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Introduction
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Parkinson’s disease (PD) is one of the fastest growing neurodegenerative disorders
around the globe (box 1). Factors such as greater disease awareness, aging and
increased life expectancy, and more industrialization-related environmental
exposures led to a doubling in the number of people with PD worldwide between
the years 1990 to 2016 (1). Experts initially anticipated another doubling in PD
prevalence from 6.1 million in 2016 to over 12 million individuals by 2040 (2), but
the latest findings suggest that the number of affected individuals has now risen to
11.8 million in 2021 (3). Due to an increased PD life expectancy after the introduction
of levodopa and distinguishing PD from other atypical parkinsonism forms (4, 5),
more individuals will develop more advanced forms of the disease. Because of an
extensive list of motor and non-motor symptoms, which is due to the involvement
of extensive damage to the central nervous system as well as multiple other body
systems, PD diminishes the person’s capabilities of performing activities of daily
living. Consequently, the disease burden increases among individuals with PD and
their caregivers, which ultimately affects their quality of life (6).

Currently, healthcare providers are not optimally equipped to make decisions about
the use of allied health and drug treatments for people with PD due to two important
limitations in the current state of knowledge. First, when making decisions,
healthcare providers primarily have scientific evidence from small, selective
populations with limited follow-up duration at their disposal. However, these
populations provide only a fragmented picture of a complex and long-lasting disease
such as PD. Indeed, many patients from everyday clinical practice are excluded from
clinical trials due to strict inclusion and exclusion criteria. Second, scientific findings
made in groups are difficult to apply to the specific individual context of a patient.
This is because PD is a highly heterogenous disease, meaning that symptoms in
people with PD vary considerably from person to person. Even within an individual,
symptoms typically vary from day to day, and within any given day. Therefore,
treatment goals also vary among individuals and this highlights the need to develop a
personalized care approach in PD. Such personalized care could be delivered through
the development of a system that supports the decisions of the clinician involved in
the care of person with PD. One of the challenges regarding the development of such
a much needed decision support system is the lack of evidence, whether quantitative
or qualitative, with regard to the current treatment modalities and medications. For
instance, there is a lack of quantitative evidence on the timing of the initiation of
pharmacological treatments such as levodopa; similarly, evidence is missing with
regards to the effectiveness of non-pharmacological treatments (e.g., physiotherapy,
occupational therapy, and speech & language therapy). Such evidence is required as
input before such a decision support system can be developed. Importantly, support
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systems should have a multidisciplinary focus, because management of a complex
disease such as PD requires the involvement of multiple professional disciplines.

And even more crucially, any decision support should also consider the patient as the
center of this multidisciplinary approach.

Box 1: Parkinson’s disease

Parkinson's disease (PD) is a progressive neurodegenerative disease that is
characterized by various motor and non-motor manifestations (7). The current
criteria for clinical diagnosis of PD include the presence of bradykinesia
accompanying either rest tremor, rigidity, or both (8). PD presents its features in
various forms, but more common motor and non-motor symptoms are as follows (9):
motor symptoms include bradykinesia, rigidity, rest tremor, and postural instability;
non-motor symptoms include hyposmia, sleep disorders, autonomic dysfunction,
psychological disorders, cognitive impairments, fatigue, speech and swallowing
deficits. The wide variety of these symptoms leads to the development of different
complications such as depression, anxiety, constipation, urinary tract infections,
sexual dysfunction, falls, and aspiration pneumonia. Among these PD-related
complications, the most common reasons for hospitalization are falls, aspiration
pneumonia, urinary tract infections, reduced mobility, and psychological disorders,
with pneumonia as the most frequent cause of death in advanced stages of PD (10).
PD progression rates vary relative to factors such as age at diagnosis, dominancy of
specific symptoms at presentation, and response to medications (9, 11).

Treatment guidelines are currently mainly focused on the more prominently
observed PD-related symptoms and complications. However, commonly
observed PD symptoms are only the tip of the iceberg (12) and the management
of such a multifaceted disease requires the involvement of multiple professional
disciplines. PD management includes non-pharmacological interventions,
pharmacological interventions (including pump therapies) and neurosurgical
interventions (deep brain surgery) for well-selected individuals. Some well-
known non-pharmacological interventions are physiotherapy, speech & language
therapy, occupational therapy, psychological therapy, and social work. These
allied health therapies can address important motor and non-motor symptoms
that are only marginally addressed by other treatments. For instance, there is
evidence regarding the beneficial effects of physiotherapy on the reduction
of falls and pneumonia in PD (13). However, throughout the existing literature
and guidelines, there is still insufficient evidence to support the contribution of



12 | Chapter1

other allied disciplines in PD management (14, 15). PD is mainly characterized by
a degeneration of dopamine-producing neurons in the substantia nigra, which
leads to a deficiency of dopamine in the brain. Therefore, dopamine replacement
therapies are considered the primary pharmacological treatment for managing
the motor symptoms of PD. Among all dopamine replacing agents, levodopa,
also known as L-dopa, is the most widely used medication in many countries.
Motor complications such as motor fluctuations and dyskinesias start to occur
in most persons with PD several years after initiation of the pharmacological
treatment with dopaminergic medication (16). Although evidence suggests that
the development of motor complications might not be attributed directly to
the pharmacotherapy itself, but rather to progression of the underlying disease
pathology (17), there is still an ongoing debate among clinicians and patients on
when to initiate levodopa treatment (18-21).

A promising novel avenue to overcome these limitations is to leverage big data. Big
data means high volumes of data that are highly variable and have a high rate of
production (velocity). One example of big data in the healthcare arena is electronic
healthcare records (including medical claims data). In medical claims databases,
each transaction in the healthcare system continuously produces more data in a
short amount of time. In order to transform big data information into value, we can
use methods beyond the usual statistical methods, such as machine learning, deep

learning, network analysis, etc. (22, 23).

Leveraging claims data in healthcare research has the potential to revolutionize
the field by providing valuable clinical insights on a population level, improving
person-related outcomes, and enhancing the efficiency of healthcare systems. The
benefits of leveraging claims data are already being seen for many chronic diseases,
like cancer (24). Also, for Alzheimer’s disease, several studies could predict (25, 26)
or ascertain (27) Alzheimer's onset, estimate the prevalence of specific symptoms
in Alzheimer's (28), or evaluate the association of COVID-19 and dementia (29), by
leveraging claims data.

The benefits of leveraging claims data can also be applied to PD research. To date,
several scientific research studies from all around the world have used claims data in the
PD field. As an illustration, one study aimed to predict PD (30), while others examined
the risk of fractures and their impact on people with PD (31-34). Furthermore, using
claims data from health insurance companies, a higher mortality among people with
parkinsonism was seen in Canada compared to healthy controls (35).
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Analyzing claims data presents a potential solution to the limitations of traditional
clinical trials, offering the advantage of including large and diverse patient
populations that have been observed over extended periods, without attrition that
typically plagues clinical trials. Although traditional clinical trials remain the main
approach for drawing causal interpretations in PD research, analyses of claims data
offer a useful complementary approach, that comes with numerous advantages. This
includes the better reflection of real-world clinical practice and the option to link the
data with clinical outcome registries, allowing for evaluations of the comparative
cost-effectiveness of multiple interventions. Finally, analyzing an existing dataset
comes with significantly lower cost than clinical trials (36). Below, I will illustrate how
claims data can be used for PD care in two distinct ways.

Non-pharmacological treatment of PD

I already emphasized that PD management requires a multidisciplinary team approach,
including involvement of multiple different allied health disciplines (examples include
physical, occupational, and speech & language therapy, but many others can also be
involved). These allied health therapies can alleviate motor and non-motor manifestations
that can only partially be addressed by pharmacological or surgical approaches (37).
Despite all the advancements brought forth by previous studies in the field of allied health
therapies, there are still key gaps in knowledge regarding this relatively young topic
(15). These include the long-term effectiveness and impact of allied health disciplines
on disease progression, a lack of studies that compared the effectiveness of different
allied health disciplines, and insufficient evidence on the effectiveness of integrated care
approaches (i.e. whether the combination of different allied health disciplines in PD leads
to greater health benefits than the sum of the isolated therapies). These key knowledge
gaps are important reasons for taking a deeper look into the effectiveness of allied health
therapies in different subgroups with different characteristics.

The highly heterogenous nature of PD, as well as the complexity of various targeted
dimensions of allied health therapies, make it challenging to address these gaps using
traditional clinical trials.

In chapter 2, I review the current state of knowledge on what constitutes specialized
allied health care for PD and which domains are targeted. I also describe the effects of
the three most commonly deployed allied health care disciplines in PD (physiotherapy,
occupational therapy, and speech & language therapy) on clinical outcomes and costs of
PD care. I also identify important research topics for future studies.

13
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In chapter 3, [ use national administrative healthcare claims data in the Netherlands,
owned by Vektis, which contains the diagnostic and treatment information of more
than 99% of the Dutch population collected from all national insurance companies
(38). The Vektis claims database also includes the demographic and clinical
characteristics of people with PD. I specifically use these data to go in-depth into
non-pharmacological treatment to longitudinally assess how the level of expertise
(specialized vs. generic) of physiotherapy, occupational therapy, and speech &
language therapy, is associated with the incidence rate of PD-related complications.
I also investigate whether there is a synergistic effect among multiple specialized
disciplines and whether each allied health discipline prevents specific complications.

Pharmacological treatment of PD

The best time of levodopa initiation for the management of motor symptoms is still
an unresolved question in PD pharmacological management even though previous
evidence rejects the levodopa withholding approach (39). Delaying the initiation
of levodopa until later stages of the disease is still considered an option by some
clinicians and patients. For persons with PD with relatively mild symptoms that do
not affect daily functioning, the initiation of levodopa might be postponed. On the
other hand, some people with PD might postpone levodopa treatment because they
fear possible side effects, and in particular the development of response fluctuations.

Determining the most appropriate starting time based on disease proxies, age, and
other patient-specific factors would optimize treatment outcomes. There are also
some debates as to whether levodopa might have disease modifying effects.

I dedicate chapter 4 to address this debate in newly diagnosed people with PD.
I approach this discussion by leveraging healthcare claims data (Vektis database)
to evaluate the long-term effects of levodopa. To address the challenges of using
claims data, I use advanced analytical and statistical methods to draw a reasonable
causal conclusion. I specifically examine whether early levodopa initiation
postpones mortality as primary objective. One of the challenges for deducting causal
interpretation using claims data is the problem with randomization and the problem
of the possible effect of current prescription of a treatment on the next prescription
(namely time-varying confounding). Therefore, to overcome this particular
challenge I use the inverse probability weighting method (40). Another drawback
of using claims data is the lack of direct information on disease-specific patient
characteristics, which makes the process of defining factors related to the disease
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stage and the progression of the disease impossible. To overcome this drawback,
I use the incidence of PD-related complications or receiving advanced treatment as
secondary objectives to examine the effect of early levodopa on disease progression.

The decision-making process of clinicians in PD management while having access
to insufficient and lower quality of evidence could really be challenging. The insight
provided from my thesis will equip clinicians and patients with useful tools for
making more optimized decisions in PD care. This decision-making optimization
from using the evidence from these chapters and from relying on a big data approach
can provide directions for clinical practice on both non-pharmacological and
pharmacological interventions for people with PD.

The overall objective of my thesis is to explore whether the care for people with PD could
be improved by scrutinizing healthcare claims using a big data approach. Specifically,
I will investigate non-pharmacological and pharmacological interventions for PD.
As for the former, I will evaluate whether specialized allied health therapies may
contribute to the prevention of PD-related complications. To this end, I will propose a
definition and criteria of specialized allied health therapies for PD. As for the latter, I
will investigate whether early levodopa initiation can delay mortality, the use of device-
aided therapies and reduce PD-related complications.
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Abstract

People with Parkinson’s disease (PD) experience a range of progressive motor
and non-motor symptoms, that negatively affect their daily functioning, social
participation and quality of life. Pharmacological and neurosurgical treatments
are effective at alleviating some motor symptoms of PD, but have limited effect on
other symptoms such as balance, cognitive and swallowing deficits. Over the past
two decades, specialized allied health therapies have emerged as a complementary
treatment approach to alleviate these symptoms. In this article, we review the current
state of knowledge on what constitutes specialized allied health care for PD and
which domains are targeted. We also describe the effects on clinical outcomes and
costs of PD care. We focus on the three most common allied health care disciplines
in PD (physical therapy, occupational therapy and speech-language therapy), and on
an integrative approach through interdisciplinary allied health interventions. We
also highlight important remaining knowledge gaps that are likely to be the focus of
future studies.

Keywords: Parkinson Disease, Allied Health Personnel, Rehabilitation,
Patient Care Team, Physical Therapy Specialty, Speech Therapy,
Occupational Therapy, Health-related Quality of Life,

Activities of Daily Living
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Introduction

People with Parkinson’s Disease (PD) experience progressive motor and non-motor
symptoms, that negatively impact on their daily activities, social participation and
quality of life (41, 42). There is considerable inter-individual variation in the motor
and non-motor symptoms experienced by people with PD, and the individual
presentation of symptoms also varies considerably, even on a day-to-day basis. In
addition, the impact of these symptoms on daily life varies from person to person,
depending on the personal context and values of the person with PD (8). This calls for
personalized and multi- or interdisciplinary interventions, that are organized and
delivered to meet the specific needs of people with PD.

Within multidisciplinary care, pharmacological and neurosurgical treatments are
well established and effective in alleviating symptoms such as bradykinesia, rigidity
and tremor (8). However, these interventions have limited effect on other symptoms,
such as impaired balance, cognition and swallowing. These symptoms negatively
impact daily life functioning and can put patients at increased risk for potentially
serious complications, such as hip fractures or aspiration pneumonia (37, 43). Over
the past two decades, allied health care interventions have emerged as a promising
complementary treatment approach in the multidisciplinary care of people with PD to
alleviate the impact of PD on daily functioning and to prevent medical complications.
The three allied health disciplines that are traditionally best known and most involved
in the care of people with PD are physical therapy, speech and language therapy and
occupational therapy. More recently, the role of other allied health disciplines such as
social workers and dieticians is emerging (44).

Because of the complexity of PD, there is a growing awareness that personalized
and interdisciplinary interventions require specific knowledge and expertise. In
this article, we describe what constitutes specialized allied health care for PD and
we describe the evidence for its effectiveness in terms of both clinical outcomes and
health care costs. We also focus globally on accessibility and the remaining knowledge
gaps that are likely to be the focus of future studies.

What constitutes ‘specialized’ allied health care

As far as we are aware, there is no consensus statement on specific criteria for
distinguishing between "specialized" and “generic” allied health care in PD. In
interdisciplinary care in other areas (e.g. motor neuron disease (45)), specialized care
generally refers to high-quality integrated care that is designed and tailored for a
specific disease or patient population and delivered by professionals with a special

19
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interest and competence in that area. In PD, this would mean that specialized allied
health care is tailored to the specific care needs of people with PD and is provided by
allied health professionals with specific expertise in PD.

There are different ways to operationalize specialized care, and different initiatives
have been explored around the world. While a comprehensive overview of these
initiatives is beyond the scope of this review, we highlight a few examples. PD-
specific training courses and resources for allied health professionals are provided
by specialist health professional organizations such as the International Parkinson
and Movement Disorder Society, or by Parkinson's disease associations, such as
Parkinson’s UK. Specialized treatment approaches are offered through courses that
include certification, such as SPEAK OUT (46), LSVT LOUD® (47) for speech and
language therapists and LSVT BIG® (48) for physical and occupational therapists.
A step further is the provision of PD-specific training and certification as part
of an infrastructure for specialized multidisciplinary network care, such as the
ParkinsonNet model (49). This model was initiated in the Netherlands and has
since been adopted in other countries as well (50-52). Within ParkinsonNet, an
initial criterion for expertise is the completion of a dedicated training program to
understand the causes, presentation and impact of PD symptoms, as well as the
specific intervention options per problem or need, according to the latest scientific
evidence. Certified therapists can be found through a public Parkinson Care Finder.
To maintain the ‘specialized’ predicate, it is required that professionals sustain
a substantial caseload of people with PD, regularly engage in courses and attend
multidisciplinary meetings. The rationale is that professionals who fulfil these
criteria develop expert skills. They are also more likely to integrate guidelines for
PD management in their clinical practice, and are well aware what other disciplines
contribute to care, thereby facilitating tailored and integrated service delivery.

Trials that evaluate allied health interventions often provide a rationale for why the
intervention is tailored to the needs of people with PD, but only few clearly state the
level of expertise of the professionals delivering the intervention.

Domains and interventions of specialized allied health care

While a comprehensive description of specialized care across all allied health
disciplines involved in PD is beyond the scope of this paper, we summarize key
components of specialized care in the three most studied disciplines: physical
therapy, occupational therapy, and speech-language therapy.
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Physical therapy

People with PD experience many movement-related challenges that have a huge impact
on activities of daily living, thus affecting participation and quality of life. Physical
therapy aims to improve movement-related limitations in functions, activities and
participation. Core areas of physical therapy include physical capacity, transfers, manual
activities, balance, gait and posture. These functions are essential for performing
activities and to participating in daily life (i.e. for self-care, shopping, performing
hobbies etc). Physical therapy also plays an important role in preventing falls. Falls
are very common in PD and can have serious consequences such as fractures, leading
to reduced mobility, quality of life and even mortality (53). Early referral to physical
therapy is recommended (53). In the early stages when there is limited disability, a
physical therapist can provide specific advice on staying physically active and preventing
complications by providing tailored exercise advice. Later on, the focus shifts to treating
and training reduced functions and improving activities and participation. However,
staying physically active remains important throughout the disease.

Physical therapists have many treatment modalities at their disposal. The first and
probably best known strategy is exercise. Exercise is used for general health benefits
as well as for specific motor symptoms (see clinical effects section) and even non-
motor symptoms. Exercise includes aerobic exercise, strength training, flexibility,
balance, agility and multitasking (54). Physical therapists perform a comprehensive
personal assessment from which an individualized exercise prescription can be made.
This is particularly important to 1) ensure appropriate dosing of the intervention,
2) ensure safety in terms of potential fall risk and cardiovascular risk, and to
facilitate long-term adherence. A second important treatment modality is practice.
Practice relates to motor learning aimed at improving motor skills and functional
performance. Practice is most often applied in the context in which the person with
PD uses the motor skill, and the physical therapist has several options to either
challenge or facilitate the skill: i.e., using cues, dual tasks, or action observation.
Thirdly, physical therapists use movement strategy training in which complex motor
sequences (such as transfers), that are no longer performed automatically, are broken
down into smaller components and are consciously trained and performed. Cues
can also be used to induce compensatory mechanisms. Last, but not least, physical
therapists use education and coaching to enable people with PD to integrate what
they have learned into their daily lives and to engage in a physically active lifestyle.

Occupational therapy
Occupational therapy aims to maximize people's participation in meaningful
activities and roles at home, work and in the community (55-57). This may be relevant
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at all stages of the disease. The nature of goals may include maintaining or improving
the efficiency, independence, safety, self-efficacy and satisfaction in performing
prioritized activities of daily living. For many people with PD, daily functioning is
compromised by a mismatch between the demands of activities or the environment
and the abilities and needs of the person with PD. This can be caused by many factors.
Important disease-related factors include changes in functional mobility, manual
dexterity, functional cognition, and fatigue. The presentation of symptoms and
disability can vary depending on the time of day, the psychosocial state of mind at
the time, the effects of medication, the complexity and duration of the task, and the
complexity of the environment. For example, a person may have difficulty cooking
a family meal due to difficulty in planning and organizing the task, difficulty in
maneuvering around in a small kitchen due to freezing of gait and difficulty chopping
vegetables due to reduced arm/hand dexterity. Difficulties are exacerbated by time
pressure and distractions of family members present. Occupational therapists
with PD expertise are competent to analyze and address the complexity of factors
involved. To do this, specialized occupational therapy is best delivered in the context
of the person’s activity performance, meaning at home, at work or in the community.

Clinical guidelines for occupational therapy in PD include many treatment modalities,
often used in combination (55-57). First, tailored education and coaching to promote
insight, self-management, and motivation for behavior change related to activity
performance and participation. Second, the practice of skills and activities, preferably
in the context of daily life. Often, compensatory movement strategies (e.g., cues,
strategies for complex movement sequences) or functional cognitive strategies (e.g.,
attention and planning strategies) are incorporated to improve activity performance.
When these compensatory strategies are not (fully) sufficient, an additional treatment
modality is to adapt activity demands and patterns or to modify the environment.
An example of activity adaptation is the use of simple recipes and pre-cut vegetables
when cooking or receiving assistance for some steps of the activity. Adapting activity
patterns may involve balancing rest and activity, considering on/off times when
planning the day and week, or changing activity repertoire. Adapting the environment
may include rearranging the furniture/work space, adjusting the lighting or using
assistive devices or adaptive equipment. Occupational therapists can also advise
caregivers on how and when to assist and supervise the person with PD in activities of
daily living and how to prevent or reduce caregiver burden.

Speech-language therapy
The characteristic features of PD are also manifested in oral motor functioning and
verbal communication. Therefore, speech-language therapists focus on improving
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three main domains in PD: problems with speech, swallowing and saliva control (58).
Hypokinetic dysarthria is characterized by increasingly soft mumbled speech,
that limits intelligibility and social interaction. In addition, cognitive decline may
reduce word finding and conversational skills further limiting communicative
participation (59). Severe dysarthria is not an early sign of PD, but the majority
of people with PD may struggle with intelligible speech during the course of their
disease (60). Swallowing disorders (dysphagia) are prevalent in more than one-third
of the PD population, depending on the diagnostic technique (61). Dysphagia in PD
is usually associated with older age and longer disease duration, but mild symptoms
may also occur in early stages of disease (62). It is characterized by slow chewing
and eating, aspiration of liquids, or food getting stuck in the throat, especially
when distracted during dual tasks such as conversation. While a normal protective
response to aspiration of liquid, saliva or food is to cough hard, the coughing
response may decrease as the disease progresses (dystussia) (63). This means that
severe dysphagia combined with severe dystussia may increase the risk of aspiration
pneumonia if left untreated. Drooling is a debilitating multifactorial problem that is
generally not caused by dysphagia, but is predicted by hypomimia, which causes an
unwanted and unnoticed open mouth, combined with both a stooped posture and
saliva accumulation due to reduced swallowing frequency (64).

Treatment options for speech-language therapists are tailored education, generally
followed by exercise training or personalized compensations; manuals and guidelines
are available (58, 65). Education is needed for example to better understand why
speaking in itself is a dual task by combining motor speech with comprehensible
messages. This knowledge is also needed to be able to improve speech intelligibility
through exercise training. Exercises with precise feedback to speak louder need to
be intensive enough (several times a week) to overcome hypokinetic speech, not only
by improving a strong voice, but also aiming to regain the ability to intentionally
speak well. Another therapeutic approach is to use compensatory techniques, such as
avoiding aspiration when drinking.

Caregivers are usually involved as well, because they benefit from understanding the
consequences of PD on speech and swallowing. In addition, they may have a role in
supporting the person with PD in using compensations or by being a challenging
conversational partner.

Interdisciplinary specialized allied health care
Persons with PD often have multiple problems that require the expertise of
different health care disciplines, both within and outside the scope of allied health
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professions. In fact, some symptoms or areas of activity or participation may require
treatment by several allied health disciplines simultaneously (Figure 1). In the case of
interdisciplinary overlap, the contribution of each allied health professional will often
be different, depending on the discipline-specific perspective and the availability of
appropriate interventions (66). An example is the management of a person with PD
who has difficulty eating due to dysphagia and postural problems. For a speech and
language therapist, upright posture is a prerequisite for good swallowing. A physical
therapist may provide an exercise program to train the muscles involved in postural
control, or sensory cues or visual feedback strategies to improve sitting posture. At
the same time, an occupational therapist may integrate the use of these strategies into
home mealtime activities, and also provide advice on meal timing, adjust positioning
at the table, or provide more external postural support while sitting. This example
- albeit one of the many - illustrates how interdisciplinary care can have synergistic
effects. In fact, there is currently widespread interest in developing training and
guidelines for interdisciplinary care in PD to integrate knowledge and methods from
different disciplines. In the Netherlands, an online integrated allied health guideline
with embedded decision support has just been developed to support interdisciplinary
care (67). An important prerequisite for integrated specialized allied health care in PD
is regular communication and coordination between different health professionals
involved in the care of a person with PD. This could be facilitated by digital health
technologies such as free and secure messaging apps for health professionals (e.g. Siilo).

Figure 1. Overview of interdisciplinary overlap between specialized Allied Health Professionals for
Parkinson’s disease
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Legend: Possible problem areas of people with PD that are relevant to physical therapy, occupational
therapy and/or speech and language therapy are listed in this figure. The lines between the problem area
and the disciplines indicate which discipline may be involved (to a greater or lesser extent) in
providing interventions.
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Evidence for (cost-)effectiveness of specialized allied health care

Over the past two decades, several randomized controlled trials and longitudinal
observational studies have examined the effects of specialized allied health care in
PD on clinical outcomes. There have also been a few studies that have examined the
effects of specialized allied health care on health care costs and mortality. In general,
the control arm in these trials consisted of usual care (with or without a waiting list
design) or generic therapy within the same discipline. Most of the early studies of
specialized allied health care focused on physical therapy, but over the past decade
other disciplines have increasingly become the focus of trials and prospective
studies. In the following sections, we summarize the current state of evidence for the
three most studied disciplines: physical therapy, occupational therapy, and speech-
language therapy.

Physical therapy

There is a large and growing body of evidence on the effects of physical therapy. Most
attention has been paid to the modality of exercise, and many reviews and meta-
analyses have been published, showing overall positive effects on motor symptoms
and quality of life (68). There are also studies suggesting non-motor benefits, such as
improvements in mood and sleep (68). Aerobic exercise has been studied extensively,
and in addition to an effect on motor symptoms (68-72), high-intensity aerobic
exercise has been hypothesized to slow disease progression. These hypotheses are
based on converging evidence from observational cohort studies (73, 74), animal
studies (75), and early human clinical trials (76). While definitive studies are still
needed, these findings are extremely exciting because there are currently no disease-
modifying treatments for Parkinson's disease (PD), and specialized physical therapy
may be extremely important for people with PD.

In addition to exercise, physical therapy as a discipline using various treatment
modalities has been extensively studied. A comprehensive meta-analysis showed
a positive effect on motor symptoms, fear of falling and gait freezing based on
the pooled effects of 45 studies (77). Detailed observations in registry data have
further confirmed that specialized physical therapy is more effective (i.e. fewer
complications) and efficient (lower costs) than regular physical therapy (13).

There are also important gaps in the current evidence. For example, safety and side
effects have not been well studied, nor have people with advanced PD. In addition,
we still have limited knowledge about the underlying mechanisms of exercise and the
comparative effectiveness of different treatment modalities. Future studies should
focus on elucidating these fundamental questions (71, 78).
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Occupational therapy

Research on the effectiveness of occupational therapy for people with PD is still
limited. Some recent systematic reviews have mainly included interventions ‘within
the scope of” occupational therapy, i.e. all interventions that focus on improving
activities and participation (79-81). The pitfall is that other allied health disciplines
also aim to improve activity performance and participation (82). Therefore, these
reviews also include interventions delivered by other professionals and do not provide
insight into the unique contribution of occupational therapy. Recent systematic
reviews that only included studies where the intervention was (mainly) delivered by
occupational therapists, can only be cautious in their conclusions due to the limited
number of studies included, the heterogeneity of interventions, outcomes and study
design (83, 84).

Three randomized controlled trials were conducted that examined occupational
therapy as a single intervention. These include a trial of individualized, goal-
directed home-based occupational therapy (85), a dexterity-focused home-based
exercise program (86), and a multicomponent occupational therapy program focused
on motor limitations in activities of daily living (87). Overall, the results suggest
an improvements in (perceived) activity performance (85, 87) and short-term
improvements in dexterity-related ADL (86). For quality of life, these studies did not
show a significant effect for patients, but in the individualized, goal-directed home-
based occupational therapy trial, quality of life improved for caregivers (85). This
study also assessed cost-effectiveness from a societal perspective. It showed that the
specialist occupational therapy intervention had no significant impact on total costs
compared with care without occupational therapy over a 6-month period. However,
there was a significant and substantial saving in institutional care in the intervention
group (88).

The evidence base for occupational therapy in PD is likely to grow, as more feasibility
studies have been conducted or planned in recent years on occupational therapy
programs for specific problems that affect daily life and participation such as
functional cognition (89, 90), fatigue (91), anxiety (92), or studies focused on specific
domains of activity, such as work (93). Finally, there are studies that compare
occupational therapy interventions, such as the addition of a task-oriented LSVT-
BIG® program to general occupational therapy (94).

Given the large gap between the role of occupational therapy in PD care and the
limited evidence base, there is an urgent need for more research in the area of
occupational therapy interventions in PD. Research on the effects and working
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mechanism of occupational therapy interventions that address specific problems,
such as impaired functional cognition, fatigue, dexterity problems, postural problems
etc. In addition, research on the effects of occupational therapy interventions that
focus on prevention. In the early stages of the disease, this may focus on job retention
or prevention of other participation limitations; in the later stages, it may focus on
prevention of falls and medical complications such as pressure ulcers.

Occupational therapists have a unique focus and approach, but occupational
therapy in PD is rarely delivered in isolation; it is naturally part of multidisciplinary
programs. In order to assess the specific value of occupational therapy, it is important
that research projects properly describe and monitor the occupational therapy
intervention used and always include outcome measures at the level of participation
in activities of daily living.

Speech-language therapy

There is a growing body of evidence supporting the benefits of specialized speech-
language therapy for Parkinson's disease. The first studies of speech therapy
evaluated the Lee Silverman Voice Treatment (LSVT LOUD) three decades ago (95).
A recent meta-analysis confirms the efficacy of this approach in improving voice
loudness and functional communication (47). However, the success of such programs
depends on their high intensity for a short period of time (3 to 4 times per week for
4 weeks), which is reflected in the inclusion of participants with mild to moderate
PD (47). Meanwhile, large randomized controlled trials of personalized approaches
are underway, including people with severe PD (96). Importantly, tele-rehabilitation
has been shown to be non-inferior to face-to-face treatment sessions, facilitating
the delivery of intensive speech-language therapy in the home(97). In addition, the
non-motor aspect of verbal communication (communicative efficacy) has recently
attracted scientific interest. Studies suggest that approaches such as Communication
Partner Training (CPT) may also be valuable for caregivers of people with PD (98), but
there is a clear need for more research on this topic.

Treatment of dysphagia in PD depends on timely compensation to prevent aspiration
or to facilitate swallowing (58). Exercise training may also be helpful, either direct
swallowing exercises [ [62] or indirect exercises such as expiratory muscle strength
training (EMST) (99). Expiratory strength training may also improve coughing as a
protective response to aspiration of liquids or food, but intensive skills training to improve
cough efficiency seems to be more effective (100). There is now convincing evidence that
specialized speech-language therapy reduces the rate of pneumonia in PD(101).
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Behavioral treatment of drooling in PD is mainly based on education and finding
the right cues to improve swallowing frequency. However, since saliva is swallowed
throughout the day, wearable devices are being studied (102), but results are still awaited.

The costs of specialized speech-language therapy compared with usual care have not
been well studied. An exploratory economic evaluation along the pilot study of the PD
COMM trial compared the costs and outcomes of LSVT LOUD, standard SLT care, and
no treatment. There were no differences in outcomes at 12 months, but the full study
is awaited for a more definitive assessment of the cost-effectiveness of speech and
language therapy for people with voice and communication problems due to PD (103).

Interdisciplinary allied health interventions

There is converging evidence that the concurrent provision of specialized allied
health therapy across multiple disciplines (e.g., specialized physical therapy and
specialized occupational therapy) may have synergistic protective effects in people
with PD. A recent large observational study in the Netherlands found that the putative
protective effects of specialized occupational therapy in the prevention of PD-
related complications was most distinct in individuals who also received specialized
physiotherapy, suggesting that specialized occupational therapy and specialized
physiotherapy may have synergistic protective effects(101).

Studies on specific multidisciplinary programs with a focus on specialized allied
health care, are limited. In Italy, a specific multidisciplinary inpatient program,
called Motor-cognitive and Intensive Rehabilitation Treatment (MIRT), has been
evaluated in several studies. These studies evaluated the efficacy and effectiveness
of MIRT on several domains in people with PD and showed improvements in
mobility (104), sleep (105), motor performance (106), balance and gait (107), and
quality of life (108, 109).

A randomized clinical trial in China showed an improvement in health-related quality
of life in people with idiopathic PD while evaluating the effect of an outpatient
personal rehabilitation program with specialized allied health professionals (110).

In a three-arm randomized clinical trial in the United States, people with PD
significantly improved their health-related quality of life, particularly in the areas of
mobility and communication, as a result of 6 weeks outpatient group rehabilitation
focused on self-management. Benefits were greater in the group that received
additional home-based training to transfer strategies to the home environment (111).
A three-arm randomized clinical trial in the United Kingdom compared the effect of
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a 6-week specialized multidisciplinary rehabilitation in the home with and without
ongoing support from a trained care assistant, with usual care. The results showed that
the multidisciplinary intervention significantly reduced anxiety in people with PD and
improved psychological well-being in their informal caregivers. The benefits, although
not significant, were better maintained in the group that received ongoing support (112).

Gaps and future perspectives

Although there is a growing body of evidence for specialized allied health care in
Parkinson’s there is still a great need for more and more focused research to address
specific gaps. In Table 1, we list general recommendations for future research on
specialized health care for PD. Here, we discuss the mostimportant recommendations.

In future studies, more attention needs to be paid to investigating the effects of
specialized allied health care in both the early and advanced stages of the disease, as
these groups are underrepresented in current research. Evidence of efficacy across
disease stages, may help to better understand what are the effective mechanisms
of treatment approaches and how to adapt them according to personal and disease
characteristics. This should also include the use of technology, which can further
support more personalized care. In longitudinal studies, outcome measures that
indirectly address the effect of allied health therapy, including composite endpoints
such as PD-related complications or mortality and hospitalization could be used.

In addition, the investigation of the cost-effectiveness of each and combinations
of different specialized allied health disciplines or studies of cost- effectiveness of
community-based care versus institutionalized care are of high importance for
health policy that could be included in future research.

Another important area of research is how to improve access to specialized allied
health care in different regions of the world and in different settings and subgroups
within the countries. Although, allied health care is available in most countries around
the world, access to allied health care, let alone specialized allied health care for PD, is
still limited (113, 114). Future studies should examine facilitators and barriers of access
to specialty care by country, region, setting, stage of disease, gender, socioeconomic
status or racial and ethnic group (113-117). Potential barriers may include both person-
level and system-level barriers (115). Examples of person-level barriers that merit
further study include limited health care literacy, an individual’s ability to navigate
the health care system effectively, their ability to actively participate in health care
plans, or financial constraints. Examples of financial constraints that merit further
study include the (in)availability of specialized service provision. System-level
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barriers are more related to the health care infrastructures and their availability.

Infrastructures such as medical professionals, diagnostic tools, medications, and

availability of allied health professionals who have access to PD-specific training

and receive sufficient referrals to increase their caseload and expertise. Due to the

growing number of people living with PD worldwide (118), the demand for access

to specialized PD-related allied health care is likely to increase in the coming years,

highlighting the need for studies that address these gaps.

Table 1. Overarching recommendations for future research on specialized health care for Parkinson’s disease

Researcharea Content Detail
Effectiveness/  Attention forearly Evaluate the effectiveness of specialized allied health care in early
efficacy and advanced PD to prevent disability and reduced participation.
stages of disease . . . .
g Evaluate the effectiveness of specialized allied health care in late
PD to maintain well-being and prevent complications.
Effectiveness Evaluate the required tailoring and subsequent intervention
for specific effects in subgroups of people with fatigue or cognitive problems.
subgroups
Integration of Explore the utility and benefits of integrating telemedicine and
technology novel technology (i.e., wearable devices) into personalized and
efficient health care provision.
Working Include process evaluations and other research designs to
mechanism elucidate the mechanisms by which interventions work.
Appropriate Selected outcomes in allied health care effectiveness research
outcome selection  should include activity performance and/or participation.
Preferably, a combination of individualized patient-reported
outcome measures and objective performance-based
outcome measures. Indirect outcomes can include PD-related
complications, mortality, and hospitalization.
Different models ~ Comparing the effects of integrated care in the community
of care versus in secondary/tertiary care settings
Cost-effectiveness  Include evaluation of costs and cost-effectiveness in trials, to
allow comparison of specific interventions and models and
settings of care. (i.e., community care versus secondary of
tertiary care)
Access Geographical Access to and utility of specialized care in low-resource countries.
access
Subgroups within  Access to and utility of specialized care for people with PD from
countries different cultural or socioeconomic backgrounds.
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Conclusion

Overall, the available evidence underscores the potential benefits of specialized allied
health care and its strategies for people with PD, including improvements in motor
and non-motor symptoms, quality of life, and overall well-being. We also conclude
that this evidence supports the wider implementation of specialized allied health
care in the multidisciplinary care for people with PD.
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Abstract

Background

Specialized versus generic physiotherapy (PT) reduces Parkinson’s Disease (PD)-
related complications. It is unclear whether (i) other specialized allied heath
disciplines, including occupational therapy (OT) and speech & language therapy
(S&LT), also reduce complications; (ii) there is a synergistic effect among multiple
specialized disciplines; and (iii) whether each allied health discipline prevents
specific complications.

Methods

We longitudinally assessed if the level of expertise (specialized versus generic
training) of PT, OT and S&LT was associated with the incidence rate of PD-related
complications, using claims data of all insured persons with PD in the Netherlands
between January 1, 2010 and December 31, 2018. ParkinsonNet-trained therapists
were classified as specialized, other therapists as generic. We used mixed-effects
Poisson regression models to estimate rate ratios adjusting for sociodemographic
and clinical characteristics.

Results

The population of 51,464 persons with PD (mean age 72.4 years, standard deviation 9.8)
sustained 10,525 PD-related complications during follow-up (median 3.3 years).
Specialized PT was associated with fewer complications (incidence rate ratio
(IRR) of specialized versus generic=0.79, 95% confidence interval [0.74-0.83],
p-value <0.0001), as was specialized OT (IRR=0.88[0.77-0.99], p-value=0.03). We
found a trend of an association between specialized S&LT and a lower rate of PD-
related complications (IRR=0.88[0.74-1.04], p-value=0.18). The inverse association
of specialized OT persisted in the stratum who also received specialized PT
(IRR=0.62[0.42-0.90], p-value=0.001). The strongest inverse association of PT was
seen with orthopedic injuries (IRR=0.78[0.73-0.82], p-value<o.0001), and of S&LT
with pneumonia (IRR=0.70[0.53-0.93], p-value=0.03).

Conclusions
These findings support a wider introduction of specialized allied health therapy
expertise in PD care, and conceivably for other medical conditions.

Keywords: Parkinson’s disease, specialized care, allied health therapy,
medical claims data, longitudinal study



Specialized Versus Generic Allied Health Therapy and the Risk of Parkinson's Disease Complications | 35

Introduction

Parkinson’s disease (PD) is a progressive neurodegenerative disease that is
characterized by various motor and non-motor manifestations (123). Because of
these manifestations, persons with PD (PwP) are at increased risk of complications
such as orthopedic injuries and pneumonia (124). Pharmacological and neurosurgical
treatments have limited effects on the prevention of certain complications, such as

orthopedic injuries or pneumonia, because they only marginally relieve symptoms
related to these complications such as balance and swallowing deficits. Therefore,
there is a need for complimentary treatments that are applicable to a broad spectrum
of PwP.

There is growing evidence to support the merits of specialized allied health therapies
(AHT) such as physiotherapy (PT), occupational therapy (OT), and speech & language
therapy (S&LT), yielding improvements in daily life functioning and quality of life
in PwP (77, 78, 125-127). Specialization through a dedicated PD-specific training
program appears to be important in mediating such beneficial effects. A recent
study in the Netherlands found that treatment by specialized physiotherapists who
attracted a high caseload was associated with fewer PD-related complications and
with lower costs of care, as compared to treatment by generically trained therapists
who managed only few PwP (125). The same study also found that specialized
physiotherapists were more efficient, as they required fewer treatment sessions to
achieve their good outcomes (125).

However, it is unclear whether these results can be translated to other allied health
disciplines, whether the beneficial effects are sustainable over longer time periods,
and whether there is a synergistic effect among specialized disciplines combinations.
Here, we aim to address these issues by investigating the protective effect of three
specialized allied health disciplines on PD-related complications. We specifically
examine if these protective effects are greater for specialized therapists versus
generically trained therapists. We also study whether each specific allied health
discipline is associated with an overall reduction in PD-related complications, or
only with prevention of specifically targeted complications. Finally, we investigate
whether the effects apply to all PwP or only to specific subgroups (by stratifying PwP
by clinical and demographic factors) and whether any observed beneficial effects are
sustained over longer periods.
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Methods

Overview

We used a national administrative claims database, held by Vektis, which contains
the diagnostic and treatment data of more than 99% of the Netherlands population
(128) from January 1%, 2010, to December 31%, 2018 to create a retrospective cohort
study. PwP were identified by the Diagnosis Related Group code of 501 using records
of all neurological departments in the Netherlands. We extracted data from all PwP
who had received AHT at any time post-diagnosis. Follow-up time started on the first
date on which an individual had a Diagnosis Related Group of PD and received AHT,
irrespective of which came first. Follow-up time ended at the first of the following
events: death, December 31%, 2018, or 30 days after the last AHT session. We added the
30 days lag to account for the censoring of the individuals’ follow-up time, assuming
that PD-related complications that happened during 30 days after the last treatment
session are related to the last AHT level. We also investigated any longer term residual
effect by increasing the lag period in sensitivity analyses. Note that individuals who
received AHT both before and after PD diagnosis were eligible for inclusion, but that
follow-up time for these individuals started after PD diagnosis. Individuals who only
received AHT before (not after) their PD diagnosis did not contribute any person-
time (figure 1).

In analyses comparing outcomes by AHT level of expertise (explained in the next
section), we calculated separate starting dates for follow-up with generic AHT or
with specialized AHT. We also performed discipline specific analyses, by calculating
separate starting dates for follow-up time with PT, OT or S&LT. In analyses on any
discipline (any combination specialized vs. generic PT, OT and or S&LT in the same
month) of AHT, we used the first of these dates.

Specialized AHT

AHT was classified specialized if the practitioner was registered with the Dutch
national ParkinsonNet. This specialized network approach has been described in
detailin articles elsewhere (129, 130). Briefly, all ParkinsonNet therapists have received
a baseline 3-days training program to enhance their PD-specific expertise, according
to evidence-based guidelines, and subsequently receive annual follow-up training
courses. Participating therapists complete annual standardized questionnaires on
their quality of care. They are also required to treat minimally five PwP annually.
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Figure 1. Follow-up time illustration. AHT: Allied Health Therapy. PD: Parkinson’s Disease. Example 1) A
person received only generic AHT throughout the entire follow-up period starting by the diagnosis date.
Example 2) A person starts amass person time by first AHT session after (and not before) the diagnosis.
Example 3) A person could amass person time in both strata of level of expertise, for instance if they
were diagnosed with PD in 2010-01-01, received generic AHT between January 1%, 2011 and December 31%,
2012 (person time with generic AHT: 2 person years) and specialised AHT between January 1%, 2013 and
December 31%, 2018 (person time with specialised AHT: 6 person years).

Complications

We used Diagnosis Related Group codes to identify PD-related complications
(supplementary table 1), which comprised any orthopedic injury (including fractures)
or pneumonia. We selected these outcomes as we believed a priori that they may be
prevented by higher quality AHT and because they are relatively common in PwP.

Covariates

To minimize the potential risk of biases while using medical claims-data we used a set
of clinical and demographic variables that could predict complications as covariates.
These were (a) modified Charlson comorbidity score, PD-specific medications, and
risk of prior complications in the year prior to enrolment; (b) sociodemographic
characteristics as age, sex, and an ecological marker of socioeconomic status (SES).
We used a combination of Pharmaceutical Cost Group and healthcare product
specific codes, which are assigned to different services delivered to patients, to
build a modified Charlson Comorbidity Index. Pharmaceutical Cost Group codes
are special codes in the Netherlands healthcare claims-data system which assign
to multiple chronic conditions for the ease of prediction of future healthcare costs
and to facilitate the future research for demonstration of disease severity (131). We
defined a binary variable of having or not having a PD-specific medication using the
data of medication codes. We classified SES ecologically based on area characteristics
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of level of income, education, and employment status of people in each neighborhood
(postal code area) that is used in the Netherlands (132).

Statistical analysis

We calculated mean and standard deviation values of baseline characteristics,
stratified first by having received AHT (yes/no) and separately -in those who did
receive AHT- by the predominant level of expertise of AHT received. For the baseline
characteristics (table 1), people who received >50% of their sessions from a specialized
therapist were classified as having predominantly received specialized AHT, while
people who received >50% of their sessions from a generic therapist were classified as

having received predominantly generic AHT.

Table 1. Population Characteristics

Predominant level of expertise of allied health

therapy received

Total Specialized Generic
N 51464 16070 35394
Female (%) 21607 (42.9%) 5937 (37%) 15670 (44%)
Age (SD) 72.4(9.8) 71.5(9.5) 72.8(9.9)
Socioeconomic status® (SD) -0.12 (1.1) -0.10 (1.1) -0.13 (1.1)
Participants with >1 PD-specific medication (%) 44288 (86%) 14526 (90%) 29762 (84%)
Participants with >1 complicationt during year 2363 (4.6) 550 (3.4) 1830 (5.1)
prior to enrolment (%)
CCI score:: (SD) 3.96 3.76 4.04

Columns indicate level of expertise of any discipline of allied health therapy predominantly received.
For this analysis, people who received >50% of their sessions from a specialized therapist were classified
as having predominantly received specialized AHT, otherwise classified as generic AHT. CCI, Charlson
Comorbidity Index. Continuous characteristics presented with mean (standard deviation); Categorical
characteristics presented with number (percentage). * Standardized socioeconomic status derived from
characteristics such as education, income, and employment status of people in each neighborhood.
4 Complications defined as any fracture or orthopedic injury and pneumonia. # Weighted scores for
each comorbid disorder calculated based on CCI. Mean propensity score for both groups: 0.37, standard
deviation: 0.06.

We compared the effectiveness of specialized versus generic AHT on the rate of any
recurrent PD-related complication. For this analysis, we used Poisson regression
models in which the individuals’ unique identifier was entered as a random effect to
account for correlation of recurrent complications within a single individual (e.g., the
occurrence of a complication might influence the occurrence of a next complication).
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In each model, the level of expertise of AHT received was the exposure. We computed
level of expertise of AHT care as a time-dependent variable (figure 1, example 3)
so that the person-years of risk is allocated to the type of specialized AHT if an
individual receives more than one type of AHT. The primary outcome across analyses
was a composite of all PD-related complications, though further analyses looked at
the cause of complication.

In the main analyses, we assessed the effect of any-discipline AHT or discipline-specific
AHT (PT, OT or S&LT) on a composite of PD-related complications, with adjustment for
age, sex, having at least one PD-specific medication, SES and comorbidity (modified
CCI). We performed several further analyses to explore the robustness of the main
results and if there was evidence of effect modification. A detailed description of these
further analyses is provided in Supplementary methods 2.

Data sharing statement

Data are available on request, within the constraints of medical claims data privacy
laws in the Netherlands. Interested researchers can contact the corresponding author
of this study.

Results

Baseline characteristics

We observed 59,313 individuals with a diagnosis of PD between January 1%, 2010
and December 31%, 2018, of whom 51,464 received any-discipline AHT. Those who
received AHT were 4 years older, were more often women, and were more likely to
use PD-medication, with higher comorbidity and complications in the year prior to
enrolment (Supplementary table 2). As shown in supplementary figure 1, most PwP
who received care by any discipline of AHT, also received PT by either one of the
specialized or generically trained therapists. Specifically, 49,948 (97% of the 51,464
with any-discipline AHT) received PT (only PT or in combination with OT and or
S&LT), 23,716 (46%) received OT (only OT or in combination with PT and or S&LT) and
14,113 (27%) received S&LT (only S&LT or in combination with PT and or OT).

Within the population who received AHT, PwP who received specialized AHT were
slightly younger, more likely to be men and more likely to receive PD medication,
with a lower comorbidity score and fewer prior complications but very similar SES
(table 1). The distribution of the propensity score for receiving specialized AHT or
generic AHT was identical in both groups.
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Table 2. Level of Allied Health Therapy and the Risk of Parkinson’s Disease-related Complications

Any discipline Physiotherapy

Total Specialized Generic  Total Specialized  Generic
Person-years at risk of 131362 48649 82713 127004 45234 81769
any complication
Total N complications 10527 3698 6829 10164 3383 6781
Rate of any complication 0.08 0.076 0.082 0.08 0.075 0.083
Incidence Rate 0.80(0.76-0.84)* 0.79(0.74-0.83)*
Ratio(IRR)(95% CI)
p-value <0.0001 <0.0001

N, number. CI, confidence interval. IRR, incidence rate ratio of specialized vs. generic (reference) allied
health therapy for Parkinson’s Disease-related complications; adjusted for age, gender, socioeconomic
status, CCI score, complications in the year before enrolment, and PD-specific medication. P-value
demonstrates the p-value of the estimated IRR.

Effect of specialized AHT on PD-related complications

During follow-up, 51,464 PwP contributed 131,363 person-years which varied
among different disciplines (table 2). Specialized PT was associated with a reduced
rate of PD-related complications (incidence rate ratio (IRR) of specialized versus
generic=0.79, 95% confidence interval (CI) [0.74-0.83], p-value <0.0001) as was
specialized OT (IRR=0.88 [0.77-0.99], p-value =0.03). We found a trend of an
association between specialized S&LT and a lower rate of PD-related complications
(IRR=0.88[0.74-1.04], p=0.18) (table 2). After stratification by exposure to PT, the
inverse association of specialized OT and PD-related complications persisted in
those who received specialized PT but not in others (table 3).

Complication-specific analyses (table 4) showed that the strongest inverse
association of specialized PT was seen with orthopedic injuries, and of specialized

S&LT with pneumonia.

We observed no significant subgroup differences in the analyses (Supplementary
figure 2).

The inverse associations of specialized any-discipline AHT and PT sustained over
longer treatment exposure days (>365 treatment exposure days), albeit with a less
pronounced IRR for any-discipline AHT and PT (Supplementary table 3). Specialized
OT was inversely associated with the rate of complications only in those with less
than 365 treatment exposure days (Supplementary table 3).
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Speech & Language Therapy Occupational Therapy

Total Specialized Generic Total Specialized Generic
9743 5861 3882 10447 6028 4420
973 575 398 1316 746 570

0.1 0.098 0.102 0.126 0.124 0.129
0.88(0.74-1.04) 0.88(0.77-0.99)*

0.18 0.03

Table 3. Level of Speech & Language Therapy and Occupational Therapy and the Risk of Parkinson’s Disease-

related Complications Stratified by Exposure to Physiotherapy

Speech & Language Therapy Specialized Generic No Physiotherapy
Physiotherapy Physiotherapy

N 1447 2995 301

Incidence Rate Ratio (IRR) for any 1.04(0.44-2.45) 0.88(0.58-1.32) 0.35(0.07-1.65)

complication(95% CI)

P value (SE) 0.9 (0.5)

Occupational Therapy

N 4052 9572 667

Incidence Rate Ratio (IRR) for any 0.62(0.42-0.90)* 0.98(0.78-1.24) 1.42(0.55-3.65)

complication(95% CI)

P value (SE) 0.01(0.2)

Columns show stratification of PwP based on receiving S&LT or OT and specialized PT (>50% sessions
from specialized physiotherapist); generic PT (>50% sessions from generic physiotherapist); or No PT. N,
number of persons with Parkinson. CI, confidence interval. IRR, incidence rate ratio of specialized vs.
generic (reference) allied health therapy for Parkinson’s Disease-related complications; adjusted for age,
gender, socioeconomic status, CCI score, complications in the year before enrolment, and PD-specific
medication. P value, p for interaction between the level of each discipline with specialized physiotherapy

in a separate model. SE, standard error.
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Table 4. Level of Allied Health Therapy and the Risk of Each Parkinson’s Disease-related Complication

Any discipline Physiotherapy
P-T NComp Comp  IRR(95%CI) P-T NComp Comp  IRR(95%CI)
Prp Prp
Pneumonia 131362 2920 4.30% 127004 2777 4.30%
(overall)

- 0.98(0.88-1.08 0.98(0.88-1.11
Specialized 48649 1042 2.50% 98( ) 45234 941 2.60% 98( )
Generic 82713 1878 3.30% 81769 1836 3.40%

Orthopedic 131362 7663 9.90% 127004 7438 10.00%

injuries

(overall) .
0.78(0.73-0.82)* 0.76(0.71-0.81)™

Specialized 48649 2677 5.80% 45234 2456 6.30%

Generic 82713 4986 7.90% 81769 4982 8.10%

CI, confidence interval. P-T, person time. N Comp, number of PD-related complications. Comp prp,
percentage of individuals with at least one PD-related complication over their follow-up period. IRR,
incidence rate ratio of specialized vs. generic (reference) allied health therapy for Parkinson’s Disease-
related complications; adjusted for age, gender, socioeconomic status, CCI score, complications in the
year before enrolment, and PD-specific medication.

Further adjustment for the propensity score did not have a considerable effect on the
results of specialized PT (IRR=0.76, 95% CI [0.73-0.80], p-value<0.0001).

After cessation of treatment, the reduced relative rate of complications between PwP
who had received specialized or generic any-discipline AHT and PT slowly declined
with increasing lag periods, though there was evidence of some modest persisting
benefits (Supplementary table 4.1). Analysis of the sustainability of the specific
effects after cessation of two specialized disciplines of PT and S&LT showed that the
inverse association between specialized PT and the rate of orthopedic injuries and
specialized S&LT and the rate of pneumonia slowly declined with increasing lag
periods after treatment cessation, though there was evidence of modest persisting
benefits specifically until another 9o days (Supplementary table 4.2). We examined
if individuals who received specialized versus generic AHT, at a later moment,
already had a lower rate of complications in the period from diagnosis to onset of
AHT treatment (median time from diagnosis to onset of specialized and generic
any-discipline AHT was 0.6 and 0.7 years respectively) to determine possible
selection of participants into specialized or generic therapy (Supplementary table
5). This analysis showed that PwP receiving any of the specialized therapies did have
lower rate ratios for PD-related complications prior to receipt of therapy although
the benefits of OT (median time to onset of specialized and generic OT: 2.8 and
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Speech & Language Therapy Occupational Therapy
P-T NComp Comp  IRR(95%CI) P-T NComp Comp  IRR(95%CI)
Prp Prp
9743 376 2.30% 10447 432 1.70%
5861 202 1.80% 0.70(0:53-0.93)" 6028 238 1.40% ©.84(0.67-1.05)
3882 174 2.10% 4420 194 1.30%
9743 604 3.60% 10447 897 3.30%
1.01(0.82-1.26) 0.89(0.76-1.05)
5861 377 3.20% 6028 516 2.90%
3882 227 2.80% 4420 381 2..60%

2.0 years respectively) and S&LT (median time to onset of specialized and generic
S&LT: 2.6 and 2.0 years respectively) were markedly attenuated after adjustment
for prior PT. We observed that 8.3% of PwP treated by a specialized and 8.8% treated
by a generically trained allied health therapist received care at a university medical
center (Supplementary table 6). Additional adjustment of the main analysis for
hospital type, did not change the incidence rate ratio of specialized AHT for the rate
of complications (Supplementary table 6). People who received any-level vs. no allied
health therapy generally had higher disease severity indicators, and we observed no
significant association between any-level vs. no allied health therapy with the rate of

complications (Supplementary table 2).

Discussion

We found that any type of AHT as a combined group but specifically specialized
PT was associated with a lower incidence of PD-related complications. The inverse
association of specialized AHT with complications was largely consistent across
different subgroups of people with PD. In analyses of all three specialized disciplines,
we observed inverse associations of PT and OT but for S&LT the association was
consistent with chance. OT was inversely associated with complications after
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restriction to individuals who already received specialized PT, suggesting that
specialized OT may have incremental benefits (synergistic effect) beyond specialized
PT. We found that different disciplines of specialized AHT may prevent specific
complications as we observed the strongest inverse association of PT with orthopedic
injuries and of S&LT with pneumonia.

Causality of the observed associations

We cannot conclude on a clear causal relationship because of the observational
nature of our study. Here, we present key arguments for and against a possible
causality of our findings (133, 134). Supporting arguments are as follows. First,
the inverse association of specialized PT was restricted to the risk of developing
orthopedic injuries, while the inverse association of S&LT was restricted to the risk
of developing pneumonia. These associations provide mechanistic plausibility for
a causal protective effect of specialized AHT on the prevention of complications in
PD. Similarly, observing no association between S&LT and the rate of orthopedic
injuries strengthens the causality of our findings, because this specific allied health
intervention should not have an effect on this unrelated outcome (135). Second, we
found that after the last session of AHT, the inverse associations of specialized AHT
(any discipline) or of PT alone with PD-related complications gradually diminished
over time. This finding suggests that the protective effects of specialized AHT are
reversible, which would be clinically plausible. Third, by implementing methods
(i.e., propensity score adjustment) that tries to mimic randomization, we observed
a similar predicted probability to receive specialized AHT, based on known
determinants of PD-related complications, in individuals who received specialized
or generic AHT, which is in favor of the causality. Fourth, for specialized PT we
found a consistency in our findings, i.e., over multiple subgroups and over different
sensitivity scenarios, which is in line with a causal pathway. Fifth, it is possible that
there was preferred referral to ParkinsonNet therapists by movement disorders
specialists. This may have introduced some confounding bias if a larger proportion of
PwP in the specialized AHT group were treated by a movement disorders specialist.
It is unlikely that this had a major effect on the results, since adjustment for the
hospital type in which PwP received care (university medical center vs. other) did not
alter the results.

However, there are also counter-arguments against the causal nature of these
associations. As these data are observational and allocation to specialized therapy is
not random, it is possible that patients with milder disease, less comorbidity or other
beneficial demographics were more likely to receive specialized AHT. In this scenario,
their lower risk of complications would reflect their better health status rather than
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the therapy itself. There was some weak evidence in support of this hypothesis (lower
CCI score and probability complications in the year prior to enrolment). However, the
benefits of specialized AHT persisted despite our use of multivariable models and
propensity score adjustment to account for any differences. We also demonstrated
that PwP who went on to get specialized AHT had a lower risk of complications prior
to the onset of any-discipline AHT. This would further support confounding by prior
health status. However, we noted that PwP who went on to receive specialized AHT

had a shorter gap in time between diagnosis and initiation of therapy. This could
also explain our observation, as the generic therapy group were left untreated for
longer and hence would be more likely to have a PD complication event, making the
specialized AHT group appear artefactually better. This may reflect an important
difference between specialized and generic management as timely referral is part
of the treatment guidelines and an approach to care within the specialized Dutch
ParkinsonNet network. In the main analyses, we classified the study entry date as
either the date of diagnosis or first AHT session date, depending on which was later,
to correct for potential selection bias as much as possible.

Physiotherapy

Previous studies on the effectiveness of specialized AHT have primarily focused on
PT. Specialized PT professionals using interventions such as treadmill training,
stationary bicycle training or multimodal exercise can decrease the risk of PD-related
complications (124, 136-138). Recent work showed that PT delivered by specialized
therapists led to fewer PD-related complications and lower costs than PT delivered
by generic therapists (125). These good outcomes were reached by the specialized
therapists with fewer treatment sessions. Our current study builds on that study in
several ways. First, we had a considerably longer follow-up period (maximum 9 years
vs maximum 3 years in the previous study) and a much larger population (n=51,464
vs n=4,381). These two factors allowed us to investigate the effects of specialized AHT
in subgroups and to assess whether the effects changed over time. Second, we also
evaluated the effects of specialized AHT in other disciplines than PT, namely OT
and S&LT. This is very valuable because in everyday clinical practice, increasingly
many PwP are already being treated by these allied health disciplines, either as a
monodisciplinary approach or as part of a multidisciplinary team approach. This
practice is now supported by better evidence, offering further incentives to extend
this type of care to other PwP as well.

Occupational therapy
Specialized OT professionals employ assessments of safety in the home and work
environment of PwP. They also provide PwP with internal and external cueing
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techniques to improve postural stability and mobility (139). These improve their
ability to self-manage and maintain functional independence in domestic tasks of
PwP, which leads to improved motor functions, activities of daily living, and quality
of life (77, 78, 139). Our study is the first to evaluate the effects of specialized OT on
PD-related complications in real life. We found that specialized OT is associated
with a lower rate of PD-related complications when combined with specialized PT,
suggesting a potential synergistic effect between these two disciplines (140).

Speech & language therapy

Speech and swallowing disorders are commonly seen in PwP and can lead to
complications such as aspiration pneumonia (141). Importantly, dysarthria and
dysphagia typically do not respond well to pharmacotherapy (127), but might
be responsive to specialized S&LT interventions including dedicated voice and
swallowing training (88, 127, 142). In our study, we found convincing evidence for the
effectiveness of specialized S&LT on lowering the rate of pneumonia, which is stated
as a therapeutic goal in guidelines (88).

Strengths and limitations

There are several strengths to our study. (i) Our analyses are based on a large sample
size based on a nationwide medical claims data of more than 99% of the Dutch
population. (ii) We have a long follow-up of up to 9 years (median 3.3 years per
person). It would have been very time-consuming, costly and probably unrealistic to
undertake a clinical trial with such a long follow-up period. (iii) We could compare
the effects of specialized AHT to the effects of generic AHT, because no preferred
therapist referral guidelines for clinicians were in place during the study period,
thereby mimicking a randomized controlled trial. We successfully used this approach
in a prior analysis of specialized physiotherapy (125). This approach also reduces
the likelihood of confounding-by-indication, which would have been a concern
if we had compared the effects of specialized AHT to no AHT (as AHT would then
appear to be deleterious). However, we note that in the main analysis, we deliberately
focused on the comparison of referral to a specialized or generic therapist, since
this choice is predominantly influenced by awareness of ParkinsonNet by the
patient or their treating clinician in The Netherlands. By contrast, the comparison
of any-level vs. no allied health therapy is considerably affected by confounding-by-
indication, as referral to any allied health therapist almost completely depends on
the severity of clinical symptoms of a person with PD. We could not verify whether
the complications that we studied were always related to PD. In addition, we did not
measure the actual proficiency of the therapists but assumed that those ascribed
to be specialized were better. Moreover, in the Netherlands, the majority of AHT
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sessions are reimbursed by healthcare insurers, and >99% of the population receives
healthcare insurance. This explains the high number of AHT treatment sessions in
our study, which may somewhat limit the generalizability of our findings to countries
with different healthcare systems. We also acknowledge that the exact nature and
components of the interventions provided by each discipline were not known, and
that these ingredients may differ considerably between individuals. Finally, despite
our best efforts, we could not fully exclude residual confounding, patient’s health
status rather than the type of therapy, as an explanation for our findings.

Implications for future research

First, our findings support a more widespread introduction of specialized AHT for
a wide population of PwP. Our observations were made in the Netherlands, a high
income country, and it is now important to further investigate the effectiveness
of specialized AHT in low or middle income countries, where the resources for
pharmacological treatment are more limited. Second, future research should
also examine potential benefits of specialized AHT -in particular specialized
OT- on functional outcome measures, such as institutionalization or utilization
of nonmedical aids given that this could reveal additional protective effects on
complications that are more responsive to OT interventions. Third, we did not
distinguish between intermittent or continuous AHT in our study. A recent
randomized trial compared high-frequent sessions of physiotherapy over a shorter
period vs. low-frequent sessions over a longer period (143). This complementary
approach would be a promising topic for future studies in order to determine
short- and longer-term effects of specialized AHT on complications. Fourth, we
had considerably fewer cases in the specialized PT plus specialized S&LT stratum in
the analysis of combination disciplines effects and likely an insufficient statistical
power for this analysis. This would be a valuable topic for future studies with even
longer follow-up to build upon this. Fifth, we have examined the effectiveness of each
therapy in isolation (monotherapy). It would be valuable to investigate specialized
AHT that is delivered in parallel by more than one discipline (in one multidisciplinary
package), with greater integration across therapists, e.g. by providing joint clinics.
On-going evaluations using new integrated care models, such as the PRIME-NL or
PRIME-UK care interventions and the evaluation of the lifetime effects of such care
models, should provide further evidence on this (144, 145).

Ethical approval and informed consent

Based on Central Committee on Research involving Human Subjects (CCMO), our
study does not need an approval of ethics committee. As part of health insurance
policy all persons agreed on using their data anonymously for study purposes.
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List of abbreviations

PD Parkinson's Disease

PwP Persons with Parkinson's disease

AHT Allied Health Therapy

PT Physiotherapy

S&LT Speech & Language Therapy

OoT Occupational Therapy

CCI Charlson Comorbidity Index
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Abstract

Background
The ideal timing for initiating levodopa in newly diagnosed people with Parkinson's
disease (PD) is uncertain due to limited data on the long-term effects of levodopa.

Objectives

To investigate whether early levodopa initiation postpones mortality (primary
outcome), the requirement of device-aided therapies and the incidence of PD-related
complications, such as fall-induced injuries.

Methods

Using nationwide claims data from Dutch hospitals (2012-2020), we grouped newly
diagnosed PD individuals as 'early initiators' (initiating levodopa within two years
of diagnosis) or ' non-early initiators.' We used the national death registry to assess
mortality and healthcare claims to assess PD-related complications and device-aided
therapies. We used marginal structural models to compare mortality and device-
aided therapy rates between groups, and a Poisson regression model to compare
PD-related complication rates.

Results

Among 29,943 newly diagnosed PD individuals (mean age at diagnosis 71.6;
38.5% female), there were 24,847 early and 5,096 non-early levodopa initiators.
Over a median 4.25 years, 8,109 (27.1%) died. The causal risk ratio for mortality was
1.04 (95%Confidence Interval[CI] 0.92-1.19) for early vs. non-early initiators. The risk
ratio of receiving any device-aided therapy was 3.19 (95%CI 2.56-5.80). No association
was observed with PD-related complications incidence (incidence rate ratio 1.00,
95%CI 0.96-1.05).

Conclusions

Early levodopa initiation in PD does neither postpone nor accelerate mortality or
PD-related complications, nor does it precipitate earlier occurrence of PD-related
complications or mortality. However, we cannot exclude that the results were
influenced by residual confounding due to unmeasured risk factors of mortality.

Keywords: Parkinson Disease, antiparkinsonian agents, Levodopa,
deep brain stimulation, claims analysis
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Levodopa has been the main drug treatment for people with Parkinson’s Disease
(PwP) for more than 50 years (146, 147), due to its effectiveness in reducing symptoms.
However, there is still uncertainty what the optimal timing is for levodopa initiation
for newly diagnosed PwP (148). In particular, it remains unclear whether symptomatic
improvements due to early initiation of levodopa may help prevent complications
such as fall-related injuries, which could in turn delay death. Also, it remains unclear
whether early initiation of levodopa may exert long-term disease-modifying effects,
which would postpone the need for one of the advanced treatment strategies (DBS or
pump therapies).

Previous studies on this topic yielded conflicting findings (20, 147, 149-151). One clinical
trial found that initiating treatment with levodopa was more effective on quality of life
than treatment initiation with other anti-parkinsonian medications (150). A recent
observational study found small improvements in motor functioning when treatment
with levodopa was initiated early (within two years of diagnosis), suggesting short-
term benefits of levodopa on mobility assessments in earlier stages of PD (152).
A recent large clinical trial with a study period of 80 weeks found a beneficial
symptomatic effect of levodopa during the first 40 weeks but no disease modifying
effect of levodopa at the end of trial (149). Historically, there was a notion that the
incidence of motor fluctuations and dyskinesia later in the clinical course would
occur more frequently in early initiators of levodopa (16). However, there is now
robust evidence that the development of these late motor complications is not caused
by levodopa initiation, but is rather due to progression of the disease itself, i.e.,
confounding-by-indication (17). Indeed, this was confirmed very recently in a recent
long-term follow-up (5 years) of the LEAP trial (which was a delayed start levodopa
study in people with early stage PD), and which showed that there was no difference
in prevalence of motor complications between early versus late starters with levodopa
over the subsequent 5 years (153).

Another important gap in knowledge that remains concerns the long-term effects of
early levodopa initiation on relevant clinical milestones. Examples of such long-term
milestones include the incidence of PD-related complications, such as orthopedic
injuries or aspiration pneumonia, or the time to deployment of device-aided
therapies (deep brain stimulation (DBS) or pump therapies to reach more continuous
dopaminergic stimulation). Thus far, no population-based studies have examined
the long-term effects of early levodopa initiation on the incidence of these clinical
milestones or an mortality.
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To address this gap, we used a large healthcare claims dataset comprising all insured
PwP in the Netherlands to emulate a target trial. Specifically, we assessed the effect
of early levodopa initiation on mortality (primary outcome). We also assessed the
effect of early levodopa initiation on the time to receiving an advanced treatment
strategy and on the incidence of PD-related complications (secondary outcomes).
These latter outcomes were used as proxies to evaluate the long-term effect of early
levodopa initiation on disease progression.

Methods

Population

We used a national claims database held by Vektis, which contains the diagnostic and
treatment data of more than 99% of the population of the Netherlands. We previously
leveraged this database to study the association between specialized allied health
therapy and PD-related complications (154, 155). The inclusion and exclusion criteria
are explained in table 1. We defined individuals as a newly diagnosed person with
PD if they fulfilled both of the following criteria: (I) there was no 30-501 diagnostic
identifier, which is the Diagnosis Related Group (DRG) code of PD in the claims based
data (156), observed during the two years prior to the diagnosis; and (II) they did not
use levodopa during the two years prior to diagnosis. We excluded those PwP who did
not fulfill either of these criteria. We considered database entries from January 1%,
2012, until and excluding January 1%, 202.1.

Table 1. Study Population Inclusion.

Number  Criteria & Rationale Status
31349 Newly diagnosed PwP. Enrolled
1397 PwP whose diagnosis changed from PD to any atypical parkinsonism at Excluded

the final visit they had in the hospital records.

9 PwP for whom we do not have any data records of their SES throughout Excluded
the entire available dataset.

29943 Final population in analysis. Included

This table shows the Population with newly diagnosed Parkinsorn’s Disease (PwP) between years 2012-2020.
PD, Parkinson’s Disease; SES, Socio-Economic Status.

Levodopa treatment

Since the prescription of levodopa without a decarboxylase inhibitor is rare due to its
intolerability, we defined levodopa treatment as either of the following combinations:
a) levodopa and a decarboxylase inhibitor (as indicated by the ATC code No4BAo2),
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b) levodopa, a decarboxylase-inhibitor, and a COMT-inhibitor (as indicated by the
ATC code No4BA03). We defined early levodopa initiation as receiving levodopa
within two years after PD diagnosis. We classified all other PwP, including those who
initiated levodopa at a later time point and those who never used levodopa during
follow-up, as non-early initiators.

Outcome ascertainment

We used the national Dutch death registry to determine mortality as our primary
outcome. We report the primary outcome as the average mortality ratio, that would
be the (estimated) average probability of death in the early initiators divided by the

(estimated) average probability of death in the non-early initiators. Our secondary
analysis aimed to address the longer-term associations between early levodopa
initiation and disease progression. Since we did not have any specific measurement as
a proxy for disease progression in the claims data, we used two secondary outcomes,
namely time to receiving one of the device-aided therapies and the incidence rate
ratio of PD-related complications. Device-aided therapies was defined as one of the
three following treatments: DBS; levodopa-carbidopa intestinal gel pump therapy;
and continuous subcutaneous apomorphine pump therapy. In this secondary analysis
we followed the individuals until the first receipt of any device-aided therapy, death,
or Jan 1%, 2021 (study end date). We used a similar method to estimate the likelihood
of receiving device-aided therapies as average mortality ratio. Therefore, we similarly
report the average causal risk ratio of receiving any device-aided therapies, by
dividing the (estimated) average probability of receiving any device-aided therapy
in the early initiators by the (estimated) average probability of receiving any device-
aided therapy in the non-early initiators. PD-related complications were defined
as a composite endpoint of pneumonia or orthopedic injuries, similar to two prior
studies in our group (13, 154).

Follow-up time

Follow-up started from the PD diagnosis and ended with the first of the following
events: death or January 1%, 2021 (study end date). We restricted the population
to those PwP who had complete data of at least two years, unless they had shorter
follow-up due to death.

Covariates
We selected a set of relevant covariates based on our scientific and clinical knowledge
to minimize the potential risks of bias and time-varying confounding.
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We used time-invariant baseline demographics, namely age at diagnosis, sex, receiving
other anti-parkinsonian drugs during the first two years post diagnosis, and the most
frequently visited healthcare setting. The healthcare setting is a categorical variable
corresponding to different care levels: university hospital, which includes care covered by
special medical operations in university medical centers; top clinic, which also includes
care covered by special medical operations, but not in university medical centers;
general clinic, which only covers basic care needs; or other types clinic (157).

We also used a number of time-varying covariates, including PD-related
complications, weighted Charlson Comorbidity Index score (see supplementary methods
- A Practical Note on Modified Charlson Comorbidity Index Score), and Socioeconomic
status (SES), the last of which varied based on individualized annually updated
data. SES in the Netherlands builds upon characteristics such as the level of income,

education, and the employment status of people living in each neighborhood (132).

Statistical analysis

In the primary analysis, we assessed the average causal effect of early initiation of
levodopa on mortality. To address the problem of time-varying confounding in an
observational design we computed inverse probability (IP) weights to correct for
covariate imbalance in the two groups (see supplementary methods — Inverse Probability
Weights). Both time-invariant and time-variant covariates were incorporated into
the IP weights equation (see supplementary methods — Equation 1). We then used the IP
weights to fit Marginal Structural Models (MSM) (158). In our analysis, we handled
those PwP who had less than two years of follow-up due to death the same as those
with incomplete treatment history (see supplementary methods - People with Incomplete
Treatment History). The methodology used to compute the IP weights and to fit
outcome MSMs is explained in detail in the supplementary methods. We used the
bootstrap statistical method by fitting the models on multiple random resamples (by
re-sampling with replacement from the main data 1000 times) to calculate the 95%
bootstrap confidence interval (95% CI).

Sensitivity analysis

We conducted a sensitivity analysis to ascertain the robustness of our findings. Since
we were not completely certain about identifying the newly diagnosed PwP from the
data we had available, we changed our identification criteria by shifting the period of
not observing 30-o0501 during the previous two years to not observing 30-0501 during
the previous i) three years and ii) one year before diagnosis.

We conducted all analyses in the R statistical software package, version 3.4.3.
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Results

Baseline characteristics

From a total of 31,349 newly diagnosed PwP, 29,943 (mean age 71.6, SD 10.0) had the
defined criteria to enroll in the analysis (fable 1). Out of these, 24,847 were early levodopa
initiators (83% of the study population) and 5,096 were non-early initiators (17% of the
study population) (table 2). Early levodopa initiators were older, were less often female,
had PD-related complications less frequently, used other anti-parkinsonian drugs
during the first two years post diagnosis more often, and had slightly fewer comorbid
disorders (table 2). The mean (SD) peak daily dosage of levodopa within first two years

after diagnosis was 90.1 (52.8) mg among the early levodopa initiators. 24847 (83%)
initiated levodopa in the first two years after diagnosis, 1523 (5%) initiated levodopa after
the first two years after diagnosis, and 3573 (12%) never initiated levodopa during follow-
up. The non-early levodopa initiators comprise both late and never initiators, who have
an average disease duration of 5.53 (2.20) and 4.10 (2.38) respectively.

Table 2. Baseline Characteristics.

Characteristic Total Early Levodopa non-Early Levodopa
Initiators Initiators

N 29943 24847 (83%) 5096 (17%)

Age (SD) 71.6(10.0) 72.0(9.6) 69.5 (11.4)

Sex (female) 11519 (38.5%) 9521 (38.3%) 1998 (39.2%)

SES*(SD) -0.1(1.1) -0.1(1.1) -0.1(1.2)

PwP with at least one PD-related 717 (2.4%) 581 (2.3%) 136 (2.7%)

complication ®

CCI score °(SD) 3.8(1.7) 3.9 (1.6) 3.7(1.8)

Other anti-parkinsonian medications (e.g., 5348 (17.9%) 4479 (18.0%) 869 (17.1%)

Dopamine agonists) during the first two
years after diagnosis, N (%)

Hospital setting

General, N (%) 12861 (43.0%) 10679 (43.0%) 2182 (42.8%)
Other, N (%) 151 (0.5%) 111 (0.4%) 40 (0.8%)
Top clinical center, N (%) 14874 (49.7%) 12404 (49.9%) 2470 (48.5%)
UMC, N (%) 2057(6.9%) 1653 (6.7%) 404 (7.9%)

Early, levodopa initiated within the first two years post-diagnosis; non-Early, levodopa has not been

initiated within the first two years or ever post-diagnosis; UMC, University Medical Center.

2Standardized socioeconomic status is derived from characteristics such as education, income, and
employment status of people in each neighborhood.

® Complications are defined as any fracture or orthopedic injury or pneumonia.

¢ Weighted scores for each comorbid disorder were calculated based on Charlson Comorbidity Index.

Continuous variables are expressed as mean (Standard Deviation), Categorical variables are expressed as

number of people (percentage)
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Primary analysis

The total numbers of person-years at risk of mortality was 107,946.8 for early initiators
and 23,491.25 for non-early initiators (table 3). After a median of 4.25 years of follow-
up, 8,109 (27.1%) PwP died, out of whom 6,711 had been early levodopa initiators
and 1,398 had been non-early initiators (table 3). The estimated average mortality
ratio of early levodopa initiation using a weighted MSM, was 1.04 (95% Confidence
Interval [95%CI] 0.92-1.19) (table 3). The mortality ratios obtained in our sensitivity
analyses were consistent with our main result. The estimated mortality causal risk
ratio of early levodopa initiation, when we changed the criteria of newly diagnosed
PwP to not having the 30-0501 PD diagnostic code during the previous three years
before diagnosis was 1.04 (95%CI 0.93-1.19) and when we changed the criteria to not
having diagnostic code during the previous one year before diagnosis was 1.03
(95%CI 0.90-1.16) (supplementary tables 1 5 2).

Table 3. The Time of Levodopa Initiation and the Mortality Rate Ratio.

Total Early non-Early
Number deaths (%) 8109 (27.1%) 6711 (27.0%) 1398 (27.4%)
Person-years at risk for mortality 131438 107946.8 23491.25
Death rate 0.062 0.062 0.060
Crude death ratio® 0.98

Mortality risk ratio (95 % CI) 1.04 (0.92-1.19)

Early, levodopa treatment initiated within the first two years post-diagnosis; non-Early, levodopa
treatment has not been initiated within the first two years or ever post-diagnosis.

*Represents the division of percentage number of deaths in early vs. non-early group

**represents the value computed by the model adjusted with IPW

Secondary analysis

Early levodopa initiation and device-aided therapies

The total numbers of person-years at risk of receiving any device-aided therapy was
107,823.8 for early initiators and 23,488 for non-early initiators (fable 4). During
follow-up, 558 (1.9%) PwP received device-aided therapies, out of whom 485 had
been early and 73 had been non-early initiators (table 4). The average causal risk
ratio of receiving any device-aided therapy, computed using a weighted MSM, was
3.19 (95%CI 2.56-5.80) for early vs. non-early levodopa initiators. The total numbers
of person-years at risk of receiving only DBS was 107,932.2 for early initiators and
23,496.5 for non-early initiators (table 4). At the end of follow-up, 295 (1.9%) PwP
received DBS, out of whom 260 had been early and 35 had been non-early initiators
(table 4). The average causal risk ratio of receiving DBS, was 4.58 (95%CI 3.11-9.62)
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for early vs. non-early levodopa initiators. The total numbers of person-years at risk
of receiving only levodopa-carbidopa pump form was 107,833 for early initiators and
23,482.75 for non-early initiators (table 4). At the end of follow-up, 272 (0.9%) PwP
received levodopa-carbidopa pump form, out of whom 234 had been early and 38 had
been non-early initiators (table 4). The average causal risk ratio of receiving levodopa-
carbidopa pump form was 3.32 (95%CI 2.09-8.43) for early vs. non-early levodopa
initiators (table 4).

Effect of early levodopa initiation on PD-related complications

Early levodopa initiation was associated with an increased rate of PD-related
complications (Incidence Rate Ratio [IRR] of early vs. non-early initiators = 1.19,
95%CI 1.11-1.27) (see Table 5). However, after adjustment via the inverse probability
treatment weights in the model, there was no association left between early levodopa
initiation and the rate of PD-related complications (Incidence Rate Ratio [IRR] of
early vs. non-early initiators = 1.00, 95%CI 0.96-1.05).

Table 5. The Time of Levodopa Initiation and the Risk of each PD-Related Complication

N comp Time to comp Rate IRR IRR
(person-years) (95% CI) (95% CI) **
Complications 7258 1520490 0.005
(Overall)
Early 6064 1226542.8 0.008 1.19 (1.11-1.27) 1.00 (0.96-1.05)
non-Early 1194 293947.5 0.004

Early, levodopa treatment initiated within the first two years post-diagnosis; non-Early, levodopa
treatment has not been initiated within the first two years or ever post-diagnosis; N Comp, number of
PD-related complications; IRR, incidence rate ratio of early vs. non-Early (reference) levodopa initiators,
adjusted for age, sex, SES, CCI weighted score, and hospital setting at baseline; CI, confidence interval.
*Statistically significant

**After adjusting for inverse probability treatment weights

Discussion

Levodopa is the most commonly prescribed medication for treating PD in most
countries around the globe. Although introduced over 50 years ago, the timing of
levodopatreatmentinitiationin PwP remains debated amongclinicians and PwP. Some
studies suggest that early levodopa initiation may lead to better short-term outcomes
(slower rate of symptom progression, and better motor functioning) (149, 152).
However, some PwP prefer to hold off on initiating levodopa for several years (20).
Insights into long-term effects would help in making an informed decision about
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treatment initiation, and the present data offer such insights. Specifically, we present
the first population-based study to evaluate the effect of early levodopa initiation
on both mortality and late clinical milestones. We observed no evidence to support
the notion that early levodopa initiation has a beneficial effect on long-term clinical
outcomes in PwP, but we neither observed any detrimental effects.

Limitations

Before interpreting these findings we first note several limitations. First, given the
observational nature of this study, PwP were not randomized to either early or non-
early initiation of levodopa. This means that the clinical decision to (not) initiate
early on may have been influenced by the severity of the clinical PD presentation, i.e.
confounding-by-indication. We accounted for this as much as possible by adjusting
for potential confounders which we could measure by means of an advanced
analytical approach (IP weighting), but we cannot rule out that residual confounding-
by-indication by other unmeasured characteristics occurred. The attenuation of the
positive association between early levodopa initiation and incidence of PD-related
complications after adjustment for covariables may support the notion that there
was confounding-by-indication, although we did not observe a similar attenuation
in other analyses. Residual confounding could also be due to the lack of data on
orthostatic hypotension, rapid eye movement sleep behavior disorder, PD subtype or
genetic status, which are all relevant predictors of survival.

Second, a limitation of this study is that it relied on a diagnostic code of PD for
which no specific validation study has previously been conducted. We believe that
it is conceivable that this led to under-detection of PD cases (i.e. false-negative
cases), but that it is unlikely that there was substantial erroneous classification of
individuals as having PD (i.e. false-positive cases), because of three reasons. The first
is that diagnostic codes for other diseases have previously been demonstrated to have
very high (>99%) specificity in this national claims database (159), albeit with lower
estimates of sensitivity, suggesting that not all cases with a disease are registered. The
second is that these diagnoses were made by neurologist (mostly a generically trained
one, although a smaller proportion of the patients will have been seen by a movement
disorders expert), according to accepted international diagnostic criteria which are
part of the national guideline for the diagnosis and management of PD (160). As
such, this database is much more reliable than e.g. mortality registries or registries
based on use of dopaminergic medication. But we do acknowledge that there is a
proportion of misclassification in the hands of generically trained neurologists, in
particular concerning the differential diagnosis of PD versus atypical parkinsonism
(note that the database contains separate codes for PD vs. atypical parkinsonism, as
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a prerequisite for reimbursement). The third is that we have previously replicated
various associations between established risk factors of PD in this database (13, 154).

Strengths compared to previous research

A recent observational study, which was conducted on data from the Parkinson
Progression Marker Initiative (PPMI) study (161), showed that early initiation
of levodopa did not worsen motor outcomes in PwP and possibly offered small
improvements (152). Our current study builds on that study in several ways. We had a
considerably longer follow-up (maximum of nine years vs. maximum of four years in
the previous study) and a much larger population (n=29,943 vs. n=423). While in our
study we did not directly measure the cumulative duration of levodopa use and its
impact on survival, it represents an important factor in the existing literature on the
association between levodopa treatment and mortality in PD. Previous population-
based studies suggested a reduction in the risk of mortality following levodopa
initiation, regardless of pre-levodopa duration of illness (162, 163). In another
population-based study with over 20 years of follow-up, researchers investigated
the impact of levodopa initiation timing on the survival of people with PD, revealing
that early levodopa treatment was associated with higher life expectancy compared
to delayed treatment, highlighting the detrimental effect of delaying levodopa
to more advanced stages of the disease (164). In a previous multicenter study of
359 individuals with PD, early initiation of dopa treatment was linked to a reduced
mortality risk; however, the study did not clearly specify the type of anti-parkinsonian
drug considered as dopa treatment (165). Discrepancies in the impact of levodopa
initiation on mortality are raised in another study, where researchers analyzed data
from 474 people with parkinsonism, employing covariates such as age at onset, initial
symptom manifestation, and levodopa treatment to investigate survival factors. They
observed that initiating levodopa treatment at any point in time was associated with
higher mortality risk, although disentangling its effect from other treatment-related
factors proved challenging (166). However, it is worth noting that all these studies
utilized conventional “associational” statistical methods, which contrasts with
our approach.

Our findings

Concluding on a definite causal relationship is challenging due to the observational
nature of this study. We addressed this challenge in two ways. By implementing
statistical methods for causal inference (i.e., MSM estimated with IPW) we addressed
time-varying confounding. Also, our findings were found to be consistent over
two different sensitivity scenarios.
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We observed that PwP who initiated levodopa treatment early had similar levels of
mortality compared to those who never initiated or initiated their levodopa later
than two years post-diagnosis. These findings are in line with a previous study that
found an equal survival among early and late levodopa initiators by employing a more
generic analytical method (167). However, we employed a more advanced analytical
method, and we also studied a larger population with much longer follow-up.

Our secondary analysis suggests that PwP who initiated levodopa early had a higher
chance of receiving any device-aided therapy than those in the non-early initiation
group. We conducted this specific analysis with the goal of using these advanced
treatment strategies as a proxy variable of disease progression in PwP.

We observed a higher chance for receiving any separate device-aided therapy in PwP
who initiated levodopa early. This finding suggests that individuals who require
early initiation of levodopa already have greater disability (possibly because of
more profound depletion of endogenous nigrostriatal dopamine production). It is
conceivable that early initiators -compared to non-early initiators- also develop more
severe motor fluctuations within fewer years, necessitating the initiation of advanced
(continuous) dopaminergic treatment. Alternatively, we cannot rule out that our
results reflect a harmful effect of early levodopa initiation on disease progression,
although we are unaware of evidence for a plausible mechanism that would explain
such a harmful effect. Furthermore, we adjusted all our analyses for age to account
for a residual difference in age between two groups.

Finally, we observed that non-early initiators, who were younger than early initiators,
had a lower incidence rate of PD-related complications. However, this difference in
incidence rate of PD-related complications between both groups disappeared after
we adjusted this effect using IP weights, supporting the presence of confounding-by-
indication. Early levodopa initiation in PD does not postpone mortality or PD-related
complications, nor does it lead to earlier occurrence of PD-related complications or
death. This finding is also supported in previous literature (21, 149, 152, 153). This is
particularly important given the reluctance of some people with PD to commence
levodopa therapy due to unsubstantiated concerns that this would lead to motor
fluctuations such as dyskinesia (18, 20, 168).
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Implications for future research

Several suggestions could be made for future studies on the effects of early levodopa
initiation. First, there is a need for studying the effect of early levodopa initiation
in lower-income countries. Second, use of patient-centered outcomes, including
wearable sensor technologies and mobile health apps, could help capture the
perspectives of patients and caregivers regarding the impact of early levodopa
initiation on daily activities, quality of life, disease progression, and overall well-
being. Third, exploring the long-term effects of early initiation of common anti-
parkinsonian drugs, such as dopamine agonists, on the development of response
fluctuations should be examined in future studies. Additionally, given the association
of these anti-parkinsonian drugs with an increased risk of neuropsychiatric
complications in older individuals with PD, future research could investigate
whether delaying levodopa initiation is linked to higher neuropsychiatric burdens
in older PD populations who initially receive dopaminergic treatment with drugs
other than levodopa. Fourth, future observational studies should explore factors
such as orthostatic hypotension and rapid eye movement sleep behavior disorders as
additional factors to account for residual confounding. The same applies to testing
for genetic forms.
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Summary (English)

Leveraging claims-data to improve care for people with

Parkinson’s disease

In chapter 1, I introduce the key components of optimal clinical care for people
with Parkinson’s disease (PD) and briefly discuss several knowledge gaps in the
current treatment of PD, including both non-pharmacological and pharmacological
interventions. The overall aim of my thesis is to determine whether the care for people
with PD can be improved by leveraging medical claims data. I specifically focus on
the clinical effects of a key set of non-pharmacological therapies, namely specialized
allied health interventions, and of the most commonly used pharmacological therapy
in PD, namely levodopa.

Specialized care for people with Parkinson’s disease: an appraisal of

the literature

In chapter 2, I conduct a review of the literature on specialized allied healthcare for
persons with PD. I critically appraise the literature on what constitutes specialized
care in this context, what various allied health therapies can offer, what domains of
daily life they tackle, and what their (cost-)effectiveness is in PD. I also give directions
for future research on specialized allied healthcare for PD. My main conclusions are
as follows:

« Specialized physiotherapy, particularly through aerobic exercise and various
treatment modalities such as movement strategy training, demonstrates
promising positive effects on motor and non-motor symptoms, and on quality of
life in PD. The supporting scientific evidence for this professional allied health
discipline is highest, compared to the other allied health interventions.

« Evidence from clinical trials indicates the effectiveness of specialized occupational
therapyin PD on daily life activities and performance in dexterity-related activities.

« Specialized speech & language therapy improves voice loudness, functional
communication and also shows effectiveness in the management of dysphagia
(which reduces pneumonia risk) and drooling.

Specialized allied health therapies for people with Parkinson’s disease: a
claims-data approach

In Chapter 3, I utilize claims data from individuals with PD in the Netherlands,
investigating the effects of the three most commonly deployed of allied health
disciplines (namely physiotherapy, occupational therapy, and speech & language
therapy). I conduct rigorous analyses, adjusting for demographic and clinical
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variables and employing a composite endpoint of orthopedic injuries or pneumonia
to compare the effectiveness of specialized care (namely allied health therapies
delivered by ParkinsonNet-educated therapists) versus a generic form of care (the
same allied health interventions, but delivered by generically trained therapist). My
main findings are as follows:

o Specialized allied health therapies, when delivered by professionals trained
specifically in the management of persons with PD, are associated with a lower
incidence of PD-related complications.

. Discipline-specific analyses reveal that specialized physiotherapy and occupational
therapy are linked to a reduced rate of PD-related complications.

« The putative beneficial effects of specialized occupational therapy are more
pronounced in patients who are also treated by a specialized physiotherapist. This

suggests that these two allied health disciplines have a synergistic effect

« Specific allied health disciplines show specific effectiveness, with specialized
physiotherapy linked to fewer orthopedic injuries and specialized speech &
language therapy associated with lower pneumonia rates.

« Sustainability analyses post-treatment cessation indicate a gradual decline
in the benefits, with evidence of persisting effects for up to three months for
specialized physiotherapy.

Early levodopa treatment for people with Parkinson’s disease: a claims-
data approach

The optimal timing of levodopa initiation in people newly diagnosed with PD remains
a matter of debate because data on the long-term effects of levodopa are scarce.
In chapter 4, I address this gap by examining whether early levodopa initiation
postpones mortality (primary objective), delays the time to the need for initiation of
advanced treatment or delays the incidence of PD-related complications (secondary
objectives). My main findings are as follows:

. Early levodopa initiation does not impact mortality.

« Early levodopa initiation is associated with a higher likelihood of receiving
advanced dopaminergic treatments such as Deep Brain Stimulation or levodopa-
carbidopa pump therapy.

. Early levodopa initiation is not associated with a different rate of PD-related
complications, as compared to late levodopa initiation.
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A holistic view of key findings

In chapter 6, I discuss the key findings of this thesis as well as key methodological
considerations in interpreting these findings. I outline remaining key gaps in
knowledge regarding specialized care and early levodopa treatment and provide
directions for future research on these topics.
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Chapter 6

General discussion
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General discussion

The overall aim of my thesis was to determine whether the care for people with
PD could be improved by leveraging a big data approach, using a large medical
claims database as source. Specifically, I focused on a set of common non-
pharmacological and pharmacological interventions of PD. From the broad spectrum
of non-pharmacological interventions in PD, I focused on three specific allied health
therapies (physical therapy, occupational therapy, and speech & language therapy),
because these are commonly deployed, and because they address motor and non-
motor symptoms that are not alleviated adequately by pharmacological or surgical
treatments. For pharmacological therapy, I focused on the most widely prescribed
drug for persons with PD, namely levodopa.

I first reviewed the literature to investigate which non-pharmacological therapies are
more frequent in PD care, what their impact is, and how they might interact. Then,
I used a big data approach, using a large medical claims database as source, to study
their effectiveness. Regarding pharmacological interventions, I investigated the
long-term effects of levodopa, because some patients and clinicians have historically
been afraid to initiate levodopa in an early disease phase because of fear of potential
levodopa toxicity, or the risk of developing response fluctuations. Specifically, I
investigated whether initiating levodopa early in the disease course had a beneficial
effect on long-term clinical milestones in PD. For all of these studies in this thesis, my
intended outcome was to provide novel insights to inform clinical decision-making.

Below, I describe the main findings of my thesis in a broad context and discuss the
implications of my work for clinical practice and research. First, I delve into non-
pharmacological interventions, then into pharmacological interventions, followed by
discussing some limitations and directions for future research.

Non-pharmacological interventions of Parkinson’s disease

Convergence in Parkinson's disease specialized allied health therapies:
Evaluating treatment components across multiple disciplines

In chapter 2, I reviewed the literature on allied health therapies for people with PD.
I focused specifically on specialized physiotherapy, occupational therapy, and speech
& language therapy, as these are the most widely deployed and also the most widely
studied allied health disciplines in the field of PD. My main observation was that
specialized physiotherapy was the most extensively studied professional discipline,
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and this included multiple Randomized Clinical Trials (RCT) (169-177). Taken together,
I identified robust evidence for positive effects on motor functioning, quality of
life and the prevention of PD-related complications (68). My review also revealed
that there are still limitations in our current knowledge on the cost-effectiveness
of specialized physiotherapy. Also, in many RCTs to date, it was not exactly clear
what constituted ‘specialized’ therapy (which I would define as treatment delivered
by therapists who have received some dedicated extra training to become optimally
equipped for the management of persons with PD). This means that some of the prior
results may in part reflect what can be achieved when the treatment is delivered by a
generically trained therapist who may not have received such extra dedicated training
in the field of PD. The fact that the level of expertise was often not specified in prior
publications might be due to the lack of uniform criteria that can differentiate
generic from specialized physiotherapy for PD. Consequently, it is currently difficult
to determine whether PD patients, or at least specific subgroups among them, would
benefit from referral to a specialized physiotherapist.

Some RCTs examined the efficacy of occupational therapy in PD, and the results
suggested improvements in activity performance (78, 80), as well as short-term
improvements in dexterity-related activities of daily living (178). The limited available
evidence regarding occupational therapy underscores an urgent requirement for
further research. Specifically, there is a scarcity of research on the effectiveness
of specialized occupational therapy as a standalone discipline in preventing
complications, such as falls in people with PD. For specialized speech & language
therapy, most current knowledge is based on observational studies. These studies
showed the effectiveness of therapies like the Lee Silverman Voice Treatment (LSVT)
in enhancing voice loudness and functional communication in people with PD (179).
To date, a limited number of RCTs as shown the efficacy of specialized speech &
language therapy strategies, ranging from direct swallowing exercises to indirect
methods like expiratory muscle strength training (EMST) in the management of
dysphagia in PD (98). Moreover, an RCT showed the efficacy of intensive skills
training for effective coughing and lowering the risks of aspiration (99). The costs
of specialized speech & language therapy compared to usual care have not been
studied robustly.

These three specialized allied health therapies complement each other, but also
share some overlapping goals to enhance the quality of life in people with PD.
However, there is a gap in evidence regarding potential synergistic effects across
multiple disciplines of specialized care (chapter 2). Analyzing the claims data of
specialized allied health disciplines in chapter 3, I observed not only that specialized
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physiotherapy is associated with a lower rate of PD-related complications, but also
that specialized occupational therapy has a protective effect on these complications.
Specialized speech & language therapy was also associated with a lower rate of
complications, although this finding was not statistically significant. I also found
that a combination of specialized allied health therapies is associated with a further
reduction in the incidence of PD-related complications, suggesting a synergistic
[or perhaps additive] effect. My analysis revealed that most of the study population
received specialized physiotherapy as part of their treatment plan. I observed that
the inverse association between the level of professional expertise (specialized vs.
generic) and the incidence rate of PD-related complications (among people who
received specialized occupational therapy and any level of physiotherapy) only
persisted in those individuals who received both specialized occupational therapy
and specialized physiotherapy. Furthermore, different specialized allied health
therapies may prevent different complications. Specifically, my analysis showed that
the beneficial effect of specialized (vs. generic) any-discipline allied health therapy
(i.e., therapies combination) and physiotherapy on reducing the rate of complications
slowly declines as a function of time post-treatment cessation.

Although my findings offer valuable targets for further PD care improvement, several
important questions remain. The finding that the effect of specialized care wanes
post-treatment raises questions about the optimal treatment regimens, such as
intensity and frequency of specialized care, and also the duration of treatment. This
raises important questions, because if a lifelong maintenance therapy is advisable,
then this would certainly be associated with a marked increase in healthcare costs,
which may preclude other critical treatments. These questions have been highlighted
in a recent RCT (180). This RCT, delivering a total of 12 physiotherapy sessions,
randomized participants into a burst approach (two sessions weekly for 6 weeks)
and a spaced approach (one session every 2 weeks for 6 months). The RCT findings
unveiled the ability of the spaced approach to sustain improvements in Timed Up
and Go (TUG) scores among participants over the 6-month follow-up post-treatment
cessation. In contrast, the conventional burst approach showed a significant
worsening of the physical functioning throughout the six-month period after therapy
cessation. Future treatment guidelines for specialized care should be influenced by
the insights from these findings. Furthermore, not every newly diagnosed person
will benefit equally from specialized (physio-)therapy, and this will depend for
example on their clinical profile and personal priorities. This is while the European
guideline of physiotherapy for PD clearly recommends referring every patient early
to physiotherapy, for physical activity advice (181). Optimal allocation of specialized
therapists in resource-limited settings requires prioritizing based on individual
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needs and utilizing screening algorithms to identify high-risk cases for targeted care.
This applies to the selection of people with PD for all specialized therapies that are
commonly used in PD care. For instance, screening for swallowing deficits is a good
example of identifying optimal candidates for targeted care by speech & language
therapists. Notably, another question is whether other allied health therapies,
beyond those currently considered in the present thesis, are also effective in PD care.
Examples of other professional disciplines include psychiatrist, pharmacologist,
dietician, clinical geriatrician, sexologist, neuropsychologist, and social worker. This
will have to be studied for each professional discipline specifically, with a specific
focus on the outcomes that are targeted by this type of intervention. On a related
note, it is important to consider whether the outcomes typically measured in studies
on the effectiveness of specialized allied health therapies, including those used in
chapter 3, are the pertinent metrics for assessing all dimensions of PD, or whether
factors such as institutionalization or mortality would better indicate the impact.
These latter two could better capture the disabilities caused by PD and demonstrate
the impact on reducing the burden of the disease.

Pharmacological interventions of Parkinson’s disease

Decoding Levodopa: Unravelling the timing and duration in Parkinson's
disease pharmacotherapy

In chapter 4, I analyzed a maximum of nine years follow-up healthcare claims data
of all the people with PD in the Netherlands who were newly diagnosed (de novo
cases). I found that mortality in people with PD who initiated levodopa treatment
early, versus those who delayed or never initiated it, was similar. My finding on the
mortality outcome could not confirm the benefit of earlier initiation of levodopa in
PD, and at least from this one perspective, no recommendation can be made regarding
the optimal time to start levodopa (20, 149). There is still a feeling among some
clinicians and certainly also among patients that the initiation of levodopa should
be postponed until motor symptoms become more pronounced, so that treatment
can be postponed, the main motivation being fears about potential levodopa toxicity
(182) or concerns about the development of treatment response complications, like
dyskinesias (16). There are still uncertainties whether or not levodopa treatment itself
is the main reason for the appearance of dyskinesias several years after treatment.
Recent evidence suggests that response fluctuations following levodopa initiation are
more associated with dose adjustments or disease duration rather than the timing
of this treatment following the diagnosis (17), suggesting that these fluctuations that
occur within the earlier years post treatment do not have a significant negative effect
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on quality of life for most patients. Other studies have in the meantime offered a clear
reason to consider early levodopa initiation, showing that an early start of levodopa
is associated with greater symptomatic relief, better motor functioning and a better
quality of life (149, 152). Although I did not find a beneficial long-term effect of early
levodopa treatment on postponing mortality, I neither found arguments that would
justify delaying the initiation of this medication, since I observed similar mortality
rates between early starters and late starters.

My analyses also indicate that early levodopa initiators have a higher likelihood of
receiving device-aided therapies. This possibly indicates a more advanced disease
stage that may stem from a more profound depletion of endogenous dopamine
production in early initiators, leading to severe motor fluctuations and the need for
advanced device-aided therapies. The observed results might also reflect a greater
disease severity in early initiators, prompting both early levodopa initiation and the
eventual need for advanced medications. Current efforts are underway to explore
the use of imaging biomarkers, like dopaminergic scans (DAT-scans), to facilitate
an earlier diagnosis of PD and to enable ongoing monitoring of PD progression.
Combining DAT-scans with early PD symptoms such as rapid eye movement (REM)
sleep behavior disorder can unveil dopaminergic deficits (183, 184). Considering my
finding that early initiators of levodopa are more likely to receive advanced device-
aided therapies, suggesting a more advanced disease stage at diagnosis, and the
promising role of biomarkers in detecting dopaminergic deficits, I believe that
future RCTs on the long-term effects of levodopa should incorporate biomarkers
as additional outcome measures. Finally, my analysis indicated that there was no
difference in the rate of PD-related complications between early levodopa initiators
and non-early levodopa initiators. Non-early levodopa initiators showed a lower rate
of PD-related complications initially, but no significant difference remained after
adjusting for covariates via inverse probability weights. Interestingly, this apparent
null finding may point to a balance between the positive and negative impacts
of initiating levodopa early. On one hand, levodopa could alleviate bradykinetic
gait, potentially reducing complications related to falls. On the flip side, it might
also trigger autonomic dysfunction, such as orthostatic hypotension, potentially
contributing to an increased risk of falls.

The outcome measures I used in this chapter also demonstrate another significant
knowledge gap, namely the long-term effect of levodopa initiation timing in different
subtypes of PD, with various progression rates for each. The difference arises mainly
because PD progression rates vary relative to factors such as age at diagnosis,
dominancy of specific symptoms at presentation, and response to medications (19).



General discussion

A well-known approach classifies PD into three different subtypes including mild
motor-predominant, intermediate, and diffuse malignant. This classification is
based on several factors like a motor summary score, but also cognitive impairment,
REM sleep behavior disorder and dysautonomia as non-motor features (185). In a
recent study (186), these different subtypes displayed distinct profiles in terms of
both time to significant milestones (such as repetitive falls, becoming wheelchair-
bound, onset of dementia, or institutionalization) and post-diagnosis survival. The
diffuse malignant subtype exhibited a shorter duration to milestones and a shorter
average lifespan. The intermediate subtype showed intermediate values for both,
while the mild motor-predominant form demonstrated longer periods for both
milestones and survival. Such a significant difference in progression and survival
among different subtypes makes it challenging to study the long-term effects of early
levodopa for the various subtypes of PD. Hypothetically, specific detrimental effects
of levodopa (such as orthostatic hypotension) could be more pronounced in the
diffuse malignant subtype because PD patients with this subtype manifest greater
autonomic dysfunction.

Methodological considerations

Electronic healthcare records data

This thesis started during the COVID-19 pandemic, at a time when conducting
clinical trials was faced with a significant challenging situation. Using the medical
claims database allowed me to perform my research and I could answer my research
questions without problem of patient physical availability. However, even if there had
been no COVID-19 pandemic, conducting a clinical trial simultaneously evaluating
the effectiveness of physiotherapy, occupational therapy, and speech & language
therapy in a single study with almost nine years follow up with inclusion of more than
51 thousand people with PD would be impossible. By leveraging already available data
in Chapter 3, I could efficiently answer important questions that would otherwise
have taken years and incurred significant costs in a trial. Additionally, big medical
claims database offer a comprehensive view of healthcare in real-life clinical settings
while capturing a representative population from all ages, disease severities, and
co-morbid conditions. Moreover, utilizing medical claims databases proves to be a
cost-efficient alternative to conducting clinical trials because data collection is part
of routine healthcare practices and therefore this approach significantly reduces
expenses (187).
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Although access to this type of data had clear advantages, it also carried its own
challenges along the way. One of the challenges of using big claims databases is
the advanced statistical models that are used to make assumptions about possible
causality in the findings. For example, drawing causal conclusions using advanced
statistical models depends on how representative the data sample is, meaning,
to what extent the data sample represents and how adequately replicates the
characteristics of the larger real population. These advanced models, when applied
on a dataset, remain valid only under specific assumptions that might therefore
reduce the applicability of the findings to different circumstances. Furthermore,
there might be some degrees of inaccuracy in the measurement of study variables
(i.e., measurement error) in these types of datasets due to several reasons, such as
human error or inconsistent measurement methods (187, 188). Another challenge
working with big claims databases incurs technical challenges during the pre-
processing and cleaning of raw data before obtaining information from them. These
technical challenges may lead to inadvertent coding errors that could, irrespective of
how small they are, possibly alter the results in the end.

Causality in observational studies

In both chapters 3 and 4 I used an observational study method and therefore my
findings reflect causality only under specific assumptions. In chapter 3 specifically,
key supporting arguments in favor of causality of my findings were as follows:
distinct inverse associations between specialized physiotherapy and orthopedic
injuries, as well as speech & language therapy and pneumonia, provided mechanistic
plausibility (135). Additionally, the gradual diminishment of protective effects post-
treatment suggested that the protective effects of specialized allied health therapies
were reversible, which would be clinically plausible.

The main challenge in both chapters 3 and 4 was the lack of randomization between
study groups. Randomization boosts the chances of intervention and control groups
sharing similar baseline characteristics. In this process, any remaining difference
between groups will be due to chance (189). In chapter 3, I used covariate adjustment
with propensity scores as one additional sensitivity analysis to deal with the lack
of randomization, which did not alter my findings compared to the unadjusted
estimates. In chapter 4, I delved deeper into the observational study methodology,
employing the novel inverse probability weighting method (40) to address
randomization challenges. This approach effectively handled baseline characteristic
imbalances between early versus non-early levodopa initiation subgroups.
Additionally, it tackled time-varying confounding in a longitudinal setting where
the confounders of the treatment-outcome relationship could be affected by prior
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medication use and could also predict the probability of receiving the next medication
prescription (190, 191). Despite these efforts, residual confounding-by-indication
from unmeasured characteristics remains a potential consideration against the
accuracy of my findings.

Future directions for the research

The findings of my thesis pave the way for numerous future research avenues.
Chapter 2 hints at the potential of using modern technology to measure outcomes
and utilize big data that is generated by wearable device outputs as additional
measures. I anticipate that this will be further investigated in the next years, for
instance in an ongoing UK study which employs wearable cueing assistive devices
for managing drooling in PD (101). Further investigations should explore the impact
of specialized occupational therapy on specific facets like functional cognition
and fatigue, emphasizing its role in preventive strategies. This could be achieved

by leveraging the specific claims database of using cognition-related drugs or
other types of healthcare services used for cognitive well-being, which highlights
another potential of big claims databases. Furthermore, exploring the potential of
claims databases in PD research, particularly due to the presence of information
on medical expenses within these datasets, offers a promising avenue in assessing
cost-effectiveness of various treatment plans post-implementation including
the economic evaluations of specialized speech & language therapy compared to
standard care, which currently warrants attention. Chapter 3, by leveraging big data,
encourages examining the benefits of specialized allied health therapies in diverse
populations and settings, including low- or middle-income countries, and delving
into integrated care models involving multiple disciplines. Future research should
also focus on the effects of specialized care across different PD stages, incorporating
outcome measures such as institutionalization and mortality that could be found
in big medical claims databases. Looking ahead, the focus is on embracing patient-
centered outcomes through wearable sensors and mobile health apps. This shift
aims to uncover the impact of specific treatment choices on daily life, quality of
life, disease progression, and overall well-being. The inclusion of both patient and
caregiver perspectives in how to optimally leverage big data, while carefully handling
privacy concerns, will be pivotal for shaping the future of PD care.






Chapter 7

Dutch summary | Nederlandse samenvatting




86 | Chapter 7

Samenvatting (Nederlands)

Zorgverzekeringsgegevens gebruiken om de zorg voor mensen met de
ziekte van Parkinson te verbeteren

In hoofdstuk 1 introduceer ik de belangrijkste onderdelen van de klinische zorg
voor mensen met de ziekte van Parkinson en geef ik een kort overzicht van hiaten
in de kennis over de huidige behandeling van Parkinson, waaronder zowel niet-
farmacologische als farmacologische interventies. Het algemene doel van mijn
proefschrift is om te onderzoeken of de zorg voor mensen met Parkinson kan worden
verbeterd door gebruik te maken van zorgverzekeringsgegevens. Ik richt me specifiek
op de klinische effecten van een belangrijke groep niet-farmacologische therapieén,
namelijk gespecialiseerde paramedische interventies, en van de meest gebruikte
farmacologische therapie bij Parkinson, namelijk levodopa.

Gespecialiseerde zorg voor mensen met de ziekte van Parkinson:

een literatuuroverzicht

In hoofdstuk 2 geef ik een overzicht van de literatuur over gespecialiseerde zorg
voor mensen met de ziekte van Parkinson. Ik evalueer kritisch de literatuur over wat
gespecialiseerde zorg in deze context inhoudt, waar verschillende disciplines van
gespecialiseerde zorg zich op richten, op welke domeinen van het dagelijks leven ze
ingrijpen, en wat hun (kosten)effectiviteit is bij mensen met Parkinson. Ik geef ook
aanwijzingen voor toekomstig onderzoek naar gespecialiseerde zorg voor Parkinson.
Mijn belangrijkste conclusies zijn als volgt:

« Gespecialiseerde fysiotherapie, met name door middel van aerobe oefeningen en
gerichte behandelmodaliteiten zoals beweegstrategietraining, laat veelbelovende
positieve effecten zien op motorische en niet-motorische symptomen, en op de
kwaliteit van leven bij mensen met Parkinson.

« Uit klinisch onderzoek blijkt dat gespecialiseerde ergotherapie bij Parkinson
effectief is in het verbeteren van het dagelijks functioneren en van activiteiten die
met de motoriek te maken hebben.

« Gespecialiseerde logopedie verbetert de luidheid van de stem en functionele
communicatie bij mensen met Parkinson, en is ook effectief bij de behandeling
van slikproblemen en kwijlen, wat het risico op een longontsteking vermindert.

Gespecialiseerde paramedische zorg voor mensen met de ziekte van
Parkinson: een benadering op basis van zorgverzekeringsgegevens

In hoofdstuk 3 maak ik gebruik van zorgverzekeringsgegevens van mensen met
Parkinson in Nederland en onderzoek ik de effecten van de drie meest voorkomende
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disciplines van gespecialiseerde paramedische zorg (namelijk fysiotherapie,
ergotherapie en logopedie). Ik gebruik hiervoor rigoureuze analysetechnieken, waarbij
ik corrigeer voor demografische en klinische variabelen. Ik maak gebruik van een
samengesteld eindpunt van botbreuken (en andere letsels van het bewegingsapparaat)
of longontstekingen om de effectiviteit te vergelijken van zorg die geleverd wordt
door gespecialiseerde Parkinson-therapeuten ten opzichte van niet-gespecialiseerde
therapeuten. Mijn belangrijkste bevindingen zijn als volgt:

+ Gespecialiseerde paramedische behandelingen door getrainde professionals zijn
geassocieerd met een lagere incidentie van Parkinson-gerelateerde complicaties.

« Discipline-specifieke analyses laten zien dat gespecialiseerde fysiotherapie
en ergotherapie samenhangen met een lagere incidentie van Parkinson-
gerelateerde complicaties.

« De beschermende effecten van gespecialiseerde ergotherapie zijn meer uitgesproken
bij patiénten die ook behandeld worden door een gespecialiseerde fysiotherapeut.

« Er zijn discipline-specifieke effecten, namelijk dat gespecialiseerde fysiotherapie
geassocieerd is met minder botbreuken (en andere letsels van het bewegingsapparaat)
en gespecialiseerde logopedie geassocieerd is met minder longontstekingen.

« Na beéindiging van de behandeling treedt een geleidelijke afname op van de

gunstige effecten van gespecialiseerde zorg, waarbij de effecten van gespecialiseerde
fysiotherapie tot drie maanden na het staken waarneembaar zijn.

Vroege behandeling met levodopa bij mensen met de ziekte van
Parkinson: een benadering op basis van zorgverzekeringsgegevens

De optimale timing van het starten met levodopa bij mensen die gediagnosticeerd
zijn met de ziekte van Parkinson is momenteel onduidelijk, omdat gegevens over
de langetermijneffecten van levodopa schaars zijn. In hoofdstuk 4 adresseer ik deze
kennislacune door te onderzoeken of vroege levodopa-initiatie de mortaliteit (primaire
doelstelling), de noodzaak tot het inzetten van geavanceerde behandelingen en/of
de incidentie van Parkinson-gerelateerde complicaties (secundaire doelstellingen)
uitstelt. Mijn belangrijkste bevindingen zijn als volgt:

+ Vroege start van de behandeling met levodopa heeft geen invloed op mortaliteit bij
mensen met Parkinson.

« Vroege start van de behandeling met levodopa is geassocieerd met een grotere
kans op het ontvangen van geavanceerde dopaminerge behandelingen, zoals diepe
hersenstimulatie of levodopa-carbidopa pompvormen, later in het ziektebeloop.

. Vroege start van de behandeling met levodopa heeft geen invloed op het optreden
van Parkinson-gerelateerde complicaties.
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Een holistische kijk op de belangrijkste bevindingen

In hoofdstuk 6 bespreek ik de belangrijkste bevindingen van dit proefschrift
en de belangrijkste methodologische overwegingen bij het interpreteren van
deze bevindingen. Ik schets de belangrijkste kennishiaten over gespecialiseerde
paramedische zorg en vroege levodopa behandeling en geef aanwijzingen voor

toekomstig onderzoek over deze onderwerpen.
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A1. Research data management
Data management plan

Ethics and privacy

No ethical approval or informed consent was needed for the studies in this thesis
due to the observational nature of chapters 1 and 2, which were based on a claims
database (Vektis). As part of the standard health insurance policy in the Netherlands,
all patients included in the claims database had agreed to their data being used
anonymously for research purposes. At Vektis the application for data is screened
by compliance officers of all health insurers in the Netherlands and approved by the
BCVU (Bestuurscommisie Verzekeringen en Uitvoering) consisting of health insurers
directors. The original submitted medical claims data is critical and sensitive. The
dataset provided by Vektis is anonymized and all factors that enable identification of
an individual and competition-sensitive or confidential elements are removed before
the data is made available for research. No ethical approval or informed consent was
needed for chapter 3, which was based on a literature review.

Data collection and storage

For chapters 1 and 2 I used patient data from the Vektis health insurance company.
Medical claims data were submitted by health care providers to health insurers to
be eligible for reimbursement, and storing such data is a natural process of the
insurance company. The dataset was accessed from Radboud University Medical
Center, through a secure connection with the Vektis environment. Therefore, all
analyses were performed in the Vektis environment. The output of the analyses (i.e.,
results) were stored both in the Vektis environment and at the Radboudumc server.
Additionally, all the software scripts developed for analysis purposes were extracted
and saved in Radboudumc server for future replications. The data of patients were
anonymized by Vektis. Other data and outputs, such as manuscript data have been
stored on the secured servers of Radboudumc.

Data sharing

The Radboudumc will be the rightsholder of the data, except for data that is delivered
and processed and analyzed from Vektis. However, the raw database will only be
made available to the research team. For long-term data storage purposes, all medical
claims data since 2006 is stored at Vektis. All other data will be stored in the Data
Archiving and Network Services (DANS) repository: https://dans.knaw.nl/en . DANS
is frequently used as a repository for clinical scientific research at Radboudumc.
Data will be stored in accordance with Radboud University's data management
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policy: 10 years as a minimum retention period for achieving data. For giving access
to medical claims data, Vektis policies do not allow to share data with others, though
an official application can be made to Vektis for accessing the dataset for reuse. Data
were made reproducible by adding sufficient documentation (research methodology,
online supplementary material, codebook, and a readme file for scripts). Regarding
the publications, all studies are published open access.
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my heart, as we grew and learned together.

Dr. Mohammadsobhan Sheikh Andalibi, your guidance in research has been
invaluable, and your emotional support has been a pillar during challenging times.

Dr. Ali Khabazzade, meeting you during my obligatory military service turned a
challenging period into one of the happiest times in my life. Your friendship was a
true blessing.

Dr. Ramin Hassani, Dr. Mehrad Naseri, Dr. Navid Ebrahimipour, and Dr. Mostafa Jami,
the fun moments and lovely times we shared are treasured memories that have added
joy to my journey.



Appendices | 99

Dr. Yahya Sajedifar, Dr. Mohammadhossein Hassani, and Dr. Amir Nik, hiking the
highest summit of Iran with you during our medical school years stands as one of my
greatest sportive achievements. Our shared adventure created bonds that transcend
the ordinary.

From the Netherlands:

Iman, Yadollah, Farzaneh, Pouyan, and Jan, your support during my personal life
challenges was a testament to the strength of our friendship. Your encouragement
and understanding were instrumental in overcoming those difficult moments.

To all my friends, both near and far, thank you for being the pillars of support,
the companions in joy, and the shoulders to lean on throughout my academic and
personal endeavors.

To my wonderful officemates and colleagues,

Robin and Jules, our weekly update meetings for our Ph.D. thesis were more than just
a professional ritual—they were a true source of motivation, marking a memorable
journey of accomplishment in my mind.

Bauke, our daily morning coffee and chat sessions were the perfect start to my
workday. Your kindness in lending your race bike for cycling in the hills with you and
Luc added an extra layer of joy to my time at work.

Luc, thank you for being the patient listener to all my imaginary futuristic ideas
during our late-night work sessions. Your patience is admirable, and I will forever be
grateful for your lifesaving assistance during the Bike for Parkinson event.

Stacha, Janna, Amber, and Bart, thank you for the delightful conversations that made
the work environment lively and enjoyable. Janna, a special thanks for always lending
a hand in writing in Dutch for the Parkinson blog.

To all of you, thank you for being the supportive and friendly faces in my work life,
contributing to the positive atmosphere that made the challenging task of a Ph.D. all
the more manageable.

In closing, I would like to express my heartfelt thanks to all those whose names may
have inadvertently missed from this section. This small thank-you note captures
just a glimpse of the many individuals who have profoundly impacted my life and
academic journey. Countless friends, family members, colleagues, and mentors
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have contributed to the person I am today, and I am sincerely grateful for each
and every one of them. Though their names may not be explicitly mentioned here,
their influence is woven into the fabric of my journey, and I carry their support,
encouragement, and kindness with me. Your collective presence has shaped my path
in ways beyond measure, and I extend my appreciation to all those who have played a
role, no matter how subtle, in the tapestry of my life.

Amir Hossein Talebi
Nijmegen, December 2023
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A4. Curriculum Vitae

Curriculum Vitae
Name: Amir Hossein Talebi, MD

Contact: Amir.talebi.iran.23@gmail.com, Amirhossein.talebi@radboudumec.nl

Current position: PhD Candidate, Department of Neurology, Radboud University
Medical Centre, Donders Institute for Brain, Cognition and Behavior, Nijmegen,
the Netherlands.

Thesis title: “Leveraging big data to improve care for people with Parkinson’s disease”

Summary: “Medical Doctor and Scientific Researcher in Movement Disorders. With a strong
foundation in clinical practice and rvesearch, currently wrapping up a Ph.D. adventure.
Focused on leveraging health claims data, my research in Parkinson's disease employs
advanced analytical methods in causal inference to uncover valuable insights. In addition to
my professional endeavors, I have also achieved personal milestones. I successfully summited
the highest volcano in Asia, Mount Damavand. I have participated in athletic events to raise
awareness for Parkinson such as taking part in the Bike for Parkinson event in 2022. I also
completed the Rotterdam Marathon in April 2023.”

A.ACADEMIC HISTORY

Education:

Jun 2021 - Present Ph.D. Department of Neurology, Radboud University Medical
Centre, Donders Institute for Brain, Cognition and Behavior, Nijmegen, the
Netherlands. Thesis: “Leveraging Big Data to Improve Care for People with
Parkinson’s Disease”

Feb 2011 — Apr 2018 M.D. Mashhad University of Medical Sciences

B. EMPLOYMENT HISTORY

Jun 2021 - Present PhD Candidate, Department of Neurology, Radboud University
Medical Centre, Donders Institute for Brain, Cognition and Behavior, Nijmegen,
the Netherlands

May 2018 — Aug 2018 General Practitioner, Jondi Shapour University of Medical
Sciences, Gotvand, Khouzestan, Iran
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Aug 2018 — Sep 2019 General Practitioner, Mashhad, Iran

Oct 2019 — Aug 2020 Emergency Physician, North Khorasan University of Medical
Sciences, Shirvan, Iran

Sep 2020 - Jun 2021 Funded Research Assistant Position, Department of Neurology,
Radboud University Medical Centre, Donders Institute for Brain, Cognition and
Behavior, Nijmegen, the Netherlands

C. WORK & RESEARCH SKILLS

Healthcare emergency section management
Programming (R)

Microsoft office

Longitudinal and observational study methodology
Medical statistics

Claims-data

Scientific writing

Problem solving

Flexibility

Creativity

Critical thinking

D. GRANTS AND AWARDS
2023 Nominated for the jaarprijs Bewegingsstoornissen
(EN: annual prize movement disorders)

During my PhD program I was partly supported by the PRIME Parkinson project,
which is financed by the Gatsby Foundation (grant code: GAT3676) (UK) and
co-funded by the PPP Allowance made available by Health~Holland
(https://www.health-holland.com/funding-opportunities/tki-match), Top Sector Life
Sciences & Health, to stimulate public-private partnerships.

2011 Accepted in fully funded General Doctorate in Medicine in the National
University Entrance Exam out of about 409.000 applicants

E. PUBLICATIONS (Peer-Reviewed)

Talebi, A. H., Ypinga, J. H. L., De Vries, N. M., Nonnekes, J., Munneke, M., Bloem,
B. R., Heskes, T., Ben-Shlomo, Y., & Darweesh, S. K. L. (2023). Specialized Versus
Generic Allied Health Therapy and the Risk of Parkinson's Disease Complications.
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Movement disorders: official journal of the Movement Disorder Society, 38(2), 223—
231. (IF: 8.6)

Gelissen, L. M. Y., van den Bergh, R., Talebi, A. H., Geerlings, A. D., Maas, B. R.,
Burgler, M. M., Kroeze, Y., Smink, A., Bloem, B. R., Munneke, M., Ben-Shlomo, Y.,
& Darweesh, S. K. L. (2024). Assessing the validity of a Parkinson's care evaluation:
the PRIME-NL study. European journal of epidemiology, 10.1007/s10654-024-01123-7.
Advance online publication. (IF:13.6)

Sturkenboom I., Talebi, A.H., deVries, N.M., Darweesh, S.K.L., Kalf, ].G. REVIEW:
Specialized Allied Health Care for Parkinson’s Disease: State of the Art and Future
Directions Journal of Parkinson's Disease. Journal of Parkinson’s Disease. (IF:5.2)

Talebi, A.H., Darweesh, S.K.L., Bloem, B.R., Bucur, I.G., Heskes, T. Effect of Early
Levodopa Treatment on Mortality in People with Parkinson’s Disease. Movement
Disorders Clinical Practice. (IF: 4.0)

Sheikh Andalibi, M. S., Rezaei Ardani, A., Amiri, A., Morovatdar, N., Talebi, A.,
Azarpazhooh, M. R., & Mokhber, N. (2021). The Association between Substance Use
Disorders and Long-Term Outcome of Stroke: Results from a Population-Based Study
of Stroke among 450,229 Urban Citizens. Neuroepidemiology, 55(3), 171-179. (IF:5.7)

Anvari, M., Seddigh, A., Shafei, M. N., Rakhshandeh, H., Talebi, A. H., Tahani, M.
R., Saeedjalali, S. M., & Hosseini, M. (2012). Nigella sativa extract affects conditioned
place preference induced by morphine in rats. Ancient science of life, 32(2), 82—88.

F. CONTRIBUTION AS AN EDITORIAL BOARD OR INVITED PEER-REVIEWER
2022 Neurology (IF: 10.0)

2021 European Journal of Neurology (IF: 5.1)

G. ABSTRACTS & PRESENTATIONS AT INTERNATIONAL CONFERENCES

Talebi, A. H., Ypinga, J., Munneke, M., Bloem, B., & Darweesh, S. (2022, May).
Unraveling the Potential of Specialized Allied Health Therapy in Parkinsons
Disease. In NEUROLOGY (Vol. 98, No. 18). TWO COMMERCE SQ, 2001 MARKET ST,
PHILADELPHIA, PA 19103 USA: LIPPINCOTT WILLIAMS & WILKINS. The 74th AAN
Annual Meeting took place in Seattle April 2-7, 2022. (IF:10.0)
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AH. Talebi, JHL. Ypinga, M. Munneke, B. Bloem, SKL. Darweesh. Unraveling the
Potential of Specialized Allied Health Therapy in Parkinson’s Disease [abstract]. Mov
Disord. 2022; 37 (suppl 2). The MDS International Congress of Parkinson's Disease
and Movement Disorders took place in Madrid, Spain 2022. (IF: 8.6)

H. MEMBERSHIP IN PROFESSIONAL ASSOCIATIONS
2023 Movement Disorders Society (MDS)

2022 American Academy of Neurology (AAN)

2018 Iran Medical Council

1. PUBLIC SERVICE & CHARITY

Aug 2018 - Sep 2019 General Practitioner, Doctors Without Borders (MSF),
Mashhad, Iran

J. INTERESTS

Sportive Activities and Accomplishments:

2023 Completed 42 kilometers NN marathon, Rotterdam, the Netherlands.

2022 ZEVENHEUVELENLOOP, completed 15 kilometers running event, Nijmegen,
the Netherlands.

2022 BIKEVOORPARKINSON, completed 100 kilometers cycling route, “Bike for
Parkinson” is the annual unique cycling event where people with Parkinson(ism),
loved ones, caregivers and everyone who cares for these people come together to have
a cycling day together in the hills of South Limburg and to raise money for a nice
Parkinson's project, Limburg, the Netherlands.

2022 - 2023 Player of Radboud university student rugby team, Nijmegen, the Netherlands.
2019 Damavand summit, the highest volcano in Asia, Iran.

K. LANGUAGES

Persian: Native

English: Native or Bilingual proficiency
Khorasani Turkish: Native

Dutch: Limited working proficiency
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L. CONTACT REFERENCES

Bas Bloem Radboudumc, Donders Institute for Brain, Cognition and Behaviour,
Department of Neurology, Center of Expertise for Parkinson and Movement
Disorders, Netherlands. Full professor

Tom Heskes Institute for Computing and Information Sciences, Radboud University,
Netherlands. Full professor

Sirwan Darweesh Radboudumc, Donders Institute for Brain, Cognition and
Behaviour, Department of Neurology, Center of Expertise for Parkinson and
Movement Disorders, Netherlands. Neurologist and clinical epidemiologist

Gabriel Bucur Institute for Computing and Information Sciences, Radboud
University, Netherlands. Assistant professor

Yoav Ben-Shlomo Population Health Sciences, Bristol Medical School, University of
Bristol, UK. Full professor
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As. Dissertations of the Disorders of Movement research
group, Nijmegen

Dissertations of the Disorders of Movement research group, Nijmegen
Center of Expertise for Parkinson & Movement Disorders

Jasper E. Visser. The basal ganglia and postural control. Radboud University Nijmegen, June 17th 2008.
Maaike Bakker. Supraspinal control of walking: lessons from motor imagery. Radboud University
Nijmegen, May 27th 2009.

W. Farid Abdo. Parkinsonism: possible solutions to a diagnostic challenge. Radboud University
Nijmegen, October 7th 2009.

Samyra H.]J. Keus. Physiotherapy in Parkinson’s disease. Towards evidence-based practice. Leiden
University, April 29th 2010.

Lars B. Oude Nijhuis. Modulation of human balance reactions. Radboud University Nijmegen,
November 29th 2010.

Maarten J. Nijkrake. Improving the quality of allied health care in Parkinson’s disease through
community-based networks: the ParkinsonNet health care concept. Radboud University Nijmegen,
November 29th 2010.

Rick C.G. Helmich. Cerebral reorganization in Parkinsor’s disease. Radboud University Nijmegen,
May 24th 2011.

Ilona B. Bruinsma. Amyloidogenic proteins in Alzheimer’s and Parkinson’s disease. Interaction with
chaperones and inflammation. Radboud University Nijmegen, September21st 2011.

Charlotte A. Haaxma. New perspectives on preclinical and early stage Parkinson’s disease. Radboud
University Nijmegen, December 6th 2011.

Johanna G. Kalf. Drooling and dysphagia in Parkinson's disease. Radboud University Nijmegen,
December 22nd 2011.

Anke H. Snijders. Tackling freezing of gait in Parkinson’s disease. Radboud University Nijmegen,
June 4th 2012.

Bart F.L. van Nuenen. Cerebral reorganization in premotor parkinsonism. Radboud University
Nijmegen, November 22nd 2012..

Wandana Nanhoe-Mahabier. Freezing of physical activity in Parkinson’s disease, the challenge to change
behavior. Radboud University Nijmegen, February 13th 2013.

Marlies van Nimwegen. Promotion of physical activity in Parkinson’s disease, the challenge to change
behavior. Radboud University Nijmegen, March 6th 2013.

Arléne D. Speelman. Promotion of physical activity in Parkinson’s disease, feasibility and effectiveness.
Radboud University Nijmegen, March 6th 2013.

Tjitske Boonstra. The contribution of each leg to bipedal balance control. University Twente,
June 6th 2013.

Marjolein A van der Marck. The Many faces of Parkinson’s disease: towards a multifaceted approach?
Radboud University Nijmegen, January 20th 2014.

Katrijn Smulders. Cognitive control of gait and balance in patients with chronic stroke and Parkinson’s
disease. Radboud University Nijmegen, May 21st 2014.
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Marjolein B. Aerts. Improving diagnostic accuracy in parkinsonism. Radboud University Nijmegen,
June 27th 2014. 578030-L-bw-Lennaerts

Maartje Louter. Sleep in Parkinson's disease. A focus on nocturnal movements. Radboud University
Nijmegen, February 13th 2015.

Frederick Anton Meijer. Clinical Application of Brain MRI in Parkinsonism: From Basic to Advanced
Imaging, Radboud University Nijmegen, June 23th 2015.

Jorik Nonnekes. Balance and gait in neurodegenerative disease: what startle tells us about motor control,
Radboud University Nijmegen, September 25th 2015.

Martijn van der Eijk. Patient-centered care in Parkinsor’s disease. Radboud University Nijmegen,
December 1st 2015.

Ingrid Sturkenboom. Occupational therapy for people with Parkinson’s disease: towards evidence-
informed care. Radboud University Nijmegen, February 11th 2016.

Merel M. van Gilst. Sleep benefit in Parkinson’s disease. Radboud University Nijmegen, April 13th 2016.

Arno M. Janssen. Transcranial magnetic stimulation - measuring and modeling in health and disease.
Radboud University Nijmegen, June 2nd 2016.

Annette Plouvier. De ziekte van Parkinson, een gezamenlijke reis van huisarts en patiént. Radboud
University Nijmegen, juni 15th 2017.

Nico Weerkamp. Parkinson’s disease in long-term-care facilities. Radboud University Nijmegen,
September 1st 2017.

Digna de Kam. Postural instability in people with chronic stroke and Parkinson’s disease: dynamic
perspectives Radboud University Nijmegen, October 4th 2017.

Freek Nieuwhof. The complexity of walking: Cognitive control of gait in aging and Parkinson’s disease
Radboud University Nijmegen, October 27th 2017.

Koen Klemann. A molecular window into Parkinson’s disease. Radboud University Nijmegen,
November 3th 2017.

Jeroen Venhovens. Neurovestibular analysis and falls in Parkinson’s disease and atypical parkinsonism.
Radboud University Nijmegen, March 20st, 2018.

Claudia Barthel. Moving beyond: freezing of gait in Parkinson’s disease. Radboud University Nijmegen,
April 4th 2018.

Esther Bekkers. Freezing and postural control in Parkinson’s disease. Defense at KU Leuven,
May 15th 2018.

Erik te Woerd. Feeling the beat: The neurophysiology of cueing in Parkinson’s disease. Radboud
University Nijmegen, January 18th 2019.

Ana L. Silva de Lima. Quantifying Parkinson’s disease: the use of technology for objective assessment of
motor symptoms. Radboud University Nijmegen, March 26th 2019.

Monique Timmer. Neurocognitive mechanisms underlying depression in Parkinson's disease. Radboud
University Nijmegen, April 16th, 2019.

Sabine Janssen. Virtual visual cues: vice or virtue? University of Twente, March 11th, 2020.

Anna Santaella Tort6s-Sala. Tackling Parkinson’s disease: a proteomic approach to biomarkers and
regenerative therapy. Radboud University Nijmegen, October 22nd 2020.
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Nicolien van der Kolk. Towards a prescription for exercise for persons with Parkinson’s disease. Radboud
University Nijmegen, October 30th, 2020.

Michiel Dirks. Neural mechanisms of Parkinson’s tremor. Radboud University Nijmegen, November
22nd, 2020.

Sjors van de Weijer. Digital technology-enabled home health care: Gamification in online cognitive
therapies for Parkinson’s disease. Maastricht University, September 1st 2021.

Taina Macherini Marques. Discriminating Parkinsonian Disorders. Radboud University Nijmegen,
September oth 2021.

Danny Hommel. Impairment and disability in late-stage parkinsonism. Radboud University Nijmegen,
September 27th, 2021.

Floris Vlaanderen. Towards seamless and sustainable care for Parkinson’s disease. Radboud University
Nijmegen, October 27th, 2021.

Rui Aradjo. The art of clinical neurology. Radboud University Nijmegen, March 7th, 2022. Sara Riggare.
Personal science in Parkinson’s disease. Radboud University Nijmegen, March 25th, 2022.

Tamine Capato. Clinical assessment and Management of Balance Impairments in Parkinson's disease.
Radboud University Nijmegen, June 29th, 2022..

Herma Lennaerts. Palliative care for people with Parkinson's disease and their family caregivers.
Radboud University Nijmegen, July 6th, 2022.

Carlijn Borm. Vision in Parkinson’s disease: more than meets the eye. Radboud University Nijmegen,
February 22th, 2023.

Non-Parkinsonian disorders of movement

Sacha Vermeer. Clinical and genetic characterization of autosomal recessive cerebellarataxias.
Radboud University Nijmegen, April 5th 2012.

Susanne T. de Bot. Hereditary spastic paraplegias in the Netherlands. Radboud University Nijmegen,
December 20th 2013.

Catherine C.S. Delnooz. Unraveling primary focal dystonia. A treatment update and new
pathophysiological insights. Radboud University Nijmegen, January 7th 2014.

Ella M.R. Fonteyn. Falls, physiotherapy, and training in patients with degenerative ataxias. Radboud
University Nijmegen, June 29th 2016.

Britt Sofie Hoffland. Investigating the role of the cerebellum in idiopathic focal dystonia. Radboud
University Nijmegen, March 22nd 2018.

Ilse Eidhof. Common biological denominators and mechanisms underlying ataxialike motor
dysfunction: from human to fly, 2 April 2020.

Bas van Lith. Balance and gait problems in people with in hereditary spastic paraplegia,
16 November 2020.

Nienke van Os. Ataxia telangiectasia - disease course and management, 19 March 2021.
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Aé6. Donders Graduate School

For a successful research Institute, it is vital to train the next generation of scientists.
To achieve this goal, the Donders Institute for Brain, Cognition and Behaviour
established the Donders Graduate School in 2009. The mission of the Donders
Graduate School is to guide our graduates to become skilled academics who are
equipped for a wide range of professions. To achieve this, we do our utmost to ensure
that our PhD candidates receive support and supervision of the highest quality.

Since 2009, the Donders Graduate School has grown into a vibrant community
of highly talented national and international PhD candidates, with over 500 PhD
candidates enrolled. Their backgrounds cover a wide range of disciplines, from
physics to psychology, medicine to psycholinguistics, and biology to artificial
intelligence. Similarly, their interdisciplinary research covers genetic, molecular,
and cellular processes at one end and computational, system-level neuroscience
with cognitive and behavioural analysis at the other end. We ask all PhD candidates
within the Donders Graduate School to publish their PhD thesis in de Donders Thesis
Series. This series currently includes over 700 PhD theses from our PhD graduates
and thereby provides a comprehensive overview of the diverse types of research
performed at the Donders Institute. A complete overview of the Donders Thesis
Series can be found on our website: https://www.ru.nl/donders/donders-series

The Donders Graduate School tracks the careers of our PhD graduates carefully. In
general, the PhD graduates end up at high-quality positions in different sectors, for
a complete overview see https://www.ru.nl/donders/destination-our-former-phd. A
large proportion of our PhD alumni continue in academia (>50%). Most of them first
work as a postdoc before growing into more senior research positions. They work
at top institutes worldwide, such as University of Oxford, University of Cambridge,
Stanford University, Princeton University, UCL London, MPI Leipzig, Karolinska
Institute, UC Berkeley, EPFL Lausanne, and many others. In addition, a large group of
PhD graduates continue in clinical positions, sometimes combining it with academic
research. Clinical positions can be divided into medical doctors, for instance, in
genetics, geriatrics, psychiatry, or neurology, and in psychologists, for instance
as healthcare psychologist, clinical neuropsychologist, or clinical psychologist.
Furthermore, there are PhD graduates who continue to work as researchers
outside academia, for instance at non-profit or government organizations, or in
pharmaceutical companies. There are also PhD graduates who work in education,
such as teachers in high school, or as lecturers in higher education. Others continue
in a wide range of positions, such as policy advisors, project managers, consultants,
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data scientists, web- or software developers, business owners, regulatory affairs
specialists, engineers, managers, or IT architects. As such, the career paths of
Donders PhD graduates span a broad range of sectors and professions, but the
common factor is that they almost all have become successful professionals.

For more information on the Donders Graduate School, as well as past and upcoming
defences please visit:

http://www.ru.nl/donders/graduate-school/phd/
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A7.Online Supplementary Material
Online Supplementary Material Chapter 2

Supplementary material A. Search strategy
The following search string was entered in PubMed at 2024/01/10:

("rehabilitation"[All Fields]) OR ("allied health"[All Fields]) OR ("multidisciplinary"
[All Fields]) OR ('interdisciplinary”") OR ('physiotherapy'[All Fields]) OR
("occupational” [All Fields])) OR (("speech’ [All Fields]) OR ('language" [All Fields])
AND ("therapy" [All Fields])) AND ("Parkinson s disease"[All Fields])

The box 'randomized controlled trial' was checked in PubMed

Inclusion criteria:

« Randomized controlled trial

« Intervention group received care from a combination of two or more allied
health disciplines

« Control group did not receive care from multiple allied health disciplines
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Supplementary material B. Flowchart literature search

INITIAL SEARCH
PubMed

Articles screened:
title & abstract
N =612

Articles not eligible for full text
review
N =589

h 4

Articles for full-text
review
N=23

Excluded as not eligible
N=14

Multi-finterdisciplinary care in both treatment arms: n =6
No multi-finterdisciplinary care: n = 3
Protocol paper:n =3
Duplicate:n=1
No English: n =1

L 4
Articles included
N=9
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Supplementary file C. Detailed assessment of meeting criteria for specialized allied

health care
Author (date) PD trained AHPs Personalized intervention PD-specific intervention
Clarke et al. Not reported Yes Uncertain
(2016)(103)
Therapy was tailored to A framework for therapy content was
an individual patient’s developed and
requirements using a patient- agreed on by expert therapist groups
centered joint goal-setting based on previous work
approach on standards of NHS PT and OT and
European guidelinesHowever, logs
showed few use PD-specific exercise,
strategies or task related practice.
Frazzitta et al. Not reported Not fully reported Not fully reported
(2012)(104)
Intervention protocolized, Designed for Parkinson. PT focused
tailoring not reported on exercise programs. Exercise
was augmented with cues, but
no strategy training reported for
functional mobility.
OT focused on autonomy in
transfers, dressing and arm-hand
function. Not described how.
Frazzitta et al. Not reported Not fully reported Not fully reported
(2015)(105)
Intervention protocolized, Designed for Parkinson. PT focused
tailoring partly reported (max ~ on exercise programs. Exercise
heart rate) was augmented with cues, but no
strategy training reported.
OT focused on autonomy in
transfers, dressing and arm-hand
function. Not described how.
Ferrazzolietal. ~ Notreported Not fully reported Partly

(2018a)(106)

Intervention protocolized,
"goal-based", tailoring partly
reported

PT: Focused only on capacity
(exercise).

OT: yes. Dexterity, writing and
ADLS with PD-specific strategies.
No reference to guidelines/evidence
for this.

ST: Does not seem to include
evidence-based interventions

for speech.
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Appropriate treatment context Appropriate intervention Appropriate
dose multidisciplinary care
Yes No Yes

In community: home-based (mostly
OT) and outpatient clinic (mostly PT).

Median number of therapy
sessions was 4 (range, 1-21)
over 8 weeks for OT and PT
together.

PT and OT appropriate for
focus on daily activities.
Joint goal setting approach

Partly

For exercise appropriate, for training
of autonomy in activities questionable.

Yes

Focus on motor exercise and
skill training- high intensity.

Yes

PT and OT appropriate to
target motor functioning and

Repeated after a year. ADL. However, collaboration
Patients were given (unsupervised) not described.
exercise program for use at home Not too burdensome?
Partly Yes Yes
For exercise appropriate, for training Focus on motor exercise and PT and OT appropriate to

of autonomy in activities questionable

skill training- high intensity.

target motor functioning and

Repeated after a year. ADL. However, collaboration
Patients were given (unsupervised) not described.
exercise program for use at home Not too burdensome?
Partly Yes Yes
For exercise appropriate. For training ~ Focus on motor exercise and PT and OT appropriate to

of autonomy in activities questionable,
but people were early stage.

Patients were given (unsupervised)
exercise program for use at home

skill training- high intensity:

21 sessions per week for 4
weeks.

Not too burdensome?

target motor functioning and
ADL. However, collaboration
not described.
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Supplementary file C. Continued

Author (date) PD trained AHPs Personalized intervention PD-specific intervention
Ferrazzolietal.  notreported Yes Partly
(2018b)(107)
Therapy was tailored to an PT: focused only on capacity
individual patient by team (exercise). No strategies or functional
mobility

OT, yes. Dexterity, writing and ADLS
with strategies. No reference to
guidelines/evidence

ST: Does not seem to include
evidence-based interventions for
speech.

Tickle-Degnen Yes Yes Yes

et al. (2010)(108)
AHPs trained and  Focus on own valued domains  Following evidence based guidelines,
supervised for and self-management. exercise and strategies and self-
consistency in management.
the standardized,
manualized, and

interdisciplinary
intervention.
Wade et al. Uncertain Yes Not reported
(2003)(109)
A'specialist team’,  Individual treatment plan
but not specified
Stozek et al. Not reported Not fully reported Not fully reported
(2016)(110)
Only described that number For functional mobility: yes; for
of repetition depended on speech no mention of evidence
individual capacity based guidelines
Monticone etal.  Not fully reported ~ Not fully reported Yes
(2015)(111)
‘equally Not clearly reported. Treatment ~ PT: combination of task oriented
experienced' was individually delivered. training of functional mobility,

also using PD-specific strategies
and training physical capacity; OT:
functional practice and adaptation,
focus on home.

Abbreviations: PD, Parkinson’s disease; AHPs, allied health professionals; OT, Occupational therapy;
PT, physical therapy; ST, speech-language therapy; ADL, Activities of Daily Living
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Appropriate treatment context Appropriate intervention Appropriate
dose multidisciplinary care
Partly Yes Yes

For exercise appropriate, for training
of autonomy in activities questionable.

Focus on motor exercise and
skill training- high intensity.

OT, PT and ST appropriate
to target motor functioning,

21 sessions per week for 4 ADL and speech.
For ST? weeks. Repeated afterayear. ~ However, collaboration not
described.
Patients were given (unsupervised) Too burdensome?
exercise program for use at home.
IG1: Partly IG1: Uncertain Yes
1G2: Yes 1G2: Yes

IG2 was combination of outpatient
and home-based therapy.

Either a total of 18 hrs. (2
times a week) or 27 hrs. (3
times a week) over 6 weeks.
Focus on self- management.
Uncertain whether people
practiced at home.

Combination of OT, PT and
ST, worked interdisciplinary

No

Outpatient rehab program; no
mention of working towards transfer
to home context

No

Once a week x 6: insufficient
for training skills

Yes

Combination of individual
treatment and group
intervention within a
multidisciplinary team

No

Outpatient rehab program; no
mention of working towards transfer
to home context

Yes

4 weeks, 28 sessions

Uncertain

Involvement of PT, but not
clear what discipline provided
speech therapy. No mention
of a speech therapist.

Partly

Inpatient program, but attention for
home. Exercise program was given for
after discharge.

Partly

8 weeks, PT: daily 90 min,
adequate; OT 1x a week 30
min, insufficient for skills
practice

Yes

Combination of PT and OT
appropriate for improving
daily functioning
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Online Supplementary Material Chapter 3

Supplementary methods 1

Web-based referrals support physicians to specifically refer their PwP to a qualified
therapist. Referral to a specialized (i.e., ParkinsonNet-affiliated) therapist is based
on choices by either PwP, their treating clinician, or both, but is influenced to very
limited extent by geographical proximity to specialized therapists. Specifically,
patients and clinicians can find specialized therapists who work geographically close
to the patient through a web-based healthcare finder (www.ParkinsonZorgzoeker.
nl). There is nationwide coverage of specialized therapists (192). Importantly, this
network approach reached full nationwide coverage in the Netherlands by 2010, so
that access to both specialized ParkinsonNet care and generic AHT was available
throughout the country for the timeframe that we analyzed. Any clinician can refer
PwP to ParkinsonNet therapists, regardless of whether or not this clinician is himself
or herself associated with ParkinsonNet. It is possible that there was preferred
referral to ParkinsonNet therapists by movement disorders specialists. This may have
introduced some confounding bias if a larger proportion of PwP in the specialized
AHT group were treated by a movement disorders specialist. It is unlikely that this
had a major effect on the results, since adjustment for the hospital type in which PwP

received care (university medical center vs. other) did not alter the results.
Supplementary methods 2

Detailed description of further analyses

We performed several further analyses to explore the robustness of the main results
and if there was evidence of effect modification. (i) We repeated the main OT and
S&LT analyses with additional adjustment for exposure to PT (no PT, generic PT,
specialized PT) and after stratification for level of exposure to PT. (ii) We repeated
the main models for complication-specific outcomes (i.e., pneumonia or orthopedic
injuries). (iii) We repeated the main models in strata defined by age, SES, CCI score,
PD-specific medication or sex. For stratification of continuous variables, we used
the median value as cut-off, except for disease duration which we dichotomized at
5 years, because that is a commonly used milestone in clinical practice. Since we had
no information about the date of diagnosis before January 1, 2009, we could not use
the complete dataset for this analysis; instead, the follow-up time in this analysis
started on January 1%, 2015, so that, individuals diagnosed with PD in or before 2009
could be classified as having had clinical PD for >5 years. (iv) To determine whether
the effect of specialized AHT versus generic AHT varied by different numbers of
treatment exposure period, we compared the main models on strata that included
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only treatments in the first year (individuals with <365 treatment exposure days), in
the second year (individuals with >365 treatment exposure days and <730 treatment
exposure days), or beyond two years (individuals with >730 treatment exposure
days) after PD diagnosis. (v) We assessed sustainability of the effects after cessation
of specialized AHT by extending the lag period of exposure to 60, 90, 365, 730,
1460, or 1825 days. As an addition, in another sensitivity analysis we assessed the
sustainability of the specific effects after cessation of two specialized disciplines of PT
and S&LT by using complication-specific outcomes. Specifically, we used orthopedic
injuries as the main outcome for PT and pneumonia for S&LT and extended the lag
period of exposure to 60, 90, 365, 730, 1460, or 1825 days. (vi) To determine whether
residual confounding may have affected the main analyses, we assessed whether
there was an association between the rate of complications with future exposure to
specialized AHT versus. generic AHT. In a sensitivity analysis, we determined the
conditional probability (‘propensity score’) of an individual to receive specialized
AHT by fitting a logistic regression model comprising baseline sociodemographic
and clinical characteristics as independent variables and the level of AHT expertise
they received as the dependent variable (193), and adjusted the main analysis (on
any-discipline AHT) for the propensity score instead of adjusting for individual
covariates. In a separate sensitivity analysis, we additionally adjusted the main model
for the hospital type (university medical centers vs. other centers) in which PwP
received care, as a proxy for the involvement of movement disorders specialists. In
another sensitivity analysis we assessed the association between AHT and the rate of
PD-related complication in those who received any AHT vs. those who did not receive
AHT. We included all people with PD in the time-window between January 1st, 2015
until December 31st, 2018. We chose this time period to facilitate adjustment for a
clinical disease duration of >5 years, in order to minimize confounding by disease
duration, as disease duration could only be determined from 2011 onwards. For this
analysis we defined the follow-up start for both subgroups as the first observation in
which individuals were assigned a PD diagnostic code. We followed both groups until
the first of the following events: death or December 31st, 2018. We used a Poisson
multivariate regression model to estimate the IRR for complications that occurred
during this period, and re-ran the model once again with propensity score adjustment
method. We adjusted the models for the same measured baseline covariables that we
used in the main study models. The sensitivity analysis comparing the association
between any AHT vs. no AHT and the rate of PD-related complications showed that
the distribution of follow-up time between two groups are not equal. To correct for
this imbalance we selected individuals of both groups with two years of follow-up and
re-ran the analysis. We conducted all analyses in R statistical software version 3.4.3.
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Supplementary figures & tables chapter 3:

Any Level Allied Health Therapy

Occupational therapy
Physiotherapy
Speech&Language therapy

Number of people without any
allied health therapy

Supplementary Figure 1. Venn diagram illustrates the patterns of the delivery of allied health therapy disciplines in persons with Parkinson'
over study years. Of all 59,313 persons with Parkinson's disease, 51,464 were received any level of these disciplines.
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Association of the Level of Expertise of Care and the Rate of Complications by Subgroups

Age
<74

>=74

Socio-economic status
<0.02

>=0.02

Charlson comorbidity score
<4

>=4

PD-Medication
No

Yes

Sex
Women

Men

Disease duration (follow-up started from 2015 onwards)
<5

>=5

Any discipling
B Physiotherapy
M Speech&Language therapy

——r W Occupational therapy

I \ 1
1 1.5 2

Supplementary Figure 2. Forest plot shows the association between the level of expertise (specialised VS. generic) with
the complications rate in different subgroups. Numbers in x-axis indicates incidence rate ratio with 95% confidence intervals
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Supplementary Table 1. Complications Codes Which Used from the Vektis Database in the Analyses.

Vektis Diagnosticcode  Specialty category ~ Complication/ Diagnosis Complication Group
0303-0205 Surgery Clavicle Ortho injuries
0303-0207 Surgery Humerus proximal and shaft ~ Ortho injuries
0303-0208 Surgery Distal humerus/ (epi) Ortho injuries
condyle(s)
0303-0210 Surgery Radius head Ortho injuries
0303-0211 Surgery Forearm nno Ortho injuries
0303-0212 Surgery Wrist Ortho injuries
0303-0216 Surgery Ribs, sternum Ortho injuries
0303-0217 Surgery Pelvis/ sacrum Ortho injuries
0303-0218 Surgery Femur, proximal (+ collum) Ortho injuries
0303-0219 Surgery Femur other Ortho injuries
0305-1703 Orthopedics Loosening/ infection/ Ortho injuries
malposition of pelvis/ hip/
thigh prosthesis
0305-3003 Orthopedics Sternum/ ribs Ortho injuries
0305-3006 Orthopedics Clavicle Ortho injuries
0305-3008 Orthopedics Humerus proximal and shaft ~ Ortho injuries
0305-3009 Orthopedics Distal humerus/ (epi) condyle  Ortho injuries
)
0305-3011 Orthopedics Radius cup Ortho injuries
0305-3012 Orthopedics Forearm Ortho injuries
0305-3013 Orthopedics Wrist Ortho injuries
0305-3017 Orthopedics Pelvis Ortho injuries
0305-3018 Orthopedics Acetabulum Ortho injuries
0305-3019 Orthopedics Femur proximal (+ collum) Ortho injuries
0305-3020 Orthopedics Femur other Ortho injuries
0305-3207 Orthopedics Hip, prosthesis Ortho injuries
0313-0401 Internal med Pneumonia nno Pneumonia
0322-1401 Lung diseases Pneumonia Pneumonia
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Supplementary Table 2. Characteristics of People with Parkinson’s Disease, Stratified by Exposure to Any
Allied Health Therapy

AHT No AHT
Age at diagnosis (SD) 73(9.7) 69 (10.5)
Gender (female) 16393 (42%) 1630 (32%)
Individuals with at least one PD-medication at diagnosis 34111 (87%) 3806 (74%)
SES -0.13 (1.1) -0.16 (1.2)
CCI at diagnosis 5.1(1.7) 4.4(1.5)
Individuals with at least one PD-complication in year 2014 2043 (5%) 115 (29%)
N complications 1577 129
Person-years (mean) 2.0 2.0
IRR (95% CI) 1.19 (0.90-1.57)

Population from year 2015 onwards; AHT: allied health therapy. Socioeconomic status (SES) derived from
characteristics such as education, income, and labor market status of people in each neighborhood.
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Supplementary Table 3. Association of Level of Allied Health Therapy and the Risk of Parkinson's
Disease-related Complication Stratified by the Number of Treatment Days that Participants Received

Any discipline Physiotherapy
Treatment exposure N Ncomp Person-yrs Rate IRR N Ncomp Person-yrs IRR
period (sum) (95% CI) (95% CI)
<365 days Total 51464 4045 53645 0.075  0.67 49948 3738 50307 0.70
(0.63-0.72)" (0.65-0.74)"
Sp 1630 22261 0.073 1436 19986
Gen 2415 31384 0.077 2302 30321
365-730days Total 31541 2363 30696 0.077 0.82 30829 2269 29628 0.81
(0.75-0.89)" (0.74-0.89)*
Sp 931 11967 0.078 862 11273
Gen 1432 18729 0.076 1407 18355
>730 days Total 21047 4119 47021 0.088  0.98 20751 4157 47069 0.96
(0.89-1.08) (0.87-1.06)
Sp 1137 14421 0.079 1085 13975
Gen 2982 32600 0.091 3072 33093

N, number of participants. N comp, number of complications. Sp, specialized. Gen, generic.
CI, confidence interval. IRR, incidence rate ratio of specialized vs. generic (reference) allied health
therapy for Parkinson's Disease-related complications; adjusted for age, gender, socioeconomic status,
CCI score, complications in the year before enrolment, PD specific medications, and number of days of
treatment. NA, not applicable.



Appendices | 127

Speech & Language therapy Occupational Therapy
N Ncomp Person-yrs IRR N N comp Person-yrs IRR
(95% CI) (95% CI)
14113 700 7144 0.94 23716 1221 9553 0.88
(0.80-1.11) (0.78-1.00)
421 4298 677 5440
279 2845 544 4113
2447 170 1585 0.70 1730 88 749 1.32
(0.50-0.98)* (0.80-2.15)
91 972 62 486
79 613 26 263
824 103 1015 1.09 197 7 145 1.23(NA)
(0.62-1.93)
63 591 7 102
40 424 o 43
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Supplementary Table 4.1. Association Between Level of Different Disciplines of Allied Health Therapy
and the Rate of Complications Stratified by Different Lag Periods after Treatment Cessation

Any discipline Physiotherapy Speech &language  Occupational
therapy therapy

60 days lag 0.81(0.78-0.85)* 0.81(0.77-0.85)* 1.00(0.85-1.16) 1.03(0.92-1.15)
90 days lag 0.82(0.79-0.86)* 0.82(0.78-0.86)  1.06(0.92-1.23) 1.11(1.00-1.23)
365 days lag 0.89(0.86-0.93)" 0.89(0.87-0.93)"  1.29(1.15-1.45) 1.59(1.46-1.72)
(one year)
730 days lag 0.90(0.86-0.93)" 0.89(0.86-0.93)  1.50(1.35-1.67) 1.86(1.73-2.00)
(two years)
1460 days lag 0.91(0.87-0.94)* 0.90(0.86-0.94)"  1.66(1.51-1.84) 2.25(2.10-2..41)
(four years)
1825 days lag 0.91(0.88-0.95)" 0.91(0.87-0.95)"  1.77(1.60-1.95) 2.41(2.25-2.58)
(five years)

Lag period increases to different number of days of follow-up after last AHT session, specifically if
individuals stop receiving specialized AHT at 30 days but we continue following patients until what extend
this specialized treatment effect will sustain. CI, confidence interval. Columns indicating IRRs, incidence
rate ratio of specialized vs. generic (reference) allied health therapy for Parkinson's Disease-related
complications; adjusted for age, gender, socioeconomic status, CCI score, complications in the year before
enrolment, and PD-specific medications.

Supplementary Table 4.2. Association Between Level of Different Disciplines of Allied Health Therapy
and the Rate of Specific Complications Stratified by Different Lag Periods after Treatment Cessation

Physiotherapy (and therateof ~ Speech & language therapy

orthopedic injuries) (and the rate of pneumonia)
60 days lag 0.79(0.74-0.83)* 0.90(0.70-1.15)
90 days lag 0.80(0.75-0.84)" 0.92(0.73-1.16)
365 days lag(one year) 0.87(0.83-0.92)* 1.19(1.00-1.42)
730 days lag(two years) 0.87(0.83-0.92)* 1.33(1.13-1.56)
1460 days lag 0.88(0.84-0.92)* 1.48(1.27-1.73)
1825 days lag(five years) 0.89(0.85-0.93)* 1.58(1.36-1.83)

Columns indicating IRRs, incidence rate ratio of specialized vs. generic (reference) allied health therapy
for Parkinson’s Disease-related complications; adjusted for age, gender, socioeconomic status, CCI
score, complications in the year before enrolment, and PD-specific medications.
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Online Supplementary Material Chapter 4

In a longitudinal setting with an observational study design, we need to address the
possible sources of bias. Specifically, we need to address time-varying confounding,
meaning confounders of the treatment-outcome relationship that could be affected
by prior medication use and that also could predict the probability of receiving the
next medication prescription (194, 195). Reducing these biases in our study by using
(stabilized) Inverse Probability (IP) weights improves the average causal effect
estimate of Levodopa initiation timing on mortality in people with Parkinson’s
disease (196). For our analysis, we represented the treatment history of the first
two years post diagnosis as a binary time-varying variable. We split the data into
discrete (quarterly) time steps from diagnosis to the first medication prescription
date, meaning a maximum of nine years follow-up, for which we had 36 separate
time periods that contained the data regarding the treatment status and all other
co-variables. For simplicity, we assumed that the medication prescription decision
took place on the first day of each quarter and that the use of medication continued
until the last day of that quarter. For example, we assumed that an individual with
the diagnosis date of March 1%, 2012, one Levodopa prescription during the third
quarter of 2013 and another Levodopa prescription during the second quarter of
2014, was six months on treatment within 28 months of total follow-up, one from July
1%, 2013 to September 30, 2013 and from April 1%, 2014 to June 30%, 2014. In order to
define the different treatment strategies for computation of the inverse treatment
probability weights, we split the first two years of follow-up period into 8 consecutive

time-intervals (quarters) and defined early initiation as having received Levodopa
treatment in at least one of the quarters, while late initiation meant no Levodopa
was prescribed during these two years. For instance, the participant in the previous
example has followed the treatment strategy of ooooo100, where each binary digit
shows receiving or not receiving treatment in a particular quarter within the first
two years after their diagnosis, and was hence categorized into the early treatment
strategy group.

Inverse Probability Weights

The role of IP weighting is to adjust for possible time-varying confounding by
correcting the dependence between treatment and outcome due to covariates.
This is achieved by creating a pseudo-population in which there is no association
between the treatment and the covariates. The IP weighting method is explained in
detail elsewhere (197). Here, we show the mathematical formula for the stabilized IP
weights and briefly explain the statistical computation steps that we performed.
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. Ayl Ay—
A= M Equation 1
f(ArlA-1, Li)

k=0

The stabilized IP weights are expressed as a product of conditional probabilities for
each individual treatment value in the treatment strategy over K periods. The product
in the denominator represents an individual’'s probability of receiving a particular
treatment strategy () and given a particular covariate history (), while the product
in the numerator represents an individual's marginal probability of receiving a
particular treatment strategy and is used for numerical stability. is a binary indicator
for the treatment taken at time period k.

For each factor in the product, corresponding to each discrete time period (quarter),
we separately fit logistic regression models to estimate the probabilities in the
numerator and the denominator of the stabilized IP weight equation. In the end,
we obtain estimated stabilized IP weights for each combination of covariate and
treatment history, based on the observed treatment and covariates status of the first
two years of follow-up post-diagnosis. Notably, we removed one patient from the
final analysis because the patient's IP treatment weight was very big and we decided
it was an outlier.

Outcome Model: Weighted Marginal Structural Model

Marginal Structural Models (MSM) for causal survival analysis are explained in detail
elsewhere (197). Here, we show the equation of the causally interpretable IP weighted
MSM, and below we explain the equation in brief.

Pr[Dygs1 = OIL, = L Ay = @] = Pr[D, = 0|, = ]  Equation 2

The equation above expresses the probability of survival at time period k+1 given
a particular treatment history ( and covariate history (, which under conditional
exchangeability can be causally interpreted as the survival that would have been
observed if someone with covariate history had received treatment strategy (see 4). To
estimate the conditional probability above, we express the quantity above as a product
of (one minus the) time-varying hazards at all previous time periods. For each time
period k, we fit separate logistic regression models with mortality status at each time
period as the binary outcome variable conditional on survival in the previous time
period and on the previous four treatment statuses. We limited the conditioning on
the last four treatment statuses to reduce model complexity, since we observed that
only these coefficients were significantly associated with the probability of mortality.
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For k < 4, there are fewer than four previous treatment statuses, so we assume no
treatment pre-diagnosis. Please note that this way of conditioning was also applied
in IP weighting regression models.

The mortality risk ratio for early initiators vs. late or never initiators is interpreted as
the ratio of the estimated average mortality probability for early initiators divided by
the estimated average mortality probability for late initiators. In the manuscript we
reported this ratio for the time period nine years after the diagnosis.

People with Incomplete Treatment History

Using standard IP weighting procedures, we estimate the probability of mortality
(death) given each possible treatment strategy in the first two years post-diagnosis.
Since we have eight possible treatment values in the first eight time periods (quarters)
after diagnosis, there are possible strategies in total. Only one strategy corresponds
to late initiation, namely the strategy in which all treatment values are zero (i.e., no
levodopa treatment in the first two years). The other 255 strategies all correspond to
early initiation, since levodopa would have been administered at least once in the
first eight quarters. Our MSM fits will give us a mortality probability for each of the
256 individual strategies. However, in order to compare the early initiators to the late
initiators, we need to aggregate the results for the 255 ‘early initiation’ strategies into
a single estimate.

We proceed as follows. Using the available data, we first assess how likely each of the
255 strategies is by considering how many PwP follow these strategies in our data, as
explained below.

1. For each person with complete follow-up during the first two years (complete
history of treatment for the 8 time periods), their treatment strategy gets a
weight of 1.

2.  For each person with incomplete follow-up (i.e., incomplete history of
treatment for all 8 time periods due to death or dropout from the study), we
extrapolate each possible complete strategy that could have been observed. For
example, if we consider a person with treatment history available for the first
6 time periods and missing for the last two, there would be possible strategies.
We assign an equal weight for each strategy, which in the previous example is
Here we make the simplifying assumption that each possible treatment strategy
in the first two years is equally likely given incomplete data.

3. We sum all of the weights for each treatment strategy across all PwP.
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4.  Finally, we use these ‘strategy weights’ in the equation below to compute a
mortality probability estimate for early initiation as the weighted mean of
probability estimates for each of the 255 ‘early initiation’ strategies.

1. p= Zswsbs Equation 3
Zws

A Practical Note on Modified Charlson Comorbidity Index Score
We used a modified version of the weighted Charlson Comorbidity Index (CCI) from
(198), which is derived from a combination of Pharmaceutical Cost Group (PCG) and
healthcare services codes. PCG codes are special codes in the Netherlands hospital
data system assigned to multiple chronic conditions for the ease of predicting future
healthcare costs and to facilitate further scientific research in estimating the disease
severity (131). The healthcare service codes (NL: zorgproduct) are unique numeric
identifiers tracking any type of service delivered to patients each time they visit a
hospital or other healthcare settings in the Netherlands (199). In our analysis, we
defined an integer variable for each year which is increased as each disease condition
is added to the comorbidities during the follow-up (e.g., if a person in the baseline
had diabetes mellitus with no complications the CCI score was two and if they would
develop myocardial infarction next year, the CCI score would be increased by two).

Handling of Missing Data

For the group of people for whom we did not have any data available regarding their
treatment status, but for whom we had the data on their time-varying covariates, we
assumed no Levodopa was prescribed. For the patients for whom we did not have any
data on their treatment status or on their time-varying covariates, we conducted the
following steps, respectively.

Socio-Economic Status (SES): The SES variable was used based on an annual measure
in general. For the time periods in which the SES variable was missing, we imputed
a personalized average of SES values based on the observed values in all other time
periods. There was also a small number of people for whom we did not have any
measure for their SES values, whom we excluded from the analyses, as mentioned in
the flowchart.

CCI: For those time periods for which we did not have any observations to compute
the weighted CCI, we imputed the last computed weighted values (the weighted sum
of all previous comorbid disorders).
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PD-related complications: In case we had no data available on PD-related

complications in DBC codes data, we assumed no complications happened.

Sensitivity Table 1. Flowchart of eligible study population

(population with Parkinson’s disease between years 2012-2020) — Selected by not having the PD diagnostic

code during the previous recent three years

Number Criteria & Rationale Status

31227 Newly diagnosed people with PD based on Enrolled
defined criteria.

1389 People whom their diagnosis changed from PD Excluded
to any atypical parkinsonism at the final hospital
records visit they had.

9 People of whom we do not have any data records Excluded
of their SES throughout the entire available data.

29829 Final analysed Included

Mortality ratio [95 % CI]  Weighted for IPW

1.04 (0.93 — 1.19)

For this sensitivity analysis, we selected the newly diagnosed PwP if there was no diagnostic identifier of

30-501 observed during three years before the first ever 30-501 code

Sensitivity Table 2. Flowchart of eligible study population

(population with Parkinson’s disease between years 2012-2020) — Selected by not having the PD diagnostic

code during the previous recent one year

Number Criteria & Rationale Status

31553 Newly diagnosed people with PD based on Enrolled
defined criteria.

1405 People whom their diagnosis changed from PD Excluded
to any atypical parkinsonism at the final hospital
records visit they had.

9 People of whom we do not have any data records of Excluded
their SES throughout the entire available data.

30139 Final analysed Included

Mortality ratio [95 % CI] Weighted for IPW

1.03 (0.90 —1.16)

For this sensitivity analysis, we selected the newly diagnosed PwP if there was no diagnostic identifier of

30-501 observed during only one year before the first ever 30-501 code



136 | Chapter 8

A8. References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Global, regional, and national burden of Parkinson's disease, 1990-2016: a systematic analysis for
the Global Burden of Disease Study 2016. Lancet Neurol. 2018;17(11):939-53.

Dorsey ER, Sherer T, Okun MS, Bloem BR. The Emerging Evidence of the Parkinson Pandemic. J
Parkinsons Dis. 2018;8(s1):S3-s8.

Steinmetz JD, Seeher KM, Schiess N, Nichols E, Cao B, Servili C, et al. Global, regional, and national
burden of disorders affecting the nervous system, 1990-2021: a systematic analysis for the Global
Burden of Disease Study 2021. The Lancet Neurology. 2024;23(4):344-81.

Wanneveich M, Moisan F, Jacqmin-Gadda H, Elbaz A, Joly P. Projections of prevalence,
lifetime risk, and life expectancy of Parkinson's disease (2010-2030) in France. Movement
Disorders. 2018;33(9):1449-55.

Golbe LI, Leyton CE. Life expectancy in Parkinson disease. AAN Enterprises; 2018. p. 991-2.

Chapuis S, Ouchchane L, Metz O, Gerbaud L, Durif F. Impact of the motor complications of
Parkinson's disease on the quality of life. Movement Disorders. 2005;20(2):224-30.

Adams RD, Victor M, Ropper AH, Daroff RB. Principles of neurology. LWW; 1997.

Bloem BR, Okun MS, Klein C. Parkinson's disease. Lancet. 2021;397(10291):22.84-303.

Armstrong MJ, Okun MS. Diagnosis and Treatment of Parkinson Disease: A Review.
JAMA. 2020;323(6):548-60.

Pennington S, Snell K, Lee M, Walker R. The cause of death in idiopathic Parkinson's disease.
Parkinsonism & Related Disorders. 2010;16(7):434-7.

Fereshtehnejad SM, Postuma RB. Subtypes of Parkinson's Disease: What Do They Tell Us About
Disease Progression? Curr Neurol Neurosci Rep. 2017;17(4):34.

Langston JW. The parkinson's complex: Parkinsonism is just the tip of the iceberg. Annals of
Neurology. 2006;59(4):591-6.

Ypinga JHL, de Vries NM, Boonen L, Koolman X, Munneke M, Zwinderman AH, et al. Effectiveness
and costs of specialised physiotherapy given via ParkinsonNet: a retrospective analysis of medical
claims data. Lancet Neurol. 2018;17(2):153-61.

Hayes MW, Fung VS, Kimber TE, O'Sullivan JD. Current concepts in the management of Parkinson
disease. Medical Journal of Australia. 2010;192(3):144-9.

Keus SHJ, Munneke M, Nijkrake M]J, Kwakkel G, Bloem BR. Physical therapy in Parkinson's disease:
Evolution and future challenges. Movement Disorders. 2009;24(1):1-14.

Ahlskog JE, Muenter MD. Frequency of levodopa-related dyskinesias and motor fluctuations as
estimated from the cumulative literature. Movement Disorders. 2001;16(3):448-58.

Marras C, Lang A, Krahn M, Tomlinson G, Naglie G, Group TPS. Quality of life in early Parkinson's
disease: Impact of dyskinesias and motor fluctuations. Movement Disorders. 2004;19(1):22-8.
Schapira AHV. Treatment Options in the Modern Management of Parkinson Disease. Archives of
Neurology. 2007;64(8):1083-8.

Okun MS. Management of Parkinson Disease in 2017: Personalized Approaches for Patient-Specific
Needs. JAMA. 2017;318(9):791-2..

de Bie RMA, Clarke CE, Espay AJ, Fox SH, Lang AE. Initiation of pharmacological therapy in
Parkinson's disease: when, why, and how. Lancet Neurol. 2020;19(5):452-61.

Cilia R, Akpalu A, Sarfo FS, Cham M, Amboni M, Cereda E, et al. The modern pre-levodopa era
of Parkinson's disease: insights into motor complications from sub-Saharan Africa. Brain.
2014;137(Pt 10):2731-42..



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Appendices | 137

Dash S, Shakyawar SK, Sharma M, Kaushik S. Big data in healthcare: management, analysis and
future prospects. Journal of Big Data. 2019;6(1):54.

De Mauro A, Greco M, Grimaldi M. What is big data? A consensual definition and a review of key
research topics. AIP Conference Proceedings. 2015;1644(1):97-104.

Hanauer DA, Barnholtz-Sloan JS, Beno MF, Fiol GD, Durbin EB, Gologorskaya O, et al. Electronic
Medical Record Search Engine (EMERSE): An Information Retrieval Tool for Supporting Cancer
Research. JCO Clinical Cancer Informatics. 2020(4):454-63.

Tjandra D, Migrino RQ, Giordani B, Wiens J. Cohort discovery and risk stratification for Alzheimer's
disease: an electronic health record-based approach. Alzheimer's & Dementia: Translational
Research & Clinical Interventions. 2020;6(1):€12035.

Xu J, Wang F, Xu Z, Adekkanattu P, Brandt P, Jiang G, et al. Data-driven discovery of probable
Alzheimer's disease and related dementia subphenotypes using electronic health records. Learning
Health Systems. 2020;4(4):€10246.

Ponjoan A, Garre-Olmo J, Blanch J, Fages E, Alves-Cabratosa L, Marti-Lluch R, et al. How well
can electronic health records from primary care identify Alzheimer’s disease cases? Clinical
Epidemiology. 2019;11(null):509-18.

Halpern R, Seare ], Tong ], Hartry A, Olaoye A, Aigbogun MS. Using electronic health records to
estimate the prevalence of agitation in Alzheimer disease/dementia. International Journal of
Geriatric Psychiatry. 2019;34(3):420-31.

Wang Q, Davis PB, Gurney ME, Xu R. COVID-19 and dementia: Analyses of risk, disparity, and
outcomes from electronic health records in the US. Alzheimer's & Dementia. 2021;17(8):1297-306.
Searles Nielsen S, Warden MN, Camacho-Soto A, Willis AW, Wright BA, Racette BA. A predictive
modeltoidentify Parkinson disease from administrative claims data. Neurology. 2017;89(14):1448-56.
Kim TL, Byun 8], Seong MY, Oh BM, Park S], Seo HG. Fracture risk and impact of
osteoporosis in patients with Parkinson's disease: a nationwide database study. ] Bone Miner
Metab. 2022;40(4):602-12..

Huang YF, Cherng YG, Hsu SP, Yeh CC, Chou YC, Wu CH, et al. Risk and adverse outcomes
of fractures in patients with Parkinson's disease: two nationwide studies. Osteoporos
Int. 2015;26(6):1723-32.

Benzinger P, Rapp K, Maetzler W, Konig HH, Jaensch A, Klenk J, et al. Risk for femoral
fractures in Parkinson's disease patients with and without severe functional impairment. PLoS
One. 2014;9(5):€97073.

Harris-Hayes M, Willis AW, Klein SE, Czuppon S, Crowner B, Racette BA. Relative mortality in
U.S. Medicare beneficiaries with Parkinson disease and hip and pelvic fractures. ] Bone Joint Surg
Am. 2014;96(4):e27.

Guttman M, Slaughter PM, Theriault ME, DeBoer DP, Naylor CD. Parkinsonism in Ontario:
increased mortality compared with controls in a large cohort study. Neurology. 2001;57(12):22.78-82..
Bloem BR, Ypinga JHL, Willis A, Canning CG, Barker RA, Munneke M, et al. Using Medical
Claims Analyses to Understand Interventions for Parkinson Patients. Journal of Parkinson's
Disease. 2018;8:45-58.

Bloem BR, de Vries NM, Ebersbach G. Nonpharmacological treatments for patients with
Parkinson's disease. Mov Disord. 2015;30(11):1504-2.0.

de Boo A. Vektis' Informatiecentrum voor de zorg. Tijdschrift voor gezondheids-
wetenschappen. 2011;89:358-9.

Fahn S. Parkinson Study Group: Levodopa and the progression of Parkinson's disease. N Engl ]
Med. 2004;351:2498-508.




138 | Chapter 8

40.
41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

Herndn MA, Robins JM. Causal inference. CRC Boca Raton, FL; 2010.

Ahn S, Springer K, Gibson JS. Social withdrawal in Parkinson's disease: A scoping review. Geriatr
Nurs. 2022;48:258-68.

van Uem JM, Marinus ], Canning C, van Lummel R, Dodel R, Liepelt-Scarfone I, et al. Health-
Related Quality of Life in patients with Parkinson's disease--A systematic review based on the ICF
model. Neurosci Biobehav Rev. 2016;61:26-34.

Duits A, van der Heijden C, van Het Hoofd M, Roodbol G, Tiemessen M, Munneke M, et al.
Psychosocial needs of patients and spouses justify a position of psychosocial health professionals
in the multidisciplinary care for Parkinson's disease. Clinical Parkinsonism & Related
Disorders. 2020;3:100064.

Flanagan R, Rusch C, Lithander FE, Subramanian I. The missing piece of the puzzle-The
key role of the dietitian in the management of Parkinson's disease. Parkinsonism & Related
Disorders. 2024:10602.1.

Hogden A, Foley G, Henderson RD, James N, Aoun SM. Amyotrophic lateral sclerosis: improving
care with a multidisciplinary approach. Journal of multidisciplinary healthcare. 2017:205-15.

van der Marck MA KJ, Faber MJ, et al. . Nonpharmacological Multidisciplinary Approach to the
Treatment of Parkinson's Disease. : Philadelphia: Wolters Kluwer; 2015 2015.

Goldman ]G, Volpe D, Ellis TD, Hirsch MA, Johnson J, Wood J, et al. Delivering multidisciplinary
rehabilitation care in Parkinson’s disease: An international consensus statement. Journal of
Parkinson’s disease. 2024;14(1):135-66.

Behrman A, Cody J, Elandary S, Flom P, Chitnis S. The effect of SPEAK OUT! and The LOUD
Crowd on dysarthria due to Parkinson's disease. American Journal of Speech-Language
Pathology. 2020;29(3):1448-65.
Pu T, Huang M, Kong X, Wang M, Chen X, Feng X, et al. Lee Silverman Voice Treatment to
Improve Speech in Parkinson’s Disease: A Systemic Review and Meta-Analysis. Parkinson's
Disease. 2021;2021(1):3366870.

McDonnell MN, Rischbieth B, Schammer TT, Seaforth C, Shaw AJ, Phillips AC. Lee Silverman Voice
Treatment (LSVT)-BIG to improve motor function in people with Parkinson's disease: a systematic
review and meta-analysis. Clin Rehabil. 2018;32(5):607-18.

Bloem BR, Munneke M. Revolutionising management of chronic disease: the ParkinsonNet
approach. BM]J : British Medical Journal. 2014;348:g1838.

van den Heuvel L, Meinders M]J, Post B, Bloem BR, Stiggelbout AM. Personalizing decision-
making for persons with Parkinson’s disease: where do we stand and what to improve? Journal of
Neurology. 2022;269(7):3569-78.

Tosserams A, Nonnekes J. A Practical Guide to the Evaluation of Compensation Strategies for Gait
Impairment in Parkinson’s Disease. Journal of Parkinson's disease. 2022;12(6):2005-8.

Abbruzzese G, Marchese R, Avanzino L, Pelosin E. Rehabilitation for Parkinson's disease: current
outlook and future challenges. Parkinsonism & related disorders. 2016;22:560-S4.

Sturkenboom I, Nott M, Bloem B, Chapparo C, Steultjens E. Applied cognitive strategy behaviours
in people with Parkinson's disease during daily activities: a cross-sectional study. Journal of
Rehabilitation Medicine. 2020;52:1-9.

Barboza NM, Mancini M, Smaili SM, Horak FB, Carlson-Kuhta P, Morris R, et al. Exploring mobility
dysfunction in people with and without impaired cognition in Parkinson disease. Parkinsonism &
Related Disorders. 2023;115:105836.

Martinez-Fernandez R, Schmitt E, Martinez-Martin P, Krack P. The hidden sister of motor fluctuations
in Parkinson's disease: A review on nonmotor fluctuations. Movement Disorders. 2016;31(8):1080-94.



58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Appendices | 139

Marinelli L, Quartarone A, Hallett M, Frazzitta G, Ghilardi MF. The many facets of motor learning
and their relevance for Parkinson's disease. Clinical Neurophysiology. 2017;128(7):1127-41.

Cristini J, Parwanta Z, De las Heras B, Medina-Rincon A, Paquette C, Doyon J, et al. Motor Memory
Consolidation Deficits in Parkinson’s Disease: A Systematic Review with Meta-Analysis. Journal of
Parkinson's Disease. 2023(Preprint):1-28.

Corcos DM, Lamotte G, Luthra NS, McKee KE. Advice to People with Parkinson’s in My Clinic:
Exercise. Journal of Parkinson's disease. 2024(Preprint):1-9.

Theodoros D, Ramig L. Communication and swallowing in Parkinson disease: Plural
Publishing; 2011.

Radder DLM, Sturkenboom IH, van Nimwegen M, Keus SH, Bloem BR, de Vries NM. Physical
therapy and occupational therapy in Parkinson's disease. Int ] Neurosci. 2017;127(10):930-43.

Tosserams A, de Vries NM, Bloem BR, Nonnekes ]. Multidisciplinary care to optimize functional
mobility in Parkinson disease. Clinics in Geriatric Medicine. 2020;36(1):159-72.

Sturkenboom IH L-AA, Munneke M, Bloem BR. Developing a living integrated guideline for allied
health care in Parkinson's disease with decision support: Lessons learned. . World Parkinson
Congress; July 6; Barcelona2023.

Domingos J, Keus SHJ, Dean ], de Vries NM, Ferreira JJ, Bloem BR. The European
Physiotherapy Guideline for Parkinson's Disease: Implications for Neurologists. ] Parkinsons
Dis. 2018;8(4):499-502.

Cosentino C, Putzolu M, Mezzarobba S, Cecchella M, Innocenti T, Bonassi G, et al. One cue does
not fit all: a systematic review with meta-analysis of the effectiveness of cueing on freezing of gait
in Parkinson’s disease. Neuroscience & Biobehavioral Reviews. 2023;150:105189.

Garcia-Lépez H, de los Angeles Castillo-Pintor M, Castro-Sanchez AM, Lara-Palomo IC, Obrero-
Gaitdn E, Cortés-Pérez I. Efficacy of Dual-Task Training in Patients with Parkinson's Disease: A
Systematic Review with Meta-Analysis. Movement Disorders Clinical Practice. 2023;10(9):1268-84.

Ernst M, Folkerts AK, Gollan R, Lieker E, Caro-Valenzuela ], Adams A, et al. Physical exercise
for people with Parkinson's disease: a systematic review and network meta-analysis. Cochrane
Database Syst Rev. 2023;1(1):Cd013856.

Radder DLM, Ligia Silva de Lima A, Domingos J, Keus SHJ, van Nimwegen M, Bloem BR, et
al. Physiotherapy in Parkinson's Disease: A Meta-Analysis of Present Treatment Modalities.
Neurorehabil Neural Repair. 2020;34(10):871-80.

Sturkenboom I, Thijssen M, Gons-van Elsacker ], Jansen I, Maasdam A, Schulten M, et al. Guidelines
for occupational therapy in Parkinsom’s disease rehabilitation. ParkinsonNet/NPF, Nijmegen,
Netherlands. 2011.

Wood ], Henderson W, Foster ER. Occupational Therapy Practice Guidelines for People With
Parkinson's Disease. Am ] Occup Ther. 2022;76(3).

Foster ER, Carson LG, Archer ], Hunter EG. Occupational Therapy Interventions for Instrumental
Activities of Daily Living for Adults With Parkinson's Disease: A Systematic Review. Am ] Occup
Ther. 2021;75(3):7503190030p1-p24.

Doucet BM, Franc I, Hunter EG. Interventions Within the Scope of Occupational Therapy to
Improve Activities of Daily Living, Rest, and Sleep in People With Parkinson's Disease: A Systematic
Review. Am ] Occup Ther. 2021;75(3).

Boone AE, Henderson W, Hunter EG. Role of Occupational Therapy in Facilitating Participation

Among Caregivers of People With Parkinson's Disease: A Systematic Review. Am ] Occup
Ther. 2021;75(3).




140 | Chapter 8

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Kossi O, Raats ], Wellens J, Duckaert M, De Baets S, Van de Velde D, et al. Efficacy of rehabilitation
interventions evaluated in common neurological conditions in improving participation outcomes:
A systematic review. Clin Rehabil. 2023:2692155231191383.

Tofani M, Ranieri A, Fabbrini G, Berardi A, Pelosin E, Valente D, et al. Efficacy of Occupational
Therapy Interventions on Quality of Life in Patients with Parkinson's Disease: A Systematic Review
and Meta-Analysis. Mov Disord Clin Pract. 2020;7(8):891-901.

Welsby E, Berrigan S, Laver K. Effectiveness of occupational therapy intervention for people with
Parkinson's disease: Systematic review. Aust Occup Ther J. 2019;66(6):731-8.

Sturkenboom IH, Graff MJ, Hendriks JC, Veenhuizen Y, Munneke M, Bloem BR, et al. Efficacy of
occupational therapy for patients with Parkinson's disease: a randomised controlled trial. Lancet
Neurol. 2014;13(6):557-66.

Vanbellingen T, Nyffeler T, Nigg J, Janssens ], Hoppe J, Nef T, et al. Home based training for
dexterity in Parkinson's disease: A randomized controlled trial. Parkinsonism & Related
Disorders. 2017;41:92-8.

Schaeffer E, Streich S, Wurster I, Schubert R, Reilmann R, Wolfram S, et al. How to evaluate
effects of occupational therapy - lessons learned from an exploratory randomized controlled trial.
Parkinsonism Relat Disord. 2019;67:42-7.

Sturkenboom IHWM, Hendriks JCM, Graff MJL, Adang EMM, Munneke M, Nijhuis-van der Sanden
MWG, et al. Economic evaluation of occupational therapy in Parkinson's disease: A randomized
controlled trial. Movement Disorders. 2015;30(8):1059-67.

Choi Y, Kim D. Effects of Task-Based LSVT-BIG Intervention on Hand Function, Activity of Daily
Living, Psychological Function, and Quality of Life in Parkinson's Disease: A Randomized Control
Trial. Occup Ther Int. 2022;2022:1700306.

Davies SJ, Gullo HL, Doig E. Efficacy and Feasibility of the CO-OP Approach in Parkinson's Disease:
RCT Study Protocol. Can J Occup Ther. 2023:841742311562.87.

Foster ER, Spence D, Toglia J. Feasibility of a cognitive strategy training intervention for people
with Parkinson's disease. Disabil Rehabil. 2018;40(10):1127-34.

Alizadeh N, Packer TL, Sturkenboom I, Eskes G, Warner G. Managing Fatigue in Parkinson's
Disease: Protocol for a Pilot Randomized Controlled Trial. Can ] Occup Ther. 2022;89(2):180-9.

Lovegrove CJ BK, Ingram, W, Baily M, Aspinall P, Hoskings J, Sturkenboom I, Marsden J, editor
Evaluating the occupation-based complex intervention for living well with anxiety and Parkinson’s
disease (OBtAIN-PD), a feasibility cluster randomized controlled trial protocol. . World Parkinson
Congress; 2023 July 6th 2023; Barcelona.

Sturkenboom I, vanOmme-vanLaarhoven J, Noordegraaf M, Bloem B, editors. Both online and in-
person JOBGRIP group training for people with Parkinson's with paid employment is acceptable
and perceived to be valuable. MOVEMENT DISORDERS; 2021: WILEY 111 RIVER ST, HOBOKEN
07030-5774, NJ USA.

Kalf], de Swart B, Bonnier M, Hofman M, Kanters ], Kocken J, et al. Guidelines for speech-language
therapy in Parkinson's disease. Nijmegen, The Netherlands/Miami, FL: ParkinsonNet/NPF. 2011.
Miller N, Noble E, Jones D, Burn D. Life with communication changes in Parkinson’s disease. Age
and ageing. 2006;35(3):235-9.

Barnish MS, Whibley D, Horton SM, Butterfint ZR, Deane KH. Roles of cognitive status and
intelligibility in everyday communication in people with Parkinson’s disease: a systematic review.
Journal of Parkinson’s disease. 2016;6(3):453-62.



Appendices | 141

91. Ramig LO, Countryman S, Thompson LL, Horii Y. Comparison of two forms of intensive
speech treatment for Parkinson disease. Journal of Speech, Language, and Hearing
Research. 1995;38(6):1232-51.

92. Maas J, De Vries N, Bloem B, Kalf J. Design of the PERSPECTIVE study: PERsonalized
SPEeCh Therapy for actIVE conversation in Parkinson’s disease (randomized controlled trial).
Trials. 2022;23(1):274.

93. Theodoros DG, Hill AJ, Russell TG. Clinical and quality of life outcomes of speech treatment for
Parkinson's disease delivered to the home via telerehabilitation: A noninferiority randomized
controlled trial. American Journal of Speech-Language Pathology. 2016;25(2):214-32..

94. Tamplin J, Morris ME, Marigliani C, Baker FA, Noffs G, Vogel AP. ParkinSong: Outcomes of
a 12-month controlled trial of therapeutic singing groups in Parkinson’s disease. Journal of
Parkinson's disease. 2020;10(3):1217-30.

95. Theodoros D. Telerehabilitation for communication and swallowing disorders in Parkinson’s
disease. Journal of Parkinson's Disease. 2021;11(s1):S65-S70.

96. Eriksson K, Forsgren E, Hartelius L, Saldert C. Communication partner training of enrolled
nurses working in nursing homes with people with communication disorders caused by stroke or
Parkinson's disease. Disability and Rehabilitation. 2016;38(12):1187-203.

97. Clay P, Beeke S, Volkmer A, Dangerfield L, Bloch S. A communication partner training program
delivered via telehealth for people living with Parkinson's (better conversations with Parkinson's):
Protocol for a feasibility study. JMIR Research Protocols. 2023;12(1):e41416.

98. Troche MS, Okun MS, Rosenbek JC, Musson N, Fernandez HH, Rodriguez R, et al. Aspiration
and swallowing in Parkinson disease and rehabilitation with EMST: a randomized trial.
Neurology. 2010;75(21):1912-9.

99. Troche MS, Curtis JA, Sevitz ]S, Dakin AE, Perry SE, Borders JC, et al. Rehabilitating Cough
Dysfunction in Parkinson's Disease: A Randomized Controlled Trial. Mov Disord. 2023;38(2):201-11.

100. Talebi AH, Ypinga JHL, De Vries NM, Nonnekes J, Munneke M, Bloem BR, et al. Specialized Versus
Generic Allied Health Therapy and the Risk of Parkinson's Disease Complications. Movement
Disorders. 2023;38(2):223-31.

101. Dismore L, Montague K, Carvalho L, Guerreiro T, Jackson D, Guan Y, et al. A protocol for the
evaluation of a wearable device for monitoring of symptoms, and cueing for the management of
drooling, in people with Parkinson’s disease. Plos one. 2023;18(2):¢0280727.

102. Scobie S, Jowett S, Lambe T, Patel S, Woolley R, Ives N, et al. Lee Silverman Voice Treatment versus
standard speech and language therapy versus control in Parkinson’s disease: preliminary cost-
consequence analysis of the PD COMM pilot randomised controlled trial. Pilot and Feasibility
Studies. 2021;7(1):154.

103. Clarke CE, Patel S, Ives N, Rick CE, Dowling F, Woolley R, et al. Physiotherapy and occupational
therapy vs no therapy in mild to moderate Parkinson disease: a randomized clinical trial. JAMA
neurology. 2016;73(3):291-9.

104. Frazzitta G, Bertotti G, Riboldazzi G, Turla M, Uccellini D, Boveri N, et al. Effectiveness of intensive
inpatient rehabilitation treatment on disease progression in parkinsonian patients: a randomized
controlled trial with 1-year follow-up. Neurorehabilitation and neural repair. 2012;26(2):144-50.

105. Frazzitta G, Maestri R, Bertotti G, Riboldazzi G, Boveri N, Perini M, et al. Intensive rehabilitation
treatment in early Parkinson’s disease: a randomized pilot study with a 2-year follow-up.
Neurorehabilitation and neural repair. 2015;29(2):123-31.



142 | Chapter 8

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

Ferrazzoli D, Ortelli P, Riboldazzi G, Maestri R, Frazzitta G. Effectiveness of Rotigotine plus
intensive and goal-based rehabilitation versus Rotigotine alone in “de-novo” Parkinsonian subjects:
a randomized controlled trial with 18-month follow-up. Journal of Neurology. 2018;265:906-16.

Ferrazzoli D, Ortelli P, Zivi I, Cian V, Urso E, Ghilardi MF, et al. Efficacy of intensive
multidisciplinary rehabilitation in Parkinson's disease: a randomised controlled study. ] Neurol
Neurosurg Psychiatry. 2018;89(8):828-35.

Tickle-Degnen L, Ellis T, Saint-Hilaire MH, Thomas CA, Wagenaar RC. Self-management
rehabilitation and health-related quality of life in Parkinson's disease: A randomized controlled
trial. Movement Disorders. 2010;25(2):194-204.

Wade DT, Gage H, Owen C, Trend P, Grossmith C, Kaye J. Multidisciplinary rehabilitation
for people with Parkinson's disease: a randomised controlled study. J Neurol Neurosurg
Psychiatry. 2003;74(2):158-62.

Stozek ], Rudziniska M, Pustutka-Piwnik U, Szczudlik A. The effect of the rehabilitation program
on balance, gait, physical performance and trunk rotation in Parkinson's disease. Aging Clin Exp
Res. 2016;28(6):1169-77.

Monticone M, Ambrosini E, Laurini A, Rocca B, Foti C. In-patient multidisciplinary rehabilitation
for Parkinson's disease: A randomized controlled trial. Movement Disorders. 2015;30(8):1050-8.

Gage H, Grainger L, Ting S, Williams P, Chorley C, Carey G, et al. Specialist rehabilitation for
people with Parkinson’s disease in the community: a randomised controlled trial. NIHR Journals
Library, Southampton (UK); 2014.

Zaman MS, Ghahari S, McColl MA. Barriers to Accessing Healthcare Services for People with
Parkinson's Disease: A Scoping Review. ] Parkinsons Dis. 2021;11(4):1537-53.

Roberts AC, Rafferty MR, Wu SS, Miao G, Cubillos F, Simuni T. Patterns and predictors of referrals
to allied health services for individuals with Parkinson's disease: A Parkinson's foundation (PF) QII
study. Parkinsonism Relat Disord. 2021;83:115-22..

Hamid E, Ayele BA, Massi DG, Ben Sassi S, Tibar H, Djonga EE, et al. Availability of
Therapies and Services for Parkinson's Disease in Africa: A Continent-Wide Survey. Mov
Disord. 2021;36(10):2393-407.

Lubomski M, Rushworth RL, Lee W, Bertram K, Williams DR. A cross-sectional study of clinical
management, and provision of health services and their utilisation, by patients with Parkinson's
disease in urban and regional Victoria. J Clin Neurosci. 2013;20(1):102-6.

Schrag A, Khan K, Hotham S, Merritt R, Rascol O, Graham L. Experience of care for Parkinson's
disease in European countries: a survey by the European Parkinson's Disease Association. European
Journal of Neurology. 2018;25(12):1410-€120.

Dorsey ER, Bloem BR. The Parkinson Pandemic-A Call to Action. JAMA Neurol. 2018;75(1):9-10.

Ben-Shlomo Y, Darweesh S, Llibre-Guerra J, Marras C, San Luciano M, Tanner C. The epidemiology
of Parkinson's disease. Lancet. 2024;403(10423):283-92..

Jellish J, Abbas JJ, Ingalls TM, Mahant P, Samanta J, Ospina MC, et al. A System for Real-
Time Feedback to Improve Gait and Posture in Parkinson's Disease. IEEE ] Biomed Health
Inform. 2015;19(6):1809-19.

Ho AK, Bradshaw JL, Iansek R, Alfredson R. Speech volume regulation in Parkinson's disease:

effects of implicit cues and explicit instructions. Neuropsychologia. 1999;37(13):1453-60.

El Hayek M, Lobo Jofili Lopes JLM, LeLaurin JH, Gregory ME, Abi Nehme AM, McCall-Junkin P, et
al. Type, Timing, Frequency, and Durability of Outcome of Physical Therapy for Parkinson Disease:
A Systematic Review and Meta-Analysis. JAMA Netw Open. 2023;6(7):€2324860.

Adams RD. Principles of neurology: McGraw-Hill, Health Professions Division; 1997.



Appendices | 143

124. Bloem BR, de Vries NM, Ebersbach G. Nonpharmacological treatments for patients with
Parkinson's disease. Movement Disorders. 2015;30(11):1504-2.0.

125. Ypinga JHL, de Vries NM, Boonen L, Koolman X, Munneke M, Zwinderman AH, et al. Effectiveness
and costs of specialised physiotherapy given via ParkinsonNet: a retrospective analysis of medical
claims data. Lancet Neurol [Internet]. 2018 Feb; 17(2):[153-61 pp.].

126. Foster ER, Bedekar M, Tickle-Degnen L. Systematic review of the effectiveness of occupational
therapy-related interventions for people with Parkinson's disease. Am ] Occup Ther. 2014;68(1):39-49.

127. Ramig L, Halpern A, Spielman J, Fox C, Freeman K. Speech treatment in Parkinson's disease:
Randomized controlled trial (RCT). Movement Disorders. 2018;33(11):1777-91.

128. BooA.Vektis’Informatiecentrumvoordezorg'. Tijdschriftvoor gezondheidswetenschappen.2011;89.

129. Nijkrake MJ, Keus SH, Overeem S, Oostendorp RA, Vlieland TP, Mulleners W, et al. The ParkinsonNet
concept: development, implementation and initial experience. Mov Disord. 2010;25(7):823-9.

130. Keus SH, Nijkrake MJ, Borm GF, Kwakkel G, Roos RA, Berendse HW, et al. The ParkinsonNet trial:
design and baseline characteristics. Mov Disord. 2010;25(7):830-7.

131. Lamers LM, van Vliet RC. The Pharmacy-based Cost Group model: validating and adjusting
the classification of medications for chronic conditions to the Dutch situation. Health
Policy. 2004;68(1):113-21.

132. de Boer WIJ, Buskens E, Koning RH, Mierau JO. Neighborhood Socioeconomic Status and Health
Care Costs: A Population-Wide Study in the Netherlands. Am ] Public Health. 2019;109(6):927-33.

133. Hill AB. THE ENVIRONMENT AND DISEASE: ASSOCIATION OR CAUSATION? Proc R Soc
Med. 1965;58(5):295-300.

134. Hernidn MA, Robins JM. Using Big Data to Emulate a Target Trial When a Randomized Trial Is Not
Available. Am ] Epidemiol. 2016;183(8):758-64.

135. Lipsitch M, Tchetgen Tchetgen E, Cohen T. Negative controls: a tool for detecting confounding and
bias in observational studies. Epidemiology. 2010;21(3):383-8.

136. Tomlinson CL, Patel S, Meek C, Herd CP, Clarke CE, Stowe R, et al. Physiotherapy intervention in
Parkinson's disease: systematic review and meta-analysis. Bmj. 2012;345:e5004.

137. Shen X, Wong-Yu ISK, Mak MKY. Effects of Exercise on Falls, Balance, and Gait Ability in
Parkinson's Disease: A Meta-analysis. Neurorehabilitation and Neural Repair. 2015;30(6):512-27.

138. da Silva FC, Iop RdR, de Oliveira LC, Boll AM, de Alvarenga JGS, Gutierres Filho PJB, et al. Effects
of physical exercise programs on cognitive function in Parkinson’s disease patients: A systematic
review of randomized controlled trials of the last 10 years. PLOS ONE. 2018;13(2):€0193113.

139. Aragon A, Kings J. Occupational therapy for people with Parkinson's: best practice guidelines:
College of Occupational Therapists; 2010.

140. Radder DL, Sturkenboom IH, van Nimwegen M, Keus SH, Bloem BR, de Vries NM.
Physical therapy and occupational therapy in Parkinson's disease. International Journal of
Neuroscience. 2017;127(10):930-43.

141. Kalf ], De Swart B, Bloem B, Munneke M. Prevalence of oropharyngeal dysphagia in Parkinson’s
disease: a meta-analysis. Parkinsonism & related disorders. 2012;18(4):311-5.

142. Nagaya M, Kachi T, Yamada T. Effect of swallowing training on swallowing disorders in Parkinson's
disease. Scand ] Rehabil Med. 2000;32(1):11-5.

143. Au KLK, Lopes JLMLJ], Kraus A, Patton K, Warren L, Gao H, et al. A randomized clinical
trial of burst vs. spaced physical therapy for Parkinsons disease. Parkinsonism & Related
Disorders. 2022;97:57-62.



144 | Chapter 8

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.
158.

159.

160.

161.

162.

Ypinga JHL, Van Halteren AD, Henderson EJ, Bloem BR, Smink AJ, Tenison E, et al. Rationale and
design to evaluate the PRIME Parkinson care model: a prospective observational evaluation of
proactive, integrated and patient-centred Parkinson care in The Netherlands (PRIME-NL). BMC
Neurology. 2021;21(1):286.

Tenison E, Smink A, Redwood S, Darweesh S, Cottle H, van Halteren A, et al. Proactive and
Integrated Management and Empowerment in Parkinson's Disease: Designing a New Model of
Care. Parkinsons Dis. 2020;2020:8673087.

Hauser RA. Levodopa: past, present, and future. Eur Neurol. 2009;62(1):1-8.

Vlaar A, Hovestadt A, van Laar T, Bloem BR. The treatment of early Parkinson's disease: levodopa
rehabilitated. Pract Neurol. 2011;11(3):145-52.

Lohle M, Ramberg CJ, Reichmann H, Schapira AH. Early versus delayed initiation of
pharmacotherapy in Parkinson's disease. Drugs. 2014;74(6):645-57.

Verschuur CVM, Suwijn SR, Boel JA, Post B, Bloem BR, van Hilten JJ, et al. Randomized Delayed-
Start Trial of Levodopa in Parkinson's Disease. N Engl ] Med. 2019;380(4):315-24.

Gray R, Ives N, Rick C, Patel S, Gray A, Jenkinson C, et al. Long-term effectiveness of
dopamine agonists and monoamine oxidase B inhibitors compared with levodopa as initial
treatment for Parkinson's disease (PD MED): a large, open-label, pragmatic randomised trial.
Lancet. 2014;384(9949):1196-2.05.

Gray R, Patel S, Ives N, Rick C, Woolley R, Muzerengi S, et al. Long-term Effectiveness of Adjuvant
Treatment With Catechol-O-Methyltransferase or Monoamine Oxidase B Inhibitors Compared
With Dopamine Agonists Among Patients With Parkinson Disease Uncontrolled by Levodopa
Therapy: The PD MED Randomized Clinical Trial. JAMA Neurol. 2022;79(2):131-40.

van den Heuvel L, Evers LJW, Meinders MJ, Post B, Stiggelbout AM, Heskes TM, et al. Estimating
the Effect of Early Treatment Initiation in Parkinson's Disease Using Observational Data. Mov
Disord. 2021;36(2):407-14.

Frequin HL, Verschuur CVM, Suwijn SR, Boel JA, Post B, Bloem BR, et al. Long-Term Follow-Up of
the LEAP Study: Early Versus Delayed Levodopa in Early Parkinson's Disease. Mov Disord. 2024.
Talebi AH, Ypinga JHL, De Vries NM, Nonnekes ], Munneke M, Bloem BR, et al. Specialized
Versus Generic Allied Health Therapy and the Risk of Parkinson's Disease Complications. Mov
Disord. 2023;38(2):223-31.

Bloem BR, Munneke M. Revolutionising management of chronic disease: the ParkinsonNet
approach. Bmj. 2014;348:1838.

Beersen N, Berf M, Van Galen M. Onderzoek naar de meerwaarde van ParkinsonNet. Utrecht:
Plexus-Vektis. 2011.

Postma J, van Dongen-Leunis A, Hakkaart-van Roijen L, Bal R. Tussenrapportage TopZorg. 2016.
Robins JM, Hernian MA, Brumback B. Marginal Structural Models and Causal Inference in
Epidemiology. Epidemiology. 2000;11(5):550-60.

van Oosten MJM, Brohet RM, Logtenberg S]], Kramer A, Dikkeschei LD, Hemmelder MH, et al.
The validity of Dutch health claims data for identifying patients with chronic kidney disease: a
hospital-based study in the Netherlands. Clin Kidney J. 2021;14(6):1586-93.

Lennaerts H, Groot M, Rood B, Gilissen K, Tulp H, van Wensen E, et al. A guideline for Parkinson’s
disease nurse specialists, with recommendations for clinical practice. Journal of Parkinson's
disease. 2017;7(4):749-54.

The Parkinson Progression Marker Initiative (PPMI). Prog Neurobiol. 2011;95(4):629-35.

Uitti R, Ahlskog JE, Maraganore DM, Muenter MD, Atkinson EJ, Cha RH, et al. Levodopa therapy
and survival in idiopathic Parkinson's disease. Neurology. 1993;43(10):1918-.



Appendices | 145

163. Morgante L, Salemi G, Meneghini F, Di Rosa AE, Epifanio A, Grigoletto F, et al. Parkinson disease
survival: a population-based study. Arch Neurol. 2000;57(4):507-12..

164. Rajput AH, Uitti R], Rajput AH, Offord KP. Timely levodopa (LD) administration prolongs survival
in Parkinson's disease. Parkinsonism & Related Disorders. 1997;3(3):159-65.

165. Diamond SG, Marchkham CH, Hoehn MM, McDowell FH, Muenter MD. Multi-center study of
Parkinson mortality with early versus later dopa treatment. Annals of Neurology. 1987;22(1):8-12..

166. Roos RAC, Jongen JCF, Van Der Velde EA. Clinical course of patients with idiopathic Parkinson's
disease. Movement Disorders. 1996;11(3):236-42..

167. MorganJC, Currie L], Harrison MB, Bennett JP, Jr., Trugman JM, Wooten GF. Mortality in levodopa-
treated Parkinson's disease. Parkinsons Dis. 2014;2014:42.6976.

168. Titova N, Levin O, Katunina E, Ray Chaudhuri K. ‘Levodopa Phobia: a review of a not uncommon
and consequential phenomenon. npj Parkinson's Disease. 2018;4(1):31.

169. Allen NE, Canning CG, Sherrington C, Lord SR, Latt MD, Close JC, et al. The effects of an exercise
program on fall risk factors in people with Parkinson's disease: a randomized controlled trial. Mov
Disord. 2010;25(9):1217-25.

170. Boehm R, Almeida Q, Knobl P, editors. Sensory attention focused exercise in Parkinson's disease: A
randomized double-crossover trial. Movement Disorders; 2011: WILEY-BLACKWELL COMMERCE
PLACE, 350 MAIN ST, MALDEN 02148, MA USA.

171. Meek C, Sackley C, Clarke C, Soundy A, Winward C, Esser P, et al., editors. Long-term individual
fitness enablement (LIFE) for Parkinson's disease: a feasibility study. Movement Disorders; 2010:
WILEY-LISS DIV JOHN WILEY & SONS INC, 111 RIVER ST, HOBOKEN, NJ 07030 USA.

172. Ganesan M, Sathyaprabha TN, Gupta A, Pal PK. Effect of partial weight—supported treadmill gait
training on balance in patients with Parkinson disease. PM&R. 2014;6(1):22-33.

173. Almeida QJ, Bhatt H. A manipulation of visual feedback during gait training in Parkinson's disease.
Parkinson’s Disease. 2012;2012.

174. Duncan RP, Earhart GM. Randomized controlled trial of community-based dancing to modify
disease progression in Parkinson disease. Neurorehabilitation and neural repair. 2012;26(2):132-43.

175. Earhart G, Rotello J, Duncan R, editors. Short-Term Effects of a Community-Based Tango Program
on Motor and Non-Motor Symptoms, Activities of Daily Living, and Motor Complications in
PD. Movement Disorders; 2010: WILEY-LISS DIV JOHN WILEY & SONS INC, 111 RIVER ST,
HOBOKEN, NJ 07030 USA.

176. Hackney ME, Earhart GM. Tai Chi improves balance and mobility in people with Parkinson disease.
Gait & posture. 2008;28(3):456-60.

177. Hackney ME, Earhart GM. Effects of dance on movement control in Parkinson’s disease: a
comparison of Argentine tango and American ballroom. Journal of rehabilitation medicine: official
journal of the UEMS European Board of Physical and Rehabilitation Medicine. 2009;41(6):475.

178. Vanbellingen T, Nyffeler T, Nigg ], Janssens ], Hoppe ], Nef T, et al. Home based training for dexterity
in Parkinson's disease: A randomized controlled trial. Parkinsonism Relat Disord. 2017;41:92-8.

179. Pu T, Huang M, Kong X, Wang M, Chen X, Feng X, et al. Lee Silverman Voice Treatment to
Improve Speech in Parkinson's Disease: A Systemic Review and Meta-Analysis. Parkinsons
Dis. 2021;2021:3366870.

180. Au KLK, Lopes ], Kraus A, Patton K, Warren L, Gao H, et al. A randomized clinical trial of burst vs.
spaced physical therapy for Parkinsons disease. Parkinsonism Relat Disord. 2022;97:57-62.

181. Keus S, Munneke M, Graziano M, Paltamaa J, Pelosin E, Domingos J, et al. European physiotherapy
guideline for Parkinson’s disease. The Netherlands: KNGF/ParkinsonNet. 2014;191:1-153.



146 | Chapter 8

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

Fahn S. Is levodopa toxic? Neurology. 1996;47(6 Suppl 3):184S-958S.

Mitchell T, Lehéricy S, Chiu SY, Strafella AP, Stoessl AJ, Vaillancourt DE. Emerging neuroimaging
biomarkers across disease stage in Parkinson disease: a review. JAMA neurology. 2021;78(10):1262-72..

De Marzi R, Seppi K, Hogl B, Miiller C, Scherfler C, Stefani A, et al. Loss of dorsolateral nigral
hyperintensity on 3.0 tesla susceptibility-weighted imaging in idiopathic rapid eye movement
sleep behavior disorder. Annals of Neurology. 2016;79(6):1026-30.

Fereshtehnejad SM, Zeighami Y, Dagher A, Postuma RB. Clinical criteria for subtyping Parkinson's
disease: biomarkers and longitudinal progression. Brain. 2017;140(7):1959-76.

De Pablo-Ferndndez E, Lees AJ, Holton JL, Warner TT. Prognosis and Neuropathologic Correlation
of Clinical Subtypes of Parkinson Disease. JAMA Neurology. 2019;76(4):470-9.

Baldacci F, Policardo L, Rossi S, Ulivelli M, Ramat S, Grassi E, et al. Reliability of administrative
data for the identification of Parkinson’s disease cohorts. Neurological Sciences. 2015;36:783-6.

Ehrenstein V, Nielsen H, Pedersen AB, Johnsen SP, Pedersen L. Clinical epidemiology in the era of
big data: new opportunities, familiar challenges. Clin Epidemiol. 2017;9:245-50.

Chesnaye NC, Stel VS, Tripepi G, Dekker FW, Fu EL, Zoccali C, et al. An introduction to inverse
probability of treatment weighting in observational research. Clin Kidney J. 2022;15(1):14-20.

Robins J. A new approach to causal inference in mortality studies with a sustained exposure
period—application to control of the healthy worker survivor effect. Mathematical
modelling. 1986;7(9-12):1393-512..

Clare PJ, Dobbins TA, Mattick RP. Causal models adjusting for time-varying confounding—a
systematic review of the literature. International journal of epidemiology. 2019;48(1):254-65.

Bloem BR, Eimers M, van Galen MS, Munneke M, Darweesh SKL. From trials to clinical practice:
Temporal trends in the coverage of specialized allied health services for Parkinson's disease.
European Journal of Neurology. 2021;28(3):775-82.

ROSENBAUM PR, RUBIN DB. The central role of the propensity score in observational studies for
causal effects. Biometrika. 1983;70(1):41-55.

Robins J. A new approach to causal inference in mortality studies with a sustained exposure
period—application to control of the healthy worker survivor effect. Mathematical
Modelling. 1986;7(9):1393-512.

Clare PJ, Dobbins TA, Mattick RP. Causal models adjusting for time-varying confounding—a
systematic review of the literature. International Journal of Epidemiology. 2018;48(1):254-65.

van den Heuvel L, Evers LJW, Meinders MJ, Post B, Stiggelbout AM, Heskes TM, et al. Estimating
the Effect of Early Treatment Initiation in Parkinson's Disease Using Observational Data.
Movement Disorders. 2021;36(2):407-14.

Herndn MA, Robins JM. Causal inference: What If. CRC Boca Raton: Chapman & Hall/CRC; 2020.

Hall WH, Ramachandran R, Narayan S, Jani AB, Vijayakumar S. An electronic application for
rapidly calculating Charlson comorbidity score. BMC Cancer. 2004;4(1):94.

Zorgautoriteit N. DBC-systematiek. Nederlandse Zorgautoriteit. 2017.



Appendices | 147




9778

150291">

789465

Radboud University 2%¢ Radboudumc

&
MiNe s




	Chapter 1 
	Introduction
	Chapter 2
	Specialized Allied Health Care for Parkinson’s Disease: State of the Art and Future Directions
	Chapter 3
	Specialized Versus Generic Allied Health Therapy and the Risk of Parkinson's Disease Complications
	Chapter 4
	Effect of Early Levodopa Treatment on Mortality in People with Parkinson’s Disease
	Chapter 5
	Summary
	Chapter 6
	General discussion
	Chapter 7
	Dutch summary | Nederlandse samenvatting
	Chapter 8
	Appendices



