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8 | General discussion

The primary aim of this thesis was to study employment and driving ability in gene
carriers with Huntington’s disease (HD). We aimed to investigate predictors of work
cessation and examine the influence of different symptoms and signs of HD on

driving performance.

Employment and Huntington’s disease

Work stress and employment changes are frequently mentioned by premanifest HD
gene carriers when asked if they experience difficulties in daily life." Most patients
reduce their amount of work and this reduction is often perceived as a negative
change as a result of disease.?2However, contrary results have shown that it remains
unclear whether HD gene carriers attribute these employment changes to signs of
HD.2

Our findings showed that problems with concentration and multi-tasking, and slower
reactions influenced the decision to stop working (chapter 2). Working in a physically
demanding job might not be a reason to stop working prematurely, since half of the
gene carriers who were no longer working had jobs with non-physical work demands
(chapter 3). The first cognitive changes in HD are characterized by problems in
executive functions including planning, organization, cognitive flexibility and
attention, which might be more crucial in nonphysical occupations that require higher
levels of cognition. Further, we found that worse cognitive functioning, in particular
slower speed of processing and cognitive inflexibility, and apathy are predictors

of work cessation in HD gene carriers (chapter 3). Thus, cognitive and behavioral
changes interfere more with the ability to work than the characteristic motor signs of
HD. HD gene carriers retired more than a decade before the general retirement age,
confirming that work cessation occurs during mid-adulthood and that signs of HD are
associated with stopping work (chapter 2 and chapter 3). This is similar in patients
with Parkinson’s disease, who generally also retire before the official retirement age
because of the impact of the disease on their ability to work.* However, the number
of studies focusing on work and HD is still very limited. No longer being able to work
can result in psychological distress. In order to adjust to a new lifestyle, patients must
develop active coping strategies. More than 50% of the HD gene carriers expressed
concerns about genetic discrimination in the workplace.® Better mental health has
been associated with less work-related disability in premanifest HD.¢ Counseling
about possible career choices and evaluating the concerns of patients and families

in the presymptomatic phase of the disease is, therefore, recommended. Patients

in disease stages 1 and 2 experience the most changes in their health due to the

progression of HD symptoms and show an increasing dependency on others in
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activities of daily life.” This group also reports that they experience a discrepancy
between the care they need and the care they actually receive. Patients in disease
stages 1 and 2 should be the main focus of psychoeducation, as well as gene carriers
who do not yet experience any symptoms. Patients report that it can be frustrating
that healthcare professionals lack knowledge about HD.8 Specialized and educated

professionals are needed in the care system for HD patients.

Driving and Huntington'’s disease

It is presumed that the decision to stop driving is a dynamic stepwise process rather
than an overnight decision.” This process starts with increasing self-imposed driving
restrictions, eventually resulting in complete cessation of driving. The fact that
presymptomatic HD gene carriers reported that they adapt their driving behavior,

for example with less nighttime driving, no motorway driving, and driving shorter
distances, further supports this suggestion (chapter 5). In addition, it confirms that
the capability to drive a car is a topic of interest and concern in gene carriers with
HD. This emphasizes the need to start the discussion about driving in the early
stages of HD and reexamine it regularly. The possibility of stopping driving should be
included as a discussion topic in the clinic, because the inability to drive a car affects
the independence and quality of life of patients. Healthcare professionals and driver’s
licensing authorities have the obligation to inform patients about the process of
driving cessation, the risks of continuing driving, and must provide proper guidance.
HD gene carriers who stopped driving were significantly older and more often
female compared to active drivers (chapter 2). In general, women also tend to stop
driving at a younger age compared to men, so this finding seems to be unrelated

to HD."® However, men and women differed in their primary reasons for stopping
driving (chapter 2). Most males stated difficulties concentrating as their reason for
stopping driving, whereas females reported feelings of anxiety as their primary
reason. It is well known that patients with HD can have limited insight into their own
functional decline.""? However, in our study, patients and spouses gave the driving
performance of HD patients similar grades, suggesting a certain level of awareness in
these HD patients (chapter 5). Spousal opinions often provide a more objective point
of view, although they might give socially accepted answers because they rely on the
patient being able to drive, or want to avoid an argument.’>" Children of an affected
parent might provide the most accurate and reliable answers about whether driving
is still safe.’™ To our knowledge, our study was the first to investigate the hypothesis
that changes in driving performance already start in the early presymptomatic phase

of HD. We found that the way presymptomatic gene carries drove was comparable
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8 | General discussion

to that of controls, while the performance of symptomatic gene carriers was worse
(chapter 5). These results suggest that a genetic confirmation of HD should not be
decisive for the recommendation to stop driving, but that individual symptoms have
to be evaluated. In our opinion, the goal should be to let HD gene carriers drive

for as long as this is still safe and not advise revoking the driver’s license based on

genetic confirmation alone.

Predicting driving performance

The findings of our study confirm that deteriorated cognition influences driving
performance more than motor dysfunction (chapter 6). Especially slower speed

of information processing and postural sway and instability are associated with
alterations in driving. The SDMT and Body Sway tests emerged as significant
predictors of driving performance in our study (chapter 6). These are both relatively
short tests that can easily be administered with a low burden for the patient. In
previous studies, the SDMT has been identified as a sensitive biomarker to detect
early cognitive deterioration, and decreased psychomotor speed is one of the
earliest cognitive changes observed in patients with HD."*'® The fact that the

SDMT was also a suitable predictor of driving competence in previous studies
suggests that this test is a robust predictor of changes in driving and we would
recommend including it in a screening assessment (chapter 4). Neuropsychological
screening batteries could provide a better estimation of who should be referred

for an official on-road driving test than a medical examination alone. Since HD is

a heterogeneous disorder, where cognitive impairments can be more debilitating
compared to the characteristic motor signs, a multidisciplinary approach seems
mandatory when assessing driving ability. Specialists from disciplines other than
neurology, such as psychologists or occupational therapists, should be involved in
the evaluation of fitness to drive. Cognitive tests should, therefore, be embedded in
the standard clinical driving evaluation. Using guidelines that have been proposed
for other neurodegenerative disorders, such as Alzheimer’s (AD) and Parkinson’s
disease (PD), seems unwarranted. Prediction models established for AD cannot
necessarily be used in HD due to the different etiology and clinical expression,"?
emphasizing the need for specialized consensus guidelines limited to HD. Multiple
neuropsychological tests have been proposed to predict driving errors, but there is
currently no validated standardized battery that can be used.??' To embed cognitive
tests in the clinic, cut-off scores are necessary and these are currently still lacking. The
use of one single test is not recommended and composite test batteries have been

suggested to better discriminate between safe and unsafe drivers.?? We propose at
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least including the SDMT in the yet to be developed HD specific clinical screening
battery.

In contrast to cognitive impairment, psychiatric behavior was unrelated to

driving performances (chapter 6). It is possible that psychiatric symptoms are

more manageable with medication and, therefore, have less influence on driving
skills. Furthermore, depressed mood, apathy, and anxiety might result in the
patient deciding to stop driving voluntarily. Thus, psychiatric symptoms could
influence driving behavior, but probably at a different level than the actual driving
performance. In patients with PD, higher levels of anxiety were associated with
their decision to stop driving.?® Anxiety and feelings of insecurity were also among
the primary reasons reported by HD gene carriers (chapter 2). Being overcautious
may be a compensation for anxiousness, which could explain the fact that patients
with HD tend to drive more slowly and below the speed limit compared to controls
(chapter 5). The total motor score of the Unified Huntington’s Disease Rating Scale
did not contribute to the prediction of driving skills, while this score is the most
frequently used rating scale in HD, as well as the primary outcome measure in most
clinical trials (chapter 6). Previous findings also showed that motor functioning,
measured with this scale, was not predictive of driving performance.? For the clinical

screening of driving fitness, the total motor score would be insufficient.

Driving simulator

We chose to use a driving simulator in our study, because it provides the opportunity
to test driving skills in a standardized and reproducible environment. In addition, it

is safer to test certain conditions with a simulator rather than putting the participants
in potentially hazardous and uncontrollable situations on the road. Although on-road
evaluations are the gold standard and reflect real world circumstances, they lack
generalizability and the challenges differ from individual to individual. In addition,
there is variability in routes and vehicles.?*® A validation study in HD showed

that simulators have a good concurrent validity when compared to on-road tests,
especially for the measurement of operational driving skills, such as vehicle control.?
At the moment, in our opinion, it is not sufficient to use only a driving simulator when
a definite decision about driving cessation has to be made, but it can complement
the clinical evaluation of driving competence. In the Netherlands, novice drivers

are trained with a driving simulator before their first on-road experience. Better test
results in the simulator have been related to higher chances of passing the driving
test the first time.? The results of one study indicated that simulator training is

potentially useful in drivers with PD, showing improved scores on an on-road test
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after simulator training.?® In addition, PD patients who failed the on-road driving test
before the training, passed the test post-training.?’ Thus, in the future, it might be
effective to use a driving simulator as a training tool in HD. Since our study revealed
that patients with HD have most difficulties operating a car and with adapting to
certain road situations (chapter 5), training these driving skills could potentially
increase the on-road driving capabilities.

A disadvantage of using simulators is the occurrence of simulator sickness, which is
comparable to the symptoms of motion sickness. Although our findings illustrated
that patients with HD were not more susceptible to developing symptoms of
simulator sickness than controls, the occurrence of this phenomenon limits the usage
of a driving simulator (chapter 7). Female gender and older age were associated
with increased simulator sickness, whereas cognitive and motor functioning were
unrelated to dropout due to simulator sickness. Symptoms of simulator sickness
mostly occurred during the urban driving scenario, which is characterized by sharper
turns and more sudden stops (chapter 7). However, we are of the opinion that these
types of scenarios should be further optimized to properly test situations that require
a high mental workload. Reducing the duration of the simulator assessments or
taking more breaks in between sessions could alleviate the symptoms of simulator

sickness.®

Recommendations and future perspectives

More studies are necessary to validate our findings and compare the simulator results
with on-road assessments. Because of the progressive nature of HD, longitudinal
studies should be performed to establish a reasonable follow-up period for retesting
driving ability. The current lack of cut-off scores for cognitive tests has to be tackled.
Investigating driving in a naturalistic driving setting, using a dashcam, could provide
an opportunity to examine driving behavior during multiple occasions and in the
patient’s own car.®*

Since there is currently no cure for HD, the focus of treatment is on improving quality
of life and providing the necessary support to patients and families. Maintaining
independence through employment and driving, for as long and as safely as
possible, has a substantial influence on a patient’s own general functioning and

their family. Because the symptomatic onset of HD mostly occurs during midlife,

the disease can affect various activities of daily life, such as work, driving, and social
relationships, at a relatively young age. Based on the main findings of this thesis, a
proposed schematic timeline for when, during the course of HD, to discuss working

and driving in the clinic, is shown in Figure 1. During the earliest phase of HD,
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shortly after predictive testing, gene carriers should be informed about how the
signs of HD can affect the capability to work and drive a car. This could be done

via a brochure that describes the possible issues that patients with HD may be
confronted with in daily life as the disease progresses. When the clinical diagnosis

is established, physicians (e.g., neurologists) and other healthcare professionals,
such as psychologists and occupational therapists, should again inform the patient
and their spouses about the influence of HD on employment and driving ability.
Psychoeducation will increase the awareness about what changes might occur in work
and driving, how these relate to signs of HD, and the safety of themselves and others.
Regarding work adjustments, lowering the work demands or reducing the number
of hours might be a first solution. Discussing alternative options of transportation is
important to help patients adjust to the loss of independence when they decide to
stop driving. In general, during the earliest manifest stages, driving performance will
not yet be altered and patients might be able to compensate for changes in driving
by increasing the number of restrictions or adapting their car. For example, they can
decide not to drive during rush hour, not to drive during nighttime, or to change to a
car with automated transmission. For patients who visit the outpatient clinic, annual
monitoring of cognitive decline is recommended. At the moment, a longitudinal,
international, observational study is collecting data on demographics, motor,
cognitive, and neuropsychiatric signs to improve the understanding and monitor

the progression of HD (Enroll-HD).*"* The neuropsychological test battery included
in this study has the potential to be used as a screening tool to monitor changes

in cognition related to work and driving. If cognitive function further deteriorates,
patients should be advised to stop driving voluntarily, for their own safety and that of
others. Voluntarily deciding to stop driving gives a feeling of autonomy, contrary to a

forced revocation of a driver’s license when a formal driving test is performed.
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Hypothetical schematic timeline for the discussion of working and driving in the clinic. The influence of
Huntington’s disease on employment and driving should be discussed regularly, starting at an early stage, shortly
after predictive testing, again after the clinical diagnosis has been given and during follow-up visits. Cognitive
function should be monitored with a standardized assessment battery. Specialists from multiple disciplines, such
as neurologists, psychologists and/or occupational therapists, should be included in the examination of fitness to
work and drive.

CONCLUSIONS

This thesis addresses the topics working and driving ability as being relevant in HD.
Our results consistently showed that the cognitive and behavioral changes in HD
are more debilitating in daily life than the characteristic motor signs. Healthcare
professionals should be educated about the different stages of HD, to allow them to
provide appropriate information to patients and families when discussing possible
changes in work and driving as a result of the disease. The driving performance

of presymptomatic HD gene carriers and controls was comparable, suggesting

that individual evaluation is warranted and that the decision to stop driving should
not solely be based on disease stage or a genetic confirmation. Multidisciplinary
screening, using a HD-specific test battery, is recommended and should be

embedded in the clinic.
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