neuropsychological tests have shown potential in being a
great choice for an off-road test for primary care physicians as they typically require limited
resources, equipment, and simple and short administration. Over the years, there have been many
attempts to develop a valid off-road test utilizing neuropsychological tests without much success
(Dickerson et al., 2017; Kay et al., 2011; Reger et al, 2004).

Neuropsychological tests to assess fitness to drive. Neuropsychological tests are tests
that are designed to measure specific cognitive domains that are known to be linked with a
particular brain pathway or structure. These tests use a bottom-up approach to assess the brain’s
function to gain insight on what specific cognitive domains are impacted in the patient. The profile

of each patient who experiences cognitive impairment is heterogeneous despite sharing similar
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etiological subtypes. This offers physicians an accurate depiction of specific cognitive domains
that may be impacted in each individual patient (Burns et al., 2018). Driving is among one of the
most challenging IADLs performed daily and requires the integration of multiple cognitive
domains; notably, mental status, executive functioning, visuospatial skills, attention, and memory
(Anderson et al., 2012; Anstey, Wood, Lord, & Walker, 2005; Carr et al., 2011; Mathias & Lucas,
2009; Reger et al., 2004; Wagner et al., 2011). Many researchers have reported the predictive value
of neuropsychological tests to evaluate the driving performance of older adults who experience
cognitive impairment (Anderson et al., 2014; Anstey et al., 2005; Apolinario et al., 2009; Hird et
al., 2014; Mathias et al., 2009; Ledger et al., 2019).

Reger and colleagues (2004) conducted a meta-analysis of 27 studies to examine the
relationship between neuropsychological tests and driving ability in dementia patients. The studies
used on-road driving assessments and simulator tests to find an association between
neuropsychological tests and fitness to drive. The findings revealed that both the on-road driving
assessment and simulator test correlated with general mental status and attention, while the
simulator test also independently correlated with visuospatial skills, executive function and
memory. Multiple neuropsychological tests were used to evaluate each cognitive domain. The
Mini-Mental State Examination (MMSE) was used to assess general mental status while other
studies have also used the Montreal Cognitive Assessment (MoCA) (Burns et al., 2018; Esser et
al., 2016; Gibbons et al., 2017). Attention was evaluated using a number of different tests including
Part A of the Trail Making Test, the Digit Span Test, the Useful Field of Vision Test, the Letter
Cancellation Test, and the Visual Tracking Test. Furthermore, the Benton Copy Test, the Clock
Drawing Test, the Figure-Ground Test, the Hooper Visual Organization Test, the Mattis

Construction Test, and the Visuospatial Task of the Stanford-Binet Intelligence Test were used to
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evaluate drivers’ visuospatial skills. Memory was evaluated using the following
neuropsychological tests: the Logical Memory Test, the Benton Visual Retention Test, the Visual
Reproduction Test, and the Facial Recognition Test. Finally, Part B of the Trail Making Test, the
Word Fluency test, the Stroop Color-Word Test, the Picture Arrangement Test, and the Category
Fluency Test were used to assess drivers’ executive functions. The study highlighted the
importance of neuropsychological tests in predicting driving abilities in older adults with cognitive
impairments. However, they stressed the importance of further research in establishing
appropriate cut-off points on neuropsychological tests to indicate at what level a patient is unfit to
drive.

Despite the fact that researchers have found a significant association between
neuropsychological tests and on-road driving performance in older adults with cognitive
impairments, these tools can only be used to trigger the need for further evaluation. This is because
reliable and valid cut-off points have not yet been established (Dickerson et al., 2017; Kay et al.,
2011; Reger et al, 2004). Cut-off points are used to categorize drivers as either fit or unfit based
on a specific score they obtain on the neuropsychological tests. Misclassification errors could have
a substantial impact on a person’s life, therefore, off-road tests need to be rigorously examined for
their validity.

Reference standard used to determine validity. If off-road driving tests are to be used to
assess fitness to drive, they must be valid, thus truly measuring a person’s ability to operate an
automobile. In most cases, off-road tests are validated against a reference standard that can include
on-road driving tests, crash/violation statistics, and simulators. Every reference standard has its
own advantages and disadvantages that can impact the quality of the evidence generated for

predicting driving capacity (Kay et al., 2012).
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On-road driving test. The gold standard to assess fitness to drive remains an on-road
driving test as it demonstrates high face validity (Gibbons et al., 2017; Hoggarth, Innes,
Dalrymple-Alford, Severinsen, & Jones., 2010; Kay et al., 2012; Shechtman, Awadzi, Classen,
Lanford, & Joo, 2010). However, there is no standardized or widely used on-road driving test that
is applied within the provinces, or across Canada (Shechtman et al., 2010). Standardization is very
difficult to achieve using an on-road test since driving routes and manoeuvres are dependent on
the area in which the test is conducted (Kay et al., 2012; Schechtman et al., 2010). Older adults
may not perform optimally due to anxiety associated with performing the on-road driving test.
Furthermore, on-road driving tests lack efficiency from a time perspective (Kay et al., 2012). Older
adults are put on a waiting list and are usually required to wait many weeks or months before being
evaluated. This method of evaluation is costly and dangerous as some older adults have impaired
abilities that can endanger themselves, the assessors, and other drivers on the road.

Crash/ violation statistics. Crash/violation statistics can be collected by official records or
by self-reporting. These statistics represent potentially unsafe driving occurrences and may
identify unfit drivers (Kay et al. 2012). Statistics collected by official records demonstrate
objectivity, however they are not the most reliable measure since not all unfit drivers will be
involved in a collision. Older adults may have close encounters which are not being accounted for
using this reference standard. Furthermore, not all incidents are officially recorded (Lew, Poole,
Lee, Jaffe, Huang, & Brodd., 2005) and self-reporting also lacks reliability as it is subject to the
social desirability bias.

Simulators. Driving simulators have the advantage of standard driving routes and
manoeuvres performed in a laboratory setting without endangering other citizens (Kay et al., 2012)

but there is a lack of consistency on whether simulator-based assessments correspond with on-road
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driving abilities. Other studies have found that reaction time on driving simulators does not
adequately represent on-road skills (Lew et al., 2005). Moreover, some older adults may
experience simulator sickness. According to a study conducted in various institutions by Tick and
Caird (2011), utilizing a simulator to assess older adults’ fitness to drive led, on average, to a 40%
dropout rate due to simulator sickness. Symptoms related to simulator sickness include general
discomfort, fatigue, eye-strain, blurred vision, headache, difficulty focusing, dizziness, vertigo,
burping, sweating, nausea, and increase salivation. Typically, participants who drop out experience
stronger symptoms (Matas, Nettelbeck, & Burns, 2015).

Experts’ clinical decision. Clinical judgment has not yet been used as a reference standard
to validate off-road tests as the majority of physicians are not confident in their ability to assess
fitness to drive (Jang et al., 2007; Marshall, Demmings, Woolnough, Salim, & Man-Son-Hing,
2012). However, some physicians, neuropsychologists and occupational therapists have developed
expertise in the area of fitness to drive in older age. Their expertise is often drawn from numerous
years dedicated to driving research, practice, and consultation on issues related to driving fitness
and aging. These professionals have gained years of knowledge on the topic and are equipped to
addresses the complex and ambiguous questions related to fitness to drive. The National Older
Driver Research and Training Center recognized the importance of experts’ opinions regarding
assessing fitness to drive and held the International Older Driver Consensus Conference where 63
international experts met to discuss criteria for determining whether an individual is fit or unfit to
drive and where more work is needed to better assess fitness to drive (Stephens et al., 2005).
Experts’ predictions about a demented patient’s ability to drive safely has been reported to
demonstrate validity. A study conducted by Brown and colleagues (2005) compared the

predictions of driving performance by dementia patients, family members, and an experienced
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neurologist and dementia specialist for 50 participants with AD using a standardized road test as
the criterion. The expert’s prediction of fitness to drive was significantly predictive of on-road
driving performance with a 90.0 sensitivity and 60.7 specificity. Fox and colleagues (1997) found
similar results in that a neuropsychologist’s predictions on AD patient driving abilities were found
to be significantly associated with on-road driving performance. However, similarly to the on-road
driving test, clinical experts do not have a standardized or widely used protocol or tests to assess
fitness to drive, though a high level of control can be obtained when the same health professional
or inter-judge agreement is used to asses all participants. Experts’ clinical judgments require far
fewer resources than the aforementioned reference standard and provides a time efficient way to
evaluate fitness to drive amongst older adults.

Performance of a classification test. Correlation or regression models are often used to
demonstrate the significant association between driving performance (e.g. on-road driving tests,
crash/violation statistics, simulators, experts’ clinical judgements) and off-road test results.
Researchers have argued that a statistically significant association between an off-road test and its
reference standard are preliminary steps, although not sufficient. Basic screening test properties
must be reported to truly understand their validity (i.e., the extent that the test measures what it is
designed to measure, in this case fitness to drive).

There are 4 basic properties of a classification test; (1) sensitivity, (2) specificity, (3)
positive predictive value (PPV), and (4) negative predictive values (PPN) (Weaver, Walter, &
Bédard, 2013). These properties will be explained in more detail in the following paragraph.

Fitness to drive is a binary decision; an individual is either fit or unfit to drive. However
most cognitive tests are not binary, but rather, they are continuous and are dependent on a score.

For example, the Clock Drawing scores typically ranges from 0-7. Thus, a cut-off point needs to
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be established to categorize individuals who scored above that point as fit and categorize
individuals below that point as unfit. Performance of a classification test arises from the placement
of the cut-off point. (1) Sensitivity and (2) specificity are used to measure if the cut-off point has
successfully placed individuals in the appropriate category. (1) Sensitivity identifies true positives:
individuals who are unfit to drive and are correctly identified as such by the test. (2) Specificity
identifies true negatives, who are fit drivers who are correctly identified as such by the test. The
difficulties in preventing false positives are associated with low specificity; thus there is an
increased risk that safe drivers will be labeled as unfit by the test. Difficulties in preventing false
negatives are associated with low sensitivity that may inherently result in an increase number of
misclassification errors that allow unfit drivers to continue to operate a vehicle. See Figure 1 for
a visual representation. (3) Positive and (4) negative predictive values are used to determine the
probability that the established cut-off points will categorize drivers correctly. Positive predictive
values determine how likely it is that an individual who is unfit to drive — as determined by an
off-road test — is truly unfit. On the contrary, negative predictive values refers to the probability
that individuals who are determined fit to drive by the off-road test are truly fit to drive (Weaver
etal., 2013).

In a perfect classification test, sensitivity and specificity would be equal to 100 percent
respectively and positive and negative predictive values would also be equal to 100 percent. Given
the importance of correctly identifying whether a person is fit to drive, it is imperative that an off-
road driving test be highly sensitive and highly specific in order to avoid misclassification errors

that can have serious impacts.
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Figure 1.
Standard layout of 2X2 table modified to include basic properties of a classification test used to
assess fitness to drive.

Binary classification systems. A panel of experts reached consensus on the following
statement: “A decision about continued, restricted, or cessation of driving should never be made
on the results of one tool in isolation, as there is not enough evidence provided by any tool to make
a decision” (Bédard & Dickerson, 2014, p.128). Several studies have drawn similar conclusions
(Carr, Barco, Wallendorf, Snellgrove, & Ott, 2011; Dickerson et al., 2017; Gibbons et al., 2017).
There are three main reasons why one single test or assessment tool is not adequate to evaluate
fitness to drive. First, driving involves a combination of multiple skills (e.g., attention, visual
scanning, reaction time, etc.), a single test or screening tool may not evaluate all abilities required
for driving. Second, all tests and screening tools have their inherent limitations. Using only one
test or screening tool increases the risk that that these limitations are exacerbated during the

assessment. Lastly, tools and standardized tests can only be used in conditions under which they
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have been previously tested (i.e., a test that has yielded results for participants who have traumatic
brain injury cannot be generalised for participants who have had a stroke) (Bédard & Dickerson,
2014).

Multiple tests. Researchers have then tried to combine multiple off-road tests together to
increase precision. Aslaksen, @rbo, Elvestad, Schafer, & Anke (2013) determined that prediction
of driving ability after traumatic brain injury and stroke can be best assessed using the California
Computerized Assessment Package (CalCap), the Trail Making Test Part A (TMT A), and the
Grooved Pegboard test. The CalCap measured visuomotor reaction time with 77% sensitivity and
23% specificity. Cognitive/psychomotor speed was measured using the TMT A with 85%
sensitivity and 28% specificity. Finally, the Grooved Pegboard test demonstrated 82% sensitivity
and 29% specificity while measuring visuomotor/fine motor speed.

Similarly, Carr and colleagues (2011) determined that three tests (the Snellgrove Maze
Task, the Eight-ltem Informant Interview to Differentiate Aging and Dementia, and the Clock
Drawing Task) were the best at predicting road test performance in drivers with dementia,
although, these tests only accounted for 24% specificity and 98% sensitivity. Wood, Anstey, Kerr,
Lacherez, and Lord (2008) used a battery of tests that assessed visual, cognitive, and sensorimotor
domains for predicting fitness to drive in older adults. The final model which included color choice
reaction time, number of kilometers driven, postural sway, and motion sensitivity achieved 91%
sensitivity and 70% specificity. According to a critical review of off-road tests predicting on-road
performance done by Kay, Bundy, Clemson, Cheal, and Glendenning (2009) the Computerised
Sensorimotor and Cognitive Test yielded the best combination of sensitivity and specificity with
both measures exceeding 90% (Innes et al., 2005). However, when the cut-off points were applied

to an independent sample, sensitivity and specificity dropped remarkably.
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Off-road driving tests using a binary classification system to assess fitness to drive have
demonstrated to be poor measures of performance (i.e., sensitivity and specificity). The
aforementioned systems lack the capabilities of preventing false positives and false negatives
where safe drivers are labelled as unfit (i.e., unfair to the driver) or unsafe drivers are labelled as
fit (i.e., safety risk). Multiple researchers have expressed their difficulties in establishing
appropriate cut-off points, from which stems sensitivity and specificity (Carr et al., 2011; Gibbons
et al., 2017; Kay et al., 2012). As shown in the previous binary classification systems, it is very
difficult to maintain a high level of specificity while maintaining a high level of sensitivity. There
is generally a trade-off between both statistical measures; as specificity goes up, sensitivity goes
down and vice-versa (Kay et al., 2012). There is no universal rule on an acceptable percentage of
specificity and sensitivity. Acceptance depends on the seriousness of making the wrong decision.
In the case of off-road driving tests, higher sensitivity is prioritized because incorrectly labeling a
safe driver as an unfit driver seems a better outcome than labeling an unsafe driver as fit.

Trichotomization. Trichotomization is the act of classifying something or someone into
three separately defined categories (Webster, 1963). Recognizing the difficulty of finding
appropriate cut-off points to establish a highly sensitive and a highly specific test to assess fitness
to drive, some researchers have trichotomized drivers into three distinct categories (e.g., unsafe,
safe, and further testing). As mentioned previously, there is a trade-off between sensitivity and
specificity as one cut-off point must try and optimize both of these performance measures.
Trichotomization enables the establishment of two separate cut-off points. The upper cut-off point
maintains a high level of specificity while the lower cut-off point ensures a high level of sensitivity.
This creates a gap between the upper cut-off point and the lower cut-off point where participants

are nether categorized as fit or unfit to drive therefore needing to undergo further testing.
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Kay, Bundy, & Clemson. (2009), trichotomized drivers into unsafe, safe, and further
testing categories. The purpose of their study was to examine the predictive validity of DriveSafe
and DriveAware Tests (i.e., test measuring drivers’ awareness of the driving environment and of
driving abilities) when compared to the performance of an on-road driving test by using an optimal
lower cut-off point to assess unfit drivers and an optimal upper cut-off point to determine fit
drivers. Fifty percent of participants whose test scores were found between the upper cut-off point
and the lower cut-off point required an on-road driving test and were categorized in the further
testing group. The test achieved 96% to 97% specificity and 93% to 95% sensitivity. The high
specificity and sensitivity showed that the use of a trichotomization classification system over a
binary classification system could be a possible solution in improving the validity of off-road
driving tests.

Dobbs and Schopflocher (2010) created a tool, Screen for the Identification of Cognitively
Impaired Medically At-Risk Drivers (SIMARD), and used trichotomization in order to categorize
individuals in three distinct categories: safe, unsafe and indeterminate. The SIMARD is a test that
includes a series of tasks, involving word list, number transcoding, semantic world fluency task,
digit span backward, and delayed recall. The test yields 86% sensitivity and 84% specificity.
Forty-nine percent of participants were categorised as indeterminate. Wernham and colleagues
(2014), conducted a study to compare the clinical decision made by a geriatrician regarding fitness
to drive with the SIMARD and the suggested cut-off point. The study found no association
regarding the decision to assess fitness to drive between the SIMARD and the clinical decision
with patients diagnosed with mild dementia and mild cognitive impairment. Other studies have

also debated the validity of SIMARD (Bédard et al., 2013). As stated previously, the use of one
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single test is not sufficient in predicting fitness to drive as it results in a large grey area (i.e.,
participants require further testing) (Bédard & Dickerson, 2014).

Serial trichotomization. Similarly, Gibbons and colleagues (2017) have used serial
trichotomization to assess fitness to drive, with more precision when using five common
neuropsychological tests: the Trail Making Test Part A and Part B, the Montreal Cognitive
Assessment, the Motor-Free Visual Perception Test (Third Edition) and the Clock Drawing Test.
The main purpose of their study was to establish upper and lower cut-off points for each for the
five cognitive tests reflecting 100% sensitivity and 100% specificity using results of an on-road
driving test as a reference standard. Upper cut-off points were used to determine fit drivers and
lower cut-off points were used to evaluate unfit drivers. These cut-off points were established
using the coordinate points of the receiver operating characteristic (ROC) curve performed for
each neuropsychological test. Once cut-off points were established for all five cognitive tests,
participants were rated based on the first neuropsychological test, as pass, fail or indeterminate.
Drivers rated as indeterminate were funnelled through to the next test. This rating continued until
the indeterminate individuals were funnelled through all five tests. At the end of this process only
21.7% of all drivers in the trichotomization classification system remained indeterminate and
needed further testing. This approach can be done with routine tests and demonstrates having great
validity. However, serial trichotomization to assess fitness to drive cannot yet be seen as definitive,
as it has only ever been tested once with a relatively small sample size (n=83). Furthermore, cut-
off points were established using a sample of participants with a heterogeneous clinical profile.
Some participants did not have any obvious clinical profile of cognitive impairment (i.e., physical
injury, chronic pain, spinal injury, or amputation) while others had a more obvious clinical profile

of cognitive impairment (i.e., cerebrovascular accident, traumatic brain injury, or cognitive
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deficits). Moreover, an on-road driving test was used as the reference standard and could have
potentially impacted the quality of the evidence generated for predicting driving capacity. Despite
the fact that the on-road driving test is considered to be the gold-standard to validate the off-road
driving test, they are prone to lack of standardization and the inability to control certain variables
(e.g., traffic flow, environmental conditions, and other drivers) ( Kay et al., 2012; Reger et al.,
2004). Thus, a different clinical setting and different reference standard could possibly yield
different cut-off points.

The aim of this study is to replicate the serial trichotomization method of Gibbons and
colleagues (2017) in a different clinical setting using experts’ clinical judgement as a reference
standard indicative of driving fitness. Older adults with cognitive impairments will represent the
sample of participants. It is expected that this study will draw similar cut-off points to the findings
of Gibbons and colleagues (2017). Furthermore, with a bigger sample size, this study could
reevaluate the proportion of older adults who could be categorized as either fit or unfit to drive
without requiring further examination. This study would add to the growing body of literature
supporting the use of serial trichotomization to make decisions around fitness to drive and to help
create valid and reliable cut-off points on neuropsychological tests used for routine driving
assessments.

Method
Research Design

This study used a retrospective chart review to analyze files of patients who were seen at
the tertiary memory disorders clinic at Elisabeth Bruyere Hospital in Ottawa, Ontario. Ethics
approval was obtained for this study from the research ethics boards (REB) at Saint-Paul

University and Bruyere Research Institute.
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Participants

Through the collaboration of two expert physicians, test scores from 109 patients (n=109)
seen at the Bruyere Memory program at the Elisabeth Bruyere Hospital were abstracted. Four
participants were excluded due to recurrent seizures and significant apraxia. According to the
Canadian Council for Motor Transport Administrators (CCMTA) Medical Standards for Drivers
(2017), individuals are prone to license suspension if seizures are unpredictable and unstable.
Secondly, significant apraxia can disable participants’ fine motor skills (e.g., writing) and can
prevent participants from completing certain neuropsychological tests (e.g., Clock Drawing Test).
Based on these premises, the four aforementioned participants were excluded from the study. The
final sample size was comprised of 105 participants (n=105). The sample size was justified on the
grounds that the previous study using the serial trichotomiztion method (Gibbons, 2017) had
reported a smaller sample size (n=83). One of the aims of this study was to replicate the serial
trichotomization method using a bigger sample size.

A convenience sample of medical charts documenting patients who had experienced
cognitive impairment were selected for review. Only medical charts indicating patients’
acceptance to participate in research (i.e., signed agreement found in the chart) were considered.
Only medical charts who met inclusion and exclusion criteria were included in the analysis (refer
to table 1). All participants were above the age of 50 and they completed cognitive tests in English.
The mean age was 70.7 (SD=9.69) years of age with a range of 53-90. The sample was comprised

of 42.9% females and 57.1% males.
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Table 1.
Inclusion and Exclusion Criteria used for Recruitment.

Inclusion

Exclusion

Patients above the age of 50.

Patients who have experienced cognitive
impairment.

Patients who had an active driver’s license at
the time of their first consultation at the
Bruyere Memory program.

Patients of the two chosen expert physicians
(for control purposes as a determination of
fitness to drive must be documented).

Patients who were seen at the Bruyere
Memory program at least 6 months from the
data collection point (to allow for processing
of the file and determination of fitness to
drive by the physician).

Patients that have a mood disorder or
significant anxiety disorder diagnosis.

Patients who have an active substance
abuse/misuse diagnosis.

Patients who have a physical
impairment which may impact their
fitness to drive.

Patients that have completed cognitive
tests in languages other than English.

Patients who have not completed all of
the cognitive tests (3MS, Trails A &B,
and clock drawing).

Patients who completed abbreviated
versions of the tests were excluded

Data Sources and Neuropsychological Measures

Demographic data. Demographic information was abstracted from charts when they met
inclusion and exclusion criteria. Data were gathered concerning age, sex and medical issues that
precipitated referral.

Trail Making Test. The trail making test is comprised of two parts; Part A and Part B. For

the purpose of this study, both parts were used. The tasks require participants to connect a series
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of 25 circles on a sheet of paper. In Part A, the circles are numbers (1, 2, 3, 4 etc.) and the
participants are required to connect all the numbers in numerical order. In Part B, the circles are
comprised of letters and numbers and the participants must alternate between numbers and letters
in sequential order (1, A, 2, B, 3, C, etc.). The time required for the participants to complete each
test is used as the score. The Trail Making test is hypothesized to evaluate a variety of cognitive
functions including attention, visual search and scanning, sequencing and shifting, psychomotor
speed, abstraction, flexibility, ability to execute and modify a plan of action, and ability to maintain
two trains of thought simultaneously (Sathouse, 2011; Reger et al., 2004). Trail A and Trail B have
been used in previous studies to assess fitness to drive (Austroads., 2004; Classen, Wang, Crizzle,
Winter, & Lanford., 2013; Gibbons et al., 2017; Reger et al., 2004). Reliability was found for sub-
task A & B respectively (r=0.78 and 0.67) (Goldstein & Watson, 1989) and predictive validity of
the on-road driving test was determined for Trail A (p=.002-.05) and Trail B (p=.001-.003)
(Marshall et al., 2007).

Clock Drawing Test (CDT). The CDT is a screening tool that evaluates cognitive
functions including comprehension, memory, visuospatial abilities, and abstract thinking (Freund,
Gravenstein, Ferris, Burke, & Shaheen., 2005). According to Shulman (2000), the CDT yields
85% sensitivity and 85% specificity in identifying cognitive impairment. The task requires
participants to draw a clock and set the hands at 10 minutes after 11. The CDT will be scored
using a 7-point scoring system (see appendix A). This scoring system has been previously used in
assessing fitness to drive (Gibbons et al., 2017; Oswanski et al., 2007). Other studies have used
the CDT to evaluate patients driving performance diagnosed with cognitive impairment (Reger et

al., 2004).
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Modified Mini-Mental State (3MS) Examination. This cognitive screening test offers a
brief assessment of an individual’s long-term and short-term memory, attention, concentration,
orientation to time and place, language ability, constructional praxis, abstract thinking, and list
generating fluency (Teng., 1987). The test is comprised of a series of small tests. Other studies
have found that the 3MS is a test that measures a patient’s general cognition (Reger et al., 2004)
Depending on the test taker’s level of education, the 3MS yields 95% specificity and sensitivity
ranged from 91% - 94% (Teng., 1987). The test is comprised of 15 questions and is scored using
a 100-point range.

Experts’ clinical decision. The experts’ clinical decision was used as the reference
standard for the aforementioned cognitive tests. The experts, whose clinical opinions were
provided for this study are registered and certified members of The College of Physicians and
Surgeons of Ontario, and have numerous years of experience diagnosing and assessing driving
abilities for patients with cognitive impairments. The experts have dedicated research time to
examine the challenges associated with aging and driving and have presented and published their
findings. As practicing physicians working with older adults, they report unfit drivers to the
Ministry of Transportation. Their decisions are based on a gestalt approach encompassing a
medical examination, cognitive testing, and interviews with the caregiver (i.e., individual
accompanying the patient). The medical examination includes a diagnostic dementia evaluation,
an evaluation of conditions that preclude to driving (e.g., vision, mobility, seizures, etc.), and in
some cases brain imaging. A multitude of cognitive tests are used based on the patient’s anticipated
areas of difficulty (e.g., MoCA, UFQV, etc.) along with an interview with the caregiver to better
understand the patient’s driving habits (e.g., accidents, close calls, feeling safe being a passenger,

etc.). The expert’s clinical decision was recorded as unfit if a copy of the physician’s letter
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addressed to the Ministry of Transportation was found in the patient’s chart indicating their
recommendation for driving cessation. Research has demonstrated that expert’s predictions on
driving cessation has a 90.0 and 60.7 sensitivity and specific respectively, when compared with an
on-road driving test (Brown et al., 2005).
Procedure

The retrospective chart review was completed at the Bruyere Memory Program Clinic.
Medical charts were pulled and first verified for the patients’ signed interest in participating in
research. Secondly, charts were reviewed to evaluate if they met the inclusion and exclusion
criteria found in Table 1. The CDT was rescored according to Freund CDT Scoring Scale (see
appendix A) and the 3MS total score was recalculated to ensure that the scoring was correctly
computed. Each qualifying chart proceeded to the next step where the information was recorded.
Scoring results from the four neuropsychological tests (i.e., 3MS, Trail A, Trail B, and CDT),
demographic data (i.e., age, gender and medical issues that precipitated referral), and the experts’
clinical decisions were recorded on a spreadsheet saved on an encrypted USB drive. Charts were
examined a second time to verify that they matched the information recorded on the spreadsheet
before they were filed to their original location. A final review of the spreadsheet was done
ensuring that all participants met the inclusion and exclusion criteria (Table 1) and ineligible
participants were removed.
Data Analysis
The data analysis was performed using IBM SPSS Statistic (Version 25; IBM Corp., Armonk,
NY). A receiver operating characteristic curve (ROC) using the experts’ clinical decision as the
reference standard was produced, along with the coordinate points for each test (3MS, Trails A

&B, and Clock Drawing) and calculated the area under the curve (AUC). The ROC curve are true
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positives (i.e., sensitivity; drivers who are deemed unfit by the neuropsychological test and
experts’ clinical decision) plotted in function of false positives (i.e., specificity; drivers who are
deemed fit by the cognitive test and the experts’ clinical opinion) for different cut-off points. Each
point on the ROC curve represents a test score with the corresponding level of sensitivity/specify
for that particular cut-off point (i.e., coordinate points). However, the AUC does not change
depending on a specific cut-off point; rather, it provides an overall summary of the quality of the
test validated against the experts’ clinical decisions. Using the coordinate points of the ROC, we
were able to establish the upper and lower cut-points of each cognitive test that achieved 100%
sensitivity and 100% specificity. To establish the upper cut-point that yields 100% sensitivity, the
coordinate point on the ROC must equal 1. Conversely, to establish the lower cut-point that yields
100% specificity, the coordinate point on the ROC must be equal to 0.00 (i.e., 100% specificity=
1-specificity). Two cut-off points (i.e., upper and lower) were established for all

neuropsychological tests (Trail A, Trail B, 3MS, CDT) individually.

Results

Participant demographics

The sample was comprised of 105 participants who had a mean age of 70.7 years
(SD=9.69). Forty-five participants were female (42.9%) and 60 were male (57.1%). Medical
issues that precipitated referral to the tertiary memory disorders clinic at Elisabeth Bruyere
Hospital were divided into 9 categories including non-specified dementia, MD, DLB, AD, FTD,
VaD, MCI, vascular mild cognitive impairment (VMCI), and “Other”. Participants who
experienced cognitive impairment Who were categorized as Other included mild cognitive changes
due to a cerebrovascular accident, neurodegeneration, Lyme disease, PD, spread of lymphoma to

the central nervous system, and MS. Crosstab frequencies between cognitive impairments and sex
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can be found in Table 1. According to the experts’ clinical decisions 48.6% (n=51) of participants

were evaluated as fit to drive while 51.4% (54) were deemed unfit to drive.

Table 2

Cognitive Impairments in Female and Male Participants.

Cognitive Female Male Total
Impairments

Non specified 7 9 16
Dementia

Mixed Dementia 4
MCI 23
LBD 5
AD 14
VMCI 29
FTD 3
VaD 1
Other 10
Total 45 60 105

Note. MCI= Mild Cognitive Impairment; DLB= Dementia with Lewy Bodies; AD= Alzheimer’s disease; VMCI=
Vascular Mild Cognitive Impairment; FTD= Frontotemporal Dementia; VaD= Vascular Dementia.

Neuropsychological Tests and Cut-Off Scores

During the retrospective chart review, data were collected on participants’ test scores
including the CDT, the 3MS, and the Trail Making Test Part A and B. Descriptive statistics of the
neuropsychological test can be found in Table 2. Furthermore, cut-off points were established to
yield 100% sensitivity, specificity, positive predictive value, and negative predictive values. For
each test, coordinate points of the ROC curve were produced using experts’ clinical decision as a
reference standard. Cut-off points that reflected 100% specificity were used to categorize patients
who would have been evaluated as unfit to drive according to the experts’ clinical decision, while
cut-off points that reflected 100% sensitivity were used to categorize patients who were fit to drive.

The percentage of indeterminates represent the number of participants who did not obtain
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sufficient test scores to be evaluated as fit to drive, while neither were their scores low enough for

them to be evaluated as unfit to drive.

Table 3
Neuropsychological Tests’ Cut-off points.

Test M  SD Min. Max. 100% 100% % Indeterminate® AUC [95% CI]
Sensitivity?  specificity”

CDT 5.44 230 O 7 7 4.5 84% .846[.769, .924]

3MS 84.67 1421 21 99 97.5 77.5 84% .867[.800, .934]

Trail BY 186.71 87.43 43 300 79.5 293.5 75.6% .942[.898, .987]

Trail A 7631 63.11 24 300 38.5 90.5 70.4% .884[.823, .946]

Note. M=mean; SD= standard deviation; Min.= minimum value; Max.= maximum value; AUC= area under the curve; CDT= Clock drawing
test; 3MS= Modified Mini-Mental State Examination; Trail B= Trail Making Test Part B; Trail A= Trail Making Test Part A. 2Cut-off scores
indicate unfit drivers on the basis of the expert’s clinical decisions, participants obtaining test scores equal or greater than this value for Trail
B and Trail A and equal or lower than this value for CDT and 3MS. Cut-off scores indicate fit drivers on the basis of the expert’s clinical
decisions, participants obtaining test scores equal or lower than this value for Trail B and Trail A and equal or greater than this value for
CDT and 3MS. ®Percentage of participants who cannot be rated as fit or unfit drivers by the test demonstrating 100% sensitivity and 100%
specificity on the basis of expects clinical decisions. “Measured in seconds.
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Clock Drawing Test. The ROC curve for the Clock Drawing Test along with the curve’s
coordinate points can be found in Figure 1. The area under the curve was AUC= .846 (95% CI,
769, .924). Coordinate points of the curve were used to establish 100% sensitivity cut-off points
and 100% specificity cut-off points. Based on the Freund CDT scoring scale, cut-off points were

> 8 and < 4.5, respectively.

ROC Curve
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Figure 2.
Receiver operating characteristic (ROC) curve with coordinate points for the Clock Drawing
Test (CDT).

Note. The red circled coordinate points reflect the upper cut-off point indicated in red on the ROC curve that yields 100%
sensitivity. The green circled coordinate points reflect the lower cut-off point indicated in green on the ROC cure that
yields 100% specificity. The blue line on the ROC curve represents indeterminate test scores. The diagonal line
symbolizes 0% sensitivity and specificity.
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Modified Mini-Mental State (3MS) Examination. The ROC curve for the 3MS along

with the curve’s coordinate points can be found in Figure 2. The area under the curve was

AUC=.867 (95% ClI, .800, .934). Coordinate points of the curve were used to establish 100%

sensitivity and 100% specificity cut-off points. Based on the 3MS scoring system, cut-off points

were >97.5 and <77.5, respectively.
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Figure 3. Receiver operating characteristic (ROC) curves with coordinate points for the

Modified Mini-Mental State (3MS) Examination.
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Note. The red circled coordinate points reflect the upper cut-off point indicated in red on the ROC curve that yields 100%

sensitivity. The green circled coordinate points reflect the lower cut-off point indicated in green on the ROC cure that

yields 100% specificity. The blue line on the ROC curve represents indeterminate test scores. The diagonal line

symbolizes 0 % sensitivity and specificity.
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Trail Making Test Part A. The ROC curve for the Trail Making Test Part A along with
the curves coordinate points can be found in Figure 3. The area under the curve was AUC=.884
(95% Cl, .823, .946). Coordinate points of the curve were used to establish 100% sensitivity and
100% specificity cut-off points. Based on the time (in seconds) to complete the Trail Making Test,

cut-off points were <38.5 and >90.5, respectively.
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Figure 4. Receiver operating characteristic (ROC) curves with coordinate points for the

Trail Making Test Part A.

Note. The red circled coordinate points reflect the lower cut-off point indicated in red on the ROC curve that yields 100%
sensitivity. The green circled coordinate points reflect the upper cut-off point indicated in green on the ROC curve that
yields 100% specificity. The blue line on the ROC curve represents indeterminate test scores. The diagonal line
symbolizes 0 % sensitivity and specificity.
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Trail Making Test Part B. The ROC curve for the Trail Making Test Part B Test along

with the curve's coordinate points can be found in Figure 3. The area under the curve was

AUC=.942 (95% ClI, .898, .987). Coordinate points of the curve were used to establish 100%

sensitivity and 100% specificity cut-off points. Based on the time (in seconds) to complete the

Trail Making Test, cut-off points were <79.5 and >293.5, respectively.
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Figure 5. Receiver operating characteristic (ROC) curves with coordinate points for the Trail

Making Test Part B.
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Note. The red circled coordinate points reflect the lower cut-off point indicated in red on the ROC curve that yields 100%

sensitivity. The green circled coordinate points reflect the upper cut-off point indicated in green on the ROC curve that

yields 100% specificity. The blue line on the ROC curve represents indeterminate test scores. The diagonal line

symbolizes 0 % sensitivity and specificity.
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Discussion

In Canada, car dependency is substantial as it is a sparsely populated country often
requiring individuals to travel by private vehicle to meet their needs (Statistics Canada, 2007).
Driving and having access to a private vehicle have many benefits; however, this also comes at a
cost. While the car increases accessibility, flexibility, autonomy, control, and longevity (Ellaway
et al.,, 2013; Smith et al., 1990) it also contributes to a high number of fatalities and personal
injuries (Statistics Canada, 2016). Adults over the age or 65 are at a greater risk of being involved
in a collision and as the aging population continues to grow, the proportion of older drivers will
increase (Statistics Canada, 2012). Age alone does not negatively impact driving abilities but rather
secondary effects related to aging can have a negative impact on driving ability. Certain conditions,
notably, cognitive impairment become more prevalent with age and reduce one’s ability to drive
safely (Tuokko & Hunter, 2002). Dementia is the leading cause of cognitive impairment among
older adults and effects the patient’s memory, attention, visuospatial skills, and executive function.

The aforementioned cognitive abilities are crucial in order to engage in safe driving. It is
essential to find a balance between road safety and mobility amongst older adults since certain
individuals are capable of driving safely despite cognitive impairment. Primary care physicians
hold a legal responsibility of making that decision. However, most general practitioners reported
not being confident in assessing fitness to drive and the majority expressed they could benefit from
further education and better guidelines to support their clinical judgement (Dickerson et al., 2017;
Herman, 2006; Jang et al., 2007). This rising concern has motivated researchers to develop a valid
and reliable off-road driving test that could assist physicians in making decisions around fitness to
drive. Over the years, many attempts have been made without much success. Tests often lacked

sensitivity or specificity, thus, misclassifying drivers as either fit or unfit to drive. The inability of
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establishing appropriate cut-off points on cognitive tests has been the main culprit for insensitive
and unspecific tests. These mistakes have large consequences affecting public safety or reducing
the quality of life of patients. There has been great interest in developing a reliable and valid off-
road test that could optimize efficiency, provide a safer way to assess fitness to drive (Gibbons et
al., 2017) and facilitate routine assessments (Unsworth et al., 2018).

Serial trichotomization has demonstrated potential in being an excellent tool for physicians
that could optimize the assessment of fitness to drive, in that it yields 100% sensitivity and
specificity. However, further research is required as serial trichotomization has been the subject of
limited research. Multiple studies are required to confirm validity and reliability of an assessment
method and replication is strengthened if clinical setting and sample size differ. This study aims
to add to the growing body of literature supporting the use of serial trichotomization by comparing
the findings using a different clinical setting, enlarged sample size, and an experts’ clinical
decisions as a reference standard. Under the conditions stated above, we hypothesized that this
study would draw similar cut-off points to the findings of Gibbons and colleagues (2017) and
would have the potential of categorizing a comparable percentage of drivers as fit or unfit to drive

without having to undergo further testing.

Neuropsychological Tests and Cut-off Points

In line with our hypothesis, the current study drew similar cut-off scores to the previous
study having trichotomized the scores of common neuropsychological tests (Gibbons et al., 2017)
set to yield 100% sensitivity and specificity. In both studies, similar cut-off points were established
for the CDT, both having the exact same upper cut-off point (>7). The upper and lower cut-off
points for the 3MS were established at >98 and <78 respectively. In the previous study, the

Montreal Cognitive Assessment (MoCA) was used instead of the 3MS in our study. However,
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according to the crosswalk scores from the MOCA to the 3MS (Sink et al., 2015), both cut-off
points (i.e., upper and lower cut-off points) were the same. A crosswalk enables the comparison
of results between two different tests by providing an equivalent value for every score. In the Trail
Making Test Part B, the upper cut-off points were the same (< 80s) in both studies, however, the
lower cut-off points were quite different when comparing the current study (>293s) with the
previous study (>178s). Cut-off points for the Trail Making Test Part A were different for the
upper and lower cut-off points. It is important to keep in mind that the Trail Making Test Part A
and Part B are scored in seconds, thus, the differences between cut-off points in both studies can
appear much larger than they actually represent. A more extensive comparison of cut-off points

can be found in Table 4.

Table 4
Comparison of Cut-Off Points to Previous Study Having Trichotomized Common
Neuropsychological Test Scores.

Sensitivity Cut-Off Points Specificity Cut-Off Points

Cognitive Tests  Current Study Previous Study?  Current Study Previous Study?

CDT 7 7 5 4

3MS 98 97-98 78 77-79°
Trail B ¢ 80 80 293 178
Trail A¢ 38 25 90 69

Note. CDT= Clock drawing test; 3MS= Modified Mini-Mental State Examination; Trail B= Trail Making Test Part B;
Trail A= Trail Making Test Part A. 2 Study conducted by Gibbons et al. (2017). ® Cut-off points originally scored on the
Montreal Cognitive Assessment (MOCA) transferred to the 3MS using the crosswalk from Sink et al. (2015).
“Measured in seconds.
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There are at least two potential explanations that can account for the differences in the cut-
off points between both studies. Looking at the general trending differences, cut-off points were
established at more conservative levels (i.e., higher upper and lower cut-off scores) than in the
previous study, with the exception of the CDT. The spectrum bias could offer a potential
explanation for the higher upper and lower cut-off points found in the study conducted by Gibbons
and colleagues (2017). The spectrum bias refers to the phenomenon where the performance of a
classification test (i.e., sensitivity and specificity) varies according to the sample of participants
used in the study and their clinical profiles. Sensitivity and specificity are not affected by the
changes in prevalence (i.e., number of fit or unfit drivers), but are affected by the changes in the
spectrum of participants’ cognitive abilities that inherently have implications on the decision
regarding fitness to drive. The sensitivity and specificity of a test, when it is used to differentiate
a sample of participants who obviously do have cognitive impairments to participants who
obviously do not have cognitive impairment, likely overestimate its performance in comparison to
a test that is applied in a clinical context where there is a spectrum of cognitive impairment (i.e.,
mild, moderate, & severe) (Weaver et al., 2013; Usher-Smith, Sharp, & Griffin, 2016). Within the
realms of the serial trichotomization method, sensitivity and specificity are viewed as independent
as they must always yield 100%, thus, making cut-off scores dependent. To conclude, in studies
using more clear-cut clinical profiles, cut-off points are likely overly conservative.

In the previous study using the serial trichotomization method (Gibbons et al., 2017), the
sample of participants was comprised of patients with a heterogeneous clinical profile. Some
participants did not have any obvious clinical profile of cognitive impairment and the reason for
their referral was based on physical injury, chronic pain, spinal injury, or amputation of leg or arm,

while others had a more obvious clinical profile of cognitive impairment (e.g., cerebrovascular
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accident, traumatic brain injury and cognitive deficits). In contrast, participants in our sample were
all diagnosed with a form of cognitive impairment that varied on a spectrum of severity (e.g., MCI,
mild dementia, moderate dementia, severe dementia). It is plausible that the spectrum bias could
partially account for the difference in higher cut-points between both studies. It has been argued
by many researches that off-road driving tests should be designed to test specific medical
conditions and therefore be validated using a sample that reflects that same condition (Dickerson
et al., 2017). This study adds to the growing body of literature by potentially facilitating the
establishment of more precise cut-off points specific to patients who may experience cognitive
impairment. Research has demonstrated that older adults with moderate and severe dementia
should not drive and are at greater risk of being involved in a collision. Assessing fitness to drive
in those situations has been proven to be easier and more clear-cut. However, evaluating patients’
driving abilities with early and mild dementia poses a dilemma (Dickenson, 2014). Establishing
more precise cut-off points on cognitive tests can help provide a better assessment regarding fitness
to drive where it is most needed.

Acknowledging that both studies have used different reference standards to determine
validity is another plausible explanation that could have accounted for the differentiation among
cut-off points. The current study used experts’ clinical decisions as the criterion to establish cut-
off points while the previous study used the gold standard of an on-road driving test. It is probable
that the different reference standards could have partially accounted for the differences in cut-off
points. Despite the aforementioned difference, the AUC of each cognitive test for both studies
yielded similar results. The AUC provides an overall summary of the quality of the test validated
against the reference standard (e.g., on-road driving test, simulator, experts’ clinical decisions).

According to the interpretation guidelines of AUC values proposed by Hosmer and Lemesshow
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(2000) (Weaver et al., 2013), the CDT, 3MS or MOCA were classified as excellent tests (i.e., AUC
< .8) and the Trail Making Test Part B was classified as an outstanding test (i.e., AUC< .9) in
determining fitness to drive based on experts’ clinical decisions and on-road driving tests (Gibbons
et al., 2017). However, the Trail Making Test Part A was classified as an outstanding test when
validated against the on-road driving test in comparison to an excellent test when used against the
experts’ clinical decision.

If common neuropsychological tests are to be used to assess fitness to drive, they must
yield valid and reliable cut-off points, thus consistently categorizing drivers as fit or unfit based
on their ability to operate a motor vehicle. As mentioned previously, tools that are used to inform
fitness to drive need to be validated against a reference standard. Unfortunately, no reference
standard is perfect and despite establishing cut-off points that yield 100% sensitivity and
specificity, misclassification errors are still possible due to imperfections of the reference standard
(Kayetal., 2012). This can create a bias in the performance of a classification test (Weaver, 2013).
Comparing cut-off scores established by different reference standards can be used to dissipate
some bias and increase reliability as each reference standard has their own advantages and
disadvantages. In the current study, cut-off points were established against experts’ clinical
decisions, however in a previous study, the cut-off points were established using the gold standard
of an on-road driving test (Gibbons et al., 2017). On-road driving test are not standardized as
testing conditions are near impossible to control (e.g., maneuvers are dependent on area, traffic
flow, impact of other drivers) (Kay etal., 2012; Reger et al., 2004; Shechtman et al., 2010). Clinical
experts also do not have a standardized or widely used protocol and decisions are made in a gestalt
manner based on multiple evaluations (Brown et al., 2005). Despite those ambiguities, both studies

have yielded similar cut-off points demonstrating reliability in the cut-off points established for
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the CDT, 3MS or MoCA and Trail B (upper cut-off point) and limited bias provided from the
reference standard affecting the levels of sensitivity and specificity. Other studies have also
combined information from multiple imperfect reference standards for validation of screening
instruments (Pence, Miller, & Gaynes, 2010).

Observing each neuropsychological test independently and their cut-off points has
provided some interesting insight into the efficacy of certain tests. The CDT was unable to classify
85% of drivers as fit or unfit. Despite having established the same cut-off scores and using the
same scoring system (i.e., Freund CDT Scoring Scale), the study conducted by Gibbons and
colleagues (2017) were unable to classify 63.4% of participants regarding fitness to drive. It is
highly probable that the different clinical profile of participants can account for the variation in the
percentage of indeterminates. Manning, Davis, Papandonatos, & Ott (2014), have found similar
results using the CDT as a screening measure of driving performance in 122 healthy and
cognitively impaired older drivers. Using the Freund’s 7-point scoring system, the CDT was
unable to classify 76% of participants with an upper cut-off point (>6) and a lower cut-off point
(< 3). Other studies have shown comparable AUC =.90 (95% CI, .82, .95) when using the errors
measured by driving simulator as a reference standard (Freund et al., 2005) while others have
found relatively low AUC=.62 (95% ClI, .51, .71) when comparing against an on-road driving test
(Manning et al., 2014). It is still debatable whether the CDT is a sufficient test to evaluate fitness
to drive in patients with cognitive impairment. In the realm of the current study and of a previous
study (Gibbons et al., 2017), the CDT was only able to discriminate between drivers who were
unfit to drive using the lower cut-off point (< 5 or <4), however, the CDT was unable to identify
drivers who were fit to drive with 100% sensitivity as the upper cut-off point (>7) was impossible

to obtain since the maximum score on the scoring scale was 7.
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Similar results were found for the Trail Making Test Part A and B. In the current study, the
Trail A was unsuccessful at making 70.4% of decisions regarding fitness to drive and Trail B failed
to categorize 75.6% as ether fit or unfit. Gibbons and colleagues (2017) yielded better results with
a more heterogeneous sample of participants. Trail A was unable to categorize 66.3% of
participants, while Trail B demonstrated the best results with 33.7% of participants that required
further testing. Dobbs and Shergill (2013) attempted to evaluate the efficacy of the Trail Making
Test (Part A and B) in identifying drivers with cognitive impairment. The study included 87
healthy controls and 47 cognitively impaired patients, and found that the Trail Making Test power
is lowest when identifying unfit drivers with cognitive impairment. This could partially explain
our higher levels of indeterminates as our sample was only comprised of patients with cognitive

impairment contrary to the previous study (Gibbons et al.,2017).

The Modified Mini-Mental State (3MS) Examination has not been used as a tool to
determine fitness to drive, however, the Mini-Mental State Examination (MMSE) has been
extensively used as a tool to assess fitness to drive (Hollis et al., 2015; Joseph et al., 2014; Badenes
etal., 2018). Studies suggest that the 3MS showed improved classification of cognitive impairment
accuracies relative to the MMSE (Patten, Britton, & Tremont, 2018). According to the AUC=.867
(95% Cl, .800, .934), the 3MS s classified as an excellent test in assessing fitness to drive using
experts’ clinical decision as a reference standard. However, the 3MS was only able to make 16%
of decisions regarding fitness to drive. In the previous study that had utilized the serial
trichotomization model, they had replaced the 3MS with the MoCA and found slightly better
results. The MoCA was only able to inform 20% of decisions related to fitness to drive (Gibbons

etal., 2017).
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The findings in this study add to the existing literature that have determined that one
cognitive test is not sufficient to make a decision regarding fitness to drive (Bédard & Dickerson,
2014; Davis et al., 2016; Manning, 2014). Trichotomization of cognitive tests have shown to
establish better cut-off points with fewer misclassification errors, whereas using only one test
results in a large grey area, thus obligating the majority of patients to undergo further testing in
order to make a determination on their ability to drive safely. In the next section, we further discuss
the efficacy and implications of trichotomizing multiple subsequent tests together to replicate a

similar serial trichotomization model that was previously tested (Gibbons et al., 2017).

Funnelling Model

The funnelling model was constructed using the cut-off points established on the common
neuropsychological tests above. Cut-off points were rounded-off to yield possible scores on the
neuropsychological test in order to facilitate interpretation and classification. Following the
trichotomization method, participants’ test scores were categorized into three groups: pass, fail,
and indeterminate. Participants whose test scores were superior to the upper cut-point were
categorized in the passing group and participants whose test scores were inferior to the lower cut-
point were categorized in the fail group. Finally, participants whose test scores were inferior to the
upper cut-point but superior to the lower cut-point were categorized as indeterminate. This
categorization was done individually for all cognitive tests. Cognitive tests were then placed in
ascending order according to their percentage of indeterminate participants (i.e., Trail A, Trail B,
3MS, and CDT). In other words, the test with the lowest percentage of indeterminate participants
was placed first finishing with the test with the highest percentage of indeterminate participants.
This was only done for the purpose of determining the order of tests to form the serial

trichotomization model. This first step was completely independent of the next step.
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In the model (see figure 6), participants were funneled through the first cognitive test, Trail
A, with the smallest grey area (i.e., smallest percentage of indeterminate participants). Participants
whose test scores for the first test were < 38s passed and were deemed fit to drive. On the contrary,
those whose scores were > 90s failed and were classified as unsafe to drive. The participants whose
scores on the Trail A test fell in the grey area (i.e., between both cut-off points) were categorized
as indeterminate and were funneled through the next test; Trail B. On the basis of the Trail A test,
20% (n=21) of participants were evaluated as fit to drive and 16.2% (n=17) were classified as unfit
to drive. Sixty-three percent (n=67) of the participants could not be classified using the Trail A
test with 100% sensitivity and specificity and proceeded to the next level of the serial
trichotomization model. The same steps were taken for the Trail B test where nine participants
earned a score >293 and were categorized as unfit to drive, while five participants scored < 80 and
were deemed fit to drive. Fifty-three percent of participants were classified as indeterminate and
moved on to the next test. Four participants obtained scores <78 and where deemed unfit to drive
on the 3MS while five participants yielded scores >98 and were categorized as fit to drive. Forty-
two percent of participants (n=44) remained in the indeterminate category at this level of the
model. The aforementioned participants were funnelled through the last test included in the model.
The CDT categorized six participants as unfit to drive and no participants as fit to drive. After
participants were funnelled through all levels of the model, 38.1% (n=40) of participants were
evaluated as unfit to drive while 25.8% of participants (n=27) were deemed fit to drive. Only

36.1% of participants (n=38) remained indeterminate and required further testing.
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Figure 6. Funnelling model used for the serial trichotomization method proposed by Gibbons and
colleagues (2017). Participants’ test scores which do not correspond to the cut-off scores of pass
or fail are categorized as indeterminate scores. Indeterminate scores are filtered through the next
tests. Adapted from “Using Serial Trichotomization with Common Cognitive Tests to Screen for
Fitness to Drive”, by C. Gibbons, N. Smith, R. Middleton, J. Clack, B. Weaver, S. Dubois, and
M. Bédard, 2017, American Journal of Occupational Therapy, 71(2). Copyright 2017 by the

American Psychological Association.
Note. CDT= Clock Drawing Test; 3MS= Modified Mini-Mental State Examination; Trail B= Trail Making Test Part B;
Trail A= Trail Making Test Part A.
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In line with our second hypothesis, we were able to classify a comparable number of
participants in terms of fitness to drive using a similar serial trichotomization model in comparison
to the previous study (Gibbons et al., 2017). The model managed to make 63.9 % (n=67) of the
decisions around participant’s abilities to drive safely without needing to undergo further testing
with 100% sensitivity, specificity, positive predictive value, and negative predictive values. In the
previous study conducted by Gibbons and colleagues (2017), a similar model managed to
categorize 78.3% (n=65) of participants as either fit or unfit to drive. It is important to note that
the previous serial trichotomization model was comprised of 5 common neuropsychological tests
(i.e., Trails B, CDT, MVPT-3, Trails A, MoCA). Conversely, the current model only included four
common neuropsychological tests (Trails B, CDT, Trails A, 3MS). Each neuropsychological test
reduced the number of indeterminate participants. Thus, it is probable that the current study would
have been able to yield better results if the model included more neuropsychological tests.
Furthermore, this claim can be supported by other studies that have used single trichotomization
models to assess the fitness to drive of patients with cognitive impairment. In the first study, the
DriveAware test was only able to make 50% of decisions regarding older adults’ fitness to drive
(Kay et al., 2009). Similarly, the SIMARD test only managed to classify 49% of participants as
either fit or unfit to drive (Dobbs & Schopflocher, 2010). This supports the claim that the use of
one single test is not sufficient in predicting fitness to drive as it results in a large grey area (i.e.,
participants require further testing) and every subsequent test added to the model helps to mitigate
the proportion of grey area, increasing the number of decisions made regarding fitness to drive

(Bédard & Dickerson, 2014).
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Other factors could have also contributed to the more elevated number of indeterminate
classifications. As mentioned previously, participants in the sample had different clinical profiles
thus influencing the cut-off points and proportion of grey area (i.e., percentage of indeterminate)
for some of the neuropsychological tests. Inherently, this could also have had an impact on the
number of participants that were classified as indeterminate since the grey area of the Trail Making
Test Part A and B were larger than in the previous study (Gibbons et al., 2017). Furthermore, a
bigger sample size was used in the current study (n=105) in comparison to the previous study
(n=83). Using a bigger sample size yields more representative results and has the potential of
establishing more precise cut-off points as it increases the chances of including a bigger spectrum
of impairment. It is plausible that the sample size could have partially accounted for the difference
in the percentage of participants categorized as indeterminate among the two studies.

The serial trichotomization method has demonstrated the ability to classify older drivers
with cognitive impairment as either fit or unfit to drive yielding great performance measurements
(i.e, 100% sensitivity and 100% specificity). Many researchers support that a single screening tool
is not sufficient to make a decision regarding fitness to drive, mainly because driving involves a
combination of multiple skills (e.g., attention, visual scanning, reaction time, etc.) and a single test
may not evaluate all abilities required for driving (Bédard & Dickerson, 2014). Referring to the
current serial trichotomization model, patients’ driving abilities may only be evaluated as fit to
drive by one test. For example, if the patient scores < 38s on the Trail A test, they are automatically
deemed fit to drive and are excluded from all other subsequent tests. This could be problematic as
every individual test is involved in testing specific abilities that are related to driving performance.
The Trail A test mainly evaluates cognitive domains associated with attention and concentration,

but does not evaluate other cognitive domains that are critical in driving safely (e.g., visuospatial
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skills, and memory) (Reger et al., 2014). In some neurodegenerative diseases (e.g., mild VaD),
precise cognitive domain (e.g., executive functioning) can be significantly impaired without
having a significant effect on others (e.g., memory, attention) (Korczn et al., 2012; Nordlund et
al., 2007). A patient with a similar profile could have difficulty with set-shifting abilities that are
crucial in safe driving and still score sufficiently well on the Trail A test and pass, therefore being
exempt from all other tests.

We propose a modification to the serial trichotomization model (Gibbons et al., 2017) to
avoid making decisions regarding fitness to drive solely based on one test. The model should
include a disclaimer indicating that patients who are categorized as pass must yield superior scores
to the lower-cut off point on all neuropsychological tests included in the model. Older adults who
pass one test who later yield a score sufficiently low to fail another test, should be deemed unfit to
drive. This would assure that decisions surrounding fitness to drive would not be done based on
only one neuropsychological test. In the current study, no participants that have passed one test
later failed another. However, in both studies that utilized the serial trichotomization method, the
evaluators were not blinded to the results of the cognitive tests, thus, potentially mitigating the
occurrence of the aforementioned situation. (A more detailed explanation of the impact of this bias
can be found in the limits section.) The disclaimer should be included in forthcoming studies
utilizing the serial trichotomization method to inform questions surrounding fitness to drive.

Researchers have found that most primary care physicians who address the subject of
driving with their patients suffering from cognitive impairment refer them to a driving evaluation
service (Adler & Rottunda, 2011). A complete assessment is costly and can range from five
hundred dollars to eight hundred dollars and is not subsidised by government health care programs

in Canada. Individuals may also be referred to a Medical Advisory Committee where a panel of
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expert medical advisors review complex cases and provide an expert opinion (Ministry of
Transportation). The current assessment procedures result in long waiting times and lengthy testing
periods (Kay et al., 2012). Many research efforts have been made in recent years to address the
difficulties associated with assessing medically at-risk older drivers by primary care physicians.

The Canadian Driving Research Initiative for Vehicular Safety in the Elderly (Candrive),
IS a research program that was established in 2002 with the aim to develop, implement and validate
a screening tool that is easy to use and allows primary care physicians to make better decisions
around fitness to drive for older adults. The 6-year longitudinal study aims to include pencil-and-
paper tests that are easy to administer and score (Marshall et al., 2013). The serial trichotomization
method has recently demonstrated great potential in practical application by assisting primary care
physicians in making decisions around fitness to drive among older adults with cognitive
impairments (Gibbons et al., 2017). This model could offer physicians a better preliminary method
in assessing fitness to drive using common paper-pencil cognitive tests. With easy administration,
a simple scoring system, and no equipment requirement, serial trichotomization allows primary
care physicians to make specific and sensitive decisions around fitness to drive, in a timely fashion.
The current study adds to the growing body of literature supporting the use of serial
trichotomization by yielding similar results on cut-off points and classifying a comparable
percentage of drivers as either fit or unfit without having to undergo further testing. Further
research is needed before the serial trichotomization method can be implemented to aid primary
care physicians to make decisions surrounding fitness to drive in older adults.
Limitation and Future Research

There are several limitations surrounding this study that should be considered when

reviewing the results. To begin, the retrospective nature of the research design is a limitation. Since
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the data extracted from the medical charts were not recorded for research purposes,
comprehensiveness and quality were at times deficient requiring the following charts to be
excluded from the study. This could have inherently contributed to a selection bias as the selected
sample may have not entirely been representative of the population intended to be studied. Medical
charts needed to be individually selected to meet inclusion and exclusion criteria, and
comprehensiveness needed to be ensured before abstraction of the data began. Furthermore, the
abstractor was not blinded to the study’s objectives and hypothesis, thus, introducing an abstractor
bias. In situations where the abstractor is not blinded to the study, they may be more drawn to
certain data while overlooking less desirable data. Efforts were made to mitigate this bias by
creating a systematic review and establishing strict inclusion and exclusion criteria before data
collection. Also, the data collection was performed with only one abstractor making it difficult to
quantify consistency in the data collection. To help eliminate the number of possible errors while
extracting data, at least two abstractors should independently record the data in order to ensure
accuracy. Given the vast complications associated with a retrospective research design, future
research should concentrate on adopting a prospective research design as they are generally
considered to yield the best research quality (Abbott, Barton, Terhorst, & Shembel, 2016; Hess,
2014; Kaji, Schriger, & Green, 2014).

Another important limitation to consider is the reference standard used in the current study.
The experts’ clinical decisions were used as the reference standard to inform decisions related to
fitness to drive. The experts were not blinded to the results of the patients’ cognitive scores when
determining their fitness to drive, thus introducing an incorporation bias. It is preferable that the
reference standard and the screening test assessed are completely independent of one another.

When there is a lack of independence between both measures there is an overestimation of the
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accuracy of the screening test. This also translates to the overestimation of cut-off points. The
incorporation bias has a particularly large impact on the results of this study since the test
characteristics are excellent. Little impact is accounted for when test characteristics are less
favorable since they would have been even worse than one would expect if the incorporation bias
was not present. However, implementation of an excellent test including an incorporation bias
could be costly, leading to misclassification errors. Both studies that have evaluated the use of
serial trichotomization were subject to an incorporation bias. Future research is required using a
model where those who determine fitness to drive are blinded to the neuropsychological test scores
to mitigate the influence of an incorporation bias (Gibbons et al., 2017).

The reliability of the reference standard could have been improved if the study would have
adopted an inter-judge approach. In the current study, only one expert opinion was used in
isolation for every decision made regarding fitness to drive. Ideally, two experts would have
independently evaluated the same patients and made their own decision regarding the patient’s
fitness to drive. Inter-judge agreement could have helped to increase the reliability of the reference
standard. Unfortunately, due to the retrospective nature of the study, this was not possible.
However, efforts were made to mitigate this effect by incorporating the clinical opinion of two
experts. Despite having the inability to reach consensus on each individual decision, cut-off points
on neuropsychological tests were established using two experts’ clinical opinions. Subsequent
studies should strive to validate the serial trichotomization method using different reference
standards. As mentioned previously, each reference standard is comprised of its own advantages
and disadvantages and validation against multiple reference standards has the potential of
establishing more accurate cut-off points on common neuropsychological tests. Using a simulator

as a reference standard could yield more precise cut-off points by including maneuvers that are
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typically problematic in older adults with cognitive impairments. As stated previously by Gibbons
and colleagues (2017), the serial tricotomization method should further be examined using a bigger
sample size and a variety of different common neuropsychological tests in order to identify the
best possible combination of tools to inform physicians in most decisions regarding fitness to drive

among older adults with cognitive impairments.
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Appendix A.

Appendix

Freund CDT Scoring Scale.

Time
[3 points]

Mumbers
[2 points]

Spacing
[2 points]

One hand points 2 (or symbol representative of 2]
Exactly two hands

Abhzence of Intrusive marks, c.d., writng or
hands indicating incorrect thme, hand podnts
to mumber 10 tic marks, time written in text
(11:10: ten after eleven)

Mumbers are inside the clock circle

All numbers 1-12 are present, no duplicates
or omissions

Mumbers spaced equally or nearly egually
from each ather

MNumbers spaced equally or nearly equally from
the edge of the circle
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