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ABSTRACT

Parkinson disease (PD) is the second most common neurodegenerative disease worldwide,
with estimates suggesting that PD prevalence and incidence will increase with aging
populations. Therapeutic options and clinical guidelines for PD have significantly changed
over the past 15 years; however, pharmacoepidemiology data in PD are lacking, especially
regarding adverse effects of non-ergot dopamine agonists (DAs) and outcomes associated
with anticholinergic burden. The objectives of this doctoral research are threefold: 1)
examine patterns of antiparkinson drug use in relation to clinical guideline publication, drug
availability, and emerging safety concerns; 2) determine whether PD patients treated with
non-ergot DAs are at increased risk of adverse cardiovascular or cerebrovascular outcomes;
and 3) determine whether anticholinergic burden is associated with adverse outcomes in PD.
Specific research questions were investigated using epidemiological methods and electronic
health data from Cerner Health Facts®, an electronic medical record database that stores
time-stamped patient records for more than 300 Cerner subscribing facilities across the
United States. Findings from this work are reported in a series of manuscripts, all of which
have been published. Key findings include: 1) DA use began declining in 2007, from 34% to
27% in 2012. The decline followed publication of the American Academy of Neurology’s
practice parameter refuting levodopa toxicity, pergolide withdrawal, and pramipexole label
revisions; 2) heart failure was the only adverse cardiovascular or cerebrovascular outcome
that demonstrated a significant association with non-ergot DA use, mainly pramipexole; and
3) anticholinergic burden in PD was associated with the diagnosis of fracture and delirium,
and significantly increased the risk of emergency department visit and readmission post
inpatient discharge. Reported antiparkinson prescribing trends suggest that safety and best
practice information may be communicated effectively in PD. Although findings warrant
replication, individuals with PD and independent risk factors for or a history of heart failure
may benefit from limited use of pramipexole. Similarly, individuals with PD may benefit
from substituting non-PD medications with anticholinergic effects for equally effective non-
anticholinergic agents. Additional pharmacovigilance studies are needed to better understand
health risks and the impact of population health interventions in PD.
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CHAPTER 1: Introduction
Parkinson disease (PD) is an increasingly prevalent chronic and progressive neurological
disorder that is characterized by motor and non-motor symptoms. There is no cure for PD;
however, both pharmacological and non-pharmacological therapies are effective at treating
PD symptoms and improving patient quality of life. Considerable advances in
pharmacotherapy-based interventions for PD have been made in the first part of the twenty-
first century, including changes in the availability of medications for PD and increased
knowledge of adverse events associated with best medical care. Similarly, technological
developments, decreasing costs of storing personal health information, and regulatory
changes have contributed to the implementation of electronic record keeping systems by care
facilities to better manage health data. These actions have given rise to the availability of
electronic health record databases that may be used to study health services and medication
use, associated health outcomes, and healthcare costs. Knowledge of treatment utilization,
effectiveness, and safety gained from the analysis of large databases of health records
provide necessary data to support evidence-based regulatory decisions and interventions that
impact public and population health. The following sections briefly review the epidemiology,
etiology, and treatment of PD, as well as discuss PD pharmacoepidemiology and existing
knowledge gaps. Information presented provide context for the research questions and
objectives that are put-forth and examined in this doctoral thesis using population-based

health data from the United States of America (US).



PARKINSON DISEASE

Clinical features

Parkinson disease was first described by Dr. James Parkinson in 1817 as a shaking palsy:
“Involuntary tremulous motion, with lessened muscular power, in parts not in action and
even when supported; with a propensity to bend the trunk forwards, and to pass from a
walking to a running pace: the senses and intellects being un- injured.” [1]. Since that time,
considerable gains have been made in our understanding and treatment of this complex
neurodegenerative disorder. Motor symptoms, including tremor, muscle stiffness or rigidity,
slow movement, and difficulties walking and maintaining balance are the hallmark clinical
features of PD [2]. Non-motor symptoms are common in PD and may contribute to
significant patient disability by imposing difficulties sleeping and autonomic dysfunction [3].
In recent years, there has been growing interest in the prodromal features of PD,
presymptomatic characteristics indicative of neuronal degradation that may be used to better
predict PD onset [4-6]. Since PD is frequently first detected in primary care settings, it is
imperative that primary care clinicians practice sound diagnostic techniques and know when
to refer individuals suspected of having PD to specialty care [7]. A confirmed PD diagnosis
is generally based on expert (neurologist of movement disorder specialist) clinical
assessment according to explicit criteria outlined in one the of validated rating scales used to

evaluate motor impairment and overall level of disability [8].



Motor features

The cardinal features of PD are the presence of one or more of the following clinical signs,
summarized by the mnemonic ‘TRAP’: Tremor at rest, Rigidity, Akinesia (or bradykinesia),
and Postural instability [2]. A rest tremor is one of the most common and noticeable PD
symptoms, experienced by approximately 69% of individuals at PD diagnosis and occurring
in roughly 75% of individuals throughout the disease course [9]. They often occur at a
frequency of 4 to 6 Hz in the distal part of a resting limb, are unilateral, and are suppressed
when sleeping or initiating movement [10]. Rest tremors are not restricted to the limbs and
may affect the lips, chin, and jaw [2]. Rigidity in PD is characterized by the existence of
increased resistance to passive joint movement that is not exclusively attributed to the
inability to relax [10], while akinesia and bradykinesia respectively refer to loss of movement
and slowness of movement with decreased amplitude or speed [10, 11]. Freezing, described
as abrupt and brief blocks of movement and occurring in nearly half of all individuals with
PD, is a form a akinesia that may significantly interfere with activities of daily living,
increase individual risk of failing, and contribute to decreased quality of life [12]. The loss of
postural reflexes over time in PD frequently leads to postural instability [13]. Although a
cardinal feature of PD, the presence of postural instability in early disease stages may be
indicative of a condition other than PD [10]. Together, freezing and postural instability are
the most common causes of fall-related injuries in PD, particularly hip fracture, with a large
cohort study estimating that median time to first fall is 9 years [13]. Authors also reported
that women with PD fall more frequently and at earlier stages of disease compared to men

[13]. A systematic review on recurrent falling in PD identified increased motor impairment,



increased disease severity and duration, freezing of gait, impaired mobility, and

pharmacotherapy regimen as being associated with an increased risk of falling [14].

Non-motor features

Until recently, the non-motor features of PD have traditionally been overlooked and
undertreated as a consequence. The most prevalent non-motor features of PD include
difficulties sleeping (such as insomnia (54-60%), excessive daytime somnolence (51%), and
rapid eye movement (REM) sleep behaviour disorder (RBD; 15-40%)), autonomic
dysfunction (such as constipation (28-61%), urinary incontinence (30-70%), and orthostatic
hypotension (20-58%)), reduced ability to detect odors (hyposmia; 90%), psychiatric issues
(such as depression (36-50%), anxiety (40%), hallucinations (40%), and dementia (30-40%))),
and painful sensations unrelated to osteoarthritis or neuropathy (40-50%) [10, 15-20]. They
are universal features of PD and occur at all stages of disease, with evidence suggesting that
select non-motor symptoms, such as olfactory loss, constipation, RBD, and depression, may
precede the diagnosis of PD by many years [15, 16, 21]. Cognitive impairment is common in
PD, with more than one third of individuals having deficits at the time of PD diagnosis [22].
Dementia becomes increasingly prevalent in the later stages of disease, affecting over 80% of
individuals with PD for 20 or more years [23]. If detected, the treatment of non-motor PD
symptoms may contribute to increased quality of life; however, a large international survey
of 242 individuals with PD found that 31.8-65.2% of non-motor PD symptoms (such as
apathy, sexual dysfunction, incontinence, and RBD) were unreported to clinicians - a likely
result of embarrassment or not knowing that the symptoms are associated with PD [24]. In

addition to improving patient quality of life, the detection and treatment of non-motor PD



symptoms has shown to reduce hospitalizations, institutionalizations, reduce care partner
distress, and dramatically lower costs associated with delivering care to those with PD [15,

25-28].

Prodromal features

The failure of early PD neuroprotective trials suggests that the initiation of pharmacological
interventions may be too late in the degenerative disease process to result in significant
clinical benefit [29]. This is supported by evidence of more than 50% deficit in key
dopaminergic pathways implicated in PD in the earliest stage of classical disease where
motor symptoms are present [29, 30]. Studies on pre-motor markers of PD, including the
Honolulu-Asia Aging Study [31], have provided strong evidence to support that non-motor
features such as olfactory loss, constipation, depression, and RBD may be prodromal
markers of PD onset [5, 6, 32]. Together, these issues have prompted discussions and
additional research on better defining and diagnosing early PD, with hopes that this may
support the identification of early pharmacological interventions that slow disease
progression. In 2014, a task force of the International Parkinson and Movement Disorders
Society (MDS) published a proposed classification of early PD: 1) preclinical PD -
neurodegeneration without signs or symptoms, 2) prodromal PD - neurodegenration with
signs and symptoms that are insufficient to diagnose classical PD, and 3) clinical PD — early

diagnosis of PD based on cardinal motor features [33].

Prodromal markers are distinct from traditional risk factors (personal or environmental

characteristics that increase likelihood of disease), since they may arise from underlying PD-



specific pathology within populations that do not satisty explicit PD diagnostic criteria [34].
Moreover, prodromal markers may precede a PD diagnosis by several years, during which
time neuronal degradation is occurring without immediate impacts to motor function [4]. To
date, RBD is the single greatest prodromal marker for PD onset, with 38% of individuals
diagnosed with RBD developing PD within 5 years and more than 80% of individuals being
diagnosed with a neurodegenerative disease within 16 years [35, 36]. Despite the absence of
a validated approach to clinically diagnose prodromal PD and no known neuroprotective
intervention, recently published MDS research criteria for prodromal PD provide the initial
foundation for delineating early disease stages [21]. Using an estimated prevalence of
prodromal PD (2%) and literature searches to identify true risk factors and likely prodromal
markers of PD, MDS task force investigators calculated likelihood ratios (LRs) to determine
how test results (positive or negative) impact PD disease probability [21]. They subsequently
demonstrated how an overall post-test probability of prodromal PD for distinct individuals
may be calculated by multiplying all LRs for risk and prodromal factors together,
acknowledging that the addition of missing information into overall calculations may
significantly impact derived estimates. The strongest clinical non-motor prodromal markers
of PD identified by the task force and their corresponding computed LRs include: 1)
polysomnogram-proven idiopathic RBD (LR+ 130, LR- 0.62), 2) olfactory loss (LR+ 4.0,
LR- 0.43), 3) constipation (LR+ 2.2, LR- 0.80), 4) excessive daytime somnolence (LR+ 2.2,
LR- 0.88), 5) symptomatic hypotension (LR+ 2.1, LR- 0.87), 6) severe erectile dysfunction
(LR+ 2.0, LR- 0.90), 7) urinary dysfunction (LR+ 1.9, LR- 0.90), and 8) depression (+/-

anxiety) (LR+ 1.8, LR- 0.85) [21].



Risk factors

For the purposes of this review, risk factors for PD onset are considered to be individual or
environmental characteristics that are separate from prodromal markers and alter the
likelihood of disease [34]. They may be used in conjunction with prodromal markers to
estimate the overall probability of prodromal PD; however, are insufficient at diagnosing
disease alone [21]. Unsurprisingly, the majority of recent population-based studies of PD risk
factors examine associations between single nucleotide polymorphisms (SNPs) and PD
diagnosis [37-39]. In addition to specific SNPs, many other PD risk factors have been
described. A recent systematic review of meta-analyses identified numerous environmental
factors that modify the risk of PD, including but not limited to alcohol and coffee
consumption (decrease), smoking (decrease), outdoor work (decrease), pesticide exposure
(increase), and beta-blocker use (increase) [40]. Despite much evidence of associations
between examined risk factors and PD, substantial heterogeneity among compared studies
led investigators to conclude that reverse causation, confounding, and sponsor conflicts
likely biased estimates of association reported by included meta-analyses [40]. Nevertheless,
it remains possible that the heterogeneity could have resulted from genuine population
differences across compared studies. It is important to note that investigators of this review
only searched PubMed for systematic reviews and meta-analyses that examined associations
between non-genetic factors and biomarkers with PD, and that their search strategy excluded
studies reporting on more recent PD risk factors and factors that have not yet been
summarized by systematic review or meta-analysis. Other non-genetic factors reported to
modify PD risk include statin use (decrease) [41], male sex (increase) [42], head injury

(increase) [43], and dairy intake (increase) [44]. Additional research is required to elucidate



the extent to which identified factors moditfy PD risk, as well as to determine if there are
individual or environmental factors that modify the risk of disease progression (refer to

Appendix II).

Epidemiology

Parkinson disease affects all populations; however, global estimates of PD incidence and
prevalence vary considerably, with crude incidence and prevalence ranging from 4.5-20+
cases per 100,000 individuals per year and 18-300+ cases per 100,000 individuals,
respectively [45]. Differences in regional estimates of PD likely reflect variations in
measurement methods, case definitions, and age distributions of studied populations [45].
Additionally, differences in genetic susceptibility, exposure to environmental risk factors,
life expectancy, and access to medical specialists may account for observed differences in
estimated PD incidence and prevalence between regions [45]. Overall, epidemiological
studies have persistently shown that both the incidence and prevalence of PD increase with
age, and that men are more likely than women to have PD [42, 46]. Using data from the
2010/11 Canadian Community Health Survey, the 2011/12 Survey of Neurological
Conditions in Institutions in Canada, and the 2011 Survey of Living with Neurological
Conditions in Canada, it is estimated that there are more than 77,500 individuals living with
PD in Canada, 4.9% (12,500) of who reside in residential institutions [46]. Consistent with
other populations of individuals with PD, Canadians living with PD are most often older
adults (79% of those living at home and 97% of those living in institutions are 65 years of
age or older, respectively), with a mean age of diagnosis of 66.2 years of age [46]. Within the

US, estimates of PD prevalence vary greatly, with extrapolated estimates of PD prevalence



for individuals age 40 or more years ranging from approximately 400,000 to more than one
million [47-49]. Moreover, using Medicare beneficiary data for individuals age 65 to 95
years, Willis and colleagues (2010) demonstrated that PD prevalence in unequally distributed
across US states and that Whites are more likely to have PD [49]. A recent meta-analysis
investigated the prevalence of PD by age, sex, and global region [50]. Investigators found
that PD prevalence increases with age worldwide, with a significant difference in prevalence
by sex only observed among individuals age 50-59 (greater in men). PD prevalence was
similar across regions, with one exception: a significantly lower proportion of individuals
age 70-79 had PD in Asia compared to other global regions [50]. Although these findings
suggest demographic differences in the worldwide prevalence of PD, methodological
limitations of individual studies may partially account for observed inequalities. In light of
rapidly aging North American populations, there is an imminent need to more precisely
estimate PD prevalence and incidence, as this may inform future healthcare priorities,
pol